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INTERNATIONAL

Standard Practice for
Evaluating Compatibility of Binary Mixtures of Lubricating
Greases*

This standard is issued under the fixed designation D 6185; 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 epsilone] indicates an editorial change since the last revision or reapproval.

e Note—Warning notes were placed in the text editorially in May 2002.

1. Scope D 217 Test Methods for Cone Penetration of Lubricating

1.1 This practice covers a protocol for evaluating the _ Greasé _ _ o
compatibility of one or three binary mixtures of lubricating D 566 Test Method for Dropping Point of Lubricating
greases by comparing their properties or performance relative Greasé _ o
to those of the neat greases comprising the mixture. D 972 Test Method for Evaporation Loss of Lubricating

1.2 Three properties are evaluated in a primary testing _Greases and Ofts . _
protocol using standard test methods$) @ropping point by D 1092 Test Method for Measuring Apparent Viscosity of
Test Method D566 (or Test Method D 2265)2)(shear Lubricating Greasés ' .
stability by Test Methods D217, 100 000-stroke worked D 1263 Test Method for Leakage Tendencies of Automotive

penetration; and3) storage stability at elevated-temperature by ~_ \Wheel Bearing Greasés .

change in 60-stroke penetration (Test Method D 217). For D 1264 Test Method for Determining Water Washout Char-
compatible mixtures (those passing all primary testing), a _acteristics of Lubricating Greases . o
secondary (nonmandatory) testing scheme is suggested whenP 1403 Test _Method for Cone Penetration of Lubricating
circumstances indicate the need for additional testing. Grease Using One-Quarter and One-Half Scale Cone

1.3 Sequential or concurrent testing is continued until the Equipment
first failure. If any mixture fails any of the primary tests, the D 1478 Test Method for Low-Temperature Torque of Ball
greases are incompatible. If all mixtures pass the three primary _Bearing Greasés _ _ o
tests, the greases are considered compatible. D 1742 Test Method for Oil Separation from Lubricating

1.4 This practice applies only to lubricating greases having _ Grease During Storage o _ _
characteristics suitable for evaluation by the suggested test P 1743 Test Method for Determining Corrosion Preventive
methods. If the scope of a specific test method limits testing to _Properties of Lubricating Greases o
those greases within a specified range of properties, greasesP 1831 Test Method for Roll Stability of Lubricating
outside that range cannot be tested for compatibility by that test _Greasé . _ o
method. An exception to this would be when the tested D 2265 Test Method for Dropping Point of Lubricating

property of the neat, constituent greases is within the specified _Grease Over Wide Temperature Rahge o
range, but the tested property of a mixture is outside the range D 2266 Test Method for Wear Preventive Characteristics of

because of incompatibility. Lubricating Grease (Four-Ball Methad)
1.5 This practice does not purport to cover all test methods D 2509 Test Method for Measurement of Load-Carrying
that could be employed. Capacity of Lubricating Greases (Timken Methdd)

1.6 This standard does not purport to address all the safety D 2595 Test Method for Evaporation Loss of Lubricating
concerns, if any, associated with its use. It is the responsibility _ Greases over WideTemperature Rahge
of the user of this standard to establish appropriate safety and D 2596 Test Method for Measurement of Extreme-Pressure

practices and determine the applicability of regulatory limita- _ Properties of Lubricating Grease (Four-Ball Mettiod)
tions prior to useFor specific safety information, see 7.2.3. D 3336 Test Method for Life of Lubricating Greases in Ball

Bearings at Elevated Temperatutes
2. Referenced Documents D 3337 Test Method for Determining Life and Torque of
2.1 ASTM Standards: Lubricating Greases in Small Ball Bearirfgs
D 3527 Test Method for Life Performance of Automotive

1 This practice is under the jurisdiction of ASTM Committee D02 on Petroleum Wheel Bearmg Grease

Products and Lubricants and is the direct responsibility of Subcommittee D02.Gom——————

Lubricating Grease. 2 Annual Book of ASTM Standardéggl 05.01.
Current edition approved Nov. 10, 1997. Published January 1998. 2 Annual Book of ASTM Standardgyl 05.02.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 4049 Test Method for Determining the Resistance ofnon-stop thickeners) which are insoluble or, at most, only very
Lubricating Grease to Water Spfay slightly soluble in the liquid lubricant. The general require-
D 4170 Test Method for Fretting Wear Protection by Lubri- ments are that the solid particles be extremely small, uniformly
cating Grease dispersed, and capable of forming a relatively stable, gel-like

D 4175 Terminology Relating to Petroleum, Petroleumstructure with the liquid lubricant. D 217
Products, and Lubricarits 3.2 Definitions of Terms Specific to This Standard:

D 4290 Test Method for Determining the Leakage Tenden- 3.2.1 compatibility n— of lubricating greasesthe charac-
cies of Automotive Wheel Bearing Greases Under Accel+eristic of lubricating greases to be mixed together without

erated Conditior’s significant degradation of properties or performance.

D 4425 Test Method for Oil Separation from Lubricating  3.2.1.1 Discussior~When a mixture of two greases has
Grease by Centrifuging (Koppers Methdd) properties or performance significantly inferior to both of the

D 4693 Test Method for Low-Temperature Torque of neat, constituent greases, then the two greases are incompat-
Grease-Lubricated Wheel Bearifigs ible. If the properties are inferior to those of one neat grease but

D 4950 Classification and Specification for Automotive not inferior to those of the other, then such is not necessarily
Service Greasés considered an indication of incompatibility. To be considered

D 5706 Test Method for Determining Extreme Pressuresignificantly inferior, the property of the mixture would be
Properties of Lubricating Greases Using a High-Frequencyyorse than the poorer of the two neat greases by an amount
Linear-Oscillation (SRV) Test Machifie exceeding the repeatability of the test method used to evaluate

D 5707 Test Method for Measuring Friction and Wearthe property (sepassandfail). Incompatibility most often is
Properties of Lubricating Grease Using a High-Frequencymanifested by a degradation in physical properties rather than

Linear-Oscillation (SRV) Test Machifie in chemical properties, although, occurrence of the latter is not
2.2 Federal Standard: unknown.
Federal Test Method Standard 791C, Method 3467.1, Stor- 3 2 2 porderline compatibility n—of lubricating greases
age Stability of Lubricating Grease the characteristic of lubricating greases to be mixed together

with only slight degradation of properties or performance.

o 3.2.2.1 Discussion—Slight degradationmeans that the
3.1 Definitions: o properties or performance of the mixture is poorer than those of
3.1.1 bleed (bleeding)n— of lubricating greasesthe sepa-  the two neat greases but by an amount less than the repeatabil

ration of a liquid lubricant from a lubricating grease for any ity of the test method used to evaluate the property. (See

cause. _ o borderline pask
3.1.2 lubricant, n—any material interposed between two 3 5 3 primary compatibility tests—of lubricating greases,
surfaces that reduces the friction or wear between themy,se test methods employed first to evaluate compatibility
L - . D 4175 3.2.3.1 Discussior—The test methods considered the most
3.1.3 lubricating greasen—a semifluid to solid product of = gjgificant in the evaluation of grease compatibility, insofar as

a dispersion of a thickener in a liquid lubricant. they provide the most information with the least expenditure of

3.1.3.1 Discussior—The dispersion of the thickener forms a testing resources, include tests for dropping point, consistency

two-phase system and immobilizes the liquid lubricant by.,q4jly softening) after shearing conditions, and consistency
surface tension and other physical forces. Other ingredien ange after storage at elevated temperatures

imparting special properties are often included. D 217 3.2.4 secondary compatibility testsn—of lubricating

3.1.4 spatulatev—to mix or blend by spreading and folding greases,those test methods used to evaluate compatibility

with a flat thin, usually metal, tool. , when the primary compatibility tests are insufficient or incon-
3.1.5 syneresisn—of lubricating greasesthe separation of clusive

liquid lubricant from a lubricating grease due to shrinkage or 3.2.4.1 Discussion—Such tests are driven by the critical

rearrangement of the structure. features of a given application. For example, if the application
3.1.5.1 Discussior—Syneresis is a form of bleeding caused . g PP ) ‘ample, PP
; . . . SijeCtS the grease to water contamination, water washout or
by physical or chemical changes of the thickness. Separation .
water spray-off tests and, perhaps, corrosion tests would be

free oil or the formation of cracks that occur in lubricating - ! -

: . . . used for additional evaluation. Secondary compatibility tests
greases during storage in containers is most often due 10 . ) )
syneresis are suggested, but not required, by this practice.

- - S 3.2.5 pass n—in compatibility testing of grease mixtures,
3.1.6 thickener n—in a lubricating grease,a substance .
composed of finely divided particles dispersed in a quuidtest result that is equal to or better than that of the poorer of the

lubricant to form the product’s structure. two constltuen'F greases. . .
3.1.6.1 Discussion—The thickener can be fibers (such as 3-2-6 borderline passn— in compatibility testing of grease

various metallic soaps) or plates or spheres (such as certaiRixtures,a test result that is inferior to that of the poorer of the
two constituent greases by an amount not exceeding the

repeatability of the test method used for the evaluation.
+ Annual Book of ASTM Standardésl 05.03. 3..2.6.1 D|scu§S|on—BorderI|lje pass, borderhne fail, bor-
® Available from Standardization Documents Order Desk, Bldg. 4, Section D,derllne compatibleand borderline incompatibleare synony-
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. mous terms.

3. Terminology
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3.2.7 fail, n—in compatibility testing of grease mixtures, ity of grease mixtures. One is to determine whether such
test result that is inferior to that of the poorer of the twomixtures meet the same specification requirements as the
constituent greases by an amount exceeding the repeatability obnstituent components. This approach is not addressed by this

the test method used for the evaluation. practice. Instead, this practice takes a specification-

3.2.8 50:50 mixture n—a uniform blend of 50 mass % of independent approach; it describes the evaluation of compat-
each of two component greases. ibility on a relative basis using specific test methods.

3.2.9 10:90 mixture n—a uniform blend of 10 mass % of  5.2.1 Three test methods are used because fewer are not
one grease with 90 mass % of a second grease. sufficiently definitive. For example, in one study, using

3.2.10 90:10 mixture n—a uniform blend of 90 mass % of 100 000-stroke worked penetration for evaluation, 62 % of the
one grease with 10 mass % of a second grease. mixtures were judged to be compatil§lén a high-temperature

, storage stability study, covering a broader spectrum of grease

4. Summary of Practice types, only one-third of the mixtures were compatibEhese

4.1 Option 1—A 50:50 mixture of two greases to be studies used different criteria to judge compatibility.
evaluated for compatibility is prepared by spatulating. This 5.2.2 Compatibility cannot be predicted with certainty from
mixture and the two neat, constituent greases are tested usifgreknowledge of grease composition. Generally, greases hav-
the primary compatibility tests (dropping point, 100 000-strokeing the same or similar thickener types will be compatible.
worked penetration, and change in 60-stroke penetration due tdnhcommonly, even greases of the same type, although nor-
high-temperature storage). Depending on the performance ofially compatible when mixed, can be incompatible because of
the mixture, relative to those of the constituent greases, 10:9®compatible additive treatments. Thus, compatibility needs to
and 90:10 mixtures may need to be tested in addition. Alterbe judged on a case-by-case basis.
natively, Option 2 can be used. Instead of testing mixtures in 5.3 Two constituent greases are blended in specific ratios. A
sequential order, 10:90 and 90:10 mixtures are tested at t&0:50 mixture simulates a ratio that might be experienced when
same time the 50:50 mixture is evaluated. If all mixtures passne grease (Grease A) is installed in a bearing containing a
the primary compatibility tests, or if the application requirespreviously installed, different grease (Grease B), and no
the evaluation of specific properties, secondary compatibilityattempt is made to flush out Grease B with Grease A. The 10:90
tests can be employed for further evaluation. Such tests can lzéd 90:10 ratios are intended to simulate ratios that might
run concurrently, if desired. occur when attempts are made to flush out Grease B with

. Grease A.
5. Significance and Use

o, . Note 1—Some companies evaluate 25:75 and 75:25 ratio mixtures
f5.1 The f%mpatlk:jmty Of. greasesl C"?‘” be lllmli)ortant fﬁr usre]r?nstead of 10:90 and 90:10 ratio mixtures. But, the latter two ratios, which
0 . Qrease' ubricated equipment. It is we nown that t Care prescribed by this practice, are considered more representative of the

mixing of two greases can produce a substance markedlyshing practice described in 5.3.

inferior to either of its constituent materials. One or more of the ibility i ft led by th |

following can occur. A mixture of incompatible greases most,. 531 Incompatl llity Is most often revealed by the evalua-
U . - . tion of 50:50 mixtures. However, in some instances 50:50

often softens, sometimes excessively. Occasionally, it can

; o d .Mmixtures are compatible and more dilute ratios are incompat-
harden. In extreme cases, the thickener and liquid lubricant W”itae. (See Appendix X1 and Meadé.)

completely separate. Bleeding can be so severe that the mixe 5.4 Compatibility information can be used in product infor-

grease will run out of an operating bearing. Excessive syneresjs ..~ . . . -
. o . mation literature supplied with specific greases. It can be used
can occur, forming pools of liquid lubricant separated from the - S L : .
. : Iso in literature describing lubrication practices and equip-
grease. Dropping points can be reduced to the extent tha ;
i ; nient maintenance.
grease or separated oil runs out of bearings at elevated

operating temperatures. Such events can lead to catastroplfic Apparatus

lubrication failures. _ 6.1 The equipment and materials required for this practice
5.1.1 Because of such occurrences, equipment manufactuhall be those required by the test methods used to evaluate
ers recommend completely cleaning the grease from equipmegbmpatibility. At the least, this will include those required by
before installing a different grease. Service recommendationge primary compatibility Test Methods D 217 and D 566 (or
for grease-lubricated equipment frequently specify the cavep 2265) and a laboratory oven.
at-do not mix greases under any circumstand@sspite this 6.1.1 Dropping Point Equipmentgrease cup, test tube,
admonition, grease mixing will occur and, at times, cannot bghermometer, temperature bath, and accessories as described in
avoided. In such instances, it would be useful to know whethefrest Method D 566, or dropping point assembly, aluminum
the mixing of two greases could lead to inadequate lubricatioiock oven, and peripheral equipment as described in Test
with disastrous consequences. Equipment users most often §fsthod D 2265.
not have the resources to evaluate grease compatibility and g 1.2 penetration Equipmentpenetrometer with standard
must rely on their suppliers. Mixing of greases is a highlycone, grease worker with motorized drive, temperature bath,

imprudent practice. Grease and equipment manufacturers alikgyd peripheral equipment as described in Test Methods D 217.

recognize such practices will occur despite all warnings to the
contrary. T}’-]U.S., both users.ar.ld suppliers have a need tp ImOWﬁMyers, E. H., “Incompatibility of GreasesNLGI Spokesmam\pril 1983, p 24.
the compat|b|l|ty characteristics of the greases In question. “Meade, F. S., “Compatibility of Greases,” Rock Island Arsenal Laboratory

5.2 There are two approaches to evaluating the compatibiReport, No. 56-2405, PB 121731, Aug. 20, 1956.
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6.1.3 High-Temperature Storage Test Equipment for repeatability values), record asbarderline compatibleor
6.1.3.1 Laboratory Oven static-air or stirred-air type, ca- borderline passlf the dropping point of the mixture is less
pable of maintaining the test temperature withit8°C and  than the lower of the constituent greases by an amount greater

equipped with one or more grill-type, wire shelves. than repeatability of the test method, recordresmpatibleor
6.1.3.2 Penetration Equipmentfull-scale, as described in fail.
6.1.2; or¥z-scale penetrometer, cone, and worker, as described 7.3.1.2 If the mixture is incompatible (fail), no further
in Test Method D 1403. testing need be done. If the mixture is compatible or borderline
7 Procedure compatible (pass or borderline pass), further tests are required.
' If not yet run, test the mixture and the neat greases for shear
7.1 Either of two similar testing options can be used-thestability (100 000-stroke worked penetration) or high tempera-
sequential testing protocol described in Option 1 (A1.1), or theyre storage stability, or both (7.3.2 and 7.3.3, respectively).
concurrent testing protocol described in Option 2 (A1.2). Using 7.3.2 Shear Stability— Determine the 10 000-stroke worked
Option 1, a 50:50 mixture and the two constituent greases alSenetrations as described in Test Methods D 217.
tested using three primary tests. If this mixture is found 7351 Compare the 10 000-stroke worked penetration of
compatible, 10:90 and 90:10 mixtures are tested. Using Optiofhe mixture with those of constituent greases. If the penetration
2, all mixtures (10:90, 50:50, and 90:10) and the two constituys the mixture is equal to or between those of the constituent
ent greases are tested.concurrently. . greases, record a®mpatibleor pass.If the penetration of the
_7.1.1 With either option, the test procedures (that is, dropixyre is less than the lower of the constituent grease or
ping point, shear stability, or storage stability tests) can be rureater than the higher of the constituent grease by an amount
concurrently or sequentially in any order. The test proceduregq | to or less than repeatability of the test method (see 9.1.2),
are presented in the order of the time required t0 run aRecord as aorderline compatibleor borderline passif the
individual test. _ penetration of the mixture is less than the lower of the
7.2 Preparation of Mixtures-Regardless of whether one or cqnqiityent grease or greater than the higher of the constituent
three mixtures of differing ratios are to be tested sequentially Ofrease by an amount greater than repeatability of the test
concurrently, they shall be prepared in similar fashion. method (see 9.1.2), record meompatibleor fail.
2.1 Prepareafregh .50:50 mixture of.the two greases to be 7.3.2.2 If the mixture is incompatible (fail), no further
evaluated for compatibility. (For convenience, the neat, cong sting need be done. If the mixture is compatible or borderline

Sﬂtulfgt gdrease§ arg fcalledhA and B.) T?e amounts tq bde kr)mxh mpatible (pass or borderline pass), further tests are required.
sha E etermmel romltoeo/amount 0 _greasehrequ_we yt”ﬁ’not yet run, test the mixture and the neat greases for dropping
tests. Prepare at least 0 more mixture than is actually, nioh temperature storage stability, or both (7.3.1 and 7.3.3,
needed for the tests. Do not prepare more than can be Us?éjspectively
immediately, that is no more than atodi h should elapse 7.3.3 High-Temperature Storage StabilityThe following
between mixture preparation and the start of any test. variation of Federal Test Method (FTM) 3467.1 shall be

; 0 .

7.2.2 Weigh equal amounts_l % of each neat grease and followed. Determine the 60-stroke penetrations of the neat,
trar_15fer to a hard, flat, impervious surface such as a_glass nstituent greases and the blends. Test Methods D 217 is
s';alnless steel plate. About a 400 mm-square surface is Convﬁfeferred but-scale equipment (Test Method D 1403) may
nient. ! . . .

. . be substituted. One-quarter-scale equipment is considered
: 7:2.3 With asungble spatula, fold gnd blend the tvyo grease@enerally unsuitable. Record the test method (Test Methods
into each other until a uniform blend is produced/afning— 217 or Test Method D 1403) used
Great care should be taken to minimize the occlusion of air.;D '
(Warning—Do not use any other mixing equipment to prepare Note 2—Variations from FTM-3467.1 include oven requirements,
grease mixtures.) sample containers, allowance #$-scale measurements, and specified

7.2.4 When 10:90 and 90:10 mixtures are to be testecftorage conditions.
prepare fresh mixtures of these proportions in the same Note 3—According to Test Method D 1403;-scale measurements are
fashion. The weighing tolerance shall bel % of each neat gzg\éﬁg:g to full-scale values; the appropriate repeatability is applied as
grease. ' _ _ _

7.3 Option 1 (see Al.1)—Use the primary test protocol to  7.3.3.1 Place test_ samples in worker cups or ;unably ;lzed
test the Constituent Greases A and B and the 50:50 mixture. glass or steel containers; loosely cap or cover with aluminum
resources permit, the dropping points, shear stability, an#pil. Placg containers on the wire shelf located about midway to
storage stability tests can be run concurrently. Otherwise, anypper third of the laboratory oven preheated to 128°C.

sequence of these tests can be used. Maintain 120+3°C for 70 = ¥4 h.
7.3.1 Dropping Point— Determine and record the dropping  7.3.3.2 Greases having low dropping points (less than
points as described in Test Method D 566 or D 2265. 125°C); for example, hydrated calcium greases, cannot be

7.3.1.1 Compare dropping point of the mixture with those oftested under these conditions. When testing compatibility of
constituent greases. If the dropping point of the mixture issuch greases, the storage stability test shall be run at3r&
equal to or greater than that of either constituent grease, recofdr 1400 + 4 h.
ascompatibleor pass If the dropping point of the mixture is 7.3.3.3 Remove samples from the oven and allow to cool.
less than the lower of the constituent greases by an amouitetermine 60-stroke worked penetration in accordance with
equal to or less than repeatability of the test method (see 9.1Test Methods D 217 (or Test Method D 1403). Calculate
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change in 60-stroke worked penetrations. 8. Report
7.3.3.4 Compare the change in 60-stroke worked penetra- g 1 Report the following information:

tion of the mixture with the penetration changes of the g1 1 |dentity of the constituent greases and the mix-ratios
constituent greases. If the penetration change of the mixture i§f the mixtures tested,

equal to or between those of the constituent greases, record asg 1.2 Whether the greases were found compatible or incom-
compatibleor pass If the penetration change of the mixture is patiple, and

less than that of the lower of the constituent grease or greater g 1 3 |f found incompatible, report the mixing ratio(s) found
than that of the higher of the constituent grease by an amouricompatible and in which test(s).
equal to or less than repeatability of the test method (9.1.2), g 2 |f secondary testing procedures were used, report 8.1.1-
record as eborderline compatibleor borderline passif the g1 3 and, in addition, report the test methods used in second-
penetration change of the mixture is less than that of the Iowe&ry testing and whether the greases were found compatible or
of the constituent grease or greater than that of the higher of thﬁcompatible.
constituent grease by an amount greater than repeatability of g 2 1 |f found incompatible, report the mixing ratio(s) found
the test method (9.1.2), record msompatibleor fail. incompatible and in which test(s).

7.3.3.5 If the mixture is incompatible (fail), no further . .
testing need be done. If the mixture is compatible or borderling- Precision and Bias
compatible (pass or borderline pass), further tests are required.9.1 Repeatability Limits for Primary Test Methads

If not yet run, test the mixture and the neat greases for dropping n. 4—ror complete precision and bias statements see the pertinent

point or shear stability, or both (7.3.1 and 7.3.2, respectively)est methods. Inasmuch as compatibility testing is not usually a specifi-
7.4 If all the primary tests show the 50:50 mixture to becation requirement, reproducibility is not applicable.

compatible, prepare 10:90 and 90:10 mixtures in a fashion 9.1.1 Dropping Point— See Table 1
similar to that described in 7.3.1-7.3.3. The weighing tolerance g7 5 penetration— See Table 2.

shall bex1 % of each neat grease. 9.2 Reproducibility Limits for Primary Test Methods
7.5 Run these mixtures in the primary tests (7.3.1-7.3.3.4),0smuch as this practice is intended for internal use by

7.6 If all of the mixtures pass all three primary tests, thejiiqual companies and not intended for specifications,
greases shall be reported as compatible. If any mixture fa"?eproducibility is not applicable.

any primary test, the greases shall be reported as incompatible9_3 Bias—Inasmuch as this practice is intended for internal

(or borderline compatible if such is the case; see 7.3.3.4). ,qe py individual companies and not intended for specifica-
7.7 For greases determined to be compatible in primary,,s ‘hias is not applicable. In addition, there is no bias for the

testing, the user, or by agreement, the user and supplier, ShOYtks methods cited herein because the values for dropping point
determine whether additional testing is required. Depending 0By penetration can be defined only in terms of the respective
the criticality of the specification requirements, selecuontest methods.

should be made from the secondary compatibility tests listed in
Appendix X2. 10. Keywords

7.8 Option 2(see Al.2)—Follow the flowchart for Option 2  10.1 binary mixtures; compatibility; incompatibility; lubri-
(A1.2) using the procedures described for sequential testingating grease; mixtures

(7-3'7-3-3-5)- . . TABLE 1 Repeatability for Dropping Point Tests
7.8.1 If all of the mixtures pass all three primary tests and

Method Range, °C Repeatability,® C
the selected secondary tests, the greases shall be reported-as
. . . . D 566 Up to 288 7
compatible. If any mixture passes all primary tests but fails one
or more secondary tests, the greases shall be reported as D 2265 Up to 116 6
generally compatible but incompatible in certain applications. 116 up to 221 8
The failed hall b d Il as th licati PN °
e failed tests shall be reported as well as the applications 277 up 1o 316 2

suggested by these tests.
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TABLE 2 Repeatability for Penetration Tests

Method Type Range Repeatability
D 217 60-stroke 130 to 475 7
100 000-stroke 130 to 475 15
D 1403 60-stroke 175 to 205 3 (Y2-scale units)
Y>-scale, 10 (full-scale units)
ANNEX

(Mandatory Information)

Al. FLOWCHARTS FOR PRIMARY TESTING FOR COMPATIBILITY OF BINARY GREASE MIXTURES

Al.1 Option I—Testing of constituent Greases Aand Band Al.2 Option 2—Testing of constituent Greases Aand B and
a 50:50 mixture, to be followed by testing of 10:90 and 90:1010:90, 50:50, and 90:10 mixtures. See Fig. A1.2.

mixtures, if necessary. See Fig. A1.1.

GREASES A and B
and 50:50 MIXTURE

|

Dropping Worked Penetration High-Temperature
Point 100 000 X Storage
Pass Fail Pass Fail Pass Ffil
DONE DONE DONE
10:90 and 90:10
GREASE MIXTURES
Dropping Worked Penetration High-Temperature
Point 100 000 X Storage
Pass Fail Pass Fail Pass Fril
DONE DONE DONE

| Secondary Compatibility Tests |

FIG. Al.1 Flowchart for Sequential Testing (Option 1)
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GREASES A and B and
10:90, 50:50, and 90:10 MIXTURES

| I |

Dropping Worked Penetration High-Temperature
Point 100 000 X Storage
Pass Fail Pass Fjil Pass Fril
DONE DONE DONE

| Secondary Compatibility Tests |
FIG. Al1.2 Flowchart for Concurrent Testing (Option 2)

APPENDIXES
(Nonmandatory Information)

X1. EXAMPLE OF BINARY GREASE MIXTURES COMPATIBLE AT 50:50 RATIO BUT INCOMPATIBLE AT OTHER
RATIOS?®

X1.1 Fig. X1.1 illustrates binary grease mixture compat-
ibility.

PENETRATION (mm/10) AFTER 100 000 STROKES
380

360
340
320
300 ‘
280 .‘:

260

240

220 . L . | L | L L "
0 20 40 60 80 100
PERCENT GREASE A IN MIXTURES OF GREASE A AND GREASE B

Deta from Meede (1856). p28, Table XV}
Greases 5.and 11

FIG. X1.1 Atypical Incompatibility of Binary Grease Mixtures at
Dilute-Mix Ratios
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X2. TEST METHODS RECOMMENDED FOR SECONDARY TESTING

X2.1 In the lists that follow (X2.2-X2.6), test methods are Test Short Description
suggested for consideration for evaluating compatibility of D 2596 Four-ball EP
rease mixtures in specification-driven applications. Compat- 22170 Fretting wear
9 - ! i p pp ) p D 5706 Extreme pressure properties by SRV
ibility testing with these test methods should be applied D 5707 Friction and wear properties by SRV
cautiously as full testing is resource taxing and can take
considerable test time. X2.4 For Long-Term Machine Applications:
X2.1.1 The primary test methods are not included in these Test _ Short Description
listings. Also, not listed, are test methods that define properties = 5.2 Evaporafion loss
gs. » NO , are | fine prop D 1831 Roll stability
not affected by incompatibility, regardless of their importance D 2266 Four-ball wear
to the application. Many of the listed test methods have little D 2509 Timken load-carrying capacity
. .. . . L D 2595 Evaporation loss
potential for defining or being affected by incompatibility. D 2596 Four-ball EP
Those that have greater potential for being affected by incom- D 3336 Ball-bearing life at elevated temperatures
pat|b|||ty are Shown |n boldface type D 3337 Life and torque in small bearings
h . f D 4170 Fretting wear
X2.1.1.1 Note that some grease mixtures can cause perfor-  p 455 Oil separation by centrifuge
mance problems even though the mixture may be compatible. D 5706 Extreme pressure properties by SRV

For example, a mixture of two greases could be compatible D 5707 Friction and wear properties by SRV
when testedin accordance witth this practice. But if they have

widely differing base oil viscosities, the mixture may not *2-> For Applications at Temperature Extremes:

; H H i H i Test Short Description
pro_vlde adequate tribological performance in particular appli 5 972 Evaporation loss
cations. D 1092 Apparent viscosity
D 1263 Wheel bearing leakage
X2.2 For Automotive Service Applicatior{€lassification D 1478 Low-temperature torque in ball bearings
and Specification D 4950). D 1742 Oil separ_gtion during storage
D 1831 Roll stability
Test Short Description D 2595 Evaporation loss
D 1264 Water washout D 3336 Bal-bearing life at elevated temperatures
D 1742 Oil separation D 3337 Life and torque in small bearings
D 1743 Rust protection D 3527 Life of wheel bearing grease
D 2266 4-Ball wear D 4290 Accelerated wheel bearing leakage
D 2596 4-Ball EP D 4425 QOil separation by centrifuge
D 3527 High-temperature life D 4693 Low-temperature torque in wheel bearings
D 4170 Fretting wear
i ts:}ff‘egmeperawre orque X2.6 For Applications with Potential for Aqueous Con-
_ . o tamination:
X2.3 For Tribological Applications: Test Short Description
Test Short Description D 1264 Water washout
D 2266 Four-ball wear D 1743 Rust protection
D 2509 Timken load-carrying capacity D 4049 Water spray resistance
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