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Standard Test Method for
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Elastomer Compatibility of Lubricating Greases and Fluids
This standard is issued under the fixed designation D 4289; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope * D 297 Test Methods for Rubber Products—Chemical

1.1 This test method evaluates the compatibility of lubricat- Analysis’ _
ing greases and fluids with coupons cut from standard elas- D 412 Test Methods for Vulcanized Rubber and Thermo-
tomer sheets (Practice D 3182) or, optionally, from SAE _Plastic Elastomers—Tensidn _
Specification AMS 3217/2B (NBR-L) and AMS 3217/3A (CR) D471 Test Method for Rubber Property—Effect of Lig-
sheets. Compatibility is evaluated by determining the changes uids® o
in volume and Durometer A hardness that occur when elas- D 1193 Specification for Reagent Wefter
tomer coupons are totally immersed in a lubricant sample for D 2240 Test Method for Rubber Property—Durometer

70 h at either 100 or 150°C or as required by the lubricant _Hardnes$ _ .
specification. D 3182 Practice for Rubber—Materials, Equipment, and
1.1.1 Some lubricant specifications may require different ~Procedures for Mixing Standard Compounds and Prepar-

test conditions, such as longer durations or lower or higher _ing Standard Vulcanized Sheéts _ _
temperatures. In such instances, the repeatability and reproduc-D 3183 Practice for Rubber—Preparation of Pieces for Test
ibility values stated in Section 12 do not apply, and the user and _ Purposes from Products _

supplier should agree on acceptable limits of precision. D 4175 Terminology Relating to Petroleum, Petroleum
Products, and Lubricarits

Note 1—The scope of this test method now includes the evaluation of 1 1950 Classification of and Specification for Automotive
the elastomer compatibility of both lubricating fluids and greases. Testing Service Greasés

of fluids was not included in Test Method D 4289-95 and earlier versions.
2.2 Federal Standard:

1.2 This test method can also be used as a guide to evaluaterederal Test Method Standard 791C, Method 3603.5,
the compatibility of greases with rubber products not in Swelling of Synthetic Rubbefs

standard sheet form (Practice D 3183). 2.3 U.S. Air Force Specification:
1.3 The values stated in SI and Durometer A units shall be 539 specification Bulletin for Standard Elastomer Stdcks
regarded as the standard. 2.4 SAE Standards:

1.4 This standard does not purport to address all of the aApms 3217A Standard Elastomer Stocks—Test Stabs

safety concerns, if any, associated with its use. It is the AMS 3217/2B Test Slabs, Acrylonitrile Butadiene (NBR-
responsibility of the user of this standard to establish appro- )| ow Acrylonitrile, 65-7%

priate safety and health practices and determine the applica- AmS 3217/3A Test Slabs, Chloroprene (CR)—65275
bility of regulatory limitations prior to usé€or specific warning

statements. see 8.4-8.6. Note 2—USAF Specification Bulletin 539 was specified in Test

Method D 4289 — 94 and earlier versions. This specification is obsolete
2. Referenced Documents and has been replaced by SAE Standard AMS 3217A. USAF-539 NBR-L

has been replaced by SAE AMS 3217/2B (NBR-L), which is virtually
2.1 ASTM Standards: identical. USAF-539 CR has been replaced by the similar, but not
D 217 Test Methods for Cone Penetration of Lubricating

Greasé
2 Annual Book of ASTM Standardgol 09.01.
4 Annual Book of ASTM Standardgol 11.01.
5 Annual Book of ASTM Standardgol 05.02.
1 This test method is under the jurisdiction of ASTM Committee D02 on ® Available from Standardization Documents Order Desk, Bldg. 4, Section D,
Petroleum Products and Lubricants and is the direct responsibility of Subcommitte800 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

D02.GO on Lubricating Grease. " USAF Specification Bulletin 539 is obsolete, but reproductions are available by
Current edition approved May 10, 2003. Published June 2003. Originallyrequesting RR: D02-1165 from ASTM Headquarters.

approved in 1989. Last previous edition approved in 1997 as D 4289-97. 8 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
2 Annual Book of ASTM Standardéol 05.01. Warrendale, PA 15096.

*A Summary of Changes section appears at the end of this standard.
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identical, SAE AMS 3217/3A (CR). Elastomer sheets prepared to this 3.3.2 Symbols used in the calculation of relative density

latter specification are not known or expected to provide test result§see Eq 2 in 10.2) and volume change (see Eq 3 in 10.3):
identical with those of the USAF Specification 539 counterpart.

Note 3—With respect to elastomer AMS 3217/2A, the elastomer
specification has been superseded by AMS 3217/2B. Per SAE, theRD
elastomers are identical, however, the synthetic lubricant immersion fluidp\/
used to reference the elastomer has been exchanged from ARM-200 t
AMS 3021. Reference fluid AMS 3021 better represents current marketM2
aviation fluids.

relative density,

volume change, %,

initial mass of coupon in air, g,

initial mass of coupon and hanger wire in water less
mass of hanger wire partially submerged in water, g,
final mass of coupon in air, g,

final mass of coupon and hanger wire in water less
mass of hanger wire partially submerged in water, g.

3. Terminology M3

— M4
3.1 Definitions:
3.1.1 elastomer n—a natural or synthetic polymer having
the rubber-like property of substantially recovering its size andi, Summary of Test Method
shape after removal of a deforming force.
3.1.2 hardnessn—of an elastomerthe resistance to defor-

4.1 A prepared elastomer coupon is measured for initial
: . . hardness (Durometer A), density or relative density (to ensure
mation or mdentapon. . that the coupon is within specified limits), and volume by water

3.1.2.1 D'|scu35|on—|n th!s test method the hardness of an displacement. The coupon is immersed in test grease or fluid
elastomer is measured with a Shore Durometer A (see Teghd aged for 70 h at either 100°C (for chloroprene and similar
Method D2.240)‘ - flex-resistant elastomers) or 150°C (for nitrile and similar

3.1.3 lubricant, n—any matgrlgl interposed between two heat-resistant elastomers) or at other conditions as required by
surfaces that reduces the friction or wear between then}he lubricant specification. The resulting changes in hardness

D 4175 :
I o . and volume are determined.
3.1.4 lubricating greasen—a semifluid to solid product of

a dispersion of a thickener in a liquid lubricant. 5. Significance and Use

3.1.4.1 Discussion—Thg disper.s_ion of the Fhiqkener forms a 5.1 Measurement of the changes in the volume and hardness
two-phase system and immobilizes the liquid lubricant by¢ o elastomer that occur from immersion in a lubricating

surface tension and other physical forces. Other ingredien@rease or fluid provides a means for evaluating relative

Imparting sp_eC|aI properties are oﬁ_en included. .D 217 compatibility. Much of this test method was derived from
3.1.5relative density n—the ratio of the density of a , ,cequres described in Test Method D 471 and Federal Test
material at temperaturg, to the density of water at a reference Method 791C/3603.5. In contrast to these two test methods,
temperaturgtz. . . . . which emphasize the evaluation of rubber and rubber-like
3.1.5_.1 Dlsc_ussmn—ln this test method relative density is compounds, Test Method D 4289 was developed specifically to
determined with the temperature of the elastomer and watgf, 5y ate Jubricating greases and fluids, especially those used in
being equal and W'.th'n the range f_rom 20 to 2.5 C, and _theautomotive applications, although the test method can be
temperature correction for the density of water is not appl'edapplied to lubricants used in industrial applications as well.

The dterm,relatl\./f(_a dens_lty repclja_ces the sy?onyg?qus, d;a;?]r.e- Excepting the Shore Durometer A, this test method requires no
cated termspecific gravityused in some earlier editions of this g cialized, rubber-testing equipment. Virtually all other

test method. . ) i

3.1.6 thickener n—in a lubricating grease a substance ﬁgrﬂgne:’:}b?izgn?sFl);)lljlgfatsoprieecslfled in the procedure are stock
com_posed of finely divided’particles dispersed in a liquid 55 The yolume and hardness-change values determined by
lubricant to form the product's structure. . this test method do not duplicate similar changes that occur in

3.1.6.1Discussion-The thickener can be fibers (such as g|agtomeric seals under actual service conditions. However,
various metallic soaps) or plates or spheres (such as certajflay can pe correlated in many instances. In one such instance,
non-soap thickeners) which are insoluble or, at most, only very, o ,o1yme-change values determined by the antecedent of this

slightly soluble in the liquid lubricant. The general require- o method correlated € = 0.99) with those that occurred
ments are that the solid particles be extremely small, u”'formhﬁuring a vehicle test Because of wide variations in service

dispersed, and capable of forming a relatively stable, gel-likg,,itions and differences in grease and elastomer formula-

structure f‘.N'.th the I]LqU|d Iubrlcan_tf.' hi D'217 tions, correlations between the results obtained with this test
3.2 Definitions of Terms _SpeC| icto T s Sta_ndard: method and particular applications should be determined on an
3.2.1 coupon n—a test piece of specified dimensions CUt;dividual basis.

from standte)lrcltl falastomer sheets. D 3182 5.3 When the optional Reference Elastomers AMS 3217/2B
3.3 Sym ObS-I din th lculat t hard h acrylonitrile-butadiene, NBR-L) and AMS 3217/3A (chloro-
3.3.1 Symbols used in the calculation of hardness changfene CR) are used to evaluate compatibility, the resuilts can be

(see Eq 1in 10.1): used to judge a service characteristic of lubricants. In this

respect, this test method is useful for lubricant specifications

AH = hardness change, Durometer A units,
H, = initial hardness, Durometer A units, - , o ) )
Hf = final hardness. Durometer A units °Verdura, T. M., “Evaluating Compatibility of Greases with Elastomeric Seals,”

NLGI Spokesmanvol 42, 1978, pp. 20-29.
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(for example, Specification D 4950). Similarly, this test method

can be used in specifications for lubricating fluids as well. M i
5.4 With specifications requiring elastomers other than Ref- SAMPLE
erence Elastomers AMS 3217/2B or AMS 3217/3A, coupons BEAKER \

cut from standard sheets (Practice D 3182) should be used.
When the preparation of such coupons is not feasible, or the

lubricant specification requires the use of rubber products that COUPON
. . . . . . \ SUSPENSION
do not have a suitable size or configuration for use in preparing WIRE
coupons for testing (Practice D 3183), this test method can be
used as a guide for evaluating compatibility. 1
Note 4—Inasmuch as the precision values apply only to the elastomers FIG. 1 Coupon Suspension Wire for Fluid Samples

specified in Annex Al of Test Method D 4289, when a lubricant
specification requires some other elastomer, the user and supplier of the
lubricant should agree to the values of acceptable precision. Such values
may or may not be the same as those of Test Method D 4289. It is

EDGE TO BE KNIFE SHARP

recqmmendeq t_hat_the agreed upon precision values be stated in the user’s 0 x 450 150 500

lubricant specification. CHMFR N %7 DRILL THRU
5.5 The results of this test method are most applicable to the X BIR—

use of lubricating greases and fluids in contact with elastomeric 138 40.0 0

seals, boots, O-rings, and similar products, where the physical MN b B

demands on the elastomer are not extreme. In critical applica- L

tions where the lubricant will be in contact with rubber parts —

subject to severe flexing, extreme temperatures, or similar L_i*w

stresses, other rubber properties, such as tensile strength and — 40—

elongation, should also be evaluated as they may be more
indicative of the true compatibility characteristics.

4140 STEEL DIMENSIONS IN mm
HARDEN Rc 40-44 TOLERANCE = +03
6. Interferences
6.1 (Warning—Although greases and elastomers typically FIG. 2 Coupon Cutting Die (Optional)

have long shelf lives, there is potential for change in time.

Therefore, in order to ensure acceptable precision in this test

method, neither test greases nor test elastomers should be more; 3 Analytical Balancehaving a sensitivity of at least 1 mg,

than approximately one year old.) equipped with a suspension hook and a platform to locate a
6.1.1 Before testing with reference elastomers stored fOﬁydrostatic-Weighing beaker above the balance pan.

extended periods (approaching one year or more) Or in an 7 4 yanger Wire stainless steel, about 0.5-mm diameter

adverse environment (high ambient temperatures, solvent V‘F(‘No. 25 U.S. Steel Wire Gage or Imperial Wire Gage) of

porsf, and so fg;‘t?‘, the glastomters ?l_h%lljldAkiel checked f%ruitable length, having a fish-hook configuration, that is, with

coniormance wi € requirements in 1able AL.L. a suitably sized eye at one end and a hook configuration
Note 5—Experience has shown that storage conditions can affect thé@pproximately 8-mm gape) at the other.

shelf life of the reference elastomers. Shelf life can be extended by storing 7.5 Coupon Suspension Wijrstainless steel, about 0.71 to

elastomers in the dark in an inert atmosphere (such as a glass or metal, fyit;>_\m diameter (No. 22 U.S. Steel Wire Gage or Imperial

not plastic, container, for example, vacuum desiccator, in which the air hag, . . . .
been replaced by nonreactive gas (such as argon or nitrogen) at refrigear?jl\-lIre Gage), configured as shown in Fig. 1, to suspend the

tor temperatures. Elastomers should not be stored at temperatures lowePUPon below the surface of a fluid sample.
than 5°C because of crystallinity and solubility changes that can affect test 7.6 Laboratory Ovencirculating-air type, capable of main-

performance. Neither should they be stored at reduced pressures or fgining the test temperature within2.5°C and equipped with
permeable containers or wrappers which could allow them to be aﬁectegne or more grill-type, wire shelves.

by the normal atmosphere.
7.7 Shore Durometer A stand-mounted type (see Test
7. Apparatus Method D 2240).

7.1 Sample Beakerheat-resistant glass, Griffin low form, /-8 €oupon Cutting Dig optional, as shown in Fig. 2
approximately 50 mm in diameter by 70 mm deep (100-mL(récommended).
nominal capacity), having volumetric markings.

7.2 Beaker Cover disposable, aluminum foil weighing
(moisture) dish, with crimped sides and flat, smooth bottom, 8.1 Purity of Reagents-It is intended that reagent grade
about 0.1 mm thick, having bottom inside diameter approxi-chemicals be used in all tests. Unless otherwise indicated, all
mately 52 mm and a depth of approximately 14 mm, and aeagents shall conform to the specifications of the Committee
capacity of about 50 mL. on Analytical Reagents of the American Chemical Society,

8. Reagents and Materials
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where such specifications are availafl®©ther grades may be 8.6 Wetting Agent Solutignapproximately 0.5 % dioctyl
used, provided it is first ascertained that the reagent is afodium sulfosuccinate, made by a suitable dilution of concen-
sufficiently high purity to permit its use without lessening the trated solution with reagent wat&r(Warning—Eye irritant.
accuracy of the determination. 8.7 Cheesecloth or Gauze PatiO0 % cotton.

8.2 Purity of Water—References to water shall be under- 8.8 Blotting Paper flat, smooth, absorbent filter paper.
stood to mean distilled or deionized reagent water conforming 8.9 Protective Gloves
to the requirements of Specification D 1193, Type III.

8.3 Reference ElastomersOptional, sheets, SAE Aero- 9. Procedure
space Material Specifications AMS 3217/2B (acrylonitrile- 9.1 Cut elastomer coupons from standard, 2-mm thick,
butadiene, NBR-L) and AMS 3217/3A (polychloroprene, CR).vulcanized sheets (Practice D 3182) or, optionally, from AMS

Note 6—Contact ASTM International for information regarding refer- 3217/28 or '_A‘MS _3,217,/3A shgets. Do not include any part of
ence elastomer suppliefsWhen placing purchase orders with suppliers, the thicker, identification portion of the sheet as part of the
Reference Elastomers, SAE Specification AMS 3217/2B or AMS 3217coupon. Trim off any edge flashing, if present. The coupon
3A, respectively, must be specified to ensure shipment of the propedimensions should be approximately 50 by 25 mm, 35 by 35
compound. Orders should require that each slab should be identified witmm, or, preferably, die-cut, 40-mm diameter. Coupons cut to
the specification number,_including suffix letter, anc_i date c_>f manufacturethese dimensions will maintain a consistent, elastomer-to-
ta)ggcﬁhould be accompanied by a report of normal inspection data for th%tample volume ratio.

9.1.1 When using the cutting die for coupon preparation,

8.3.1 Although the use of SAE Reference Elastomers AM$ack up the elastomer slab with a suitable surface, such as a
3217/2B and AMS 3217/3A is optional in the operation of thisplastic (preferred) or hardwood kitchen cutting board. Strike
test method, when used, they must conform to the requirementge die with a hammer or, preferably, use an arbor press to cut
of SAE Specifications AMS 3217A, AMS 3217/2B, and AMS out the coupon. The die should not be turned in a drill press as
3217/3A, which describes their composition, preparation, anghis can cause heat distress on the cut edges of the coupon.
properties. The physical properties used for inspection of theserom time to time, inspect the cutting edge of the die and
reference elastomers are summarized in Annex Al. resharpen as required.

8.3.2 To ensure procurement of the proper compound, 9.1.2 With a leather punch or cork borer, punch arad to
purchase orders for Reference Elastomers, SAE Specificatidmm diameter hole near the edge (near the center of a short
AMS 3217/2B or AMS 3217/3A, shall specify that each edge if a rectangular coupon is used). Corners or small
reference elastomer sheet be identified with the SAE specifiradiused notches can be cut for identification; do not cut
cation numberincluding the correct suffix lettglsee 8.3 or the  \/-notches.
lubricant specification), and the date of manufacture, and that 9.2 Stack three coupons having the same configuration to
the shipment of each batch should be accompanied by a repasbtain the requisite, minimum 6-mm thickness (see Section 6
of normal inspection data for that batch (see Annex Al, forof Test Method D 2240). Using the Durometer presser foot,
example). apply sufficient force to ensure intimate contact between the

Note 7—Revisions to the parent specification, SAE AMS 3217A, andStaCked coupons "_’md that_thg stack remains flat after removal of
its collateral specifications, AMS 3217/2B (NBR-L) and AMS 3217/3A the force. Determine the initial, Shore Durometer A hardness,
(CR), are indicated by changes in the suffix letter. Lubricant specificationdd; of the elastomer coupon in accordance with Test Method
should specify the required suffix letter; which may not be the same as thdd 2240.
of the most recent version of SAE AMS 3217. Purchasers of reference 9 3 The reagent water must be freshly boiled to prepare it
elastomers should inform suppliers that reference compounds must g hyqrostatic weighings. Pour a sufficient amount of reagent
exac_tl_y as specified and that substitutions are not allowed even if the SA\I;vater into a clean, heat-resistant, glass beaker (600 mL or
specification has been updated. o - .

larger) and boil vigorously for approximately 5 min; cover the
8.4 n-Heptane reagent grade.Warning—Flammable. peaker with a clean watchglass, and cool to 20 to 25°C.

Health hazard.) . 9.4 Weigh the hanger wire both in air and partially sub-
8.5 Methanol (Absolute) reagent grade.Warning—  merged (10 to 15 mm) in the prepared reagent water. The entire
Flammable. Health hazard.) hook portion of the hanger wire is to be completely submerged.

Record the immersion depth, as well as both mass determina-
tions, for later reference. For these and all subsequent weigh-
ings, the mass determinations are to be to the nearest milli-

10 . ) ) ) e .
Reagent Chemicals, American Chemical Society Specificatiomerican gram, at least.

Chemical Society, Washington, DC. For suggestions on the testing of reagents n
listed by the American Chemical Society, #egalar Standards for Laboratory U.K.
Chemicals BDH Ltd., Poole, Dorset, and thenited States Pharmacopeia and
National Formulary U.S. Pharmacopeial Convention, Inc. (USPC), Rockville, MD.
! Supporting data have been filed at ASTM International Headquarters and ma}/
be obtained by requesting Research Report RR: D02-1166. €

12 preparation of the wetting agent solution from the solid reagent is not

commended. Concentrated solutions of dioctyl sodium sulfosuccinate are avail-
able from suppliers of laboratory chemicals as Laboratory Aerosol or Aerosol OT

(registered trademark of American Cyanamid Co.).
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Note 8—Marking the water level on the outside of the beaker can berequirements given in Table Al.1. Discard any reference
beneficial in attaining the same immersion depth for the determination og|astomer coupons that do not meet the requirements shown in
M2 and M4 (see 9.6.5 and 9.21, respectively). Table A1.1.

9.5 Wipe the coupon witlm-heptane-wetted cheesecloth to 9.9 Lubricant samples should be homogeneous. Thoroughly
remove any mold-release compound that may be present on thax fluid samples having potential for additive separation. Stir
surface. Gently blow dry with nitrogen or clean, dry, pressur-grease samples if separated oil is present.
ized air. Alternatively, blot dry with cheesecloth or filter paper. 9.10 If only grease samples are to be tested, skip to 9.12 to
Remove any adhering cloth or paper fibers. continue.

9.6 After then-heptane has evaporated completely, deter- 9.11 For Fluid Samples-Fill the beaker with the test fluid
mine the volume and relative densif§D, of the specimen by  to the 80-mL mark. Place one coupon on a coupon suspension
water displacement. wire and insert into beaker making sure coupon is completely

9.6.1 If the elastomer specification has a requirement foimmersed.
density or relative density but does not specify the test method 9.11.1 If only fluid samples are to be tested, skip to 9.13 to
for its determination, use the Hydrostatic Method described irtontinue.

Test Method D 297. If the specification has neither a density 9.12 For Grease Samp|e.5.When the physica| properties of
nor a relative density requirement, determine relative density ithe grease will allow insertion of the coupon without occluding
accordance with 9.6.2 through 9.6.7. air, fill the beaker with test grease to the 80-mL mark, then

9.6.2 Weigh the coupon in air to determilwEL.. The hanger insert the coupon in an upright position. Fill in all voids that
wire may be included in the weighing; if it is used, subtract itsmay have been created while packing the test grease and
mass in air from the combined mass to determiitie coupon into the beaker.

9.6.3 Using the hanger wire, dip the coupon successively in 9.12.1 Alternatively, distribute about 20 mL of the test
beakers of wetting agent solution and reagent water. Draigrease in the bottom of the beaker, apply a thick coating (4
momentarily after each dipping by touching the lower edge ofnm, min) of test grease on the elastomer coupon, and place the
the coupon against the rim of the beaker. coupon upright in the beaker. Pack the test grease around the

9.6.4 Suspend the hanger wire and coupon from the balan&@upon, eliminating all air pockets to ensure intimate contact
hook so that the hanger is submerged in prepared reagent watith the test coupon. Fill the beaker to the 80-mL mark with
to the same depth as in 9.4. Inspect the submerged coupon, atit test grease.
remove any adhering air bubbles. If the bubbles are difficult to 9.12.2 While packing grease into the beaker, great care must
remove, repeat 9.6.3. In uncommon instances, it may bbe taken to ensure that the coupon and test grease are in
necessary to devise a means of mechanically dislodgingntimate contact; fill in all voids and minimize occlusion of air.
adherent air bubbles. 9.13 For All Samples-Although compatibility tests are

9.6.5 Weigh the combined mass of the submerged hangdiequently run in duplicate, do not place more than one coupon
and coupon, and calculaM?2 by subtracting the mass of the into a beaker of test sample in order to maintain a consistent
hanger wire partially submerged in water to the same deptglastomer-to-sample volume ratio.

described in 9.4. 9.14 Regardless of the filling technique or nature of the
9.6.6 Dip the coupon in methanol and blot it dry with filter lubricant, the coupon shall be totally immersed in the test
paper. sample and shall not contact the beaker surfaces during the test.

9.6.7 Calculate the relative densigD, in accordance with 9.15 Cover the beaker with an inverted aluminum beaker
10.2. Discard the coupon if it does not meet the density ofOVer and press in the sides of the cover to closely conform to
relative density requirements of the elastomer specification dhe beaker.
as described in 9.7 or 9.8. 9.16 Place the beaker(s) in a suitable metal instrument tray;

9.7 If the density or relative density is not specified, conducPlace in the center of a wire shelf located in the upper third of
replicate tests or tests with multiple lubricant samples onlythe oven preheated to the test temperattr2.5°C (see 4.1).
with coupons that are within 0.010 of the mean relative density 9.16.1 Maintain the test temperature2.5°C for 70+ 0.5
to ensure satisfactory precision. Coupons outside these limits or as specified by the lubricant specification.
should be discarded. 9.16.2 Some lubricant specifications may require immersion

times other than 70 h. For times <70 h, the time tolerance shall

Note 9—Although Test Method D 4289 provides no information re- be +0.25 h. and for times >70 h. the tolerance shaltt@&5 h
garding the precision of density or relative density measurements, _— ' . . I .
operators are frequently concerned about the repeatability of their own 9-17 After the immersion period, remove the beaker from

determinations. Typically, good laboratory skills by an operator will be the oven. Remove (and later discard) the beaker cover. Remove
confirmed by a coefficient of variation (CV) of less than 0.05 % for a the coupon with forceps, place it in the beaker cover to cool to
series of values obtained with one batch of elastomer. If the CV issoom temperature.

significantly greater than 0.1 %, the operator should improve his tech-

nique. Note 10—Certain combinations of sample and elastomer can form

. malodorous reaction compounds in this test method. Although unpleasant,
9.8 When using SAE Reference Elastomers AMS 32:|-7/2E§uch compounds are not believed to be hazardous. Nonetheless, it is

or AMS 3217/3A (NBR-L or CR, respectively), the coupons recommended that the uncovering of beakers and the removal and
must conform to the density (Test Method D 297) and othekleaning of coupons be conducted in a fume hood.
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9.18 Remove the bulk of the sample adhering to the coupononducted in accordance with the design-of-experimerits.
with the dull, side edge of a spatula. Wipe the coupon with dryAll tests were run in duplicate. The total range of results were
cheesecloth followed by cleaning the coupon of residua(l) from 0.0 to 49.6 % volume change, art) rom —20 to +1
sample with cheesecloth liberally wetted witkheptane; pay Durometer A points.
particular attention to removing sample from the hanger hole, 12.2 The precision of the changes in volume and hardness
edges, and any notches. Blow dry the coupon with nitrogen oas determined by this test method were obtained according to
clean, dry, compressed (unheated) air, or blot it dry with filterguidelines currently accepted by Committee D02 (Computer
paper. program:D2PP, Calculation of Precision Data: Petroleum Test

9.19 Measure the final hardnebg, in the manner described Method$.'* Hardness-change precision values have been
in 9.2, and calculate the hardness charyé, as described in  rounded to nearest 0.5 points.

1oélé0 If el in duoli h Note 12—For D 4289-94 and earlier versions, the precision was
: elastomer coupons were run in duplicate tests, t alculated according to RR: D02-10867When D02 Precision Program

two coupons should be stacked on a third, but untested, cOUPQB2pPP) was released, precision values were recalculated (from the
of like geometry in order to obtain the required thickness fororiginal test results) because D2PP results in the rejection of fewer data
Durometer measurements (see 9,2), If only one coupon waglues. Test Method D 4289-95 includes precision calculated with the
tested, it should be stacked on two untested coupons. (D2PP). When SAE Reference Elastomers AMS 3217/2B and AMS

5,21 Deferminav andi by weighing the coupon i ar_ 321734 e adpted e pecsin v detemies i 027 fom
?nd n 'freshly prepargd I’eagent' water (9.3) at the SaMGues are part of the current test method. Details of the test programs, test
immersion depth noted in 9.4 and in the same manner used {5 and statistical calculations from the earlier version, as well as the
determineM1 andM2 (9.6.2 through 9.6.7). current version, are filed at ASTM Headquart&rs.

9.22 Calculate the volume changde/, as described in 10.3. 15 3 110 precision of the mean changes in volume and

10. Calculations Durometer A values as determined by statistical examination of
the results of an interlaboratory test program is as follows:
10.1 Calculate the hardness change as follows: 12.3.1 Repeatability-The difference between successive
AH =H;— H (1)  results obtained by the same operator with the same apparatus
Note 11—A negativeAH value indicates that the coupon softened UNder constant operating conditions on identical test material
during the test; conversely, a positive value indicates that it hardened. Would, in the long run, in the normal and correct operation of
10.2 Calculate the relative density as follows: this test method, exceed the following values in only one case

in twenty.
RD = M1/(M1 — M2) @ 12.3.1.1Reference Elastomer AMS 3217/2B (NBR-L) at
10.3 Calculate the volume change as follows: 150°C
(M3 — M4) — (M1 — M2) Repeatability of volume change: '
AV = ML= VD) X 100 ®3) B 0.84 percentage points
Repeatability of hardness change:
11. Report 1.5 Durometer A units

11.1 Report the following information for each compatibil- 12312 R_eference Elastomer AMS 3217/3A (CR) at 100°C
ity test: Repeatability of volume change:

11.1.1 Date of test. Repeatabili flﬁ“ldpeme”;age points
11.1.2 Sample identity. epeatability of hardness change.

. P : 1.5 Durometer A units
11.1.3 Elastomer identity (including date of manufacture or e .
batch number, or both), initial Durometer-A hardness, and.12'3'2 Reproducibility (R)-The difference between two

initial density or relative density. \‘j’\;nﬁl?nani?] 'ré?f? prer'l?elntbr?s;ﬂtr? obtar:n(ieéj gz dl;‘f?re?trﬁp?rﬁtcl)rs
11.1.4 Test temperature and duration. orking erent favboratones o enticat test materia

11.1.5 Hardness change to the nearest whole Durometer WOUld’ in the long run, exceed the following values in only one

unit, including the plus or minus sign. If replicate tests were®2>¢ in twenty.

un. report e e oo o e 12.3.2.1Reference Elastomer AMS 3217/2B (NBR-L) at
11.1.6 Volume change, percent, to one decimal place fo?’ﬁg Cr ducibility of volume change:

values >10 and to two decimal places for values <10. If eproducibiity of volume change-

replicate tests were run, report individual values as well as the o 3.45 percentage po!nts
mean. Reproducibility of hardness change:

11.5 Durometer A units
12. Precision and Bias 12.3.2.2 Reference Elastomer AMS 3217/3A (CR) at 100°C
Reproducibility of volume change:

12.1 Precision—Six cooperators tested six greases and three 9.87 percentage points

oils with two reference elastomers in a cooperative program

13 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1007.
4 Available from ASTM International.
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Reproducibility of hardness change: Note 14—A summary of round-robin results obtained with reference
4.5 Durometer A units lubricants and reference elastomers is provided for information purposes
in Appendix X1.
Note 13—The precision of this test method was determined with data
obtained by six laboratories. Six greases and three fluids, covering a wide 12.5 Bias—The evaluation of compatibility of lubricating
range of characteristics, were tested for compatibility with SAE Referencgyreases and fluids with elastomers by this test method has no
Elastomers AMS 3217/2B (NBR-L) and AMS 3217/3A (CR). With AMS  pias pecause the values for volume change and hardness

3217/2B (NBR-L) at 150°C, the volume change results obtained with the - .
nine samples ranged from about 0 to 25 %, and the hardness chan Qange can be defined only in terms of the test method.

results ranged from —20 to +1 Durometer A units. With AMS 3217/3A
(CR) at 100°C, the volume change results ranged from about 4 to 50 %.3. Keywords

and the range of hardness change was from —22 to -4 Durometer A units. I . . .
9 g 13.1 compatibility; density; elastomer; fluid; grease; immer-

12.4 The precision values apply only to SAE Referenceion- |upricant; lubricating grease; relative; rubber; seal(s)
Elastomers, AMS 3217/2B (NBR-L) and AMS 3217/3A (CR).

The precision is expected, but not known, to be similar when
other elastomers are used.

ANNEX
(Mandatory Information)

Al. PHYSICAL PROPERTY DATA FOR REFERENCE ELASTOMERS

Al.1 Table Al.1 lists the physical properties of SAE
reference elastomers.

TABLE Al.1 Physical Properties of SAE Reference Elastomers A

Property Test Method AMS 3217/2B (NBR-L) AMS 3217/3A (CR)
Density, g/cm? D 2978 1.190 + 0.010 1.435 = 0.010
Durometer A D 2240 70 £ 5 70+ 5
Elongation, % D 412 275 min 275 min
Tensile strength, MPa (psi) D 412 19.3 (2800) min 20.7 (3000) min
Volume change, % D 471 +72 to + 80¢ + 14 to + 22P°

A The use of these reference elastomers is optional. However, when they are used, conformance to SAE Specification AMS 3217 is mandatory. The physical properties
given in this table are provided here for inspection purposes. These data cover only part of SAE Specification AMS 3217.

B Hydrostatic method.

€ Total immersion in reference fluid SAE AMS-3021 for 70 + 0.5 h, at 70 + 3°C.

P Total immersion in reference fluid Chevron M2V for 70 = 0.5 h, at 120 *+ 3°C.

APPENDIX
(Nonmandatory Information)

X1. ELASTOMER COMPATIBILITY DATA WITH REFERENCE LUBRICANTS

X1.1 Table X1.1 summarizes the elastomer compatibility
test results obtained in cooperative testing.
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TABLE X1.1 Elastomer Compatibility Test Results

95 % Confidence Limits

Reference Elastomer Temperature, °C Mean” Value For Population For Sample
Lower Upper Lower Upper
Volume Change with NLGI Reference Grease A, Batch 6
AMS 3216/2A (NBR-L) 150 22.3 21.5 23.0 215 23.1
AMS 3217/3A (CR) 100 45.7 43.7 47.6 43.6 47.7
Hardness Change with NLGI Reference Grease A, Batch 6
AMS 3216/2A (NBR-L) 150 -12.8 -14.8 -10.8 -14.9 -10.7
AMS 3217/3A (CR) 100 -18.6 -19.5 -17.6 -19.6 -17.6
Volume Change with IRM—902
AMS 3216/2A (NBR-L) 150 19.0 18.4 19.5 18.4 19.6
AMS 3217/3A (CR) 100 38.4 36.3 40.4 36.2 40.5
Hardness Change with IRM—902
AMS 3216/2A (NBR-L) 150 -10.7 -11.8 -9.6 -11.8 -9.5
AMS 3217/3A (CR) 100 -13.8 -14.3 -13.2 -14.3 -13.2

A Value units: volume change, percent; and hardness change, Durometer A units.

SUMMARY OF CHANGES

Subcommittee D02.GO has identified the location of selected changes to this standard since the last issue
(D 4289-97) that may impact the use of this standard.

(1) Updated 2.4 to reflect the change in SAE elastomel2) Updated AMS 3217/2A to AMS 3217/2B throughout the
designation from AMS 3217/2A to AMS 3217/2B. text and tables.
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