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€' Note—Warning notes were editorially moved into the standard text in July 2003.

1. Scope Bituminous Materials by Distillatioh
1.1 These test methods for analysis cover greases of the D 156 Test Method for Saybolt Color of Petroleum Prod-

conventional type, which consist essentially of petroleum oil ~_Ucts (Saybolt Chromometer Methdd) o
and soap. The constituents that can be determined are soapP 217 Test Methods for Cone Penetration of Lubricating

unsaponifiable matter (petroleum oil, and so forth), water, free _Greasé _ o _
alkalinity, free fatty acid, fat, glycerin, and insolubles. D 445 Test Method for Kinematic Viscosity of Transparent

and Opaque Liquids (the Calculation of Dynamic Viscos-
Note 1—Any of the test methods described herein are best used by an  j1)2

experienced grease analyst who may also be able to make appropriate : : :
adaptations of the techniques as occasion requires. D(L)ll7|33 b-I)—/etShteMEe):tr:ggtii)or: hSAZ?l;r(??(jent in Crude Qils and Fuel

1.2 A supplementary test method is provided in Appendix p 1078 Test Method for Distillation Range of Volatile
X1. This test method is intended primarily for application to Organic Liquid$
greases containing thickeners that are essentially insoluble in p 1193 Specification for Reagent Water
n-hexane, and to greases that cannot be analyzed by conven-p 1353 Test Method for Nonvolatile Matter in Volatile
tional methods because of the presence of such constituents as ggjyents for Use in Paint, Varnish, Lacquer, and Related
nonpetroleum fluids or nonsoap-type thickeners, or both. In proquctd
some cases, these constituents can react with strong acid or

alkaline solutions. 3. Terminology
1.3 These test methods appear in the following order: 3.1 Definitions:

o Sections 3.1.1 asphalt n—a dark brown-to-black cementitious ma-
psh Determination . ru terial in which the predominating constituents are bitumens.
nsolubles, Soap, Fat, Petroleum Oil, 12-20 N 3

and Unsaponifiable Matter 3.1.1.1 Discussior—Asphalt can be a natural product or a
5&66 Alkali and Free Acid 212-53 material obtained from petroleum processing.

ater - .
Glycerin (Quantitative) 259 3.1.2 candle pitch n—a dark brown-to-black, tarry or solid,

_ by-product residue from soap and candle stock manufacture,
1.4 This standard does not purport to address all of the efining of vegetable oils, refining of wool grease, or refining of

safety concerns, if any, associated with its use. It is th§efyse animal fats.

re;ponsibility of the user of this standard to e;tablish appro- - 3.1.3 cup greasen—any lubricating grease having physical

priate safety and health practices, and determine the applicapgperties, such as consistency and texture, suitable for its use

bility of regulatory limitations prior to use. in spring-loaded or screw-type lubricating cups.
1.5 The values stated in Sl units are to be regarded as the3 1 31 Discussior—Cup greases are predominantly NLGI
standard. No. 3 or 4 calcium greases, but grease types other than calcium

are also used.

3.1.4 degras (wool fat, wool grease, wool wax)}—a
2.1 ASTM Standards: _ fat-like material comprised primarily of sterols, other higher
D 95 Test Method for Water in Petroleum Products andyconols, and fatty acids, obtained from the solvent extraction
of sheep’s wool.

2. Referenced Documents

1 These test methods are under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and are the direct responsibility of Subcommit————————

tee D02.GO on Lubricating Grease. 2 Annual Book of ASTM Standardgol 05.01.
Current edition approved May 10, 2003. Published July 2003. Originally *Annual Book of ASTM Standardgol 06.04.
approved in 1922. Last previous edition approved in 1998 as D 128-98. 4 Annual Book of ASTM Standardgol 11.01.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.1.5 free alkali n—in lubricating grease unreacted basic in liquid lubricants to form the lubricating grease structure.
(alkaline) material present in the product. NLGI Lubricating Grease Guide
3.1.5.1 Discussior—Many greases are made with a slight  3.1.15 residuum n—a liquid or semi-liquid product ob-
excess of alkali to ensure complete saponification. Free alkathined as residue from the distillation of petroleum and
is determined by acidification of a solvent-thinned specimerconsisting primarily of asphaltic hydrocarbons.
and back titration with Standardized, alcoholic pOtaSSium 3.1.15.1 Discussion—Also known as asphamc 0”, aspha'_

and a mass % of the total grease composition (for examplgesidual oil.

mass % lithium hydroxide). o 3.1.16 rosin oil, n—a viscous, oily liquid obtained as a
3.1.6 free fatty acid n—in lubricating grease unreacted  ondensate when the residue (rosin) from turpentine produc-
carboxylic acid(s) present in the product. tion is subjected to dry, destructive distillation.

3.1.6.1 Discussior—Some greases are made with a slight
excess of carboxylic acid to ensure a non-alkaline productp
Free fatty acid is determined by neutralization of a solvent- e . . .
thinned specimen with standardized, alcoholic potassium hy- 3'1't17 sapomfuilatlor,?tr;]—the ||rllte|_ratct|?n of ftﬁts’ fatiylia_luds,lt
droxide. Regardless of the actual composition of the carboxylir?r esters generally with an alkalt to form the metallic sa,

acid(s), it is expressed as free oleic acid and as a mass % of tW@'Ch IS corr_1monl)_/ called SO""P-
total grease composition. 3.1.17.1 Discussior—Soap thickeners are most often made

3.1.7 insolubles n—in lubricating greases analysis, the by in situ saponification in the lubricating grease base oil.

material remaining after the acid hydrolysis, water extraction/iowever, the use of pre-formed soaps is also common;

and solvent extraction of soap-thickened greases. dispersion is effected by mechanic_al means and usu_ally with
3.1.7.1 Discussion—Consisting of such products as graph- heat. _ ~ NLGI Lubricating Grease Guide
ite, molybdenum disulfide, insoluble polymers, and so forth. ~ 3.1.18 single basgadj— in lubricating greaserelating to a

3.1.8 lubricating greasen—a semi-fluid to solid product of thickener comprised of soaps of only one metal.

a dispersion of a thickener in a liquid lubricant. 3.1.19 soap n—in lubricating greasea product formed in
3.1.8.1 Discussior—The qualifying term, lubricating, the saponification (neutralization) of fats, fatty acids, or esters

should always be used. The tergrease used without the by inorganic bases.

qualifier refers to a different product, namely certain natural or 3.1.20 Soxhlet apparatysn—a device, usually of glass,

processed animal fats, such as tallow, lard, and so forth.  used to extract soluble material from a mixture of soluble and

3.1.9 mixed basgadj—in lubricating grease, the description insoluble (generally solid) materials, by passing a volatile
of a thickener system composed of soaps of two metals.  solvent through the sample and recirculating the solvent by

3.1.9.1 Discussior—Although mixed-base grease can be refluxing.
made with soaps of more than two metals, in practice, such is 3.1.21 tar, n—a brown or black, bituminous, liquid or
rarely, if ever, encountered. All of the soaps need not beemi-solid comprised primarily of bitumens condensed in the
thickeners, although the major soap constituent will be ongrocessing of coal, petroleum, oil-shale, wood, or other organic
capable of forming a lubricating grease structure. Because th@aterials.
mixed soaps are seldom present in equal amounts. The pre-3 1 22 thickener n—in lubricating grease,a substance
dominant soap is referred to first. _ composed of finely divided solid particles dispersed in a liquid

NLGI Lubricating Grease Guide®  ypricant to form the product’s structure.

3'.1'10 montan waxn—a V\_/ax-hke materlal C.Ompf'sed P~ 3.1.22.1Discussior-The thickener can be fibers (such as
marily of montanic acid and its ester, higher aliphatic alcohols, 5 i s metallic soaps) or plates or spheres (such as certain
and resins obta|_ned_ from the solvent extraction of Il_gmte. non-soap thickeners), which are insoluble or, at most, only very

3.1.11 neutralization number n—of petroleum oil the  gjightly soluble in the liquid Iubricant. The general require-
quantity of acid or base required to titrate to neutrality andyents are that the solid particles be extremely small, uniformly
expressed as equivalent milligrams of potassium hydroxide p&jisnersed, and capable of forming a relatively stable, gel-like
gram of sample. _ o D804 giructure with the liquid lubricant. D 217

3.1.12 NLGI, n—National Lubricating Grease Institute. 3.1.23 thimble n—in Soxhlet apparatusa closed-end po-

thglicljﬁigtl_eﬁcl: nl:;r:]beer ngl?bﬂggt]% rlcalresac:éi g)r: dcl?gsséfé"g% Qs cylinder used to hold the material to be extracted, usually
y rang 99 made of thick matted filter paper but sometimes made of
Test Methods D 217 worked penetration. ceramic

NLGI Lubricating Grease Guide 3124 | fluid . in lubricati
3.1.14 non-soap thickener (synthetic thickener, inorganic S-1-24total fluid constituent n—in lubricating grease
analysis, the n-hexane-soluble material extracted from the

thickener, organic thickenerh—in lubricating grease, any of bricati |
several specially treated or synthetic materials, exceptin&;u ricaling grease sample.

metallic soaps, that can be thermally or mechanically dispersed 3-1.24.1Discussior—Typical materials include petroleum
oil, non-petroleum fluid, soluble fats, and soluble additives.

3.1.25 total n-hexane-insoluble materjah—in lubricating

® Available from National Lubricating Grease Institute, 4635 Wyandotte St.,grea_se analys_|s, that pOrtIOI_W of grease (excluding free alkali)
Kansas City, MO 64112-1596. that is essentially insoluble in-hexane.

3.1.16.1 Discussior—Also used to describe specially com-
ounded oils having a rosin base.
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3.1.25.1 Discussior—Typical materials include thickeners, TABLE 1 Physical Requirements of  n-hexane
fillers, inorganic salts, asphaltenes, or any combinations of Test Requirement ASTM
these (also includes insoluble materials found in the analysis of Designation”
contaminated grease). Free alkali content is generally insignifiwitial boiling point, min, °C 66.1 D 1078
cant Dry point, max, °C 68.9 D 1078

. . . . . Nonvolatile matter, max, g/100 mL 0.001 D 1353

3.1.26 unsaponifiable mattem—in lubricating greasepr- Color, Saybolt, min +30 D 156
ganic materials, either added or found with fatty materialsReaction with alkalies A
which do not react during saponification. A Boil 125 mL of n-hexane with 10 mL of 0.5 N alcoholic KOH solution and 50 mL

of neutral 50 % alcohol for 1%z h on a hot plate. Use a glass tube about 7 mm in
L inside diameter and 750 mm in length as a reflux condenser. After cooling, titrate
4. Slgmflcance and Use the solutions with 0.5 N HCI using phenolphthalein as the indicator. Not less than

4.1 These test methods can be used to identify and estimafeé mL of 0.5 N HCI shall be required for neutralization. The amount of alkali
h f fth K f lubri . consumed in this test shall be deducted as a blank correction in the fat
the amount of some of the constituents of lubricating greaseQeiermination on Solution E.

These test methods are applicable to many, but not all, greases.
4.2 Composition should not be considered as having any 5.5 Ammonium Carbonate(NH,),COs. (Warning—

direct bearing on service performance unless such correlatiqqarmful if swallowed.) Warning— Harmful if swallowed.)
is established. 5.6 Butter Yellow Indicato(0.02 g/mL)—Toluene solution

Note 2—Details on other test methods for grease analysis can be founWarning—Flammable. Vapor harmful) of
in other reference materi&f’® p-dimethylaminoazobenzenewérning—Suspected carcino-
gen. In addition to other precautions, avoid inhalation or skin
5. Reagents contact.)

5.1 Purity of Reagents-Reagent grade chemicals shall be 5.7 t-Butyl Alcoho) melting point 24 to 25.5°CWarning—
used in all tests. Unless otherwise indicated, it is intended thatlammable liquid; causes eye burns).
all reagents shall conform to the specifications of the Commit- 5.8 Carbon Disulfide (CS,). (Warning— Extremely flam-
tee on Analytical Reagents of the American Chemical SOCietyFnab|e_ Poison. Vapor may cause flash fire. Vapor harmful.
where such specifications are availab®ther grades may be Capable of self-ignition at 100°C or above. Harmful or fatal if
used, provided it is first ascertained that the reagent is ofwallowed. May be absorbed through the skin.)
sufficiently high purity to permit its use without lessening the 5.9 Ethyl Ether (Warning—Extremely flammable. Harm-
accuracy of the determination. ful if inhaled. May cause eye injury. Effects may be delayed.

5.2 Purity of Water—Unless otherwise indicated, references May form exp|osi\/e peroxides_ Vapors may cause flash fire.
to water shall be understood to mean reagent water conformingoderately toxic. Irritating to skin.)
to Specification D 1193, Type III. 5.10 n-hexane high-purity gradé!2 conforming to the

5.3 Acetone-American Chemical Society Reagent Graderequirements of Table 1.\Warning— Extremely flammable.
Acetone. Warning— Extremely flammable. Vapors may cause Harmful if inhaled. May produce nerve cell damage. Vapors
flash fires.) may cause flash fire.)

5.4 Alcohol (50 %)—The alcohol shall be prepared from 511 Hydrochloric Acid (37 %)—Concentrated acid (HCI).
commercial 95 % ethanol or denatured alcdRd!  (Warning—Poison. Corrosive. May be fatal if swallowed.
(Warning—Flammable. Denatured. Cannot be made non{jquid and vapor cause severe burns. Harmful if inhaled.)
toxic) by distilling from NaOH and neutralizing exactly with 5,12 Hydrochloric Acid, Standard Solutiof0.5 N)—
NaOH or KOH using phenolphthalein as the indicator. prepare and standardize a NSsolution of HCI.

(Warning—In addition to other precautions, avoid skin con- 513 Hydrochloric Acid (10 %), a solution containing 10 %
tact or ingestion.) Dilute with an equal volume of water. by weight of concentrated HCI in water, with a permissible
variation of 0.5 %.
5.14 Hydrochloric Acid (1 + 3)—Mix one volume of con-

© Stanton, G. M., “Examination of Grease by Infrared SpectroscoNy,Gl centrated HCI (37 %) with three volumes of water.

Spokesmar\ol 38, No. 5, August 1974, pp 153-165. 5.15 Methyl Red Indicator Solutian (Warning—
o 73?1"5’&& M-vl ﬁfef}se g”?'%’ziségal’;'?gem Multitechnique Approach,” Flammable. Avoid skin contact or ingestion.)
r(?J)L;,Icr;nomo, F.nS?L,jzndeS?clr:]r%idt,cJ. J. E.,"‘Devélopment of Schematic Analytical ,5_'16 NItI’IC Acid (1 + 4)_MIX (_)ne volume 9f Concemrate_d
Procedures for Synthetic Lubricants and Their Additiv&&§ADC Technical Report  Nitric acid (70 %) (Warning—Poison. Corrosive. Strong oxi-

54-464 Part IV, July 1957 (U.S. Government No. AD-130922). dizer. Contact with organic material may cause fire. May be
9Reagent Chemicals, American Chemical Society Specificatidmerican harmful if swallowed Liquid and vapor cause severe burns)

Chemical Society, Washington, DC. For suggestions on the testing of reagents not. )

listed by the American Chemical Society, s@anual Standards for Laboratory with four volumes of water.

Chemicals,BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia 5.17 Phenolphthalein Indicator SolutierThe phenol-

and National FormularylJ.S. Pharmacopeial Convention, Inc. (USPC), Rockville, phthalein solution shall be prepared by dissolving 1.0 g

MD. . . ™ .
1°The sole source of supply of denatured grain alcohol known to the committexphenOIphthalelnwammg —In addition to other precautions,

at this time is Formulas 1, 23-A, 30, and 35-A, as described in Publication No. 368,
“Formulas for Denatured Alcohol,” U.S. Treasury Dept., Internal Revenue Service————

11f you are aware of alternative suppliers, please provide this information to 2 The sole source of supply af-hexane, high-purity grade, known to the
ASTM International Headquarters. Your comments will receive careful considercommittee at this time is Phillips Petroleum Co., Special Products Div., Bartlesville,
ation at a meeting of the responsible technical committehijch you may attend. ~ OK.
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avoid skin contact or ingestion) in 50 mL of alcohol distilled aslead or zinc soap is known to be absent, a platinum crucible is
described in 5.4, adding 5 mL of water and neutralizing withmore convenient. Slowly burn off the combustible matter, and
NaOH or KOH. finally ignite the residue until the ash is free of carbonaceous
5.18 Potassium Hydrogen SulfakHSO,). (Warning—  matter. Cool the crucible and contents in a desiccator and
Poison. Harmful or fatal if swallowed. Causes severe eye and/eigh’ reporting the result as percentage of ash.
skin irritation or injury. Dust or mist may be harmful.)
5.19 Potassium HydroxidgKOH), Alcoholic (0.5 N)— g Alternative Test Method
Prepare and standardize a BlSolution of alcoholic potassium . . ) .
hydroxide. (Warning— Poison. Causes eye and skin damage.) 9.1 Burn the sample in accordance with 8.1 until the ash is
5.20 Potassium PeriodatéKIO,). (Warning—May be ir- nearly free from carbon. Cool the crucible and contents,
ritating to skin and eyes. May react vigorously with reducingdissolve the soluble portions in a little water, and add a slight

agents.) excess of HSO, (1+4), Warning—Poison. Corrosive.
5.21 Sodium Carbonate-(Na,COs). (Warning—Harmful ~ Strong oxidizer. Contact with organic material may cause fire.
if swallowed. May cause skin irritation.) May be fatal if swallowed. Liquid and vapor cause severe

5.22 Sodium Hydroxide (240 gL)—Dissolve 240 g of burns. Harmful if inhaled. Contact with water liberates large
sodium hydroxide (NaOH)Warning—Poison. Causes eye amounts of heat) running the acid in carefully from a pipet

and skin damage) in water and dilute to 1 L. inserted under a small watch glass covering the crucible. Warm
5.23 Sodium Hydroxide Solution, Standa@.05 N)—  the crucible and contents on a steam bath until effervescence
Prepare and standardize a 0M3NaOH solution. has ceased. Rinse the watch glass with water into the crucible.

5.24 Sulfuric Acid (1 + 4)—Carefully mix one volume of The solution, when tested with methyl redVérning—
concentrated sulfuric acid g30, 95 %) with four volumes of  Flammable. Avoid skin contact or ingestion) for free acidity,
water. (Warning—Poison. Corrosive. Strong oxidizer. Contact 411 show free acid present. Evaporate the contents of the

:Nith grganicdmateéial may cause fire. Maybbe fatal if Sf""l‘”‘"crucible to dryness and ignite the whole at a low red heat,
owed. Liquid and vapor cause severe burns. Harmfu iaddin a few small pieces of dr c Warning—
inhaled. Contact with water liberates large amounts of heat')Harm?uI if swallowedg to drive 03% (twei e%e(ss §OA%ter

5.25 Sulfuric Acid (3 + 20)—Carefully mix 3 mL of con- . S
centrated sulfuric acid (95 %) with 20 mL of water. g(u)ﬁg?gsand weighing, report the result as percentage of ash as

5.26 Toluene (Warning—Flammable. Vapor harmful.)

6. Sample Note 4—This test method gives more concordant results than the

. o routine method (Section 8), but it requires more time and manipulation.
6.1 The sample size for the soap determination (Test Meth-

ods | and II for determination of insolubles, soap, fat, petro-10. Qualitative Examination

leum oil, and unsaponifiable matter) shall be from about 8 to 30 101 A ilv fusibl h. dissolvi letelv i

g, depending on the consistency of the grease, which is chiefly. ~** n easily lusible ash, dissolving comp etely in Watgr _to

determined by the percentage of soap present. A 10 to 20-gVe 2 strongly alkaline solution, indicates a grease containing
sample is usually a convenient amount for No. 3 cup greaséodlum, potassium, or both. Lithium is indicated by a white

while softer greases require a larger sample. The origindnfusible ash, readily soluble in water, giving a strongly
sample shall be stirred or mixed until uniform. alkaline solution. A white infusible ash, practically insoluble in

6.2 Samples need not be weighed more closely than to 0.1 y/ater but imparting to it an alkaline reaction, may indicate
calcium, with or without magnesium or aluminum. Zinc is
ASH DETERMINATION shown by the yellow color of the ash while hot, and lead may

7. General be indicated by the presence of metallic globules or by the
7.1 The percentage of ash shall not be included in the totaf€!low color of the ash when cold.
of the analysis. 10.2 Dissolve the ash in HN1 + 4) (Warning—Poison.

Corrosive. Strong oxidizer. Contact with organic material may

Note 3—The determination of the total ash should not in general be . . .
regarded as of any great importance. It is, however, sometimes requireg.ause fire. May be harmful if swallowed. Liquid and vapor

This determination is often unsatisfactory because of interaction betweeh@US€ severe burns) or HCI (1 + 3)/grning—Poison. Cor-
Na,CO; derived from the soap and inorganic insolubles. There is alwayd0sive. May be fatal if swallowed. Liquid and vapor cause
likelihood of reaction with the porcelain crucible itself on account of the severe burns. Harmful if inhaled.) Confirm the presence of the

long continued heating necessary to burn off all carbon. Moreover, if muchyeyeral bases by suitable chemical tests, following any stan-
Na,CO; or K,CO; is present, the ash is fusible and often encloses carbondard scheme of qualitative analysis

making complete removal of the latter very difficult. Results will always

be low in the presence of easily reducible oxides of volatile metals. There o o
is also uncertainty as to when Caglias been completely ignited to Ca0. 11. Quantitative Examination
Ash determinations made on the same sample in different laboratories are

likely to vary widely. 11.1 For the quantitative examination of ash, use any

standard analytical procedure, basing the choice of methods on
8. Rapid Routine Test Method the information gained from the qualitative tests. If only one
8.1 Plae a 2 to 5-gsample of the grease in a weighed base is present, a quantitative determination is, in general,
porcelain crucible and weigh the sample to the nearest 0.1 g. lfnnecessary.
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TesTMeTHOD I

Sample Decomposed by KHS0, and
Extracred by n»Helxane in Soxhlet Apparatus

]
Residuein Thimble
(Inorganic &Asphalt)

Extractwith €S,

I
n-Hexane Soln
Total Fatty Acids, Fat and PO,

TestT MeETHOD 1

Sample Decomposed by HCl and n-Hexane
or by HCl,and n-Hexane, and 1-Butyl Alcohol
Filter through Gooch.
I

1
[nsolubles
Craphite
Molybderum Disulfide
elc.

T
Filtrate(2layers)
Separate

: I )
CS, Extract Residue  n-Hexane Solh=(B) Acid Aqueous Soln=(A)
Evaporate to Dryness & Weigh (Inorganic)  Total FattyAcids,Fat R0, Traces of FattyAad,R0, Chiorides,
A1 Discard. Traces of HCL Glycerin,HCE, and +-Butyi Alcohol
ASPHALT, ETC. Wash3 irmes with Water

NoTes:
Whereyer a Separation of 2 immiscible
Solutions is Shown by Branching Lines,
theleavier ( Lower) Solutionin Separatory
Funnel Follows the Right Branch and
the Lighter Solution Follows the left
Branch.
Frombere, Test Methods
Tand I are sarre.
Et0=Lthyl Ether
R 0= Patroleurn Oils.

Water
Traces of HCL.

Wash Twice with n-Hexane

n-Hexane Washings =(C) Acid Soln=(A)
Traces of Fatty Acid, RO.and HCL.  Chiorides, HCI, Glycerin, and
Wash Once with Water. t Butyl Alcohol
FReserve for Glycerin Test
(Qualitative).

n-Hexane=(C)

Traces of FattyAcid, RO, Waler

Traces of HCL
Discard,

Titrate with KOH and Separate.

n-Hexane Soln = (E)
Fat, PO, and Traces of Potash Soaps
Wash 3 Times,with 50% Alcohol,

Alcoholic Washings

1
Alcoholic Soln=(D)
Potash,Soaps, Traces of Fat &PO.
Placein Separator,

Traces of Soaps,
. Wash Oncewith n-Hexane

Fatand PO
!

n-Hexane Washings Alcoholic Solne(D)

n-Hexane Sol'n.=(E)
Fat and P.O.
Saponify with KOH,
Titrate and Separate

n-Hexane Soln.=(6)
PQ.;Traces of Soap.
Wash Twice with 50 Alcoho!

Alcoholic Washings-(1)

Traces of Soap ,

Wash Once with n-Hexane

n-Hexane Sol'n.=(G)

Alcoholic Seln=(H)

Potash Soaps;Traces of RO

Traces OFIFafand PO. Potash Soaps
Evaporate in Beaker, Dissolve
in Hot Water, Acid/fy, Shake
out Fwice with £+ 0.
|

P 1
E10.Sol'n.=(F) Acid Water
Fatty Acid and Traces HCL. KCL. HCL
WasshTwice with Water. Discard,

Et0.Sol'n.=(F)
Evaporate to Dryness
and Weigh.

PC.andUnsapon.  N-Hexane Washings Alcoholic Soln={H) V\}/{acfle.r
Traces of PO, Potash SeapfromFat. FREE FATTY Discard.
Evaporate Alcohol, Dissolve ACID &MAC—I
in Water, Acidify, Shake FROM M
Evaporate to Dryness ovt 3 Times with n-Hexane
and Weigh.
4
PETROLEUM AND n-Hexane Acid Water
w Evaporateto Dryness & Weigh KCl, HCL
Discard.

FATTY ACID FROM FAT

FIG. 1 Scheme of Grease Analysis

INSOLUBLES, SOAP, FAT, PETROLEUM OIL, AND
UNSAPONIFIABLE MATTER

12. Choice of Test Method

while warm through a Gooch crucible provided with a suitable
mat, wash the beaker and crucible with warm (60 to 63°C)
water (see Note 6) ana-hexane, arning—Extremely

flammable. Harmful if inhaled. May produce nerve cell dam-

12.1 Examine greases containing residuum, asphaltic oilgge. Vapors may cause flash fire.) Finally, wash the crucible
and asphalt, tars, and so forth, using Test Method Il, as theggith alcohol §Narn|ng—_FIammabIe. Denature;d. Cannot be
ingredients usually cause stubborn emulsions if a vigoroumade_nonto_XIC.) collecting the alc_ohol washings separate(!y,
agitation process is applied at the start. Analyze all othesnd discarding them. Dry the crucible and contents at 120°C
greases using Test Method I. (See Fig. 1.) and weigh, r(_aportlng the result. as percentage of insoluble

matter (graphite, molybdenum disulfide, and so forth).

Test Method | Note 5—If no insolubles are present, omit the procedure given in

Section 13.
13. Insolubles Note 6—Throughout the test method where the word warm is used, it
13.1 Ifinsolubles are present (see Note 5), weigh the samplie to be understood that a temperature of 60 to 63°C is to be used.
(see section 6) in a small beaker, add 50 mL of HCI (10 %), and
warm the beaker on a steam bath, stirring until all soap lumpd4- Soap
have disappeared and the upper layer is clear. If undissolved 14.1 If insolubles are absent, decompose a sample pf the
mineral matter or other insoluble is present, filter both layergrease, either by the two-phase procedure as described in 14.2
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or by the single-phase procedure as described in 14.3. In eithphenolphthalein solution and sufficient ONbalcoholic KOH
case, if the contents of the flask or beaker remain liquid, followsolution to make the alcoholic layer distinctly alkaline after
the procedure described in 14.4. If contents congeal, or if, irvigorous shaking.

the case of the two-phase decomposition, solid particles form, .. 7

follow the procedure described in 14.5. )
14.5 Heat the contents of the flask or beaker to approxi-

14.2 Weigh the grease sample (see Sectlon_ 6) into e'therﬁiately 63°C and transfer to a separator that has been previ-
250-mL or a 500-mL Erlenmeyer flask, spreading the Sampl%usly warmed by flushing with warm water, using warm

over the lower inside surfaces of the flask. Add 20 mL Ofn—hexane and warm water as washing liquidéaning—see
n-hexane followed by 50 mL of HCI (10 %) and several boiling 14 5 1. Allow this solution to clear and draw the agueous
chips. Digest the sample by boiling under a reflux condensepyer, A, which contains all the bases as well as glycerin, into
until it is completely decomposed. Formation of a clear oilanother separator. Wash thérexane layerB, three times with
layer is evidence of complete decomposition. A digestion timexs-mL portions of warm water to remove HCI, adding the
of 3 h isgenerally sufficient; however, more vigorous boiling washings toA. Wash the aqueous solutiod, twice with
or use of a stronger HCl solution or additiomahexane willbe  20-mL portions of warnn-hexaneC, and then set SolutioA
found necessary for greases difficult to decompose. Allow thaside for examination for glycerin (see Section 16). Wash
contents of the flask to cool to room temperature. SolutionC once with 15 mL of warm water, which can then be

14.3 Weigh the grease sample (see Section 6) into a 250-nfiiscarded, and ad@ to B. If Solutions3 and C are compara-
beaker. Add a TFE-fluorocarbon-coated magnetic stirring bafively light-colored, an approximate determination of free fatty
50 mL oft-butyl alcohol Warning—Flammable liquid; causes 2cids from soap can now be made by titrating the solution,
eye burns), 50 mL ofn-hexane, 2 drops of butter yellow which is at approximately 63°C, in the separator with 8.5

indicator Warning—Flammable. Vapor harmful) and 2 mL of alcoholic KOH solution using phenolphthalein as the indicator,
HCI (37 %). For heavy greases '50 mL of toluekiéa¢ning— and using 200 as the average neutralization value of the fatty

. id (that is, 1.0 g of fatty acid requires 200 mg of absolute
Flammable. Vapor harmful) may be substituted fielhexane. aci -2 .
Note also that-butyl alcohol will solidify if the temperature is KOH for neutralization). If Solution® andC are dark, add a

: o ew drops of phenolphthalein solution and sufficient W5
approximately 24 to .27 _C_or below. Hea_t the be?‘ker an%coholic KOH solution to make the alcoholic layer distinctly
contents on a magnetic stirring hot plate. Stir magnetically an

. > . lkaline after vigorous shaking.
break up large lumps with a glass rod, but avoid boiling the 14.5.1 Warning—Extreme care should be exercised in

solution. If the indicator becomes yellow, add concentrated,,gjing warm-hexane because of pressure developing in the
HCI (37 %) in 1-mL increments until the color remains red. soppered separatory funnel. Invert the funnel and release
Continue the heating and stirring until all grease has dissolvethressure through the stopcock occasionally.)
which indicates complete decomposition. For most grease, 10 14.6 If SolutionsB and C from 14.4 and 14.5 have been
to 15 min are usually sufficient. Disregard any inorganic saltsitrated, add 0.5 to 1.0 mL excess of alkali before separating.
that may precipitate. Cool the contents of the beaker to roonThe conservative addition of alcohol at this point can aid in
temperature. securing rapid and sharp separation. Allow the two solutions to
14.4 Transfer the contents of the flask or beaker to #eparate sharply and draw off the lower alcoholic laieinto
separatory funnel, usingrhexane and water as washing another separator. Wash the uppehexane layerE, three
liquids. Allow this solution (or the combined filtrate and times, with 30, 25, and 20 mL of neutral 50 % alcohol,
washings, except the alcohol washings, from the determinatioffSPectively, adding these washedXtdWash SolutiorD with

of insolubles, Section 13, transferred to a separator), to cleg® ML of n-hexane, after which draw oB into a beaker and
and draw the aqueous layé, which contains all the bases as add then-hexane tdE. Evaporate Solutiod to a small volume

well as glycerin, into another separator. Wash theexane to remove 6!'°°h°" wash th_e _resi(_jue of potassium soap in_to a
layer, B, three times with 25-mL portions of water to remove separator with hot water, acidify with HCI, and shake out twice

HCI. adding the washinas t&. Wash the agueous solutio with 50 and 25 mL of ethyl etheF, respectively. Run Solution
twic,e withgzo-mL portigons .ofn-hexane% and then s"et F into another separator and wash twice with 20-mL portions

. ) I . X f hich h i . Transf I
Solution A aside for examination for glycerin (Section 16). of water, which can then be discarded. Transfer Solufido

. . . a weighed beaker and evaporate to dryness on a steam bath,
Wash SolutiorC once with 15 mL of water, which may then be blowir%g with air to rem(?ve all tracyes of ethyl ether.

discarded, and ad@ to B. If SolutionsB andC are compara-  \yaring—Extremely flammable. Harmful if inhaled. May

tively light-colored, an approximate determination of free fatty c5se eye injury. Effects may be delayed. May form explosive
acids and fatty acids from soap can now be made by titratingeroxides. Vapors may cause flash fire. Moderately toxic.
the solution in the separator with M\balcoholic KOH solution  |rritating to skin.) Heat the residue, consisting of free fatty
(Warning—Poison. Causes eye and skin damage) using phescids and fatty acids from soap, for a short time on a steam
nolphthalein Warning—In addition to other precautions, bath, adding and evaporating 5-mL portions of acetone
avoid skin contact or ingestion) as the indicator, and using 20Qwarning—Extremely flammable. Vapors may cause flash
as the average neutralization value of the fatty acid (that is, 1.fires) until a constant weight is obtained and the last traces of
g of fatty acid requires 200 mg of absolute KOH for neutral-water are removed. Determine the exact neutralization value on
ization). If SolutionsB and C are dark, add a few drops of as large a sample of these fatty acids as possible.

—Capital letters reference solutions given in Fig. 1.
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14.7 The fatty acids may be identified to some extent by Note 8—The soluble portion may be separated from the insoluble
special tests, such as odor, crystal form, melting point, iodinégnatter by continuous extraction through an extraction thimble.

number, color reactions, and so forth.

15.1.5 Soap in Mixed-Base Greases Not Soluble in Organic

14.8 If the grease is appreciably oxidized, the fatty acidsSolvents—If the grease is not soluble in organic solvents,
obtained by the ethyl ether extraction are likely to be dark indetermine the more accurately determinable metal and correct
color and hard to identify. For further study and identification,for free alkali if it is the predominant metal. Then proceed in
the neutralized acids may be extracted again (qualitativelyaccordance with 15.1.4. The presence of insolubles can intro-
with n-hexane and HCI (1 + 3), thus eliminating the small duce complications in the analysis of such a grease.

amount of more darkly colored matter.

15.1.6 Soap in Greases Containing Heavy Metal Seaiis

14.9 From the total quantity of fatty acid found, deduct thegreases containing soaps of lead, aluminum, and so forth, the
free acid, if any (see Section 23), and calculate the remaindeoap content cannot be calculated accurately because free fatty

as a percentage of soap as described in Section 15.

15. Calculation and Report

15.1 Calculate and report the neutralization number, mo
lecular weight of fatty acids, and percentage of soap i

accordance with 15.1.1-15.1.6:
15.1.1 Neutralization Number of Fatty AcidsCalculate the
neutralization number of the fatty acids as follows:

A = 56.1BN/X 1)

where:
A neutralization number of fatty acids,

B millilitres of KOH solution required for titration of the
solution,

N = normality of KOH solution, and

X = grams of fatty acid titrated.

15.1.2 Molecular Weight of Fatty Acids-Calculate the
molecular weight of the fatty acids as follows:

M; = 56,100A (2)

where:
M; = mean molecular weight of fatty acids, and
A = neutralization number of fatty acids.
15.1.3 Soap in Single-Base Greasef£alculate the percent-
age of soap in single-base greases as follows:

Soap, %= MLCIM; E 3)

where:
M, = mean molecular weight of the soap,
C = percentage of fatty acids from soap,

acids, for which correction must be made, are not directly
determinable in the presence of such soaps. A good estimate of
the soap content may be obtained, however, by adding the
value for organically combined metal to that for free fatty acids

r1nlus fatty acids (free and from soap) to soap. If the acids are

greatly in excess of those necessary for the normal soap of the
metal, it is advisable to calculate the metal to normal soap and
report the remaining acids as excess acids.

16. Glycerin (Qualitative)

16.1 To determine whether a grease has been made from
whole fats or from fatty acids, neutralize Solutidrwith dry
Na,CO; (Warning—Harmful if swallowed. May cause skin
irritation) and add sufficient excess to precipitate calcium or
other metals. Then evaporate the whole mass to dryness,
extract the residue several times with alcohol, filter the
combined alcoholic extracts, and evaporate the alcohol. The
residue will then contain most of the glycerin with a little
sodium chloride (NaCl). The presence or absence of glycerin in
the residue shall be confirmed by suitable qualitative tests.

17. Fat

17.1 Concentrate the-hexane solutionk (see Section 14),
containing free fat, petroleum oils, and unsaponifiable matter to
a volume of about 125 mL in a 300-mL Erlenmeyer flask,
adding 10 mL of 0.5\ alcoholic KOH solution and 50 mL of
neutral alcohol, and boil on a hot plate with an air condenser
for 1%2 h. Titrate the uncombined alkali with 0 HCI, and
from the alkali consumed, corrected for the blank determina-
tion as specified in 6.1, calculate the percentage of free fat,

M; = mean molecular weight of fatty acids from soap, and Using 195 as the average saponification value (that is, 1.0 g of

E = number of moles of fatty acid per mole of soap.

fat requires 195 mg of absolute KOH for specification).

15.1.4 Soap in Mixed-Base Greases Soluble in Organic 17-2 Place the titrated solutio, in a separator, draw off
Solvents—If the grease is soluble in organic solvents, deter-the alcoholic lower layet, into another separator, and remove
mine the more accurately determinable metal (of the two soap§€ remaining traces of soap as described for Solutibasd
present) in the solvent-soluble portion (see Note 8). Therf (See Section 14), making only two washes with 30 and 20
calculate the percentage of the soap having this metal as tigL of 50 % alcohol]. Combine Solution$i andl, wash once

base, as follows:

Soap, %= FM, /My, (4)

where:

F = percentage of the metal determined,
Mg =

M,, = molecular weight of the metal.

with a little n-hexane, which is added to Soluti@) and then

evaporate Solutionsl andl to a small volume and isolate the
fatty acid as described fd (see 14.6). The percentage of fat
can be checked by weighing and titrating the free fatty acid.

Note 9—Multiplying the weight of fatty acid by 1.045 gives very close

mean molecular weight of the soap of the metal, and approximation of the weight of fat from which it was derived. This factor

varies very little with the molecular weight of the fat.

Calculate the fatty acids necessary to form this amount of )
normal soap. Subtract these acids from the total soap fatt}8- Petroleum Oil
acids and then calculate the remaining soap fatty acids to the 18.1 Evaporate the-hexane solutionG, now containing all

soap of the second metal, as described in 15.1.3.

the hydrocarbon oils and unsaponifiable matter, to dryness in a
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weighed beaker as described fBr (see 14.6), weigh the 10 mL of 0.5N HCI, boil the solutions on a hot plate for 10 min

residue, and report the result as petroleum oils plus unsaporie expel CQ, and titrate the excess acid back with NS

fiable matter. alcoholic KOH solution. Calculate the free alkalinity in terms
18.2 The viscosity of the petroleum oil can be determinedf hydroxide of the predominating base.

using Test Method D 445. If a complete characterization of the

petroleum products is required, decompose a new sample 82. Insoluble Carbonates

from 150 to 200 g of grease as described in Section 13, except 22.1 If chalk or any other form of alkaline earth carbonate,

that all quantitative operations shall be omitted, as well as ther lead carbonate, is present as an insoluble, it will be detected

isolation of the free fatty acids, and the use of standard alkalby effervescence on adding the HCI. As the amount of such

and acid is not necessary. carbonates is likely to be considerable, increase the volume of
18.3 If the grease contains rosin oil, beeswax, degrag).5NHCI added sufficiently to dissolve all carbonate and leave

montan wax, or other materials containing a large amount o# slight excess of acid. Boil the solution for 2 min, titrate the

unsaponifiable substances, the petroleum oils isolated fromxcess acid back with 0 alcoholic KOH solution, and, from

Solution G will contain the unsaponifiable matter, and the the acid consumed, calculate its equivalent in CaCGdd so

physical properties will differ from those of the petroleum forth, disregarding any other forms of alkalinity that may have

products used in making the grease. In most cases, no furthbeen present.

separation is possible except in the hands of skillful and

experienced operators, who can devise special methods to sdi8. Free Acid

the individual conditions. 23.1 If the original alcoholic layer is not pink, titrate the
unheated solution carefully with OMbalcoholic KOH solution,
Test Method II shaking well after each addition. Calculate the acidity as oleic
acid.

19. Dark Qreases ] ] o 23.2 If soaps of iron, zinc, aluminum, or other weak bases
19.1 Weigh the sample in a 76-mm (3-in) porcelain dish,are present, a determination of free acid is not possible since
and add 10 g of granulated KHgQVarning—Poison. Harm-  these metallic soaps react with KOH. Up to the present, no

ful or fatal if swallowed. Causes severe eye and skin irritatior]fneans has been devised Whereby this determination can be
or injury. Dust or mist may be harmful), 10 g of clean, dry made directly.

ignited sand, and 5 mL of water. Heat the dish and contents on

a steam bath, while stirring frequently, until all water is driven WATER

off, 2 h usually being sufficient. After cooling and breaking up

lumps with a small pestle, transfer the mixture quantitatively to24. Procedure

an extraction thimble, which has been previously placed in a 24.1 Determine water in accordance with Test Method D 95.
Soxhlet apparatus, using a littlehexane to wash the last For solvent, use the petroleum distillate described in 5.1.2 of
traces into the thimble. Extract the thimble thoroughly with Test Method D 95.

n-hexane, concentrate the extract somewhat if necessary, and24.2 Calculate and report water as percent by weight in
titrate the free fatty acid and fatty acid from soap with 85 accordance with Test Method D 95.

alcoholic KOH solution as in SolutiorBandC, 14.4. Proceed

in accordance with Sections 14, 17, and 18. GLYCERIN (QUANTITATIVE)

20. Asphalt and Tarry Matter 25. Scope

20.1 Extract the thimble a second time with 25.1 This test method is intended for the determination of
CS,(Warning—Extremely flammable. Poison. Vapor may free glycerin in grease and for glycerin present as fat in grease.
cause flash fire. Vapor harmful. Capable of self-ignition atThe test method is applicable to greases containing 0.03 to
100°C or above. Harmful or fatal if swallowed. May be 1.6 % of glycerin and is accurate even in the presence of
absorbed through the skin.) Evaporate the extract to drynessthylene and propylene glycols.

heat at 120°C for 1 h, and then weigh, reporting the results as
asphaltic and tarry matter. Discard the residue in the thimble2®: Summary of Test Method
26.1 To determine free glycerin in grease, the sample is

FREE ALKALI AND FREE ACID refluxed with dilute sulfuric acid and-hexane. The warm
) mixture is extracted with warm water, the washings neutralized
21. Free Alkali and oxidized with potassium periodadte(Warning—May be

21.1 Weigh a 10 to 30-g sample of the grease in a smalifritating to skin and eyes. May react vigorously with reducing
beaker, dissolve as completely as possible in 75 mL ofgents) and the resulting solution titrated with standard sodium
n-hexane by stirring with a spatula, wash the mixture into ahydroxide solution \(Varning—Poison. Causes eye and skin
250-mL Erlenmeyer flask with a small amount whexane, damage). Glycerin oxidizes to 2 mol of formaldehyde and 1
and rinse the beaker with 50 mL of 95 % alcohol (see 4.4)mol of formic acid, as follows:
pouring the alcohol into the flask. Then add a few drops of
phenolphthalein solution and shake the contents vigorously. If
the alcoholic layer, after setting for a few seconds, is pink, add **Hoepe, G., and Treadwell, W. DGhemical Abstractsvol 36, p. 4058.
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C3HgO5 + 2KIO , -~ 2HCHO + HCOOH + 2KIO; + H,O  (5)  stoppered Erlenmeyer flask, and neutralize the solution to the

26.2 To determine free glycerin and glycerin combined agnethyl red end point as described in 27.6.
fat, aqueous sodium hydroxide is added before refluxing, 27-8 Adl 3 g of cp KIQ, to each flask. Tie the stoppers
instead of sulfuric acid. After saponifying, the soaps arecarefully in place and shake the flasks for 2 h. (A mechanical
decomposed by refluxing with mineral acid, théhexane is ~Shaker is recommended for this purpose.) Remove excess KIO
evaporated, and the determination completed as for freBY filtering the solutions through close-textured paper and

glycerin. collect the filtrates in clean, 300-mL, glass-stoppered Erlenm-
o ] eyer flasks. Add six drops of methyl red indicator solution to

Determination of Free Glycerin each flask and titrate the solutions to a copper-colored end
27. Procedure point with 0.05N NaOH solution. Record the amount of NaOH

27.1 Weigh 10 g of the sample into a 250-mL ErIenmeyerSOIUtlon used.

flask and add dilute 80,(3 mL of concentrated 80, plus
20 mL of distilled water) and 20 mL af-hexane.

27.2 Reflux the mixture on a steam bath until the grease i98. procedure
disintegrated. Allow the contents of the flask to cool to room
temperature. If contents remain liquid, follow the proceduref
prescribed in 27.3. If contents congeal or if solid particles

form, follow the procedure prescribed in 27.4. . .
' 28.2 Cool the flask and substantially neutralize the NaOH
27.3 Ado_l 50_ mL ofn-hexane and transfer the contents of theWith H,S0, (1 +4); then add an excess of approximately 25
flask quantitatively to a 500-mL separator, washing the flaslﬂ]l_ of H,SO, (1 + 4) followed by 20 mL ofn-hexane
2 4 - .

W'th 50 .mL of n-hexane.and .25 mL of distilled water, and 28.3 Complete the determination in accordance with 27.2-
introducing these washings into the separator. Shake t

contents of the separator and allow the two layers to separate. "

Draw off the water layer into a _second separator containing 108g  calculation

mL of n-hexane. Wash the first separator with two 30-mL :

portions of distilled water and add these washings to the second 29-1 Calculate the percentage of glycerin as follows:

separator. G- (M = M;) X N X 0.0921
27.4 Heat contents of the flask to approximately 63°C and $x0.92

transfer quantitatively to a 500-mL separator, washing the ﬂaSkwhere'

with 50 mL of warmn-hexane and 25 mL of warm distilled Z percentage of glycerin

water, and introducing these washings into the separator. Kee = millilitres of 0.05 N NabH solution used to titrate

the contents of the separator warm, shake, and allow the two

. the sample,
layers to separate. Draw off the water layer into a secondy millilitres of 0.05 N NaOH solution used to titrate

Determination of Total Glycerin (Free and Combined)

28.1 Weigh 10 g of the sample into a 250-mL Erlenmeyer
lask. Add 10 mL of NaOH (100 g/L) and heat the mixture
under a reflux condenser for 2 h.

X 100 (6)

separator containing 100 mL af-hexane. Wash the first the blank,
separator with two 30-mL portions of warm distilled water and = normality of the NaOH solution,
add these washings to the second separator. S = grams of sample used, and

27.5 Shake the second separator, allow the contents t9.92 = an empirical factor derived from experimental data
separate, and filter the water layer into a 300-mL ground-glass (not to be confused with 0.0921, which is the
stoppered Erlenmeyer flask. Wash the second separator once stoichiometric glycerin value).

with 20 mL of distilled water and filter the washings into the
same Erlenmeyer flask. Thehexane solutions may then be 30. Precision and Bias

discarded. o _ 30.1 Precision—There are no interlaboratory test data avail-
27.6 Add three drops of methyl red indicator solution (se€;pje to establish a statistical statement of precision.

Note 10) to the aqueous solution and make almost neutral with 30 2 Bjas—There are no interlaboratory test data available
NaOH solution (240 g/L). Add two more drops of the indicator ty estaplish a statistical statement on bias.

solution and carefully titrate the solution to a copper-colored
end point with 0.05N NaOH solution. 31. Keywords

Note 10—The indicator is red in a neutral or acid solution. An alkaline 31.1 analysis; extraction; fat content; fluid content; free
(aqueous unadulterated) solution is yellow. In the glycerin determinatioralkali content; free fatty acid content; glycerin content; in-
the solution is copper-colored, corresponding to faint alkalinity. solubles content; lubricating grease; petroleum oil content;

27.7 Blank—Prepare a blank by adding 23 mL of,800,  soap content; Soxhlet apparatus; thickener content; water
(3+20) to 80 mL of distilled water in a 300-mL glass- content
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APPENDIX

(Nonmandatory Information)

X1. SUPPLEMENTARY METHOD FOR THE ANALYSIS OF LUBRICATING GREASES

X1.1 Scope Note X1.3—A weighing bottlé* should be used in this operation to
minimize the absorption of moisture by the extraction thimble. The

X1.1.1 This test method includes procedures for the deteréxtraction is facilitated by spreading the grease sample uniformly to

mination of the total fluid constituent and the totahexane-  within 10 mm from the top of the thimble.
insoluble material. It 1S prlmarlly_ intended for application t0  Nore X1.4—As a safety precaution, a steam plate or other suitable safe
greases of the types discussed in 1.2. heating device should be used for heating the solvent during the extraction
o ) ) step and for evaporating the solvent from the extracted fluid constituent.
Note X1.1—The determination of free fatty acid (see Section 23), and

free alkali (see Section 21) are also involved in these procedures, since NOTE. Xl'5._The. reflu_x ra_te should be such that the solvent level in the
their respective test results are involved as correction terms in th xtraction th|mb_|e is maintained between the top surface of the grease and
calculations. e top of the thimble. It may be necessary to insulate the extraction fle_lsk
from the steam plate to obtain a satisfactory reflux rate. As the extraction
rogresses, it may then be necessary to remove at least part of the
X1.2 Summary of Test Method %st?lation to increa)ée the reflux rate in oryderto keep the extractign thimble
X1.2.1 Total Fluid Constituentote X1.2—The grease is full of solvent.
extracted withn-hexane. The resultamthexane-soluble frac-
tion, when corrected for free fatty acids, is designated as totg],
fluid constituent.

X1.5.2 If then-hexane-soluble portion is not clear, indicat-
g the presence af-hexane-insoluble material or free acid, or
both, filter while warm through a weighed, chemically resis-
Note X1.2—Fats that are-hexane-soluble will be included in the total tant,”> medium-porosity fritted-glass crucible. With hot
fluid constituent but usually are not present in sufficient quantity ton-hexane, transfer the remaining residue from the extraction
seriously affect the total fluid constituent properties. flask into the glass crucible and then wash the crucible and
X1.2.2 Total n-hexane-Insoluble MateriatThe n-hexane ~CONtENts with _hotr)-hexane to remove al traces Of.ﬂUid
insoluble portion of the grease minus any free alkali jsconstituent. This vvﬂl remove the msolubl_e material whlle.the
reported. free acid will remain in tr_\m—hexane squt!on. The free acids
may recrystallize on cooling. Dry the crucible and contents for
30 min at 100°C in a convection oven. Cool and reweigh. This
amount of material should be added to the weight of the total
X1.3.1 total fluid constituert-the mineral oil, or nonpetro- n_hexane-insoluble material.
leum fluid andn-hexane-soluble fats, or all three. X1.5.3 Transfer then-hexane filtrate to a tared beaker.
X1.3.2 total n-hexane-insoluble materiaisoap, nonsoap Evaporate the solvent on the steam plate with a jet of air or
thickeners, fillers, inorganic salts from free alkali, asphaltenesnert gas impinging on the surface for 3 h, and place in a
or any combination of these, essentially insoluble-inexane.  convection oven fol h at100°C. Heat to constant weight.

X1.3 Terminology

X1.4 Apparatus Note X1.6—A 5-mg weight loss after a 15-min heating period in the
' _ ) ) oven can be considered to be constant weight.
X1.4.1 Extraction Apparatusconforming to requirements

given in Test Method D 473. A 1000-mL flask shall be used. AX1.6 Calculations

double-thickness filter paper extraction thimble, 33 by 94 mm, x1 g 1 Calculate the percentage of the total fluid constituent
shall be suspended by corrosion-resistant wire or by &g follows:

corrosion-resistant wire basket below the condenser in such a

position that the condensed solvent will enter the thimble. Total fluid constituent, %= (100A/W) — B (X1.1)

where:

X1.5 Procedure A n-hexane-soluble residue, g, (X1.5.3),

X1.5.1 Weigh to the nearest 1 mg 10 0.2 g (see Note W = sample used, g, and _ , ,
X1.3) of a representative sample into thehexane-washed, B percentage of free fatty acid as oleic (Section 23).
dried, tared extraction thimble, and place the thimble in the X1.6.2 Calculate the percentage of tatafhexane-insoluble
extraction apparatus to which 125 mL whexane (see 5.10) Material as follows:
has previously been added. Place the assembly on a steam plate  Total n—hexane-insoluble material, %= (100C/W) — D
(see Note X1.4) and extract for 12 h (see Note X1.5). Remove (X1.2)
the thimble from the apparatus, dry the insoluble material for
30 min in a convection oven at 100°C, and record the weight
(see Note X1.3). To ensure complete removal of fluid constitu=————— o . _
ent, re-extract the insoluble material for 1 h. Dry and reweigh, , T2 596 5245 0 peh o e ueioning ol f s sz koo 06
(see Note X1.3). If the weight loss is greater than 20 Mgempstead Tumnpike, West Hempstead, NY 11552.
re-extract fo 4 h more. Repeat the drying operation. 15 Borosilicate glass has been found satisfactory for this purpose.

10
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where: D = percentage of free alkali as the hydroxide of the
C = residue fromn-hexane extraction, g, (X1.5.1), predominating base (Section 21).
W = sample used, g, and
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in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

11



