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Scope—This SAE Recommended Practice contains a series of test methods for use in measuring the
viscosity of automotive-type adhesives, sealers, and deadeners.

The test methods which are contained in this document are as follows:

Brookfield® Method

Castor-Severs Rheometer or Pressure Flowmeter

Penetrometer

Capillary R|heometer

Plate Rhed
Reference)

Applicablg
herein.

ANSI/AS
ANSI/AS
ASTM P

ASTM
ASTM
ASTM

ASTM
R
ASTM
Ro
ASTM

R:Fs by Extrusion Viscometer

meters

Documents—The following publications form a part of this. Specification to the

ME PuBLICATION—AVvailable from ANSI, 11 West 42nd Street, New York, NY 100
ME B40.1—Pressure Gauge
UBLICATIONS—AVvailable from ASTM, 100 BarrHarbor Drive, West Conshohocken,

D 5—Needle Penetrometer
D 217—Cone Penetrometer
D 1823—Standard Test Method forApparent Viscosity of Plastisols and Organos

1824—Standard Test Method for Apparent Viscosity of Plastisols and Organos
es
D 2196—Standard Test Methods for Rheological Properties of Non-Newton
tational (Brookfield®))Viscometer
D 2240—Durometer

extent specified

B6-8002.

PA 19428-2959.

ols at High Shear

ols at Low Shear

an Materials by
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ASTM D 3364—Standard Test Method for Flow Rates for Poly(Vinyl Chloride) and Rheologically Unstable
Thermoplastics

ASTM D 3835—Standard Test Method for Determination of Properties of Polymeric Materials by Means of
a Capillary Rheometer

ASTM D 4440—Standard Practice for Rheological Measurement of Polymer Melts Using Dynamic
Mechanical Procedures

3. Principle of Methods—The viscosity of a material is a measurement of the shear stress that must be applied
before a change of form (shear rate) can be accomplished. For the purpose of this test method, however,
viscosity refers to a finished product parameter that is quantified in various ways and used by the automotive
industry as a means of identifying and assigning a minimum and maximum value for the application

4.1

4.2
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Each piece
sharp viscog
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material to s
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desired.
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cP) range w
to 80 Pa:s ai
penetromete

The capillary
plate rheom

Sample Ten
must be con

As Receive
"room tempe

Aged Visco
specified ter
The size of

nese values should be tempered by the knowledge that the numbers generated a
y not fully address the plant-to-plant variations encountered in applicatiomrsystem

ity demarcations between the various viscometers. Each methdd has its own idi
nd therefore must be evaluated with the particular material being-tested. The rheq
e ability to compare results under a range of conditions, and\thus determine the
hear rate, shear history, and temperature. The following suggestions are inte
r use of these viscosity measuring devices. They may)be used outside the sug

Brookfield® viscometer is used for low viscogity materials in the 0.025 to 200 P
th limited shear thinning. The pressure flowmeter is usually used for materials w|
50 s™L. Since these materials are highlysshear thinning they may exceed 1000 P
ris used for very high viscosity matetials such as putties and highly gelled compdg

rheometer is used for materials from 1 to 10 000 Pa-s at shear rates from 10 to
bters are used for materials frant 0.025 to 1000 Pa-s at shear rates from 107 to 2

perature Conditioning=—Prior to the actual viscosity measurement, the sam
ditioned thermally.

1 Viscosity—Unless specified otherwise, as received viscosity shall refer to m
rature" andtested at 23 °C + 1 °C (75 °F £ 2 °F) and 50% + 5% R.H.

Sity—Aged viscosity refers to a value obtained by subjecting a sample priof
hperatUre for 72 h. The sample is then conditioned to 23 °C £ 1 °C and the viscos
the,'sample to be tested should be 500 mL (1 pt). Samples smaller than thi

e quality control

5.

bf equipment is best suited to a particular viscosity and shear rate\range, althoygh there are no

psyncrasies and
meters (1.4 and
sensitivity of the
nded as general
gested ranges if

h-s (Pa-s = 1000
th viscosities up
h-sat1s L. The
unds.

50 000 s'1. The
Do s 1.

ble to be tested

aterial stored at

to testing to a
ity is measured.
5 conditioned at

elevated ten

- (a4 1
peratures may give thfferentresuits:

Sample Mechanical Conditioning—~Prior to the actual viscosity measurement, the sample to be tested must
be conditioned mechanically.

Conditioning Method A—Unagitated—Unagitated testing refers to the transfer of materials from the shipping
container to the testing apparatus with the minimum amount of agitation. This viscosity is supposed to be
indicative of a compound in its shipping container prior to use. The tester should be aware that the very act of
removing a sample for test can affect the rheology of thixotropic materials and, in so doing, may substantially
alter the value measured.
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6.1

6.2

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

Conditioning Method B—Moderate Agitation—Moderate agitation of a sample is achieved by stirring a
500 mL sample 50 stirs in 60 s with a 25 x 150 mm (1 x 6 in) steel bladed spatula. This agitation can also be
used to assure the uniform 23 °C necessary for testing.

Conditioning Method C—Grease Working—Grease working refers to subjecting a sample to 150 cycles,
unless otherwise specified, in a standard mechanical grease-worker, as outlined in ASTM D 217.

Conditioning Method D—Pre-shear—Steady shear rheometers including Brookfield® and Plate devices
allow the sample to be pre-sheared at a fixed shear rate for a known time before testing. Ten s~ for 10 min is

a suggested

Brookfield®

condition.

Application
and thin bod
resistance g
flows, this n
ASTM D 214

Equipment-

Procedure-

—This procedure is used to determine the viscosity of adhesives, sprayable-'sg

rotating spindle encounters when immersed in the compound to be‘tested. D
nethod provides only relative values for shear thinning materials. JRefer to AS
6 for additional details and reproducibility data.

—Commercially available Brookfield® Viscometer (see Figure\1), or equivalent.

-Test equipment and sample shall be maintained at 23 9C + 1 °C.

Set viscometer at specified rpm.

Attach spq

Lower vis
level.

Level the

Depress t
after the |

cified spindle.

ometer into 500 mL of test material s@that the groove cut in the spindle is flus

iscometer.

ne clutch, turn on the viscometer, and release the clutch. Take the reading and
hdicator has stabilized\'or after a specified time, typically 60 s. (When meas

materials at specific times, pther than stable readings, it will be necessary to test separate

to obtain r

Use convd

Take the g

eproducible values?)

rsion tableto convert to centipoise.

veragé.of three readings and report the viscosity, spindle, rpm, time of recording,

und deadeners,

y sealers. The values obtained are expressed in Pass (Pass = 1000 cP)@nd are a measure of the

lie to secondary
TM D 1824 and

h with the fluid's

record the time
uring thixotropic
samples in order

and the model of

the visconTeter used.

Repeat the procedure at a second rpm, and note extent of shear thinning. (Note that Brookfield® results are
a relative measure for thixotropic or shear thinning materials.)
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FIGURE 1—BROOKFIELD® VISCOMETER


https://saenorm.com/api/?name=25dea75569a8fd44360e456f2fcf50d4

SAE INTERNATIONAL J1524™ JAN2021 5OF 15

7.1

7.2

7.2.1

7.2.2

7.2.3

7.2.4

7.2.5

7.2.6

7.2.7

7.2.8

7.2.9

Castor-Severs Method/Pressure Flowmeter Method

Application—This procedure is used to determine the viscosity of adhesives, sealers, and sprayable sound
deadeners. The values obtained are expressed in seconds and are a measurement of the time needed to
extrude a specified mass (20 g) through a specified orifice at a specified pressure. These values can be
converted to apparent viscosity in centipoise at a specified shear rate using the capillary rheometer procedure
as in ASTM D 3835 or ASTM D 1823. If this step is taken, it is recommended to repeat the procedure at three
pressures with at least two orifices to obtain a measure of shear thinning and thixotropy.

Equipment

Rheometer-as-shewn-ta-Hegure—2-

Orifices arje as follows in Table 1:

TABLE 1—RHEOMETER ORIFICES

No. Diameter Length Typical
mm (in) mm (in) mm (in) Use Limits
1 1.32 (0.052) 13.5 (0.531) Sprayable Readings less/than 10 s, use Brookfield[®
Method
2 2.64 (0.104) 13.5 (0.531) Pumpable Readings less than 10 s, use orifice 1
3 3.18 (0.125) 51.0 (2.008) Deadeners Readings less than 10 s, use orifice 2

Other orifices should be used if the data is to be analyzed by plotting viscosity versus shear fate. A minimum
of two orifices is recommended to observe thixotropic behavior. The length should be a minimum of 10 times
the diamefer. The dimensions should meet the accuracy requirements specified in ASTM O 3835 6.1.3.

Air supply] 700 kPa (100 psi).

Pressure gauge, 700 kPa (100 psi) 1% (ANSI/ASME B40.1-1985 Grade 1A or better).
Pressure fegulator and watér/oil extractor for air line.

Pipe cleaners for cleafing the orifice.

Stop watch or other timing device calibrated in tenths of seconds.

Balance, double beam type or equivalent, sensitivity to 0.01 g.

Mechanical convection oven capable of maintaining a temperature of +1 °C (+2 °F), or alternate means
where temperature conditioning is specified.

7.2.10 Weight per gallon cup, or other means to determine density within 1%.
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FIGURE 2—RHEOMETER
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7.3 Procedure

7.3.1 Fill the clean, dry, sealer cup equipped with the specified orifice with the material to be tested. The material
should be at 23 °C + 1 °C unless otherwise specified. Care should be taken to avoid air entrapment and to
allow enough room for the plunger.

7.3.2 Adjust line pressure to 276 kPa (40 psi), unless otherwise specified. Open air valve and extrude material
through orifice until entrapped air is eliminated. Shut air valve. When plotting viscosity versus shear rate
using the equations from ASTM D 1823, it is desirable to repeat this procedure at four pressures. The
recommended pressures are 69, 276, 483, and 690 kPa (10, 40, 70, and 100 psi).

7 3 3 PI anarran-tha balaneca tavra oA SAd o anifiand v aialht (90 ~N
9. ace a pb PCT ot oaanctarcandatt SpCtmC U WGtz o g/~

7.3.4 Open air alve and start timer when the material touches the paper on the weighing pan:

7.3.5 When 20 ¢ of sealer has accumulated on the balance pan, stop the timer, close‘the air valye, and open the
pressure relief valve.

7.3.6 Take the pverage of three readings and report the number of seconds, \pressure, and ofifice length and
diameter.

8. Penetration Method
8.1 Application|—This procedure is used to determine the viscosity of heavy-bodied sealers, extrudable and die
cut deadengfrs. In this method, viscosity is a measurementof the depth of penetration by a cope or needle into
the material fested and is expressed in 0.1 mm of penetration.

8.2 Equipment

8.2.1 Commerciglly available penetrometer (Figure'3), as described in Table 2.

TABLE 2—PENETRATION INSTRUMENTS

No. Penetrometer Typical Use Limits
1 Cone ASTM D 217 Deadeners Readings less than 5 mm use Penetrometer Noj 2
2 Needle]ASTM D 5 Thumbable Materials Readings less than 5 mm use Durometer

hardness ASTM D 2240

8.2.2  Stop watch

8.2.3 Weights to place on loading bar
8.2.4 Penetration instruments (cone ASTM D 217 and needle ASTM D 5).

8.2.5 SamMPLE Cup—75 mm diameter by 60 mm depth, or as specified.
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FIGURE 3—PENETROMETER

8.3 Procedure—Test material at 23 °C + 1 °C.
8.3.1 Level penetrometer.
8.3.2 Insert specified penetrating instrument into chuck.

8.3.3 Set dial reading to zero.
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bnetration time.

Cs of adhesives,
parent viscosity
corrections are
red for reaching
brate shear rate

s rheometer will
C flow rate. This

gley plot is not
trance pressure
to 4 in) are well

8.3.4 Add weight to loading bar, as needed, to achieve the specified moving load. Use a 150 g total weight,
including rod and added weights, unless otherwise specified.
8.3.5 Place the sample to be tested on the center of base plate.
8.3.6  Adjust the zeroed height of the penetrometer so that the point of the penetrating instrument is exactly in
contact with the surface of the material to be tested.
8.3.7 Release test rod by depressing the trigger and keep in this position for 5 s unless otherwise specified.
8.3.8 At the end of the specified "drop" period, release the trigger.
8.3.9 Gently push the depth gage rod down as far as it will go and record the depth of penetralion, units are in
0.1 mm.
8.3.10 Take the gverage of three readings and report the depth of penetration, moving load, and p
9. Capillary Rlheometer Method
9.1 Application—This method is used to determine the viscosity versus shear’rate characteristi
sealers, and deadeners per ASTM D 3835 (ISO DIS11443). The<asic test determines af
versus appdrent shear rate over a typical shear rate range of 100 to 50 000 s™1. Various
outlined in ASTM D 3835. The piston in barrel arrangement outlined in ASTM D 3835 is prefe
high-shear tfate, but the apparatus in Figure 2 and ASTM¢Dy1823 is acceptable as a mod
screening topl (10 to 100 s ). Round Robin results are repotted in ASTM D 1823.
9.2 Equipment
9.2.1 Capillary Rheometer per ASTM D 3835 (1SO,DIS11443) and associated orifices (preferred)
9.2.2 Castor Sejers rheometer as in Figure 2 s an alternate with limited shear rate range. Th
require a balance, a timer, and a means to determine density within 1%, and thus volumetri
will follow ASTM D 1823.
9.2.3 A set of grifices chosen for'\the material as outlined in the ASTM specification. If a B
generated| then a length to diameter ratio of at least 10 is desired to minimize the effect of e
losses. Dl|ameters from1*to 4 mm (0.050 to 0.150 in) and lengths from 13.5 to 100 mm (0.5
suited to the pressuresavailable in the Castor Severs rheometer.
9.3 Procedure--FollotwASTM D 3835 (ISO DIS11443), this is a summary.
9.3.1 Clean and illbpcbt barretand Lapi“aly.
9.3.2 Charge the barrel with material with minimum air pockets.
9.3.3 Place the piston in the barrel, extrude a small quantity, and preheat for at least 6 min.
9.3.4 Start extrusion. Verify that steady state is reached. Record force (or pressure) and data necessary to
calculate volumetric flowrate Q.
9.3.5 Repeat to check for flow stability. Report degree of repeatability observed. Repeat at desired shear rates.

Refill barrel and re-equilibrate as necessary.
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9.3.6

in shear hi
9.3.7 Discharge
9.4

story or slip at the wall.

any remaining material and clean the apparatus.

Repeat with at least one other orifice. Differences between curves from different orifices are due to change

Reporting—Capillary results are typically reported on a viscosity versus shear rate plot or a shear stress

versus shear rate plot as in Appendix A. The equations to derive this are in ASTM D 3835 and D 1823 and are
summarized as follows in Equations 1 to 3. Plot individual data points so that repeatability is apparent on the
graph, rather than averaging results. If the Castor-Severs type rheometer (8.2.2) is substituted, this should be

noted.
Shear-StressPa—="P2{atthe-walh
Shear Rate, st= 4Q npr3(Apparent shear rate, uncorrected)
Viscosity, Pa xs = Ppr4 8L Q (Apparent viscosity, uncorrected)
where:

P = Barrel pressure, Pa

lary radius, m

r = Capi
L =Cap
Q = Vol

It is also important to record observations made during the test as to repeatability and stability
If stability is Ja concern, ASTM D 3364 can provide guidance in detecting and controlling the Ig
When requssted, it is desirable to perform the Rabinowitsch Shear Rate correction outline i
section 11.8|and the Bagley entrance correction outlined in ASTM section 11.7 and Appendix 4
fits to the dpta may be requested, and a goodness of fit, which often relates to the flow

material, sh
10.
10.1 Application
sealers, and

polymer mel
processing

these instruments in steady shear mode and report apparent viscosity.

10.2 Equipment-

and controll

Plate Rheoineter Method

llary length, m
metric flow rate, m3/s= Mass flow rate (kg/s)/density"{kg/m3)

uld be reported.

—This procedure is used to determine the viscosity versus shear rate characterist
deadeners. This fest uses instrumentation available for dynamic mechanical m
Is as outlined in ASTM D 4440. However, these materials are generally not linea
iscosity is not-generally the same as complex viscosity. Therefore, it is typically

—A variety of equipment is commercially available for this type of testing. Both
bd-rate units are available, and each have advantages in some measurements.

(Eg. 1)
(Eqg. 2)

(Eg. 3)

of the extrusion.
vel of instability.
h ASTM D 3835
\. Various curve
instability of the

cs of adhesives,
easurements on
viscoelastic, so
desirable to use

controlled stress
The majority of

units are rot

ational but sliding plate rheometers are also available  The rotational units utilizi

both cone and

plate and parallel plate geometries. While the cone and plate subjects all the material to a constant shear rate,
the parallel plate geometry is typically preferred due to the interference of particles present in the formulation.
The parallel plate geometry is required for temperature sweeps to allow compensation for tool expansion.

10.3 Procedure—Follow ASTM D 4440 where applicable. This is a summary.

10.3.1 Equilibrate the test fixture at the desired test temperature.

10.3.2 Touch the

plates together and zero the gap indicator.

10.3.3 Open the tool and apply an adequate amount of material to the test fixture. Minimize bubbles as much as

possible.
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10.3.4 Close the test fixture to an appropriate gap, 1 to 3 mm is recommended. Remove excess material. Allow the

sample to

10.3.5 Program t

equilibrate to the desired initial temperature.

he desired test.

a. A thixotropic loop is recommended as a qualitative measure of the effect of time and shear history.
Note that this test can be dependent on sample preparation.

b. A steady shear (or stress) sweep where the sample is allowed to equilibrate at each shear condition is
also recommended.

c. A temperature sweep may be desired. Before performing a temperature sweep, monitor viscosity
versus time at the shear conditions that the sweep will be performed to insure that shear history does
not pHeetresuhs—iviscositychanges—with-tme—Sseparate—tests—wil-have—tobe—eenducted at each
temperature. Note that only the controlled rate instruments will allow viscosity vers:’l; temperature to
be plotted at constant shear rate. A constant shear stress temperature sweep will conpbine the change
in viscosity due to temperature and shear thinning as the shear rate increases,

10.3.6 Conduct the desired test. Watch the sample and stop the test if the sampleyslips away flom one plate or
separates|at the edges. Edge separation limits the maximum valid shear rate, Edge separgtion is indicated
if torque dfops at higher shear rates. For an equilibrium sweep (10.3.5b), /results obtained pfior to separation
may be reported. For a thixotropic loop, the test must be repeated with alower maximum ghear rate value.
In this test even a small edge separation will appear as hysteresis in the material.

10.3.7 A new sample should be loaded for each test as these materialg are sensitive to shear histoyy.

10.3.8 Remove the sample and clean the test fixture.

10.4 Reporting—

versus shear rate as in Appendix A.

temperature
degree of sg

11. Notes

11.1 Marginal In

areas wherg

of the document title indicates.a complete revision of the report.

11.2 Key Words-

LRheometer tests are typically reported as ‘a plot of viscosity versus shear rate

Include. the' type of instrument, test geometry, ¢
An overlay of the thixotropic loop~and equilibrium sweep data is desired to

nsitivity to shear history. Various:gurve fits may be applied as requested.

jicia—The change bar(l) located in the left margin is for the convenience of the
technical revisions have been made to the previous issue of the report. An (R) S

—Viscosity,.sealer, adhesive, rheology

or shear stress
ap setting, and
Hemonstrate the

user in locating
ymbol to the left

PREPARED BY THE SAE MATERIALS JOINING EXECUTIVE COMMITTEE
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