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INSULATING FIREBRICK MECE
BRICK
PC-2 B-1 B-2 (o) =2
Physical Data (Typical)
Maximum Service Temperature. 1400 900 1000 1300 1400
26-27
°C
_ 2.05-2.10
Refractoriness. SK(Sager Cone) 1.35- | 0.65-0.72 | 0.75-0.80 | 0.75-0.80 | 0.85-0.90
Bulk Density. gm/cc 145 | 7075 | 7075 | 7072 | 65-70 Va0
Apparent Porosity. % 45-50 8-10
Water absorption. % 10-15 | 2030 | 3040 | 40-50 | 230400
Cold Crushing Strength. km/em? | 110-130 | 10-12 | 10-12 | 1520 | 20-25 0P
Modulus of Ruphare, kg/cm* 20.0-
Thermal Conductivity. 30.0 0.17 0.18 0.30 0.38
Kcal/hr.m. "C at350°C
Chemical Analysis, % Approx.
Silica (5103) 36.72 542 513 50.3 34.6 69.0
Alumina [(All20;) 56.15 36.5 39.1 42.8 60.2 21.0
Iron Oxide (Fex0,) 0.80 3.3 3.0 27 1.4 1.3
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. T P guinan (A)
Fo90 1 %097 2 fnd:D; D, D, Mg
1.00 0.25 0.838 0.693 0.729 0.456
1.20 0.25 1.038 0.893 0.929 0.730
1.60 0.35 1.373 1.170 1.221 1.270
2.00 0.40 1.740 1.509 1.567 2.070
2.50 0.45 2.208 1.948 2.013 3.390
3.00 . 0.50 2.675 2.387 2.459 5.030
3.50 0.60 3.110 2.764 2.850 6.780
4.00 0.70 3.545 3.141 3.242 8.780
4.50 0.75 4.013 3.580 3.688 11.300
5.00 0.80 4.480 4.019 4.134 14.200
6.00 1.00 5.350 4.773 4917 20.100
8.00 1.25 7.183 6.466 6.647 36.600
9.00 1.25 8.188 7.466 7.647 48.100
10.00 1.50 9.026 8.160 8.376 58.000
11.00 1.50 10.026 9.160 9.376 72.300
12.00 1.75 10.863 9.853 10.106 84.300
14.00 2.00 12.701 11.546 11.835 115.000
16.00 2.00 14.701 13.546 13.835 157.000
18.00 2.50 16.376 14.933 15.294 192.000
20.00 2.50 18.376 16.933 17.294 245.000
22.00 2.50 20.376 18.933 19.294 303.000
24.00 3.00 22.051 20.319 20.752 353.000
27.00 3.00 25.051 23.319 23.752 459.000
30.00 3.50 27927 25.706 26.211 561.000
33.00 3.50 30.727 28.706 29.211 694.000
36.00 4.00 33.402 31.093 31.670 817.000
39.00 4.00 36.402 34.093 34.670 976.000
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Properties at 300 K
Melting
COMPOSITION P ¢, k a.10°
Point(K) " .
(kg /m) (J/kg.K) W I m.K) (m”/s)

AISI 302 1810 8055 480 15.1 3.91
AISI 304 1670 7900 477 14.9 3.95
AISI 316 1670 8238 468 468 3.48
AISI 347 1670 7978 480 480 3.71
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Designation: D 1238 — 04c

Standard Test Method for

Melt Flow Rates of Thermoplastics by Extrusion

Plastometer?

This standard & issued under the fixed designation D 1238; the number immedixely following the desi

the year of

onginal adoption or. in the case of revision, the year of la revision. A nurnber in parentheses mth.m ('ﬂ' year of laa reapproval. A
superscript epsilon (e} indicates an editorial chonge since the last revision or reapproval.

This stendard has bees approved for ase by agencies af the Departisent 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 conditions of temperature, load,
and piston position in the barre] as the timed measurement is
being made.

1.2 Procedure A is 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 900 /10 min. By both procedures. the piston travel is
generally the same during the timed measurement; the piston
foot is about 46 and 20.6 mm above the die. 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-flow rate.

Note |—Round-mbin testing indicates this test method may be suit-
able at flow rates up o 1500 210 min if the timing chxk resolves the
elapsed time Lo the nearest 001 5.

Nome 2—This test method and IS0 11331991 are technically equiva-
lent.

1.3 This standard does not purport o @ddress the sqgfety
concerns, if any, associated with its use. It is the responsibility
of the user of this standand te establish appropriate safery and
health proctices and determine the applicability of regulatory
limitations prior 1o ase. Specific precautionary statements are
given in 5.7, 10.2.12, and 15.1.2.

2. Referenced Documents

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

! This test method is under the junsdiction of ASTM Committee D) on Plastics
and iz the direct responsibility of Subcommitice D20.3) on Thermal Properties
1Section D). VLIS)

Curpern edition approved Dec. 1. 2004, Published December 2004, Originally
approved in 1965 Lagt previous ediion approved in 2004 as D 1238 - Odb.

* Ror referenced ASTM standards. vizit the ASTM website. waw.stm.ong, of
contact ASTM Customer Service at servicedlastm.cag. For Amnua! Beok of ASTM
Standzads volume informaton. refer 1o the standard’s Docume nt Summary poge on
the ASTM website,

W2

D 833 Tenminology Relating to Plastics

D 2264 Test Method for Flow Rates for Poly Vinyl Chloride
with Molecular Structural Implications

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

22 ANSI Standard:

B46.1 on Surface Texture®

23 IS0 Standard:

ISO 1133-1991 Detenmination of the Melt-Mass Flow Rate
{MFR) and the Melt Volume-Flow Rate (MVR) of Ther-
moplastics®

3. Terminology

3.1 General:
3.1.1 For definition of some of the technical terms used in
this test method refer to Terminology D 882

4. Significance and Use

4.1 This testmethod is particularly useful for quality control
tests on thermoplastics.

Nome 3—Polymers having Gow rates less than 0.15 or greater than 900
/10 min may be tested by the procedures in this test method; however,
precision data have not been developad.

42 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. unifonmity of flow rate among various pelymers
as made by various processes does not, in the absence of other
wests, indicate uniformity of other properties.

4.3 The flow rate obtained with the extrusion plastometer 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 these in large-scale processes. lest results may nol
correlate directly with processing behavior.

iloble from A Mational S

4 cords Insuture (ANSI, 25 W 43nd Si,
4h Focr, Mew York. NY 10036,




4.4 The flow rate of a material may be measured under any
of the conditions listed for it in 8.2, Additional charactenzation
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 Plastomerer:

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 Essemial features of the
plastometer, illustrated in Figs. 1 and 2, are described in
5.2-5.8. All dimensional 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 resulls among laboratories. It is important,
therefore, for the best interlaboratory agreement that the design
adhere closely to the description herein; otherwise, it should be
determined that medifications do not influence the results.

5.2 Cvlinder—The steel cylinder shall be 508 mm in
diameter, 162 mm in length with a smooth. straight hole

i fm 143 mm
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FIG. 2 Details of Extrusion Plastometer

9.5504 = 0.0076 mm n diameter, displaced 4.8 mm from the
cylinder axis. Wells for a thermal sensor ithermoregulator,
thermistor, etc.) and thenmometer 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, centered 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 positioned at
right angles to the applied load) or by at least two 10-mm
diameter rods screwed into the side of the cylinder for
attaching to a vertical support. The essential dimensions of a
satisfactory cylinder of this type are shown in Fig. | (Note 4).
The cylinder bore should be finished by technigues known to
produce approximately 12 nms or better in accordance with
ANSI Bda 1.

Nome 4—Cylinders made of SAE 52100 or other equivalent steel
heat-hardened 1o 60-635 Rockwell Hardness Scale C give good service
when used at temperatures 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 (Note 5). The die shall have a
smooth straight bore 2.0055 £ 0.0051 mm in diameter and
shall be 8.000 = 0.025 mm in length. The bore and its finish
are critical. Tt 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.



Nome S—Recommended die material is ungsten carbide. Also satisfac-
tory are steel, synthetic sapphire, and cobali-chromium-tungsten alloy.

5.4 Piston:

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
o the weight. The land of the piston shall be 9.4742 + 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 (Note 6). The finish of the piston foot shall be 12 rms
in accordance with ANSI B44.1. If wear or corrosion is a
problem, the piston should be of stainless steel and equipped
with a detachable foot for ease of replacement.

Nome é—To improve standardization it is preferable that the piston be
guided with a loose-fitting metal sleeve at the top of the cylinder.

Note 7—Pistons of SAE 52100 sieel with the bottom 25 mm, inchaling
the fool, hardened o a Rockwell hardness, C scale, of 55 to 59 have been
found o give good service when used at lemperatures below 200°C,

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 (see
Fig. D.

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

5.5 Heuwier:

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

L% RS

during the test. The lemperature of the bamel, from 10 mm to
75 mm above the top of the die, must be maintained within
*1 % of the set emperature (°C).

Nome 8—At temperatures higher than 2007°C this degree of temperature
control may be more difficult to obtain.

5.2 Calibrate the temperature-indicating device by means
of a light-gage probe-type thermocouple or a platinum-
resistance temperature sensor having a short 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 temperature
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 alternate
technique for calibration is to use a sheathed thermocouple or
platinum-resistance lemperature sensor with tip diameter of
9.4 = 0.1 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
emperatura.

Nom 9—The msponse of the temperature sensing device may be
affiected by immersion level. Take care toensure adequate insulation of the

4 Round-robin daa shoming Aow rate and oampmdmg wnyemurt profile of
the melt obtained wing probe 4ype th des and pl
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FIG. 3 Example of a Temperature Calibration Device
Note A—Mineral glass insulation or equivalent spacer shall be bonded to tip and SS 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),

Note B—The RTD shall be insented 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 sensor and stabilization of the barrel wemperature,

5.5.3 Heat shall be supplied by electric band heatens)
covering the entire length of the cylinder. The heater(s) may be
single- or multi-element, 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 set 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
heateris) 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.

5.6 Temperature Controfler—The type of controller and
sensor must be capable of meeting the required control
tolerance specified in 3.5.1.

5.7 Thermometer— Thenmomelers having a range of 4°C
graduated in 0.2°C divisions may be used to 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 used to monitor indirectly the lemperature
of the material 10 mm above the die and may be calibrated by
reference to a thermocouple or platinum resistance temperature
sensor 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 357°C.)

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

5.9 Accessory Eguipment—Necessary accessories include
equipment for charging samples to the cylinder. a funnel, a die
plug, a ool for cutting off the extruded sample, a timer or stop
watch, cleaning equipment. gofno-go gages. a balance accurate
w =0.001 g, and, when required, a weight or weight-piston
support.

Nore 10—Satisfactory operation of the apparatus for polyethylenes can
be ascertained by making measurements on NIST Standard Reference
Materials (SRMs) certified for melt flow rate. The four SRMs. certified
under condition 190/2.16 are SRM 1473 with a flow rate of 1.29 g/min,
SRM 1474 with a flow rate of 5.03 g7/10 min, SRM 1496 with a flow rate
of ©1.26 ¢/10 min, and SRM 1497 with a flow rate of 0.19 /10 mia. SRM
liTS’a is centified under condition 1907325 with a flow rate of 2.2) 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 aandord polyethylencs are available from dw Matonal Inzuvute of
Siandords and Techmology, Office of Standord Reference Marerials, Washingion, DC
20234,

W35

7. Conditioning

7.1 Many thermoplastic materials do not require condition-
ing prior to testing. Materials which contain velatile compo-
nents, are chemically reactive, or have other special character-
istics most probably require appropriate conditioning
procedures. Moisture not only affects reproducibility of flow
rate measurement but, in some types of materials, degradation
is accelerated by moisture at the high temperatures used n
testing. Check the applicable material specification for any
conditioning requirements before using this test. See Prmctice
D 618 for appropriate conditioning practices.

8. Procedural Conditions

8.1 Standard conditions of test are given in Table |. Test
conditions shall be shown as: Condition _ __/_ __. where the
lemperature in degrees Celsius is shown first, followed by the
weight in kilograms. For example: Condition 190v2.16.

8.2 The following conditions have been found satisfactory
for the material listed:

Mataal <onditon
Acstals {oopalymer and homopolymer) 190218 190106
Acrdice ;3012 29%3.8
Acrytonltris-butsdisne-styrene 2005.0 23038
22010
Acryic by tyranaipolycar bonak 2308.8 250i1.2
blvle 26538 265%.0
Celubse eskds 1904).925 190218
19021 £0 210/2.18
Ethiene-chiorciiuorosthylens copolymear 2T 5218
Ettriene-birs lucroatintene copolmer 2975.0
Mylon 2760325 28541.0
236216 23585.0
2755.0
Peri 4 ke & b o 4 Y PVRGEEY ereR.18
Periuoroslkocyalkans 725.0
Palycapratachn 1252.16 a02.16
Paychiomiritucrethylens 285125
Polyether sufone (PES) 20216 A0
243216
Pdyelhylene 1260.325 1252158
2501.2
1900.328 190218
19021 80 19010
20125
Polycarbonate 20012
Poymoncchiontifucrosthyiens :521 8
26531 5
Polypropylens 220218
Palypheny sulkons (PPSU) %56.0 2807218
Palyetytens 2005.0 2901.2
22028 185.0
Potysulfons (PSLY 243216 ABND
Polytersphihalate 20215 210:2.18
2062.16
Payiviny acetl) 15021 8
Payiviyidene fuoris 230215
2205.0
Palyiphemtans sulfids) 2155.0
Styrens acryonitiie 22010 290410
220:3.8
Stypenikc Themoplastic Elaskms 190216 20066.0
Thermeplastc Elastomear-Ether-Estar 190218 220218
230218 240218
250218
Thermeplasti: slastomers TEO) 2302.18
Vinyikens Muoride copaymes 23021 £
2305.0

for T 1007 use 1205.0 or 21.5

Meme | 1——Some materials may require special materials of construc-
tion or handlina for performing this test. Please refer to the material



TABLE 1 Standard Test Conditions, Temperature, and Load

Condition Approxdmate Pressurs
Tempershue, “C Tolsl Load Including Piston, kg
Standard Designation kPa pel
9¥2.18 80 2.18
125/.826 126 0.328 44 8.5
1262.16 125 2.8 2002 43.25
1502.18 150 216 2002 025
1000325 190 0.225 448 8.5
190218 190 2,16 200.2 43.25
160¥21.80 190 21.80 20022 4325
2005.9 20 5.0 9.5 19000
2301.2 230 1.2 1654 240
28029 220 a8 524.0 TRO
285125 256 125 17237 2500
27540926 a8 0.228 448 8.8
2302.18 230 216 2092 43.25
1901.05 190 1.08 1447 21.0
190100 190 1002 12M.0 200
301.2 300 1.2 165.4 24.0
1905.0 190 5.0 05 1000
2361.0 228 1.0 1282 2.0
2352.18 235 2.18 2092 42.25
2268.0 226 5.0 0.5 1000
2502.18 250 2.16 2092 42.25
2125 - 310 125 17247 2500
2102.16 210 218 2092 42.25
206218 208 218 2092 43.25
8155.0 815 5.0 €895 1005
2218 72 218 2002 42.25
72s5.0 &z 5.0 €895 120
275.0 N7 5.0 805 100
23021 5 230 215 2002.2 4325
2308.9 230 5.0 [ 23 100
28521 8 6 215 20022 4025
MEU 6 265 Ns 4351.2 325
2715/2.16 a5 2,18 2002 42.25
2010 20 100 1879.0 D00
2501.2 250 1.2 1654 24.0
2660.8 26 a3 524.0 TEO
2655 6 5.0 £89.5 1000

specification for appropriate recommendations.

8.3 If more than one condition is used and the material is
polyethylene, the detenmination of Flow Rate Ratio (FRR) 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 190:2.16.

Note [2—When determining such a ratio of low rales for a material at
the same temperature under different loads, it has been found that
precision is maximized when one operator uses one Procedure (A or B),
the same plastometer. and the same die for both measurements (the die
meed nod be removed from the plastometer between the two determina-
tions).

9, Procedure A—Manual Operation

9.1 Select conditions of temperature and load from Table 1
in accordance with material specifications such that flow rates
will fall between 0.15 to 50 g/10 min.

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

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

Nome 13—The degroe of cleanliness can significantly influence the
Aow rate results. therefore a thorough method of cleaning must be
established. Tt has been found that three swabs of the barrel is satistactory
for most materials and that the die. barrel, and piston are more easily
o while hot.

94 Check the die bore diameter with appropriately sized
no-go/go gages prior to esting. Make frequent checks to
determine whether the die diameter (lested with die at
23 + 59C) is within the tolerances given in 5.3.

Nom 14—Cleaning and usage can result in a die diameter that is out of
specifications. Data has shown that erronzous results will be obtained if
the die diameter is not within the appropriate tolerances.

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

9.6 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 die for 15 min.

Nome 15—The reduction in beating time when the unit is being used
repetitiously is only allbywed when runs of the same or similar materal are
being measured over a continucas time frame. If the piston and die are
removid and cleaned, they should be considered “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 | min with a weighed portion of the
sample in accordance with the expected flow rate. as given in
Table 2. Reinsert the piston and add the appropriate weight.

Nome 16—Experience has showan that for the best eeproducibility the
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TABLE 2 Standard Test Conditions, Sample Mass* and Tesfing

Time®
Sugjeskd Mass of g Factor tor

F'g:’"'ze' sampke In Cyinder. e Oblsining Flow

b] - Rak h ¢/10 min
015t 1.0 251020 6.00 167
1.0 125 201050 200 P
3.5 ¥ 10 401680 1.00 10.00
A0t 25 401080 0.50 .00
225 401080 0.5 40.00

A This ks & suggeeted mass Tof mak4lals with melt densities of about 7 gend,
Corraspondingy. grestsr quantiies sre suggested for matarials of graatar medt
dansities. Denslty of the molten reeln (atthout fllr) may be cblained using the
procacurs describsd by Tery, B W.. anvd Yang, K., *ANew Mehed for Detarmining
Malt Density as a Funclion of Pressurs and Temperature,” SPE Joumal, SPEJA,
Sl 20, Mo 8, June 1964, p. 540 of the procedure described by Zoller, Pau, *The
Pressure-volume-Temparaturs Froperties of Polyoleling,” Jowns/ of Appled Poly-
e Science, Vol 23, 1979, pu 1051, Itmay also be chbined from the welght of an
xtnaded known volume of 19sin 81 the deslred temperature. For example, 26.4 mm
{1 In) of piston movement axirucdee 1.904 o of rasin. An estimate of the density
of the materal can be cakulated rom the KAKING equation:

tasin denslly at test bamparature = Md1.604

whars:
M = mass of exruded resh.

Foeewid

measurement. The piston is scribed so the starting point for each extrusion
is roughly the same. Scme excess of material over the minimum required
for the actual flow measurement portion of the test is provided by the
charging weights shown in Table 2. This is necessary o achieve a
void-free extrudate and flow equilibrium before start of rate measure-
ments.

Note 17—t is frequently helpful o take interim cuts of the extrudate
at uniform time intervals during the specified extrusion time. Weights of
these individual cuts give an indication of the presence of bubbles which
may be masked due to their size or to opacity of the sample. This
technigue is panticulardy helpful in the case of highly pigmented materials.
Forcing out some of the resin manually during the prebeat period often
eliminates bubbles in the test extrudate.

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 o
start of the test for materials having melt low rates less than 10
/10 min.

Note 18—It has been found thal purging within &0 s of the start time
will result in higher variability in the data.

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

Note 20-—Additional care may be necessary o prevent thermal degra-
dation in the extrusion plastometer This is sometimes done by the addition
of an appropriate antioxidanl For highly unstable maberials, it may be
necessary to use alternative technigues as an indication of flow charac-
teristics.

9.9 For materials with flow rates greater than 10 g/10 min,
a weight (and if needed. 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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piston/weight will be 25 mm above the top of the guide
bushing or other suitable reference mark.

Nome 21—t has been found that the effect of choosing plugging.
weight suppoet, or both, is significant to the Aow rate results. The choice
of piston support was made to cover all conditions and flow rates 10 1o 50
210 min.

9.10 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. otherwise,
discard the charge and repeat the test with readjusted piston
position after the initial purge, or change weights. Reguire-
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. reset 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.

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

9.11 Discharge 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 tubular 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 detenmination
must be shown to be negligible if this step 1s avoided.

9.12 Once the extrudate is cool, weigh to the nearest | mg.

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

Nome 23—Frequently, errors in test technique, apparatus geomelry, or
test conditions, which defy all but the most careful scrutiny exist. cousing
discrepancy in flow rate determinations. The existence of such ermous is
readily determined by periodically measuring a reference sample of
known flow rate. The flow rate value and range to be tolerated can be
determined using a statistically correct test program composed of multiple
determinations with various instrniments. Standard samples of polyethyl-
ene, linear or branched. are availabk from the National Institute of
Standards and Technology.

9.14 In case a specimen has a flow rate at the borderline of
the ranges in Tahle 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 Appararus:



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 indicale the piston travel time within
=001 s (see Note 1).

10.1.2.2 Measure piston travel within =04 % 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 n 5.4.3.

10.1.2.4 1t 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 It should be preset or be adjustable for measuring
piston travel of 25.4 = 0.25 mm for flow rates greater than 10
2/10 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 20.6 = 2 mm above the top of the die.

10.1.2.7 Check die. cylinder, and position dimensions for
conformance to 5.2-5.4 and Figs. 1 and 2.

102 Procedure:

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

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

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

10.2.4 Inspect the apparatus and die for cleanliness. If it is
not clean, see 9.11 and Note 12

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

10.2.6 Verify that the temperature is stable and within
+02°C of the appropriate test temperature as specified in
351,

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 tlemperature 15 min before testing s begun.

TABLE 3 Factors for Caleulation of Flow Rate

Waterlal Tempsa- Plston Travel, mb:m’;: Flow
{Urpigmenied) ture, “C L, em fin] Rals, &
Puolysthykne 190 254 1] ©6
Polyetrylane 190 0635 [0.25) 207
Polprogtens 230 254 1) ™0
Polyprogylens 230 0435 [0.25] X0

A Fazlors cakulated using meli-densily valuse of 07638 grom? for podysthylens
and C.7295 grom? for palypropyiens, as sxpressad In arlick: by Zolkr, Paul, *The
Pressura-Volume-Temperabure Preperties of Polycleling,” Jowns! of Appled Poly-
mer Science, Vol 23, 1979, P. 1051, The bass dersilibs al 23°C for which the medt
danglties are reportad wam 0.917 gam? for anneakd kva-density poiyethylens
and polypropyiens ReMepolymes.

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 to 6.35 = 0.25 mm for oea-
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 2/10 min or higher.

Nome 24—1It has been found that fiov some materials the mel flow rates
obtained on a material will be different depending cn which timer length
is chosen; therefore, it is imponant o adhere to the protocol in 10028 to
compare interlaboratory 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 flow
rate, as given in Tuble 2. Reinsert the piston and add weight.

10.2.10 Allow time for the material to soften and begin to
melt, and then purge some material to 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 Note 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
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 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 Notes 21 and 22).

10.2.12 For materials greater than 50 g/10 min a die plug
must be used in addition to the pistonsweight 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 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 Notes 21 and 22). {Warning—Rapid expulsion of mate-
rial when die plug is removed may be hazardous.)

10.2.13 If the timed extrudate contains visible bubbles,
repeat the test (see Note 23).

10.2.14 Record the time to the nearest 0,01 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 ©.11.

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

L1 Apparatus:

11.1.1 Extrusion plastometer and auxiliary equipment 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 usad to reduce
the flow rate of these materials and improve the reproducibility
of results. The alternate die dimensions shall be: Height 4.000
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+ 0.025 mun;, 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 ternperature indicating device,
5.5.2 shall be used with the variation 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 thenmometer as described in 5.7 is used
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 11.1.3

11.2 Precedure:

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

12. 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 % LX dyt

or
Yolume rate = 426 X L
where:
L = length of calibrated piston travel, cm,
d = density of resin at test temperature, gt’cm’(me refer-
ence under Table 2),
t = fime of piston travel for length L. s, and
426 = mean of areas of piston and cylinder X 60D,

Nome 25—Faxctors that may be substituted in the following exquation ar
given for some materials in Table 3.

Flow rate, 2/10 min = ¥

where:
F = factor from Table 3, and
r = 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—Multl-Weight Using Automatically
Timed Flow Rate Measurement

13.1 Apparatus:

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

13.1.2 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:

13.1.2.1 Sense and indicate the piston travel time within
=0.01 s (see Note 1).

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

13.1.2.3 Any effects on the applied load must be included in
the allowable tolerance given in 3.4.3.

13.1.2.4 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 Procedare.

13.2.1 Refer to Tahle | 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-gofgo gages prior to 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 Note 14)

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

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

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

13.2.6 Verify that the temperature is stable and within
+0.2°C of the appropriate test temperature as specified in
5:8:1=

TABLE 4 Precision, Procedurs A {Values in g/0 min)

W A ] o , D Number of
Materal Conditon Average 8/ 8y A i Laboratortes
Polathykne 190218 0na7 0008 ez 0.023 0.063 ]
Polyathylne 190:2.16 Q40 0012 Q088 0.035 0108 ]
Polgathykne 19072.18 2.04 0Les Q078 0.073 0.224 ]
Polyathiylene 1907216 M1 019 1.232 2.580 8,483 7
Palpropylense 220218 223 0108 0226 023 0829 e
Polypropytens 2201218 7.8 0222 0471 0.627 1.3 e
Polpropytense 2902.16 aza 0581 1.051 1.644 2874 ]
Polystyrane 200/ 1.67 ooed Q122 0.088 0344 6
Polystyrane 20065 ag 0190 Q657 0.528 1.885 6
Polystyrane 20068 188 0.205 Q82 0.834 2817 6
Polycarbons 0012 241 00Te oS 0.215 0328 4
Polyvcarbons k= 20012 1035 0429 0.847 1.215 1.830 4
Polwarbena 12 162 0.155 1109 0.428 140 4
Acrie 2907348 259 0081 Q051 0145 2145 3

A8, = aithindsborakny standard deds tion of he sverags.

B 85 - betwesn-labors krks standand dedatisn of the awsiags.
©( =2835, and

Sl a?mR_
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TABLE 5§ Precision, Procedure B (Values in g/10 min)

Pt " A B o o Number of

Mataral Condition Averags 8 &g A i Laboratories
Potyathyiane 1907216 Q27 (R ) 0.014 0.(28 a0z 8
Polysthylane 1907218 QD 0ms .07 0.045 Q078 8
Polyathyiene 180216 2.04 004D 0.094 .12 Q266 1
Potvathylene 190216 427 0987 1824 2819 5.443 8
Pohprogiene 28%2.16 225 ooe2 0214 01456 2804 8
Polypropytensg 2307218 7.18 0142 a5ag 0.4051 1.663 8

22072.18 2e 08l 045 1.89 2.872 8

Polystyrene 2005 1.65 ore7 168 0108 0470 4
Polystyrens 200 439 0144 0429 0.408 1.187 4
Polystyrene 2005 120 0.108 0,207 0.2 1.087 4

A S, = wihindeborakay slandard dedation of he averags.

- Habars ks detation of the ¥

i =2838, am

D =283 5,

TABLE 6 Precision, Procedure A (Values in g/10 min)

Materal Gondition Average sA s F a° kil
PMMA 29024 1.51 0012 1086 0.0a7 2,242 T
LDPE 192,18 1.74 oger 0052 0.075 144 1
Palgstyrens 20006 3 198 0040 2,085 o2 Q2% El
HOPE 190/2.18 5.95 0049 01 0.197 0269 n
Polypropsiens 29¥2.16 10.94 (LR 0473 024 1.324 10
Polycartone e 30012 1258 0.109 2293 0.2% 0863 4F
Acels| 190216 2630 0235 571 0.658 1.5 7

A3, = withindaborakey sardard desdation of the sverage.

Fn= laborakries standard of the awstage.

Tre23 s,

PRe283 8,

 Insutfident laboratories ¥ meel Practios E 661,

TABLE 7 Precision, P B (Values in g/10 min})

Materal Conditicn Average s 5a° € a0 ey
PMIAA 290248 1.54 0008 0.10e 0.072 208 8
LOPE 1902.18 176 0415 0053 0.082 149 "
Polystyrene 200550 1.8 0042 a0e 2N7 0285 7
HOPE 1902.16 541 (03] ona .14 238 10
Polypropyiene 230216 1096 0387 491 0.69 1.978 10
Polpcartonat: 30071 2 1279 0,104 Q477 0.282 1.385 F
Acetal 190:2.16 2644 0162 a2 0.508 2.302 6

A5, = withindsborakey slandard dedation of the averags.
Fp=be rlabaskrks d of he ¥
“re26 8.

PRa28 5,

F Insuiliclent laboratontss & mwel Practio: E 561,

TABLE 8 Precision, Procedure B (Values in g0 min)

Mekrlal Conditbn  Average S5 Se° 4 o”
Polypropyiens 230216 245 a2 168 ara 488
Py opens2an2. 16 482 28 400 299 13
PO AENEER02. 15 Qa7 209 se8 591 168
POlyopyAen=ER02.16 1808 120 243 285 620

A8, = withindsborakry standard destation of the average.

5, = b Habakrks d 101 the average.

2835, am

O ig =263 So.

13.2.7 Insent 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 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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partion of the sample as given in Table 2 for the expecied fow
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 to 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 Note 181

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 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 Notes 21 and 223

13.2.11 If the material lows 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 to 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 Notes 21 and 22). (Warning—Rapid
expulsion of material when die plug 15 removed may be
hazardous.)

132,12 If the timed extrudate contains visible bubbles,
repeat the test (see Note 233,

13.2.13 Record the times to the nearest 001 s for a
minimum of two 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
reconding the piston travel times at this load. Do not take
readings below 18.6 mm above the top of the die.

Note 26—Nommally 5 mm of piston travel or 2 minules is sufficient to
obtain stabk: Mow afler changing test loads,

13.2.15 Repeat the above for any additional test loads. Do
not take any readings below 18.6 mm above the top of the die.

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

13.3 Calculations:

13.3.1 Calculate the individual flow rate values in accor-
dance with Section 12 (Procedure B,

13.3.2 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 to increase the time or the piston travel distance
before taking a measurement.

13.3.3 Calculate the Flow Rate Ratio (FRR) 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 Statement indicating the nature and physical form of
the material charged to the cylindar.

14.1.2 Temperature and load at which the test is run shall be
reported. The results and test conditions can be referred to as
FR<ondition, where the standard designation for the condition
from Table | is shown (for example, FR-1972.16).

Nome 27— has hecome customary to refer to the flow rake of
polyethylens as “melt index” when obtained under Condition 190v2.16.
However, for all other materials the use of melt index or any term other
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14.1.3 Flow rate reported as the rate of extrusion in grams
per 10 min or volume rate in cm’ 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, etc.

14.1.6 Detils of conditioning, if any.

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

14.1.7.1 The average flow rate at each test load.

14.1.7.2 The Flow Rate Ralio (FRR) together with the
temperature and loads used (for example, FRR-190/21.672.16).

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 Tables 4 and 5 are based on a round robin® conducted
in 1986 and 1987, involving polypropylene, polyethylene.
polystyrene, polycarbonate and acrylic materials. Tables 6 and
7 are based on a round robin? completed in 1997 involving low
and high density polyethylene, polypropylene, polystyrene,
polycarbonate, PMMA, and acetal. The number of participat-
ing laboratories is shown for each material. Data for Tables 4
and 5 were generated through each lab testing two specimens
for each material on three different days, while data for Tables
6 and 7 were generated through each lab testing two specimens
for each material on two different days. The analysis in Practice
E641 is based on a test result being the average of two
specimens.

15.1.2 Table 8 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-
15.1.6) are only intended to present a meaningful way of
considering the approximate precision of this test method. The
data in Tables 48 should not be vigorously applied to
acceptance or 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 method
should apply the principles outlined n Practice E 691 to
generate data specific 1o their laboratory and materials. The
principles of 15.1.4-15.1.7 would then be valid for such data.)

15.1.3 Table ¢ is based on a round robin conducted in 1999
on Procedure C. Data for seven of the eight participating
laboratories were included in the statistics for this table. Four
polyethylene materials were tested with melt flow rates using
the standard die ranging from approximately 35 to 2350 g/10
min using the half-height, half-diameter die.

15.1.4 Concept of I, and lp—Relevant if S, and Sy have
been calculated from a large enough body of data, and if test
results are averages obtained from testing two specimens.

* Supponting daa am availsble from ASTM Headquanters. Request RR: D).
4

7 Supponing data are available from ASTM Headquarters.
* Supponing dota are available from ASTM Headquarters, Reguest RR: D20.
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TABLE 9 Precision Data for High Melt Flow Polyolefins
Procedure C {Values in g/{0 miny*

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

Matetaks” - el 4 . in Test Method D 3364. Refer to Table 10 for 2.16 kg load:
PE-A (35) 4.67 cose  ane Q191 0334 Table 11 for 5 kg load; Table 12 for 10 kg load and Table 13
PEB (185) 2490 (0= 1188 1.928 2270 for 21.6 ke load
PE (23504 57 10.81 98¢ 2027 55,690 230 Xg Joad.
PE-D (122} 1520 0198 0348 0526 0975
AThis data was genersted with dies heving » naminel length of 3,985 mm versus TABLE 10 Precigion Statement for Test Method: 2.16 kg
the raquired 4.000 mm. Makrials Avel < It R
FNuribs pa are app melt fow rak values of =l i %n
using stenderd die 5.3). PE1 07567 04079  00GR2 Q0220 0.0904
PE2 0.4208 00050 00T Q0188 00778
PE2 05527 00096 0MATe Q0288 0.050
15.1.5 Repeatability, I—In comparing two test results for PE4 02627 00043 0192 ad20 005N
PES 04104 00079 0119 G022 0.0984

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 1, value
for that material.

15.1.6 Reproducibility, Ip— 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
1 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.

152 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 detenminations 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 quite 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 westing does not allow

TABLE 11 Precision Statement for Test Method: 5 kg

Makshals Average 3 8, T R

PE1 T 07718 07809 2.1802 2.1865
PE2 19930 00483 oxeey 01858 0.2565
PE2 15821 04030 00482 Q0729 0.1263
PE4 09978 02158 02650 Q8042 0.7168
PES 1297@ 070 0ceas QO4TS 0.0788

TABLE 12 Precision Statement for Test Method: 10 kg

Makrials Aroorage S Sa 1 R

PE1 1 s 03056 04595 08581 1.2887
PE2 75758 0.1258 02751 0.0544 07704
PE2 4ne 00635 0.1038 Q1487 0.2902
PE4 27603 00698 01125 Q1807 0.9151
PES 2.2471 noe28 00647 Q0638 0.1812

TABLE 13 Precision Statement for Test Method: 21.6 kg

Makrials Avarage S Sa T R

PE1 §9.9985 2102 27887 5.9€a3 77409
PE2 95,2967 1.4450 1.4450 40450 4.0459
PE2 14.1078 01652 0.2252 0, 4653 0.9387
PE4 17812 0.33%24 0.4258 .98 1.1924
PES 12,2562 0.1104 04590 0.2000 1.2861

17. Keywords

17.1 melt flow rate; melt index: volume flow rate

APPENDIXES

iNenmandatory Information)

X1, EXTRUSION PLASTOMETER BORE ALIGNMENT

X1.1 A fixture consisting of a circular level mounted on a
shaft having two bearing points 9.47 + 0.00 - 0.0076 mm in
diameter that can be insented 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 considered satisfactory.



X2. TROUBLESHOOTING GUIDE

INTRODUCTION

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

to evaluate testing to some degree.

X2.1 Basic Programs

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

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

X2.1.1.2 Internal Controls—An internal control for each
type of material should be set up. This involves setting aside
encugh 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 mun, the
results should be plotted on a SQC chart so that any problems
or trends can be detected quickly. A SQC 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 to ensure that any
shifts seen in the SQC chart are due to the material and not to
the equipment.

X2.1.1.3 Proficiency Tests—Participation in proficiency test
programs is important for demonstrating how the laboratory’s
results compare with other laboratories. Over a pericd of time,
laboratory bias can be demonstrated, if bias exists.

X2.1.1.4 ASTM Roand Robins (Interleboratory 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.

X2.1.1.5 Caiibration, Verification, and Maintenance—The
extrusion plastometer should be calibrated. Proper mainte-
nance of the instrument will help to ensure proper calibration.

(1) As a first step to obtaining reproducible results, operators
should be 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
cleaned.

() The extrusion plastometer, including the piston and die,
are at equilibrium at the proper temperature.

(&) The extrusion plastometer is level.

(¢) A slandard has been run and the results fall within
established parameters.

{3) When a problem arises, the following questions should
be asked:
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(@) Did anything unusual happen?

(b Dees the extrudate contain air bubbles?

) Were the proper weights applied?

{ey Is the unit at the proper temperature?

(¢) Was the piston stored in the barrel?

(N Is the die damaged. that is, chipped?

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

(k) Was the proper amount of material used?

() Has the balance been properly calibrated?

(/) Was the proper purge lime used?

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

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

{m) Was the barrel cleaned properly?

() Is the piston rod straight?

{01 Is the piston tip diameter OK?

X212 Understanding How Melt Flow Rate is Affected

X2.2.1 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.

X2.22 Die Orifice Diameter—An undersized die orifice
(which can result from a buildup of residue) will cause low
results. Conversely, an oversized orifice {which can result from
wear) will cause high results. 1t is important that the die orifice
be cleaned after each test and that the die orifice 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.

X2.2.3 Die Cleaniiness—The die should be completely
cleaned after each test. Any residue left in the orifice will
eventually 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 errongous
results.

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

X2.2.5.1 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 to temperature during testing and the energy required
may not allow the polymer to reach thermal equilibrium. This
can result in erroneous data.

X2.2.6 Barrel Condition—The barrel should be properly
cleaned after each test. Failure to do so can result in contami-
nation 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 s as important as the diameter of the die orifice. The
barrel diameter should be measured regularly, and changed if
s0 indicated. The melt flow rate is a function of the fourth
power of the bamel diameter.

X2.2.7 Piston Parameters—The diameter of the piston foot
should be checked. If it is worn, material can flow back past the
tip. This would result in erroneocus data.

2.2.7.1 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 loose. 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. almost non-detectable curvature in the piston can result
in the force not being applied directly to the vertical position,
resulting n excessive pressure on the wall of the barrel. This
will cause low results and can also scratch the barrel wall.

X2.2.7.3 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 bawely at 7.0 = 0.5 min, as stated in
G.8 and 10.2.10. Starting each test at a different position can
give variable results,

X2.2.8 Sampie Mass—Small variations in sample mass can
cause significant variability in melt 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.

X2.2.10 Sample Purge Time—Purging material from the
barrel before the actual test starts serves two primary functions:
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() to 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 voids and that the test
always starts with the piston in the same position in the barrel.
‘Whether in the extrudate for Procedure A or in the barrel for
Procedure B, voids will affect test results.

X2.2.11 Lead Weight—The actual weight (load) applied to
the material during the test will affect the test results. Higher
weights will produce higher results. The load weight which
includes the piston weight, should be verified at regular
intervals.

X2.2.12 Extradate Cur Technigue—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.
These variables, if not controlled, can cause poor reproducibil -
ity of test results.

X2.2.13 Purving—Purging the bamel between runs or when
changing materials is sometimes necessary. Purging with the
same malterial which will be tested after the purge is best.
However, if for some reason another purge material s usad, 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 so forth, as discussed previ-
ously.

X2.2.14 Melt Densirv—It is important that the correct melt
density be used, that is. 0.7636 gicm® for PE at 190°C and
0.7386 giom® 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 i Flag) Travel Distance—The setting of the
proper piston travel distance (6.35 = 0.25 mm for MFRs up to
10 2710 min and 2540 = 0.25 mm for MFRs greater than 10
2/10 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.

X2.2.16 Calealation Factors—When trouble shooting, al-
ways check the calculations and the factors usad.

X2.2.17 Power (Electrical) Fluctuation—Constant power
(voltage) is important to maintain the temperature desired.
Periodic changes in voltage will cause changes in the tempera-
ture of the unil creating test values that fluctuate because of
inconsistent sample temperatures. Though this is a rare situa-
tion, this fluctuation 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)

i7) Added Procedure D (Section 13). (2) Added reporting information for Procedure D to Section 14.

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)

(1) Inclusion of a precision statement for Procedure D.

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

i7) Changed the die height dimension in 11.1.2. (2) Added footnote in Table © 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

i 7) Editorially added sulfone plastic melt flow rate conditions (2) Additional melt flow rate conditions for polyether sulfone

as found in Specification D 6394 for Sulfone Plastics (SP). and polyphenylsulfone placed in 3.2,
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1100NK PE@LENE

POLYPROPYLENE HOMOPOLYMER

CHARACTERISTICS : HIGH FLOW

APPLICATIONS : FOR INJECTION MOLDING
GENERAL PURPOSE : HOUSEWARES, CLOSURES, FOOD CONTAINERS

PROCESSING TEMPERATURE : 190 - 240°C

* MEET THE F.D.A, REQUIREMENT IN THE CODE OF FEDERAL REGULATIONS IN 21 CFR 177.1520 FOR FOOD CONTACT

Ko

MELT FLOW INDEX (2.16 kg/230°C) ASTMD 1238

TENSILE STRENGTH AT YIELD N/mn? ASTM D 638
ELONGATION AT YIELD % ASTM D 638
CHARPY NOTCHED IMPACT STRENGTH (AT 23 °C) m)/mn? ‘ ' DIN 53453
FLEXURAL MODULUS (1% SECANT) MPa ASTM D790
ROCKWELL HARDNESS R-Scale ASTM D785
HEAT DISTORTION TEMPERATURE (LOAD 0.45 N/mm?) x ASTM D 648

ISSUE NO. 01 06 09 REV. 03 REMARK : THE VALUES PRESENTED ON THE ABOVE ARE TYPICAL LABORATORY AVERAGE. NOT TO BE CONSTRUED AS SPECIFICATIONS
AND MAY VERY WITHIN MODERATE RANGES. THE APPLICABILITY OR THE ACCURACY OF THIS INFORMATION
OR THE SUITABILITY OF OUR PRODUCTS CANNOT BE GUARANTEED BECAUSE THE CONDITIONS OF USE ON THE PART
OF OUR USERS ARE BEYOND OUR CONTROL.
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A3 HR.1 HANINARBIANNAUNUTYDIgN

gaungi 300°C

«

QC!' Q‘ g 1 LY 4 :’/ 4
AUNNUVYUABLINTY mwmmauanﬂswaﬂwaamﬁamﬁ

naui) | guvgll | naani) | gamgll | neiwni) | qumgll | na(ni) | gumgll | nawni) | gungil

0.25 26 12 229 23.75 301 355 300 47.25 300
0.5 27 12.25 232 24 300 35.75 300 47.5 300
0.75 28 12.5 236 24.25 300 36 300 47.75 300
1 30 12.75 239 24.5 300 36.25 300 48 300
1.25 34 13 242 24.75 300 36.5 300 48.25 300
1.5 37 13.25 246 25 300 36.75 300 48.5 300
1.75 42 13.5 249 25.25 300 37 300 48.75 300
2 46 13.75 252 25.5 300 37.25 300 49 300
2.25 51 14 256 25.75 300 37.5 300 49.25 300
2.5 56 14.25 258 26 300 37.75 300 49.5 300
2.75 61 14.5 261 26.25 300 38 300 49.75 300
3 67 14.75 265 26.5 300 38.25 300 50 300
3.25 71 15 267 26.75 300 38.5 300 50.25 300
3.5 78 15.25 270 27 300 38.75 300 50.5 300
3.75 83 15.5 274 27.25 300 39 300 50.75 300
4 89 15.75 277 27.5 300 39.25 300 51 300
4.25 94 16 280 27.75 300 39.5 300 51.25 300
4.5 99 16.25 283 28 300 39.75 300 51.5 300
4.75 105 16.5 285 28.25 300 40 300 51.75 300
5 110 16.75 288 28.5 300 40.25 300 52 300
5.25 115 17 291 28.75 300 40.5 300 52.25 300
55 120 17.25 294 29 300 40.75 300 52.5 300
5.75 125 17.5 297 29.25 300 41 300 52.75 300
6 130 17.75 298 29.5 300 41.25 300 53 300
6.25 135 18 300 29.75 300 41.5 300 53.25 300
6.5 139 18.25 301 30 300 41.75 300 53.5 300
6.75 144 18.5 301 30.25 300 42 300 53.75 300
7 149 18.75 301 30.5 300 42.25 300 54 300
7.25 153 19 301 30.75 300 425 300 54.25 300
7.5 158 19.25 302 31 300 42.75 300 54.5 300
7.75 162 19.5 301 31.25 300 43 300 54.75 300
8 166 19.75 301 ) 300 43.25 300 55 300
8.25 171 20 301 31.75 300 43.5 300 55.25 300
8.5 175 20.25 301 32 300 43.75 300 55.5 300
8.75 180 20.5 301 32.25 300 44 300 55.75 300
9 183 20.75 301 325 300 44.25 300 56 300
9.25 188 21 301 32.75 300 445 300 56.25 300
9.5 192 21.25 301 33 300 44.75 300 56.5 300
9.75 196 21.5 301 33.25 300 45 300 56.75 300
10 200 21.75 301 33.5 300 45.25 300 57 300
10.25 203 22 301 33.75 300 455 300 57.25 300
10.5 207 22.25 301 34 300 45.75 300 57.5 300
10.75 211 22.5 301 34.25 300 46 300 57.75 300
11 215 22.75 301 345 300 46.25 300 58 300
11.25 218 23 301 34.75 300 46.5 300 58.25 300
11.5 222 23.25 300 35 300 46.75 300 58.5 300
11.75 225 23.5 300 35.25 300 47 300 58.75 300
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= a = a - a - a =S a
NAWM) | NGl | NA(WH) | QuHQN | a(N) | gungil | na(h) | umgil | naa(wn) | gumgu

59 300 71.5 300 84 300 96.5 300 109 300

59.25 300 71.75 300 84.25 300 96.75 300 | 109.25 | 300

59.5 300 72 300 84.5 300 97 300 109.5 300

59.75 300 72.25 300 84.75 300 97.25 300 | 109.75 | 300

60 300 72.5 300 85 300 97.5 300 110 300

60.25 300 72.75 300 85.25 300 97.75 300 | 110.25 | 300

60.5 300 73 300 85.5 300 98 300 110.5 300

60.75 300 73.25 300 85.75 300 98.25 300 | 110.75| 300

61 300 73.5 300 86 300 98.5 300 111 300

61.25 300 73.75 300 86.25 300 98.75 300 | 111.25 | 300

61.5 300 74 300 86.5 300 99 300 111.5 300

61.75 300 74.25 300 86.75 300 99.25 300 | 111.75 | 300

62 300 74.5 300 87 300 99.5 300 112 300

62.25 300 74.75 300 87.25 300 99.75 300 | 112.25 | 300

62.5 300 75 300 87.5 300 100 300 112.5 300

62.75 300 75.25 300 87.75 300 |100.25 | 300 | 112.75| 300

63 300 75.5 300 88 300 100.5 300 113 300

63.25 300 75.75 300 88.25 300 | 100.75| 300 | 113.25| 300

63.5 300 76 300 88.5 300 101 300 113.5 300

63.75 300 76.25 300 88.75 300 | 101.25| 300 | 113.75| 300

64 300 76.5 300 89 300 101.5 300 114 300

64.25 300 76.75 300 89.25 300 |101.75| 300 | 114.25| 300

64.5 300 77 300 89.5 300 102 300 114.5 300

64.75 300 77.25 300 89.75 300 |102.25 | 300 | 114.75| 300

65 300 77.5 300 90 300 102.5 300 115 300

65.25 300 77.75 300 90.25 300 |102.75 | 300 | 115.25| 300

65.5 300 78 300 90.5 300 103 300 115.5 300

65.75 300 78.25 300 90.75 300 |103.25 | 300 | 115.75| 300

66 300 78.5 300 91 300 103.5 300 116 300

66.25 300 78.75 300 91.25 300 |103.75| 300 | 116.25| 300

66.5 300 79 300 91.5 300 104 300 116.5 300

66.75 300 79.25 300 91.75 300 | 104.25| 300 | 116.75| 300

67 300 79.5 300 92 300 104.5 300 117 300

67.25 300 79.75 300 92.25 300 | 104.75| 300 | 117.25| 300

67.5 300 80 300 92.5 300 105 300 117.5 300

67.75 300 80.25 300 92.75 300 | 105.25| 300 | 117.75| 300

68 300 80.5 300 93 300 105.5 300 118 300

68.25 300 80.75 300 93.25 300 | 105.75| 300 | 118.25| 300

68.5 300 81 300 93.5 300 106 300 118.5 300

68.75 300 81.25 300 93.75 300 | 106.25 | 300 | 118.75| 300

69 300 81.5 300 94 300 106.5 300 119 300

69.25 300 81.75 300 94.25 300 | 106.75 | 300 | 119.25| 300

69.5 300 82 300 94.5 300 107 300 119.5 300

69.75 300 82.25 300 94.75 300 |[107.25| 300 | 119.75| 300

70 300 82.5 300 95 300 107.5 300 120 300

70.25 300 82.75 300 95.25 300 | 107.75 | 300

70.5 300 83 300 95.5 300 108 300

70.75 300 83.25 300 95.75 300 | 108.25 | 300

71 300 83.5 300 96 300 108.5 300

71.25 300 83.756 300 96.25 300 | 108.75| 300
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A3199 WR.2 HAMINARBIANUFUNUT VB IgUNY

guHn9il 300°C

Y
ad a

o . i 22
Anmvruaeraveamiamelunszuenvasuienn

pani) | gumgll | naeni) | qamgdl | neni) | qumgil | nani) | qumgll | nmani) | gumgil
0.25 26.7 12 218 23.75 298.1 35.5 305.9 47.25 309.9
0.5 26.8 12.25 221.8 24 298.3 35.75 306.1 47.5 309.9
0.75 27.5 12.5 225.1 24.25 298.4 36 306.2 47.75 309.9
1 29.2 12.75 228.6 24.5 298.6 36.25 306.3 48 310
1.25 32 13 231.9 24.75 298.7 36.5 306.4 48.25 310
15 35.1 13.25 235.3 25 298.8 36.75 306.4 48.5 310
1.75 38.9 13.5 238.6 25.25 298.9 37 306.6 48.75 310.1
2 43 13.75 241.7 25.5 299.1 37.25 306.7 49 310.1
2.25 47.5 14 244 25.75 299.2 37.5 306.9 49.25 310.2
2.5 51.8 14.25 248.2 26 299.4 37.75 306.9 49.5 310.2
2.75 56.9 14.5 251.4 26.25 299.5 38 307 49.75 310.3
3 61.4 14.75 254.6 26.5 299.5 38.25 307.1 50 310.3
3.25 66.7 15 257.7 26.75 299.6 38.5 307.2 50.25 310.4
3.5 71.3 15.25 260.6 27 299.7 38.75 307.2 50.5 310.5
3.75 76.2 15.5 263.2 27.25 299.8 39 307.3 50.75 310.6
4 81.6 15.75 266.8 27.5 299.9 39.25 307.4 51 310.7
4.25 86.6 16 269.8 27.75 300 39.5 307.5 51.25 310.7
45 91.3 16.25 272.6 28 300.1 39.75 307.6 51.5 310.7
475 96.5 16.5 275.8 28.25 300.4 40 307.8 51.75 310.7
5 101.5 16.75 278.7 28.5 300.6 40.25 307.8 52 310.7
5.25 106.4 17 281.8 28.75 300.9 40.5 307.9 52.25 310.8
5.5 111 17.25 284.6 29 301.1 40.75 307.9 52.5 310.8
5.75 115.1 17.5 287.1 29.25 301.4 41 308 52.75 310.8
6 120.8 17.75 289.4 29.5 301.6 41.25 308.1 53 310.8
6.25 125.2 18 290.8 29.75 301.9 41.5 308.1 53.25 310.8
6.5 130.1 18.25 292.1 30 302 41.75 308.2 53.5 310.8
6.75 134.7 18.5 293.1 30.25 302.3 42 308.3 53.75 310.8
7 139.2 18.75 293.8 30.5 302.5 42.25 308.4 54 310.7
7.25 143.4 19 294.2 30.75 302.7 425 308.5 54.25 310.8
7.5 148 19.25 294.6 31 303 42.75 308.6 54.5 310.8
7.75 152.3 19.5 295 31.25 303.1 43 308.7 54.75 310.8
8 156.3 19.75 295.2 31.5 303.3 43.25 308.8 55 310.8
8.25 160.7 20 295.6 31.75 303.5 43.5 308.9 55.25 310.8
8.5 164.9 20.25 295.8 32 303.7 43.75 309 55.5 310.9
8.75 168.8 20.5 296 32.25 303.8 44 309 55.75 310.9
9 172.8 20.75 296.2 325 304 44 .25 309 56 311
9.25 177 21 296.4 32.75 304.2 445 309.3 56.25 311.1
9.5 181.1 21.25 296.5 33 304.4 44.75 309.3 56.5 311.1
9.75 185 21.5 296.7 33.25 304.7 45 309.3 56.75 311.1
10 189 21.75 296.9 335 304.8 45.25 309.4 57 311.2
10.25 192.5 22 297 .1 33.75 304.9 455 309.5 57.25 311.3
10.5 196.8 22.25 297.3 34 305.1 45.75 309.6 57.5 311.4
10.75 200.3 22.5 297.4 34.25 305.2 46 309.6 57.75 311.3
11 204.2 22.75 297.6 34.5 305.2 46.25 309.6 58 311.4
11.25 207.8 23 297.7 34.75 305.4 46.5 309.6 58.25 311.4
11.5 211.3 23.25 297.9 35 305.6 46.75 309.7 58.5 311.4
11.75 214.8 23.5 297.9 35.25 305.7 47 309.8 58.75 311.4
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naani) | gumgll | naoni) | quugll | neani) | qumgl | naend) | qamgil | nm@ni) | qungil
59 311.4 71.5 311.9 84 312.6 96.5 312.9 109 313.2
59.25 311.4 71.75 311.9 84.25 312.6 96.75 312.9 109.25 313.2
59.5 311.4 72 311.9 84.5 312.6 97 312.9 109.5 313.2
59.75 311.4 72.25 311.9 84.75 312.6 97.25 312.9 109.75 313.2
60 3114 72.5 311.9 85 312.6 97.5 313 110 313.2
60.25 311.4 72.75 311.9 85.25 312.6 97.75 313 110.25 313.2
60.5 311.5 73 312 85.5 312.6 98 313 110.5 313.2
60.75 311.6 73.25 312 85.75 312.8 98.25 3131 110.75 313.2
61 311.6 73.5 3121 86 312.8 98.5 313.1 11 313.2
61.25 311.7 73.75 312.2 86.25 312.8 98.75 3131 111.25 313.2
61.5 311.7 74 312.2 86.5 312.8 99 3131 111.5 313.2
61.75 311.7 74.25 312.2 86.75 312.8 99.25 3131 111.75 313.2
62 311.6 74.5 312.2 87 312.8 99.5 313.2 112 313.2
62.25 311.6 74.75 312.2 87.25 312.8 99.75 313.2 112.25 313.2
62.5 311.6 75 312.2 87.5 312.8 100 313.2 112.5 313.2
62.75 311.6 75.25 312.2 87.75 312.8 100.25 313.2 112.75 313.2
63 311.6 75.5 312.2 88 312.8 100.5 313.2 113 313.2
63.25 311.6 75.75 312.2 88.25 312.8 100.75 313.2 113.25 313.2
63.5 311.7 76 312.2 88.5 312.8 101 313.1 113.5 313.2
63.75 311.8 76.25 312.2 88.75 312.8 101.25 3131 113.75 313.2
64 311.9 76.5 312.2 89 312.9 101.5 313 114 313.2
64.25 312 76.75 312.2 89.25 312.9 101.75 312.9 114.25 313.3
64.5 312 77 312.2 89.5 312.9 102 312.9 114.5 313.3
64.75 312 77.25 312.2 89.75 312.9 102.25 312.9 114.75 313.3
65 312 77.5 312.3 90 312.9 102.5 312.9 115 313.3
65.25 312 77.75 312.3 90.25 312.9 102.75 312.9 115.25 313.3
65.5 312 78 312.4 90.5 312.9 103 312.9 1156.5 3133
65.75 312 78.25 312.5 90.75 312.9 103.25 312.9 115.75 313.3
66 312 78.5 312.5 91 313 103.5 312.9 116 313.3
66.25 312 78.75 312.6 91.25 313.1 103.75 312.9 116.25 313.3
66.5 312 79 312.6 91.5 313.1 104 312.9 116.5 313.3
66.75 312 79.25 312.6 91.75 3131 104.25 312.9 116.75 313.3
67 312 79.5 312.6 92 3131 104.5 312.9 117 313.3
67.25 312 79.75 312.7 92.25 3131 104.75 312.9 117.25 313.3
67.5 312 80 312.7 92.5 3131 105 312.9 117.5 313.3
67.75 312 80.25 312.7 92.75 3131 105.25 312.9 117.75 313.3
68 312 80.5 312.8 93 313 105.5 312.9 118 313.3
68.25 312 80.75 312.8 93.25 313 105.75 312.9 118.25 313.3
68.5 311.9 81 312.7 93.5 313 106 312.9 118.5 313.3
68.75 311.9 81.25 312.7 93.75 313 106.25 312.9 118.75 313.3
69 311.9 81.5 312.6 94 313 106.5 312.9 119 313.3
69.25 311.9 81.75 312.6 94.25 313 106.75 312.9 119.25 313.3
69.5 311.9 82 312.6 94.5 313 107 312.9 119.5 313.3
69.75 312 82.25 312.6 94.75 313 107.25 313 119.75 313.3
70 312 82.5 312.6 95 312.9 107.5 313 120 313.3
70.25 311.9 82.75 312.6 95.25 312.9 107.75 313
70.5 311.9 83 312.6 95.5 312.9 108 3131
70.75 311.9 83.25 312.6 95.75 312.9 108.25 3131
71 311.9 83.5 312.6 96 312.9 108.5 313.1
71.25 311.9 83.75 312.6 96.25 312.9 108.75 313.1

WRS




M3 1IR3 HAMINAABIAINAUNUT VB IgaMYTITIN

1o
ad a

J ' i ¥ aa )
wiuReaNloAIAIgUHIN100°C

pani) | gamgll | nani) | gumgll | nm(ni) | gungil
0.25 25 1 102 21.75 100
0.5 26 11.25 102 22 100
0.75 27 1.5 102 22.25 100
1 30 11.75 101 22.5 100
1.25 34 12 101 22.75 100
1.5 37 12.25 101 23 100
1.75 41 12.5 101 23.25 100
2 46 12.75 100 23.5 100
2.25 51 13 100 23.75 100
2.5 56 13.25 101 24 100
2.75 61 13.5 100 24.25 100
3 66 13.75 101 245 100
3.25 72 14 100 24.75 100
3.5 78 14.25 100 25 100
3.75 83 14.5 100 25.25 100
4 89 14.75 101 25.5 100
4.25 94 15 100 25.75 100
4.5 99 15.25 100 26 100
4.75 103 15.5 100 26.25 100
5 106 15.75 101 26.5 100
5.25 108 16 100 26.75 100
5.5 110 16.25 100 27 100
5.75 110 16.5 100 27.25 100
6 111 16.75 100 27.5 100
6.25 111 17 100 27.75 100
6.5 111 17.25 100 28 100
6.75 110 17.5 100 28.25 100
7 110 17.75 100 28.5 100
7.25 109 18 100 28.75 100
7.5 109 18.25 100 29 100
7.75 108 18.5 100 29.25 100
8 108 18.75 100 29.5 100
8.25 107 19 100 29.75 100
8.5 106 19.25 100 30 100
8.75 106 19.5 100
9 105 19.75 100
9.25 105 20 100
9.5 105 20.25 100
9.75 104 20.5 100
10 104 20.75 100
10.25 103 21 100
10.5 103 21.25 100
10.75 103 21.5 100
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M3199 HR.4 NAMINABIANUTURUTYBIgUMTITINUTUABIIAIIBAIAIGUNYIN150°C

pad) | gamgl | nani) | guwgil | naui) | guwgil
0.25 25 12.25 150 24.25 150
0.5 26 125 150 245 150
0.75 28 H2:75 150 24.75 150
1 30 i) 150 Pl 150
1625 33 i§5.25 150 25.25 150
1.5 87 18.5 150 25.5 150
1S 42 13.75 150 25.75 150
2 46 14 150 26 150
225 51 14.25 150 26.25 150
2.5 56 14.5 150 26.5 150
2J78 62 14.75 150 26.75 150
3 67 18 150 27 150
3.25 73 15.25 150 27.25 150
35 79 15.5 150 275 150
8.15 85 15,75 150 27.75 150
4 90 16 150 28 150
4.25 95 16.25 150 28.25 150
45 100 16.5 150 28.5 150
4.75 106 16.75 150 28.75 150
5 111 17 150 29 150
5.25 116 17.25 150 29.25 150
55 121 17.5 150 29.5 150
5.75 126 %1.75 150 29.75 150
6 131 18 150 30 150
6.25 136 18.25 150
6.5 141 18.5 150
6.75 146 18.75 150
7 149 19 150
7.26 152 19.25 150
7.5 154 19.5 150
179 156 19.75 150
8 156 20 150
8.25 157 20.25 150
8.5 156 205 150
8.75 156 20.75 150
9 155 21 150
9.25 154 21.25 150
9.5 154 21.5 150
9.75 153 2175 150
10 152 22 150
10.25 151 22.25 150
10.5 151 22.5 150
10.75 151 22,75 150
11 150 23 150
11825 150 2340 150
11.5 150 23.5 150
11.75 151 23.75 150
12 150 24 150
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' v v v
M397 HR.S NamInAaBInNUFNRUT VoM iTuTUABIIA Il BA AN YTI#H200°C

na(ui) uHQil na(uIi) QuHQil nauIi) qungil
0.25 26 12.25 203 24.25 200
0.5 27 12.5 202 24.5 200
0.75 28 12.75 201 24.75 200
1 30 13 201 25 200
1.25 34 13.25 200 25.25 200
1.5 37 13.5 200 25.5 200
1.75 42 13.75 201 25.75 200
2 46 14 200 26 200
2.25 51 14.25 200 26.25 200
2.5 56 14.5 200 26.5 200
2.75 61 14.75 200 26.75 200
3 67 15 200 27 200
3.25 72 16.25 200 27.25 200
3.5 78 15.5 200 27.5 200
3.75 83 156.75 200 27.75 200
4 89 16 201 28 200
4.25 94 16.25 200 28.25 200
4.5 100 16.5 200 28.5 200
4.75 105 16.75 200 28.75 200
5 110 17 200 29 200
5.25 116 17.25 200 29.25 200
5.5 121 17.5 200 29.5 200
5.75 126 17.75 200 29.75 200
6 131 18 200 30 200
6.25 135 18.25 200
6.5 140 18.5 200
6.75 145 18.75 200
7 150 19 200
7.25 154 19.25 200
7.5 158 19.5 200
7.75 163 19.75 200
8 167 20 200
8.25 172 20.25 200
8.5 176 20.5 200
8.75 180 20.75 200
9 184 21 200
9.25 188 21.25 200
9.5 192 21.5 200
9.75 196 21.75 200
10 199 22 200
10.25 202 22.25 200
10.5 203 22.5 200
10.75 204 22.75 200
11 205 23 200
11.25 205 23.25 200
11.5 204 23.5 200
11.75 204 23.75 200
12 203 24 200
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v
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L y ¥ . ad °
wuABIA LA IN250°C

NN | umgil | nani) | qumgll | na(wi) | gungl
0.25 24 12.25 229 24.25 250
0.5 25 12.5 233 24.5 250
0.75 26 12.75 236 24.75 250
1 28 13 239 25 250
1.25 31 13.25 242 25.25 250
1.5 35 13.5 245 25.5 250
1.75 39 13.75 248 25.75 250
2 44 14 249 26 250
2.25 49 14.25 251 26.25 250
2.5 54 14.5 252 26.5 250
2.75 59 14.75 253 26.75 250
3 64 15 253 27 250
3.25 70 15.25 253 27.25 250
3.5 75 15.5 253 27.5 250
3.75 81 15.75 253 27.75 250
4 86 16 253 28 250
4.25 92 16.25 252 28.25 250
45 97 16.5 252 28.5 250
475 102 16.75 251 28.75 250
5 107 17 251 29 250
5.25 112 17.25 251 29.25 250
5.5 117 17.5 251 29.5 250
5.75 122 17.75 251 29.75 250
6 127 18 250 30 250
6.25 131 18.25 250
6.5 136 18.5 250
6.75 140 18.75 250
7 145 19 250
7.25 150 19.25 250
7.5 154 19.5 250
7.75 158 19.75 250
8 162 20 250
8.25 167 20.25 250
8.5 170 20.5 250
8.75 175 20.75 250
9 179 21 250
9.25 183 21.25 250
9.5 187 21.5 250
9.75 192 21.75 250
10 196 22 250
10.25 200 22.25 250
10.5 204 22.5 250
10.75 207 22.75 250
11 211 23 250
11.25 215 23.25 250
116 218 235 250
11.75 222 23.75 250
12 226 24 250
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M3191 WR.7 HaMINARBIANNTNILTVegEMNIIRNIUABIIAIBAIAIRUMATIN300°C

() QuHQil na(ui) QunQil 1A(UIN) unQil
0.25 26 12.25 232 24.25 300
0.5 27 12.5 236 24.5 300
0.75 28 12.75 239 24.75 300

1 30 13 242 25 300
1.25 34 13.25 246 25.25 300
1.5 37 13.5 249 25.5 300
1.75 42 13.75 252 25.75 300
2 46 14 256 26 300
2.25 51 14.25 258 26.25 300
2.5 56 14.5 261 26.5 300
2.75 61 14.75 265 26.75 300
3 67 15 267 27 300
3.25 71 15.25 270 27.25 300
3.5 78 15.5 274 27.5 300
3.75 83 156.75 277 27.75 300
4 89 16 280 28 300
4.25 94 16.25 283 28.25 300
4.5 99 16.5 285 28.5 300
4.75 105 16.75 288 28.75 300
5 110 17 291 29 300
5.25 115 17.25 294 29.25 300
5.5 120 17.5 297 29.5 300
5.75 125 17.75 298 29.75 300
6 130 18 300 30 300
6.25 135 18.25 301
6.5 139 18.5 301
6.75 144 18.75 301
7 149 19 301
7.25 153 19.25 302
7.5 158 19.5 301
7.75 162 19.75 301
8 166 20 301
8.25 171 20.25 301
8.5 175 20.5 301
8.75 180 20.75 301
9 183 21 301
9.25 188 21.25 301
9.5 192 21.5 301
9.75 196 21.75 301
10 200 22 301

10.25 203 22.25 301
10.5 207 225 301
10.75 211 22.75 301

11 215 23 301

11.25 218 23.25 300
11.5 222 23.5 300
11.75 225 23.75 301

12 229 24 300
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