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From lab to production,
providing a window into the process

LMI Melt Flow Rate Test

Applications & Calculation

Azadeh Farahanchi
Rheological Scientist

38 Forge Parkway, Franklin, MA 02038
Tel: 508.541.9582
Cell: 774.287.2366
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Outline

** Melt Flow Rate Test Applications
% LMI Melt Flow Rate Tester

% Method A

¢ Method B

¢ Method A to B Conversion

*%* Operation Points

% Other Applications (Shear thinning behavior, intrinsic viscosity, and thermal stability)
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Melt Flow Rate Test Applications & Benefits

ardized measure of flow characte

ar melts at a single point specific cc Quality control / lot to lot consiste

https://www.slideshare.net

Minimizing waste
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LMI Melt Flow Rate Tester

o Weight
Digital encoder +0.5%

Thermometer Piston
+0.1°C D: 9.474 mm

T G pillary die
K D: 2.095 mm, L/D:3.81y
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Standardized Testing Condition

il D1238 - 13

TABLE X4.1 Suggested Test Conditions for Select Materials

Materal

Tempersimes
50

ACelals (copolymer end Nomopalymer)
Acrylics

Acryionirie-butadienssiyrana

Acrylonfirie/butatiena/styrena/polycaronaie biands

Callulosa esiers

Ethylenechicrotrifluorostnylens copalymer
Ethylene-tetrafiuorostnylens copalymer
Poiyamide

PeMuor|sthyinepropyiens) copolymer
Pemuomalkoxyslkans
Poiycaprolactang

iy arficrsthyians
yatherstharketona (PEEK)
Potysther sufona (PESL)

Poiyathylane

130
pe 1]
230
200
290
230
230

» Testing conditions
(temperature and weight)
» Testing time

ASTM D1238 / I1SO 1133 to specify:

Tirma®

TAEBLE 2 Standard Test Conditions, Sample Mass_ " and Testing

S"'g'gEEifd Mass Factor for

Obdsining Fow
Rat= In oMo min

BEEBEHBHE

Thime Inkar-
wal, miin

Faow Range,

o/10 min Sampia In

W
B

g

Polycartonate
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Pofymonochioratriflearoetiyizn

Poiypropyians
‘oiyphanyl sulio

(PPEU)

Polystyrans

Poiysulione (PSLU)
Poiyeihylene terapntnalate (PET)

], rigid compound®

Poiy{phenyiene sulids)
Styrena acrylonitrle

Styrenic Themmoplastic Elastomer

Tnemoplastic Elasiomer-Ether-Estar

Themopiastic elastomers (TEC)
Vinyliena fiuaride copalymers”

BEEEREEERER

230

Cylindar, g

25 1o 3.0 E.00
200 1o 5.0 200
4.0 1o 8.0 .00
4.0 1o 8.0 DUs0
4.0 1o 8.0 D26

1.67
3.23
pLet ]
20 0
s ]

TABLE 5 Precision, Procadure B (Values in gf10 min)

Condiion Average

Mumbsr of
Laboratories

180216
180216
1807216
180216
230216
230216
220216
2005

2005

20045
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Method A

Mass measurement for MFR

»

Method A \
Manual Operation

Mass measurement of extrudate collected over time
Cut-n-weigh method

Piston in proper position at end of pre-heating time
Results:

K/ K/
0’0 0’0

e

%

X/
0’0

10 M
MFRyethod a = =78

where
MFR (%/{omin): Melt flow rate

M (g): Extrudate mass
t,(min): Cutting time /
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Method B

Method B
Automatically Timed Flow Rate Measurement
Volumetric displacement of polymer melt over time Volumetric displacement measurements for MVR
No cutting and weighing (simpler method)
More precise for routine analysis
Piston in proper position at end of pre-heating time to

e

*%

>

J

*%

J
’0

L)

e

*%

activate calibrate encoder
** Results:
10R?L
MVR = ———
lp
where

MVR (cm?’/mmm): Melt volume — flow rate
R (cm): Barrel radios (0.477 cm)

L(cm): Length of piston travel(0.635 cm)
tg(min): Piston travel time

MFR = MVR X p,,
where

Pm (g / Cm3): Mlet density at test temperature
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Method A to B Conversion

Mass measurement for MFR

/ Method A/B \

For calculation of apparent melt density

s Measuring melt mass-flow rate (MFR) and melt
volume-flow rate (MVR) on the same charge of sample

*¢ The ratio of the two values is a measure of the melt
density of the polymer in g/cm3

¢ Piston in proper position at end of pre-heating time to
activate calibrate encoder

** Results:

\ Melt density (p,,;,) = Z—I;II; /
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Method C & Method D

Method C
Automatically Timed Flow Rate Measurement for
High Flow Rate Polyolefins Using “Half” Die

4

L)

» Using a modified die (D: 1.048 mm, L/D: 3.818)

* For testing POs with a MFR of 75 or greater

* Improve the reproducibility of results by reducing
the flow rate

* procedures same as Method B with 2.540 cm

length of piston travel

(R

L)

(R

L)

L)

4

L)

L)

\ ¥ J
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/ Method D
Multi-Weight Using Automatically Timed

>

L)

(R )

L)

L)

L)

Flow Rate Measurements

Flow Rate Ratio (FRR) test

Using two/three different test loads on
one charge of material

Results:

MFRy;
FRR = Higher test load

MFRLower test load

For comparison of MWD (higher FRR
means broader MWD)
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Operation Points

CAINPIT U

Program Name
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Other Applications
| shear thinning of the polymermelt _ ___ Intrinsic/solution Viscosity of PET -

MFR vs. IV
2 i Multi-Weight MFR Test PET @ 285 °C
E ; —@— PE-1 _ 10° E:
E E c [
o 3 —&— PE§ & 102
S S " E
20 - 2 f
E 10° 0 1o
s E z F
10_1 0 : : . : : — |1 1o° 0.5 . Dl.6 . Dl.? . 0?8 . ng . 1.0
10 . 10
Weight (kg) Intrinsic Viscosity (dl/g)
Q [lessing IFE Using various wailis s Determinning of IV of PET at 285 °C by melt
*
: [ ing of noxi lven
2 Graph of MER vs Weight rheometer (avoid using of noxious solvents)
s Describing the polymer flow behavior . , ,
% Hhdier slope - o siear dinms ¢ Both viscosity/MFR and IV are related to the
. ) polymer molecular weight?. So, they can be
= For comparing the MWD correlated to each other!

IFox-Flory and Mark-Houwink relationships
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Other Applications

Thermal Stability - PVC
10.0
¢ resistance of polymer to a change in MFR at the
c 8o test temperature over specific period of time
g 50 %* Can show the presence of moisture or reactive
' 190 C A 1
% ——9 ¢ o 4 chemicals in polymer.
e 0 \\\ ¢ can measure the degradation rate or reactivity
E 2.0 \\ 220 C (Crgss-linking) Of pOIVmer
\‘% ¢ Repeating the test at various temperatures to
0.0 ' | —— give “processing window” of the polymer
0.0 5.0 10.0 15.0 20.0 25.0 30.0 350
Time (min)
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