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Ageing and RGD Tests in Supercritical CO, (sCO,)

Carbon dioxide (CO,) at high pressure is often found in
oil and gas upstream applications and in carbon
capture utilization and storage (CCUS) in downstream
applications such as refineries, steel or cement plants.
These refineries and plants often feature equipment
such as valves, compressors, pipes and vessels.

Above 31 °C and 73 bar, CO, changes phase and
becomes a supercritical fluid with mixed properties of
both liquid and gas phases. Vespel® polyimide
products are used as soft seats in valves or for stem
sealing in ball valves applications, as well as in
bushings, seal rings, packing rings and rider bands for
compressors. The increasing market demand in CCUS
necessitates more data on plastics and elastomers in
super critical CO, applications to develop suitable
specifications.

Therefore, an initial test has been conducted on
several Vespel® grades to assess the impact of sCO,
over the mechanical properties and the surface aspect.

1  Objectives

The target of the test is to evaluate the rapid gas
decompression (RGD) performance of various Vespel®
grades and to determine the compatibility with pure
CO, in super critical state (sCO2).

Both ageing and RGD will be applied to the specimens.
This is an initial scouting test to primarily assess the
overall performance of Vespel® families in CO,
combined with rapid gas decompression.

What is super critical fluid CO,?

Supercritical carbon dioxide (sCO,) is a fluid state
of carbon dioxide where it is held at or above its critical
temperature and critical pressure.

The following phase diagram shows the various states and
phases of carbon dioxide. The critical point or triple point is
at the edges of liquid, critical fluid, and gas phase of CO;:

Phase diagram of CO,
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2 Specimens and testing

Vespel® grades and specimens
Vespel® SP-1
Vespel® SP-21
Vespel® SCP-50094

ISO 527-1BA tensile bars

First test conditions

150 °C / 200 bars (2,900 psi)
At 120 bars/min

20 hours ageing in sCO;

Followed by a RGD event

Second test conditions

100 hours ageing in sCO»
Followed by a RGD event

150 °C / 200 bars (2,900 psi)
At 120 bars/min

The two above tests are followed by a visual inspection and
tensile testing to assess the impact over the mechanical
properties of the various Vespel® grades.


https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Critical_temperature
https://en.wikipedia.org/wiki/Critical_temperature
https://en.wikipedia.org/wiki/Critical_pressure

3  Testresults Based on the tensile testing, the ageing and RGD have not
impacted the elongation at break of the various Vespel®
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No visual defects or dimensional changes are observed on
the Vespel® tensile specimens after 20 hours and 100
hours ageing followed by the rapid gas decompression
event.

4 Conclusion

The ageing at 200 bars (20 MPa, 2,900 psi) and 150 °C (302 °F)
Tensile properties in pure carbon dioxide did not have any significant impact
over Vespel® SP and SCP tested. Moreover, the pure CO, was

Based on the tensile testing, the ageing and RGD had no N the supercritical phase which is supposed to be the most

impact on the E-modulus of the various Vespel® grades: ~ 399ressive.
At the end of the ageing phase a decompression cycle took
Impact of RGD and sCO, over E-modulus place. The decompression rate used for the RGD was high. The
6000 standard decompression rate recommended by ISO 23936-2
5000 (former Norsok M-710) is 2MPa/min and in this case a
o decompression rate of 12MPa/min was selected which is six
é— 4000 times higher than the former mentioned. The decompression
= 3000 rate of 12MPa/min had no significant impact over Vespel®
8 9000 mechanical properties, dimensions or aspect.
=
1000 Overall, Vespel® Pl is suitable for service in sCO, applications
0 such as for valve seats or compressor parts.
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The information set forth herein is furnished free of charge, is based on technical data that DuPont believes to be reliable and represents typical
values that fall within the normal range of properties. This information relates only to the specific material designated and may not be valid for such
material used in combination with other materials or in other processes. It is intended for use by persons having technical skill, at their own discretion
and risk. This information should not be used to establish specification limits nor used alone as the basis of design. Handling precaution information
is given with the understanding that those using it will satisfy themselves that their conditions of use present no health or safety hazards and comply
with applicable law. Since conditions of product use and disposal are outside our control, we make no warranties, express or implied, and assume no
liability in connection with any use of this information. As with any product, evaluation under end use conditions prior to specification is essential.
Nothing herein is to be taken as a license to operate or a recommendation to infringe on patents.

CAUTION: Do not use DuPont materials in medical applications involving implantation in the human body or contact with internal body fluids or
tissues unless the material has been provided from DuPont under a written contract that is consistent with the DuPont policy regarding medical
applications and expressly acknowledges the contemplated use. For further information, please contact your DuPont representative.

DuPont’s sole warranty is that our products will meet our standard sales specifications in effect at the time of shipment. Your exclusive remedy for
‘ ' breach of such warranty is limited to refund of purchase price or replacement of any product shown to be other than as warranted. TO THE
™ FULLEST EXTENT PERMITTED B Y APPLICABLE LAW, DUPONT SPECIFICALLY DISCLAIMS ANY OTHER EXPRESS OR IMPLIED
WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR NON INFRINGEMENT. DUPONT DISCLAIMS LIABILITY

FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.
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