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Standard Test Method for
Low-Temperature Viscosity of Lubricants Measured by
Brookfield Viscometer *

This standard is issued under the fixed designation D 2983; 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 * 3.1.2 reference viscosify—the viscosity of a Newtonian

1.1 This test method describes the use of the Brookfiel$tandard reference fluid specified at each of several user-
viscometer and a low-temperature bath for the determination ciPecified temperatures. Reference viscosities of typical stan-
the low-shear-rate viscosity of lubricants. The test may operatdard reference fluids are listed in Appendix X2.
in the viscosity range of 500 to 1 000 000 mPa-s (cP). Th
bath-controlled temperature is selected within the range of +5%' Summary of Test Method

to —40°C. 4.1 A lubricant fluid sample is preheated, allowed to stabi-
1.2 The test method uses the Sl unit, milliPascal-secondZ€ at room temperature, and then poured into a glass cell with
(mPa-s), as the unit of viscosity. (1 cP = 1 mPa-s). a special spindle. The glass cell is then placed into a pre-cooled

1.3 This standard does not purport to address all of thecold cabinet set at a predetermined test temperature between +5
safety concerns, if any, associated with its use. It is thd® —40°C for 16 h. Then a viscometer is utilized that rotates the

responsibility of the user of this standard to establish appro-SPecified spindle within the sample at the speed giving a
priate safety and health practices and determine the applicaMaximum torque reading on the viscometer. The resulting

bility of regulatory limitations prior to use. torque reading is used to calculate the viscosity of the oil.

2. Referenced Documents 5. Significance and Use
2.1 ASTM Standards: 5.1 The low-temperature, low-shear-rate viscosity of gear
D 341 Standard Viscosity-Temperature Charts for Liquid©ilS; automatic transmission fluids, torque and tractor fluids,

Petroleum Products and industrial and automotive hydraulic oils, Annex A4, are of
2.2 European Procedure: considerable importance to the proper operation of many
CEC L18-A-8G¢ mechanical devices. Measurement of the viscometric proper-
ties of these oils and fluids are often used to specify their

3. Terminology acceptability. This test method is used in a number of specifi-

3.1 Definitions of Terms Specific to This Standard: cations.

3.1.1 apparent viscosity-the dynamic viscosity determined ~5-2 This test method describes how to measure apparent
spindle speed (shear rate) of the Brookfield viscometer if thdnterpolation or extrapolation of experimental data.
lubricant is non-Newtonian at low temperatures. See AppendiX Nore 1—Viscosity values obtained by either interpolation or extrapo-

X1 for a brief explanation. lation are subject to errors caused by gelation or non-Newtonian response
to rotor speed, or both. Only in the case of known Newtonian oils is
interpolation acceptable for the purpose of calibrating the rotor and glass

1 This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee “ The sole source of supply of the Standard Newtonian Brookfield viscosity

D02.07 on Flow Properties. reference fluids known to the committee at this time is Cannon Instrument Co., Post
Current edition approved Nov. 10, 2002. Published February 2003. OriginallyOffice Box 16, State College, PA 16801. If you are aware of alternative suppliers,

approved in 1971. Last previous edition approved in 2002 as D 2983—-02a. please provide this information to ASTM International Headquarters. Your com-
2 Annual Book of ASTM Standardgl 05.01. ments will receive careful consideration at a meeting of the responsible technical

3 Available from CEC, Mandou Plaza-25th Floor, B-1210 Brussells, Belgium. committee?, which you may attend.

*A Summary of Changes section appears at the end of this standard. Docu ments
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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cell. If such viscosity versus temperature plots are required, they can be Note 3—Liquid baths are available that can cool at the proper rate and

made by the procedure outlined in Annex Al. maintain the selected test temperature within 0.1°C of the set point for the
16-h soak-period portion of the test. Details on liquid baths can be found
6. Apparatus in the manufacturer's manual.

6.1 Brookfield Viscomet&—Analog Model LVT or more 6.8 Turntablé—This device contains the cell rack. The
recent digital models (for example, LVDV-II+) are required. turntable should rotate at a speed of 3 to 5 rpm. This item is
6.2 Viscometer Spindfe—Uninsulated viscometer No. 4 often supplied with the cold cabinet. The turntable is not
spindle or insulated No. 4B2 spindle may be used. Periodicallyequired for a liquid bath.
inspect for wobble, and for No. 4B2 spindles, ensure firm 6.9 Temperature Sensing DevieetJse certified or other
adhesion of the lower part of the spindle. A number of spindlegalibrated thermometric devices of equal or greater accuracy
are needed for multiple determinations. See Fig. 1 for diagranthat cover the range from +5° to —40°C with 0.1°C (or finer)
6.3 Spindle Clig—A thin clip or spacer that supports the increments. For air-bath-style cold cabinets, it is recommended

spindle at proper immersion depth during cool-down. to use IP Brookfield Viscometer Total Immersion Thermom-
6.4 Test Cel—A glass test tube 22 to 22.5 mm in inside eters (listed in 6.9.1) in conjunction with a calibrated resistance
diameter and 115 5 mm in overall length. temperature detector (RTD) device. The RTD must be effec-

6.5 Cell Stoppet (Fig. 2)—A cap that fits onto the test cell tively calibrated at 0°C and —40°C. The thermometers can be
with a hole large enough for the spindle to turn with sufficientcompared to the RTD in order to get an accurate reading.
clearance. 6.9.1 For liquid-style baths, it is recommended to use the IP

6.6 Insulated Cell Carrief (Fig. 2)—A balsa wood block Brookfield Viscometer Total Immersion Thermometers IP 94C
with windows that keeps the test cell cold during testing.  (—45° to —35°C), IP 95C (-35° to —25°C), IP 96C (-25° to

Note 2—A liquid batt, with a viewing window, held at the specified -15°C), IP_97C (-15°t0 =5°C), and ASTM 63C (-8° to +32°C)
temperature, within 0.1°C, can be used in place of the test cell carrier (sd@ COVer this range. ASTM numbers for these thermometers are
also Note 10). 122C, 123C, 124C, 125C, respectively. As with the air bath,
these must also be calibrated with reference to an RTD in order

air-circulation device may be used (see Note 3). To minimizd® 96t an accurate re'admg. Sge also Ar_mex Marhlng—_ .
disturbance, it is recommended that the cabinet has an innértqre thermometers In an upright position to help mamtam
cover with hand-holes for sample insertion and removal. Thé:allbratlon. Make certain that there are no separations in the
cold cabinet must cool the sample to a chosen constant te§9lum_n. Mgrc_t;r;r/]-thilhum amalgqmbuslfd in ASTM 122C (IP
temperature over a range from +5° to —40°C and hold tha 4(?)1(I)Séfai(rl1ck ISta: t;;mgmcjetfg;f isrgloesz)in chemistry to
temperature within= 0.3°C. The air circulation device and the h ) bei dF; h fd ining th ty i
turntable must be able to be switched off prior to fully openingt 0S€ being teste 'or't € purpose of determining the tempera
the bath top. Mechanically refrigerated liquid baths may belr® experienced within a sample.
used for apparent viscosity determinations. A European procer. Use of Reference Fluids

dure, CEC L18-A-80, describes the use of such baths. Aliquid 7 1 The yse of standard reference fluids, detailed in Annex

bath can be used for sample conditioning if it can duplicate the\3 snd Annex A4. was developed to ensure more precise

sample cooling rates outlined in Annex A2. The main advantqnirg| of the apparent viscosity measurements. Each new

tage of a liquid bath over an air bath is more precisegpingie should be run with a reference oil prior to testing

temperature control and thus more precise apparent Viscosimpjes to ensure accurate results. With analog viscometers,

measurement. the procedure to calculate expected reference fluid dial read-
ings and interpret observed reference fluid dial readings is

5 The sole source of supply of the Brookfield viscometer and accessories knowBIVEN IN Annex A3. AlthOUQh the dial read!ng limits listed in
to the committee at this time is Brookfield Engineering Laboratories, Inc., Annex A3 are typical of the data received from several

Stoughton, MA 02072. If you are aware of alternative suppliers, please provide thizxtensive round robins, more precise control is both desirable

information to ASTM International Headquarters. Your comments will receive - : . -

careful consideration at a meeting of the responsible technical comrhittégch and pOSSIb|e with dlgltal equipment.

you may attend.
®These items are available from Lawler Manufacturing, Inc., 7 Kilmer Ct., 8. Procedure

Eddison, NJ 08817. 8.1 Preparation of the Bath

6.7 Cold Cabine¥—A top-opening cold cabinet with an

Viscosity

. Sensor Section
Immersion Groove

Spindle Shaft \

Immersion Mark

Spindle Coupling Nut

Note—Adapted from drawings of Brookfield Engineering Laboratories.

FIG. 1 Diagram of No. 4 LV Cylindrical Spindle Docu ments
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8.1.1 Set the test temperature of the cold cabinet, monitor Note 5—If the apparent viscosity of the sample is unknown, use two
the temperature with a blank sample, and allow the bath tgamples, one for determination of the rpm and one for determination of
stabilize at the desired test temperature. Do not put any te§pParent viscosity.

samples in the turntable. 8.2.2 Cover each sample (such as with aluminum foil).
8.1.2 After equilibration, check the bath temperature by theviaintain the sample at 5& 3°C for 30 + 5 minutes. If using

thermometer or thermometric device immersed in a blankg liquid bath, then cover each sample with an airtight seal (such
sample of oil held by the rotating rack. as a finger cot).

Nore 4—If a temperature adjustment is made, it may require atleast 1 nore 6_This preheating step has been proven important in other
h for temperature equilibration. Depending on specific bath characteriseitical low-temperature ASTM methods and is designed to remove any
tics, longer times for equilibration may be required after major tempera-memory effects that may develop from previous low-temperature expo-

ture changes. Do not adjust bath temperaturer ftk into the sample-  gyres or structure formations. Higher temperatures and longer preheating
conditioning period because the apparent viscosity of the sample may kgnes are being explored.

significantly changed.

8.2 Preparation of Sample

8.2.1 Shake the sample container thoroughly and plac
about 30 mL into the test cell. It is essential that the appropriat& _
reference fluids be run at the beginning and end of each test 8-3-1 Cover the test cell (6.4) with the cell stopper (6.5) and
series (and results recorded) to indicate the sample temperatdtg® the spindle clip (6.3) to support the spindle (6.2) and lower
change that results from frequent opening of the cold cabinetnto the test cell so that the center of the spindle immersion
Reference fluids do not require pre-conditioning; howeverMark is slightly below the liquid surface (to allow sample
they should be handled in the same manner as the test fluids fhrinkage due to cooling). This reduces the amount of distur-
all other ways. Annex A4 details the calculation of the apparenP@nce placed on the sample before measurement later in the
run temperature from reference fluid viscosity and rpm dataMethod. See Fig. 1 for diagram.
The change in apparent run temperature (from run to run) may Note 7—Handle and store the spindles and instrument with care at all

not exceed 0.4°C. The apparent run temperature itself shoulghes. Check the calibration of each spindle periggically with reference oil
be within £0.3°C of the set test temperature. (see Section 7). Do not use any damaged or n anfﬁs
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8.3 Remove the test cells from the heating source and allow
go cool to room temperature (25 5°C) and then remove the
overs.
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