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This standard is issued under the fixed designation D 5422; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This test method uses capillary rheometry to measure the rheological properties of thermoplastics
and thermoplastic compounds. This test method utilizes a screw-extrusion-type capillary rheometer.

1. Scope * Polymeric Materials by Means of a Capillary Rheomgter

1.1 This test method covers the use of a screw-extrusions Terminology
type capillary rheometer for the measurement of flow proper-" o i
ties of thermoplastics and thermoplastic compounds. The 3-1 Definitions(See Terminology D 833
measured flow properties, which are obtained through labora- 3-1-1 apparent shear rateyg)—shear strain rate (or veloc-
tory investigation, may help to describe the material behavioly 9radient) of the thermoplastic or thermoplastic compound
that occurs in factory processing. extrudate as it passes through the capillary die. _

1.2 Since a screw-type capillary rheometer imparts shear 3-1-1.1 Discussior—This velocity gradient is not uniform
energy to the material during testing, the measurements wiffirough the cross-section of the capillary die. The shear rate is
usually differ from those obtained with a piston-type Capi”arycalculated' for the region of highest shear, which is at the wall
rheometer (see Test Method D 3835). of the capillary. By selecting a die diameter and controlling the

1.3 Capillary rheometer measurements for thermoplastic¥0lume flow per unit time through the die, a specific level of
and thermoplastic compounds are described in Test Metho@PParent shear rate may be achieved. Alternately, the shear

D 3835. stress (entrance pressure) may be controlled, and the apparent
1.4 The values stated in Sl units are to be regarded a3near rate measured. _
standard. 3.1.1.2 Discussior—Mathematically, the apparent shear

1.5 This standard does not purport to address all of therate at the wall of the capillary for a Newtonian fluid at the
safety concerns, if any, associated with its use. It is th&apillary wall is given by the following:

responsibility of the user of this standard to establish appro- . 32-Q 1
priate safety and health practices and determine the applica- Yo T T D0 @)
bility of regulatory limitations prior to use.
where:
Note 1—There is currently no equivalent ISO standard. Y. = apparent shear rate;’s
Q = quantity of fluid extruded per time, mis,
2. Referenced Documents ~ = 3.142. and
2.1 ASTM S_tandards: - _ D = diameter of the measuring capillary, mm.
D 618 Practice for Conditioning Plastics for Tesfing 3.1.2 apparent shear stress)—the measured resistance to
D 883 Terminology Relating to Plastits _ the flow through a capillary die. It may be determined by
D 1238 Test Method for Flow Rates of Thermoplastics bymeasuring the die entrance pressure for a specific die, then
Extrusion Plastometér applying appropriate geometric factors.

D 3835 Test Method for Determination of Properties of 3.1.2.1 Discussior-Mathematically, apparent shear stress
is given by the following:
s = 7 UD) @
1 This test method is under the jurisdiction of ASTM Committee D20 on Plastics
and is the direct responsibility of Subcommittee D20.30 on Thermal Properties.
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where: using two or more dies of different length, but of the same

T, = apparent shear stress, Pa, diameter (and thus the same apparent shear rate, as calculated

P = pressure at the entrance of the measuring capillaryjn 3.1.4.2). If the data from these additional dies are compared,
Pa, either graphically or mathematically, a linear relationship of

L = length of the measuring capillary, mm, and extrusion pressure with die geometry is usually obtained in the

D = diameter of the measuring capillary, mm. following form:

3.1.3 apparent viscosityr{,)—ratio of apparent shear stress L
to apparent shear rate, Pa-s. P=c- [5 + E] (4)

3.1.3.1 Discussior—For an extrusion capillary rheometer,
the ratio is usually calculated at a given shear rate. At constant
temperature, the apparent viscosity of most polymers is notvhere: ) ) )
constant, but varies with shear rate. The viscosity is generalyf = the Bagley Correction Factor. (This term is often
annotated with the shear rate at which the measurement was  called “end effect.” It is expressed as the equivalent

made. length of capillary necessary to extrapolate the
3.1.4 capillary rheometesan instrument in which thermo- pressure-line value on the versusL/D plot to zero,
plastics or thermoplastic compounds can be forced from a mm.)

reservoir through a capillary die. The temperature, pressuré - Slope of the line.

entering the die, and flow rate through the die can be controlled .
and accurately measured. The Bagley Correction FactorE] and the slope d) are

3.1.5 corrected shear ratei(,)—the actual shear rate at the functions of the thermoplastic compound and the shear rate.
wall of the capillary die determined by applying the Rabinow- COrrected shear stress is therefore as follows:
itsch correction for non-Newtonian materials®.s S P ®)
3.1.5.1 Discussior—The Rabinowitsch correction math- * 4-[UD) +E]
ematically adjusts the shear-rate values to compensate for3.1.6.4 Discussior—Each value of corrected shear stress
non-Newtonian behavior of the polymer. To obtain correctednust be annotated with the shear rate with which it is
shear rate, at least two measurements of apparent shear strassasured.
and apparent shear rate are made. This is generally accom-3.1.7 corrected viscosity()—the ratio of corrected shear
plished by increasing the rate of extrusid@) (vhile using the  stress to corrected shear rate, Pa-s.
same measuring capillary. 3.1.7.1 Discussior—Since both the material properties and
3.1.5.2 Discussior—As a first step, the Bagley correction the correction equations are functions of shear rate, it is very
(as stated in 3.1.6) is made to the shear-stress values. Thémportant to state the particular value of shear rate at which
either by algebraic means (if only two measurements areach measurement is made.
made), or by a regression method (for a greater number of 3.1.7.2 Discussior—Other corrections to measured values
points), the equation in 3.1.11 is solved far using the are often made in rheological research studies to compensate

corrected shear stress,J. for the effects of pressure, viscous heating, compressibility,
3.1.5.3 Discussior—The corrected shear ratg () is deter-  time effects, etc. The terms “true shear stress,” “true shear
mined by the following: rate,” and “true viscosity” are often used for the results of such
3 +1 exhaustive calculations. This test method addresses only the
Yw = [ "4n ] “Ya (3)  two most important corrections, Bagley and Rabinowitsch.

) ) _ 3.1.8 die entrance pressure JP-the pressure in the reser-
For most thermoplastics and thermoplastic compounds, the magniqir at the die entrance

tl_Jc_ie of shear sensitivitynf will vary, depending on material compo- 3.1.9 newtonian fluid—a material for which the measure-
sition. T - L .
ment of viscosity is not changed by changing the shear rate.
3.1.6 corrected s.hear st.ress\)(,)—the actual shear stress at Simple liquids, such as water, are considered Newtonian
the wall of the capillary die, Pa. The corrected shear stress ighereas most polymeric materials are not.
obtained by applying the Bagley Correction Fact) (o the 3.1.10 power-law fluid—a material for which the viscosity

apparent shear stress (see 3.1.7.1 and 3.1.7.2). The Baglgyries with the shear rate in accordance with the following
correction compensates for energy losses at the entrance aggown relationship:

exit of the die. .
3.1.6.1 Discussior—This correction is often applied as Ta = K () ©)

though it were an additional length of capillary. The correction \yere:

is often termed “end effect.” Capillary entrance angle and .

4 € dr, apparent shear stress, Pa,
geometry have great influence on the magnitude of thisy

apparent shear rate,'s

correction. K a material constant, often called “consistency index,”
3.1.6.2 Discussior—The Bagley correction will also re- and

move the influence of any static pressure in the system thah = shear sensitivity, dimensionless.

does not vary with die length. Most non-Newtonian fluids follow this relationship for at

3.1.6.3 Discussior—Since the magnitude of correction is a least short ranges of the shear rate variable. The power-law
function of shear rate, data for this correction are obtained bgquation is generally used in its logarithmE@G tHAents
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