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ISO 1133-

Foreword

1:2022(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

For stable materials that are not rheologically sensitive to the time-temperature history experienced
during melt flow rate testing, this document is recommended.

For materials whose rheological behaviour is sensitive to the test’s time-temperature history, e.g.
materials which degrade during the test, ISO 1133-2 is recommended. Also, ISO 1133-2 is considered to
be particularly relevant for moisture-sensitive plastics.

NOTE At the time of publication, there is no evidence to suggest that the use of ISO 1133-2 for stable materials

results in better prpricinn in r‘nmp:\ricnn with the use of this document

vi © IS0 2022 - All rights reserved
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ERNATIONAL STANDARD ISO 1133-1:2022(E)

Plastics — Determination of the melt mass-flow rate (MFR)
and melt volume-flow rate (MVR) of thermoplastics —

Part 1:
Standard method

WARNING — Persons using this document should be familiar with normal laboratoy
if applicable. This document does not purport to address all of the safety proble
assqciated with its use. It is the responsibility of the user to establish appropriate
health practices and to ensure compliance with any regulatory requirements.

1

This| document specifies two procedures for the determination of the melt mass-flow ratg

the

and [load. Procedure A is a mass-measurement method. Procedure B is a displacement-m

met

stan

The
com

or vice versa, provided the melt density at the test temperature is known.

This| document is also possibly applicable<té thermoplastics for which the rheological b
affe¢ted during the measurement by phenomena such as hydrolysis (chain scission), conde

Cros

duri

NOT
proc

alwalys correlate with théirbehaviour during processing. Both methods are used primarily in qualit]

There are noxnormative references in this document.

3

cope
elt volume-flow rate (MVR) of thermoplastic materials under specified conditions of t

od. Normally, the test conditions for measurement of melt flow rate are specified in t

MVR is particularly useful when comparing‘{materials of different filler content
paring filled with unfilled thermoplastics. The\MFR can be determined from MVR me4

hg testing, this document is.aot appropriate. In such cases, ISO 1133-2 applies.

) The rates of shear injthese methods are much smaller than those used under normal
bssing, and therefore it'1§ possible that data obtained by these methods for various thermopla

Normativédeferences

Terms and definitions

y practice,
ms, if any,
safety and

(MFR) and
emperature
pasurement
he material

dard with a reference to this document. The test conditions normally used for thermojplastics are
listed in Annex A.

and when
Isurements,

ehaviour is
nsation and

5-linking, but only if the effect is"imited in extent and only if the repeatability and repfpoducibility
are yithin an acceptable range. For materials which show significantly affected rheologicd

1 behaviour

ronditions of
stics will not
y control.

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/
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31

melt mass-flow rate

MFR

rate of extrusion of a molten resin through a die of specified length and diameter under prescribed
conditions of temperature, load and piston position in the cylinder of an extrusion plastometer, the rate
being determined as the mass extruded over a specified time

Note 1 to entry: MFR is expressed in units of grams per 10 min. Alternative units accepted by SI are decigrams
per minute, where 1 g/10 min is equivalent to 1 dg/min.

3.2

melt volunmre=-flowrate
MVR
rate of extijusion of a molten resin through a die of specified length and diameter under prescribed
conditions ¢f temperature, load and piston position in the cylinder of an extrusion plastometet, the|rate
being determined as the volume extruded over a specified time

Note 1 to enffry: MVR is expressed in units of cubic centimetres per 10 min.

3.3

load
combined foprce exerted by the mass of the piston and the added weight, or‘weights, as specified by the
conditions ¢f the test

Note 1 to enffry: Load is expressed as the mass, in kilograms, exerting it.

34
preformed|compacted charge
test sample|prepared as a compressed charge of polymer sample

Note 1 to erftry: In order to introduce samples quickly into the bore of the cylinder and to ensure void-free
extrudate, itjmay be necessary to preform samples originally in the form of, for example, powders or flakeq into
a compacted|charge.

3.5
time-temperature history
history of the temperature and timeto-which the sample is exposed during testing including sample
preparatior

3.6
standard die
die having 4 nominal length)ot 8,000 mm and a nominal bore diameter of 2,095 mm

3.7
half size die
die having 4 noniinal length of 4,000 mm and a nominal bore diameter of 1,050 mm

3.8
moisture-sensitive plastics
plastics having rheological properties that are sensitive to their moisture content

Note 1 to entry: Plastics which, when containing absorbed water and heated above their glass transition
temperatures (for amorphous plastics) or melting point (for semi-crystalline plastics), undergo hydrolysis
resulting in a reduction in molar mass and consequently a reduction in melt viscosity and an increase in MFR and
MVR.

4 Principle

The melt mass-flow rate (MFR) and the melt volume-flow rate (MVR) are determined by extruding
molten material from the cylinder of a plastometer through a die of specified length and diameter under
preset conditions of temperature and load.

2 © IS0 2022 - All rights reserved
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For measurement of MFR (procedure A), timed segments of the extrudate are weighed and used to
calculate the extrusion rate, in grams per 10 min.

For measurement of MVR (procedure B), the distance that the piston moves in a specified time or the
time required for the piston to move a specified distance is recorded and used to calculate the extrusion
rate in cubic centimetres per 10 min.

MVR can be converted to MFR, or vice versa, if the melt density of the material at the test temperature

is known.

NOTE The density of the melt is required at the test temperature and pressure. In practice, the pressure is
low gndaluesgbtained at the test fnmpnvafnrn and ambient pressure suffice

5 Apparatus

5.1 | Extrusion plastometer

5.1.1 General. The basic apparatus comprises an extrusion plastometer operating|at a fixed
temperature. The general design is as shown in Figure 1. The thermoplastic material, which {s contained

in a yertical cylinder, is extruded through a die by a piston loaded with a known weight. Th
congdists of the following essential parts.

5.1.

Cylinder. The cylinder shall have a length betwéen 115 mm and 180 mm and

dianpeter of (9,550 £+ 0,007) mm and shall be fixed in a vértical position (see 5.1.6).

The

cylinder shall be manufactured from a material resistant to wear and corrosion up to th

temperature of the heating system. The bore shdll be manufactured using techniques an

that
ma
de
not

NOT
450

The
than
suita

A pis
prov

NOT

produce a Vickers hardness of no less thaii’500 (HV 5 to HV 100) (see ISO 6507-1) 2
factured by a technique that producesya surface roughness of less than Ra (arithm

vri:Ftion) equal to 0,25 pm (see ISO 21920-2). The finish, properties and dimensions of its s

e affected by the material being tested.

1

) For particular materials, it is possible that measurements will be required at temper
C

base of the cylinder shall be thermally insulated in such a way that the area of exposed |
4 cm?, and it is recdmmended that an insulating material such as Al,05, ceramic fibrg
ible material be used’in order to avoid sticking of the extrudate.

ton guide orgther suitable means of minimizing friction due to misalignment of the pis
ided.

£ 2

mis
hea

{

ignment of the piston. Regular visual checking for wear and change to the surface appearance
piston and cylinder is recommended.

P apparatus

an internal

e maximum
d materials
nd shall be
ptical mean
urface shall

atures up to

metal is less
or another

ton shall be

Excessive wear of the piston head, piston and cylinder and erratic results can be indications of

of the piston

5.1.3 Piston. The piston shall have a working length at least as long as the cylinder. The piston shall
have a head (6,35 + 0,10) mm in length. The diameter of the head shall be (9,474 + 0,007) mm. The lower

© IS0 2022 - All rights reserved
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edge of the piston head shall have a radius of(0,4_%"01) mm and the upper edge shall have its sharp edge
removed. Above the head, the piston shall be relieved to < 9,0 mm diameter (see Figure 2).

Key

1 insulatign

2 removalple weight

3  piston

4 upper r¢ference mark
5 lower rgference mark
6  cylinder

7  piston head

8 die

9 die retaining plate

10 insulati:l:g plate

11 insulatign

12 temperature sensor

Figure 1 — Typical apparatus for determining melt flow rate, showing one possible
configuration

The piston shall be manufactured from a material resistant to wear and corrosion up to the maximum
temperature of the heating system, and its properties and dimensions shall not be affected by the
material being tested. To ensure satisfactory operation of the apparatus, the cylinder and the piston
head shall be made of materials of different hardness. It is convenient for ease of maintenance and
renewal to make the cylinder of the harder material.

© IS0 2022 - All rights reserved
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Along the piston stem, two thin annular reference marks shall be scribed (30 * 0,2) mm apart and so
positioned that the upper mark is aligned with the top of the cylinder when the distance between the
lower edge of the piston head and the top of the standard die is 20 mm. These annular marks on the
piston are used as reference points during the measurements (see 8.4 and 9.5).

A stud may be added at the top of the piston to position and support the removable weights, but the
piston shall be thermally insulated from the weights.

The piston may be either hollow or solid. In tests with very low loads the piston may need to be hollow,
otherwise it may not be possible to obtain the lowest prescribed load.

Table 1 — Dimensions of piston head

Dimensions in millimetres

Length of head, A 6,35+0,10
Diameter of head, B 9,474 + 0,007
Diameter of stem, C <90

Radius of lower edge, R 0,4_%'01
C

/o

<
Key

A length of head

B fiameter of head

C fiameter of stem

R  fadius of lowetledge

a

Sharp edgerémoved.

Figure 2 — Schematic of piston head

5.1.4 Temperature-control system. For all cylinder temperatures that can be set, the temperature
control shall be such that between (10 = 1) mm and (70 * 1) mm above the top of the standard die, the
temperature differences measured do not exceed those given in Table 2 throughout the duration of the
test.

NOTE The temperature can be measured and controlled with, for example, thermocouples or platinum-
resistance sensors embedded in the wall of the cylinder. If the apparatus is equipped in this way, it is possible that
the temperature is not exactly the same as that in the melt, but the temperature-control system can be calibrated
(see 7.1) to read the in-melt temperature.

The temperature-control system shall allow the test temperature to be set in steps of 0,1 °C or less.

© IS0 2022 - All rights reserved 5
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Table 2 — Maximum allowable deviation from required test temperature with distance and
with time over the duration of the test

Temperatures in degrees Celsius

Maximum permitted deviation from the required test temperature:?
Test temperature | at (10 + 1) mm above the top surface of | from (10 1) mm to (70 + 1) mm above
the standard dieP the top surface of the standard dieP
T
125<T< 250 +1,0¢ +2,0
250<T<300 +1,0¢ 2,5
300 <|T +1,0 +3,0

a2 The maxfjmum permitted deviation from the required test temperature is the difference between the trie Valpe of
temperature pnd the required test temperature. It shall be assessed over the normal duration of a test, typically less|than
25 min.

b When us|ng a 4 mm length half size die (see 5.1.5), the readings shall be made an additional 4 mm above the top sufface
of the die.

¢ For test temperatures < 300 °C, the temperature at 10 mm above the top surface of the dieShall not vary with tinje by
greater than [l °C in range.

5.1.5 Die| The die shall be made of tungsten carbide or hardened steel. For testing potentially
corrosive njaterials, dies made of cobalt-chromium-tungsten alloy, chnomalloy, synthetic sapphire or
other suitalle materials may be used.

The die shall be (8,000 + 0,025) mm in length. The interior of the’bore shall be manufactured cirqular,
straight andl uniform in diameter such that in all positions itis*within * 0,005 mm of a true cylinder of
diameter 2,095 mm.

The bore shill be hardened by a technique that producesa Vickers hardness of no less than 500 (HY 5 to
HV 100) (sele ISO 6507-1) and shall be manufacturedby a technique that produces a surface roughiness
of less than|Ra (arithmetical mean deviation) = 0j25 um (see ISO 21920-2).

The bore dipmeter shall be checked regularlywith a go/no-go gauge. If outside the tolerance limitd, the
die shall be|discarded. If the no-go gauge.enters the bore to any extent the die shall be discarded.

The die shall have ends that are flat] perpendicular to the axis of the bore and free from vifible
machining narks. The flat surfaces;of the die shall be checked to ensure that the area around the pore
is not chipped. Any chipping causes errors and chipped dies shall be discarded.

The die shall have an outside-diameter such that it moves freely within the cylinder, but that there |s no
flow of matgrial along it§/elitside, i.e. between the die and the cylinder, during the test.

The die shal]l not project beyond the base of the cylinder (see Figure 1) and shall be mounted so that its
bore is co-:rial with the cylinder bore.

If testing mfatérials with an MFR > 75 g/10 min or an MVR > 75 cm3/10 min, a half size die of lehgth
(4,000 = 0,025) mm and bore diameter (1,050 + 0,005) mm may be used. No spacer shall be used in the
cylinder below this die to increase the apparent length to 8,000 mm.

The die of nominal length 8,000 mm and bore of nominal internal diameter 2,095 mm is taken to be the
standard die for use in testing. When reporting MFR and MVR values obtained using a half size die, it
shall be stated that a half size die was used.

5.1.6 Means of setting and maintaining the cylinder vertical. A two-directional bubble level, set
normal to the cylinder axis, and adjustable supports for the apparatus are suitable for the purpose.

NOTE This is to avoid excessive friction caused by the piston leaning to one side or bending under heavy

loads. A dummy piston with a spirit level on its upper end is also a suitable means of checking conformity with
this requirement.

6 © IS0 2022 - All rights reserved
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5.1.7 Load. A set of removable weights, selected so that the combined mass of the weights and the
piston gives the required load to within a maximum permissible error of +0,5 %, are mounted on top of
the piston.

Alternatively, a mechanical loading device combined with a load cell or a pneumatic loading device with

a pressure sensor, providing the same level of accuracy as the removable weights, may be used.

5.2 Accessory equipment

5.2.1 General

5.2.1.1 Packing rod, made of non-abrasive material, for introducing test samples into the
5.2.1.2 Cleaning equipment (see 7.2).

5.2.1.3 Go/no-go gauge, one end having a pin with a diameter equal to that of the die bor
alloyed tolerance (go gauge) and the opposite end having a pin with a diameter equal to th
borg plus the allowed tolerance (no-go gauge). The pin gauge shall be sufficiently long to c}
length of the die using the go gauge.

5.2.1.4 Temperature-calibration device (thermocouple, platinum-resistance thermome
temperature-measuring device) for calibration of the cylindettemperature-indicating devid

A lig
caliirated at the temperatures and immersion length§'that are to be used when calibrating
temperature may be used. The length of the teraperature calibration device shall be 3
meafpure the temperature at (10 £ 1) mm from. the top of the die. The temperature calibr3
shall have sufficient accuracy and precision to enable verification of the MVR/MFR instrume
the maximum permissible errors in temperature as specified in Table 2. When used, the th
shoyld be encased in a metallic sheath haying a diameter of approximately 1,6 mm with its
groynded to the end of the sheath.

An g
temperature sensor inserted into a bronze tip with a diameter of (9,4 + 0,1) mm for insertior
without material present. Thetip shall be designed so that it holds the sensing point of the th
or platinum-resistance témperature sensor (10 = 1) mm from the top surface of the standa
it rests directly on top ofthe die.

A further alternative is to use a rod fitted with thermocouples that would allow it to be us
simyltaneous temperature determinations at (70 * 1) mm, (50 * 1) mm, (30 £ 1) mm and
above the top.of the standard die. The rod shall be (9,4 £ 0,1) mm in diameter so that it fits t

bord.

cylinder.

e minus the
at of the die
eck the full

ter or other
e.

ht-gauge probe-type temperature-measuring device‘that has a short sensing length and which is

the cylinder
ufficient to
ition device
nt to within
ermocouple
hot junction

Iternative technique for verification is to use a sheathed thermocouple or platinum-resistance

in the bore
ermocouple
d die when

ed to make
10 £ 1) mm
ghtly in the

5.2.

57 Die plllg A _device chappr‘] at one end so that it nFFpr‘fivp]y blocks the die exit 2

nd prevents

drool of molten material while allowing rapid removal prior to initiation of the test.

5.2.1.6 Piston/weight support, of sufficient length to hold the piston, and weights as necessary, so

that the lower reference mark is 25 mm above the top of the cylinder.

5.2.1.7 Preforming device. A device for preforming samples, e.g. powders, flakes, film strips or
fragments, into a compacted charge, thereby allowing quick introduction of the charge into the cylinder

and to ensure void-free filling of the cylinder (see Annex C).

NOTE Itis possible that there are other options to achieve void-free filling of the cylinder.
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5.2.2 Equipment for procedure A (see Clause 8)

5.2.2.1 Cutting tool, for cutting the extruded sample.

NOTE
found to be s

uitable.

A sharp-edge spatula or a rotating cutter blade with either manual operation or motor drive has been

5.2.2.2 Timer, with sufficient accuracy to enable cutting of the extruded samples with a maximum
permissible error of £1 % of the cut-off time interval used. For verification, compare the cut-off time
intervals with a calibrated timing device over different time intervals of up to 240 s.

NOTE M
this case, thd
smaller max
less. For 1 s,
are recommg

Where the
by more thg

5.2.2.3 B:

5.2.3 Equipment for procedure B (see Clause 9): Piston displacement transducer/timer

This equip
determinat

FRs < 5 g/10 min can be measured with the maximum allowed cutting time interval of 2240
maximum permissible error for the cutting time is 2,4 s. Shorter intervals are allowed, butle
mum permissible errors. MFRs > 10 g/10 min require cutting times in the order of a few, Sécon

nded for MFR values greater than 10 g/10 min.

iming device makes physical contact with the piston or weight, the loadshall not be alt]
n +0,5 % of the nominal load.

hlance, with a maximum permissible error of +1 mg or better.

ment measures distance and time for the pistorncmovement, using single or mul
ons for a single charge (see Table 3).

Table 3 — Piston distance and time measfirement accuracy requirements

s. In

ad to
ds or
the required maximum permissible error of the cutting time is £0,01 s or better. Autematic cuftters

ered

[tiple

MFR (g/10 min) Distance Time
MVR (cm3/10 min)?2
mm S

0,1to 1,0 +0,02 0,1

> 1,0 to 100 0,1 0,1

> 100 +0,1 +0,01
a2 For mult{ple measurements using'asingle charge regardless of the MFR or MVR of the material, the requirements shall

be the same gs for MFR > 100 g/10min or MVR > 100 cm3/10 min.

NOTE C
ensures com

Where the
load shall n

bmpliance with distance accuracy requirements for MFR < 1 g/10 min and MVR < 1 cm3/10 min
pliance for MER > 1 g/10 min and MVR > 1 cm3/10 min.

displacement measurement device makes physical contact with the piston or weight]
bt be gltered by more than +0,5 % of the nominal load.

also

the

red

Wh th H - | . 1 1 H 1 . 4= LR P ) e LI, RS | 1 | 1 1l 4=l 1
ere e LTS UTVILT IIIARTS PITy SILAI CULILAU U WILIT LT PISTUIT U WTEIGIIL, LIIT 1TU AU STIAIT TTUL UT dIt

by more than *0,5 % of the nominal load.

6 Tests

ample

6.1 Sample form

The test sample may be in any form that can be introduced into the bore of the cylinder, e.g. granules,
strips of film, powder or sections of moulded or extruded parts.

NOTE In order to ensure void-free extrudates when testing powders, it can prove necessary to first
compress the material into a preform or pellets. Annex C provides further information on a preparation method
for a preformed compacted charge.
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The form of the test sample can be a significant factor in determining the reproducibility of results. The
form of the test sample should therefore be controlled to improve the comparability of inter-laboratory
results and to reduce the variability between runs.

6.2 Conditioning

The test sample shall be conditioned and, if considered necessary, stabilized prior to testing in
accordance with the appropriate material standard.

7 Temperature verification, cleaning and maintenance of the apparatus

7.1 | Verification of the temperature control system

7.1.1 Verification procedure

It is|necessary to verify regularly the performance of the temperature-control system (5{1.4). Verify
thatfthe temperature over time as well as distance conforms to the requirements stated in [lable 2, and
that|the pre-heat time (8.3) is sufficient to obtain stabilization.

Set the temperature-control system on the MFR/MVR instrument’to the required temp¢rature and
allow it to stabilize for not less than 15 min.

It is preferable to preheat the calibrated temperature-indicating device to the same temperature as that
being measured prior to its insertion into the cylinder.

If the cylinder temperature is to be verified using material in the cylinder, charge the cylingler within a
peripd of 15 s up to at least 100 mm above the top-gf the standard die with the material to b¢ tested or a
mat¢rial representative thereof (see 7.1.2), using‘the same technique as for a test (see 8.3).

Within 90 s after completing the charging’of the material, introduce the calibrated tegmperature-
indi¢ating device (5.2.1.4) along the walltinto the cylinder, immersing it in the material therein until
the g§ensor is (10 + 1) mm above thetop surface of the standard die. Immediately, start rejcording the
temperature indicated by the calibrated temperature-indicating device. Determine the time taken from
completion of charging until the:stemperature has stabilized to within the temperature limits specified
in Table 2 for (10 * 1) mm_above the top surface of the standard die. This time period $hall not be
greater than 5 min.

The [ temperature profile along the cylinder shall be verified similarly. For this, measure the
temperatures of thesmaterial also at (30 = 1) mm, (50 * 1) mm and (70 = 1) mm above the[top surface
of the standard die."Determine the time taken from completion of charging until the tempferature has
stabjlized to within the temperature limits specified in Table 2 for between (10 + 1) mm to (70 + 1) mm
above the top'surface of the standard die. This time period shall not be greater than 5 min.

If the time to reach temperature stablllzatlon to within the temperature 11m1ts spec1f1ed in Table 2 is

the test report under item f) “pre-heating time”.

It is recommended that when verifying the temperature profile along the cylinder, the measurements
are started at the highest point above the die.

An alternative technique for verification of the temperature accuracy to within the specification of
Table 2 is to use a sheathed thermocouple or platinum-resistance temperature sensor with tip diameter
of (9,4 £ 0,1) mm for insertion in the cylinder without material present. Another technique is to use a
piston fitted with thermocouples at heights of (70 + 1) mm, (50 * 1) mm, (30 + 1) mm and (10 = 1) mm
above the top surface of the standard die when inserted completely into the cylinder and which fits the
bore closely. This configuration allows simultaneous verification of the temperature with both time
and distance.
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If the instrument is found to be out of specification (Table 2) then it shall be re-calibrated and verified
prior to use.

7.1.2 Material used during temperature verification

It is essential that the material used during verification be sufficiently fluid to permit the calibrated
temperature-measuring device to be introduced without excessive force or risk of damage. A stable
material with an MFR of greater than 45 g/10 min (2,16 kg load) at the verification temperature has
been found suitable.

If such a material is used for verification purposes in place of a more viscous material that is to be

tested, the lummy material shall have a thermal diffusivity similar to that of the material to bete
so that warm-up behaviour is similar. It is necessary that the quantity charged for verificatiod be
that, when the calibrated temperature sensor is subsequently introduced, the appropriate length of the

sensor ste
the upper ¢
sensor fron

is immersed for accurate temperature measurement. This can be checked by inspe
dge of the material coating of the end of the calibrated temperature sensér; removing
the cylinder if necessary.

7.2 Cleaning the apparatus

WARNING
under test
volatile sul

— The operating conditions may entail partial decomposition of the matg
or any material used to clean the instrument, or cause them to release dange
pstances, as well as presenting the risk of burns. It is’the responsibility of the us¢

establish appropriate safety and health practices and to ensute compliance with any regula|

requireme

The apparg
determinat

The cylindg
cloth. The

diameter, o
also be used
or surface f
not be used

The die bor

nts.

itus, including the cylinder, piston and diexshall be cleaned thoroughly after
on.

r may be cleaned with cloth patches. The“piston shall be cleaned while hot with a cd
lie may be cleaned with a closely fitting brass reamer, high-speed drill bit of 2,08
F wooden peg. Pyrolytic cleaning of the die in a nitrogen atmosphere at about 550 °C
|. Take care that the cleaning proCedure used does not affect the cylinder and die dimeng
nish. Abrasives or materials likely to damage the surface of the piston, cylinder or die

e shall be checked with 'ago/no-go gauge after cleaning.

Sted,
such

ting
r the

prial
rous
o1 to
tory

each

tton
mm
may
ions
hall

When cleanfing the cylinder, piston and dies, take care that any effect the cleaning process and cleaning

materials, 6
they do not

.g. solvents and.bpushes, may have on the next determination is negligible, e.g. ensure
appreciably accelerate degradation of the polymer.

7.3 Vertical alignment of the instrument

Ensure that

the'bore of the equipment is properly aligned in the vertical direction.

that

8 Procedure A: mass-measurement method

8.1 Selection of temperature and load

Refer to the material specification standard for testing conditions. If no material specification
standard exists or where MVR or MFR test conditions are not specified therein, use an appropriate
set of conditions from Table A.1 based on knowledge of the melting point of the material or processing
conditions recommended by the manufacturer.
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Clean the apparatus (see 7.2). Before beginning a series of tests, ensure that the cylinder and piston
have been at the selected temperature for not less than 15 min.

8.3

Selection of sample mass and charging the cylinder

Charge the cylinder with 3 g to 8 g of the sample according to the anticipated MFR or MVR (see Table 4).
During charging, compress the material with the packing rod (5.2.1.1) using hand pressure. Ensure

that
preh

NOT
repe
in all

NOT
part

Imm
test
high|
In th
case
necq

the c

K1 Variations in the packing pressure used to compress the material in the cylindef ca
htability of results. For the analysis of materials of similar MFR or MVR, the use of the same m3
tests reduces variability in the data.

£ 2 For materials susceptible to oxidative degradation the effect of trapped air on re
cularly significant.

ediately put the piston in the cylinder. The piston may be either unloaded or preload
weight or, for materials with high flow rates, a smaller weight. If the MFR or MVR of thg
i.e. more than 10 g/10 min or 10 cm3/10 min, the loss of samplé ‘during preheating is i
is case, use an unloaded piston or one carrying a smaller lead during the preheating p¢
of very high melt flow rates, a weight support should preferably be used and a die f
ssary.

During the preheating time, check that the temperaturé’has returned to that selected, with

spegd

ified in Table 2.

To nminimize the risk of burns from hot materialicoming out of the die rapidly, it is recomn

heat]

-resistant gloves be worn during the removal of the die plug.

Table 4 — Guidelines for experimental parameters

| cause poor
1ss of sample

bults can be

ed with the
material is
ppreciable.
briod. In the
lug may be

n the limits

nended that

MFR (g/10 min)
MVR (cm3/10 min)2

Sample mass in cylinder? ¢ ¢ Extrudate cut-off tim|

ke intervalf

g S

>0,1but<0,15 3to5 240
> 0,15 but <0,4 3to5 120
> 0,4 buts'1 4to6 40
> 1'but < 2 4t06 20

a

01g
time|
b

t is recommended that a melt flow rate should not be measured if the value obtained in this test
10 min<(MFR) or 0,1 cm3/10 min (MVR). MFRs > 100 g/10 min should only be measured using a stand
I esolution is 0,01 s and procedure B is used. Alternatively, the half size die may be used with procedure

ALl

is less than
ard die if the
A (see 5.1.5).

C
redu
d

e

f

£lo <l it £l . . 4 Ll 1.0 L REETS L. + a 1o £l
vIrc e Ot STy ot ratcr rar IS greater a0 g7 €I e ray o reeessar ytomereastTtrerasSS o ooy

Use the low mass values for low-density materials.

Sample mass is a significant factor in determining the repeatability of this test and may need to be controlled to 0,1 g to

ce variability between runs.

To achieve sufficient accuracy for an MFR > 10 g/10 min, either higher precision of measurement of time, longer cut-off
intervals or procedure B may be required.

When using the half size die a greater amount of material is required to compensate for the reduced volume of the die.
The additional volume of material required is 0,3 cm3.

These times are consistent with the production of an extrudate length of 10 mm to 20 mm (see 8.4). In operating within

test sample.

this constraint, the errors can be significant, particularly for high MFR materials that have short extrudate cut-off times.
A reduction in measurement errors could potentially be achieved by using larger extrudate cut-off times. The effect of
instrumentation resolution on errors is instrument dependent and can be assessed by performing an uncertainty budget
analysis.
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Table 4 (continued)

MFR (g/10 min)

MVR (cm3/10 min)2

Sample mass in cylinder®. ¢ ¢

Extrudate cut-off time intervalf

g S
>2but<5 4to8 10
> 5d 4to08 5

a

It is recommended that a melt flow rate should not be measured if the value obtained in this test is less than
0,1 g/10 min (MFR) or 0,1 cm3/10 min (MVR). MFRs > 100 g/10 min should only be measured using a standard die if the
timer resolution is 0,01 s and procedure B is used. Alternatively, the half size die may be used with procedure A (see 5.1.5).

b When th
Use the low n
¢ Sample
reduce varial
d  To achiey

¢ Whenus
The additiond

this constrai
A reduction i

analysis.

intervals or procedure B may be required.

f These times are consistent with the production of an extrudate length of 10 mm to 20 m (see 8.4). In operating w|

instrumentatfion resolution on errors is instrument dependent and can be assessed\by performing an uncertainty by

ass values for low-density materials.

ass is a significant factor in determining the repeatability of this test and may need to be controlledto 0,
ility between runs.

e sufficient accuracy for an MFR > 10 g/10 min, either higher precision of measurement ofitime, longer c

ng the half size die a greater amount of material is required to compensate for theTeduced volume of th
1 volume of material required is 0,3 cm3.

it, the errors can be significant, particularly for high MFR materials that have short extrudate cut-off t
n measurement errors could potentially be achieved by using largep-eXtrudate cut-off times. The effq

density of the material is greater than 1,0 g/cm3, it may be necessary to increase the mass of the testSainple.

b die.

ithin

gto

t-off

mes.
ct of
dget

8.4 Meas

At the end
that the pis
the piston.
the preheat
seconds be
weight supf

NOTE

[

t

For high meating point, high T, low thermal conductivity materials, a longer preheating time can be need

obtain repe

Allow the

urements

bf the preheat period, i.e. 5 min after completing the charging of the cylinder, in the ¢
ton was unloaded or underloaded during'the preheat period, apply the required loz
[n the event that a die plug was used and the piston was unloaded or underloaded dy
period, apply the required load to the piston and allow the material to stabilize for 3
fore removing the die plug. If a weight support and die plug were both used, removg
ort first.

is possible that for some matekials shorter preheating times will be required to prevent degradd
able results.

biston to descend.uhder gravity until a bubble-free filament is extruded; this ma

vent
d to
ring
few
the

tion.
bd to

y be

ngly
fore

achieved b¢fore or after doading, depending on the actual viscosity of the material. It is strg
recommended that forced-purging of the sample, done either manually or by using extra weights, be
commencerhent of the test be avoided. If any forced purging is required (i.e. to complete the procefure
within the gpecified.time limit), it shall be finished at least 2 min before the start of the test. Any forced
purging shgll betearried out within a period of 1 min. If forced purging is used, it shall be report¢d in
the test report. Cut off the extrudate with the cutting tool (5.2.2.1) and discard. Continue to allow the
loaded pist(pn todescend under gravify

When the lower reference mark on the piston has reached the top edge of the cylinder, start the timer
(5.2.2.2) and simultaneously cut off the extrudate with the cutting tool and discard.

Collect successive cut-offs in order to measure the extrusion rate for a given time-interval. Depending
on the MFR, choose a time interval so that the length of a single cut-off is not less than 10 mm and
preferably between 10 mm and 20 mm (see cut-off time-intervals in Table 4 and its footnote f as a guide).

For low values of MFR (and MVR) and/or materials which exhibit a relatively high degree of die swell,
it may not be possible to take a cut-off with a length of 10 mm or more within the maximum permitted
cut-off time-interval of 240 s. In such cases, procedure A may be used but only if the mass of each cut-off
obtained in 240 s is greater than 0,04 g. If not, procedure B shall be used.

12 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=aa0209bb6a0a03cedbef40c1eeb9a6f2

ISO 1133-1:2022(E)

Stop cutting when the upper mark on the piston stem reaches the top edge of the cylinder. Discard
all cut-offs containing visible air bubbles. After cooling, weigh individually, to the nearest 1 mg, the
remaining cut-offs, preferably three or more, and calculate their average mass. If the difference between
the maximum and the minimum values of the individual weighings exceeds 15 % of the average, discard
the results and repeat the test on a fresh portion of the sample.

It is recommended that the cut-offs be weighed in order of extrusion. If a continuous change in mass is
observed, this shall be reported as unusual behaviour (see Clause 12).

The time between the end of charging the cylinder and the end of the last measurement shall not exceed
25 min. For some materials, this time may need to be reduced to prevent degradation or cross-linking of

the gratertal during the test. I such cases, the use of 1ISO 1133-25hould be considered. |
8.5 | Expression of results

8.5.1 General

For festing with the standard die, use 8.5.2. For testing with the half size.die,'see also 8.5.3.

8.5.2 Expression of results: standard die

The melt mass-flow rate (MFR), expressed in grams per 10 min;is.given by Formula (1):

600xm
MFR (T, m,, o ) = h (1
whefe
T is the test temperature, in degrees.Celsius;
Im, ., is the mass, in kilograms, exerting the nominal load;

600 s the factor used to convert grams per second into grams per 10 min (600 s);
m is the average mass‘ofithe cut-offs, in grams;

t is the cut-off time-interval, in seconds.

The melt volume-flowtate (MVR) may be calculated from the MFR using Formula (2):

MFR (T, my )
- @ 7 2
p (2)

where p is>the density of the melt, in grams per cubic centimetre, and is given by the material
spedification standard or, if not specified therein, obtained at the test temperature (9.6.2).

MVR (T, m

nom):

NOTE The density of the melt is required at the test temperature and pressure. In practice, the pressure is
low and values obtained at the test temperature and ambient pressure suffice.

For flow properties, MVR is the preferred measure as it is independent of the melt density (Clause 9).

Express the result to three significant figures but with a maximum of two decimal places
and record the test temperature and load used, e.g. MFR = 10,6 g/10 min (190 °C/2,16 kg),
MFR = 0,15 g/10 min (190 °C/2,16 kg).

8.5.3 Expression of results: half size die
When reporting results obtained using the half size die the subscript “h” shall be used (see 5.1.5).

The MFR and/or MVR are calculated using the equations in 8.5.2.
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Express the result to three significant figures, but with a maximum of two decimal places,
and record the test temperature and load used, e.g. MFR, = 0,15 g/10 min (190 °C/2,16 kg),
MVR;, = 15,3 cm3/10 min (190 °C/2,16 kg).

9 Procedure B: displacement-measurement method

9.1 Selection of temperature and load

See 8.1.

9.2 CleaJling

Clean the apparatus (see 7.2). Before beginning a series of tests, ensure that the cylinder and pi

have been at the selected temperature for not less than 15 min.

9.3 Minimum piston displacement distance

ston

For improved accuracy and repeatability of measurements the minimum piston-displacement distalnces
listed in Talple 5 are suggested.

Table 5 — Guidelines for experimental parameters

MVR (cm3/10 min) Minimum piston
MFR (g/10 min) displacement
mm
>0,1but<0,15 05
>0,15but<0,4 1
>0,4but<1 >
>1but<20 s
> 20 10

NOTE1 T
the instrum
measuremer

measureme
by performi

0,4 cm3/10 ::{in a maximum time ©f240 s may resultin a further reduction in errors but still permit at least {

NOTE2 F
repeatability

9.4 Seleg

hese values permit at least/three measurements to be made for each barrel charge. Operati
t errors due primarily~te the instrument’s displacement resolution. For MVR values less

ts. The effect of imstrumentation resolution on errors is instrument dependent and can be assg
g an uncertainty budget analysis.

br some materials, results can vary depending on the distance moved by the piston. For impr
it is critical to maintain the same distance moved for individual runs.

tion of sample mass and charging the cylinder

bn of

bnt using values greater than these minimum piston displacements should also lead to reduced

than
hree
ssed

oved

See 8.3.

9.5 Measurements

At the end of the preheat period, i.e. 5 min after completing the charging of the cylinder, in the event
that the piston was unloaded or underloaded during the preheat period, apply the required load to
the piston. In the event that a die plug was used and the piston was unloaded or underloaded during
the preheat period, apply the required load to the piston and allow the material to stabilize for a few

14
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seconds before removing the die plug. If a weight support and die plug were both used, remove the
weight support first.

NOT

E It is possible that for some materials, a shorter preheating time will be required to prevent
degradation. For high melting point, high T,, low thermal conductivity materials, a longer preheating time can be
needed to obtain repeatable results.

Allow the piston to descend under gravity until a bubble-free filament is extruded; this may be achieved
before or after loading, depending on the actual viscosity of the material. It is strongly recommended
that forced purging of the sample before commencement of the test be avoided. If any forced purging
is required, i.e. to complete the procedure within the specified time limit, a specified compression load

shal

least 2 min before the start of the test. If forced purging is used, the compression load a

shal

Conflinue to allow the loaded piston to descend under gravity.

When the lower reference mark on the piston has reached the top edge ofithe cylinde
timgr (5.2.2.2) and simultaneously cut off the extrudate with the cutting togl'and discard.

Do 1ot start taking measurements before the lower reference mark on-the piston has reac
edggq of the cylinder.

Mea
a)
b)

For

repdatability, it is critical to maintain the same distance moved for individual runs.

Stop|the measurements when the upper mark on the piston stem reaches the top edge of th

The
For

9.6

9.6.

For festing with the standard die, use 9.6.2. For testing with the half size die, use 9.6.3.

9.6.2 Expression of results: standard die

The

baoiicad A £ Ao aia s oo FEPNPETY

finished at

¥ roa all ba oo d ood ol o o anei o o0 dchall b
OCaSCUTTITy 10T CC U puUT gTirs Strart ot Carrricaoac vy ot o pCTTot-OT 1T T altar SITalT 04

be reported in the test report. Cut off the extrudate with the cutting tool (5.22:1] 3

sure one of:
the distances moved by the piston over a predeterminedtime period;
Lhe times taken by the piston to move a specified distance.

some materials, results can vary depending on‘the distance moved by the piston. Fd

time between the end of charging the cylinder and the last measurement shall not exc

Expression of results

|  General

melt.volume-flow rate (MVR), expressed in cubic centimetres per 10 min, is given by Fg

nd duration
nd discard.

r, start the

hed the top

r improved

b cylinder.

ced 25 min.

some materials, this time may ngeed to be reduced to prevent degradation or cross-ligking of the
mat¢rial during the test. In such cases, the use of ISO 1133-2 should be considered.

rmula (3):

AX600X]

MVR (T, m p

nom):

where

T is the test temperature, in degrees Celsius;

m is the mass, in kilograms, exerting the nominal load;

nom

3

is the mean of the nominal cross-sectional areas of the cylinder and the piston head, in square

centimetres and is equal to 0,711 cm? (see NOTE 1);
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600

NOTE 1

is the factor used to convert cubic centimetres per second into cubic centimetres per 10
(600 s);

is the predetermined distance moved by the piston or the mean value of the individual
tance measurements, in centimetres (see 9.3, 9.5);

min

dis-

is the predetermined time of measurement or the mean value of the individual time meas-

urements, in seconds (see 9.3, 9.5).

Due to the tolerances permitted on the cylinder and piston diameters, the mean of the actual cross-

sectional areas of the cylinder and the piston head varies by less than + 0,5 %. This effect is considered negligible

and for simp

The melt m

MFR(T}m

where the §
the test ten]

P=—""%

AXx

in which m
of I cm.

NOTE2 Iy

NOTE3 T
low and valu

Express the
test temper]
(190°C/2,1

9.6.3 Ex|

When repo
5.1.5).

The MFR an

Express th
record the

Icity of operation the nominal value of U,7IT cm? is used.
hss-flow rate (MFR), expressed in grams per 10 min, is given by Formula (4):

Ax600xIxp

nom): t

ymbols given above apply and p is the density, in grams per cubic centimetre, of the m{
perature given by Formula (5):

is possible that a value for density is specified in the\material specification standard.

he density of the melt is required at the test temiperature and pressure. In practice, the pressy
s obtained at the test temperature and ambient pressure suffice.

result to three significant figures butwith a maximum of two decimal places, and recor
ature and load used, e.g. MVR =40,6 cm3/10 min (190 °C/2,16 kg), MVR = 0,15 cm3/10

b kg).
ression of results: halfsize die

ting results obtained using the half size die, the subscript symbol “h” shall be used

d/or MVR are calculated using the equations in 9.6.2.

h

result<to 'three significant figures but with a maximum of two decimal places,
test femperature and load used, e.g. MVR, = 0,15 c¢cm3/10 min (190 °C/2,16 kg

MFR, = 15,T g/40‘min (190 °C/2,16 kg).

(4)

It at

(5)

s the mass, in grams, determined by weighing, of extrudate expelled by a piston movement

re is

] the
min

(see

and

10 Flow rate ratio

The ratio of two values of MFR (or MVR) obtained for a material tested at the same temperature but
with different loads is called the flow rate ratio (FRR), e.g.

p  MFR (190°C/10,0kg)

~ MFR(190°C/2,16kg)

NOTE

thermoplastic is influenced by the molecular mass distribution of the material.

16

The FRR is commonly used as an indication of the way in which the rheological behaviour of a

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=aa0209bb6a0a03cedbef40c1eeb9a6f2

ISO 1133-

1:2022(E)

For the conditions to be used for the determination of the FRR, refer to the appropriate material
standards. If no material standard exists or if no FRR test conditions are specified in the material

stan

dard, the test conditions should be agreed between the interested parties.

Express results to two significant figures, or three if both the MFR or MVR values are expressed to

thre

e.

For the FRR obtained using the half size die, the symbol FRR, shall be used.

11 Precision

Congideration shall be given to the factors that may influence the magnitude of the measured values

and may lead to a decrease in repeatability. Such factors include:

a) fhermal degradation or cross-linking of the material, causing the melt flow rate to change during
Lhe preheating or test period (powdered materials requiring long preheatjtigitimes are|sensitive to
this effect and, in certain cases, the inclusion of stabilizers is necessary to.reduce the vgriability);

b) the length, distribution and orientation of the filler in filled or reinforced materials mgy affect the
melt flow rate.

The |precision of the method is not known because interlabordtory data are not available. A single

predision statement would not be suitable because of the numbéer) of materials and the wide fange in the

test parameters covered. However, earlier data indicated a coéfficient of variation of about $10 % could
be expected between laboratories and +5 % within a laboratory. More recent data on one high flow rate

polypropylene grade are presented in Annex D.

12 [lest report

The fest report shall include at least the following information:

a) preference to this document,i.e. 1ISO.1133-1:2022;

b) hll details necessary for the complete identification of the test sample, including the phiysical form
bf the material with which the'cylinder was charged;

c) fthe details of pre-treatment conditions, including drying and preforming conditions [and, where
hpplicable, the precompression load and time used for forced purging prior to measurejnent;

d) fhe details of anyZstabilization (see 6.2);

e) fhe temperature and load used in the test;

f)  fthe pre-heat time used (when a value other than 5 min was used);

g) forprocedure A, the masses of the cut-offs and the cut-off time-intervals,
or
for procedure B, the predetermined time of measurement or distance moved by the piston and the
corresponding measured values of the distance moved by the piston or the time of measurement;

h) the melt mass-flow rate (MFR), in grams per 10 min,

or

the melt volume-flow rate (MVR), in cubic centimetres per 10 min, expressed to three significant

figures but with a maximum of two decimal places.
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When more than one melt flow rate value has been obtained from a single cylinder charge, the
mean value shall be reported as the melt flow rate. All individual values shall also be reported and
identified as such;

i) ifappropriate, where an MFR or MVR value has been calculated using the melt density in accordance
with 8.5.2 or 9.6.2 and is reported in the test report, it shall also be stated that the value has been
calculated. Report the value of density used for the conversion;

j) when reporting MFR and/or MVR values obtained using the half size die, the subscript “h” shall be
used, and the fact that a half size die was used shall be stated;

k) if apprgopriate-the-flewrateratioFRR);

1) areport of any unusual behaviour of the test sample, such as discoloration, sticking and extrudate
distortjon (sharkskin) or unexpected variation in melt flow rate;

m) the datg of the test.
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Annex A
(normative)

Test conditions for MFR and MVR determinations

The conditions used shall be as indicated in the appropriate material specification standard.

Table A.1 indicates test temperatures and loads that have been found useful. Other test cofditions not
listed here may be used, if necessary, for a particular material.

Table A.1 — Test conditions for MFR and MVR determinations

Test temperature
T
°C
100
125
150
190
200
220
230
235
240
250
260
265
275
280
300

It is reéommended that the temperatures and loads listed be used for new thermoplastic materfals
where material standards either do not exist or do not specify such testing conditions. Any combination
of temperature and load may be used. However, the choice of temperature and load should be based on
therheological properties of the material.

NOTE  For the code-letters that were presented in versions up to ISO 1133:2005 to describe spedific
combinations of temperature and load for testing and as used 1n material designations codes, the user
is referred to ISO 1133:1997.
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Table A.1 (continued)

Nominal load (combined)

mnom

kg

0,325
1,20
2,16
3,80

5,00
10,00
21,60

It i$ recommended that the temperatures and loads listed be used for new thermoplasticsmaterials
where material standards either do not exist or do not specify such testing conditions. Any sombination
of tpmperature and load may be used. However, the choice of temperature and load should.be based on

the|rheological properties of the material.

NOTE For the code-letters that were presented in versions up to ISO 1133:2005,to’describe specific
conpbinations of temperature and load for testing and as used in material desigiiations codes, the user

is rpferred to ISO 1133:1997.
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Annex B
(informative)

Conditions specified in International Standards for the
determination of the melt flow rate of thermoplastic materials

Testfmg—comditionrs for matertats camr befoundimrthe refevant mmateriats specificatiorstapdards, e.g.
thosg listed in Table B.1.
Table B.1 — Conditions specified in International Standards for the determination df the melt
flow rate of thermoplastic materials
Materials International Standard
(seeBibliography)
ABS [SO 19062
ASA, ACS, AEDPS ISO 19065
E/VAC ISO 21301
MABS ISO 19066
pPB2 [SO 21302
[SO15494
ISO 15876
PC [SO 21305
PE2 ISO 17855
ISO 4427
1SO 4437
ISO 15494
[SO 22391
PMMA ISO 24026
POM ISO 29988
ppa ISO 19069
[SO 15494
ISO 15874
PS ISO 24022
PS-1 1SO 19063
SAN ISO 19064
a  Melt density values for this material may be included in the material standard.
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