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¢ Application and benefits of online rheology measurements in plastics processing industry
¢ Viscolndicator online rheometer design
¢ Rheological calculations for correlation of capillary rheometer and melt flow rate (MFR) tester in the online rheometer

¢ Experimental trials and results from online rheometer

»] Dynisco



% ANTEC  Necessity of Rheological Measurements in
18  p|astics processing

https://www.thoughtco.com/plastics-polymers-
science-fair-project-ideas

Sy,
253,

Sl
Rheolo ) Chain scission
1 10 100 1000 10000 100000 https://www.victrex.com

Shear Rate, 1/s
https://www.ptonline.com

. ‘

http://www.ilcaffe.tv/articolo

https://www.ptonline.com/articles/high-speed-
extrusion

Viscosity, polse

] Dynisco



s ANTEC o
ORLANDO18 Online Rheometer Applications

» Dynisco



s ANTEC
18 Benefits of Using an Online Rheometer

https://www.dreamstime.com/

»] Dynisco



s ANTEC  OBIJECTIVE
ORLANDOI18 Indication of Rheological Properties in Extrusion

ASTM D1238
1SO 1133

&

Melt Flow Index
1 of 2 >>>

» Dynisco



s ANTEC
ORLANDOI18 Viscolndicator Online Rheometer Design

Polymer melt
from process

Pressure w/
Pump speed Pressure Transducer \‘3 Y .
f““l\\ \‘\x\\\\\mar.)llllary die
L/D:3.818
Extrudate

» Dynisco



s ANTEC Rheological Calculation from Capillary Rheometer

ORLANDOT8 to Online Rheometer

System running under rate control
Load Cell i

Piston (ram) Barrel

Pressure Transducer Heater

Temperature Sensor

Capillary Die

] Dynisco

Assumptions: 1 Fully developed isothermal, steady state and Laminar Flow - 2: No radial/circumferential velocity
: Incom -4:
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ORLANDOB 10 Online Rheometer

System running under pressure control

D: 2.095 mm

L/D: 3.818
apillary
smm,L=5000mm }

ASTM D1238/1SO 1133 — Test Method B (Based on melt volumetric displacement)
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Condition in MFR Tester

MFRoniine rheometer = MVR X pyy

3
DStandard)

MFRoniine rheometer = 1O(VSpm) ( ar

D3

Standardized melt flow rate tester

CORRELATION

(ASTM D1238)

Online rheometer

M x9.8

Pump Pressure =
P tD?

e.g. M: 2.16 kg — P: 43.38 psi

Die dimeter correlation - Di
Y~
10

Temperature correlation (ar)

Challenge: Different temperatures
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MFRstandara = (MFRg)e ® Tstandard To
~ J

(T > T, + 100)

where

o

» E,: Flow activation energy ("//,.,;)

> R: Universal gas constant (8.314 x 1073 ¥/ . )
» Tstandara: Standard temperature (K)

» Ty: Processing temperature (K)

1 la In(MFR)

s(L/T) |,

0.00174 0.00176 0.00178 0.0018 0.00182 0.00184 0.00186

1/T (1/K)
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s Polypropylene (PP)
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< MFR (2.16 kg/230 °C): 35.5 g/10min
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manufactured by BRASKEM S.A
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Human Machine
Interface (HMI)

Dynisco® REX single screw extruder *
Barrel L/D: 20:1 . oy
Head pressure: 4.1 MPa S'Z':Iesci’r'\‘g’glif:i't ’f’
Barrel temperatures: 230 °C, 250 °C, (RSU) - "
270 °C, and 290 °C
Collecting about 40 g of extrudates 1
at each temperature Rheological “
Control Unit_._ -

e

(RCU) &

Off-line measurements

Dynisco® LMI5000 melt flow rate tester
Test method: Method B (2.16 kg/230 °C)
Flag length: 6.35 mm

Die dimensions: L/D: 3.818, D: 2.095 mm

On-line measurements

Dynisco® Viscolndicator Rheometer

90 degrees heated adaptor

%-20 mounting port

Pump pressure: 43.38 psi (pressure mode)
Dynisco® Vertex Mercury pressure transducer
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4.6 1 T —F 1
| Linear fit (MFR) b al* n ln(A)
4.4 R \T

4.2

Adj. R-Square: 0.99

3'8_ _-

4.0+

Ln (MFR)

3.6 . .-
Activation energy
' 38.2
34 ' T T T T T T T T T (kJ/mOI)
0.00175 0.00180 0.00185 0.00190 0.00195 0.00200
1/T
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=— Online rheometer at various processing temperatures

o Offline MFR test at standard testing condition on
extrudates collected at each processing temperature

A Offline MFR test on raw PP at various testing temperatures
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18 Conclusion

¢ Application and benefits of online rheology measurements

¢ Viscolndicator online rheometer design

+*» Rheological calculations from capillary rheometer (constant rate)
and MFR tester (constant stress) to online rheometer

+» Temperature correlation and calculation of activation energy

** Good agreement between online and offline MFR measurements
at standard conditions
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