
ASTM D2000ASTM D2000
 Rubber Classification SystemRubber Classification System

 TutorialTutorial

Version 2012

This tutorial originated as Power Point Slide Show.  You may access 
the presenter notes by hovering over, or double-clicking, the speech 

balloon icon above.

Navigate by using the Page Up & Page Down keys on your keyboard,

 
your arrow keys, or the scroll wheel on your mouse.

Presenter
The topic of this tutorial is ASTM D2000, a rubber classification system that is widely used, but not always well understood and sometimes misused.

The goal of this lesson is not necessarily to make you an expert on this system, but provide enough understanding so that you can identify correct and incorrect call-outs and be able to do what is necessary to modify any that are flawed. If our presentation helps you enough that you feel comfortable writing specifications, so-much-the-better!



•
 

A standardized system for classifying rubber physical 
properties.

•
 

The basis for most of our testing methods.

•
 

The backbone of our Product Data Sheets

ASTM D 2000ASTM D 2000

Presenter
D2000 is a classification system for rubber materials. It was originally written (by the SAE) for automotive applications, but has been adopted by ASTM and much of the rubber industry.

This classification system is based on the premise that the properties of rubber products can be arranged into characteristic material designations. Materials must meet basic requirements. They may also need to meet additional requirements specified by “callouts”.

Many other ASTM standards are referenced by ASTM D 2000. They call out specific Test Methods and Practices. These include D 395, D 412, D 429, D 430, and at least 20 others. (Don’t read - D 471, D 573, D 575, D 624, D 865, D 925, D 945, D 1053, D 1171, D 1329, D 1349, D 1418, D 2137, D 2240, D 3183, D 5964.) These specifications are the basis for most of our Material Testing methods at Precision Associates.

Rubber companies use these standardized test methods for measuring rubber physical properties. Like most others, Precision Associates captures the data from these tests and uses it to produce Product Data Sheets for use by our customers.









ASTM Book of StandardsASTM Book of Standards
 Section 9

Presenter
The ASTM produces a number of standards each year. These two, section Nine, books 9.1 and 9.2 contain not only the D2000 standard, but all of the other rubber test methods necessary to perform the tests required by the standard. These books do not change greatly from year to year. PAI buys a pair every other year. (They cost about $350 for the pair.)



Alphabet Soup?Alphabet Soup?

2 BG 725 B14 B34 EO14 EO34 EF21 EA14

4 CA 720 A25 B35 EA14 F19 G21

7 GE 707 A19 B37 EO16 EO36 EA14 G11 F19

M 6 HK 710 A1-10 A1-11 B31 B38 EO88

These Numbers & Letters are a codeThese Numbers & Letters are a code

Presenter
At first glance the ASTM D2000 call-outs look like a disorganized jumble of letters and numbers. Working with the spec can be frustrating if you do not understand the meaning of all of these CODES.

Our presentation attempts to explain the system used. Once understood, using the spec becomes easier and more meaningful



4 CA 720 A25 B35 EA14 F19 G21

Grade

 

Class

 

Tensile Strength

4 CA 720 A25 B35 …
Type Suffix RequirementsHardness

Presenter
Rubber specifications are referenced by a “Callout”. There is a definite structure to the callout. Each bit has a different meaning, but many share similar properties.

There is always a core group of numbers and letters: First is the Grade, followed by the Type & Class, and then comes the Hardness & Tensile Strength. These first groups are actually all that is necessary to specify a rubber material.

Most often, the product designer will require additional properties for their application. When this is the case any number of suffix requirements may be added to call for these special requirements.



M 6 HK 710 A1-10 A1-11 B31 B38 EO88

SI (Indicates MPa

 

Tensile Designation)

M 6 HK 710 A1-10 …

Presenter
While the current version of the specification uses Metric tensile units, most legacy ASTM D 2000 call-outs still use English tensile requirements (psi). When specifying MegaPascals (MPa), the SI prefix (M) is added to indicate metric tensile requirement. (SI is a French acronym for “le Systéme International d’ unites” or International System.)  

In this case, because the call out is in MPa, the tensile requirements, signified by the number 10 in 710, are nearly 50% higher in absolute values, than what the same callout would require in psi. 

PAI still references most D2000 callouts in English units, but we are in the process of converting them to Metric. 



Test Temperature
Type

 

ºC

 

ºF 
A

 

70

 

158
B

 

100

 

212
C

 

125

 

257
D

 

150

 

302
E

 

175

 

347
F

 

200

 

392
G

 

225

 

437
H

 

250

 

482
J

 

275

 

527

Basic Requirements for Establishing Type by TemperatureBasic Requirements for Establishing Type by Temperature

4 CA 720 A25 B35 …

Presenter
Type is based on changes in tensile strength of not more than +/-30%, elongation loss of not more than –50%, and a hardness change of not more than +/- 15 points after heat aging for 70 hours at the temperature specified for that Type.

The test temperatures are shown for each Type.



Basic Requirements for Establishing Class by Volume SwellBasic Requirements for Establishing Class by Volume Swell

Class

 

Volume Swell, max % 
A

 

No requirement
B

 

140
C

 

120
D

 

100
E 80
F 60
G 40
H 30
J 20
K 10

4 CA 720 A25 B35 …

Presenter
Class is based on the resistance of the material to swelling in ASTM Oil No, 3 after 70 hours of immersion at the temperature specified by the Type. (The maximum test temperature used is 150º C due to the upper stability limit of the oil). Maximum limits for volume swell are displayed.

Please Note: ASTM Oil No. 3 is no longer commercially available. IRM 903 Oil has replaced Oil No. 3 per D 5964, but we sometimes to refer to ASTM Oil No. 3 for continuity.



Polymers Most Often Used In Meeting Material RequirementsPolymers Most Often Used In Meeting Material Requirements

Presenter
Polymers fall into general groups based on their resistance to heat and oil. Relative temperature is shown on the X (vertical) axis, with volume swell on the Y (horizontal) one. This chart shows roughly where each polymer family is positioned.



While a good approximation, special formulations will produce materials which work in areas not indicated.



Hardness is indicated by a single digit which Hardness is indicated by a single digit which 
corresponds to the Durometercorresponds to the Durometer

4 CA 720 A25 B35 …

The specification recognizes Duro in multiples of 10 only 
unless called out specifically

Duro Duro
2 20 6 60
3 30 7 70
4 40 8 80
5 50 9 90

Presenter
Hardness is specified by Type A durometer in multiples of 10. The tolerance for durometer is +/- 5 points. 

Non-standard durometers may be called out by using a Z suffix. For example you could call out 75 durometer, or a tolerance of +/- 3, using a Z call out-out. (More on call-outs later.)



Tensile is indicated by two digits that specify Tensile is indicated by two digits that specify 
minimum strength at break in psi or minimum strength at break in psi or MPaMPa

4 CA 720 A25 B35 …
MPa

 
Designation MPa psi

psi 
Designation psi

03 3 435 04 400
06 6 870 09 900
07 7 1015 10 1000
08 8 1160 12 1200
10 10 1450 15 1500
12 12 1740 17 1700
14 14 2031 20 2000
17 17 2466 25 2500
21 21 3046 30 3000
24 24 3481 35 3500
28 28 4061 41 4100

Presenter
The minimum allowable Tensile Strength at break is specified in psi or Mpa. To indicate Mpa, the SI indicator “M” must precede the call-out. As indicated earlier, the difference between 10 MPa and 10 psi is about 150%, so care must be taken to note the presence of, or lack of the Si indicator.



GradeGrade
 

NumbersNumbers

•
 

Grade Numbers are added to specify 
deviation from, or additions to the basic 
requirements.

•
 

Only “Available”
 

Grade Numbers may be 
specified for each Material, Tensile & 
Hardness

4 CA 720 A25 B35 …

Presenter
A Grade number from 1 thru 9 is included in each call-out. The Material Table should be consulted to find the Available Grades and their requirements.	



Suffix RequirementsSuffix Requirements

4 CA 720 A25 B35 …
Suffix Requirements

•
 

Suffixes may be added to indicate additional  
requirements

•
 

Each suffix indicates a test method
 

that is consistent 
for all materials

•
 

The allowable
 

result
 

for these tests vary by Type, 
Class, and Grade

Presenter
Suffix requirements are not necessary, but each call out may specify suffixes to indicate additional design requirements,

The test parameters are always the same for each letter-number combination, but the allowable results vary by Type, Class and Grade.



Material Table
MM
AA
TT
EE
RR
II
AA
LL

TT
AA

 BB
LL
EE

Presenter
The Material Table is the heart of D2000. The available callouts for each Type & Class are listed in the Material Tables in the specification.

There are currently 24 Type/Class combinations - AA through KK. Each has its own Material Table in book 9.2. The one shown here is for BA materials. Notice that it is broken into two sections. Basic requirements (on the top) and suffix requirements (on the bottom).



Material Table Material Table --
 

Basic RequirementsBasic Requirements

Presenter
The first part of the table is concerned with the Basic Requirements. Please note that this is the same table as shown on the previous slide - we are showing listings only through some of the 70 durometer listings, but the table does go through 90 duro.

Columns 1-3: There are lines for various Durometer/Tensile combinations. Notice that some durometers have more available tensile combinations.

Column 4: Notice that the Elongation requirement varies by line.  

Column 5: Heat aging tests (column 5) are performed at 100°C as defined earlier in type. The allowable percentage of change to Tensile and Ultimate Elongation, plus the Hardness tolerance are the same for each type (B in this case), only the test temperature varies.

Column 6: In this case (Class A), there are no requirements for Oil Immersion, but all other Classes will have requirements – the higher the letter, the less volume swell allowed.

Column 7: The Compression set test temperature and allowable value vary by Type and Class.

Column 8: Grade Numbers for each durometer/tensile combination are shown.  Not all Grades are available for each call-out This is an area on which there is much confusion. We frequently get prints with Grades that are not available for the Type & Class specified. We will describe why this maters in later slides.



Material TableMaterial Table
 Suffix RequirementsSuffix Requirements

Presenter
The suffix requirements show which tests are available for the Type and Class, as well as the allowable values for each test. 

Column 1: Lists the tests that are available for this Type and Class. 

The letter indicates the kind of test (Heat Resistance, Compression Set, etc). The first number indicates the test method, including time. The second number, if used, specifies the test temperature.

Note that of at least 13 different valid Heat Resistance tests, only A14 is available. Of the 15 possible Compression Set tests, only B13 is available.

Column 2: Shows a description of the test and the properties measured,

Column 3: Suffixes are not allowed for materials in Grade 1.

Columns 4-10: Contain the maximum allowable values for the properties in the available grades. Please note that not all Suffixes are available for each Grade and that values may vary by Grade.



Suffix Letter

 
Test Required

A

 
Heat Resistance

B

 
Compression Set

C

 
Ozone or Weather Resistance

D

 
Compression-Deflection Resistance

EA

 
Fluid Resistance (Aqueous)

EF

 
Fluid Resistance (Fuels)

EO

 
Fluid Resistance (Oils & Lubes)

F

 
Low-Temperature Resistance

G

 
Tear Resistance

Suffix LettersSuffix Letters
 

(Part 1)

4 CA 720 A25 B35 …

Presenter
This slide and the next one show the Types of test associated with each Letter. Seal users will be most concerned with the tests on this page.



Suffix LettersSuffix Letters
 

(Part 2)

Suffix Letter

 
Test Required

H

 
Flex Resistance

J

 
Abrasion Resistance

K

 
Adhesion

M

 
Flammability Resistance

N

 
Impact Resistance

P

 
Staining Resistance

R

 
Resilience

Z

 
Any special requirement, which
will be specified in detail

Presenter
Z Suffixes may be added to indicate any special requirement by the user. The exact requirements must be specified in detail, including test methods. 

Examples of Z suffixes are color, durometer, plus any type of physical test and its desired result that is not included in the Type, Class and Grade. 



Test MethodsTest Methods

A
Heat 

Resistance

B
Compression 

Set

Presenter
For those of you not familiar with rubber testing methods, this slide and the next two show various test devices.

On the left we see an oven. Samples are measured prior to heat aging and tested after a specified period at elevated temperature.

Compression Set is often done in an oven too. Measured samples are compressed (typically 25%) and held at that compression for a specified period. After a short relaxation period they are measured again to see how much set they have taken.

Please note that depending on the type of test, the same samples may be measured before and after. In the case of destructive testing, duplicate samples are prepared. 



EA, EF, EO
 Fluid

Resistance

Test MethodsTest Methods

Low
Temperature
Resistance

F

Presenter
The methods on the left are both fluid aging. We can test at elevated temperatures, or at room temp. Different types of samples are soaked depending on the property being tested.

The device on the right is used to test for Brittle Point. Samples are struck at ever lowering temperatures until at east one of 5 specimens breaks.



Test MethodsTest Methods
--

 
Change Change --

Tensile &
Elongation

Volume

Presenter
The devices on this page are used to check for changes in physical properties after accelerated aging.



Suffix Numbers Suffix Numbers ––
 

11stst

 
NumberNumber

The first number defines a specific test and duration 
dependant on the Suffix Letter and the Grade designated.

The example below is for Suffix Letter A –
 

Heat Resistance

4 CA 720 A25 B35 …

D 573
168 hrs

D 865
70 hrs

D 865
168 hrs

D 573
70 hrs

Suffix A
Heat
Resistance

4321Grade 5 6

D 573
1000 hrs

D 865
1000 hrs

Presenter
Each Suffix has two numbers. The first number refers to an ASTM test method and duration. Note that two different ASTM test methods are used for different suffixes on the same Type and Class, as well as 3 durations.

-  D 570 is open Air Aging, while D 865 is a Test Tube Method -



Each number specifies the test temperature dependant 
on the Suffix Letter designated.

Suffix Numbers Suffix Numbers ––
 

2nd Number2nd Number

4 CA 720 A25 B35 …

No 0 1 2 3 4 5 6 7 8 9 10 11

ºC * 23 38 70 100 125 150 175 200 225 250 275

ºF * 70 100 158 212 257 302 347 392 437 482 527

* Ambient Temperature in case of outdoor testing

Temperatures applicable to Suffix Designations A, B, C, EA, EF, EO, G, & K

Presenter
Test Temperature is indicated by the second digit. Temperature is not applicable to all Suffix letters. Temperatures on this page are only for the Suffix Letters indicated.



Suffix Numbers Suffix Numbers ––
 

2nd Number2nd Number
Continued

No 1 2 3 4 5 6 7 8 9 10 11 12

ºC 23 0 -10 -18 -25 -35 -40 -50 -55 -65 -75 -80

ºF 70 32 14 0 -13 -31 -40 -58 -67 -85 -103 -112

Temperatures applicable to Suffix Designation F

4 CA 720 A25 B35 …
 

F19

Presenter
Suffix Letter F indicates low temperature testing; therefore the temperatures for this Suffix are much lower.



A Suffix without a Type, Class, & GradeA Suffix without a Type, Class, & Grade
is only Test is only Test ––

 
Not  a ResultNot  a Result

A19 always equals

Heat Resistance 

Test Method D573

70 hours at 225°C

Suffix DesignationsSuffix Designations

Presenter
We would like to stress that all complete suffixes describe a specific test and its parameters. Type, Class and Grade are what determine the acceptable results. 



Suffix Requirements may Vary by GradeSuffix Requirements may Vary by Grade

Presenter
Another area to be particular about is that required results vary by Grade within a Type and Class. In the FE Material Table shown, you will note that no two results are the same for test A19. Test EO36 shows no results for Grade 2, and F19 shows none for Grade 5. This is the reason why engineers can not freely mix and match suffix requirements. 



4 CA 720 A25 B35 EA14 F19 G21 Z1 Z2 Z3

Z CallZ Call--OutsOuts

Z1 = EPDM Compound

Z2 = 75 Durometer

Z3 = 10% Max volume swell in 
DOT 3 Break Fluid, 
70 hrs @ 125°C

Presenter
Any special requirement not included in the specification, or not included in the Type, Class, or Grade may be referenced using the letter Z at the end of the call out. As many numbers as needed may be used. The three displayed here are for the polymer, durometer and fluid résistance, but color or any other special requirement may be listed. An exact description of the requirement must be included on the print, or in a material specification if used.



4 CA 720 A25 B35 EA14 F19 G21

Grade

 

Class

 

Tensile Strength

4
 

CA 720 A25 B35 …
Type Suffix RequirementsHardness

ReviewReview

Presenter
New ASTM D2000 specifications always start out with the Type & Class, which indicate high temperature performance and resistance to IRM 903 Oil.



4 CA 720 A25 B35 EA14 F19 G21

Grade

 

Class

 

Tensile Strength

4 CA
 

720 A25 B35
 

…
Type Suffix RequirementsHardness

ReviewReview

Si

(M)

Presenter
Hardness and Tensile strength are next. The M, or Si indicator is used to show Tensile in MPa rather than psi.



4 CA 720 A25 B35 EA14 F19 G21

Grade

 

Class

 

Tensile Strength

4
 

CA 720
 

A25 B35 …
Type Suffix RequirementsHardness

ReviewReview

Presenter
Suffixes are added to indicate additional requirements, but are only valid for Grade numbers that include those test parameters.

Z suffixes may be added to call-out any other requirements, but must be specified in detail, including test parameters and results.



Product Data SheetsProduct Data Sheets

PAI & most other rubber companies report 
these same test methods on their test reports

Presenter
Most rubber manufacturers use these test methods for reporting physical properties testing and will report the results on some type of test form.



Presenter
This is an example of Precision Associates’ standard Product Data Sheet. Only part of one of four pages is shown. Note the 3 ASTM D2000 Callouts displayed. All of the tests shown below were performed using ASTM methodology.



M 4 BG 821 B14 EO14 F19
4 BG 820 B14 EO14 F19
4 BG 830 B14 EO14
4 BG 830

For compounds that meet many Callouts,For compounds that meet many Callouts,
we may not be able to list all of the possible combinationswe may not be able to list all of the possible combinations

Other ConsiderationsOther Considerations

4 BG 830 B14 EO14 F19
will also cover

Presenter
PAI lists callouts on our data sheets in English (psi), at the highest applicable Tensile Strength, and all qualifying suffixes. The result is that an ASTM call out on a data sheet may not look like it meets your call out, when in fact it does,

Some Examples 

The first call out is comparable to the example except it is noted in MPa instead of psi.

The second callout requires 2000psi Tensile. Since Grade number 4 is valid for 4 BG 830 and 4 BG 820, and the Tensile value exceeds 2000, an item meeting 4 BG 830 will always qualify for 4 BG 820.

For items 3 and 4, the engineer need not specify any or all suffixes, so any call out that has less requirements is automatically met. 



Presenter
PAI compound 55857 is an example of a compound that meets many D2000 call outs. To list all of the possible combinations would take too much space, so we limit them to the highest tensile value.



ASTM D 2000ASTM D 2000

Thank you for viewing our presentation. If you have 
any questions or comments, please contact us at:

1-800-394-6590

or

Info@PrecisionAssoc.com

Presenter
It should be understood that this system is the best our industry has to offer to make general comparisons of compounds from various manufacturers to one another. There are often unknown variables that are difficult to quantify. Sometimes even different polymers will meet the requirements of a D2000 callout.

We realize that this is a lot to take in and a confusing array of numbers and letters to absorb, but hope you understand the ASTM D2000 specification a little better now than we started.  At a minimum you should now understand why it is necessary to get incorrect callouts modified before we certify to them.
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