INTERNATIONAL ISO
STANDARD 23936-2

First edition
2011-12-15

Petroleum, petrochemical and natural gas
industries — Non-metallic:materials in
contact with media related to oil and gas
production —

Part 2:
Elastomers

Industries du pétrole; de la pétrochimie et du gaz naturel — Matériaux
non métalliques en contact avec les fluides relatifs a la proddiction de
pétrole et de,gaz —

Partie 2: Elastomeéres

- Reference number
= — ISO 23936-2:2011(E)

© SO 2011


https://standardsiso.com/api/?name=30864023686525559b3808fdf31330b4

ISO 23936-2:2011(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2011 — All rights reserved


https://standardsiso.com/api/?name=30864023686525559b3808fdf31330b4

Contents

Foreword

Introduction

1
2

3
3.1
3.2

4
5

6
6.1
6.2

7

7.1
7.2
7.3

8

8.1
8.2
8.3

9

9.1
9.2
9.3
9.4

Anr

Anr

Anr
Anr

ISO 23936-2:2011(E)

_ Scope

General

General

General

General

Anr

Normative references

Terms, definitions and abbreviated terms
Terms and definitions
Abbreviated terms

Technical requirements
Documentation requirements

Requirements for manufacturers

Validation of compliance
Qualification of elastomer materials (ageing and RGD)
Requirements for ageing tests
Requirements for rapid gas decompression testing
Qualification of elastomeric materials in bonded flexible hose
Qualification of bonded flexible hose liner material
Qualification of bonded flexible hose'— Layers outside the liner............cccccviinrinnnenn.
Qualification of elastomeric materials in other large components
Qualification of elastomeric_ materials in flexible joints

Qualification of elastomeric materials in blow-out preventers..........cccccocoecirricicerncceeen.
Qualification of elastomeric materials for packers

ex C (informative) Most commonly used elastomeric materials

requirements

ex A (normative) Test'media, conditions, equipment and procedures for ageing of
elastomeric materials

ex B (normative), -Test media, conditions, equipment and procedures for rapid gas
decompression testing of elastomeric materials

ex Diy(normative) Procedure for estimation of material service life using the Arrhenius
relationship

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=30864023686525559b3808fdf31330b4

ISO 23936

-2:2011(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governfmentar, I _Iaison with IS0, also take part I the WOrK. SO collaborates closely with] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for voting.“Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting avote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 23936-R was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore structlires
for petroleum, petrochemical and natural gas industries.

ISO 23936 [consists of the following parts, under the general title, Petroleum, petrochemical and natural|gas
industries - Non-metallic materials in contact with media relatéd\to oil and gas production:

— Part 1:|Thermoplastics

— Part 2:|Elastomers

The following parts are planned:

— Part 3:|Thermosets

— Part 4:|Fibre-reinforced composite

— Part 5:(Other non-metallic materials

iv © 1S0O 2011 — All rights reserved
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Introduction

ISO 23936 is intended to be of benefit to a broad industry group, ranging from operators and suppliers to
engineering companies and authorities. ISO 23936 covers relevant generic types of non-metallic material
(thermoplastics, elastomers, thermosetting plastics, fibre-reinforced plastics, etc.) and draws upon a wide
range of existing technical experience, which has never before been summarized in a technical standard.
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ERNATIONAL STANDARD

ISO 23936-2:2011(E)

Petroleum, petrochemical and natural gas industries — Non-
metallic materials in contact with media related to oil and gas
production —

Part 2:
Elastomers

1 [Scope

1ISO|23936 describes general principles and gives requirements and recommendations for the s¢lection and
qualification of non-metallic materials for service in equipment used in ‘eil*and gas production enyvironments,
whdre the failure of such equipment could pose a risk to the health and-safety of the public and pgrsonnel, or
to the environment. It can be applied to help avoid failures of the"equipment itself. It supplements, but does
not feplace, the material requirements given in the appropriate design codes, standards or regulatipns.

Thig part of ISO 23936 describes the requirements and procedures for qualification of elastomgric material
usefl in equipment for oil and gas production.

2 [Normative references

The| following referenced documents arg‘indispensable for the application of this document] For dated
refefences, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments)-applies.

1ISO|34-1:2010, Rubber, vulcanized or thermoplastic — Determination of tear strength — Part|1: Trouser,
angle and crescent test pieces

ISO| 37, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties

I1ISO|48, Rubber, yulcanized or thermoplastic — Determination of hardness (hardness between 10 IRHD and
100|IRHD)

1ISO|815-1,"Rubber, vulcanized or thermoplastic — Determination of compression set — Part 1: A{ ambient or
elevated temperatures

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

ISO 2921, Rubber, vulcanized — Determination of low-temperature retraction (TR test)

ISO 3601-3:2005, Fluid power systems — O-rings — Part 3: Quality acceptance criteria

ISO 7619-1, Rubber, vulcanized or thermoplastic — Determination of indentation hardness — Part 1:

Durometer method (Shore hardness)

ISO 13628-10:2005, Petroleum and natural gas industries — Design and operation of subsea production
systems — Part 10: Specification for bonded flexible pipe

© 1SO 2011 — All rights reserved
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ASTM D297, Standard Test Methods for Rubber Products — Chemical Analysis
ASTM D395, Standard Test Methods for Rubber Property — Compression Set
ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers — Tension

ASTM D624, Standard Test Method for Tear Strength of Conventional Vulcanized Rubber and Thermoplastic
Elastomers

ASTM D1414, Standard Test Methods for Rubber O-Rings

ASTM D1415, Standard Test Method for Rubber Property — International Hardness
ASTM D2240, Standard Test Method for Rubber Property — Durometer Hardness

API 17K, Specification for Bonded Flexible Pipe

3 Terms, definitions and abbreviated terms

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

3.1 Ternjs and definitions

3141
accelerated test
test undertgken under conditions designed to speed material deterioration

NOTE This is usually accomplished by increasing temperature, in order to raise chemical reaction rates, but [fluid
concentratiof and stress are variables which can also be manipulated.

3.1.2
asset operator
person whd operates an asset, who has knowledge of well parameters and who transmits this informatign to
the user (3]1.15)

NOTE 1 An asset can be a well, a praduction train, a plant, etc.
NOTE 2 \\Vell parameters can béAfluid exposure, temperatures, pressures, duration, etc.

313
compressipn set
difference Hetween the,original sample height and the post-test height, divided by the interference, expregsed
as a percentage

314
elastomer
rubber
amorphous material mechanically mixed with other constituents to form a rubber compound, which is then
shaped by flow into articles by means of the manufacturing processes of moulding or extrusion, and then
(invariably) chemically cured at elevated temperature to form an elastic insoluble material

3.1.5
fluid
medium such as a gas, liquid, supercritical gas, or a mixture of these

2 © ISO 2011 — Al rights reserved
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3.1.6

interference

difference between the original sample height and the height of spacer bar, each measured in the same
direction as the direction of compression

317

compound manufacturer

manufacturer

producer of the elastomer material or of semi-finished products made from elastomer materials

3.1.8
modglulus
tengile stress at a given elongation

NOTE In the rubber industry, the modulus at 50 % elongation is often chosen.

3.1.

polymer
high molecular weight molecule, natural or synthetic, whose chemical structure can be represented by
repgated small units which collectively form molecular chains

NOTE This material class has three main sub-groups: elastomers, thermoplastics and thermosets.

3.1./10

rapid gas decompression
RGD
depfessurization
explosive decompression
rapid pressure-drop in a high pressure gas-containing\system which disrupts the equilibrium betwgen external
gas|pressure and the concentration of gas dissolved inside any polymer, with the result that excess gas tries
to epcape from the solution at points throughout the material, causing expansion

NOTE If large enough, and if the pressure>drop rate is faster than the natural gas diffusion rate, blistering or rupturing
can pccur.

3.1./11
room temperature
temperature of (23 £ 2) °C

3.1./12

sea| cross-section
cross-section diameter
CS

freel height of/ayseal at room temperature, measured normal to seal diameter in the direction of compression in
the fest

NOTE The measurement is taken at three circumferentially equidistributed positions.

3.1.13
seal type
seal design of specified geometry, size and orientation

EXAMPLE An O-ring.

3.1.14

thermoplastic

material capable of being repeatedly softened by heating and hardened by cooling through a temperature
range characteristic of the plastic and, in the softened state, of being repeatedly shaped by flow into articles
by moulding, extrusion or forming

© 1SO 2011 — All rights reserved 3
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3.1.15

user

person responsible for the selection of suitable materials for a service operation based on information
received from the asset operator (3.1.2)

3.1.16

purchaser
party responsible for procuring the elastomer material or component

3.2 Abbreviated terms

BOP blow-out preventer

BRE base resistant elastomers

COC certificate of conformance

CSD cross-section diameter

DMA dynamic mechanical analysis

DMTA dynamic mechanical thermal analysis
DSC differential scanning calorimetry

GMPHOM | Guide to Manufacturing and Purchasing Hoses for Offshore Moorings

HNBR hydrogenated nitrile butadiene rubber

HP high pressure

LNG liquefied natural gas

NBR nitrile butadiene rubber

OCIMF Oil Companies International\Marine Forum

PBR polished bore receptacle

RGD rapid gas decompression (rapid gas depressurization)
SPS solubility pafameter spectroscopy

TMA thermo"mechanical analysis

4 Technical requirements

Technical requirements depend on material property characteristics and specific functional tests for an
application.

Elastomer selection shall be based on evaluation of compatibility with service environment, functionality under
service and the design lifetime. This part of ISO 23936 covers materials tests and not functional tests. The
following should be considered as appropriate to the component requirements and evaluated when selecting
the material:

4 © 1SO 2011 — All rights reserved
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adequate physical and mechanical properties (density, hardness, tensile strength, elongation at break,
modulus of elasticity, compression set, tear strength, etc.); standard properties from which design
specifications are selected and for quality assurance and control aspects;

resistance against RGD events; a property of importance in high pressure gas sealing applications,

covered in depth in this part of ISO 23936;

long-term behaviour; resistance to chemical/physical change of the material; an important characteristic

regarding sealing generally in the oil and gas sector, covered in this part of ISO 23936;

low temperature flexibility; a property highly relevant to low temperature sealing applications;

for large components exposed to gaseous production fluid, high pressure gas permeation

resistance to high pressure extrusion or creep (functional tests not covered by thispart of ISO

resistance to thermal cycling and dynamic movement (functional tests-hot” covered by
ISO 23936).

highly relevant to possible gas pressure build-up within the component structure, e.g. forhoses

a property

23936);

his part of

be the test

methodology for performing particular materials tests. The test conditions and durations shall be gs described
in this part of ISO 23936 and shall take precedence in those cases-where this part of ISO 23936 deviates from
the feferenced standards.

Long term (ageing) test objectives are described in Clause 7; procedural details are given in Annex A.
RGD test objectives and procedures for elastomer O-ring seals are described in Clause 7 and Anngx B.

It is|the responsibility of the asset operator to provide: all necessary information about service conpditions and
envjronment.
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rmation on elastomer characteristics is_provided in Annex C.

Documentation requirements

E The required documentation of material properties of thermoplastic materials is described in ISO 1
uired documentation--of material properties is given in Table 1. Requirements pertaini
imentation of properties and quality control are given. Each elastomer material used shall be
compound madnufacturer and their quality control documentation as required in Table 1. Ea
erial shall be supplied with, as a minimum, a certificate of conformance (COC) and traceability

e 1 also.vdefines the minimum amount of production and quality control testing requ

p3936-1.

g both to
raceable to
ch batch of
nformation.

red during

ufacturing of the elastomer materials. The final procedures, with respect to key par

7

eters and

rances, shall be defined based on results from testing performed according to this part of ISO 23936.

user shall define the necessary requirements with tolerances in the purchase specification.

Guidelines on selection of standards are given in parentheses. Characteristics, which are not relevant for
expected service conditions and/or material type, may be omitted.
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Table 1 — Required documentation for elastomer material properties

Properties Documentation Quality control tests
Density (ISO 2781 or ASTM D297) D B
Hardness (IRHD/Shore A) (ISO 48/ISO 7619-1, ASTM D2240/ D B

ASTM D1415)

Tensile and elongation properties (ISO 37, ASTM D1414, D B

ASTM D412)

Compression set (1ISQ 815.1_ASTM D395/ASTM D1414) D

Low tgmperature characteristics by DSC, DMA or TMA D

Tear sfrength (ISO 34-1:2010, Method A, ASTM D624) D

Tempgrature of retraction (ISO 2921) D

Ageing/RGD characteristics (Annexes A/B) D

High pressure gas permeation DHb

2 D: Hroperties to be documented for each supplier for each type of material. Nominal values/with tolerances shall be
given (Pata Sheet).

® DH: |as for D, but specifically when using all large components exposed to high pressufe gas.

¢ B:P operties to be documented on a batch-wise basis, minimum 5 samples pef.test per batch with all results presented.
The acgeptance criteria shall be established prior to the test and based on qualification test results.

Material prg
they use to

6 Requ

perty tests may also be omitted if users have documented performance-based functional tests
approve rubber materials.

rements for manufacturers

6.1 General requirements

It is the requirement of the manufacturer to provide documents attesting that the material has b

manufactur

bd and tested appropriately’ and that the material has met the relevant quality control requirem

in this part ¢f ISO 23936.

The testing

shall be performed‘on specimens produced from specific rubber formulations and, where poss

production
(moduli, st

procedures. The”COC should include as a minimum density, batch hardness, tensile prope
ength, elengation at break), date of manufacture and (where referenced) the sample cU

process. THe COC_shoeuld be signed by a quality representative. For large rubber components, tests on s
component$ shall:be suitable for the properties of the large component unless otherwise agreed between
interested parties.

that

een
bnts

ble,
ties
ring
mall
the

This part of ISO 23936 specifies the required types of tests that shall be performed in order to document the
material suitability and compatibility with test fluids specified in this part of ISO 23936 which are applicable to
the intended application.

The testing shall apply for the elastomer materials and the results shall be valid as long as the requirements
stated in 6.2 are satisfied. For later supplies of identical material from the same manufacturer, a quality control
of each batch of material shall be sufficient. Table 2 lists typical quality assurance and quality control
document templates showing imaginary data.

© ISO 2011 — All rights reserved


https://standardsiso.com/api/?name=30864023686525559b3808fdf31330b4

It m
doc
ava

Suc
preg
doc
rang
not
50 9

The
Suc

incliide whether the testing-was done according to Annex A and/or Annex B, and define the fluid g

con

6.2

The
mar
purg

ISO 23936

Table 2 — Typical quality assurance and quality control information

-2:2011(E)

Material

Manufacturer Acme Seals, Inc.

Compound grade FabFluoro

Elastomer type ASTM D1418-05 FKM Type 3

Lot/batch no. FF2344rw4r/07

Cure date Q4 2010

Typical Properties Applicable standard Unit Valug
Density ISO 2781 glem?® 1,8
Hardness ISO 48 IRHD 85
Tensile strength ISO 37 MPa 21
Modulus at 50% elongation ISO 37 MPa 10,1
Modulus at 100% elongation ISO 37 MPa 18,5
Elongation at break ISO 37 % 125

ay not be necessary to perform qualification testing for a‘particular material, if relevant sucg
imented in-service experience with traceable production records and quality control docur
lable to all relevant parties. This shall be agreed between interested parties.

h documentation shall contain detailed information about service conditions such as time, {
sure, fluid composition and chemicals added. An asset operator can, for example,
imentation of flawless service. The existing service temperature recorded therein shall be i

be more than 10 % below that for thetnew application, and the existing service life shall be a
o of design life.

manufacturer who has tested-and qualified his compound(s) can make a statement making
h a statement shall define-which parts of ISO 23936 are complied with. Further, the stat

ditions and overall duration for the testing.

Validation-of )compliance

elastomer) ‘properties shall apply to each specific elastomer compound produced by e3
ufacturer: The existing elastomer data used by one purchaser may also be accepted by
hasers, provided the requirements in this part of ISO 23936 are still complied with.

essful well-
hentation is

emperature,
brovide the
h the same

e as for the new application (it shall be a maximum of 10 °C below), the existing service pr¢ssure shall

Mminimum of

this known.
ement shall
lomposition,

ch specific
subsequent

Ac

mpound shall be re-tested It chianges are made 10 the compound or the process. It comp

und mixing

and/or moulding is carried out at different plants/locations, a separate qualification shall be performed for each
plant.

NOTE

part

All materials previously approved in accordance with NORSOK M-710 are approved in accorda
of ISO 23936.
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7 Qualification of elastomer materials (ageing and RGD)

71

The technic

The test reg
question, if
the elasto

using appro

7.2 Req

7.21

This part of
materials e
necessary

candidate €
elastomer n

The objecti
chemical re
levels to sh
“failed” (i.e
service life

By running

temperature,

temperatur
the test ter

temperature.

For accelenated testing, the upper test temperature should be limited to give some confidence that

service-rele
The preferr:
of moulded
tested in un

When extra

General

.[reached the end of its useful life) when this limit is attained. These data are then used to qua

General

al necessities for the testing of elastomeric materials are divided into two parts:

7.2 defines the chemical ageing test requirements (see Annex A);

7.3 defines the requirements for RGD testing (see Annex B).

hese are known Such an assessment shall include the nature and type of all fluids WhICh cor
er. The service life of the seal material in the relevant service environment shall be 'evalu
priate techniques.

irements for ageing tests

ISO 23936 defines test procedures for the prediction of the progressive degradation of elastom
posed to fluids at elevated temperatures over extended periods,of‘time. It is applicable where|

lastomer materials. Other standards, such as APl TR6J1, also”provide methods to assess lif
haterials.

ve is to assess the physical effects of the fluid onldhe elastomer and to thermally accele
action (if this occurs) between the fluid and the elastomer, causing tensile and related prop
ift systematically towards a pre-defined limit of;acceptability. The material is considered to H

bnd suitability for service.

exposure tests with test fluids at:three different elevated temperatures above the opers
three different times to reach_the acceptance boundary will result, with the highest

hperature should result in atlinear trend, enabling an estimate of service life at the opera

vant chemical angd/or-physical processes will occur.

bd test piece‘geometry is the tensile dumbbell; various standards apply (see Table 1). The ag
sheet, for-subsequent stamping-out of tensile test pieces, is not allowed. The elastomer sha
constrained mode; that is, free-standing, with fluid able to freely access all surfaces.

o forecast material life in a specific application and for directly comparing the performancg

rial in

tact
hted

eric
it is
of
e of

rate
erty
ave
ntify

ting
test

producing the shortest “time o' failure”. Plotting the log of failure times against the reciprocal of

ting

bnly

polating data from the present procedures appropriate statrshcal technlques shall be applied.

example, if

based on the Arrhenius relationship shall be used as described in Annex D. It is recommended that results
always first be assessed on an Arrhenius basis. If an Arrhenius relationship does not exist or ageing does not
occur, see Annex E for further guidance.

Test media, conditions, equipment, procedures and test report requirements are described in detail in

Annex A.

7.2.2 Acc

eptance criteria for elastomers

The acceptance criteria shall be established prior to commencing the ageing test. The following criteria have
been established as the maximum acceptable ranges for three particular properties; any relaxation of these
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requirements shall be agreed upon by the user. A narrower acceptance range can be applied to any of these if
required by circumstances.

— Hardness: +10/-20 units (+5/-20 units when initial nominal hardness is 90); applies to Shore A and IRHD
scales

— Volume: +25 % /-5 %

— Tensile: +50 % [modulus (at 50 % or 100 % elongation), tensile strength, elongation at break]

Tensile test results shall be used to exirapolate the service life according to Arrhenius equation (see
Annexes A and E). Other properties may be used by agreement between all parties.

7.3] Requirements for rapid gas decompression testing

7.31 General
Thig part of 1ISO 23936 gives test procedures for measuring the effect on elastomeric O-ring seals of rapid
depressurization after periods at elevated temperature and high pressure’/in gaseous envirgnments. In
addjtion, guidance notes for interpretation of the results are provided. Thé.supplier shall discuss With the user
thoge applications for which this failure mode is relevant.

The]| test fluids, conditions, procedure, equipment, inspection precedure and test reporting requifements are
desgribed in Annex B.

7.3.2 Acceptance criterion

No $eal cross-section shall have a rating of more thai*3 (see Clause B.4).

8 [Qualification of elastomeric materials in bonded flexible hose

8.1| General

Bonded flexible hose is the general class of flexible hose constructed from layers of elastomer and wire, wire
fabrjc or textile fabric reinforcement that are bonded together by vulcanization during manufactur¢. The hose
secfion from the internal t¢ external diameter generally consists of the following:

— |liner: inner layer.af’elastomer providing resistance to the fluids being transported;
— |body layersilayers of reinforcement typically including textile fabric or parallel cords impregnated with

elastomer,) parallel steel wire cords impregnated with elastomer, and embedded helical |wire. Infill
elastemer layers may also be present;

— |cover: outer layer of elastomer providing resistance to the external environment;

— insulation or buoyancy: an additional outer layer for hoses where either insulation or buoyancy is required.
The hose structure is integrated into suitable end fittings according to the specific design, usually by bonding
of the elastomer to the metal end fitting with a suitable curable adhesive system during the vulcanization of the
hose.

Bonded flexible hose usage can be generally classified into:

a) lower pressure applications that are typically used for loading and discharge of liquids and LNG in
offshore mooring situations;

© 1SO 2011 — All rights reserved 9
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b) higher pressure applications used in oil and gas production.

For a), guidance is provided in GMPHOM/OCIMF [Guide to Manufacturing and Purchasing Hoses for Offshore
Moorings (Oil Companies International Marine Forum)], including materials tests for the liner and cover
materials for materials acceptance and prototype hose approval.

For b), ISO 13628-10 specifies material property requirements and test procedures for the qualification of liner,
breaker and reinforcing layers in terms of mechanical/physical properties, thermal properties, permeation
characteristics and compatibility/ageing properties covering all pressures.

In the context of this part of ISO 23936, the main consideration is the qualification of the liner material that is in
contact with the fluids being transported. For the longer term, the effects of the permeation of fluids thrqugh
the liner to pther elastomer layers should also be considered as well as ageing effects on mechanical/physical
properties. [Because of the multi-layer construction of bonded hoses, not only should the properties of] the
individual eJastomer layers be considered, but also the adhesion between layers including the bohding with
the end fittipgs.

8.2 Qualffication of bonded flexible hose liner material

8.2.1 General

Qualificatiop should be according to the subclauses below, which are based on the existing guideljnes
mentioned in 8.1.

8.2.2 Guidle to manufacturing and purchasing hoses for offshore°:moorings

The procedure of GMPHOM/OCIMF should be applied or adapted as appropriate with regard to materials|test
procedures| It possesses two clauses entitled Materials Tests, one under “Acceptance Tests” and ong for
“Prototype [Hose Approval”’; the most relevant should:.be agreed between supplier and purchaser |and
employed. Particular points are:

a) Within poth clauses termed Material Tests, forcresistance to liquids, GMPHOM/OCIMF specifies the|use
of ISO [1817 using the conditions 48 h at 40,°C in the test liquid as a volume swell test, with a requirement
of swell being no greater than 60 %.

NOTE | GMPHOM/OCIMF specifies use of (ASTM) liquid C, which can still conform to this part of ISO 239B6 if
liquid Cfis stated to be the bespoke liquid agreed between participants (see Annex A).

This pgart of ISO 23936 allows the same procedure for use with a standard liquid selected td be
reasonpbly representative) of the composition of the service fluid to be transported or contained, in
accordgnce with Annex A. Bespoke acceptance properties will be required if alternative low temperdture
requirements and/or.products and/or service fluids are relevant.

b) GMPHPM/OCIMF specifies for temperature resistance “no significant deterioration” at —20 °C using| the
Gehmgn testito 1ISO 1432.

c) Under "Acceptance Tests”, GMPHOM/OCIMF also specifies adhesion testing between bonded layers of
body and end-fitting elastomer using a standard peel test as described in ISO 36:2005, which specifies a
test method for measuring the force required to separate two plies of fabric bonded with rubber, or a
rubber layer and a fabric ply bonded together. The ply surfaces should be plane or nearly so, with no
gross irregularities. Supplier and user should agree a threshold force for acceptance, based on
experience.

d) If the service temperature is higher than ambient, the material test temperature should be increased
accordingly. The test conditions, test duration and acceptance criteria should be agreed between supplier
and purchaser. Consideration to the temperatures and fluids chosen should be made with consultation to
ISO 1817.
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ISO 13628-10 and API 17K specify property tests for liner and reinforcing layers (see Tables 9 and 11 in
API 17K:2005) and describe test procedures and acceptance criterion for fluid permeability (liquid and gas),
blistering, fluid compatibility, ageing and void formation (the last being a component test), concerning
interlayer failures. Much of ISO 13628-10 and API 17K is useful for incorporation in this part of ISO 23936, but
some variations are required.

8.2.

Gas

4 Requirements for gas permeation

permeation testing should be made at apprapriate high pressure on a specimen from liner or other layer

matgrial, and procedures shall vary depending on conditions and fluid type. Test gases shall be lin jaccordance

withl Tables A.2 and A.3, using the bespoke category for testing single gases.

For [high pressure (HP) gas permeation testing of an elastomer material, a test assembly’pressure cell with the

follgwing features is required.

a) |A chamber which can be pressurized to high pressure by a gas supply. This will be separateq from a low
pressure chamber by a suitably sealed elastomer test piece. Facilities/for Continuous monitpring of the
pressures in the high and low pressure chambers are required.

b) |Heating (insulated band heater) facilities and temperature monitoring and control of the permdation cell to
within £2 °C.

Tes| times are governed by diffusion characteristics of candidate elastomers (see Annex E). [In one test
arrgngement, test pieces of test elastomer of diameter 10 mm"are bonded during vulcanization info a suitable
holder. Moulding pressure shall be high to minimize porgdsity and microporosity. The test specimen holder is
installed and sealed in the HP permeation cell. A porous'steel sinter necessary for supporting the specimen is
insgrted appropriately. The cell is then heated to test'temperature and allowed to equilibrate befgre applying
test|gas to the specimen and pressurizing. As a minimum, the following test conditions shall apply:

— |high pressure (P4): hose design pressure, may be used if pipe design pressure is not known;

— |temperature (7): service, or three\higher temperatures for three accelerated tests followed by Arrhenius-
extrapolation of the three resulting data points to service (see Annex D).

The| pressure increase due tegpermeation in the low pressure chamber with time may be converted to the rate

of gas permeation (cm3/s at’ standard temperature and pressure), assuming the gas to bg ideal, by

Equation (1):

%—[aﬁj 273XV'P (1)
dr ot T,

whgre
L ic tha valiima nftha low nracciira chamhbar:
¥r—is-the-velume-efthe-lowpr re-chamber;

T, is the temperature (ambient) of the low pressure chamber.
P, is expressed in atmospheres.

The permeation coefficient O can be obtained from the gradient, at steady state conditions, of the permeated

gas

pressure versus time plot using Equation (2) (see also Annex E):

(-0 "55)

PP,
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where
h
Py

P

is the specimen thickness;
is the pressure in the high pressure chamber;

is normally zero unless stipulated otherwise.

The initial transient stage of the test can be used to provide an estimate of the diffusion coefficient D, as
shown in Equation (3):

h2

D=2
61

where time-
The solubili
Q=D
The concen
c=5X
The measu

solubility cg
at the high

piping), ¢ V
coefficients
permeation
of migratior

lag ris the value of time where the back-extrapolated steady state line intersects the/time axis
y coefficient s is then determined from Equation (4):

N

£

red criteria are the permeation coefficient Q in cm?/s/atm, the diffusion coefficient D in cm?/s,
efficient (s) in atm™, and the dimensionless (i.e. cm® gas/cm® elastomer) concentration ¢ appl
bressure face. For a lining material contacting an essentially impermeable layer (e.g. external s
ill eventually be achieved (or nearly so) throughout. For a series of accelerated tests, th
can be used for Arrhenius extrapolations (see Annex E). Q values can be used to pre
rates through hose liners (see Annex E). P.can be used for rough estimates (root mean squ3
distance within the material after time #-using (2Dr)".. Experience suggests that breakthrg

time can reasonably be taken as V4(7).

For mixed

jases — yielding apparent coefficients only by the above procedures — any following estim

should be for guidance only.

The presen
above, this

ce of the steel sinter support may reduce measured permeation rates. For tests carried ou
pbservation should betincluded on the test report.

8.2.5 Requirements for RGD

RGD perfon
in ISO 1362
ISO 23936.

mance forhose linings according to this part of ISO 23936 should follow the procedures of 6.2
P8-10:2005 or APl 17K, but using gas compositions taken from Tables A.2 to A.4 of this pa

tration ¢ of a single gas absorbed into the polymer surface may be calculated from Equation (5):

)
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be increased from those used for testing small seals by a factor, K, which relates distances to be migrated in
seals and hoses raised to the power of 2. This factor to calculate the soaking time is as shown in Equation (6):

K = (hlr)?
where
h is the hose lining thickness with fluid entering the lining from one exposed surface only;

7

is the radius of the seal cross-section for the test arrangement described in Annex B.

The starting point is a seal cross-section radius of 2,66 mm with a minimum soaking time of 68 h.

12
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The specimen for RGD testing of hose lining should include some fabrication to allow assessment of the
elastomer's RGD resistance when supported as in service. Single textile fabric layers should sandwich the
elastomer lining layer. The specimen should be moulded to the required thickness and cured in a plunger
mould. Moulding pressure should be 0,7 MPa') to be similar to that met in hose manufacture or as agreed
between interested parties. Lining thickness including fabrics should be 3 mm to 4 mm and specimen
diameter 30 mm, or as similarly agreed. Fabrics should be rubberized and of the type used in the manufacture
of hoses for this service.

Figure 1 shows the specimen and portholes for high pressure gas to enter it through one face only. More
portholes above the specimen allow permeated gas to arrive in a vented chamber (a vertical line showing the
vent). Figure 2 shows the test arrangement with a stack of seal jigs located in a suitable pressure chamber (to
accpmmodate test pressure plus a safety factor), and the vented gas led outside it.

n n

'—LIJ//l\Z\Y/I\
!

—
AN 7S
=

|

|

|

|

|

|

|

|
i

|

|
B

Key
1 Fabric layers

2 plastomer

3 high pressure gas

Figure 1 =RGD test jig holding fabricated specimen; HP gas applied unidirectionally

1) 1bar=0,1 MPa.
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SHZRCHENiy

4
Key

1 gasin

2 PC controlled blowdown

3 pressurd transducer

4  thermocguple

5 permeatgd gas vent

Figure 2 — Hose lining jigs stacked in.a*pressure chamber during testing

The tempgrature, pressure, number of testieycles, decompression rate and acceptance criterig of
ISO 13628110 and API 17K shall apply.

Test fluids should be selected from Tables A.2 to A.5 in this part of ISO 23936; those from Table A.3 |and
Table A.5 ($our conditions) should only,be used if gas emitted during decompression can be handled safely.

8.2.6 Redquirements for ageing tests

In 1ISO 13628-10 and APH17K, the test liquid used for exposure tests is chosen by the component purchgser;
to comply with this partsef ISO 23936, liquids given in Tables A.1, A.4 and A.5 should be used. Ageing &s a
materials tgst procedure should use the same approach as that taken in this part of ISO 23936 for peal
elastomers [(Clause.7), with the acceptance criteria also being the same.

8.3 Qualification of bonded flexible hose — | ayers outside the liner

The cover material should possess good mechanical properties, including tear strength/impact resistance, to
resist mishandling issues, etc.; low sea-water uptake should be demonstrated if the cover is subject to
seawater immersion. Layers between liner and cover should be manufactured from elastomer types
intermediate in characteristics between the two, each having evidence provided of good bondability to
adjacent layers and to any fabric, textile, wire reinforcement, etc. embedded in them.
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9 AQualification of elastomeric materials in other large components

9.1 General

For large components, although it is likely that component testing under particular conditions required by the
user will take on increased relevance, materials testing will often still be required to aid material selection for
the component and for qualification purposes. This clause describes qualification for elastomers in different
components.

9.2 Qualification of elastomeric materials in flexible joints

9.2/1 General

ible joints are part of the subsea system used in the production and export transportation pystems for
hore production platforms. The joints provide rotational flexibility at the connection points tihat reduces
Hing stresses and increases the fatigue life of the metallic components in critical-regions. The| flexibility is
ided by a spherical joint that consists of a laminated construction of spherical layers steel and
tomer bonded together during the vulcanization process. Rotational flexibility is achieved by |shearing of
the elastomer layers referred to as structural layers, whilst internal pressure;and tension loads infthe line are
rea¢ted by compression of these layers. The edges of the steel plates and\Structural elastomer layers may be
protected from direct fluid/gas exposure by an elastomeric cover layer which is usually a similar material to the
main structural layers. Typical constructions employ either nitrile-batadiene rubber (NBR) or hydrogenated
nitrile butadiene rubber (HNBR) materials. The fluids being carried’ are in contact with one side |of the joint,
whilst the other side is in contact with either seawater or air. ‘Fluids transported include proddiction fluids
impprted to the platform, and gas and oil exported from.the platform after processing. Riserg may also
transport well injection fluids such as gas or water andcany other additives to control wax builg-up and to
proyide corrosion protection.

Flex
offs
ben
pro

elag

onstrate an
bture failure
age arising
essure and
are highest

The| flexible joint vendor will carry out a fatigueanalysis using the specified conditions to dem|
acceptable life of the design to the user’s satisfaction. Contributions from time dependent creep ru
under the mean components of the loading“should be considered as well as cyclic fatigue dan
fronp the dynamic components (see Reference [20]). Compression of the rubber layers due to p

tengion loads results in concentrations'of\shear at the edges of the layers; in typical designs, these

on the seawater/air side of the layers.

9.2.2 Specific sections relating to the qualification of flexible joints

Fluifd compatibility with the-cover and structural layers is covered by ISO 1817.

The| effects of fluid permeation through the cover layer and into the structural layers and bond$ should be
addfessed, as should the effects of ageing in terms of their impact on the design life of the flexiblg joints. The
effects of any-chemicals used in the lines and which may come into contact with the elastomer maly also need
to Qe assessed in terms of chemical compatibility and swelling. The effects of gas decomprespgion on the

inte

prity, of>the cover layers and structural layers may also need to be addressed.

Dusd

tothe anplnyifine involved rngnrding different dneign solutions that can limit flllid/gne £XPOSL

re and how

the rubber layers perform in protecting the structural layers, testing for fluid/gas exposure will need to be
performed using test specimens and techniques agreed upon between the asset operator and the component
manufacturer, including any third-party verification as required.

9.3 AQualification of elastomeric materials in blow-out preventers

9.3.1 General

Elastomeric seals employed in blow-out preventers (BOPs) should be qualified as appropriate in accordance
with Clause 7. Test conditions based on operational conditions should be agreed upon by the user and/or
asset operator. Other components are much larger, which will lead to some differences in approach.
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9.3.2 Specific sections relating to the qualification of BOPs

The performance testing given in 1ISO 13533 or APl 16A for elastomer materials should be followed using
relevant standards. ISO 16070 covers flow control equipment which does not relate to packers. Additionally
API 14A applies to surface and subsurface safety valves and again does not relate to packers. Ram shear
seal elastomeric components should be specified and qualified with regard to an acceptable magnitude of
appropriate properties and fluid resistance. Exposures to fluids should be based on the most appropriate of
those tabulated in Annex A. RGD assessments should be based on the approach used for hoses rather than
used for seals in 8.2, because they are also larger components.

This subclause refers to all types of packers including permanent and retrievable casing packers and“br|dge
plugs, inflaable thru tubing, casing and open hole packers, and open hole mechanical packers.‘Use of|this
equipment may reflect both short- and long-term performance requirements.

Elastomeriq seals employed in packers generally shall be qualified as appropriate according to Claude 7.
Validation procedures for packer assemblies are covered in 1ISO 14310. Generally,cfoP retrievable caping
packers angl bridge plugs, packing element sealing compounds should offer a combination of high extrusion
resistance and adequate strain capability to pack off without suffering fracture. Maxifnum extrusion resistgnce
of a permgnent packer, due to typically near 100 % mechanical back up, i§ slightly less important than
adequate sfrain capability. Inflatable packers should demonstrate high tear ‘strength magnitudes and high
extensibility] at high temperatures, which should be specified from the options.in Table A.6.

The requirgments for qualification of materials for permanent packers;.iraditional and polished bore recepthcle
(PBR) shal| be the same as for other large components. High ‘pressure gas permeation testing may be
required.

Drilling fluigs and later production fluids may be contacted in sequence; testing may need also tq be
conducted ih sequences to mirror this.
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Annex A
(normative)

Test media, conditions, equipment and procedures for ageing of

elastomeric materials

A.1 Test requirements

SAKETY PRECAUTIONS — The test procedures involve the use of pressurized fluids,"which may be
flammable and may have toxic effects. These media may be extremely hazardous if n
correctly. Multiphase mixtures give particular problems. Hydrogen sulphide isCextremely
testing organization shall ascertain and implement the appropriate safety precautig
commencing any test work.

A.1

A1
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1 Ageing test media

1.1 General

s fluids shall be representative of the application environment and be stable at the test tempg
nt be in the form of sweet service, sour (H,S-containing)yservice, or might involve testing in
s or other added fluids such as corrosion inhibitors,drilling muds, injection fluids, hydraulig
fluid contacting each side of the seal needs to be considered.

1.2 Simulated production fluid

production fluids are defined as either sweet or sour and can be single phase (e.g. gaseous
iphase (e.g. oil and water and gas): Fluid composition options for testing are given in Tables
reasoning behind these choices(is given in informative Annex E. The fluid compositions 3
es of severity except the bespoke variant which may be more or less severe. For example,
erial to A.1.ii also qualifies <a\material to A.1.i, but not vice versa. Similarly, testing in s
Hitions will also qualify the-seal material for sweet service conditions.

Table A.1.4~Hydrocarbon liquid phase options for sweet and sour ageing tests

bt handled
toxic. The
ns before

rature. This
completion
fluids, etc.

or liquid) or
A.1to A5.
re given in
qualifying a
our service

Variation classification Composition volume

Type

A1l Non-aromatic 70 % heptane, 30 % cyclohexane
A Aromatic 70 % heptane, 20 % cyclohexane, 10 % toluepe
A.1iii Bespoke As agreed between interested parties

Table A.2 — Gas phase options for sweet ageing tests

Composition
Variation classification Type
mol%
A.2. Normal 5% CO3, 95 % CHg4
A.2.i Bespoke As agreed between interested parties

© 1SO 2011 — All rights reserved
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Table A.3 — Gas phase options for sour ageing tests

Composition

Variation classification Type
mol%
A3 Normal 3% CO2, 2 % H2S, 95 % CHs
A3 High H2S 5% CO2, 10 % H;S, 85 % CH4®
A.3.iii Bespoke As agreed between interested parties

a8  Accords with a fluid choice in ISO 10423.

Tablel A.4 — Fluid phase distribution for classification A.4 — Sweet multi-phase fluid ageing

Liquid phase Gas phase
Composition
volume% volume%
— 30 Any variation in Table A2
10 — Deionized water
60 — One of liquids in(Tiable A.1

Table¢ A.5 — Fluid phase distribution for classification A.5.= Sour multi-phase fluid ageing

Liquid phase Gas phase
Composition
volume% volume%
— 30 Any variation in Table A.3
10 — Deionized water
60 — One of the liquids in Table A.1

The composition of all fluids to which the test specimen is exposed shall be detailed in the test report.

A.1.1.3 Other test fluids

In addition fo production fldids, it will be necessary in many instances to perform application-specific testirjg of
materials irl contact with<other types, e.g. drilling fluids, scale inhibitors, hydrate inhibitors, well stimulgtion
fluids and gorrosion inhibitors. Specific test procedures shall be written detailing the exposure environmient.

The test mgthodolegy shall be according to this part of ISO 23936.

18
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A.1.2 Ageing test conditions

A.1.21 Test temperatures

Since data from accelerated tests are required to enable extrapolation, tests shall be run at a minimum of
three temperatures, all of which are above operating temperature. If the service level is not known, the
temperatures selected should be as high as possible for the material type. Exposure test temperatures should
be selected from Table A.6. Particular care is required to ensure that reactions occurring are representative of
those which will occur at the operating temperature. The limitations to extrapolation regarding temperature
inherent in the Arrhenius method shall apply.

Tabje A.6 allows test temperatures according to ISO 10423:2009, if required (see Annex E). However, a
temperature service range rather than value is specified for the classified ratings. Three |higher test
temperatures are shown for each service temperature range; using these, an Arrhenius extrapolaron may be
possible to provide a result for the highest temperature in the range — thus qualifying the, whole range from a
worst-case viewpoint.
Alternatively, the extrapolation can be continued to a lower specific temperature)ifrequired. If a mjore precise
test|temperature is agreed between interested parties, the bespoke option should be used.
Table A.6 — Test temperature
. - . . Elevated test
Temperature Operating minimum Operating 'maximum temperatures
classification °C °C oc
K -60 82 97, 112, 127
L -46 82 97, 112, 127
P -29 82 97, 112, 127
R Room temperature Room temperature 36, 51, 66
S -18 66 81, 96, 111
T -18 82 97, 112, 127
U -18 121 136, 151, 16¢
\ 2 121 136, 151, 16¢
X -18 180 195, 210, 224
Y -18 345 Not possible
Non-ISO/API 0 150 165,180,195
Bespoke As shall be agreed between interested parties
NOTE This is consistent with TISO 10423 and API 6A temperatures or relevant to down-hole applications.

The tolerance on test temperature is +2 °C. Test temperature versus time details plus classification, if
appropriate, shall be fully described in the test report.

A.1.2.2 Test pressure
For chemical ageing, it is important to start each ageing period with the same quantity of the sour gas mixture

present in the vessel. The length of each interval at test temperature will vary but is not likely to exceed
14 days.
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A typical procedure is to pressurize the test vessel to (6 + 0,5) MPa at room temperature with the test gases
and then heat to the required temperature. The changing pressure should be continuously recorded. An
alternative method is to add a fixed amount of the test gas at a given low temperature before heating the
vessel to the test level. Cell pressure, once temperature stabilizes, will then vary with target temperatures but
the starting quantity of (reactive) H,S in the vessel will always be the same. Hence, the test vessel should be
heated to 50 °C and (6 + 0,5) MPa of the test gas mixture admitted, before raising temperature to the required
level. The pressure should be continuously recorded.

A.1.2.3 Exposure periods

The time re
limit will va
characterisfics at all. Elastomers will saturate quickly at elevated temperatures but can take much-longgr to
react chemically with H,S (if present) to a meaningful extent. It is recommended that the highest temperagture
exposure tgst be started first, in order to gauge the extent of material chemical change with'tinie. Se\eral
weeks may|be required to determine material behaviour trends (see Annex E).

A.1.3 Agding test specimens

Tensile specimens shall be obtained from moulded sheet of elastomer, having asnominal thickness of 2 jm.
Any tensile|test piece defined in a published standard will be acceptable; the-Same geometry shall be ysed
throughout the test programme. The level of tensile test piece replication shall'be a minimum of five. It i not
permitted (qr desirable) to age moulded sheet and subsequently cut tensile specimens from it.

A.2 Equipment

A.2.1 Test vessel
The test vegsel shall be rated for use at the test tempersature and pressure and the metallic materials shall be
resistant to[the test fluid. The fluid capacity shall be such that the ratio of fluid to test specimen volume |s at

least 25:1. The vessel shall be capable of being-purged to remove air before testing. The test pieces shall be
immersed in a free state such that test fluid can contact all surfaces.

A.2.2 Exposure in fluid mixtures

The polymgr samples shall be exposed in the liquid phase for a multiphase fluid ageing.

A.3 Test|procedure

A.3.1 General

The follow|ng- clauses describe the procedures to be employed to determine the chemical agging
characteristies-of-etastermerie-rmaterials:

This procedure aims to quantify the rate of change of material properties as a function of time and
temperature. All property measurements shall be made at room temperature. The measurements in A.3.2
shall be made before and after immersion testing. All measurements shall be recorded and reported in the
test report.

The level of tensile test piece replication per fluid exposure condition (time/temperature) shall be five.

A minimum of three elevated temperature fluid exposure tests shall be run, with an initial test plus a minimum
of four time periods per temperature.
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.2 Material property measurements

The hardness and tensile property levels (modulus at 50 % and 100 % elongation, tensile strength, elongation
at break) of as-received material shall be measured at room temperature according to the referenced
procedures; individual and mean values shall be reported.

The tensile property levels of liquid saturated material (i.e. not chemically aged — no H,S) for reference
purposes can be determined in two ways. First, an extra set of replicate specimens can be included in the
exposure test vessel and the cell is heated to test temperature and vapour pressure for 48 h; the sour gas
mixture is not added. The vessel is then cooled and opened and one set of tensile test pieces is removed for
tensile testing. The sour gas mixture is added and the vessel is re-heated in accordance with A.1.2.2, to

conj
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mence the ageing portion of the test. Alternatively, a single set of replicates can be heated to test

berature in a suitable vessel (containing the relevant test liquids) in an oven for 48 h before'retr

mass and volume change of the elastomer versus exposure time at each temperatu
rmined by including a small piece of the rubber in each test cell; a 25 mm x 25 mm sample
volume change shall be determined according to the displacement method. Asbalance with

mg shall be used. The percentage change in mass and volume as a function‘of time at each
| be included in the test report, preferably in graphical form.

3 Sequence for fluid immersion test

3.1 A recommended sequence of actions is given below. Ihe procedure used shall be doq
est report.

Add test liquid(s) to vessel.
Install test specimens in the liquid phase of the test\iquid; close vessel.

Purge vessel with nitrogen gas (< 5 ppm O,);“bubbling the nitrogen through the liquid phase
rate of 100 ml/min for at least 15 min is preferred to remove most of the oxygen.

Pressurize the vessel with at least 4 MPa nitrogen and perform leak check.

Release the nitrogen at 0,1 MPa/min, heat the closed vessel to test temperature and hold for
48 h minimum; this ensures-that the elastomer test pieces will be saturated.

Cool to room temperature, open the vessel and remove the 5 reference test pieces, close ves
with nitrogen and leak check vessel.

Add test gas at.room temperature to a pressure of (6 + 0,5) MPa.

Raise temperature to test level.

k
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Record the changing test pressure and maintain and record temperature for the specified perigd.

A3.

32 Whema vessetistooted forsample Temovat-and-at theend-of theexposure period; t

procedure is recommended to reduce the risk of decompression damage.

a)

b)

Cool the vessel naturally to ambient temperature; overnight is usually sufficient.

1e following

Reduce remaining pressure safely at a maximum rate of 0,1 MPa/min, neutralizing the sour gas with a

scrubber.

Flush vessel with nitrogen to remove remaining H,S, if used.

Open vessel and retrieve test specimens; these should be kept wet by following the procedure in A.3.5.

Carry out post-test procedures of inspection (see A.3.4) and measurement (see A.3.2).
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A.3.4 Visual inspection

The test specimens shall be visually inspected for damage directly after removal from the vessels. The nature
of any damage, e.g. embrittlement, swelling, blistering, shall be recorded. A photographic record of

representat

ive damage features shall be included in the test report.

A.3.5 Sample handling and storage procedures

Test specimens retrieved from ageing fluid shall be stored in fresh fluid (of the same composition used in the
immersion test) until requrred for measurement When werghlng remove sample from the I|qU|d pat dry and

weigh in airpa
back into th
the storage

Tensile test]

A.4 Test

A.4.1 Tes

The compg
level, batch

in the current issue of ASTM D1418 should be specified. However\it*is recognized that development

material te
elastomert

A.4.2 Exposure test conditions

Exposure tq

e test vessel. When removrng samples for tensile testlng, remove each sample mdrvrdually
liquid, measure neck dimensions and tensile test, all within 10 min.

ed material shall be stored in re-sealable polyethylene bags, appropriately labelled.

report (ageing)

t material details

und manufacturer, manufacturer's compound name/number or{other reference, recipe revi
lot number and cure date shall be reported. The base elastomer type according to the definit

hnology exceed the pace of standard development and it may not be possible to assigrn
pe in all cases — this is particularly true of fluoroelastamers.

st conditions are as follows:

edium
Bition;

identification with classification, sub-classification where appropriate, and deta

hperature (°C) and temperature*history;
ssure (MPa) and pressure-history;
ation (hours);

d time for start.and end of test.

time is<the time the material was subjected to test pressure and test temperature; time s

a) test n

compo
b) testten
c) testprg
d) testdu
e) date ar
The ageing
heating an

temperaturT and/or pressure shall be justified technically.

] coaling the test-cell shall not be included in the calculation. Significant deviations of

Sion
ons
s in

an

iled

bent
test

A.4.3 Material measurements

The following material properties shall be measured:

hardne

mass a

ss (Shore A or IRHD scale is acceptable);

nd volume change versus exposure time;

using the original measured dimensions of the sample;

22

visual condition.

modulus at 50 % and 100 % elongation, tensile strength, elongation at break; individual and mean values
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Tensile properties and mass/volume change at each test temperature shall be presented graphically as plots
versus immersion time. If applicable, an Arrhenius graphical presentation [logarithmic time against 1/T
(absolute temperature (K)] based on trends for tensile properties shall be made. A best-fit line should be
drawn to permit interpolation or extrapolation to service temperatures and the equation stated. Annex C and

Annex E provide more detail.

A.4.5 Test report

Th tact ranart chall includa tha followina-informmation—ac- a9 minioarme
teStTeportSHaHeraae o oYW g OO aSaHhrrhots

a) [a reference to this part of ISO 23936;

b) |all details necessary for complete identification of the material or product tested;

c) [the type of specimen used, its method of preparation, its dimensions, surface condition, etc.;
d) [the conditioning procedure used, ageing test conditions;

e) [pre-test measurement details in accordance with A.3.2;

f) |post-test measurements details in accordance with A.4.3;

g) lestimated service life.

Sed Table A.7 for an example of a test report.

Table A.7 —Example test report

Material

Manufacturer Acme Seals, Inc.
Conjpound name/number/reference FabFluoro
Elastomer type ASTM D1418 FKM Type 3
Recipe revision level

Lot/patch no. FF2344rw4r/07
Curg date Q4 2010

Typ¢ of specimen O-Ring

Size) AS568-325

Agejng test conditions

Classification

A.5 subclass A.3.i/A.1.ii

Composition
Fluid Gas 2 % HS, 3 % CO2, 95 % CHa
Liquid 10 % toluene, 70 % heptane, 20 % cyclohexane
/seawater
Test temperatures °C 210, 220, 230
Pressure MPa 10
Ageing periods days 7,14,21,35

© 1SO 2011 — All rights reserved
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Table A.7 — Example test report (continued)

General

Test lab Ace Test Company

Test date 10 June - 25 October 2010

Test gas certified YES/NO YES

Pressure calibration available YES/NO YES

P/T logs available YES/NO YES

Pre-test megsurements Standard

Hardness Shore A/IRHD 85 1ISO48

Modulus at 50 % elongation MPa 8,0 ASTM D1414

Modulus at 100 % elongation MPa 12,4 ASTM D1414

Tensile strength MPa 16,1 ASTM D1414

Elongation af break % 98 ASTM D1414

Modulus at 50 % elongation MPa 7,0 ASTM D1414

(saturated)

Tensile strength (saturated) MPa 12,5 ASTM D1414

Elongation (qaturated) % 140 ASTM D1414

Post-test m¢asurements Standard

Hardness (Sr:%riiqﬁ/n'sr:':ximum) 76 to 84 ISO 48

Mass changd % (maximum/minimum) +3,5 ASTM D1414
-0,8

Volume charlge % maximupr grimurm) +?Z ASTM D1414

Modulus at 50 % elongation MPa(minimum/maximum) 29t05,7 ASTM D1414

Tensile strength MPa (minimum/maximum) 5,8to0 11,4 ASTM D1414

Elongation a{ break % (minimum/maximum) 137 to 205 ASTM D1414

Visual conditjon Unchanged

Test time at{temperature

Modulus at 50 % elongation

time to 50 %|changeat 210 °C days 39,4

time to 50 %|change at 220 °C days 19,0

time to 50 % change at 230 °C days 10,6

Service life calculated via Arrhenius extrapolation

time to 50 % change at 150 °C years 11,5

time to 50 % change at 100 °C years 180

24
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Table A.7 — Example test report (continued)
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Change in modulus at 50 % elongation with exposure temperature and time

Y
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A

Key
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exposure time, days

-

o
[@)]
—
o
—
[¢)]
N
o
N
[¢)]
w
o
w
(&,
N
o

modulus at 50 % elongation, MPa

P10 °C; y = -0,079 2x + 6,618 2

P20 °C; y=-0,163 5x + 6,613 6

P30 °C; y = -0,260 6x + 6,259 1

modulus at 50 % elongation of a dry unaged sample

modulus at 50 % elongation of a wet unaged sample;-zero reference

o |

Y A

Arrhenius plot 50 % change in modulus at 50 % elongation

-1

-1,5

2 230°GC

-2,5

220°C

-3

-3,5

210°C

2

-4,5

-5

Key
X
Y

0001 98

0.002 0002 02 0002 04 0.002 06

0.002 08

inverse temperature, 1/7x

In(1/£s0)

1 y=-15958x + 29,386; R? = 0,997 3

STAMP/SIGNATURE

time to 50 % change at 150 °C: 11,5 years
time to 50 % change at 100 °C: 180 years

X
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Annex B
(normative)

Test media, conditions, equipment and procedures for rapid gas

decompression testing of elastomeric materials

B.1 Test|requirements

SAFETY PRECAUTIONS — The test procedures involve the use of pressurized fluids, which may
flammable|and may have toxic effects. These media may be extremely hazardous if'not han
correctly. The testing organization shall ascertain and implement the appropriate safety precauti
before compmencing any test work.

B.1.1 RGD test conditions

b

be
ed
ns

B.1.1.1 neral
In this anngx, options are given for fluid composition, temperature and\pressure, as well as the variaples
having less|of an effect on RGD performance. The applicability of each“of the alternatives will depend on| the
intended application for the seal, if known.
Successful ftesting at particular values of temperature and pressure will automatically qualify the material for
use in applications where the service temperature and pressure lie below these values. Extrapolation of RGD
resistance tp temperatures and pressures above the testlevels is not permitted.
B.1.1.2 Test fluid
The use of|dry gas is sufficient to provide an adequate indication of elastomer resistance to RGD evgnts.
However, where liquid (e.g. hydrocarbon qil,'methanol) is known to be present in service, it should be inclyded
in the test; [the procedure should ensure-replenishment of added liquid between pressure cycles. The RGD
test fluid options are defined in Table B.1.
Table B.1 — Test fluid options for RGD testing

Standgrd gas mixture Composition

B.1.i 10 mol% CO3, 90 mol% CH,

B.1.ii 10 mol% CO2, 90 mol% N

Bespole As agreed between interested parties; can include liquids

Testing in B.1.i also qualifies for B.1.ii, and testing in B.1.ii also qualifies for B.1.i.

CO, is currently considered to be a suitable substitute for H,S; however, see Annex F. Hence, when RGD
testing for sour gas applications, the H,S can be replaced by CO; in the test gas mixture. Seal material sour
ageing characteristics shall be qualified according to relevant environment and requirements of Annex A.
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B.1.

The

a)
b)

ISO 23936-2:2011(E)

1.3 Test temperature
RGD test shall be conducted at one of the following temperatures:

(100 £ 2) °C;

bespoke, with agreement between interested parties.

For a sealing compound to be certified, it shall meet the acceptance criterion after being tested at a
temperature of 100 °C and a pressure of 15 MPa (see B.1.1.4); these are considered to be reasonable
minimum conditions for RGD resistance. RGD testing at any temperature below 100 °C, with pressure below

15
per|

Te
pre
of th

When performing the RGD test, the temperature shall be increased to the test level and be steady

151
stag
dep
tem

B.1

The

a)
b)

For
con
reas
tem
seld

Pre
The
recd

aps associated with a particular application.

perature shall be recorded during the test with calibrated temperature measurement
rably linked to a PC running data acquisition software. The thermocouple should be located i
e test vessel. The temperature-time log shall be included in the test report.

hin before the gas pressure is applied. The temperature shall be maintained during the depr
es of the test as far as possible, although slight (and transient).reductions are unavoid
ressurization events. After the final depressurization, the test vessel shall be allowed to s
berature with port(s) open for at least 12 h to allow the test sealsto degas, before cooling.

1.4 Test pressure

RGD test shall be conducted at one of the following pressures:

15 *15 MPa;
bespoke, with agreement between interested\parties.

a sealing compound to be certified, it\shall meet the acceptance criterion after being tested
Hitions of pressure (15 MPa) and.{emperature (100 °C; see B.1.1.3); these are consid
onable minimum conditions for ‘RGD resistance. RGD testing at any pressure below 14
berature below 100 °C, is not sufficient to be certified. The bespoke option allows any other pre
cted, perhaps associated withia particular application.

Esure shall be measured with calibrated pressure measurement equipment, and recorded dur
measuring rate should-be reduced for the depressurization stages of the test; an interval of 3(

)e selected,

equipment,
N the centre

for at least
bssurization
pble during
and at test

at standard
bred to be
MPa, with
ssure to be

ng the test.
seconds is

mmended. The pressure-time log shall be included in the test report, as well as sensor calibrafion details.

When performing{the RGD test, the vessel should be pressurized only after it has been stable at test

tem
tem

B.1

berature forYat least 15 min. After the final depressurization, the vessel shall be allowed to s
berature-with port(s) open for at least 12 h, to allow the test seals to degas, before cooling.

1(5) Exposure periods and number of cycles

tand at test

The initial exposure period (first cycle) shall be a minimum of 68 h continuously at test pressure and test
temperature. The total number of pressure cycles shall be eight; see Annex F for additional information.

Eac
a)
b)
c)

d)

h cycle of the RGD test shall consist of the following operations conducted at test temperature:
increase pressure to the test level;

maintain pressure for the required time period;

reduce pressure at the rate specified in B.1.1.6;

hold at ambient pressure for 1 h (+10/-0 min).

© 1SO 2011 — All rights reserved
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After the eighth depressurization and the degas period, the vessel should be cooled (according to B.1.1.3).
The eight cycle RGD test is designed to be completed within a one week period, commencing on a Friday; an

example schedule is given in Table B.2. There is no provision in the standard test procedure for intermediate
sampling; see Annex F.

Table B.2 — Example RGD test schedule

Day Time Cycle Action
Friday morning 0 load vessel, heat and pressurize; hold for at least 68 h
morning 1 depressurize, hold, re-pressurize; hold for at least 6 h
Monday
afternoon 2 depressurize, hold, re-pressurize; hold for at least 12 h
morning 3 depressurize, hold, re-pressurize; hold for at least 6 h
Tuesda
afternoon 4 depressurize, hold, re-pressurize; hold for at least 12 h
morning 5 depressurize, hold, re-pressurize; hold for at least 6 h
Wednegday
afternoon 6 depressurize, hold, re-pressurize; hold foratleast 12 h
morning 7 depressurize, hold, re-pressurize; hold for at least 6 h
Thursdgy
afternoon 8 depressurize; leave at test temperature to degas
morning cool cell
Friday
afternoon retrieve and inspect test seals
The test seals shall be inspected according to the guidance:given in Clause B.4.

) MPa/min;

b) bespokg, with agreement betweeén jnterested parties; this includes multiple rates.
As far as p¢ssible the gas pressdre shall be released continuously via the valve attached to the test cell. [The
depressurization rates shall be calculated from the pressure log and the mean value included in the test rejport.

B.1.2 RGD test specimen

The standafd test-specimen shall be an O-ring seal with a (nominal) CSD of 5,33 mm. A minimum of ffour
replicate Oring'seals shaII be tested There is no limit to the number of repl|cate seals that can be includgd in
an RGD tedt; a und
to be certified in accordance with this part of ISO 23936.

The smallest allowable O-ring size is 312. There is no upper size limit but practical considerations mean that
O-rings larger than size 329 are unlikely to be employed as test pieces. All seals shall conform to
ISO 3601-3:2005, class N.

It has been found that if a 5,33 mm section O-ring passes the RGD test under a given set of conditions, then
smaller section O-rings (e.g. 3,53 mm, 2,62 mm) of the same compound shall be considered to pass providing
all else is equal (i.e. method of seal manufacture, housing geometry). Extrapolation of RGD performance from
a small section seal to a larger section diameter seal is not permitted. If the standard RGD test is applied
successfully to O-ring seals having, for example, a CSD of 3,53 mm, then 5,33 mm O-rings of the same
compound would also have to be successfully tested in order for O-rings having this CSD to be certified.
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B.1.3 Test seal housing details

RGD testing shall be performed using replicate whole O-ring seals, constrained radially in appropriate metallic
grooves which allow gas to access both sides of every seal. Performance information obtained from the
testing of free-standing seals or housed seal sections is not acceptable.

Groove dimensions shall be measured and reported, along with the radial CSD of each test O-ring. The level
of groove fill, calculated on a sectional area basis using the measured CSD, shall be reported. The
percentage deflection (or squeeze) imposed by the assembled housing on the O-ring shall be reported, using
the measured CSD and groove dimensions.

The
a)
b)

The
the

Alternative deflections and groove fill parameters can be used if agreed between the parties.

It is
pho

dimgnsions.

B.2

The
arrg

a)

b)

arrangement that shall be tested is one in which the O-ring seal

is deflected radially by (14,5 + 3) % of its nominal CSD, and

occupies 80 % to 85 % of groove volume.

choice of alternative groove geometry for the O-ring test seals is open and the source shall
est report, e.g. International Standard, corporate specification, etc.

convenient to test O-rings in metallic fixtures designed to housétwo or four seals. Figure B.1
ograph of the component parts of a steel fixture which can held Awo size 312 O-rings; Figure B

RGD test equipment

test vessel shall be rated for use at the required test pressure and temperature. The vesse
ngement shall be appropriate to the test conditions. If O-ring seals are employed then the com

have the necessary RGD resistance;and

be supported by anti-extrusion rings of an appropriate material.

be given in

a) shows a
.1 b) shows

| lid sealing
pbound shall

a) Example of a stainless steel fixture designed to hold two O-rings for RGD testing

Figure B.1 (continued)
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Dimensions in millimetres (inches)
Surface roughness in micrometres (micro-inches)
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b) [Dimensions of a stainless steel fixture designed to hold two O-rings for RGD testing

Figure B.1 — Stainless steel fixture designed to hold two O-rings for RGD testing

B.3 Test procedure
The procedure for the standard dry gas RGD test is as follows:

a) measure the CSD of each replicate test seal in the radial direction at three circumferentially
equidistributed positions. Measure each test fixture groove ID, OD and width;
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install the test seals in the test fixtures; light lubrication to aid installation is permitted;
place the fixtures in the test vessel and close it;
charge the vessel with nitrogen to 1 MPa minimum and check for leaks. Release the nitrogen;

heat the vessel to test temperature;

once temperature has been stabilized at the test level for at least 15 min, charge the vessel with the test

gas mixture to the test pressure: temperature and pressure should be recorded continuously;

a sampling

interval of 10 min is recommended; this should be reduced to 30 seconds for depressurization and

pressurization operations;
maintain test pressure and temperature for a minimum period of 68 h (cycle 0);

depressurize the vessel at the required rate and hold at ambient pressure and test-temperatur|
+10/-0 min (cycle 1);

re-pressurize the vessel to test pressure and hold for a minimum of 6 h;
repeat step (h) (cycle 2);

re-pressurize the vessel to test pressure and hold for a minimumXof 12 h;
repeat step (h) (cycle 3);

repeat step (i);

repeat step (h) (cycle 4);

repeat step (k);

repeat step (h) (cycle 5);

repeat step (i);

repeat step (h) (cycle 6);

repeat step (k);

repeat step (h){cycCle 7);

repeat step\(i);

depressurize the vessel at the required rate and hold at ambient pressure and test tempe
minimum period of 12 h, with port/valve open (cycle 8);

b for 60 min

rature for a

cool the vessel to room temperature: a schematic pressure/temperature profile for the standard RGD test

is shown in Figure B.2;

open the vessel and retrieve the test fixtures;

remove the test seals from the fixtures: describe the appearance of each test seal within 30 min;

photograph relevant features;

section and rate each test seal according to the procedures given in Clause B.4.
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B.4 RGD

In order to
rated accor
larger the s

a CSD of 5)33 mm.

Table B.3 — Relationship between O-ring size and number of cuts for rating purposes

damage rating system

re B.2 — Schematic of pressure (solid line):and temperature (dashed line) versus time
requirements for the standard 8 cycle RGD test

pvaluate the extent of RGD-induced damage in the O-ring test seals, each shall be sectioned
jing to the number and length of cracks present. The number of sections is linked to seal size
eal, the greater the number of cuts required for characterization, see Table B.3 for O-rings ha

and
the
Ving

O-ring size Number of cuts
312-316 4
317-324 6
325-329 8
330-3XX 10

Sections should be made with a sharp blade, e.g. a new scalpel, razorblade; the latter is recommended for
high hardness seals. The blade can be wetted with soapy water to facilitate cutting and improve exposed
surface quality. The first cut should be made through the centre of the largest visible damage feature (e.g. a
blister or crack). The second cut should be made through the next most obvious unrelated feature. The
remaining cuts should then be made at approximately equal intervals in the intervening regions. If there is no
damage visible on the seal, the initial cut can be made anywhere, with the remaining cuts distributed in a
symmetric pattern around the seal. Examples of O-ring sectioning are displayed in Figure B.3.

32
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The]line on certain O-rings represents a visible fracture; the protruding bump a blister.

Figure B.3 — Examples of how to section.test O-rings of different sizes

B.4[1 Crack type and measurement

Examine each cut section surface using a loUpe (or other optical device) which gives a magnification of at
leagt 10%. For the purposes of rating, threecrack types have been defined — internal, external and split; these

—/

—a) Internat Cracks b)—EXternal cracks C) Spiits—

Figure B.4 — Crack types in an O-ring seal section

Crack length is defined as a percentage of the nominal seal CSD. For example, the CSD of series 3XX
O-rings is 5,33 mm. This value shall be used in the calculation of the crack length; the use of the actual
sectional dimensions is forbidden. Experience has shown that most exposed seal sections can be rated easily
by inspection, with crack measurements only required in those cases where the rating could be a 3 (pass) or a
4 (fail).
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The majority of RGD cracks are expected to be linear, or near linear. Accordingly, the preferred measurement
method is direct end-to-end; for fractures with some curvature, length can be measured along the crack path.
Crack orientation and location are not relevant factors. Projection of a crack onto a plane for measurement

purposes is

not permitted.

B.4.2 Damage rating system

Each seal section shall be rated according to the system given in Table B.4. The single digit represents the
number, length and type of cracks present in the exposed section.

NOTE T
profiles (e.g.

spring-, T-, chevron) has yet to be developed.

Table B.4 — Rating number system for exposed O-ring seal section surfaces

ic seal

RGD damage features

Rating

Pass/fail

e No cracky

- the expos

, holes or blisters permitted.

pd surface shall be intact.

- external ¢

e Any number of cracks, each < 25 % CSD: total crack length shall not exceed CSD.

acks shall be < 10 % CSD; no splits permitted.

- external ¢

e Any number of cracks, each < 50 % CSD: total crack length shall not exceed\2X"CSD.

acks shall be < 25 % CSD; no splits permitted.

e Any num
total crack |

- external ¢

ber of cracks of which 2 internal cracks can each have |length 50 % to 80 % CSD:
bngth shall not exceed 3X CSD.

acks shall be < 50 % CSD; no splits permitted.

PASS

e at least 1
e 3 or more
e any exter

- no splits pj

e Any number of cracks having total length greater than 3X.CSD, or

internal crack > 80 % CSD, or
internal cracks each > 50 % CSD, or
hal crack > 50 % CSD.

ermitted.

e Any split,

- no excepti

regardless of location and-length.

ons permitted.

FAIL]

Schematic
Figures B.5

34

to B.9;.along with photographic examples.

epresentations of the range of fracture damage associated with ratings 1 through 5 are shown in
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@/
qurb
YV

Figure B.5 — Schematic representations of the “1” rating, an@&tographic examples
S

Fi %.6 — Schematic representations of the “2” rating, and photographic examples
%(9 p g p grap p
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Figure B.7 — Schematic representations of the “3” rating, and phot hic examples

N
S

S
Figure B.8 Qvg:ematic representations of the “4” rating, and photographic examples
e

S
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Figure B.9 — Schematic representations of the “5” rating, and-photographic examples

For|each tested O-ring the ratings should be listed in descending.order, with the four highest vallies defining
the RGD performance of the seal. Examples are given in Table B)5:

Table B.5 — Seal rating examples

O-ring size Ratings in circumferential order Final seal rating
312 1344 4311
319 003210 3210
325 34543210 5443
329 1121002210 2221

Additional information is provided in Annex F. Photographic documentation of representative geal section
surfpces shall be included(in the test report.

B.§ Test report(RGD)

Thejtest report/shall include the following information:

a) |reference to this part of ISO 23936;

b) date of test;
c) testseal CSD (radial); fixture groove ID and OD; % deflection (squeeze) and % groove fill;

d) seal reference information: compound manufacturer, compound name/number, batch/lot number,
elastomer type, manufacturer, seal manufacturing method, date of cure;

e) test fluid composition, temperature, pressure;
f)  the temperature/pressure versus time logs in graphical form;

g) average depressurization rate;
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h) seal ratings according to Table B.4;
i) representative seal section surface photographs;
j)  other pertinent information, e.g. any deviation from the test procedure.

A basic report template example is shown below, for a standard dry gas RGD test.
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Table B.6 — Example test report

ISO 23936-2:2011(E)

RGD TEST COMMISSIONED BY

Acme Seals, Inc.

SEAL COMPOUND DETAILS

Seal manufacturer

Acme Seals, Inc.

Supplied by

Acme Seals, Inc.

Compound name/number/reference

SuperDuper Nitrile

Elastomer type to ASTM D1418

NBR

Lot/lpatchmo:

QIR At
OUN Z095TWSI/UT

Seal type

O-ring

Manufacturing method

Not disclosed

Seal size (1ISO 3601-1/AS 568) 325
CSO (nominal) mm 5,33
Mean CSD (actual, radial) mm 5,21
RGD TEST CONDITIONS
Tenperature °C 100+ 2
Predsure MPa 15 +1/-0,5
No. pf cycles 8
Dwelll between cycles hour 1
Decpmpression rate (average) MPa/min 2
Gasltype Mol% 90/10 CH4/CO
SEAL HOUSING DETAILS
Seal| compression direction Radial
Grogve ID mm 15,9
Grogve OD mm 25,0
Grogve width mm 7,2
Squeeze (average) % 13,5
Grogve fill (area basis) % 80
Nunmber of seals tested 4
ISO|TEST SEAL RATINGS
SEAL REPLICATE RATING PASB/FAIL
| 3000 PASS
2 1110 PASS
3 4300 FRAIL
4 4420 FRAIL
OVHRALL\RATING FAIL
GENERAL
Test laboratory Ace Test Company
Test date 10-18 August 2010
Test gas certified and available YES/NO YES
Transducer calibration available YES/NO YES
P/T log available YES/NO YES

TEST LABORATORY STAMP/SIGNATURE
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Annex C
(informative)

Most commonly used elastomeric materials

Table C.1 gives the general designation of the most commonly used elastomeric materials from ASTM D1418.
For the range of different grades an upper temperature value or range is g|ven anng with common
characteristres—in quumuu the ycll\:lal ftuidresistance—to—antmberof common—ftuids—s ylvcll to—ide tlfy
fitness for purpose. This is a guide only and it is strongly recommended that each compound be characterjzed
for the spegific environment in which it is to be used. The cure system is highly influential for the peffermgnce
of elastomefs.
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Table C.1 — Characteristics of most commonly used elastomeric materials

Upper Selected general fluid resistance
Elastomer | temp ® Characteristics Crude
type . , Alkaline | MeOH | Water H.S
C oil
EPDM 150 Good in water and steam; poor in NO° OK® oK OK oK
hydrocarbons
CR 100 Good in water; can pe used a§ a hose NO oK OK
cover, good weathering properties
Nitrile; highly unsaturated; a good
general purpose sealing material,
NBR 120 susceptible to ageing; vary acrylonitrile OK OK OK OK
content to affect low temperature
performance and oil swell
Hydrogenated nitrile; largely saturated,
improved heat ageing, chemical and
HNBR 160 weather resistance; vary acrylonitrile OK OK OK OK
content to affect low temperature
performance and oil swell
FIKM 1 200 Copo-lymer; most widely spemflgd type; OK NO NO oK
poor in methanol and alkaline fluids
FIKM 2 200 Terpolymer; high fluorine grades good OK NO oK oK
in methanol
FKM 3 200 Terpolmer; low Tgy; low fluorine grades oK NO NO oK
not good in methanol
Pentapolymer; developed for® alkaline
FKM 5 200 fluid resistance; very little\performance OK OK OK OK
info available
TFE/P copolymer;_J poor in aromatic
L 230 solvents; good H>S, steam and alkaline OK OK OK OK
FEPM . S
resistancerhigh T,
200 ETP — Ethylene cc.)ntalnlr?g terpolymer; oK oK oK oK c
developed for alkaline resistance
220 to TFhermal performance depends on
FFKM 315 crosslink chemistry; very good OK OK OK OK OK
fluid/chemical resistance;
a Maximum rated temperature in air.
b NO<onsidered unsuitable for service; excessive volume swell at equilibrium: also, chemical ageing may occur.
¢ DKconsidered suitable for service. in terms of volume swelling (< 20 %) and ageing

d  ¢: could be suitable for service, in terms of volume swelling and ageing, but refer to qualifying notes: also, fluid contact may not be
relevant.
NOTE 1  OK covers a range of performance, e.g. FKM crude oil resistance is better than that of NBR/HNBR, although nitrile are

usually considered as acceptable.

NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6

Service situations involving CR contact with H,S are unlikely to exist.

Nitriles will chemically age, NBR more readily than HNBR, in contact with H,S; temperature and concentration factors apply.

Methanol is 100 % (neat); dilution with water will make methanol less aggressive.

FKM 5 has better resistance than FKM 1-3. As some fluids may degrade this elastomer type testing is recommended.

FKM cure important; generally, peroxide cure gives better chemical resistance than bisphenol cure chemistry.
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Annex D
(normative)

Procedure for estimation of material service life
using the Arrhenius relationship

D.1 Servjce life prediction

One of the pims of this part of ISO 23936 is to provide a procedure with which to estimate the useful life of a
material in @ particular test fluid. The latter may be identical to the service situation (e.g. inhibited,brine), or a
representatlon of it (e.g. synthetic hydrocarbon oil). This annex describes how data obtained-from a laborgtory
ageing test| can be used to predict how long a material will retain 50 % of its tensile property levels. [The
procedure is only applicable if the polymer chemically ages in the test fluid. Backgroundiinformation canf be
found in ISQ 11346 and ASTM D3032.

Ageing data has been obtained for an FKM elastomer exposed to the fluid shown in Table D.1 and to| the
conditions listed in Table D.2.

NOTE 1 The fluid and test details were based on conditions relevant to NORSOK M-710 and might not apply direcfly to
this part of 130 23936, but the procedure for service life derivation remains the same. For this part of ISO 23936, suifable
test fluid conjpositions are given in Annex A and the applicable test procedure)is given by ISO 37.

Table D.1 — Fluid composition

Volume
Composition
%
30 2 % H2S, 3 % CO2, 95 % CH,4
10 Distilled water (conductivity < 5 uS)
60 70 % heptane, 20 % cyclohexane, 10 % toluene

The polymgr samples were placed in the hydrocarbon liquid phase while being exposed to a sour test gas.
Test tempefatures and exposure periods used in the programme are shown in Table D.2; test pressure was
nominally 1p MPa.

Table D.2 — Test conditions

Temperature Sampling intervals
°E days
210 5, 10, 20, 35
220 3,6,12, 21
230 2,4,8,14

Table D.3 lists the average results for the modulus at 50 % elongation recorded as a result of the exposure
testing. The samples were tested at room temperature while still soaked with fluid. Also included in Table D.3
are values of the modulus at 50 % elongation obtained by soaking the material in the hydrocarbon phase of
the fluid only (that is, without the sour test gas present) as well as the original dry unaged modulus at 50 %
elongation for comparison. This exposure was performed separately to the ageing tests and for 3 days at
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230 °C in order to obtain a modulus at 50 % elongation for the saturated material without ageing (wet unaged),
referred to as the zero reference. This value can have a significant effect on the subsequent service life
determination.

Modulus at 50 % elongation is most often used for predictive purposes because it can directly reflect the
degree of ageing occurring in elastomers and thermoplastics either through its relation to crosslink density (for
elastomers) or polymer chain degradation (for thermoplastics). Chemical bonds are frequently formed or
broken during the ageing process, thereby increasing or decreasing (respectively) the stiffness or flexibility of
the material. Elongation at break will often mirror the changes in modulus at 50 % elongation but because it is
a destructive property, it has less relevance to service; that is, if a seal physically breaks during service (in
other words exceeds its tensile strength or elongation limits), there are likely to be other more important

factprs occurring than chemical ageing. Therefore, elongation at break and tensile strength ar¢ less often
usefl for predictive purposes but can be used if modulus at 50 % elongation is insensitive to the changes
measured.
Table D.3 — Test results for elastomer modulus at 50 % elongation
Modulus at 50 % elongation
Exposure conditions
MPa
Dry unaged 80
Wet unaged @ 7,0
5 days 57
10 days 57
210 °C
20 days 54
35 days 3,8
3 days 5,7
6 days 5,3
220 °C
12(days 53
21 days 3,0
2 days 54
4 days 4,8
230<C
8 days 4,0
14 days 2,9
a8  Zero reference obtained at 230 °C; this value applies for testing at all
temperatures.
The|datarin Table D.3 are plotted together as exposure time versus modulus at 50 % elongation in|Figure D.1.
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Figure D.1 — Change in property level with exposure duration and temperature

Figure D.1 shows how increasing temperature accelerates the decrease in modulus at 50 % elongation.
NOTE 2  An increase in modulus at 50 % elongation-¢an also occur for materials which form crosslinks during ag
such as HNBR elastomers.
Also apparéent is the change in initial modulus at 50 % elongation brought about by measuring the mat

after satur:
zero refere

Best fit stra
describing ¢ach line are given-in the key to Figure D.1.

NOTE 3
show an initi

continuous ¢|

in Annex E.

aTion in hot test liquid; compare point A (8,0 MPa; dry unaged sample) to point B at time 0 (7,0 N

q

nce).

ght lines have been\added at each temperature using the zero reference value, and the equat
Dther fitting-salutions might need to be assessed depending on the data. For example, some materials n

bl decrease.in property level (often attributable to swelling) followed by increases; the region associated
hangegaffects long-term performance, thus forming the basis for life estimation. Additional information is d

bing,
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[Pa;
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with
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D.2 Arrhenius approach, trends, calculation and interpretation

The equations in Figure D.1 are used to calculate the time to 50 % change from the initial property value
(taken here as the zero reference point B, 7,0 MPa). For example, at 210 °C:

y:_o,

0792x+6,6182

so that for a modulus at 50 % elongation, y, equal to half the zero reference point, i.e. 7/2:

7/2 = -0,079 2(days) + 6,618 2
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Therefore, the time to reach 50 % change of the initial modulus at 50 % elongation at 210 °C is 39,4 days.

Similar reasoning gives the values shown in Table D.4.

Table D.4 — Time to 50 % change in property level

Time to 50 % change
Temperature
150

°C

days
210 39,4
220 19,0
230 10,6

Thege times are then re-calculated as the natural logarithm of the rate [In(}59)] and plotted [against the
invgrse of the test temperature (1/7%), expressed in K™, which is the fundamental relationship described as
the Arrhenius relationship. Table D.5 shows the values. The associated plotis-shown in Figure D.2|

NOTE The Arrhenius relationship describes the rates of chemical reactions'in terms of the energy required to force
the rleaction to progress, hence the dependence on temperature.

Table D.5 — Rates of change in property level and test temperatures expressed as Arrheniufs variables

Inverse temperature Time to 50 % change
Temperature
o 1/Tx 150 In{1/ts50)
K™ days
210 0,002 070 39,4 -3,674
220 0,002-028 19,0 —-2,944
230 0,004/988 10,6 —-2,361

The| straight line shown in Figure D.2 is then used to back-extrapolate data to lower tempefatures. For
thermoplastics, back-extrapolation across a thermal transition (e.g. 7y) should not be performed.

Thig is accomplished-by reference to the equation given in the key to Figure D.2, which can |be used to
caldulate the time-to 50 % change in modulus at 50 % elongation at temperatures othe[ than test
temperatures,.eg: the seal service temperature. This becomes the estimated service life of the material. The
R? term indicates the “closeness” of the data points to the straight line fit; the nearer to 1,0 the better and the
more appropriate an Arrhenius approach becomes to life estimation.
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gure D.2 — Arrhenius relationship for 50 % decrease in modulus at 50 % elongation

lue for y. The time to 50 % change, expressed inyears, is (1/€")/365. Thus:
+ constant

= 1/Tk + constant

constant

ives examples.

Tiable D.6 — Estimated-service life for 50 % decrease in modulus at 50 % elongation

Temperature Service life
°C years
100 1802
150 11,5
180 n,o

hich

As the prediction at 180 °C in Table D.6 shows, values are often conservative but give a good indication of
expected material performance in high levels of hydrogen sulphide (in this instance) and a general
assessment of operation in sour fluids; in this case, good long-term performance is indicated at moderate
temperatures.

If no ageing occurs and the property levels stay within the specified limits at the test temperatures, then the
material can be described as having indefinite life at the lowest test temperature and temperatures below this.
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Annex E
(informative)

Physical and chemical ageing

Physical ageing

For
poly
mod
mat]
mar
che

The
mas
has
and
esti

Key

a polymer exposed to a fluid (liquid, gas or vapour) which is not chemically hostile, fluid W
mer, the polymer may swell if sufficient fluid is involved, and a change in property level.may
ulus at 50 % elongation, a decrease will occur. The property-level change merely réflects
brial change where absorbing the fluid has plasticized the polymer, softening it. (J-he” effect o
ked in elastomers, as these are amorphous polymers and capable of absorbing a large q
mically compatible liquid.

kinetics of absorption are ruled by diffusion, so that, for example, during.-absorption of a sing
s uptake versus root time plot is ideally essentially linear until conditiens are reached where

reached its equilibrium mass uptake and will absorb no more liquid(see Figure E.1). If requir
solubility magnitudes can be obtained from such a plot (and_éven associated permeation r.
mated by using the appropriate coefficients).
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Figure E.1 — Mass change curve for an unaged elastomer sheet sample immersed in a solvent

This swelling behaviour and associated effects are consequences of physical ageing. Another physical effect
could arise if the contacting liquid leaches out of a polymer some liquid plasticizer which the manufacturer had

add

ed during processing (see Figure E.2).

The polymer would theoretically harden (and shrink) as a result, although in reality a balance will eventually be
achieved between leaching (to give hardening) and absorption of the liquid itself (to give softening), likewise
for swelling and shrinkage.
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Figure E.2 — Mass change versus time for plasticized*and deplasticized material immersed in a
solvent
Regarding {he swelling aspect, individual liquids. and polymers each possess their own “solubility parameter”
() (see Reference [21]). This is a thermodynamijc property which is related to the energy of attraction between
molecules. |n its simplest form, a polymer will.possess a drive to absorb a liquid of similar 5, and be swolleh by
it.
NOTE Additional contributions to-d from, for instance, hydrogen bonding forces (studied in detail in Reference [R2]),
have not begn relevant to the present\general usage of this parameter.
As the diffefence betweenthe-solubility parameter values of species increases, so their affinity for each gther
decreases. |The commofiést units for 5in the literature are (callcm®)"?; to convert these values to MAa"?
multiply by P,05.
Thermodynpmically; intermixing as above arises from achieving a negative free energy from the process; in
turn, this anjses by balancing a contribution from enthalpy (heat content) with another from entropy (involyving
material strctural aqppr‘fq) The qnluhilify parameter reflects the enthalpic term

Solubility parameter spectroscopy (SPS) is a means of determining the dvalue of a polymer, and furthermore
gives a better indication of the ¢ range across which swelling might occur for a polymer/liquid system —
frequently more useful when selecting materials for an application involving a known liquid. For SPS, replicate
polymer samples are immersed in a series of carefully selected liquids or miscible liquid mixtures, each of
known solubility parameter, and a plot (spectrum) of equilibrium mass uptake versus liquid solubility
parameter is thus developed. The ¢ value coinciding with the maximum of the plot is taken as the §value for
the polymer.

SPS spectra obtained for four common oilfield elastomers of benchmark recipes are shown in Figure E.3 and
four other fluorine-containing benchmark elastomers in Figure E.4; these should be considered as guides only
for elastomers based on the same generic species as these, but based on different recipes. An added benefit
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from such plots is that the width of its solubility parameter peak indicates the §range across which substantial
swelling of an elastomer can occur in low viscosity solvents. As viscosity increases when using other solvents
or real crude oils, peak width and height are reduced.
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Figphre E.3 — Solubility Parameter Spectra for elastomers ethylene propylene, nitrile (at 22 % and 38 %
acrylonitrile-content) and tetrafluoroethylene propylene copolymer

Fivg pure liquids of different o values have been used for SPS; intermediate liquid §values were pbtained by
mixing these. The S value of the mixture is equal to the volume-weighted sum of the individual|component
liquid s values. Thus/the mass uptake of a miscible liquid mixture by a polymer may be very much greater
than the swelling,which would occur when immersed in either one of the constituent liquids alone. The mixture
could of course ‘comprise more than two liquid components, and an analogous situation reasongbly applies;
this|approach has been extended and applied to the offshore oil production sector to give test liqliid mixtures
(see Clduse E.2).

The technique of reverse solubility parameter speciroscopy has been developed to determine the o value for a
liquid (e.g. an ail), from a series of swelling measurements using a range of elastomers of known 6. In this way,
s for crude Brent oil from the North Sea has been found to be 8,2 (cal/cm®)".
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Figure E.4 — Solubility parameter spectroscopy plots for selected fluoroelastomers (FKMs) and
perfluoroelastomers (FFKMs)

E.2 Simylated production media for testing purposes

Both sweet|and sour cases could involve media comprising oil alone, gas alone, oil mixed with other liquids, or
a multiphase mixture, probably. with the test pieces being exposed to the liquid phase. Within each case, dther
variations afe theoretically possible.

Regarding liquids, different combinations of hydrocarbon and other liquids possess different values of 6 + as
indicated alpove, a factor strongly affecting the degree of liquid absorption by the polymer. In order to minimize
testing the vast range of liquid mixtures possible in service, a selection of model oils has been devised. In
addition, to| minimize secondary factors associated with intermolecular forces that act within liquids, these
model oils ¢omprise a mixture of aliphatic (or paraffinic), naphthenic, and aromatic hydrocarbons. The most
convenient hydrocarbons 0 use In this way as test liquids are respectively heptane, cyclohexane and toluene,
present in proportions which follow two conditions:

a) ideally, they should replicate the aliphatic-naphthenic-aromatic proportions for the oilfield crude oil being
simulated;

b) they should give a ¢ value similar to that possessed by the oilfield crude oil.
For testing according to this part of ISO 23936, it is clearly impracticable to cite the many variations that would

be needed to simulate all crude oils that might be met by users. However, if a number of different general
compositions are developed, these can be selected to give a reasonable choice for most applications.
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Similarly, more variation of gas mixture is necessary, for instance, to give a model gas akin to natural gas (but
simplified), or to allow a high CO, mixture for use with RGD resistance tests. A further aspect is the desire to
align a number of these gas phase conditions with some of those employed in ISO 10423:2009, F.1.13.5.2
and Table F.2, which applies to wellhead testing. ISO 10423 allows use of any oil for its liquid phase so that
the liquids in this part of ISO 23936 are suitable. This approach allows concurrent testing of equipment and
material. Tables A.1 to A.5 show the compositions for testing developed in this way.

E.3 Test temperatures
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Swelling characteristics

ficient, which has a well known temperature dependency. Sample thickness has an influence,
ples absorbing the liquid more quickly. However, for a given material,) the level of equilibri

ples cannot reach the level of swelling of a thin sample of the same material.

level of equilibrium swelling can be highly temperature dependent for a given polymer. This
e plots shown in Figure E.5. These show mass change_curves for polymers immersed in a
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Figure B.5 — Mass change plots-versus time immersed in hydrocarbon liquid at different elevated
temperatures

E.5 Fluid kinetics

When a liguid comes~into contact with a polymer surface, it dissolves rapidly up to a concentration c¢,. [The
movement pf the liquid into the material bulk is then controlled by diffusion, which is governed by Fick’s |aw.
Diffusion-reJated ‘phenomena such as swelling increase with the square of polymer layer thickness. Thi|s is
usually only dlscernlble for I|qU|ds although high pressure gases can sweII ponmers after an initial
hydrostatica
are dependent on vapour pressure and hence essentlally mdependent of actual pressure

To determine the diffusion coefficient D (discussed below) for a liquid, absorption tests involving weighings are
used. Then

m (2 21/2
wlil%) e

where

m, is the mass uptake at time ¢
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m,, is the mass uptake at equilibrium swelling;

2/h" is the sample thickness.

-2:2011(E)

Eventually D becomes concentration-dependent as, after a while, liquid that has already entered the polymer
can contribute to the rate at which fresh liquid diffuses. One simple and convenient method of obtaining a
representative value of diffusion coefficient is to measure D,,, an “average” D at the point of 50 % mass
uptake, so that:

Not
be
trea

Gaq also enters a polymer by a process of solution (in the polymer surface) followed by diffusion.

con
des

a)

0,5 = f EYMV/Z

(E.2)

NV
b that thickness is expressed as 2/4' in this equation, but will be denoted as # in later discussic

onveniently derived from plots of m versus ¢, reading off ¢,, at 50 % uptake. A misciblé liqui
ted herein as if it were a single species — a representative D is obtained as above.

rast, the amount of gas dissolved depends on its actual pressure. Gas permeation involves t\
cribed below.
The gas is dissolved in the surface of the polymer according to Henry’s Law:
c=sxP
where
¢ is the concentration;
P is the applied pressure;
s is the solubility coefficient.

In the event of a gas mixture, thesconcentration of any constituent gas in the surface of the p
be determined by using its partial pressure in the above expression.

Diffusion of gas through polymeric materials is governed by Fick’s law, an integrated version
given for a sheet membrane sample as:

[l li)

where

g{ " is the gas volume diffused in time ¢

ns. D, can
H mixture is

However, in
o steps, as

(E.3)

plymer may

of which is

(E.4)

D15 the diffusion coefficient;
A is the surface area available for permeation;
h is the thickness.
The initial and final concentrations are denoted ¢4 and ¢, respectively.
The permeation coefficient is simply the product of the coefficients of diffusion and solubility:

O=Dxs
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(E.5)
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