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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 member bodies). The work of preparing International Standards is normally carried out through

ISO technical committees. Each member body interested in a subject for which a technical committee

has been

established has the right to be represented on that committee. International organizations,

governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not ¥eceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

Any trad{
constitutd

For an ex

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions

related tp conformity assessment, as well as information about ISO's adherence to the Wofld Trade

Organizat

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee ISO/TC 67, Oil and gas industries including lmj;er carbon

energy, in
TC 12, 01l
cooperati

Alistofa

collaboration with the European Committee for Standardization (CEN) Technical Commifttee CEN/
and gas industries including lower carbon enérgy, in accordance with the Agreement on|technical
pn between [SO and CEN (Vienna Agreement).

| parts in the ISO 23936 series can be‘found on the ISO website.

Any feedbback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be\found at www.iso.org/members.html.
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Introduction

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 is 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.

This information aids in material selection. It can be applied to help avoid costly degradation failures

ipment itself, which can pose a risk to the health and safety of the public and person
environmlent. This document complements the document for metallic materials in sout |sej
ISO 15156 series). It differs in the form of guidance provided to the user related to the potential de
of desired properties when used in equipment for oil and gas production environments. The I
series prgvides application limits and qualification requirements for metallic materials in H,S-g
environmlents which are related solely to relevant environmentally assisted crackirigymechanisms|

Mechanicpl properties and the environmental stability of composite materials.depend on the prop
environmlental stability of matrix resins, fibres and fibre/resin bonding interfaces. This docume}
on the oyerall composite properties and their environmental stability, To permit this assess
document utilizes flat plates and/or tubular shapes made specifically for‘these tests.

The document recognizes that a wider range of compounds and¢parameters influence the degrj
non-metallic materials and thus provides guidance to permit selection of materials for oil and gas e
ction applications based upon stability in appropridtetest conditions.

hel or the
vice (the
oradation
SO 15156
ontaining

brties and
1t focuses
ment this

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

Part 4:

Fiber

CAUTION
environn
service ¢
all cases

1 Scop

This doc
stability

reinforced composite materials

— Non-metallic materials selected using the ISO 23936 series are resistant to {

nents in the petroleum and natural gas industries, but not necessarily immune
pnditions. This document allocates responsibility for suitability for the\intended g
to the equipment user.

e

ment provides general principles, requirements and recominiendations for the asse
f fibre-reinforced composite materials for service in equipment used in oil and gas p

environmients.

This doc
polymers
as continI

The equip
tool comp

Testing a

Blistering
composit

h

ment describes the procedures for comparative testing of composite materials con|

(thermoplastics and thermosets) and re-enforcingimaterials e.g. glass, carbon, aramid a

ous fibres or woven fabric used in equipment foroil and gas production.

d characterization of neat resins and fibre products are beyond the scope of this docum

ment considered includes, but is not limited to, non-metallic pipelines, piping, liners and
onents.

by rapid gas decompression, coedtings and compounded particulate- and short fibre-1
s are excluded from the scope of this document.

2 Normative references

The folloy
requirem
the latest

ISO 175,
[SO 527-4

ying documents are referred to in the text in such a way that some or all of their content ¢
ents of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.

lastics~=="Methods of test for the determination of the effects of immersion in liquid chemicd

Plastics — Determination of tensile properties — Part 4: Test conditions for isotropic and o

he given
ander all
ervice in

Esment of

fFoduction

sisting of
hd metals

ent.

Hownhole

einforced

bnstitutes
bferences,

s

"thotropic

fibre-rein]forror] pln stic composites.

ISO 527-5, Plastics — Determination of tensile properties — Part 5: Test conditions for unidirectional fibre-

reinforced

plastic composites

[SO 1172, Textile-glass-reinforced plastics — Prepregs, moulding compounds and laminates — Determination of

the textile-

glass and mineral-filler content using calcination methods

[SO 1183-1, Plastics — Methods for determining the density of non-cellular plastics — Part 1: Immersion method,

liquid pycn

ometer method and titration method

ISO 1268-1, Fibre-reinforced plastics — Methods of producing test plates — Part 1: General conditions

[SO 1268-3, Fibre-reinforced plastics — Methods of producing test plates — Part 3: Wet compression moulding

© IS0 2024 - All rights reserved
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ISO 1268-4, Fibre-reinforced plastics — Methods of producing test plates — Part 4: Moulding of prepregs

ISO 1268-

5, Fibre-reinforced plastics — Methods of producing test plates — Part 5: Filament winding

[SO 1268-7, Fibre-reinforced plastics — Methods of producing test plates — Part 7: Resin transfer moulding

[SO 1268-9, Fibre-reinforced plastics — Methods of producing test plates — Part 9: Moulding of GMT/STC

ISO 2781, Rubber, vulcanized or thermoplastic — Determination of density

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

1SO 7822 Textile glassreinforced plastics — Determination of void content — Loss onignition—mechanical
disintegrdtion and statistical counting methods

[SO 1135

temperatyre and step height

[SO 1412
direction

[SO 14127

[SO 1412
response,

ISO 14130, Fibre-reinforced plastic composites — Determination. of.apparent interlaminar shear st

short-bea

ISO 15024
for unidire

ISO 1511
unidirecti

length approach

EN 2564,

ASTM D7
Displacem

ASTM E1
ASTM D2

ASTM D2
Laminates

ASTM D2
Parallel-P

-2, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination df)glass

b, Fibre-reinforced plastic composites — Determination of compressive preperties in th

, Carbon-fibre-reinforced composites — Determination of the resin, fibre‘and void contents

D, Fibre-reinforced plastic composites — Determination of the~in-plane shear stress/sh
including the in-plane shear modulus and strength, by the plus<r minus 45 degree tension te

n method

L, Fibre-reinforced plastic composites — Determination of mode I interlaminar fracture toug
ctionally reinforced materials

4, Fibre-reinforced plastic composites —.\Determination of the mode Il fracture resis
bnally reinforced materials using the calibrated end-loaded split (C-ELS) test and an effec

Werospace series — Carbon fibre laminates — Determination of the fibre, resin and void conte

92, Standard Test Methods-for Density and Specific Gravity (Relative Density) of H
ent

|31, Standard Test Method for Compositional Analysis by Thermogravimetry
P90, Standard Tes©Method for Apparent Hoop Tensile Strength of Plastic or Reinforced Plast

B44, Standaxd-Test Method for Short-Beam Strength of Polymer Matrix Composite Materials]

1124 Standard Test Method for Determination of External Loading Characteristics of Plast
ate)Loading

transition
e in-plane
bar strain
st method
rength by

hness, G,

tance for
tive crack

sy

lastics by

ic Pipe
and Their

ic Pipe by

ASTM D3039, Standard Test Method for Tensile Properties of Polymer Matrix Composite Materials

ASTM D3171, Standard Test Methods for Constituent Content of Composite Materials

ASTM D3410, Standard Test Method for Compressive Properties of Polymer Matrix Composite Materials with
Unsupported Gage Section by Shear Loading

ASTM D3418, Standard Test Method for Transition Temperatures and Enthalpies of Fusion and Crystallization of
Polymers by Differential Scanning Calorimetry

ASTM D3518, Standard Test Method for In-Plane Shear Response of Polymer Matrix Composite Materials by
Tensile Test of a #45° Laminate

© IS0 2024 - All rights reserved
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ASTM D5229, Standard Test Method for Moisture Absorption Properties and Equilibrium Conditioning of
Polymer Matrix Composite Materials

ASTM D5379, Standard Test Method for Shear Properties of Composite Materials by the V-Notched Beam Method

ASTM D5448, Standard Test Method for Inplane Shear Properties of Hoop Wound Polymer Matrix Composite

Cylinders

ASTM D5449, Standard Test Method for Transverse Compressive Properties of Hoop Wound Polymer Matrix
Composite Cylinders

ASTM D5450, Standard Test Method for Transverse Tensile Properties of Hoop Wound Polymer Matrix Composite

Cylinders

ASTM DiSZ& Standard Test Method for Mode I Interlaminar Fracture Toughness of Unidirectio|

Reinforce

ASTM D6
Combined

ASTM D7
by Dynam

ASTM D7

ASTM D7
Standard

Polymer Matrix Composites

b41, Standard Test Method for Compressive Properties of Polymer Matrix Composite Materig
Loading Compression (CLC) Test Fixture

)28, Standard Test Method for Glass Transition Temperature (DMA Tg) of Polymer Matrix C
ic Mechanical Analysis (DMA)

78, Standard Test Method for Shear Properties of Composite Materials by V-Notched Rail She

D05, Standard Test Method for Shear Properties of Composite Materials by V-Notched Rail She
[est Method for Determination of the Mode Il Interlaminar&racture Toughness of Unidirectiq

Reinforced Polymer Matrix Composites

NPL (202
Composite

3 Tern

3.1 Tey
For the pt
[SO and I1

0) Measurement Good Practice Guide No. 38, Fibre Reinforced Plastic Composites - Ma
s and Specimen Preparation; National Physical Laboratory (UK)V

ns and definitions and abbreviated terms

ms and definitions
[rposes of this document, the following terms and definitions apply.

.C maintain terminology-databases for use in standardization at the following addresses

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

— IECE
3.11

ectropedia: available at https://www.electropedia.org/

compos:lf material

fibre-rei
materials

orced<material system consisting of thermoplastic or thermoset polymers and r¢
in the form of long and continuous glass, carbon and/or aramid fibres or woven fabric

nal Fiber-
/Is Using a
omposites
nr Method
nr Method

nal Fiber-

chining of

binforcing

3.1.2

fabricator

producer

of test plates and specimens

1) Available at www.npl.co.uk.

© IS0 2024 - All rights reserved
3


https://www.iso.org/obp
https://www.electropedia.org/
http://www.npl.co.uk
https://standardsiso.com/api/?name=64a28e3a5287533c4a7d7595b9dad9ec

IS0 23936-4:2024(en)

3.1.3
glass transition temperature

T,
clglaracteristic value of the temperature range over which the glass transition takes place and at which the
composite material’s (3.1.1) mechanical properties change from elastic (glassy) state to viscous (rubbery) state

Note 1 to entry: The assigned glass transition temperature (7,) may vary, depending on the specific property and
on the method and conditions selected to measure it [for instance, by differential scanning calorimetry (DSC) or by
dynamic mechanical analysis (DMA)].

3.1.4
lamina
ply
thin, single sheet of long and continuous reinforcing fibres sharing the same orientation in a polyunjeric resin
matrix built up into a flat or curved arrangement

3.1.5
laminate]
combinatjon of laminas (3.1.4)

3.1.6
manufacturer
producer of the materials used for creation of semi-finished and/or finished\ptroducts

3.1.7

sizing
optional ffreatments usually applied to yarn by manufactures (3.1.6) for reasons that can include increasing
fibre-matfix compatibility, as well as facilitating handling during manufacture

3.1.8
wet T,
glass trankition temperature (3.1.3) of the fluid saturatéd material

3.2 Abbreviated terms

ATM accelerated testing method

CA autoclave cured

CH hot-press cured

CNC computerized ntmerical control
co oven cured

COA certifieate of analysis

coc certificate of conformity

cov coefficient of variation

CU UV cured

DMA dynamic mechanical analysis
DSC differential scanning calorimetry
GFRP glass fibre reinforced polymer
GMT glass fibre mat reinforced thermoplastic

© IS0 2024 - All rights reserved
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HDT heat deflection temperature

HPHT high-pressure high-temperature

IPS in plane shear

LF filament winding lamination

LP prepreg lamination

LR vacuum-assisted resin-transfer moulding
LW wet layup lamination

MOL material operational limit

NDT non-destructive testing

PA Polyamide

ppm (vol)]  volume parts per million volume parts

QC quality control

QD quality documentation

SEM scanning electron microscopy
STC sheet thermoplastic composite
TA autoclave consolidation

TI isothermal consolidation

TP hot pressing

TGA thermogravimetric analysis
uD unidirectional

uv ultraviolet light

4 Technical requiréments

4.1 General requirements

Compositp seléetion depends upon material property characteristics and fluid ageing behavjour. This

document establishes four levels of testing for the purpose of comparing the properties of various ¢omposite
’T‘L\D aciilnag nmao ]"\I'\f](‘ Ll ]"\O haakal DY"\] ]D"Dl C]"\"\]] FI'\I‘“C‘ AR aYaVal 11‘3 ]f\m!n'\ L. "\Y\f‘ (‘Y\Ol“mﬂ“
materialst-Fhe-testingmet Lt 4 L L geometry

T T ottt e T c e T o T ey oo T T o oo o P O e T e o T e e o o o P e e e T

and do not represent a functional application test which is beyond the scope of this document The specimen
layup described is to provide a consistent, common basis for generating comparable data for different
composite materials. Specific testing shall be required for the actual layup for samples representative of the
final product form. Material property data are generated at the four levels to allow consistent comparison
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. Where the user requires accelerated ageing

© IS0 2024 - All rights reserved
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material stability data in a multi-phase H,S containing fluid, Level 3 shall apply. Where the user requires the
material stability data beyond 56 days and an attempted long-term life estimation, Level 4 shall apply.

NOTE Ageing of composites faces combined challenges. Polymer or thermoset ageing alone deals in most
cases with quasi-isotropic material properties. Composites of any configuration furthermore deal with polymeric
challenges as well as with highly anisotropic properties resulting from fibre and interface properties, which can age
very differently than the matrix material. All effects can overlay and become apparent in different failure modes or
shifts thereof over the ageing period.

Ageing experiments can be designed in the following way to extract meaningful information, especially with regards
to establishing lifetime models with these complex effects in mind:

a) identify possible ageing mechanisms for matrix material;

b) identify possible ageing mechanisms for fibre material;
c) identify possible ageing mechanisms for interface;

d) differpntiate between physical and chemical ageing;

e) differpntiate between reversible and irreversible ageing;

f) identify probabilities for the above-mentioned mechanisms to occur simultaneously during test period

«

g) rank echanisms for severity;
h) rank for material characterization or application related testing;

i) exclude any unwanted ageing mechanism by physical/chemical ex¢€lusion of other ageing influences (monitored
and protocolled), choosing variations in layup to promote specificfailure, or some combination of both.

Level 1 cgnformity consists of the characterization and doctimentation of material properties in § material
data repojrt. It includes a COC for batch quality control testing. See 5.1 and Table 2 for a list of thq required
material [properties to be documented. Physical andimechanical properties shall be charactprized on
materials|in their unaged condition. These standard-properties assist with the selection of matgrials that
meet a d¢sign specification. Some property tests-are also used for quality assurance and contrgl. Level 1
testing esftablishes a baseline for higher level testing.

Level 2 cqnformity pertains to material stapility (ageing) behaviour and shall be accompanied by a report.
Clause 6 provides requirements for Level 2 conformity. The effect of the first three fluids listed ip 6.2.4 on
material properties shall be investigated with real time ageing studies. A material’s resistance to fhemical/
physical/mechanical change is determined.

Level 3 cgnformity pertainsto.material stability (accelerated ageing) behaviour and shall be accpmpanied
by a repojrt. Clause 7 proyvides requirements for Level 3 conformity. The effects on material properties of
three temperature agingevaluations shall be investigated. The intent of Level 3 evaluations is to accelerate
material property changés specifically in multi-phase H,S-fluids.

Level 4 cpnformity, pertains to a material stability (long-term) assessment of 180 days or longgr. Level 4
attempts [life estimation and shall be accompanied by a report. Clause 8 provides requirements| for Level
4 conformpity."The intent of Level 4 assessment is to predlct the materlals progressive degradat on; hence

a thorough account of data analysis, extrapolatlon life estimation, and statistical confidence. Users shall
evaluate the 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 the edition of this document
utilized at time of testing.

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.

© IS0 2024 - All rights reserved
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If there is scientific evidence on resistance of the material to the chemicals at the intended pressure and
temperatures then such material may be exempt from Level 3 and Level 4.

4.2 Cautionary remarks

Designers should not assume that properties provided in a material data report as defined in Clause 5
accurately represent those properties found in finished product geometries. The method of conversion is
known to have an impact on these properties and that impact should be accounted for during design.

Life estimation usefulness and certainty can increase when longer term data are used to establish the
degradation trend. Level 3 testing at durations up to 56 days are most useful for shorter term (up to 1 year)
life estimations and can have reduced certainty for long-term (greater than 1 year) life estimations. Level

4 testing
estimatiop.

In some cpses, progressive degradation of composites over long periods of time at temperatures well above
the target service temperature is not observed. The data and the attempted life estimation are still valuable

because they demonstrate material stability in that test environment.

4.3 Trdceability

For a final component to maintain its ISO 23936-4 material conformity, it'shall be made from a ¢omposite
material that conforms with this document. The entire compound manufacturing process shall be fully
traceable] conformity records shall state the edition of this documeént used in the assessment. Reference
to conformity with the ISO 23936 series shall include the part andedition (year) of the standard used e.g.

[SO 23936-4:2024.

Each confponent and accompanying COC shall be traceahle back to the compound manufactyrer. Each
company |[that participates in the manufacture of a comipound that conforms with this document shall
maintain [traceability records for a minimum of 10 years that include its own manufacturing prjocedures,

locations,and dates.

Further r¢quirements on conformity and traceability over the supply chain can be found in relevant product

standard§ and agreed between interested parties.

4.4 Tedtspecimen identification

The specimen fabrication details shall be reported using the following identification code system. if the type
of fibre on resin is a new class net.covered below, the full designation shall be added in the datasheet.

a)

b)

Material system:

A.1 Type of reinfgpcement fibre (e.g. carbon: CF, E-glass: EG, ECR-glass: ECR, S-glass: SG, arpmid: AR,
information regarding sizing and any additives, fibre modulus and precursor, bundle type, linepr weight,
tow dize and-type of weave, whenever applicable) and its grade should be included if made|available.
Designations for carbon, glass and aramid fibres can be provided according to ISO 13002, ASTM D578/
D578M-23.and the EN 13003 series, respectively.

NOTE Discontinuous (short) fibre reinforced composites like veils composites are covered in ISO 23936-1.

A.2 Type of resin (e.g. epoxy: EP, Phenolic: PH, Vinyl ester: VE, unsaturated polyester: UP, Polyethylene:
PE, bismaleimide: BMI, PEEK: PK, Polyphenylen sulfide: PPS, polyamide: PA, polyvinylidene fluoride:
PVDF, polypropylene: PP) and its grade.

A.3 Type of fabric arrangement [e.g. woven roving: WR, stitch-bonded: SB, unidirectional (prepreg): UD,
filament roving: FR, Braiding: BR].

Laminate lamina orientation and stacking sequence in test specimen preparation:

B.1 Cross-lamina laminate 0/90 orientation, [0/90],; where n represents the number of repeats and s
stands for symmetrical stacking;

© IS0 2024 - All rights reserved
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B.2 UD laminate [0],;

B.99 other cross winded orientations like + a /- a.
Lamination method:

C.1 Prepreg lamination (LP);

C.2 Vacuum-assisted resin transfer moulding (LR);
C.3 Wet layup lamination (LW);

C.4 Filament winding lamination (LF);

C.5 Tape placement welding (LT);

C.99 New lamination technology (method name).
Cons¢lidation method for thermoplastic composites:
D.1 Hpt pressing (TP);

D.2 Iqothermal consolidation (TI);

D.3 Autoclave consolidation (TA);

D.99 New consolidation technology (method name).
Curing method for thermoset composites:

E.1 Oyen cured (CO);

E.2 Hpt-press cured (CH);

E.3 Aptoclave cured (CA);

E.4 UV cured (CU);

E.99 New curing technology (method mame).
Specimen extraction orientation<rom [0/90], and [0], laminate or arbitrary pipe layup:
F.1 Lgngitudinal (OL);

F.2 Tjansversal (OT);

F.3 In +45° direction (0D);

F.4 Pgrpendicwlar (hoop) to pipe axis (OP);

F.5 AJong pipe axis (OA).

Extrdction method:

G.1 Sawing (ES);

G.2 Milling/Turning (EM);
G.3 Water jet (EW);

G.4 Laser (EL);

G.99 New extraction technology (method name).

© IS0 2024 - All rights reserved
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h) Tabbing method (if required):
H.1 Tabbing before extraction (BB);
H.2 Tabbing of individual specimen (BI);
H.3 Un-tabbed specimen (BU);
H.4 Tabbing before ageing (BF);
H.5 Tabbing after ageing (BA);

H.99 New tabbing technology (method name).

The test gpecimen identification shall give the following information: test standard, specimen
speed and identification code.

EXAMPLE Sample test call out for an ISO 527-5 or ASTM D3039 tensile specimen of [0/90},.Tamin
direction:

a) 1S052%7-5:2009, Type A, 2,0 mm/min (EG/EP/[0/90]5,/LP/TP/CO/OL/ES/BB);
b) ASTMD3039, Type A, 2,0 mm/min (EG/EP/[0/90]s,/LP/TP/CO/OL/ES/BB).

4.5 Valjdation of conformity

type, test

ite in zero

A compogite loses its conformity if changes are made to the raw{material supply, the composite matrix

material formulation, reinforcement material, or the composite mafiufacturing process. New testiy
done for dgach desired level of conformity.

If Level 4 conformity is complete prior to change, new Level4’testing shall not be done if Level 1, L
Level 3 test results are equal or improved compared to prévious Level 1, Level 2 and Level 3 testr

g shall be

bvel 2 and
bsults.

If compodite material manufacturing process is cartied out at different plants/locations, a separafte Level 1

conformity shall be done for each plant.

Level 1 to|Level 4 testing shall not be done or.the component if no compositional changes (other tk
cross-linKing reactions) have been made to the matrix material during the conversion process, reg
the converrsion process being used. The influence of the conversion process on the physical prop
fluid ageipg behaviour of the component is outside the scope of this document.

Level 1 cdnformity pertains to,material property characterization of laminate and shall be docum
material dlatasheet that details-material properties, see Clause 5, and documented by COCs for bat
control testing in accordance with Annex D.

Physical pnd mechanieal properties shall be characterized in as-received condition. These
propertief assist withthe selection of materials that meet a design specification. Some property
also used|for quality assurance and control.

Level 2 cpnformity pertains to material fluid stability (ageing) behaviour and shall be accomp3g

an due to
rdless of
brties and

ented by a
Ch quality

standard
tests are

nied by a

report thdt details the testing that was performed, and the edition of this standard utilized at time

This document provides requirements for Level 2 conformity, see Clause 6.

The effect on material properties of Fluid 2.1 to Fluid 2.4 listed in 6.2.4 shall be investigated with
ageing studies. A material’s resistance to chemical/physical change is determined.

Level 3 evaluations include additional fluid stability (ageing) assessments such as fit-for-purpos
other assessments related to service conditions, see Clause 7.

ftesting.

real time

e tests or

The intent of Level 3 assessment is to predict the material progressive degradation, in one of three specified
fluids, Fluid 3.1 to Fluid 3.3, which includes a bespoke fluid. Properties to be measured are taken from Level
2,6.2.5. There are no conformity requirements for Level 3 testing. Users shall determine acceptance criteria

and suitability of materials for application.
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All Level 3 activities should be accompanied by a report that details the approach undertaken in line with

the applic

ation; including the test methods and results obtained.

4.6 Quality control for fabrication of laminated test plates

4.6.1 General

QC in this document focuses upon controlling the quality and processing consistency of the fabricated

laminates

and the test specimens extracted from them. This shall be achieved by:

a) ensuringthe laminate fabricator is given a specification for test plate manufacture listing the constituent

materials and desired minimum laminate properties, in accordance with Annex B;

b) using

As the qu
to collate
are made

methods of test specimen preparation as described in Clause 5.

hlity control assessment can be undertaken by various members of the supply chain, it is
the results in QD; this ensures that material comparisons by testing according to this
without influence from fabrication variability.

essential
Hocument

The consglidation process has a significant influence on interlaminar or interfdceproperties of the plates.

The ident

fraction of fibres and stacking sequence, shall be reported.

Fabricatic
performe

4.6.2 Quality control for fabrication of plates

4.6.2.1
In the fab

shall be ifivoked for the constituent materials in accordance with Annex B. Test plates shall be fa

accordan
For therm

For thernm

4.6.2.2

A material and test plate specification shall be agreed between the fabricator and the user, for the

laminated
materials
features

fabricateq
the QC ac

fication codes i.e. the time, temperature and pressure cycles of the test plate manufactuy

n of plates shall be performed in accordance with Annex Bz Extraction of test specime
d in accordance with Annex C.

General

re with the ISO 1268 series. ISO 12681 shall apply to all composites.
oplastic composite ISO 1268-4 and1SO 1268-9 shall apply.
oset composite ISO 1268-3,1S01268-4, ISO 1268-5, and [SO 1268-7 shall apply.

Material and test plate-specification

test plates, imaecordance with Annex B. The specification shall detail the selected c
the processinng method, the required plate dimensions, density, fibre content, disd
voids overall'content, shape, size and distribution) and the glass-transition temperature
| laminated test plates. The specification shall also define the stacking sequence of the 1z
ceptafice criteria for the laminated test plates.

e, volume

n shall be

Fication of plates from which specimens aregxtracted, the governing quality control reql]lirements

ricated in

fequested
nstituent
ontinuity
T,) of the
mina and

4.6.2.3

4.6.2.3.1

o =g £ . = 3
LCCTULIICAUICS O COIBUUUCIIT ITTALCTIAIS

General

COA and/or COC documents shall be provided with each constituent material.

4.6.2.3.2

Certificates for UD-tapes for thermoplastic composites

The fabricator of thermoplastic plates for testing in accordance with this document shall only process UD-
tapes which meet the minimal requirements of Annex D. This can be guaranteed by the tape supplier based
on acceptable QC/QD. Any missing QC/QD items shall be generated by the plate fabricator before processing
of the UD-tapes.
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QC testing and analysis of composite

The inspection should follow the applicable part of the ISO 1268 series.

Laminates/tubes should be manufactured according to the following QC requirements during manufacturing:

a) COA and/or COC for constituent materials;

b) overlapping of tapes;

c) gaps between tapes with acceptable tolerances;

d) ensuring alignment of tape with those already laid;

e) nowil
f) nodr
g) novi
h) nobr

Laminate
finished

— nodr
— novi

— checK
shear]

NOTE
more spec
quality lan

apping of tapes;
y fibres;
ible inclusions or foreign objects;

pken fibres or fibre wrinkles.

roduct:
v patches/fibres;
ible defects (fibre misalignment, holes, dips, wrinkles, warping, bubbles);

the through thickness quality by Non-destructiveitesting [e.g. C-scan, X-ray, microtof

fic preparation guidance in ISO 1268-2 to [S0;.1268-9. These additional items aim to ensure prq
hinates suitable for subsequent test specimenpreparation for oil and gas exposure testing, see Al

=
S

a) Lines of high porosity b) Damping too high / missing c) Areas of high por

calibration

Figure 1 — Examples of defects detected by NDT test methods

Further i
as otherr

ography, thermography, microwave, acoustic emission and their variations/combination).

5/tubes should be manufactured according to Figure 1 and the following QC requiremerts for the

nography,

QC guidance and requirements can be found in addition to the general requirements in ISO 1261-1 and the

duction of
hnex B.

Dsity

ide as well

eference standards, such as ASTM D2563, ASTM D4385 and the ISO 14692 series and ISO 20144.

The produced test plates shall be flat; both surfaces shall be smooth, free of cracks, voids, dry fibres, fibre
wrinkles or undulation, non-uniform fibre distribution, visible impurities, and visible delamination.

Thickness, width, and length shall be measured and reported. Thickness of the plate shall be uniform and
shall be measured in multiple distributed locations, being representative for the composite design concept.

For the examination of porosity, internal delamination and damage, methods like microscopy on polished
cross-sections (see [SO 7822), ultrasonic, X-ray tomography, thermography, their variations/combination, or
alternative methods with comparable qualitative examination level shall be used.

© IS0 2024 - All rights reserved
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Where the above fibre content and void content testing methods are inappropriate due to the fibre matrix
combinations, alternative methods may be utilized.

The certified properties in Table 1 of the laminated plate and/or tubes shall be determined per corresponding
test standards and shall meet the requirements specified in the material specification. Frequency of this
testing shall be agreed between the manufacturer and the purchaser based upon the criticality of the
delivered components.

Table 1 — QC testing and analysis of composite

Certified property Density Fibre content Void content? Cured c;mposnte
g
ISO 1172 for
glass fibre or
1SO 1183-1: EN 2564 or ISO 14127 ISO 6721-1Dfor PMA or
Test standard 1SO 2781 01’. for_ ISO 7822 or 1SO 1135742 for[DSC or
ASTM D792 carbon fibre or ASTM D3171 ASTM’'D7028 DMA or
ASTM D3171 or ASFM D3418 fgr DSC
ASTM E1131
(TGA)

a  Other feference/complementary standards are ASTM D2563, ASTM D4385 and ISO 14692-4:2017, Annex A and IS

0 20144.

4.6.2.5

The test gart fabrication report should follow the part of the ISO 1268 series that is applicable for
material.

The identjffication code system in accordance with 4.4 shall be used in any report.

4.7 Tedt specimen preparation, quality controland identification

4.7.1

Test specimens shall be prepared using repeatable methods that meet requirements of test standd
by Table 4 for the flat specimen from panels-or by Table 3 for the curved specimen from pipes. The
material §upplied should be a true reptesentative for final products. If it is not true representativg
product rgsult can vary.

4.7.2

Test specimen extractionprocesses shall follow the requirements of the corresponding mechg
standardg§. Special attention shall be paid to the direction of cutting (with respect to the pring
direction] in test plates'and pipes. Dimensions and geometric requirements shall be measured and
for the exfracted specimens. The surface finish of the machined or polished specimen edge surfacq
free of delamination and any machining damage in accordance with NPL (2020) Measurement Goo
Guide No.[38.

Documentation to be supplied with the test plates/tubes

Preparation of test specimens

Quality control of specimen preparation

he tested

rds given
omposite
, the final

nical test
ipal fibre
inspected
s shall be
 Practice

5 Level 1 - Material property characterization

5.1 General

Standard tensile, compression, in-plane shear, interlaminar shear and fracture toughness tests are the tests
for mechanical characterization of laminated composite materials (see Table 2). The tests in Table 2 and
Table 3 shall be performed for the Level 1 mechanical property characterisation. All mechanical testing
shall be performed at room temperature in unaged condition.
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12


https://standardsiso.com/api/?name=64a28e3a5287533c4a7d7595b9dad9ec

IS0 23936-4:2024(en)

Table 2 — Mechanical tests on the flat specimen from panels

Test denomination Standard Stacking | Test dlref:tlon ‘.Nlth re-
sequence |spect to fibre direction
ISO 527-5 or ° o
_ _ ASTM D3039 (01, 0%and 90
Tensile properties
ISO 527-4 or [0/90] 0°
ASTM D3039 ns
Compression properties in the in- 150 14126 or
pression prop ASTM D3410 or [0/90] 0°
plane direction ASTM D6641 ns
1SO 14129 or
Intplane shear stress/shear strain ASTM D3518 or o
refpponse ASTM D5379 or [0790] s 45
ASTM D7078
Apparent interlaminar shear ISO 14130 or [0] 0°
strength? ASTM D2344 n
M¢de I interlaminar fracture ISO 15024 or [0] )
topghness ASTM D5528 n
M¢de Il interlaminar fracture ISO 15114 or [0] )
topghness ASTM D7905 n
a | Specimen size may require modifications from ISO 14130 recommended @alues. It is acknowledged tha it
mdy be difficult to obtain valid failure modes for thermoplastic matrix coniposites.

To compafe composite pipes without additional protection layer. (thermoplastic liner, chemical bagrier layer
or topcoaf) oversized pipe segments can be aged before extraction of the test specimen, see Table 3.

Table 3 — Mechanical tests of curved specimmen from pipes or pipe section/ring

Test denomination Standard Stacking | Test dlre_ctlon ‘.Nlth e
sequence |spect to fibre directipn

Apparent hoop tensile strength? ASTM D2290 [01, 0° for hoop winding
In ~plane sahear stress/shear strain ASTM D5448 (o], 0° for hoop winding
regponse
Apparent interlaminar shear °
stfengtha ASTM D2344 [0], 0
Trpnsverse tensile properties of ASTM D5450 [90] hoop winding
hdop wound "
Trpnsverse compressive-properties 1
ofhoop wound ASTM D5449 [90], hoop winding
Crjush test ASTM D2412 [-a°/+a°], cross winding

a | For most pipes 0° and 90° layers cannot be produced, due to the helical angle during winding. Theref¢re
snjall angles-are considered axial and angles close to 90°, but lower, are considered with hoop.

The tests|listed in Table 2 and Table 3 consider only initial characterization of materials. Whenevgr deemed
pertinentfer-ecemposte-eqiipmentappheationtons-termpropertestke fatiste-and-ereep{alse—<ealled time
to rupture or stress rupture) and their combination shall be considered, taking into account representative
layouts (+a laminates, fibre and transverse direction, through-thickness), loads (tensile, compression, shear)
and duration (number of cycles or hours). Documents like DNV-ST-C501 and ISO/TS 18226 can be consulted
for additional information.

NOTE The tests listed in Table 2 and Table 3 can be used to characterise the effect of the exposure to the different
chemical environments on the mechanical performance of the material. This can include, but not limited to, effect
degradation of reinforcement, resin matrix and the reinforcement / matrix interfaces.
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5.2 Reporting

The ISO 23936-4 material data report for each composite shall include as a minimum the following:

a) manufacturer contact information;

b) values for the documentation tests in Table 2;

c) tests

d) speci

tandards options such as method, specimen type, test speed;

men identification call out for each test method.

6 L 12 Matorial ctahilitu (chort ftorm)
ev‘-l e

6.1 General

One or m
28 day m

listed in Annex A.

In additi

according to Annex E if user values capturing properties measured at eleydted temperatures.

When sm
way for f

at least njinimize such phenomena should be carefully considered as, depending on sealing mat
to cover these edges, fluid absorption of this material can be soimetimes higher than the compos

itself, so,

For the gurposes of fluid exposure, it should be taken“into account that material takes som

saturate

between interested parties), material ageing period-starts. For the purposes of tracking material s
standard$ such as ISO 62, ISO 175, ISO 4433 series/ASTM D792, ASTM D5229, ASTM D1505 and Af

may be u
consecuti
attained.

IVAUALC L IdX J‘—uulllb! ‘.Jll\.’l C LI lll’

bre of the tests in accordance with Table 2 or Table 3 shall be performed in ogder to doc
hximum material stability temperature in the reported test fluid (see 6.2.4)..The test pr

bn, real-time short-term thermomechanical evaluation and qualification may be ¢

uid to diffuse into material core. The use of adhesives infthe edges in order to try to f

tareful choice is recommended.

wet, conditioning) and only when saturatiowis completed (or at a previously bespoke ag

bed as references. According to ASTM-D5229, variations as small as 0,02 % in weight ¢
[ve same-interval measurements-can be used as references to determine that equilibriun

ment the
cedure is

erformed

nller samples are cut from larger panels, itis not unusual that those edges may represent a preferable

revent or
brial used
te matrix

e time to
reed level
hturation,
TM D543
hange for
has been

Referencd values (unaged dry andgorfluid saturated) shall be agreed between interested partigs for the

purposes

6.2 Tedt criteria

6.2.1 G

The confdrmity «equires the following:

a) expogureshall be performed in Fluid 2.1 through Fluid 2.3 listed in accordance with 6.2.4;

b) Fluid

of comparison between aged and un-aged samples.

eneral

2.4 may also be tested and reported as bespoke;

c) testing shall be performed on samples after fluid exposure in accordance with 6.2.3;

d) Level

2 report shall be made available.

The test piece geometry shall be machined before exposure. Great care should be taken to ensure that test
geometry is appropriate to get valid failures in post-exposure testing.

The composite material shall be exposed in unconstrained mode; that is, free-standing, with fluid able to

freely acc

ess all surfaces.
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6.2.2 Exposure temperature

The upper temperature limit and knowledge of fluid compatibility shall be considered to select an exposure
temperature. Exposures can be run at different temperatures for the different fluids. Exposures can be run
multiple times in an attempt to find the high temperature limit. The reported temperature represents the
highest exposure temperature that fulfils all specified requirements 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.

The exposure duration shall start after the material is saturated.

6.2.4 Test fluids

Air ageing is significant because many components and seals are exposed to air on’the external surfaces
of equipnjent while exposed to oilfield fluids on the inner surface. KCl brine is a common light weight well
fluid whidh identifies a material’s resistance to swelling, polymer hydrolysis, and filler interface degradation
in an aqugous solution. Pure water is not common in service. Aromatic hydrocarbon exposure cajn identify
a materidl’s resistance to swelling and polymer softening. Bespoke fluids; consistent with a particular
applicatign environment or product specification may be used as Fluid 2¢,

Test fluidf are:

a) Fluid|2.1: air;

b) Fluid|2.2: aqueous: 30 g/kg KCI in de-ionized or distilledcwater;

c) Fluid|2.3: aromatic hydrocarbon: 70 vol % heptane,i20 vol % cyclohexane, 10 vol % toluene;

d) Fluid|2.4: bespoke fluid such as field stimulation: any fluid including liquid/gas combinations can be
used with the same test methodology.

6.2.5 Property test methods

The folloying properties shall be méasured in unaged conditions and after each exposure duratipn so that
changes ip properties at each dugatien can be calculated:

a) mass|in accordance with-ASTM D5229 or [SO 175;
b) dimefsions in accordance with ISO 175;

c) one dr more mechanical tests selected from Table 2 or Table 3, based upon the failure mogles of the
appli¢ation.

It shall bg repotted whether mechanical test results were based on pre or post aged dimensions.

Additionat properties; sucihras - andrardness; Ty be gathu ed-forimformationrttstattbeemsured that the
method is appropriate for the specimen in the wet condition.

6.2.6 Threshold criteria

Because of the complexity of the materials a clear definition of threshold criteria encompassing current and
potential future applications is not currently possible.
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6.3 Preconditioning considerations

Preconditioning of materials in air at a particular temperature and humidity level is allowed prior to Level 2,
Level 3, or Level 4 exposure and, if performed, shall be reported (e.g. PA is typically preconditioned prior to
fluid exposure testing in accordance with ISO 16396-2 or ISO 1110).

Preconditioning shall not be performed in liquids prior to Level 2 exposure. If additional work is done to
further investigate preconditioning using Level 2 methods, this work shall be reported.

Preconditioning time and temperature for use in Level 3 and Level 4 exposures can be estimated from Level
2 data. Level 2 data reveal the mass change over time. Typically, up to 28 day is a sufficient amount of time to
characterize a levelling of saturation. If performed, this work shall be reported.

6.4 Re]I)orting

The 2393
with Ann¢
a) mate
b) tests
c) speci
d) expos
e) 1SO2
ISO 2
f) table
h) descr
1) c
2)
i) aph
EXAMPLE

b-4 Level 2 test report for each material shall include as a minimum the following in a
X A

[ial supplier contact information;

tandard details such as method, edition, specimen type, test speed, ete.;
men identification call out for each test method;

ure conditions (i.e. temperature, pressure and fluids);

3936-4 conformity statement with reference to the data'sheet including referencing the
3936-4 utilized;

of results with mean, standard deviation and COV\(%) at each time duration;

rcordance

version of

iption of visual inspection and photographs,ofispecimens after the longest duration regajrding:

plour change of the surface after immersion in the medium;

lamination;

3) appearance of bare fibres and resin loss;

ographic record of repregentative damage features shall be included in the test report.

Areport citation example is:

Company J

ISO 23936

ISO 23936

ISO 23936

(YZ Material ABG
4 Level 2.1(at MOL) conformity

4 Level2.2 (at MOL) conformity

4 Level 2.3 (at MOL) conformity

ISO 23936-4 Level 2.4 (at MOL) conformity

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. One or more of the tests in accordance
with Table 2 or Table 3 shall be performed in order to document the accelerated ageing of composite
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materials exposed to the fluids in accordance with 7.4. Level 3 allows direct comparison of the changes in
properties of candidate composite materials.

Ageing at higher temperatures thermally accelerates chemical reactions (if this occurs) between the fluids
and the composite material, causing property values to change. Pre-defined threshold limits are used to
evaluate the severity of the changes when comparing materials.

The Level 3 report shall provide property change data that allows the user to analyse the results as they see
fit. The test procedure specified in Annex A shall be followed.

Level 3 evaluations provide data sets at three different temperatures. Three different opportunities to reach
the thresholds for each threshold property can be possible, due to three different temperatures. The highest
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 proper extrapolatjon of the
data curvgs to the time that they cross the threshold criteria. The analyst shall use their judgement based on
documented experience to isolate important data and choose the best curve fitting methodt

To attempt service life prediction, test plates should be similar in quality to that produGed by the grocessing
method t¢ be used for the final part.

The test pgiece geometry shall be machined before exposure. Great care should betaken to ensur¢ that test
geometry|is appropriate to get valid failures in post-exposure testing.

The composite material shall be exposed in unconstrained mode; that js,\free-standing, with fluid able to
freely access all surfaces.

For considlerations for short-term thermomechanical evaluation.and qualification, see Annex E.

7.2 Exposure temperatures

Exposuref shall be run at three temperatures (T;, T, and T3). The temperature difference shall e at least
10 °C and|preferably 15 °C. The temperatures chosenshould remain in the same regime in relationfto critical
transitior} temperatures as the application temperatures reside (i.e. if application uses materials|above T,,
then chogse temperatures also above Ty).

T; should|be high enough for the propertychanges to cross at least one threshold criteria within $6 days or
within the longest duration.

A T, temperature that results in the'crossing of a threshold criteria in less than 7 days can b¢ too high
and shall feither be lowered or welljustified in the test report. Some materials may not cross any [threshold
criteria wjithin 56 days.

7.3 Exposure durations

Level 3 exposures.shall run for 56 days if no threshold criteria are met. Longer exposure durations may
be choser.

Property fests. shall be performed at a minimum of 4 durations.

Exposure at a temperature can be stopped before 56 days if three of the following three thresholds are met:
changes in maximum stress, modulus, and strain at break.

In the example below at T;, three property threshold criteria would have been met by day 21 to allow
stoppage at that time. At T, thresholds can or cannot have been met and the exposure was allowed to run
the full 56 days. The T; immersion study was also allowed to run the full 56 days.

EXAMPLE
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T, High temperature 225°C 2 days, 7 days, 14 days, 21 days
T,  Medium temperature 215°C 2 days, 7 days, 14 days, 30 days, 56 days
T;  Low temperature 200°C 2 days, 7 days, 14 days, 30 days, 56 days

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.

The quanfities of exposure fIUidsS are related to an autociave iree volume of I 000 mi (free volgme is the

volume of the vessel minus the volume of the specimens and the specimen stands):
a) Fluid|3.1: multiphase 2 mol % sour gas:
1) water phase: 100 ml de-ionized water or distilled water;

2) hydrocarbon phase: 600 ml aromatic hydrocarbon (70 vol % heptane, 20, vol % cyclohexgne, 10 vol
% toluene);

3) gps phase: 300 ml sour gas (5 mol % CO,, 2 mol % H,S, 93 mol % GH;at 6 MPa at room temperature).
b) Fluid|3.2: multiphase 10 mol % sour gas:
1) water phase: 100 ml de-ionized water or distilled water;

2) hydrocarbon phase: 600 ml aromatic hydrocarbon (70 vol % heptane, 20 vol % cyclohexgne, 10 vol
b toluene);

=]

3) gpsphase: 300 mlsour gas (5 mol % CO,, 10 mol% H,S, 85 mol % CH, at 6 MPa at room temperature).

¢) Fluid|3.3: as bespoke.

7.5 Initial swelling

If it is dedired to gather information s@lely on the physical effects of the liquid phase, the gas phage defined
in Fluid 3|1 and Fluid 3.2 accordingto'7.7 should only be applied to durations greater than 7 days. Purations
shorter tHan or equal to 7 days shiould be liquid only exposures with a nitrogen purge and a nitroggn gas cap.

7.6 Prgperty test methods
The propégrty test methods from Level 2 according 6.2.5 shall apply to Level 3.

7.7 Threshold criteria

Because df the:complexity of the materials a clear definition of threshold criteria encompassing cyrrent and

potential ra annlicati oo isnet ""rrcntl" ncnn;kl,\

13
TUTOUT CTOp Pt troros o ot Tor Y PUSSTOTCS

7.8 Preconditioning considerations

Preconditioning shall not be performed in liquids prior to Level 2 exposure. If additional work is done to
further investigate preconditioning using Level 2 methods, this work should be reported.

Preconditioning time and temperature for use in Level 3 and Level 4 exposures can be estimated from Level
2 data. Level 2 data reveal the mass change over time. Typically, up to 28 day is a sufficient amount of time to
characterize saturation. If performed, this work shall be reported.
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Preconditioning of materials in air at a particular temperature and humidity level is allowed prior to Level 2,
Level 3, or Level 4 exposure and, if performed, shall be reported (e.g. PA is typically preconditioned prior to

fluid exposure testing in accordance with ISO 16396-2 or ISO 1110).

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

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

7.9 Evaluation of data for Level 3

This document acknowledges that due to variety of materials responses to elevated temperature and
fluid exposure, an Arrhenius extrapolation for service life prediction may not be feasible. In the following,
guidance rules are provided to assist in the selection of materials based upon their response in short-term

tests. A
analysis df data shall also be clearly stated.

By runnirlg exposure tests with test fluids at three different elevated temperatures above the temp
interest, ffesults in three different times to reach the threshold boundary, with the highesttest ten
producing the shortest time to threshold limit.

In some cases the data do not cross the threshold boundary. The most important part of the analysi
proper inferpolation or extrapolation of the raw data curves at the point whére they cross the a
criteria limit where defined by user. Approaches to derive such analysis“may use linear, poly
logarithnlic curve fitting methods. The analyst should model the data using different methods ang
their best judgement to choose the best curve fitting method. One may-also choose to ignore i
points thgt were generated. The most care should be given to extrapgolation of the raw data.

Plotting the logarithm of time to threshold against the reciprocalof the test temperature, should
linear trehd, enabling an estimate of reliability at the operating temperature.

sis of the

brature of
hperature

s involves
Cceptance
homial or
shall use
itial data

resultin a

If progregsive degradation is apparently dependent upon‘a‘single chemical ageing process, a method based

on the Arfhenius relationship may be used. The results-should first be assessed on an Arrhenius b

Test medja, conditions, equipment, procedures and test report requirements are described inj
Annex A.

A lower bound confidence interval approdach'(e.g. 95 % lower bound) can be used so that a safety
can at leapt partially account for data scatter.
7.10 Reporting

The ISO P3936-4 Level 3 test-report shall be done in accordance with Annex A. ISO 23936-
conformity statements shalliave a structure given below in the report citation example.

EXAMPLE
Company XYZ Matetial ABC

1SO 23936}4: £ YYYY Conformity to Level 3, Fluid 3.1 (multiphase 2 mol % sour gas)

hSis.

detail in

criterion

1 Level 3

ISO 23936 4 NV Conforaait ol avual 2 Thaid 29 ool boca 10 0001 07 cotr goc )
T SOOIty O Oy ot o Erarerpra St oo

TeveT 70 00Ut goIy

[SO 23936-4: YYYY Conformity to Level 3, Fluid 3.3 (bespoke fluid description)

Guidance procedures are also given to assist in the interpretation of data for each material
category, see Annex A.
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8 Level 4 - Material stability (long-term)

8.1 General requirements for Level 4 evaluation

This clause defines test procedures for the assessment, evaluation, and prediction of progressive degradation
of composite materials exposed to fluids at elevated temperatures over extended periods of time. Level 4
exposure is applicable where it is necessary to forecast material life in a specific long-term application and
for directly comparing the changes in properties of candidate composite materials.

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

Level 4 ca

This claus
life estim
Annex A s

TI{OTTIITY PETtails to a material stabiity (fong-termjassessment of 180 days or TomngeT:

e specifies the required types of tests that shall be performed in order to document the
ation in Fluid 3.1, Fluid 3.2 or bespoke exposure environments. The test procedure sp
hall be followed.

8.2 Exposure temperatures

Exposure

T; shall b
within th

A T; temy
shall eithg

5 shall be run at three temperatures (T4, T, and T3). The temperature-difference shall be atl

e high enough for the property changes to cross at least one threshold criteria within
e longest duration.

erature that results in the crossing of a threshold criteria in less than 7 days can be tod
b1 be lowered or well justified in the test report.

8.3 Exposure durations

Level 4 e3

be chosen.

The expo
days, 180

Exposure

kposures shall run for 180 days if no threshold criteria are met. Longer exposure dura

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

at a temperature can be stdpped before 180 days if three of the following three thres

met: charlges in maximum stress, nfodulus, and strain at break.

If, for any

chosen temperature;ymaterial does not reach threshold criteria within exposure per

extrapolafion may be allowed-and reported if property drop slope is already clearly stablished cd

available
lower boy

nd confidenceiinterval).

8.4 Exposure fluids

The Level

4 test fluid requirements shall apply in accordance with 7.4.

potential
ecified in

past 10 °C.
180 days

high and

fions may

days, 120

holds are

od, curve
nsidering

experimental ddta'and robust statistical analysis is used within data treatment (e.g. adoption of

8.5 Initial swelling

The Level

4 test fluid requirements shall apply in accordance with 7.5.

8.6 Property test methods

The Level

4 property test methods shall apply in accordance with 6.2.5.
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8.7 Guidance for selection of Level 4 test methods

Because Level 4 evaluation is in place to allow forecasting of material property change beyond the time
frame of the testing duration, a predictive assessment method shall be required.

8.8 Preconditioning considerations

Preconditioning is exposure to defined conditions in relevant fluids prior to aging. Preconditioning time and
temperature for use in Level 4 exposures can be estimated from Level 2 data. Level 2 data 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.

Precondiliuuiug of bpcuimcua suchthat TVETyY achimcu TXPET Tences = liquid Uuly TXpOSUrc pr fortto a Level
4 multiphfase fluid exposure is not common. If this preconditioning effort is performed, it shall bg reported
along with the data to justify a preconditioning effort. Preconditioning of materials in air‘at“a particular
temperatyire and humidity level may be allowed and shall be reported if performed.

NOTE 1 |[For example, a material can be preconditioned for 7 days in a liquid prior to Level@-exposure sufch 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
[SO 1110.

8.9 Evdluation of data for Level 4

This docyment acknowledges that due to variety of materials résponses as a result of fluid exposure an
extrapolaftion for service life prediction may not be feasible. In the following, guidance rules are pfovided to
assist in tlhe selection of materials based upon their response ‘in short-term tests. A dated refererce to this
document shall be included in the reporting of data. The basis of the analysis of data shall be clearly stated.

By running exposure tests with test fluids at least thiee different elevated temperatures, resulty in three
different fimes to reach the threshold boundary, 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 i?]Lerpolation or extrapolation of the raw data curves to the time where they cross the threshold.
Approachies to derive such analysis may-use linear, polynomial or logarithmic curve fitting methods. The
analyst shall use their best judgementto choose the best curve fitting method. Initial data points [that were
generated may also be ignored. Themost care should be given to extrapolation of the raw data.

Plotting the logarithm of time-to threshold against the reciprocal of the test temperature should Jesult in a
linear trephd, enabling an estimate of reliability at the operating temperature.

Test medja, conditions;~€quipment, procedures and test report requirements are described in| detail in
Annex A.

8.10 Threshold baseline

The additiomat TequiTements of tevet A primmarity invotve the Teasurement of Tonger-ternT exposures and
an attempt at life estimation. Life estimation requires a threshold baseline to be established for tensile
properties in order to calculate the threshold criteria values. The analysis can be done with one baseline
and the rationale for this choice shall be included in the test report. The same baseline shall be used for
all tensile properties throughout a given analysis. The following four options can be used to calculate the
change percentage of aged data for the Level 4 analysis:

a) as-received tensile properties;
b) 2 dayliquid exposure properties;

c¢) 7 dayliquid exposure properties;
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d) preconditioned properties.

8.11 Threshold criteria for composites

The threshold value should be left to the application designer to define.
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Annex A
(normative)

Test media, conditions, equipment and procedures for ageing of

A.1 Testrequirements

composite materials

A.1.1 Ggneral
SAFETY PRECAUTIONS — Test procedures involve the use of pressurized fluids,” whic

flamma

correctly
testing ¢
comment

To avoid v
the autoc

A.1.2 T

A1.2.1

The test v
resistant

However,
may lead

A.1.2.2

In multip
be such th

In liquid ¢
The volun
A.1.2.3

The test s

e and can have toxic effects. These media can be extremely hazardous if not
. Multiphase mixtures give particular problems. Hydrogen sulfide is)éxtremely t
rganization shall ascertain and implement the appropriate safety precaution
"ing any test work.

essel burst, the maximum filling with test material shall providé.a'minimum gas cap of 2
ave volume.

pst vessel

General

essel shall be rated for use at the test temperature and pressure. The metallic materia
Lo the test fluid. The vessel shall be capable.@f being purged to remove air before testing.

for hydrocarbon-based fluids, purging before testing should be carefully evaluated as pur
Lo extraction of lighter oil fractions from base fluid, jeopardizing fluid original character

Vessel capacity

hase liquid and gas containing exposures, such as Fluid 3.1 and Fluid 3.2, the vessel cap:
at the ratio of the vessel.volume to test specimen volume is at least 10:1.
he fraction of-the fluids shall be presented.

Speciménlocation

peciniens shall be immersed such that test liquid contacts all surfaces.

nly tests with an in€rt gas purge, the liquid to specimen volume ratio shall be at least 7:1l.

h can be
handled
pxic. The
s before

5 vol % of

s shall be

oing itself
stics.

icity shall

In multip

immersed in the hydrocarbon liquid phase and shall not touch the water phase.

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

1ase liquid and gas containing exposures, such as Fiuid 3.1 and Fiuid 3.2, the specimens shall be

In bespoke fluids, the location of the specimens in the vessel relative to the liquid and gas phases shall be
documented.
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A.1.3 Exposure media

A.1.3.1 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. For multiphase fluids where gases
(CO,, H,S) can strongly influence overall pH, experimental procedures should be carefully evaluated, and
aqueous solution saturation is jeopardized during vessel opening. Software and models can be of use for the
purpose of pH prediction.

In addition to production fluids, it may be necessary in many instances to perform application-specific
testing of materials in contact with other types of chemicals, e.g. drilling fluids, scale inhibitors, hydrate

detailing

For chem
amount o
contact

A1.3.2

Exposure
opened fq
liquid anc
fluid degr

The liquig
A.1.3.3
Exposure

for an int
gas medi

signs of fluid degradation (especially hydroedrbon-based ones) require more frequent fluid renew

The liquig

In case of]
exposure

A1.4 E

Since dat
temperat
temperat
temperat
shall be af

he exposure environment. The test methodology shall be in accordance with this docum

cal fluids that are not used in a continuous base, tests can be performed considering
time (total of operations involving the chemical product under evaluation)-of'the flui
ith the material during the equipment lifespan.

Level 2 media replacement

durations of 28 days and less can be run without replacing liquid or gas media. If g
r an intermediate duration, the gases shall be replaced. For exposures longer than 28
gas media shall be replaced at 28 days and then at least every 56 days after that, unleg
adation (especially hydrocarbon-based ones) require monefrequent fluid renewal.

and gas replacement schedule shall be reported in the'test report.

Level 3 and Level 4 media replacement

durations of 56 days and less can be run without replacing liquid or gas media. If a vessel
ermediate duration, the gases shall be replaced. For exposures longer than 56 days, the
h shall be replaced at 56 days and then-at least every 56 days after that. Exceptions aj

and gas replacement schedule shall be reported in the test report.

hydrocarbon-based fluids, it shall be guaranteed that fluid remains representative duri
period. For such, periodic¢fluid renewal shall be carefully considered whenever necessar

Kposure temperatures

h from accelerated tests are required in Level 3, exposures shall be run at a minimun
ires, all of’which are above the temperature of interest. In addition, exposure af
ire may.be added. Suggested elevated exposure temperatures are given in Table A.1

least 10 °C and preferably 15 °C. The tolerance on temperature is +2 °C. The device for ter

b written
ent.

the total
1 being in

vessel is
days, the
s signs of

is opened
iquid and
ply when
al.

hg sample
y.

1 of three
relevant
but other

ire regimes may be chosen. The temperature difference between each of the three temperatures

hperature

measurer

hent shall be calibrated
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Table A.1 — Exposure temperature

Temperature of interest Suggestr:a;‘::flzzged tem- Temperature of interest Suggesga:r;:i‘;z;tsed tem-

°C oC °F oF

22 37,52,67 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, 3293556
150 165, 180, 195 302 329,356, 383
180 195, 210, 225 356 383,410, 437
195 210, 225, 240 383 410, 437, 4p4

Choice of femperature shall carefully avoid crossing critical temperature values for the material, see Annex F
for additipnal information. Important points are:

a) for thermoset matrix resins, wet T, of the laminate; maximum test.temperature should

below wet Tg;

be 15 °C

b) for thermoplastic materials, user to be aware of typical transitions, for instance, but not Ijmited to,

Vicat
guargnteed;

c) requifred service life;

HDT temperatures and/or T, when choosing test temperatures so that representatjveness is

d) fluid fypes and their maximum temperature limits;

e) press

Wet T, is
g
above we

ure.

difficult to measure if not done in.§itu due to driving off the fluid during measurement
[ T, can provide results showing different degradation mechanisms than are meant to b

Conducting test at lower temperatures.can be beneficial, see Annex F for more details.

A.1.5 Ej

A151

If pressu
Temperat

In an uns
liquid. Th|

Kposure pressure

General

e is logged~during the exposure, the device for pressure measurement shall be d
ures and pressure should be monitored with 1 min intervals.

s. Testing
e studied.

alibrated.

irred liguid medium it takes time to reach the solubility equilibrium of test gas compong

rium.

an equilib

nts in the

ereforie, stirring should be done. Non-stirred autoclaves should be left at least overnighr to reach

A.1.5.2 Level 2 ageing

The vessel pressure may change 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 Fluid 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.
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Figure A.1 — Pressure versus temperature curve with-KCl Level 2.2
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Figure A.2 — Pressure versus temperature curve with hydrocarbon Level 2.3

A.1.5.3 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 rises as the temperature increases and reaches 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.
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Figure A.3 — Pressure versus temperature curve with Fluid 3.2 multiphase sour aromatic

A.1.6 Exposure durations

Exposure

duration tolerances are given in Table A.2.

Table A.2 — Exposure duration tolerances

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

Exposures may comprise individualtést vessels which are locked for the period required, or run in one
or more fest vessels which are 6pened to allow specimen removal. The protocol used shall be| reported
accordingly.

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

The tota] project~time includes the extra time between each duration to allow for codling, gas
depressufrization,festing, and reheating. Significant deviations of test temperature and/or pressyre during
an exposyre shall be reported and justified technically.

A.1.7 Testspecimens

Test specimens shall be fabricated with the same compound batch and methods throughout the test program.
If samples for different batches or methods are proposed, similarity shall be proven in a traceable manner.
DNV-ST-F119 and DNV-ST-C501 can be used as references for sample representativeness. 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.
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The ageing of a stock shape, for subsequent fabrication of tensile test pieces, shall not be done. The composite
material shall be exposed in unconstrained mode (i.e. free-standing, with fluid able to freely access all
surfaces).

A.1.8 Tensile property measurements

Tensile properties of un-aged and aged specimens shall be measured at room temperature. All tensile
properties shall be based on dimensions taken before specimens are aged. All tensile property measurements
of a given material shall be based on the same test speed and specimen type. The test speed and specimen
type used shall be reported.

Mass and volume properties of un-aged and aged specimens shall be measured at room temperature. The
volume clange-shal-be-determined-inaceordance—with-the-displacement-methes peettee+50 1183-1,

Mass and|volume properties after exposure are measured and can also be evaluated,after a dryjing event
fine how much mass a material has lost during the exposures. Since @ high-temperafure fluid
immersiop/ageing test is extreme to most of the polymer resins, the lower-mbolecular-weight monomers,
unbound pubstances, plasticizers or the hydrolysis products inside the neat résin or filled specimgns can be
by the surrounding ageing fluid. So, the mass change (the net weight change) of a specimen after
the high-temperature fluid ageing should be considered to be a combination of the fluid absorptign and the
substancg leaching. To identify these two processes quantitatively, antadditional drying process of the aged
wet speciimen may be conducted at material specific temperature~e.,g. 90 °C for epoxy) in an oveh until its
weight is pt equilibrium. The difference between the mass of the aged wet specimen and the final/dry mass
d specimen is the amount of the liquid absorbed, and-the difference between the final dfy mass of
the aged §pecimen and the initial dry mass of the un-aged specimen is the amount of leaching. Thegefore, the
absorption (mass fraction in %) and the leaching (mass fragtion in %) of the test specimen can be ¢alculated

by using Formulae (A.1) and (A.2):
Moy —M
a=Ulaw =Msa) (A1)
Mg
Meg — M,
L= U =Mid) 400 (A.2)
Myq
where
A is the absorptiofras a mass fraction in per cent;
L is the leaching as a mass fraction in per cent;
m,,, | istheaged wet mass which is the weight of the specimen after the fluid ageing;
Mgy is the final dry mass which is the weight of the aged specimen after drying in an oven at material
specific temperature until its weight is in equilibrium;
Myg is the initial dry mass, 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.
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A.1.10 Visual inspection

The test specimens shall be visually inspected for salient features directly after removal from the vessels.
The 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

f) delanpination;

g) expos

A photog]
test repor
in the tes

A.1.11 Sample handling and storage procedures

For expos
and shall
for measy

When we
within 15
put back
individua

within onfe week of ageing completion.

Special c3
so that sg
previousl

A.2 Tes

A21 G

£ 43
TOTTITACTIOTT,

ed fibres (or resin poor areas).

t. Representative salient features (visual changes) at intermediate exposunés shall also b
report. ASTM D2563 can be used as reference.

ure fluids that are liquid at ambient pressure, test specimens from aged liquid shall be
be stored in fresh liquid (using the same neat liquid as uSed in the immersion test) unti
rement.

min to minimize evaporative losses. The sample shall be returned to liquid immediz
into the test vessel. When removing sample§*for tensile testing, each sample shall be
Iy from the storage liquid and tensile test, allFwithin 30 min. This entire process shall be ¢

re shall be taken in what regards.saimple conditioning between retrieval from vessel an

y agreed between parts and b) reference data (unaged dry or wet).

it procedure

pneral

The seq

documented in the-test report. Operator shall perform appropriate nitrogen leak tests on the vesy
prior to rinning ageing tests with samples.

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

nce of actiohs”as given in this subclause should be followed. The procedure used

raphic record of specimens before exposure and after the final exposuresshall be inclugled in the

b included

retrieved
required

ghing, sample shall be removed from the liquid, patted dry and weighed in air and them in water

tely until
removed
ompleted

d testing,

turation level in the moment of characterization is in accordance with a) bespoke conditioning

shall be
el system

The sequence for liquid immersion should be as follows:

a) add liquid(s) to vessel;

b) immerse test specimens in a way to avoid specimen to specimen contact in the liquid;

c¢) 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 (like heating or cooling periods or

press

ure increase or decrease);
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purge vessel to 5 bar? 5 times with nitrogen (inert) gas having oxygen content < 5 ppm (vol) O, to
remove most of the oxygen;

raise

cool t

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

he vessel to room temperature;

open vessel, retrieve test specimens and keep them wet according to the procedure in A.1.10;

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

take pictures of tested tensile specimens including a scale.

quid(s) to vessel;

rse test specimens in a way to avoid specimen to specimen contact in theJiquid;

vessel;

commence monitoring the pressure and temperature with a samplingyrate of once per minute

a) addl
b) immgq
c) close
d)
expoy
press|
e) purge
most
f) addt
used,
g) raise
h) cool{
i) reduc
scrub
j)  flush
k) open
1) carry
m) take]
A.3 Tes

ure increase or decrease);

vessel to 5 bar 5 times with nitrogen (inert) gas havingoxygen content < 5 ppm (vol) O,
of the oxygen;

bst gas mixture at room temperature to a total pressure of (6 £ 0,5) MPa; if individual
fill to correct partial pressures in the order@flowest liquefaction pressure;

temperature to exposure set point and<hold the temperature for a predetermined time;
he vessel to room temperature;

e remaining pressure safely,at a maximum rate of 0,1 MPa/min, neutralizing H,S, if us
ber;

vessel with nitrogen to remove remaining H,S, if used, via a scrubber;
vessel, retrieve test.specimens and keep them wet according to the procedure in A.1.10;
out post-testprocedures of inspection (see A.1.9) and measurement (see A.1.7);

bictures Ofitested tensile specimens including a scale.

itreport for Level 2, Level 3, and Level 4

uence for

except for

ure durations where rapid changes of parameters are expected (like heating or cooling periods or

(O remove

gases are

bd, with a

A.3.1 General

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

a)

conformity statement that details which clause of this document has been satisfied by the testing and a
reference to this document, i.e. ISO 23936-4:2024;

b) teststandard details such as method, edition, specimen type, test speed;

2) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?Z.
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c¢) compound manufacturer, contact information, manufacturer’s compound name/number or other
reference, recipe revision level, batch/lot number and moulding date;

d) specimen identification call-out for each test method using the coding system in 4.4;

e) exposure media (liquids and gas) identification with classification, sub-classification where appropriate,
and detailed composition;

f)  fluid replacement durations and results of fluid monitoring, if performed;

g) pressure and temperature recording for all test durations;

h) dates

for start and end of test;

i) testpgrocedure based on A.2;
j)  median material properties values for each duration;

k) specific gravity, mass and volume with descriptive test method and sample identification cods;

)

1) maxipum stress, strain at break, modulus, with descriptive test method and.sample identificaftion code;

m) tablefof median results for physical property measurements from 6.2.5 andthreshold criteria

n) tablefof change percentages of properties;

0) grap}

p) descrfiption of visual inspection and condition at the final duration;
q) pictufes of specimens before exposure and after final dusation;

r) aphotographic record of representative damage features;

of change percentages of properties using dotted lines showing the threshold criteria;

s) raw data, mean, standard deviation, 95 % confidence interval, COV, median and intermediatg duration
pictufes upon request;

t) precqnditioning details;

u) leachjng results.
A.3.2 Testreport for Level 2
A single composite material €an’have multiple Level 2 conformity statements and test reports. Tept reports
can contdin numerous dafasets and resulting conformity statements. Table A.3, Table A.4 and |Table A.5
provide ah example of a'test report that covers a single data set.

Compound manufacttrers should list conformity statements on their material data report, if the spipporting
report is gvailable:

Table A.3 — Example test report for Level 2 general
AcmeManf PhenDura XTRA-6880 conforms to ISO 23936-4:2024
Conformity statement - IS0 23936-4:2024
Conformity to Level 2, Fluid 2.2 (250 °C, 30 g/kg KCI)
Client address - ToolCo Inc.
Energy Dr, Denver, CO, USA

Compound manufacturer - AcmeManf,

Compound name/number PhenDura XTRA-6880

Material / reinforcement - PEKK / unfilled

Recipe revision level - n/a
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Table A.3 (continued)

AcmeManf PhenDura XTRA-6880 conforms to ISO 23936-4:2024

Lot/batch no. - FF2344rw4r/07
Moulding date - Q4 2024
Ageing test conditions
Classification |ISO 23936-4:2024 Level 2.2
Description 30 g/kg KCl
Fluid Liquid 30 grams KCl in 970 ml of distilled water
Gas Nitrogen purge
Pressure 0,138 MPa to 0,345 MPa (20 psito 50 psi) gas cap
Volume ratio minimum - 21:1
Exposureltemperature °C (°F) 250 (482)
Pressure gt temperature MPa (psi) 4,5 (700)
Exposureldurations days 2,6,14, 30
Specimen|preconditioning - None
Leaching Mass fraction (%) |None
Test lab - Ace Test Lab
Address 123 Sample Rd;\Testing, LA, USA
Test date - 10 June 2024 - 25 October 2024
Test gas njixture or individual gases certi- YES/NO YES
fied
Pressure ¢alibration available YES/NO NO
P/T recor{lings available YES/NO NO

Table A.4 — Example test report for Level 2 test description

Test description Standard Specimen identificaflion
. . ISO 527:4,1S0 527-5 or
Tensile prpperties ASTMDR039 (MI/OA/FN/PA/SN)
Mass and polume of tensile bars ASTM D792 (MI/OA/FN/PA/SN)
Hardness[of tensile bars ASTM D2240 Shore D (MI/OA/FN/PA/SN)

TableA:5 — Example test report for Level 2 single data set

General test details

Ageing dafs 0 2 6 14 30 Thresholf criteria
Planned dpys and télérance 0 2+1 7+1 | 14+x2 | 28+3
Fresh liqufids yes no no no n/r
Fresh gas yes yes yes yes n/r

€dian values for each test duration
Tensile strength (MPa)? 95,0 92,7 93,0 90,1 89,3 n/r
Nominal strain at break (%)?2 42,0 29,0 26,4 24,8 23,3 n/r
Modulus (specified 2 % secant method) (GPa)?2 4,11 3,90 3,73 3,60 3,57 n/r
Mass (grams)b 8,506 | 8,621 | 8,644 | 8,652 | 8,641 n/r
Specific gravityb 1,356 | 1,388 | 1,401 | 1,405 | 1,408 n/r

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 change percentage data shall be presented with no decimal places.
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Table A.5 (continued)

Change percentages in properties

Tensile strength A (%)°¢ 0% 2% 2% 5% -6 % *50 %
Nominal strain at break A (%)¢ 0% | -31% | -37% | -41% | -45% -50 %
Modulus (specified 2 % secant method) A (%)¢ 0% -5 % 9% | -12% | -13% +50 %
Mass A (%)¢ 0% 1% 2% 2% 2% n/r
Volume A (%)¢ 0% 2% 2% 3% 3% -1 % to +10 %

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

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

c Cll‘._ll i doi lolll. PR RS, | daoci 1ol
alculgreer cangeperecentageaata siratr o presertea witir noactrar praces:

The chartfs for property change percentages are shown in Figure A.4 and Figure A.5.

The presdqure and temperature chart is shown in Figure A.6.

The appegrance of the specimens before and after ageing is shown in the Figure A.%

Y
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-20 % \

O"/T=
0 _‘\\A
-10 % —
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-40 % [

S0O%Yr--r——r——— =T —— T — —— — — —

-60 %
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Key
X lime in days —&—  modulus change in %
Y fensile property charigé in % —&—  strain at break change in %
—4A—  tensile strength.change in % ______  threshold criteria

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
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a  image of test coupon before immersion test

b  image of test coupon after immersion test

Figure A.7 — Before and after aging test specimen images

A.3.3 Testreport for Level 3

The Level 3 test report shall include all the requirements of the Level 2 test report in accordance ¥
and the fdllowing additional requirements:

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

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

c) threesets of tables with results, change percentages, and visual obseryations;

d) thre¢sets of final duration specimen images;

e) repoit data sets for liquid only exposures with a nitrogen purge and gas cap at all three tempe

performed.

Table A.6 [provides an example of a test report that covers<a.single data set.

Table A.6 — Examplé-test report for Level 3

vith A.3.2

ratures, if

AcmeManf PhenDura XTRA-6880 conforms to ISO 23936-4:2024

Conformify statement - ISO 23936-4:2024

Conformity to Level 3, Fluid 3.2 (multiphase 10 mol % squr gas)
Client addjress < ToolCo Inc.

Energy Dr, Denver, CO, USA
Compoungl manufacturer - AcmeManf,
Compoungl name/number PhenDura XTRA-6880
Material /Jreinforcement - PEKK / unfilled
Lot/batch no. - FF2344rw4r/07
Manufactyiring date - Q4 2024
Ageing telst conditions

Classification [ISO 23936-4:2024 Fluid 3.2
Description 10 vol 9% sour aromatic
Liquid 60 vol % of the autoclave volume, the liquid is composed of 70 vol

Fluid % heptane, 20 vol % cyclohexane, 10 vol % toluene

10 vol % of the autoclave volume: distilled water

Gas 30 mol %: 10 mol % H,S, 5 mol % CO,, 85 mol % CH,
Pressure (6 +0,5) MPa

Volume ratio minimum - 10:1
T; Exposure temperature °C (°F) 232 (450)
T; Pressure at temperature MPa (psi) 16,5 (2 400)
T; Exposure durations days 2,7,14,27,42
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Table A.6 (continued)
AcmeManf PhenDura XTRA-6880 conforms to ISO 23936-4:2024
T, Exposure temperature °C (°F) 200 (392)
T, Pressure at temperature MPa (psi) 14,5 (2 100)
T, Exposure durations days 7,14, 30,42, 56
T; Exposure temperature °C (°F) 180 (356)
T Pressure at temperature MPa (psi) 10,3 (1 500)
T3 Exposure durations days 7,14, 28, 41, 57
Specimen preconditioning - None
Leaching 1V1aoo(101/0c3\,uuu None
Test lab adldress - Ace Test Lab
123 Sample Rd, Testing, LA, USA
Test date - 10 June 2024 - 25 October 2024
Test gas mixture or individual YES/NO YES
gases certified
Pressure ¢alibration available YES/NO YES
P/T recor{lings available YES/NO YES

The examjple in Table A.7 shows the T, test data. The T; and T5 data table shall also be presented in

format within the test report.

Table A.7 — Example T,test data

the same

General test details

Agei?g dajs at 0 pre-cqndition- 2 7 7 14 30 42 56

240 °C ing

F_luld desdrip- none N/A 3,2 Liquids’ | 3,2 Liquids 3,2 3,2 3,2 3,2 3,2

tion only} only

aDr?g’esa“d oler- | ¢ N/A 2%1 7+1 7+1 | 14+2 | 28+3 | 423 | 56+3

Fresh liqufids yes N/A no no no no yes no no

Fresh gas yes N/A yes yes yes yes yes yes no
Median values for each test duration

Tensile

strength (MPa)2 95,0 N/A 92,7 92,5 93,0 90,1 89,3 88,0 87,0

Nominal gtrain

at break ()2 42,0 N/A 29,0 27,0 25,4 23,8 22,3 21,3 20,3

Modulus (spec-

ified 2 % gecant\{™~ 4,11 N/A 3,90 3,81 3,73 3,60 3,57 3,54 3,50

method) (GPa)?

Mass (grams]® | 8506 N/A 8 7/721 o /30 o /44 0052 8 ool 8 662 8858
istgff‘flc grav= 1 1,356 N/A 1,388 1,390 1,401 | 1,405 | 1,408 | 1,408 | 1,408
Change percentage in tensile properties using 2 day liquid saturation as the baseline
Tensile i o ) o a0 L0 o o
strength A (%)¢ N/A 0 % 0% 3% 4% 5% 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 change percentage data shall be presented with no decimal places.
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Table A.7 (continued)
Nominal strain o ) 190 10 920 570 200
at break A (%)¢ N/A 0% 12 % 18 % 23 % 27% | -30%
Modulus (spec-
ified 2 % secant N/A 0% - -4 % -8% -8% 9% -10 %
method) A (%)¢
Change percentage in tensile properties using 7 day liquid saturation as the baseline
Tensile
strength A - N/A - 0% 2% -4 % -5% -5 % 7%
(%)°
Nominal
strain at - N/A - 0% A3% | -19% | -26% | -28% 31 %
break A (%0)¢
Modulus
(specified
2 % secanlt - N/A - 0% 5% | -10% -9 % -10 % -10 %
method) 4
(%)°
Change percentage in tensile properties using preconditioning as,the baseline
Tensile
strength A - N/A - - N/A N/A N/A N/A N/A
(%)
Nominal
strain at - N/A - - N/A N/A N/A N/A N/A
break A (%0)¢
Modulus
(specified
2 % secant - N/A - - N/A N/A N/A N/A N/A
method) 4
(%)°
Change percentage in physical properties using as-received data as the baseline
Mass A (%)¢ - N/A -3 % 3% 3% -4 % -4 % -4 % -4 %
E%‘im” . N/A 5% 5% 5% | 6% | 6% | 7% || 6%
a2 Measufed data shall be presented with atleast three significant figures.
b Measufed data shall be presented with at least three decimal places.
¢ Calculgted change percentagé.data shall be presented with no decimal places.
The examples in Figure8 and Figure A.9 show the T; data charts. The T, and T; data charts shall also be
presented in the same format within the test report. The baseline selection shall be identified in the data charts.
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Figure A.8 — Example T, tensile property change percentages using 2 day baseline data
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Figure A.9 — Example T, volume and mass property change percentages

A.3.4 Level 4 reporting

The Level 4 test report shall include all the requirements of the Level 3 test report in accordance with A.3.3
and the following additional requirements:

a) all three exposure temperatures and the durations selected for each temperature;
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b) threshold baseline selection and justification;

c) life estimation analysis and results.
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Annex B
(normative)

Fabrication of laminated plates

B.1 Fabrication of laminated plates with thermoplastic matrices

B.1.1 G

The meth|
or fabrics

General
ISO 1268+

B.1.2 Hjot pressing

The press
pressing.

On a certz:
fibre impi1

B.1.3 Idothermal consolidation

The TI py
called hot
process is
studies.

Isotherm
ISO 1268
and sheet
take plac
ISO 1268+

The undu
B.14 A

During th
temperat

pneral

od for producing test plates by molding layers of prepregs (preimpregnated unidirectiqg
should be used according to ISO 1268-4.

onditions like verification of the characteristics of the plates should Be~done acc
1.

ing mould is used for heating and cooling. The variotherm process leads to long cycl
Often this become more than 1,5 h for minimum 4 mm thick{plates.

lin level hot pressing cures poor prepreg qualities. For example, for tapes such defects c3
egnation or axial fractures within the tapes.

ocess describes a pressureless contact heating, followed by isothermal cooling and sd
transfer pressing. The separation of heating and cooling enables high speed press cycl
much more efficient especially for high'demands of thin plates or for process parame

] consolidation should be donefor the thermoplastics materials of this document acqg
9, which specifies the compression molding of glass fibre mat reinforced thermoplas
thermoplastic composité (STC), including plates moulded from UD-tapes. The demol

0.
ation of fibres canhave a bigger effect on the properties of plates or extracted specimen

1itoclave consolidation

ke autoclave process, consolidation of prepreg laminas through simultaneous elevated pre
iretesults in a uniform high-end material system. A controlled pressure vessel (autoclay

nal fibres

prding to

b times of

n be poor

it is also
bs. So this
er driven

ording to
tic (GMT)
ling shall

e below glass transition_temperature, which can influence the mould temperature as ¢lefined at

ssure and
e) applies
blankets.

pressure

dufing the consolidation process while the temperature is being applied locally by heat]

This vessel gives the ability to design manufacturing processes with different pressures while applying
temperature at desired regions of the composite.

B.1.5 Automated tape laying or automated fibre placement

Automated tape laying (ATL) consists of placing composite tape on flat or moderately curved surfaces to
fabricate multi-layered composite structures. The placement of tape by ATL machines is precisely controlled
by a computer to create layers with specific alternating fibre orientations aligned with the expected loads
for high mechanical strength.

AFP is designed for composite tape placement on curved or complex surfaces to fabricate multi-layered
composite structures.
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unique feature of both processes is the use of fabric or unidirectional fibre prepregs.

The heating systems currently found are:

— hot gas torches;

— laser

— pulse

heaters;

d light heaters.

B.2 Fabrication of laminated plates with thermoset based matrices

B.2.1 Gfneral

Recommgnded methods for fabrication of the continuous fibre-reinforced, laminated-comp

hsite test

plates with thermoset based matrices include wet layup lamination, prepreg lamination, filamenft winding

laminatiopn and vacuum-assisted resin transfer moulding. ISO 1268-3,1S0 1268-4, 1SO 1268-5 and I§
and ASTNI D5687/D5687M-95, do provide general guideline and detailed procedurés)for these fj
methods,|[and should be used as the guidance for fabrication of the laminated tést-plates with {
based mafrices in a reproducible manner in this document, so that it is possible te' compare the tg

carried o
times or i

B.2.2 W

LWisac
using wo
a control
unidirect
thermose
of the tes
thickness
from the 1

For fabric
5barto1
the four s
15 mm fr
be marke
on detaile

for the lainated test plates'produced by this method shall be done in accordance with Table B.1.

B.23 P

LPisam
using pre
consolida

t from the test plates fabricated by different producers or different\batches, or tested a
h different places.

[et layup lamination

bntact moulding method for fabricating thermoset-matrix laminates by a wet laminatio
yen or non-woven fabrics with a liquid thermosetting resin, and consolidated and cut
ed press with two heated parallel mould plateszGlass- or carbon-fibre, woven or n
onal or 0/90 fabrics are used as the reinforcement, and polyester, vinyl ester, epoxy or o
Lting resins are used as matrices depending-on the application requirements. The star
plates shall be 300 mm x 300 mm x 3,20 mm, and a set of spacers is used to control the

Number of fabric layers needed to produce the required laminate thickness can be
ibre density, resin density, fibre contentby mass and the area mass of the fabric per ISO

wet layup, resin viscosity should be'a minimum of 1 000 mPa-s at 23 °C. Moulding pressu
D bar. Curing temperature is determined by the type of resin system. After consolidation

m the moulded edges. Before the initial cutting, the principal fibre direction of the lamin
H on the plate clearly.-ISO'1268-3 and the specific resin technical data sheets provide in
d processing procedure and parameters. Dimensions and flatness, fibre content and, vo

repreg lamination

bre advanced contact moulding method for fabricating thermoset-matrix composite lan
Limpregnated unidirectional tapes or pre-impregnated fabrics, the prepregs, and more

01268-7,
hbrication
hermoset
st results
different

n process
ed under
n-woven,
her liquid
dard size
laminate
alculated
1268-3.

‘e shall be
and cure,

ides of the moulded laminate‘should be cut initially along the principal fibre direction and at least

hte should
formation
d content

inates by
advanced
bit better

Lion and cure process. With this lamination method, the produced laminated plates exh

and mor

et + 1o yal b £:1 . 1 1 + . 1 1 1
CUILSISLICIIL qudlity. GUIILIITUOUS TIDTC-TCIHIIUICTU PICPI Ty PIOUuULLS HILTUUC 51455 Ul Ldl

bon fibre

unidirectional tapes pre-impregnated with latent and partially cured epoxy or other advanced thermosetting
resins, and glass- or carbon-fibre fabrics pre-impregnated with latent and partially cured epoxy or phenolic
resins. Lamina thickness, fibre content and tack of the prepreg products are accurately controlled. The
standard sizes of the test plates in this document are 300 mm x 300 mm x 3,20 mm. Unidirectional [0],
and symmetric cross-lamina [0/90],,; laminate plates should be produced from unidirectional prepreg tapes
or unidirectional and [0/90] prepreg fabrics. Number of prepreg layers needed for producing the required
laminates can be calculated from lamina thickness and the required laminate thickness.

The prepreg lamination process involves:

a) contact mould or mould plate preparation;
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b) prepreg cutting and laminate layup per the required orientation and stacking sequence;

c) debulking, air breather and vacuum bagging (for autoclave consolidation);

d) laminate consolidation and cure by using a controlled hot-press or an autoclave;

e) initial cutting to the four sides of the moulded laminate along the principal fibre direction, and at least
15 mm from the moulded edges. Before the initial cutting, the principal fibre direction of the laminate
should be marked on the plate clearly.

ISO 1268-

4, ASTM D5687/D5687M-95 provide information on specific prepreg technical data sheets for

detailed processing procedure and parameters. Dimensions and flatness, fibre content and, void content for

the lamin

B.2.4 Filament winding lamination

LF isac

ated test plates produced by this method shall be done in accordance with Table B.1.

bntact moulding method with continuous fibre placement by wet filament winding grocess to

produce finidirectional composite laminate plates. ISO 1268-5 described a filament;winding npethod by

using a s
unidirect
with two

pecially designed winding former with two parallel contact moulding sutfaces. The wpund two
onal composite plates can be consolidated and cured under a controllédhot-press or ih an oven
out-mould contact moulding plates under clamping pressure. The-spé€cified dimensiqns of the

wound urjidirectional composite plate are 300 mm x 220 mm x 3 mm. Varigus-glass roving or cafbon fibre

tow prod

icts are used with polyester or epoxy liquid resins in this winding process. ISO 12685 and the

specificr¢ving/tow and resin technical data sheets provide information én detailed winding paranjeters and

the proce

laminate( test plates produced by this method shall be done in ac¢ordance with Table B.1.

B.2.5 Vacuum-assisted resin transfer moulding

5sing procedure. Dimensions and flatness, fibre content and;¥oid content for wound unidjirectional

The LR if a closed mould moulding method, where a fibre preform is placed in the mould cavjty and is
infused bly resin flow injected from a resin pump under vacuum extraction. This method can He used to
produce fabric or mat reinforced laminate plates with moulded surfaces on the both sides of the laminates.

Aresin tr
are requi

used in stacking of the preform and produce:unidirectional or [0/90] laminated test plates.

The resin

a) assemble the mould and place-the preform in the mould cavity;

b) conngct the mould to the-vacuum pump and the resin pump;

hnsfer mould, a controlled air-circulated’oven, a resin pump and a vacuum pump or vacuyim source
ed in this process. Glass- or carbon=fibre woven fabric, or non-woven or non-crimp fabfic can be

transfer moulding process involves:

¢) apply] vacuum to extract the air out and pump the resin from the resin tank in to the preform in the

moul
d) cure

e) open

1 cavity;
he lamirdates in the mould in the controlled oven;

mould and apply post cure if needed;

f) cut the-feursides-ofthermouwldedtaminate-alonstheprineipalfibre-directionandatteastdSdmm from

TOOT ST T o o T e T o a T C O o o c oo O gt Cpr oo rior oo o Cororaitr o e o T o

the moulded edges. Before the initial cutting, the principal fibre direction of the laminate should be
marked on the plate clearly.

[SO 1268

-7 and the specific resin technical data sheets provide information on detailed processing procedure

and parameters. Dimensions and flatness, fibre content and, void content for wound unidirectional laminated
test plates produced by this method shall be done in accordance with Table B.1.
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Table B.1 — Required dimensions, flatness, fibre content and void content of cured laminated test
plates produced by various fabrication methods

Fabrication Test plate dimensions Flatness? Fibre content Void con-
method mm mm/plate vol % tent
vol %
w t [0] [0/90]

Wet compres- |300 300 2,5 to <1,5 50 to 60 50 to 58 <4

sion moulding 3,5+0,050

Prepreg mould- {300 300 2,5 to <1,5 52 to 64 52 to 62 <2

ing 3,5+0,050

Fllament ind 200 220 7’|: Qo < 1’: COta GO £/1

ing 3,5+0,050

Resin-trampsfer |300 300 2,5 to <1,5 50 to 62 50 to 62 <2

moulding 3,5+0,050

a  For bepding and twisting control.

B.3 Curing method for laminated plates with thermoset based matrices

B.3.1 Ggneral

Curing is
commonly accomplished by addition of a curing or cross-linking agent, with or without heat and
For advaniced composite materials, especially high-temperature.composite materials, a proper c
consolidafion process should be carried out with a designed-time-temperature-pressure cycle
curing equipment.

B.3.2 Open cured

an irreversible chemical process or a polymerization process of a thermosetting r

bsin. It is
pressure.
iring and
n certain

Curing prfocess of the laminated plates is carried.out in a controlled, air-circulated oven. For irI'tial cure,
i

the wet

or resin-tfransfer mould. Vacuum bagging caty'be used with open mould for consolidation and r

trapped

oven can

properly
control, monitoring and recording:

B.3.3 Hpt-press cured

Curing prjocess of the ldminated plates is carried out in a controlled hot press. The hot press is
with two
between the two niotlding plates. Pressure, temperature and the cycle time can be readily contro
thickness|tolerance’can be achieved.

B.3.4 Apteclave cured

}ocessed laminates should be cured with the contact moulding plates, filament wind
ir or gasses, but the applied pre§sure is limited to the difference to the atmospheric pre

be also used for free standing post cure of the initially cured laminated plates. The oven
Calibrated in temperature-dnd'its distribution, and equipped with the capabilities of ten

heated, parallel moulding plates, and the wet-layup or prepreg processed laminated platg

g former,
bmoval of
sure. The
should be
hperature

equipped
b is placed
led. Good

Curing process of the laminated plates is carried out in an autoclave. An autoclave system allows a well-
controlled, complex curing process to occur in a pressure vessel according to a specified time, temperature
and pressure profile. The major elements of an autoclave system include a pressure vessel, heating and
circulation source, pressure source, vacuum bagging system, operating control system and mould loading
system. In this process, the uncured laminate plate is first loaded in to the autoclave with the open moulding
plate, then vacuum bagging is used to remove trapped air or gasses, and then an optimized heating and
pressurization cycle is applied to consolidate and cure the processed laminate plate. Multiple laminated
plates can be cured simultaneously if multiple moulds are available and the autoclave is big enough with
multiple vacuum ports. Autoclave curing is a more expensive curing process, but with more precisely
controlled curing cycle and can produce laminated plates with more consistent top quality.
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B.3.5 UV cured

UV curing is an emerging speed curing process in which high-intensity ultraviolet light is used to create
a photochemical reaction that instantly cures coatings, adhesives and even fast cures certain composite
materials. This is a low-temperature, high-speed, solventless polymerization process. UV light can be
generated by mercury vapour lamps, fluorescent lamps and emerging UV LED devices. Specially formulated
UV cure resins available in the market include UV cure polyester, vinyl ester and epoxy resins.
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Annex C
(normative)

Specimen extraction from laminated plates

C.1 Extraction of test specimen from laminated plates with thermoplastic matrices

C.1.1 General

The diffefent machining methods for specimen extraction are described by NPL (2020) Measurement Good
Practice (fuide No. 38.

Irrespect|ve of the method used for extraction of specimens the presence of watéyor other fluids can
influence|the specimen performance and therefore if some water uptake is foreseen then the |specimen
shall be dried immediately after extraction. Test plates shall not be reduced in thickness through sample
extractiof. Table C.1 isnot claiming to be aresult of a direct comparison test. It only gives a tentativejoverview
about the|strength and weakness of different extraction methods based on‘seme practical experiepnce.

Table C.1 shows a tentative comparison of different specimen extraction methods.
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