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Standard Test Methods for
Rubber—Viscosity, Stress Relaxation, and Pre-Vulcanization
Characteristics (Mooney Viscometer) 1!

This standard is issued under the fixed designation D 1646; 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 1.6 This standard does not purport to address all of the

1.1 These test methods describe procedures for measuring@féty concerns, if any, associated with its use. It is the
property called Mooney viscosity. Mooney viscosity is defined'esponsibility of the user of this standard to establish appro-
as the shearing torque resisting rotation of a cylindrical metaPriate safety and health practices and determine the applica-
disk (or rotor) embedded in rubber within a cylindrical cavity. bility of regulatory limitations prior to use.

The dimensions of the shearing disk viscometer, test tempera; oo torenced Documents
tures, and procedures for determining Mooney viscosity aré”
defined in these test methods. 2.1 ASTM Standards:

1.2 When disk rotation is abruptly stopped, the torque or D 134_9 Practice for Rubber—Standard Temperatures for
stress on the rotor decreases at some rate depending on the Testing . )
rubber being tested and the temperature of the test. This is D 1418 Practice for Rubber and Rubber Latices— Nomen-

called 'stress relaxation’ and these test methods describe a test_Claturé
method for measuring this relaxation. D 1485 Test Methods for Rubber from Natural Sources—

Sampling and Sample Preparation
Note 1—Viscosity as used in these test methods is not a true viscosity [ 3182 Practice for Rubber—Materials, Equipment, and

and should be interpreted to mean Mooney viscosity, a measure of Procedures for Mixing Standard Compounds and Prepar-
shearing torque averaged over a range of shearing rates. Stress relaxation . .
ing Standard Vulcanized Sheéts

is also a function of the test configuration and for these test methods the .
results are unique to the Mooney viscometer. D 3185 Test Methods for Rubber—Evaluation of SBR

(Styrene-Butadiene Rubber) Including Mixtures with20il
3186 Test Methods for Rubber—Evaluation of SBR
(Styrene-Butadiene Rubber) Mixed with Carbon Black or
Carbon Black and Ofl

D 3896 Practice for Rubber from Synthetic Sources—
Sampling

1.3 When compounded rubber is placed in the Mooney D
viscometer at a temperature at which vulcanization may occur,
the vulcanization reaction produces an increase in torque.
These test methods include procedures for measuring the initial
rate of rubber vulcanization.

stalrfja-rrgeT\ﬁ:alu\/e;;uS(:ztei?/e"; i: ug:t;n?hrgsfsb{;gefg?rigfeodm?:ﬂtgﬁ D 4483 Practice for Determining Precision for Test Method
onl ) 9 P Standards in the Rubber and Carbon Black Industries
y: 2.2 1SO Standard®

de%ésrrrﬁgtic?r:%?ﬁ(r)%rfs gviz,itr)t:itlaﬁgd ri-\ﬂfganﬁgzggr?iiatre ISO 289 Rubber, Unvulcanized—Determinations Using the
y Y b Shearing Disk Viscometer,

acterist_ics. In addition to a few insignificant differences t_here Part 1 Determination of Mooney Viscosity, and

are major technical differences betwee_n ISO 289 and this test Part 2 Determination of Prevulcanization Characteristics.
method in that ISO 289 does not provide for sample prepara-

tion on a mill, while this test method allows milling sample 3. Terminology

preparation in some cases prior to running a Mooney viscosity
test. This can result in different viscosity values for some
rubbers.

3.1 Definitions of Terms Specific to This Standard:

3.1.1 Mooney viscosityn—a measure of the viscosity of a
rubber or rubber compound determined in a Mooney shearing
disk viscometer; viscosity is indicated by the torque required to

1 These test methods are under the jurisdiction of ASTM Committee D11 on
Rubber and is the direct responsibility of Subcommittee D11.12 on Processabilty ——————————
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rotate a disk embedded in a rubber specimen and enclosed important and complement each other. A slow rate of relaxation
the die cavity under specified conditions. indicates a higher elastic component in the overall response,

3.1.2 pre-vulcanization characteristicg+— for a vulcaniz- while a rapid rate of relaxation indicates a higher viscous
able compound, a measure of the time to the incipientomponent. The rate of stress relaxation has been found to
vulcanization and the rate of cure during the early stages oforrelate with rubber structure characteristics such as molecu-
vulcanization. lar mass distribution, chain branching, and gel content.

3.1.3 stress relaxationn—the response of a raw or com- 5.3 Pre-Vulcanization CharacteristiesThe onset of vulca-
pounded rubber to a rapid cessation of flow or a suddemization can be detected with this instrument as evidenced by
deformation; specific to the use of the shearing disk viscoman increase in viscosity. Therefore, this test method can be used
eter, it takes the form of a decaying level of stress initiated byto measure incipient cure time and the rate of cure during very
suddenly stopping the rotation of the disk. early stages of vulcanization. This test method cannot be used

3.1.4 test temperaturen—the steady-state temperature of to study complete vulcanization because the continuous rota-
the closed dies with rotor in place and the cavity empty; thigion of the disk will result in slippage when the specimen
steady-state temperature shall be measured within the dies emaches a stiff consistency.
described in 6.1.3.

6. Apparatus
4. Summary of Test Methods 6.1 Mooney ViscometerAn instrument consisting of a

4.1 These test methods are divided into three parts: motor-driven rotating disk within a cylindrical die cavity

4.1.1 Part A—Viscosity:This test method describes the formed by two dies maintained at specified conditions of
measurement of the Mooney viscosity. The Mooney viscosittemperature and die closure force. The Mooney viscometer
is measured by a metal disk embedded in a rubber specimefeasures the effect of temperature and time on the viscosity of
contained in a rigid cylindrical cavity maintained at a specifiedrybbers. If the stress relaxation test is to be performed, the
pressure and temperature. The disk is slowly and continuouslyistrument must be capable of abruptly stopping the rotation of
rotated in one direction for a specified time. The resistance tﬂqe disk and monitoring the relaxation of stress versus time.
this rotation offered by the rubber is measured in arbitraryThe die-rotor relationship of an example design is shown in
torque units as the Mooney viscosity of the specimen. Fig. 1. The Mooney viscometer shall incorporate the following

4.1.2 Part B—Stress RelaxatiorThis test method de- components:
scribes the procedure to measure stress relaxation. At the endg.1.1 Dies—The dies and die holders forming the die cavity
of a Mooney viscosity test, the rotation of the metal disk isshall be fabricated from a nondeforming tool steel, shall have
suddenly stopped and the rate of decrease of torque ign unplated finish, and shall be hardened to a Rockwell
monitored as a function of time. hardness of 60 HRC minimum. The dimensions of the die

4.1.3 Part C—Pre-Vulcanization Characteristichis test  cavity, measured from the highest surfaces, shall be 5&.93
method describes how pre-vulcanization properties may bg.13 mm (2.005 0.005 in.) in diameter and 10.590.03 mm
measured. The viscosity of vulcanizable rubber compounds i§.417 + 0.001 in.) in depth. The surfaces of the die cavity
recorded during heating at a specified temperature. The minkhall either be serrated or contain V-grooves to minimize
mum viscosity and the times for the viscosity to increase byslippage of the specimen.
specified amounts are used as arbitrary measures of the start _ _
and rate of vulcanization. Note 2—The two types of dies may not give the same results.

o 6.1.1.1 Serrated Dies-When the cavity is formed from
5. Significance and Use four pieces of steel, serrations on the surfaces of the dies and

5.1 Viscosity—Viscosity values determined by this test die holders are used. These serrations consist of rectangular
method depend on molecular structure, molecular mass, argtooves 0.8+ 0.02 mm (0.031+ 0.0008 in.) wide with a
non-rubber constituents that may be present. Since rubbemiform depth of not less than 0.25 mm (0.010 in.) nor more
behaves as a non-Newtonian fluid, no simple relationshiphan 0.38 mm (0.015 in.). The grooves shall be vertical and
exists between the molecular mass and the viscosity. Thereforghall be cut on 1.6= 0.04 mm (0.063t 0.002 in.) centers. The
caution must be exercised in interpreting viscosity values oerrations of the dies shall consist of two sets of such grooves
rubber, particularly in cases where molecular mass is vergt right angles to each other.
high. For example, as the molecular mass increases, the6.1.1.2 Radial Grooved Dies-When the die cavity is
viscosity values for IIR polymers (butyl rubbers) reach anformed from two pieces of steel, radial V-grooves are used only
upper limit of about 80, at 100°C (212°F) using a large rotor aon the flat surfaces of the die cavity. The grooves shall be
a rotation speed of 2 r/min, and may then decrease tgpaced at 20° intervals and shall form a 90° angle in the die
considerably lower values. For these higher molecular massurfaces with the bisector of the angle perpendicular to the
rubbers, better correlation between viscosity values and maurface. They shall extend from the 7-mm (0.281-in.) circle to
lecular mass is obtained if the test temperature is increasedthe 47-mm (1.875-in.) circle in the upper die and from the

5.2 Stress Relaxatior-The stress relaxation behavior of 12-mm (0.472-in.) circle to the 47-mm circle in the lower die.
rubber is a combination of both an elastic and a viscoughe grooves shall be £ 0.1 mm (0.04+ 0.004 in.) wide at
response. Viscosity and stress relaxation behavior do ndhe surface.
depend on such factors as molecular mass and non-rubber6.1.1.3 Mounting of Dies—The dies shall be an integral part
constituents in the same way. Thus both of these tests a@f or mounted on platens equipped with alaaatcumimts
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FIG. 1 Relationship of Platens, Dies, and Rotor in a Typical Shearing Disk Viscometer

controls capable of maintaining the die cavity at the specifiedo a Rockwell hardness of 60 HRC minimum. The large rotor
test temperature with a tolerance ©0.5°C (+£1°F) at equi- shall be 38.1G3t 0.03 mm (1.500+ 0.001 in.) in diameter and
librium conditions. 5.54+ 0.03 mm (0.218+ 0.001 in.) in thickness as measured

6.1.1.4 Die Closure—The viscometer shall have a suitable from the highest points. The small rotor shall conform to the
device for opening and closing the platens and dies and fdarge rotor except the diameter shall be 30#480.03 mm
holding them closed during a test. During a test it is extremely(1.200+ 0.001 in.). The serrations on the face of the rotor shall
important that the die cavity be held closed with the correctonform to the requirements for the serrated dies given in
force. To obtain the correct closing force for the mechanical6.1.1.1 and the serrations on the edge of the rotor shall conform
type closures, follow explicitly either the manufacturer’s rec-to the requirements specified for the serrated die holders. The
ommendation or other procedure of equal reliabflifpneu- rotor head shall be securely mounted perpendicularly to a
matically closed dies shall be held closed during the test witlsuitable straight cylindrical stem not exceeding 11 mm (0.433
aforce of 11.5+ 0.5 kN (2585+ 115 Ibf). A greater force may in.) in diameter. The rotor head shall be positioned so that the
be required to close the dies when testing extremely tougtop and bottom surfaces are 2.540.10 mm (0.100+ 0.005
stocks. At least 10 s before the motor is started, the forcén.) from the surfaces of the top and bottom dies, respectively,
should be set to 11.5 0.5 kN. The die closure shall be such when the dies are closed. The wear tolerance from the center
that a piece of thin soft tissue (with a thickness not greater thaposition should not exceetl0.25 mm ¢-0.010 in.). A suitable
0.04 mm (0.0015 in.)) placed between the meeting surfaceseal shall be provided in the lower die having a minimum
will retain a continuous pattern of uniform intensity when the clearance and constant torque when the machine is run empty.
dies are closed upon it. A nonuniform pattern indicates wear oThe eccentricity, or runout, shall not exceed 0.1 mm.
the die holder surface, misalignment, or distortion of dies and 6.1.2.1 Rotor wear will affect test results. Any rotor worn to
die holders. Any of these situations will result in undue leakageuch an extent that the rotor diameter is less than the minimum
and erroneous results. diameter shown in this procedure shall not be used.

Note 3—For mechanical-type closure viscometers, the pressure on the 6.1.2.2 Rotor Drive—The disk shall be rotated relative to

die cavities may change if the viscometer is used at a different temperatuf@€ dies at a rotational rate of 0.21 rad/s (2.0 r/min), unless
than that at which it is adjusted. otherwise specified. The permissible tolerance shatt Bed02

6.1.2 Rotors—Two rotors are specified, differing only in ad/s €¢0.02 r/min). _ ,
their diameter. They shall be fabricated from a nondeforming 6-1.2.3 Rotor Stop-If the stress relaxation test is to be

tool steel, shall have an unplated finish and shall be hardendigrformed, the instrument shall be capable of stopping the
rotor within 0.1 s.

6.1.3 Temperature Measuring Syster$ince the measure-
“Decker, G. E., “Note on the Adjustment of the Mooney Viscometer Die ment of the_temper_ature of the rubber in the die cavity is
Closure,”ASTM Bulletin No. 195, January 1954, p. 51. difficult and impractical, the temperatur cumenis
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TABLE 1 Standard Viscosity Test Conditions

Sample Preparation,

Type Rubber? See Section Test Temperature, °C? Running Time, min®
IRM 241 7.1and 7.3 100 = 0.5 or 125=* 0.5 8.0
Unmassed sample 7.1and 7.3 Use conditions listed below for type rubber being tested.
NR 7.1 and 7.2.1 (if massed) 100 + 0.5 4.0
BR 7.1 and 7.2.2 (if massed) 100 = 0.5 4.0
CR
IR
NBR
SBR
BIIR 7.1 and 7.2.2° (if massed) 100 + 0.5 or 125 + 0.5 8.0
CIIR
IR
EPDM 7.1 and 7.2.2 (if massed) 125 + 0.5 4.0
EPM
Synthetic rubber black masterbatch 7.1 and 7.2.3 (if massed) 100 = 0.5 4.0
Compounded stock reclaimed material 7.1and 7.3 100 = 0.5 4.0
Miscellaneous If similar to any group above, test accordingly. If not, establish a procedure.

A See Practice D 1418.

B Test temperatures are 100 = 0.5°C (212 + 1°F) or 125+ 0.5°C (257 = 1°F).

€ Time after the standard 1.0-min warm-up period at which the viscosity measurement is made.

Pf no air bubbles are visible in the sample, 7.2.2 may be omitted.

E Use a temperature of 125 + 0.5°C (257 = 1°F) whenever specimen has a viscosity higher than 60-ML 1 + 8(100°C).

shall be measured with the rotor in place and the cavity emptyconsolidate particles, or to modify it, if necessary. When mill
The temperature measuring system shall consist of platinummassing is performed, use the sample preparation steps shown
resistance temperature sensors, thermocouples, or thermistars.7.2 and as specified in Table 1 for the type of rubber being
Calibrated platinum resistance temperature sensors capabletested. When specimens cannot be easily cut from the un-
indicating the temperature to withirt0.25°C +0.5°F) are massed material and mill massing is not appropriate, the
preferred. When calibrated thermocouples (copper-constantamanufacturer of the material should be asked to recommend an
Type T0.25 mm, or 30 wire gage are suggested) or thermistomlternate sample preparation procedure. For best reproducibil-
are used, they shall be capable of indicating the temperature tty of results, minimum work (shear) should be done to the
at least+0.5°C (£1°F). A temperature sensor shall be locatedmaterial during sample preparation.
in each die for control of the die temperature. The active 7.2.1 When NR rubber samples are mill massed, pass250
element of the sensor shall be 3to 5 mm (0.12 to 0.20 in.) fron® g of the sample between the rolls of the standard laboratory
the surface of the die and 15 to 20 mm (0.6 to 0.8 in.) from thamill as described in Practice D 3182 having a roll temperature
rotor axis. of 70 = 5°C (158 = 9°F) and having a distance between the
6.1.4 Torque Measuring SystemiThe torque measuring rolls of 2.5+ 0.1 mm (0.1* 0.005 in.) as determined by a lead
system shall be designed to measure zero torque when the rotsiug. Do not allow the sample to rest between passes or to band
is turning in an empty cavity, and to measure 1800.5  on the mill rolls at any time. Roll the sample and immediately
Mooney units when a torque of 8.30 0.02 N-m (73.5+ 0.2  insert it endwise in the mill for another pass. Repeat this
Ibf-in.) is applied to the rotor shaft. If the stress relaxation tesprocedure until a total of ten passes have been completed.
is to be performed, the torque measuring system must reset 8heet the sample on the tenth pass.
a zero force for a stationary rotor. The torque measuring system 7.2.2 When rubber samples other than NR, EPDM, or EPM
shall record the torque during the relaxation test at minimunmare mill massed, pass 2505 g of the sample between the rolls
rates of one reading each second for the firs after the rotor  of the standard laboratory mill as described in Practice D 3182
is stopped, one reading éa8 s for the next 24 s, one reading having a roll temperature of 58 5°C (122+ 9°F) and having
each 6 s for the next 30 s, and one reading each 12 s for thedistance between the rolls of 1:40.1 mm (0.055+= 0.005
remainder of the relaxation test. in.) as determined by a lead slug. Do not allow the sample to
6.2 Mill—A laboratory rubber mill conforming to the re- rest between passes or to band on the mill rolls at any time.
quirements in Practice D 3182 and set as described in 7.2 efnmediately fold the sample in half and insert the folded end
this test method shall be used when preparing mill masseghto the mill for a second pass. Repeat this procedure until a

samples. total of nine passes have been completed. Immediately insert
_ the rubber without folding into the mill for a tenth pass.
7. Sample Preparation 7.2.3 When EPDM or EPM rubber samples are mill massed,

7.1 Condition the sample obtained in accordance with Tegbass 250+ 5 g of the sample between the rolls of the standard
Methods D 1485 or Practice D 3896 until it has reached roontaboratory mill as described in Practice D 3182 having a roll
temperature (23 3°C (73 = 5°F)) throughout. temperature of 5@- 5°C (122=* 9°F) and having a distance

7.2 The sample may be tested as received, unmassed, obgtween the rolls of 1.4 0.1 mm (0.055%+ 0.005 in.) as
may be massed. Better repeatability within labs and reprodudetermined by a lead slug. Do not allow the sample to rest
ibility between labs is normally obtained on unmassedbetween passes or to band on the mill_rolls at any time.
samples. However, the sample may be massed to expel air, bmmediately fold the sample in half and insmwumem
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