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Designation: D 1238 — 0dc

Standard Test Method for

Melt Flow Rates of Thermoplastics by Extrusion

Plastometer?

This standard & issued under the fixed designation I 1235; the number immediately following the designation indicates the year of
onginal adoption o, in the cose of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
supemscnpt efsilon {2) indicates an editonial chamge since the Lt revision or reapproval.

This standard hax heen spproved for use by agencies aof the Department of Defense,

1. Scope*

1.1 This test method covers measurement of the rate of
extrusion of molten resins through a die of a specified length
and diameter under prescribed conditicns of temperature, load,
and piston position in the barrel as the timed measurement is
being made.

1.2 Procedure Ais a manual cutoff operation based on time
used for materials having flow rates that fall generally between
0.15 and 50 /10 min. Procedure B is an automatically timed
flow rate measurement used for materials having flows from
0.50 to 000 /10 min. By both procedures, the piston travel is
generally the same during the timed measurement; the piston
font is about 46 and 2006 mm above the dis. Comparable flow
rates have been obtained by these procedures in interlaboratory
round-robin measurements of several materials described in
14.1. Provision is made for calculation of melt volume -flow
rate as well as melt mass-low rate.

Mome |—Round-mobin testing indicates this test method may be suit-
ahle at fow rates up o 1500 g/10 min if the timing clock resaolves the
elapsed time to the nearest 001 s,

Mome 2—This test method and IS0 1133-199] are technically equiva-
lent.

1.3 This standard does not purport to address the safety
concerns, if any, associated with its wse. It is the responsibility
of the user of this standard to establish appropriate safery and
health practices and determine the applicability of regulatory
limitations prior to wse. Specific precautionary staternents are
given in 5.7, 10.2.12, and 15.1.2

1. Referenced Documents

2.1 ASTM Standards: *
D 618 Practice for Conditioning Plastics for Testing

" This test method is under the junsdiction of ASTM Committee D30 on Plastics
and is the direct responsibility of Subcommittee D20.3) on Thermal Properties
(Seciion D0, 0.0,

Currert edition appmved Deo. 1, 2004, Published Decernber 2004, Originally
approved in 1965, Last previous edition approved in 2004 as [ 1238 - (4h,

* For referenced ASTM standands, visit the ASTM website, wam.mstm.org, o
contact ASTM Customer Service at service@astm.org. Por Amnina! Bovk of ASTM
Standaeds volume information, refer to the standard’s Document Summary page on
the ASTM website.
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D 8283 Terminology Relating to Plastics

D 2364 Test Method for Flow Rates for Poly Vinyl Chloride
with Molecular Structural Implications

E 691 Practice for Conducting an Interlaboratory Study to
Detarmine the Precizion of a Test Method

2.2 ANSI Standard:

B46.1 on Surface Texture®

23 150 Standard:

IS0 1133-199]1  Determination of the Melt-Mass Flow Rate
{MFR) and the Mealt Volume-Flow Rate (MVR) of Ther-
moplastics®

3. Terminology

3.0 General:
3.1.1 For definition of some of the technical erms used in
this test method refer 0 Terminology D 883,

4. Significance and Use

4.1 This test method is particulacly useful for quality control
ests on thermoplastics.

Mome 3—Polymers having Aow rates less than 0,15 or greater than 900
210 min may be tested by the procedures in this test method; however
precision data have not been developed.

4.2 This test method serves to indicate the uniformity of the
flow rate of the polymer as made by an individual process and,
in this case, may be indicative of uniformity of other proper-
ties. However, uniformity of flow rate among various polymers
as made by various processes does not, in the absance of other
tests, indicate uniformity of other properties.

4.3 The flow rate obtained with the extrusion plasiometer is
not a fundamental polymer property. It is an empirically
defined parameter critically influenced by the physical proper-
ties and molecular structure of the polymer and the conditions
of measurement. The rheological characteristics of polymer
melts depend on a number of variables. Since the values of
these variables occurring in this test may differ substantially
from those in large-scale processes, test results may not
correlate directly with processing behavior.

* eailable from American Mational Standards Iestitute (ANSD, 25 W, 430 St
dih Flace, Mew York, MY 10036,



4.4 The flow rate of a material may be measured under any
of the conditions listed for it in 8.2, Additional characterization
of a material can be obtained if more than one condition is
used. In case two conditions are employed, a Flow Rate Ratio
{(FRR) may be obtained by dividing the flow rate at one
condition by the flow rate at the other condition.

5. Apparatus

5.1 Plasiomeler:

5.1.1 The apparatus shall be a dead-weight piston plastom-
eter consisting of a thermostatically controlled heated steel
cylinder with a die at the lower end and a weighted piston
operating within the cylinder. The essential features of the
plastometer, lustrated in Figs. | and 2, are described in
5.2-5.8. All dimensicnal measurements shall be made when the
article being measured is at 23 = 5°C.

5.1.2 Relatively minor changes in the design and arrange-
ment of the component parts have been shown to cause
differences in results among laboratories. It is important,
therefore, for the best interlaboratory agreement that the design
adhere closaly to the description herein; otherwise, it should be
determined that modifications do not influsnce the results.

5.2 Ovlinder—The steel cylinder shall be 508 mm in
dizmeter, 162 mm in length with a smooth, straight hole
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FIG. 1 General Arrangement of Extrusion Plastometer
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FI5. 2 Details of Extrusion Plastometer

05504 = 0.0076 mim in diametsr, displaced 4.2 mm from the
cylinder axis. Wells for a thermal sensor (thermoregulator,
thermistor, etc.) and thermometer shall be provided as shown
in Fig. 1. A 3.2-mm plate shall be attached to the bottom of the
cylinder to retain the die. A hole in this plate, centerad under
the die and countersunk from below, allows free passage of the
extrudate. The cylinder may be supported by at least two
6.4-mm high-strength screws at the top (radially positicned at
right angles to the applied load) or by at least two 10-mm
diameter rods screwed into the side of the cvlinder for
attaching to a vertical support. The essential dimensions of a
satisfactory cylinder of this type are shown in Fig. | (MNote 4).
The cylinder bore should be finished by techniques known o
produce approximately 12 oms or better in accordance with
ANSI B4da L.

Mome 4—Cylinders made of SAE 52100 or other equivalent sbesl
heat-hardenasd o G065 Rockwell Hamdness Scale O give good service
when used at temperatres below 200°C. Cylinder liners of cobalt-
chromium-tungsten alloy are also satisfactory to 300°C.

5.3 Die—The outside of the steel die shall be such diameter
that it will fall freely to the bottom of the 9.5504 = 0.0076 mm
diameter hole in the cylinder (Mote 5). The die shall have a
smooth straight bore 20055 = 0.0051 mm in diameter and
shall be 2000 = 0.025 mm in length. The Bore and its finish
are critical. It shall have no visible drill or other tool marks and
no detectable eccentricity. The die bore shall be finished by
techniques known to produce approximately 12 rms or better in
accordance with ANSI B46.1.



More 5—Recommendad die material i= mngsten carbide. Also satisfac-
tory are sbeel, synthetic sapphine, and cobalt-chromium-tungsten alloy.

54 Pison:

5.4.1 The piston shall be made of steel with an insulating
bushing at the top as a barrier to heat transfer from the piston
to the weight. The land of the piston shall be 94742 = 0.0076
mm in diameter and 6.35 = 0,13 mm in length. The piston
design may incorporate means for land replacement, for
example, having threads and flats immediately above the land.
Above the land, the piston shall be no larger than 8.915 mm in
diameter (Mote 6). The finish of the piston foot shall be 12 rms
in accordance with AMNSI Bde.l. If wear or corrosion is a
problem, the piston should be of stainless steel and equipped
with a detachable foot for ease of replacement.

More 6—To improve standardization it is preferable that the piston be
guided with a loose-fitting metal sleeve at the wop of the cylinder.

Mome T—Pistons of SAE 52100 steel with the bottom 25 mm, including
the fool hardened to a Rockwell hardness, © scale, of 55 to 59 have been
fourd o give good service when used at temperatunes below 2007,

5.4.2 The piston shall be scribed with two reference marks
4 mm apart in such fashion that when the lower mark coincides
with the top of the cylinder or other suitable reference point,
the bottom of the piston is 48 mm above the top of the die (ses
Fig. 1).

5.4.3 The combined weight of piston and lead shall be
within a tolerance of 0.5 % of the selected load.

5.5 Heater:

5.5.1 The equipment must have a heater capable of heating
the apparatus so that the temperature at 10 mm above the die
can be maintained within =0.2°C of the desired temperature

during the test. The temperature of the barmel, from 10 mm to
75 mm above the top of the die, must be maintained within
=1 % of the set temperature {("C).

Mome 8—Al temperaures higher than 200°C this degres of temperabine
control may be more difficult to obtain.

5.5.2 Calibrate the temperature-indicating device by means
of a light-gage probe-type thermocouple or a platinum-
resistance temperature sensor having a shom sensing length.*
The thermocouple should be encased in a metallic sheath
having a diameter of approximately 1.6 mm with its hot
junction grounded to the end of the sheath. Insert the tempera-
ture sensor into the melt from the top of the cylinder so that it
is 10 = | mm above the upper face of the die. The temperaturs
sensors shall be used with a potentiometer having a sensitivity
of at least 0.005 mV, or a temperature readout having a
sensitivity of at least 0.1°C. Calibration should also be verified
at 75 mm above the upper face of the die. An aliernate
technigue for calibration is to use a sheathed thermocouple or
platinum-resistance temperature sensor with tip diameter of
04 =01 mm for insertion in the bore without material
present. An example of this is shown in Fig. 3. Calibration of
the temperature-indicating device shall be verified at each run
temperature.

Mome 9—The msponse of the temperature sensing device may be
affected by immersion level. Take care toensune adequate insulation of the

4 Round-mobin data showing Aew rate and coresponding tempemture profile of
the melt obtained weing probe type thermocoupks and platinum redstance empera-
ture sensors can be obtained from ASTM Headquariers. Request BE:D200 1054,
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FlG. 3 Example of a Temperature Calibration Device
Mote A—DMineral glass insulation or equivalent spacer shall be bonded to tip and 55 tube. Bond material shall be low

conductivity type. 400°C minimum rating. Insulation jacket material shall be low conductivity type (400°C minimum rating

preferred, see Note 5).

Mote B—The RTD shall be insered into bronze tip and bonded using high conductivity, 400°C rated material. Tip of RTD
element shall touch the bronze tip. Minimum insertion depth of 11.2 mm clearance between RTD and tip wall shall be minimized.
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device senzor and stabilization of the barmel temperature.

5.5.3 Heat shall be supplied by electric band heaten(s)
covering the entire length of the cylinder. The heater(s) may be
single- or multielement, depending upon the manufacturer’s
control means. The heater(s) plus control system must be
capable of maintaining the temperature within the required
+0.2°C of the st point. The temperature sensor and readout
equipment must be calibrated to a traceable national standard
(that is, NIST} at least once per year. The cylinder with the
heater(s) shall be lagged with 38 mm of foamed-glass insula-
tion. An insulating plate 3.2 mm in thickness shall be attached
to the bottom of the cylinder to minimize heat loss at this point.

56 Temperare Controller—The type of controller and
sensor must be capable of meeting the required control
tolerance specified in 5.5.1.

5.7 Thermometer— Themmometers having a range of 4"C
graduaied in 0.2°C divisions may be used o indicate tempera-
ture. The temperature at this point may not necessarily be the
temperature of the material 10 mm above the die. The
thermometer may be usad to monitor indirectly the temperature
of the material 10 mm above the die and may be calibrated by
reference to a thermocouple or platinum resistance emperature
sensof inserted in the material 10 mm above the die. See 5.5.2
for a description of a method for measuring temperature.
{(Warning—Caution should be observed with the use of a
mercury-filled thermometer. Mercury vaporization occurs if
the thermometer is broken. Mercury thermometers are not to be
used at or above the boiling point of mercury, which is 3577C.)

5.8 Level—Provision shall be made for vertical alignment
of the bore of the extrusion plastometer. This is necessary ©
minimize subtractive loads resulting from robbing or friction
betwean the piston tip and sidewall. Means of alignment are
discussed in Appendix X1.

59 Accessory Egaipmeni—DNecessary accessories include
equipment for charging samples to the cylinder, a funnel, a die
plug, a tool for cutting off the extruded sample, a timer or stop
watch, cleaning equipment, go/no-go gages, a balance accurate
to =0.001 g, and, when required, a weight or weight-piston
SUppOIt.

More 10—Satisfactony operation of the apparatus for polyethyleness can
ke ascermined by making measumements on NIST Standard Reference
Materials (SEMs) certified for melt flow rate. The four SRM= certified
under condition 190/2.16 are SEM 1473 with a Aow mie of 1.29 g'min,
SEM 1474 with a Aow mate of 5.03 g/10 min, SRM 1496 with a Aow rate
af 0.26 @/10 min, and SEM 1497 with a Aow rate of 0,09 2/10 min. SREM
l:t?jsa i= certified under condition 190/3.25 with a Aow rate of 2.20 g/10
min.

6. Test Specimen

6.1 The test specimen may be in any form that can be
introduced into the bore of the cylinder, for example, powder,
granules, strips of film, or molded slugs. It may be desirable to
preform or pelletize a powder.

" These sandard polyethylenes are awailsble from the Mational Institute of
Standards and Techmalagy, Office of Standard Reference Materials. Washington, DC
20234,

WS

7. Conditioning

7.1 Many thermoplastic materials do not require condition-
ing prior to testing. Materials which contain volatile compao-
nents, are chemically reactive, or have other special character-
istics most probably require appropriate conditioning
procedures. Molsture not only affects reproducibility of fow
rate measurement but, in some types of materials, degradation
is accelerated by molsture at the high temperatures used in
testing. Check the applicable material specification for any
conditioning requirements before using this test. See Practice
D618 for appropriate conditioning practices,

8. Procedural Conditions

8.1 Standard conditicns of test are given in Table 1. Test
conditions shall be shown as: Condition _ __ 7 _ _
femperature in degrees Celsius is shown first, followed by the
welght in kilograms. For example: Condition 190/2.16,

8.2 The following conditions have been found satisfactory

for the material listed:

Matarzl conditan
Acetals {copolymer ard homapolmer) 190218 190105
Acrics Z304.2 230/3.8
Acronitrlis-butadisns-styrens 2005.0 230/3.8
ZIOAD
Acrdonirlisbutsdiensstyenepolycartongls 23088 2601 2
blerds 2650.8 2EE/E.0
Celubse eskrs 1900525 180218
19021 60 210218
Etfifene-chioratrifluorosthyens copolymer 271 5208
Etfifene-Birafucrestijens copalmer HTED
Myl 086 28810
2950.16 235/5.0
2758.0
Perfiuarastylens-propylene) copolymer 720,18
Perfiuoraalkeoryalkans 27250
Polycsprolacine 125818 ane.1e
Polychinatifuoetyiens DREALE
Polyether sulfors (PES) 0 AE 2010
2490 16
Polyethylens 126026 125218
25042
1900525 180218
1902160 180410
FHOHZS
Polycarbonats 0042
Polymencchionatriucrosthylens 28501 &
28501 &
Polypropylens 0 16
Polyphentl sulions (PRSI BEEE D ez 18
PolyshyTens H005.0 230012
Z300.8 19050
Polyautons (PSLY 2490 16 2010
Polytersphitrelats 250216 2907218
25016
Polyivingl acetal 15021 &
Polyivinylidens Muoride) Za0E1 &
ZI0E.0
Polyiphenylans sulfids) 2HEE.0
Stytene acrylonirlis ZIOAD 290010
Z300.8
Sityreni: Themeplastic Elasiomer 190218 200/5.0
Thermeopiestic Elastomer-Ether-Estar 190218 22072 18
2016 24002 18
26072 16
Thermeopiasti: slastomers (TEC) 2016
Viylklens uods copolymers 3021 &
23050

for Topm 100° Uge 12050 or 21.6

Mome |1—Some materials may require special materials of constnc-
tion of handling for performing this test. Please refer to the material



TABLE 1 Standard Test Conditions, Tempsrature, and Load

Coreition Approsmets Fressurs
Tempsraire, °C Total Lowd Including Fiston, kg
atardard Deslgnatian kP Pl
8216 a0 2.16
12500225 125 0.225 44 8.5
1252.16 125 2.16 2092 49.25
150215 150 216 2092 49,25
1900, 226 180 0.225 44 8.5
190215 180 2.16 2002 49,25
18021, 80 180 21,60 2080 2 4325
0050 200 5.0 895 1000
2a01.2 2a0 1.2 165.4 24.0
23009 2a0 28 524.0 TE
28EN25 265 125 17207 250.0
275,226 275 0.225 44 8.5
20216 2a0 216 2092 49,25
190405 180 1.5 1447 2.0
190400 180 100 18700 200.0
2001.2 200 1.2 165.4 240
1805.0 180 5.0 295 1000
2954.0 235 1.0 1292 2006
296216 235 216 2092 49,25
2955.0 295 5.0 €895 100.0
250216 250 216 2092 49,25
M2s 210 125 17287 2500
20215 210 2.16 2092 49,25
205215 205 218 2002 42,25
F155.0 215 5.0 895 1000
72016 are 216 2092 49,25
7250 a7 5.0 £89.5 100
ZATE.0 a7 5.0 E00 6 100
2081 & 2a0 216 2060 2 4925
28050 2a0 5.0 895 100
26621 5 265 216 2060 2 4925
265 5 265 M E 43812 825
2715216 2715 2.16 2092 49,25
2010 20 100 18700 200.0
2501.2 250 1.2 165.4 24.0
266100 265 28 524.0 TE
265/5 265 5.0 €895 100.0

specification for appropriate recommendations.

8.3 If more than one condition is used and the material is
polyvethylene, the detenmination of Flow Rate Ratio (FER) has
been found to be useful. The FRR is a dimensionless number
derived by dividing the flow rate at Condition 190/10 by the
flow rate at Condition 19002, 16

MoTe 12—When determining such a ratio of Aow rates for & material at
the same temperature under different doads, it has been found that
precizion is maximized when one operator uses ong Procedure (A or By,
the same plastometer. and the same die for both measurements (the die
need pot be removed from the plastometer between the two determina-
tions).

9. Procedure A—Manual Operation

0.1 Select conditions of temperature and load from Table |
in accordance with material specifications such that Aow rates
will fall between 0.15 to 50 g/10 min.

0.2 Ensure that the bore of the extrusion plastometer is
properly aligned in the vertical direction. (See Appendiz X1.)

0.3 Inspect the apparatus and die for cleanliness. If it is not
clean, see 9.11.

More 13—The degree of cleanliness can significantly influence the
fow rate results. therefore a thorough method of cleaning must be
established. It has been found that three swabe of the barmel is satisfactory
for most materals and that the die. bamel, and piston are more easily
cleaned while hot
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04 Check the die bore diameter with appropriately sized
no-gofen gages prior o testing. Make frequent checks to
determine whether the die diameter (tested with die at
23 = 5% is within the tolerances given in 5.3,

Mome 14—Cleaning and usage can result in a die diasmeter that i= out of
specifications. Data has shown that erropeous results will be obtained if
the die diameter is not within the appropriate tolerances.,

9.5 Verify that the temperature is stable and within +0.2°C
of the appropriate test temperature as specified in 5.5.1.

0.6 Insert the die and the piston. The temperature of the
cylinder with the piston and die in place must be stable at the
appropriate test temperature 15 min before testing is begun.
When equipment is used repetitiously, it should not be neces-
sary to heat the piston and diz for 15 min.

Mome 15—The meduction in beating time when the unit is being used
repetitiously is only alkewed when mans of the same or similar material are
being measured over a continuous time frame. If the piston and die are
remmovied and cleaned, they should be considersd “cold™ and the full 15
minutes heating stabilization time required.

9.7 Remove the piston and place it on an insulated surface.
Charge the cylinder within 1 min with a weighed potion of the
sample in accordance with the expected flow rate, as given in
Table 2. Reinser the piston and add the appropriate weight.

Mome 16—Experience has shown that for the best reproducibility the
piston should operate within the same part of the cylinder for each



TABLE 2 Standard Test Cond'rtl'n:és. Sample Mazs.* and Testing
Tim

Suggesied Mazs of Factor for

F'g:;“m"ﬁa' sample In Cyllrder, “,‘",;'f' :_';1“;' Chiaining Flow

a : Rale In g/io min
015 to 1.0 25020 .00 167
.0 A5 201050 a.00 2.2
35 10 40t es 100 10,00
10t 25 40 toes 0.50 20,00
25 400 e 0.2 40,00

A This I a sugieeted mass for malkrials with melt densiies of abauk 07 gemd,
Correspandingly, graaker quanttes are suggested far matsrials of greatar melt
dengities, Derslty of the molben resin (sithout Aller) may b= cblalned using the
precedurs descibed by Termy, B W, ard vang, K., *A New Methcd for Detarmining
Malt Carelty as a Funclon of Pressura and Temperaturs” SPE Joumal, SPEJA,
Wl 20, NoU &, June 1964, p. 540 or the procedurs descritsd by Zoller, Paul, “The
Fressura-volume-Temparaturs Properties of Polyolefing,” Jouwnsi of Appled Poiy-
mer Soignce, Wol 22, 1879, p 1051, Itmay also be oblaired from the welght of an
eninded knoan volume of rasin at the deelred tsmperatre, For example, 25.4 mm
{1In of plston movement exirudes 1.804 omP of 19sin. An estmats of the denslty
of the mataral can te calkulatad from the klowing equation:

resin densliy attest tempsrature = M G4

whars
M =

Foeanid

mass of exruded esin.

measuremnent. The piston is scribed so the starting point for each extrnision
is roughly the same. Some excess of material over the minimum reguined
for the actual Aow measurement portion of the test is provided by the
charging weights shown in Table 2. This is necessary to achizve a
void-free extrudate and Aow equilibrium before st of rabte measure-
ments.

Mote 17—t is frequently belpful to take interim cuts of the extradabes
at uniform time intervals during the specified extmision time, Weights of
these individual cuts give an indication of the presence of bubhles which
may be masked due to their size or to opacity of the sample. This
technique is particulady helpful in the caze of highly pigmented materials,
Forcing out some of the resin manually during the prebeat pericd often
eliminates bubbles in the test extudate.

0.8 Allow time for the material to soften and begin to melt,
and then purge some material to a position such that subse-
quent travel of the piston will position the lower scribe mark at
the reference start position 7.0 = 0.5 min from the completion
of the charge. Purge must be completed at least 2 min prior to
start of the test for materials having melt fiow rates less than 10
/10 min.

Mote 18—t has been found that purging within 60 s of the s@rt time
will result in higher variability in the data.

Mote 19—There may be cases where the 7.0 = 0.5 min is oo much or
not enough preheat time. For those materials. provisions must be in the
material documents. It is necessary to refer to the appropriste material
document before beginning any best.

Mote 20—Additional care may be necessary to prevent thermal degra-
dation in the extrusion plastometen This is sometimes done by the addition
of an appropriate antioxidant. For highly unstable materials, it may be
necessary o use allemative techniques as an indication of Aow charac-
teristics.

0.9 For materials with flow rates greater than 10 g'10 min,
a weight (and if neaded, a piston) support must be used after
the initial purge. The support shall be removed at such a time
as to allow the test to begin within 7 = 0.5 min of the
completion of the charge. The piston/weight support should be
of such a length that the lower scribe mark of the supported
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pistonfweight will be 25 mm above the top of the guide
bushing or other suitable reference mark.

Mome 21—t has been found that the effect of choosing plugging.
weight support. or both. is significant o the Aow rate results. The choice
of piston support was made to cover all conditions and flow rates 10 b 50
210 min.

Q.10 For all tests, start collecting a timed extrudate when
requirements for the piston position are met, provided this is
within 7.0 = 0.5 min from the end of charging, otherwiss,
discard the charge and repeat the test with readjusted piston
position after the initial purge, or change weights. Require-
ments are that the top scribed mark on the piston be visible
above the cylinder or index and that the lower scribe mark be
in the cylinder or below the index. As the lower scribed mark
approaches the top of the cylinder or index, resat the timer to
zero, then simultaneously start the timer and make the initial
cut-off when the position requirements are met. Make the final
cut-off exactly when the time interval given in Table 2 is
reached. Collect the timed extrudate. If the extrudate contains
visible bubbles, discard the complete charge and begin the test
again.

Mome 22—The charge weight should only be increased if no material is
being purged and there is still not encugh material o complete the test.

Q.11 DMscharge the remainder of the specimen and push the
die out through the top of the cylinder. Swab out the cylinder
with cloth patches after the manner of cleaning a pistol barrel.
The die may be cleaned by dissolving the residue in a solvent.
A better method is pyrolytic decomposition of the residue in a
nitrogen atmosphere. Place the die in a tbular combustion
fumace or other device for heating to 550 = 10°C and clean
with a small nitrogen purge through the die. This method is
preferable to flame or solvent cleaning, being faster than
solvent cleaning and less detrimental to the die than an open
flame, In certain cases where materials of a given class having
similar flow characteristics are being tested consecutively,
interim die cleaning may be unnecessary. In such cases,
however, the effect of cleaning upon flow rate determination
must be shown to be negligible if this step is avolded.

9,12 Omnce the extrudate is cool, weigh to the nearest | mg.

913 Multiply the weight of the extrudate by the appropriate
factor shown in Table 2 to obtain the flow rate in grams per 10
min.

Mome 23—Frequently. ermmors in test echnique, apparaius geometry, of
test conditions, which defy all but the most careful scrutiny exist. causing
dizcrepancy in fAow rate determinations. The existence of such ermrs is
readily determined by periodically measuring o reference =ample of
known flow rate, The Aow mbe value and range to be tolemted can be
determined using a smtistically correct best program composed of multipls
determinations with various instmments. Standand samples of polyethyl-
eng. linear or branched. are available from the MWational Institute of
Standards and Technology.

9.14 In case a specimen has a flow rate at the borderline of
the ranges in Table 2 and slightly different values are obtained
at different time intervals, the referee value shall be obtained at
the longer time interval.

10, Procedure B—Automatically Timed Flow Rate
Measurement

10.1 Apparatis:



10.1.1 Extrusion plastometer and auxiliary equipment are
detailed in Section 4 and below.

10.1.2 A timing device shall electrically, optically, or me-
chanically time piston movement within the specified travel
range. The requirements of the system are as follows:

10.1.2.1 Sense and indicate the pision travel time within
+=0.01 s (see Mote 1).

10.1.2.2 Measure pision travel within =0.4 % of the nomi-
nal preset value (see 10.1.2.4 and 10.1.2.5) for use in the flow
rate calculations.

10.1.2.3 Any effects on the applied load must be included in
the allowable tolerance given in 5.4.35.

10.1.2.4 Tt should be preset or be settable for measuring
piston travel of 6.35 = 0.25 mm for flow rates up to 10 g/10
min.

10.1.2.5 Tt should be preset or be adjustable for measuring
piston travel of 25.4 = 0.25 mm for Aow rates greater than 10
/10 min.

10.1.2.6 To ensure high interlaboratory reproducibility, it is
important that the timing device operates within a fixed portion
of the cylinder. This is defined as the portion of the cylinder
between 46 = 2 mm and 2006 £ 2 mm above the top of the die.

10.1.2.7 Check die, cylinder, and position dimensions for
conformance to 5.2-54 and Figs. | and 2.

10.2 Procedure:

10.2.1 Refer to Table | for selection of conditions of
termperature and load in accordance with the material specifi-
cation.

10.2.2 Check the die bore diameter with appropriately sized
no-go/go gages prior (o testing. Make frequent checks to
determine whether the die diameter (fested with die at
23 £ 5°%C) is within the tolerances given in 5.3 (see Mote 14).

10.2.3 Ensure that the bore of the extrusion plastometer is
properly aligned in the vertical direction (see Appendix X 1),

10.2.4 Inspect the apparatus and die for cleanliness. If it is
not clean, see 9.11 and Note 13,

10.2.5 Check the die bore diameter with appropriately sized
no-go/go gages before beginning the test. Make frequent
checks to determine whether the die diameter is within the
tolerances given in 5.3 (see Mote 14).

10.2.6 Verify that the temperature is stable and within
+0.2°C of the appropriate test temperature as specified in
550

10.2.7 Insert the die and the piston. The temperature of the
cylinder with the piston and die in place must be stable at the
appropriate test temperature 15 min before testing is begun.

TAELE % Factors fer Calculation of Flow Rate

Materlal Tempsra- Plston Travel, mbmg _—
(Urpigmetited) s, °C L., em [in] Rme,
Plyalthykre 190 254 1] T
Palysihykne 190 106535 [1.25] 207
Palypropylens 2a0 254 1] a8
Palypicpylens 2a0 106535 [1.25] 200

A Factors calclated using malt-dersity valuss of 07836 giom? fof polysthyens
ard OL TSR gom® far polypropylens, as expresssd In articks by Zolkr, Paul, *The
Fressurs-Volume-Temparaturs Properties of Polyoleling,” Jowmsl of Applad Poly-
mer SHence, Wl 23, 1979, P 1051, The bese densliies al23°C o which the melt
danslties are repomad wera 0.817 g/dm? for anneaked low-density polysthydens

8nd polypropylene homepolyrmes.

When equipment is used repetitiously, it should not be neces-
sary to heat the piston and die for 15 min.

10.2.8 Adjust the travel arm t© 6.35 = 0.25 mm for mea-
suring materials with expected flow rates of up to 10 /10 min
or 2540 = 0.25 mm for measuring materials with expected
flow rates of 10 g/10 min or higher.

Nome 24—It has been found that for some materials the melt Aow rates
obtained on a material will be different depending on which timer length
is chosen; therefore, it is imponant © adhers o the protocol in 1028 to
compare interlabomtory results.

10.2.9 Remove the piston and place it on an insulated
surface. Charge the cylinder within 60 s with a weighted
portion of the sample in accordance with the expected fow
rate, as given in Table 2. Reinsert the piston and add weight.

102,10 Allow time for the material to soften and begin to
melt, and then purge some material o a position such that
subsequent travel of the piston will position the lower scribe
mark at the reference start position 7.0 = 0.5 min from the
completion of the charge. Purge must be completed at least 2
min prior to start of the test for materials having melt flow rates
less than 10 g/10 min (see Mote 18).

10.2.11 Weight and piston support, if needed, must be used
after the initial purge. The support will be removed at such a
time as to allow the timer to activate within 7.0 = 0.5 min after
completion of the charge. If the timer is not activated within
T £ 0.5 min after the completion of the charge, the test must be
repeated with readjusted piston position after the initial purge,
of change weights. The piston/weight support should be of
such a length that the lower scribe mark of the supported
piston/weight will be at least 25 mm above the top of the
cylinder. Only use piston support if there is excessive material
flow (see Motes 21 and 22).

10.2.12 For materials greater than 50 g/10 min a die plug
must be used in addition to the pistonfweight support. The die
plug is inserted before charge and is removed prior to removing
the piston/weight support. The initial charge should be adjusted
to reduce excess flow. If the timer arm s not activated within
T = 0.5 min after the completion of the charge the test must be
repeated with readjusted piston position, or change weights
(see Motes 21 and 22 (Warning—Rapid expulsion of mate-
rial when die plug is removed may be hazardous.)

102,13 If the timed extmudate contains visible bubbles,
repeat the test (see Mote 23).

10.2.14 Record the time to the nearest 0.0] s for the piston
to complete the calibrated distance of travel.

10.2.15 Discharge any remaining resin and clean the die,
piston, and cylinder as detailed in 9.11.

11. Procedure C— Automatically Timed Flow Rate
Measurement for High Flow Rate Polvolefins Using
Hali-Height, Half Diameter Die

11.1 Apparatus:

1111 Extrusion plastometer and auxiliary eguipment are
detailed in Sections 5 and 10,

11.1.2 For polyolefins with a MFR of 75 or greater using the
standard die (See 5.3), an alternate die can be used to reduce
the flow rate of these materials and improve the reproducibility
of results. The alternate die dimensions shall be: Height 4.000

ANE]



+ 0.025 mm; bore diameter 1.048 = 0.005 mm. No spacer
shall be used with this die. Bore and finish requirements are the
same as 5.3,

11.1.3 For calibration of the temperatore indicating device,
5.5.2 shall be used with the wvariation that temperatures are
measured at 14 = | mm and at a nominal 79 mm above the
upper surface of the die.

11.1.4 If a thermometer as described in 5.7 is used to
indicate temperature, it can be used to monitor indirectly the
temperature of the material 14 mm above the upper surface of
the die and may be calibrated via 11.1.2.

11.2 Procedire:

11.2.1 Use procedure described in 10,2 with the exception
that the die diameter and tolerances are given in 11.1.2.

11. Calculation (Procedures B and C)

12.1 Calculate the flow rate in grams per 10 min or volume
rate in cm® per 10 min as follows (see Note 23

Flow rate = (426 = L= dir

or
Volume mte = 426 = Lit

where:

L = length of calibrated piston travel, cm,

d = density of resin at test temperature. gfcm®(see refer-
ence under Table 23,

t = time of piston travel for length L. s, and

426 = mean of areas of piston and cylinder = a00,

Mote 25—Factors that may be substituted in the following equation ae
given for some materials in Table 3,

Flow rate, g/10 min = Fir

where:
F = factor from Table 3, and
= time of piston travel for length L, 5.

122 Agreement between Procedures A and B may be
optimized if an average melt density for a particular type of
material is determined with the actual equipment used and that
value is substituted into the equation given in 12.1.

13. Procedure D—Mulil-Weight Using Automatically
Timed Flow Rate Measurement

13.1 Apparatus:

13.1.1 Extrusicn plastometer and auxiliary equipment are
detailed in Section 4 and below.

12, 1.2 A timing device shall electrically, optically. or me-
chanically time piston movement within the specified travel
range, The requirements of the system are as follows:

12, 1.2.1 Sense and indicate the piston travel fime within
=001 s (see MNote 1),

13.1.2.2 Measure piston travel within =0.4 % of the nomi-
nal preset value for use in the flow rate calculations.

13123 Any effects on the applied load must be included in
the allowable tolerance given in 5.4.3.

12.1.2.4 To ensure high interlaboratory reproducibility, it is
important that the timing device operates within a fixed portion
of the cylinder. This is defined as the portion of the cylinder
between 46 = 2 mm and 20.6 = 2 mm above the top of the die.

13.1.2.5 Check die, cylinder, and position dimensions for
conformance to 5.2-5.4 and Figs. | and 2.

13.2 Procedire:

132.2.1 Befer to Table | for selection of conditions of
temperature and loads in accordance with the material speci-
fication.

13.2.2 Check the die bore diameter with appropriately sized
no-goden gages prior o testing. Make frequent checks to
determine whether the die diameter (tested with die at
23 = 5°C) is within the tolerances given in 5.3 (see Mote 14).

1222 Ensure that the bore of the extrusion plastometer is
properly aligned in the vertical direction (see Appendiz X1).

13.2.4 Inspect the apparatus and die for cleanliness. If it is
not clean, see 9.11 and Mote 13,

13.2.5 Check the die bore diameter with appropriately sized
no-gof/po gages before beginning the test. Make frequent
checks to determine whether the die diameter is within the
tolerances given in 5.3 (see MNote 14).

13.2.6 Verify that the temperature is stable and within
=0.2°C of the appropriate test temperature as specified in
550

TABLE 4 Precigion, Procedurs A (Values in g0 min)

a o e o Humber of

Mateal Cordition Average 5 S i I Labaratores
Polyathylane 18216 027 0008 o2 0023 D063 a
Polyathiylene 18216 040 a2 0028 0.035 LR [e-] a
Polyathylane 18216 2.04 0026 .o7e 0,072 0.224 a
Polyathylane 18216 441 og19 1.282 2.560 A.4e8 T
Polypropylens 2807216 223 0105 0.226 0.229 D62 a
Polpropyens 2807216 7. 0222 0471 0627 1.3 a
Polypropylens 2807216 aza 0581 1.061 1.644 24974 a
Polystyrane 2005 1.67 0024 o122 0,050 0,344 -]
Polystyrane 2005 a2 0180 0.687 0,530 1.888 -]
Polystyrane 2005 124 0,305 0825 0,854 2817 -]
Polycarbona ke A2 241 007 01s 0.215 0,326 4
Polycarbona ke A2 105 0429 0647 1.215 1.920 4
Polycarbona ke A2 162 0185 1.108 0430 A140 4
Acrlic 2338 2.59 00E .01 0145 0145 3

Ag o withindeberakory standerd devlation of the averags,

¥ %p - betwesrHlaborakories standand deviation of the avsrags.
O -2.835, and

Dl =f@R_
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TAELE 5 Precigicn, Procadure B (Values in g0 min)

A B o o Mumber of

Mabarial Cordition Average 5 8 1 14 Lhoraies
Palyatiylene 180216 [ }-r4 o0 04 0.025 0z a
Polyattiylang 180216 O Ly [] oy 0045 007a a
Polyattiylang 180218 2.04 [CRAC T g o112 0268 a
Palyattiylang 180216 427 GaeT 1.624 2ee 5.443 a
Polypropylens 280216 225 oos2 0214 01466 Q604 a
Polpropylens 23218 TiE 0142 0.500 04051 1.668 a
Polpropylens 280218 28 el 0845 1.650 2872 a
Palystyrane 205 1.65 ehe=ry 0Es 01065 0470 4
Polystyrane 205 o 0144 0423 04065 1187 4
Polystyrang 20NE 1240 0108 0,207 0205 1.087 4

A5, = wihindaborakory sEndand deviation of the averags.
F 5o = betwearrlaboraiories standand devation of the averags.
“ =283 5, ard
Oy = 2.3 5y
TABLE & Precision, Procedure & (Values in g0 min)
Material Corition Average 5 e I A HuTRer <t
Prama 22028 1.51 003 0,085 0.0ar 0242 T
LOPE 180218 1.74 oler Q2 0.075 o144 1
Polyetyrang 20ED 1.88 G0 0045 o112 0228 a
HODPE 1900216 535 0i0da 0,108 0137 0.2ea "
Polypropylens 280216 10894 00es 0473 0247 1.324 10
Polyarbonak: 32 1250 Rl 0223 0205 [l-12] 4F
Acetal 180216 2530 0235 0571 0ES0 1.580 T
A5, = wiilindaboratony standard deviatian of he averags.
F 5 = betwesrrlaboraires stardard deslation of the avErags,
O e 2005
O =283 5,.
FInsuiident laboratonss o mest Practics E 681,
TAEBLE T Precigicn, Procadure B (Values in g0 min)

Material Cordition Average 54 57 I Ao N”E:; o
PRk 25020 1.54 Giles e 0072 0268 ]
LOPE 190216 176 (1) |1 Lt te] 002 149 1
Palystyrane 200750 1.89 g2 0102 an7 02685 T
HOPE 190216 541 oo 012 2114 [ked [ 10
Polpropylens 200218 10,96 0AsT 0491 0,520 1.8378 10
Polycarbonak 200 2 1278 004 0477 0.z 1.325 aF
Acetal 190216 2564 012 - ] 0.508 2302 ]

43, - withindsboraiory standerd deslation of the averags,

B 5 = DEtWESIHIborakries standand desation of the swerags,
Cre28 8,

CR-2m s,

F Insuffictent laboratanss o meet Practios £ 601

TABLE & Precision, Procedure B (Values in g0 min)

Makerlal  Cordiion  Average st S 1F =°
Polypopyiens 230216 245 142 1B& 74 488
Polyprop EnsZang. 16 402 @@ 4000 894 112
Polyprop peneZang. 16 gar 208 sS85 501 165
Polyprop penszang. 16 1602 1% 243 265 =1

A5, = WiRIN-EDOEITY Sandad deatian of the ayerags.

E 5, - betwesrlaborakories standand destation of e averags.
S -2835, and

i m 2,03 Sn.

13.2.7 Insert the die and the piston. The temperature of the
cylinder with the piston and die in place must be stable at the
appropriate test temperature 15 min before testing is begun.
‘When equipment is usad repetitiously, it should not be neces-
sary to heat the piston and die for 15 min.

13.2.8 Remove the piston and place it on an insulated
surface. Charge the cylinder within 60 s with a weighted
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portion of the sample as given in Table 2 for the expectad flow
rate at the first test load.

13.2.9 Allow time for the material to soften and begin to
melt, and then purge some material o a position such that
subsequent travel of the piston will position the lower scribe
mark at the refersnce start position 7.0 = 0.5 min from the
completion of the charge. Purge must be complated at least 2
min priof to stan of the test for materials having melt low rates
less than 10 g/ 10 min (see Mote 12),

13.2.10 Weight and piston support, if needed, must be used
after the initial purge. The support will be removed at such a
time as to allow the timer to activate within 7.0 = 0.5 min after
completion of the charge. If the timer is not activated within
7 + 0.5 min after the completion of the charge, the test must be
repeated with readjusted piston position after the initial purge,
or change weights. The piston/weight support should be of



such a length that the lower scribe mark of the suppored
pistonweight will be at least 25 mm above the top of the
cylinder. Only use piston support if there is excessive material
flow (see Motes 21 and 22).

13.2.11 If the material Aows from the die when both the
piston and weight are supported, a die plug must be used. The
die plug is inserted before charge and is removed prior to
removing the piston/weight support. The initial charge should
be adjusted o reduce excess flow. If the timer arm is not
activated within 7 = 0.5 min after the completion of the charge
the test must be repeated with readjusted piston position, or
change weights (see Motes 21 and 22). (Warning—FRapid
expulsion of material when die plug is removed may be
hazardous.)

132,12 If the timed extrudate contains visible bubbles,
repeat the test (see Note 23),

13.2.15 Record the times to the nearest 0.01 s for a
minimum of tvo piston travel distances for each test load.
Piston travel distances shall be chosen so that these times are
at least 2 s and that the distances can be determined within
=04 %.

13.2.14 After at least two measurements have been taken at
the initial load condition, change to the next test load and allow
for sufficient piston travel or time to achieve stable flow before
recording the piston travel times at this load. Do not take
readings below 126 mm above the top of the die.

Mot 26—MNomally 5 mm of piston travel or 2 minutes is sufficient o
obtain stable flow after changing test loads.

13.2.15 Repeat the above for any additional test loads. Do
not take any readings below 186 mm above the top of the die.

132,16 Dscharge any remaining resin and clean the die,
piston, and cylinder as detailed in 2.11.

13.3 Calculations:

13.2.1 Caleulate the individual flow rate values in accor-
dance with Section 12 (Procedurs B).

13.2.2 If the differences between the individual flow rates at
each test load is no greater than 3 %, calculate the average flow
rate for each test load. If differences are =3 % repeat the test.
To achieve stable flow after applying each test load, it may be
necessary o increase the time or the piston travel distance
before taking a measurement.

13.2.3 Calculate the Flow Rate Ratio (FER) as the ratio of
the average flow rate at the higher load to the average flow rate
at the lower load.

14. Report

14.1 Report the following information:

14.1.1 Staterment indicating the nature and physical form of
the material charged to the cylinder.

14.1.2 Temperature and load at which the test is run shall be
reporied. The results and test conditions can be referred to as
FE-condition, where the standard designation for the condition
from Table | is shown (for example, FR-19002.16).

Mome 27—It has become customary b refer to the flow rate of
polyethylens as “melt index” when obtained under Condition 190072.1 6.
However, for all other materials the use of melt index o any term other
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14.1.32 Flow rate reported as the rate of extrusion in grams
per 10 min or volume rate in e’ per 10 min.

14.1.4 Procedure used (A, B, or C).

14.1.5 Any unusual behavior of the test specimen such as
discoloration, sticking, extrudate surface irregularity or rough-
ness, elc.

14.1.6 Details of conditioning, if any.

14.1.7 For multi-weight tests using Procedure D, also re-
part:

14.1.7.1 The average flow rate at each test load.

14.1.7.2 The Flow Rate Ratio (FRE) together with the
temperature and loads used (for example, FRER-190/2 1.6/2. 16).

14.1.7.3 Whether the decreasing or increasing load tech-
nique was used.

15. Precision and Bias {Procedures A, B, and C)

15.1 Precision:

15.1.1 Tables4 and 5 are based on a round robin® conductad
in 1986 and 1937, involving polypropylene, polyethylene,
polystyrens, polycarbonate and acrylic materials. Tables 6 and
7 are based on a round mobin® completed in 1997 involving low
and high density polyethylene, polypropylens, polystyrene,
polycarbonate, PMMA, and acetal. The number of participat-
ing laboratories is shown for each material. Data for Tables 4
and 5 were geperated through each lab testing two specimens
for each material on three different days, while data for Tables
Gand 7 were generated through each lab testing two specimens
for each material on two different days. The analysis in Practice
Ea9] is based on a test result being the average of two
specimens.

15.1.2 Table & is hased on a round robin® conducted in 1980
using Procedure B, Four polypropylene samples having flow
rates from 250 to 1500 were tested in nine laboratories.
(Warning—The following explanations of I, and I (15.1.4-
15.148) are only intended to present a meaningful way of
considering the approximate precision of this test method. The
data in Tables 4-8 should not be vigorously applied (o
acceptance of rejection of material since those data are specific
to the round robin and may not be representative of other lots,
conditions, materials or laboratories. Users of this test mathod
should apply the principles outlined in Practice E 691 1o
generate data specific to their laboratory and materials. The
principles of 15.1.4-15.1.7 would then be valid for such data.)

15.1.3 Table 9 is based on a round robin conducted in 1999
on Procedure . Data for seven of the eight participating
laboratories were included in the statistics for this table. Four
polyethylens materials were tested with melt low rates using
the standard die ranging from approximately 35 to 2350 gfl0
min using the half-height, half-diameter die.

1514 Concepr of I, and Ig—Relevant if 5, and S5 have
been caleulated from a large encugh body of data, and if test
results are averages obtained from testing two specimens.

“ Sypporting deta are available from ASTM Headquarters. Request RR: D30
164

T Snpporting data are available from ASTM Headquarters.
* Supporting data are available from ASTM Headquarters, Request RR: D20.
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TABLE % Precision Data for High Melt Flow Polyelefins
Procedure © (Values in g0 minf*

Matarlak® Avarang 5, 5n r ]

PE-A {25) 467 0oen a11a o1 0324
PEE {185) 2420 0Enn 1188 1628 227
PE-C (2250) MET 1081 19.99 anzy 5580
PE-D (122} 16.20 LA LT 0,248 0826 0avs

AThiz data was generated with dies having a nominal length of 2.885 mm versus
the required 4,000 mm.

Frumbars In parenithases are approdimats melt fow rak values of materals
uelrg standard die (5.2,

15.1.5 Repeaiability, I—In comparing two test results for
the same material, obtained by the same operator using the
same equipment on the same day, the two test results should be
judged not equivalent if they differ by more than the I value
fior that material.

15.1.6 Reproducibility, Ig— In comparing two test results
for the same material, obtained by different operators using
different equipment on different days, the two test results
should be judged not equivalent if they differ by more than the
I, value for that material.

15.1.7 Any judgment in accordance with 15.1.4 and 15.1.6
would have an approximate 95 % (0.95) probability of being
correct.

15.2 Bias—There are no recognized standards by which to
estimate bias of this test method.

16, Precision and Bias (Procedure D)

16.1 Precision

16.1.1 Procedure D used as many as nine laboratories, five
materials and two determinations in order to come up with the
following tables of precision supporting the method. This
meets or exceeds all the standards required for Practice E 691,

16.1.2 The degree of precision is guite high for all levels of
loads on the ram. The highest level of precision was attained
for the 2.16 kg load, the lowest for the 21.6 kg load. It is
important to note that the 21.6 kg load is not optimum for the
short [0.316 in.] die because the speed of esting does not allow

for the flow to reach probably equilibrium rate. All such testing
at 21.6 kg is much better done with a longer die such as used
in Test Mathod D 3364, Refer to Table 10 for 2.16 kg load;
Table 11 for 5 kg load; Table 12 for 10 kg load and Table 13
for 21.6 kg load.

TABLE 10 Precizion Statement for Teat Mathoed: 2.16 kg

Makrlals  Avelage S 8 r R

FE1 07567 00079 00E2E 00220 00804
PE2 04298 00080 0OETT O01BE 0O7TE
FEZ 05527 O00RG  0OATE 0O0ZRE 0050
FE4 02627 00043 ez Q20 08T
FES 04104 0007E 00d18 0z 0%

TABLE 11 Precizsion Statement for Teat Mathod: 5 kg

Makrlals  Avelage S 8 r R

FE1 20661 0FTIS  0FE)8 262 21865
PE2 19860 0083 00E2T 01383 025685
FEZ 15821 O0EE0  0AOMEZ  Q07E8 01288
FE4 09576 02158 02560 06M2  0Ti6e
FES 128 00470 00E3S 00475 00TEe

TABLE 12 Precision Statement for Teat Method: 10 kg

Makfkaks ANEaDe 5 Sn T R

FE1 1 gad 0068 0.4585 0asa 1.28687
PEZ TaTER 012668 02751 03544 07704
PEZ 4118l 0oeas 01036 0487 02802
PE4 arGas e 0Nz Q807 03151
PES 23.471 ez 00647 00638 01812

TABLE 13 Precizion Statement for Teat Mathoed: 21.6 kg

Makfkaks ANEaDe 5 Sn T R

FPE1 59 2035 2imz 2TEET 58631 7469
PEZ 26,2067 1.4450 1.4450 4.0459 40459
PEZ 141078 oi6Ee 0.az52 04653 0.8387
PE4 176132 02324 04258 09208 1.1924
PES 1226862 01104 04580 03080 1.2851

17. Keywords

17.1 melt low rate, melt index:; volume flow rate

APPENDIXES

{Nonmandatory Information)

X1. EXTRUSION PLASTOMETER BORE ALIGNMENT

K11 A fixture consisting of a circular level mounted on a
shaft having two bearing points 9.47 4+ 0.00 - 0.0076 mm in
diameter that can be inserted into the bore has been found
suitable. A circular level that can be rigidly mounted on the
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piston rod for insertion into the bore may also be satisfactory.
A circular level having a sensitivity of 20 min/2.5 mm has been
found satisfactory. Other alignment techniques that give com-
parable alignment sensitivity would be considersd satisfactory.



XI. TROUBLESHOOTING GUIDE

INTRODUCTION

Appendix X2 is offered in an effort to help a laboratory improve melt low rate testing and to get
to the root cause of problems which may be cansed by equipment, environment, or testing technigue.
This guide is not meant to be an all-inclusive trouble-shooting check list, but merely iries to help users

to evaluate testing to some degree.

X211 Basic Programs

X2.1.1 The following are basic programs in which all
laboratories should participate:

X2.1.1.1 Standard Reference Materials—If available,
SEMs can usually be obtained from NIST. These SEMs
provide accurate information on the melt flow rate of these
materials. However, these SEMs are expensive and are avail-
able for a very limited number of materials.

M2.LL2 Imternal Conirols—An internal control for each
type of material should be set up. This involves satting aside
enough material to last a long time (at least one year). These
materials will have to be tested many times to establish
statistical parameters. Each time an internal standard is mn, the
results should be plotted on a SQC chart so that any problems
or trends can be detected quickly. A SOC chart should be set up
for each extrusion plastometer in the laboratory. A replacement
standard should be introduced before the old standard runs out
and should be compared to the old standard o ensure that any
shifis seen in the SOC chart are due to the material and not to
the equipment.

N2 113 Proficiency Tests—Participation in proficiency test
programs is important for demonstrating how the laboratory™s
results compare with other laboratories. Over a period of time,
laboratory bias can be demonstrated, if bias exists.

XN2.1.1.4 ASTM Roand Robins (Interlaboratory Tests ) —
These programs are similar to proficiency test programs but are
limited to only a few laboratories and a few materials.
However, these programs do provide information on how well
the laboratory performs the test.

X2.1L.1.5 Calibration, Verification, and Maintenance—The
extrusion plastometer should be calibrated. Proper mainte-
nance of the instrument will help to ensure proper calibration.

(J) As a first step (o obiaining reproducible results, operators
should ke well trained. Using internal standards can demon-
strate that repeatable results can be provided. The operators
should also understand the test and know what can affect the
results.

(2) Before starting the test, the following should be verified:

(@) The protocol is understood by the operator.

(&) The barrel, piston, and die orifice have been properly
cleanad.

{c) The extrusion plastometer, including the piston and die,
are at equilibrium at the proper temperature,

() The extrusion plastometer is level.

(¢) A standard has been run and the results fall within
established parameaters.

(3) When a problem arises, the following questions should
e asked:

(@) Did anything unusual happen?

(b) Dioes the extrudate contain air bubbles?

() Were the proper weights applied?

(@) Is the unit at the proper temperature?

() Was the piston stored in the barrel?

(1 Is the die damaged, that is, chipped?

() Is the die bore worn, that is, the diameter is larger than
the maximum specified?

() Was the proper amount of material used?

(f) Has the balance been properly calibrated?

(/) Was the proper purge time used?

(k) Was the plug pulled at the proper time?

(F) Was the correct warm-up time used?

(m) Was the barrel cleansd properly?

() Is the piston rod straight?

(o) Is the piston tip diameter OK?

X212 Understanding How Melt Flow Rate is Affected

K221 Levelness of the Instrumeni—The piston must be
free to move in a vertical position. If the instrument is not level,
the piston can be slowed by friction as it touches the side of the
barrel. This will not only introduce an error into the results but
may also scratch the barrel. The piston must move in an exact
vertical plane, indicated by a small bubble level that should be
placed on the top of the barrel or on the top of the piston when
placed in the barrel. The level should be checked on a regular
schedule.

X222 Die Orifice Digmefer—aAn undersized die orifice
(which can result from a buildup of residue) will cause low
resulis. Conversely, an oversized orifice {which can result from
wear) will canse high results. It is important that the die orifice
be cleaned after each test and that the die ocrifice diameter be
verified frequently using a calibrated go/no-go gage. Remem-
ber, the calibrated pin gage can also wear and the diameter
should be verified regularly.

X223 Die Cleanliness—The die should be completely
cleaned after each test. Any residue left in the orifice will
evenmally char and be very difficult, if not impossible, to
clean. Buildup of material will reduce the diameter of the die
and change the surface smoothness, resulting in erroneous
resulis.

X2.2.4 Temperature in the Barrel—Melt flow rates are very
dependent on temnperature. The temperature within the barrel is
the only important temperature. Temperature indicators must
be calibrated to the temperature within the bamel High flow
rates will result from high temperatures and low flow rates
from low temnperatures. Defective heaters may be difficult to
detect and can cause variable results.
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X2.2.5 Preheqt Time—Proper preheat time is required to
allow the material in the barrel to fully melt and to come o
temperature equilibrium throughout the barrel. If material is
not fully melted. die plugging and low melt flow rates can
result. If not at temperature equilibrium, the melt fow rate will
change as the test is conducted.

X2.251 It is important that the die and piston be at
temperature equilibrium with the rest of the system before any
sample is introduced into the barrel. If the piston and die are
not at temperature, the large mass of metal involved must be
heated o temperature during testing and the energy required
may not allow the polymer to reach thermal equilibrium. This
can result in erronsous data.

X2.2.6 Barrel Condition—The barrel should be properly
cleaned after each test. Failure to do so can result in contami-
naticn of the next sample, and buildup and degradation of
material in the barrel, resulting in a decrease in the diameter of
the bamel. This can cause friction with the piston tip resulting
in low melt flow rates.

X2.2.6.1 Frequently overlooked is the condition of the
barrel itself. In addition to being clean, the bamel wall must be
smooth and of the proper diameter. The inside diameter of the
barrel is as important as the diameter of the die orifice. The
barrel diameter should be measured regularly, and changed if
=0 indicated. The melt flow rate is a function of the fourth
power of the bamel diameter.

X227 Piston Parameters—The diameter of the piston foot
should be checked. I it is worn, material can flow back past the
tip. This would result in erroneous data.

X2.2.7.1 The piston tip, or foot, is sometimes screwed into
the end of the piston and can be changed easily. However,
because it is easily unscrewed, it can work itself locse, The
piston tip must be checked frequently and kept tightly screwed
into the piston.

X2.2.7.2 Care must be taken not to bend a piston. Even a
slight, almest non-detectable curvature in the piston can result
in the force not being applied directly to the vertical position,
resulting in excessive pressure on the wall of the barrel. This
will cause low results and can also scratch the barrel wall.

X2.2.7.53 The piston has two reference marks. The lower
scribe mark on the piston must be at the reference start position
(top of the guide ring or bamel) at 7.0 = 0.5 min, as stated in
0.8 and 10.2.10. Starting each test at a different position can
give variable results.

X228 Sample Mass—Small variations in sample mass can
cause significant variability in mell flow rates. Any balance
used to weigh the sample should be calibrated and verified on
a regular schedule,

X2.2.9 Moisture in Sample—Samples should be dried be-
fore testing. Some materials may be affected more than others
by moisture. However, the presence of moisture during the test,
in general, will affect the melt flow rates of most materials.

H2.2.10 Sample Purge Time—Purging material from the
barrel before the actual test starts serves two primary functions:
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(7)o expel entrapped air or volatiles before applying the full
test load, and (2) to move the lower scribe mark on the piston
to the reference start position. For flow rate consistency, it is
important that the extrudate be free of volds and that the test
always stars with the piston in the same position in the barrel.
Whether in the extrudate for Procedure A or in the barre] for
Procedure B, voids will affect test results.

X221l Load Weighi—The actual weight (load) applied o
the material during the test will affect the test results. Higher
welghts will produce higher results. The load weight, which
includes the piston weight, should be wverified at regular
intervals.

X2.212 Extradate Cur Techrigae—It is important that good
extrudate cutting technique be developed. A sharp, clean tool
should always be used for this operation. The timing of the cut
is critical since a shorter than target cut time will produce low
results and a longer than target cut time will give high results.
The timing intervals should be verified with certified timers.
When cut, the extrudate end should not be ragged or stringy.
Thesa variables, if not controlled, can cause poor reproducibil -
ity of test results.

H2.2.13 Purging—Purging the barmel between runs or when
changing materials is sometimes necessary. Purging with the
same material which will be tested after the purge is best
However, if for some reason another purge material is used, run
the test material through the barrel before the actual test run in
order to ensure that the purge material is no longer in the barrel.

X2.2.13.1 Purging does not replace cleaning. After purging,
the equipment must be cleaned properly to avoid the effects of
contamination, resin buildup, and o forth, as discussed previ-
ously.

H2.2.14 Melt Density—1It is important that the correct melt
density be used, that is. 0.76% giem® for PE at 190°C and
0.7386 giem® for PP at 230°C. These values may be different
for copolymers or when additives are incorporated into the
resin. Small errors in these values can affect the end results. If
not known, the melt density can be determined as described at
the end of Footnote A of Table 2.

X2.2.15 Piston (Flag) Travel Distance—The setting of the
proper piston travel distance (6.35 = 0.25 mm for MFEs up to
10 g/ 10 min and 2540 = 0.25 mm for MFRs greater than 10
210 min) is important in Procedure B. The reproducibility of
Procedure B is better if these parameters are strictly adhered to.
A calibrated distance verification device will be required to
maintain the proper piston travel.

¥22 16 Calcalation Factors—When trouble shooting, al-
ways check the calculations and the factors used.

X2.217 Power (Electrical) Fluctwarion—Constant power
(voltage) is important to maintain the temperature desired.
Periodic changes in voliage will cause changes in the tempera-
ture of the unit, creating test values that Aucate because of
inconsistent sample temperatures. Though this is a rare situa-
tion. this Auctuation has been found to cause erratic test results.
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SUMMARY OF CHANGES

Committee D20 has identified the location of selected changes to this standard since the last issue,
D 1238 - 04b, that may impact the use of this standard. (December 1, 2004)

(1) Added Procedure D {Section 13). (2} Added reporting information for Procedure D to Section 1 4.

Committee D20 has identified the location of selected changes to this standard since the last issue,
D 1238 - 04a, that may impact the use of this standard. {October 1, 2004)

{43 Inclusion of a precision statement for Procedure D

Committee D20 has identified the location of selected changes o this standard since the last issue,
D 1238 - 04, that may impact the use of this standard. (August 1, 2004)

(1) Changed the die height dimension m 11.1.2. (2} Added footnote in Table 9 to address the change in 11.1.2.

Committee D20 has identified the location of selected changes to this standard since the last issue,
D 1238 - 01, that may impact the use of this standard. (March 1, 2004)

{4 Editorially added sulfone plastic melt flow rate conditions (2) Additional melt Aow rate conditions for polyether sulfone
as found in Specification D 6394 for Sulfone Plastics (SP). and polyphenylsulfone placed in 8.2,
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