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Plastic research at WFBR
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Facilities for product development

Facilities
Polymer synthesis up to 2 kg batch scale.
Compound production from 0.5 kg to 1000 kg batch scale on 3 modular extruders.
Supporting infrastructure including dryers, feeders, granulators, pumps.
Polymer conversion via injection moulding, co-extrusion up to 5 layers in blown film as
well as sheets and thermoforming and coating applications, all at pilot scale.

Analysis
®  Extensive options for mechanical, thermal, optical, chemical and rheological analysis
specifically suited to support plastic development.

Sustainability
B Facilities to study end-of-life including mechanical recycling of plastic products and
biodegradation in different environments.
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Biobased materials: Starch
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TPS: structural changes
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From starch to thermoplastic starch (TPS)

Starch in powder form

Starch, Plasticizers,
Additives, Water

Gas

Additives
Compatibilizer
Second biopolymer

——1 |Granulate (or foam)

Zone 1) Melting or gelatinisation
Zone 2) Blending/transport




What defines viscosity of TPS?

Process
parameters

Typical polymers
e.g. PE
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How to measure starch viscosity? Option 1
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How to measure starch viscosity? Option 2

Offline Capillary Rheometer
* Typically used for polymers
* Closed system
* Measurement in pellets

* Shear rates comparable to
extrusion

®* Molten material needed!

* Till now not possible to measure TPS
under extruder conditions (high water
content!)

WAGENINGEN

EEEEEEEEEEEEEEEEEEE

10000

1000

100

10

Shear viscosity (Pa.s)

Series 4% water

10

N

100 1000 10000
Shear rate (1/s)

=<GlyL

-=-GlyM
-+GlyH
-»-PE

11



How to measure starch viscosity? Option 3

In-line Capillary Rheometer
* Directly connected to extruder

* Possible to measure mixture at
high water contents!

() Process Flow )
Malten Polymer
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Project: Carbohydrate-based foam as sustainable
thick packaging material

“Development of (a new
technology for the production of)
thick-walled starch based
packaging materials suitable for A
packaging heavy products” project partners:

PaperFoam B.V.
Paxpring B.V.
BEWiSynbra Group
WFBR

-f:Pape rFoam®

aging fowards a su
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Measurements in-line capillary rheometer
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Effect of water content of starch formulations
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" Tt is possible to measure viscosity values in a
reproducible way at different water contents under
extrusion conditions
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Effect of different starch types

Viscosities at Trheo=130°C, 30% WC
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Different starch types result in different viscosity of
the formulation!

WAGENINGEN

UNIVERSITY & RESEARCH

16



Flow modeling for starch-based compounds
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Conclusions

Thermoplastic starch is a challenging material to characterize

Offline rheometers can provide part of the flow information of some
TPS systems

In-line rheometry provides valuable information for starch based
mixtures under extrusion conditions!

Rheological measurements help to improve and understand
processing and properties of starch based thermoplastic products
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