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VICTREX® PEEK Meets NORSOK M710 Compliance
and Continues to Aggressively Test its Polymers in Support
of Industry-Leading Test Standards

Geoff Small, Victrex Technical Program Manager

he use of elastomeric seals and thermoplastic back up

rings is commonplace in the oil and gas industry with
ever increasing levels of ingenuity and sophistication
in their design and application. At the core of these
critical components is the quality of the materials from
which they are made: frequently using high performance
elastomers to fulfil the sealing function and rigid
thermoplastics of varying performance levels as back
up rings to provide resistance to extrusion of the seal
from its intended location under conditions of high-
temperature and pressure.

To ensure safe and consistent
performance across the industry and
around the globe, standards have
been developed which go beyond
the information supplied in
manufacturer data sheets to
provide some assurance
that these materials have

the right balance of

mechanical and
physical properties to fulfil their function for
the requisite lifetime. These standards have
been developed to show not only that the
fundamental mechanical properties are
sufficient to function correctly, but
moreover that such properties can be
adequately maintained throughout
the service life thereby ensuring the
same level of seal assurance at the
end of life as at the beginning.

To that end, the internationally
recognized standards have
specific sections which a);'

deal with property degradation
after aging in representative
environments (chemical and
temperature) and also after

rapid decompression events. . ‘

Standards such as APl 6 “Specification for
Wellhead and Christmas Tree Equipment”
and the NORSOK M710 “Qualification
of Non-Metallic Sealing Materials and
Manufacturers” propose specific
environments which may be single
or multi-phase and which consist
of a number of ‘typical’
gases or gas mixtures
and aqueous and hydrocarbon
fluids. As oil reserves have become
increasingly sour, these standards indicate
the addition of hydrogen sulfide (H,S) to
the gas mixture to account for this.

The NORSOK M710 Rev 2 (October
2001) standard is intended to
“assure that the non-metallic
sealing and experience with the
applicable materials to provide
them with acceptable
,,; performance in the specified
% a successful qualification
of a manufacturer and a
specific material shall be
valid for a majority of
future development
projects and for
different
operators.”
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VICTREX PEEK Meets NORSOK M710 Compliance

In response to standardization
requirements of the oil and gas
industry, Victrex requested an
evaluation of the extent to which
VICTREX PEEK complies with the
NORSOK M-710 standard for
sour H,S aging at high
pressure and temperature
for up to five weeks. The
results exceeded the
standard and showed
no measurable
chemical
deterioration for
the VICTREX
PEEK sample.

The standard is divided into two sections: one for
elastomers which covers chemical ageing and rapid gas
decompression, and one for thermoplastics which
covers chemical ageing only. For both
‘:‘ sections the NORSOK standard requires
™ submission of various mechanical
g properties, which indicate the general
suitability of the material for the
4 proposed loads and environments.
In addition, the thermoplastics
section requires submission of a
report on ageing characteristics
of the thermoplastic material in
the end use environment.

The thermoplastics section of
NORSOK M710 Rev 2 prescribes that
aging take place in either a sweet
or sour NORSOK oil environment at
a minimum of three temperatures
‘above the specified usage
temperature’.
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The standard requires that minimum acceptance

criteria are established prior to the test but provides

the following as a baseline:

A Swelling +5% /-1%

A Tensile strength, elongation and modulus +/- 50%

A Visual inspection (no dissolution, cracking
blistering etc.)

In addition, using the data on the effect of aging on
tensile strength, the standard requires that the results
are used to predict the service life (i.e. time to 50% of
properties) at the service temperature using an
Arrhenius approach. The test report from the chemical
aging must contain details of the chemical environment,
(which may be different to the standard NORSOK oil by
agreement) the test temperatures, pressure and test
duration, and, if possible, the trends and predictions
obtained from the Arrhenius plot.

To use such predictive approaches requires there to

be some measurable and repeatable change in the
properties of the material in question within the
chosen timeframe and experimental conditions. Use of
the Arrhenius approach also assumes that a single
degradation mechanism is responsible for the
reduction in properties: this may often be a significant
over-simplification.

More recently, a new ISO standard, ISO 23936-2
“Petroleum, petrochemical and natural gas industries -
non-metallic materials in contact with media related to
oil and gas production- Part 2: elastomers” and the
current third revision of NORSOK M710 (DRAFT), offer
a wider scope of test environments and classifications
for the temperature ‘index’ of the approval rating.

Both of these recent documents still rely on an
Arrhenius approach and specifically have limits of
testing temperature which end at 225°C (437°F).
Although it is not a component manufacturer,
Victrex undertook NORSOK M710 Rev 2 approval
of its VICTREX PEEK 450G polymer in 2009:
unsurprisingly with a relatively low level of
H>S (2% of the gas phase) at a maximum
temperature of 220°C (428°F), a duration of
800 hours and for a polymer where thermal
aging tests according to UL 746B show
that a duration of 50,000 hours at 260°C
(500°F) is required to reduce the
strength by 50%, no measurable
change in properties was seen.

Strictly speaking, this means
that the polymer meets the
minimum requirements of
the standard but no specific
prediction of long term
properties at lower

temperatures can be




made because of the inability to measure sufficient
change to permit Arrhenius type extrapolations.

This may fail to provide the level of information required
by the user and is an issue not only restricted to PEEK
polymer but also to other materials such as PTFE.

To this end, the later revision of NORSOK M710 (Rev 3
Draft Sept 2013) and 1SO23936-2 standard both note that
“...polymers which are very resistant to sour aging
cannot be appraised using methods which rely on
progressive property changes with time and tempera-
ture,” and conclude that they are “...best described as
being chemically stable under all the accelerated test
conditions employed and therefore likely to have a very
long useful life at lower temperatures” (i.e., service
temperatures lower than aging temperatures).

To further investigate the prediction of long term high
temperature and aggressive environment performance
and provide useful information to its customers, Victrex
is researching how its polymers will perform in even
more aggressive environments. Victrex is also seeking
and researching new predictive techniques to benefit
its customers in the energy sector.

One specific area of concern is the level of H,S in the sour
environment under test: there is an accepted equivalence
between the concentration of a gas in a mixture and its
partial pressure. Dalton's law of partial pressures states
that ‘the partial pressure of an ideal gas in a mixture is
equal to the pressure it would exert if it occupied the
same volume alone at the same temperature.

This means that the total pressure of a mixture of
gases (assumed ideal) is equal to the sum of the
partial pressures of the individual gases in the
mixture and that the ratio of partial pressures is
----- . the same as the ratio of the number of molecules.
.~ )\ The mole fraction of an individual gas
component in an ideal gas mixture may be
expressed in terms of its partial pressure.

Extending this concept to the original
NORSOK testing carried out on VICTREX
PEEK 450G [175°C, 195°C, and 210°C
(347°F, 383°F, and 410°F)] and
1,450 psi (10 MPa) with 2% by
volume of H,S within the gas
component), the results would
be equivalent to the same

Figure 1: Retention of Tensile Strength After Aging in Standard
NORSOK M710 Rev2 Sour Environment
(samples immersed in hydrocarbon phase)
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Figure 2: Retention of Tensile Strength After Aging in
"Sour Seawater” (3-phase test with 100% H,S gas phase)
and Deionized Water
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test at 10000 psi but with a H,S concentration of only 0.29%,
or 0.145% at 20,000 psi (138 MPa). The data generated
may not go far enough to offer the level of
confidence in performance that is required for
environments with varying temperature,
pressure and gas concentrations. The
DRAFT revision 3 of NORSOK which
proposes a higher H,S content of 10%
may be tested, but at the proposed
pressure of 870 psi (6 MPa)
corresponds to H,S mol fractions
of 0.87% and 0.44% respectively at
the higher pressures.

It appears unclear which combinations of temperature,
pressure and sour gas concentration lie ahead for the oil
industry. In order to prepare for future challenges, Victrex
has extended its three phase testing to encompass an
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Figure 3: Retention of Tensile Strength After Aging in 100%
H,S Phase of 3 Phase Aging Environment
(seawater: 10%, gas: 30%, aromatic NORSOK oil 60%)
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Figure 4: Retention of Tensile Strength After Aging in
Hydrocarbon Phase of 3 Phase Aging Environment
(seawater: 10%, gas: 30%, aromatic NORSOK oil 60%)
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environment (at test pressure) of 100% H,S which
corresponds to more than 1% at 30,000 psi (207 MPa)
and at temperatures of 220°C (428°F). Based on testing
under such conditions, mechanical properties are fully
retained in the aqueous and hydrocarbon phases and
more than 70% of strength retained in the highly
aggressive gas phase.

Recognizing that all polymers will eventually be degraded
by such harsh environments, the hope is that this data
may begin to show more clearly the safe ‘limits’ of time,
concentration and temperature for which components
manufactured from such materials may be used.

Victrex continues to invest in the provision of meaningful
and useable data for all users. To this end, the company
continues to expand its oil and gas chemical resistance
knowledge to cover a wide range of drilling, intervention
and completion fluids and associated predictive methods
for long-service applications where chemical

resistance is a key material characteristic

and will strive for even more stringent

test data for all users. This additional \

testing can save OEMs hundreds of ‘. y
hours and thousands of dollars and -}
provide even more confidence in -
the reliability and repeatability
when specifying VICTREX

PEEK polymers for their )
most demanding HPHT
applications.
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VICTREX PLC BELIEVES THAT THE INFORMATION CONTAINED IN THIS BROCHURE IS AN ACCURATE DESCRIPTION OF THE TYPICAL CHARACTERISTICS AND/OR USES OF THE PRODUCT OR PRODUCTS,
BUT IT IS THE CUSTOMER'S RESPONSIBILITY TO THOROUGHLY TEST THE PRODUCT IN EACH SPECIFIC APPLICATION TO DETERMINE ITS PERFORMANCE, EFFICACY AND SAFETY FOR EACH END-USE
PRODUCT, DEVICE OR OTHER APPLICATION. SUGGESTIONS OF USES SHOULD NOT BE TAKEN AS INDUCEMENTS TO INFRINGE ANY PARTICULAR PATENT. THE INFORMATION AND DATA CONTAINED
HEREIN ARE BASED ON INFORMATION WE BELIEVE RELIABLE. MENTION OF A PRODUCT IN THIS DOCUMENTATION IS NOT A GUARANTEE OF AVAILABILITY. VICTREX PLC RESERVES THE RIGHT TO
MODIFY PRODUCTS, SPECIFICATIONS AND/OR PACKAGING AS PART OF A CONTINUOUS PROGRAM OF PRODUCT DEVELOPMENT. VICTREX® IS A REGISTERED TRADEMARK OF VICTREX
MANUFACTURING LIMITED. VICTREX PIPES™ IS A TRADEMARK OF VICTREX MANUFACTURING LIMITED. PEEK-ESD™, HT™, ST™ AND WG™ ARE TRADEMARKS OF VICTREX PLC. VICOTE® AND APTIV®

ARE REGISTERED TRADEMARKS OF VICTREX PLC.

VICTREX PLC MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING,WITHOUT LIMITATION, A WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR OF INTELLECTUAL PROPERTY
NON-INFRINGEMENT, INCLUDING, BUT NOT LIMITED TO PATENT NON-INFRINGEMENT, WHICH ARE EXPRESSLY DISCLAIMED, WHETHER EXPRESS OR IMPLIED, IN FACT OR BY LAW. FURTHER, VICTREX PLC
MAKES NO WARRANTY TO YOUR CUSTOMERS OR AGENTS, AND HAS NOT AUTHORIZED ANYONE TO MAKE ANY REPRESENTATION OR WARRANTY OTHER THAN AS PROVIDED ABOVE. VICTREX PLC
SHALL IN NO EVENT BE LIABLE FOR ANY GENERAL, INDIRECT, SPECIAL, CONSEQUENTIAL, PUNITIVE, INCIDENTAL OR SIMILAR DAMAGES, INCLUDING WITHOUT LIMITATION, DAMAGES FOR HARM
TO BUSINESS, LOST PROFITS OR LOST SAVINGS, EVEN IF VICTREX HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, REGARDLESS OF THE FORM OF ACTION.




