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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases, 
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate 
compliance.

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of 
the information contained herein, or assume any liability or responsibility for any use, or the results of such use, of 
any information or process disclosed in this publication. Neither API nor any of API’s employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure the 
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or 
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or 
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may 
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices. 
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and 
where these publications should be used. The formulation and publication of API publications is not intended in any 
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. 

Contact the Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2022 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.

Shall: As used in a standard, “shall” denotes a minimum requirement to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required to 
conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.

Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and participation 
in the developmental process and is designated as an API standard. Questions concerning the interpretation of the 
content of this publication or comments and questions concerning the procedures under which this publication was 
developed should be directed in writing to the Director of Standards, American Petroleum Institute, 200 Massachusetts 
Avenue, NW, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or translate all or any part of 
the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time 
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from 
the API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published 
annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts 
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Testing of Oilfield Elastomers

1	 Scope

This recommended practice describes practices for the evaluation of elastomeric seal materials and seal designs 
for the oil and gas industry for wellhead and tree applications. It can also serve as a general guideline for 
elastomer materials or elastomer seal members used for other applications, which have similar material and 
application issues.

It is the intent of this document to provide an overview of testing criteria, environments, evaluation procedures, 
and guidelines for methods used to evaluate elastomeric seal materials and members.

It is not within the scope of this document to offer any correlation between the data obtained from a screening 
test and the actual service performance of the seal member.

2	 Normative References

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

API Specification 6A, Specification for Wellhead and Tree Equipment

API Standard 20L, Qualification of Polymeric Seal Manufacturers for Use in the Petroleum and Natural Gas 
Industries

ASTM D395, Standard Test Methods for Rubber Property—Compression Set

ASTM D412, Standard Test Methods for Rubber Properties in Tension

ASTM D471, Standard Test Method for Rubber Property—Effect of Liquids

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

ASTM D4483, Standard Practice for Evaluating Precision for Test Method Standards in the Rubber and Carbon 
Black Manufacturing Industries

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

3	 Terms, Definitions, Acronyms, Abbreviations, and Symbols

3.1	 Terms and Definitions

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

3.1.1
anti-extrusion device
Plastic, metal, wire, rings, packings, and other devices used to block the extrusion of the elastomer seal.
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3.1.2
compression set
CS
The residual deformation of a material after removal of the compressive load that is applied over a specific time 
at a specific temperature.

3.1.3
compression stress relaxation
CSR
Compression stress relaxation is a means of estimating the decay of compressive stress of an elastomer 
component over an extended period of time. It is used to determine the time-dependent decrease in compressive 
stress in a specimen subjected to a constant compressive strain under conditions of uniform environment and 
negligible vibration. 

3.1.4
cure
The act of vulcanization, which involves the crosslinking of molecules of the raw elastomer material by using 
sulfur or other additives in the presence of heat and pressure to improve the strength and resiliency, is an 
irreversible thermochemical process that takes place during and after molding of raw elastomer compounds.

3.1.5
dumbbell
A dog bone-shaped flat specimen of elastomer used for testing of tensile properties.

3.1.6
dynamic testing
Testing a sealing element that is exposed to the test media with constant or varying pressures with relative 
motion between the two fixed elements against which the seal acts.

3.1.7
elastomer
Tough elastic polymeric substance that can be made from a natural or synthetic resource and that is normally 
used in a mixture with other ingredients to make it moldable and to improve its mechanical properties.

NOTE	 The term is used synonymously with “rubber.”

3.1.8
fluoroelastomer
A fluorine-containing elastomer.

NOTE	 See ASTM D1418 for guidance.

3.1.9
extrusion
The flow of seal member or backup material into the gap between two sealing parts.

NOTE	 Excessive extrusion is a common cause of seal failure.

3.1.10
gas diffusion
Gas penetration through a seal material, usually under high pressure.

3.1.11
modulus
Stress at a given elongation. In the elastomer industry, modulus is typically reported as the tensile stress of 
rubber compounds at 50 %, 100 %, 200 %, etc. stretch.
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3.1.12
packing
A deformable material that is generally less flexible than homogeneous elastomer seals and energized by 
squeezing or compressing it by mechanical means.

3.1.13
polymer
A broad group of high molecular weight materials formed by chemical bonding of repeated monomer units with 
specific chemical structure, which includes elastomers and plastics (thermoplastics and thermosets).

NOTE	 In seal technology, plastics are often used for backup rings, anti-extrusion elements, and lip seals.

3.1.14
rapid gas decompression 
RGD
explosive decompression
ED
An operational or test condition manifested by gas bubbles, blisters, cracks, etc. on the surface of a seal or 
internally in a seal that has been exposed to high gas pressure and then subjected to a rapid release of pressure.

NOTE	 RGD can result in failure of an elastomeric seal.

3.1.15
seal
A device that prevents the leakage of fluids (liquid or gas) from a pressure vessel or other rotating and stationary 
equipment. Seal material may be elastomer, metal, plastic, or a composition of several materials.

a)	 Dynamic seal—A seal where there is any one of several possible modes of relative motion between the 
sealing surfaces: lateral, rotary, etc.

b)	 Face seal—A seal between two surfaces, such as flat surfaces, cylindrical surfaces, conical surfaces, and 
spherical surfaces, etc.

c)	 Static seal—A seal where there is no relative motion between the seal and the sealing surface. The seal may 
be energized by compression in the vertical or radial direction.

3.1.16
squeeze
A deformation of the seal in cross-sectional direction. It is typically reported as the percentage of the deformation 
in cross section of the seal in the free state.

3.1.17
static testing
A test in which a sealing element is exposed to the test media with constant or varying pressures without relative 
motion between the two fixed elements against which the seal acts.

3.1.18
volume fill
seal/gland occupancy ratio
Ratio of seal volume to available seal groove volume, often expressed in terms of percentage.

3.2	 Acronyms, Abbreviations, and Symbols

For the purpose of this document, the following acronyms, abbreviations, and symbols apply.

CS	 compression set
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ED	 explosive decompression

HPHT	 high pressure high temperature

IRM	 industry reference material

NBR	 nitrile-butadiene rubber or acrylonitrile-butadiene rubber

RGD	 rapid gas decompression

Pc	 critical pressure

STP	 standard temperature and pressure

Tc	 critical temperature

Tg	 glass transition temperature

4	 Environment

4.1	 General

Oilfield equipment can be exposed to a wide variety of environments. There is an expectation that products work 
reliably when exposed to the specified range of chemical, thermal, and pressure conditions to drill, produce, 
process, and transport the products of gas and oil wells.

When used, elastomer seals and packing may limit the performance of oilfield equipment. The materials of 
construction of nonmetallic seals are generally lower strength and less resistant to the environmental factors 
than the metallic portion of the wellheads, valves, etc. Consequently, understanding the environmental factors 
is important for the proper material selection, design input, and selection of the testing procedures based on the 
sealing mechanisms.

4.2	 Chemical Environment

4.2.1	 General

The following list contains common fluids, both liquids and gases, found in the oilfield. It should be noted that the 
effect of all chemicals is dependent on concentration, temperature, and other conditions such as the presence 
of suspended particles. The effect of multiple chemicals and associated reaction products is beyond the scope 
of this listing.

4.2.2	 Primary Chemicals (Fluids—Drilling, Completion, and Production)

—	 crude oil,

—	 natural gas,

—	 hydrocarbon condensates,

—	 brine (produced),

—	 hydrogen sulfide, 

—	 carbon dioxide,

—	 steam (geothermal),
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—	 drilling fluids (oil- and water-based),

—	 packer fluids (e.g. brines, acidic zinc brines, corrosion inhibitors, biocides).

4.2.3	 Secondary Chemicals (Fluids—Testing, Cleaning, Conditioning, and Treatment)

—	 refined petroleum products (e.g. diesel, arctic diesel fuel, kerosene, and jet fuel),

—	 motor oil,

—	 water (fresh, salt, steam),

—	 corrosion inhibitors (water and hydrocarbon carrier),

—	 solvents (e.g. methanol, highly aromatic, trichloroethane),

—	 hydraulic fluids,

—	 acids (inorganic and organic),

—	 scale inhibitors,

—	 oxygen scavengers,

—	 H2S scavengers,

—	 biocides,

—	 viscosifiers,

—	 defoamers.

4.3	 Temperature Conditions

Thermal conditions can be steady state, transient, cyclic, or a combination of all three. High temperatures can 
have a significant impact on the life of an elastomeric element. These effects can either be thermal-chemical and/
or thermal-mechanical. Seals can tolerate short-term excursions at considerably elevated temperatures beyond 
their published service temperature rating provided that the mechanical property limitations are not exceeded 
at that temperature. The higher the temperatures and the longer the time of high-temperature exposure, the 
more likely is the possibility that the seal element may degrade. Another consideration is the location of the seal 
relative to the temperature source. In many designs, the temperature at the seal is normally lower than the flow 
temperature, due to its distance from flow bore, the thermal conduction in the equipment, and the convection to 
outside environment.

Seals at low temperatures become stiff and brittle, and their sealing capability may be severely reduced as the 
temperature approaches the glass transition (Tg) of the elastomeric material. This latter effect is reversible, and 
raising the temperature of the seal sufficiently above its Tg should cause the seal to function normally. While 
fluid absorption can have an effect by reducing the material Tg, the aging would have an inverse effect, therefore 
compromising the low-temperature seal capabilities.

Table 1 lists equipment temperature ratings (temperature rating K-Y) where the rating K through V recognizes 
the minimum and maximum temperature ratings as agreed between purchaser and manufacturer. Temperature 
ratings X and Y are higher ranges that the manufacturer can use with proper derating of the affected materials, and 
they are frequently found in high-pressure wells, steam injection, or geothermal wells. Other high temperatures 
could occur in downstream applications.
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Depending on equipment geometry and operating models, the seals may not be exposed to the entire 
temperature range to which the equipment is rated. Thermal analysis can be used to support more accurate 
service temperatures for seals.

Table 1—Temperature Ratings

Temperature 
Classification

Temperature Range
°C °F

Min. Max. Min. Max.
K −60 82 −75 180
L −46 82 −50 180
N −46 60 −50 140
P −29 82 −20 180
S −18 60 0 140
T −18 82 0 180
U −18 121 0 250
V 2 121 35 250
X −18 180 0 350
Y −18 345 0 650

4.4	 Pressure Conditions

The following pressure listing is traditionally used in the drilling and production segment of the oil and gas 
industry (pressure shall be pressure differential):

—	 low pressure: up to 34.5 MPa (5000 psi);

—	 moderate pressure: from 34.5 MPa to 103.4 MPa (5000 psi to 15,000 psi);

—	 high pressure: from 103.4 MPa to 137.9 MPa (15,000 psi to 20,000 psi);

—	 ultra-high pressure: higher than 137.9 MPa (20,000 psi).

Pressure can be exerted on the seal gradually, incrementally, or suddenly, and in a constant or cyclical manner. 
Higher pressure may mean shorter seal life. A sudden drop of gas pressure can be very destructive to a seal 
by a phenomenon known as rapid gas decompression. Pressure-energized seals designed for high-pressure 
applications can sometimes leak at low pressures. The selection of a sealing solution should come with an 
understanding of its limitations and any impact that the limitations may have on the operational model.

4.5	 Exposure Duration

Elastomeric materials deteriorate with time and this process can be accelerated under certain environmental 
conditions. The longer a seal is exposed to these conditions, the shorter may be its life expectancy. The higher 
the temperature and pressure and the more concentrated the attacking chemicals, such as hydrogen sulfide, the 
shorter the life expectancy (see 5.2.4).

4.6	 Storage Conditions

The storage conditions should conform to API Specification 6A or API Standard 20L as appropriate.

Exposure to UV radiation (sunlight), ozone, and heat are the source of most storage problems. Proper packaging 
in a shielded plastic bag or wrap and stored out of the sun in a cool warehouse away from high-voltage, ozone-
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