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Experimental Setup Experimental Setup 
(pilot plant scale)(pilot plant scale)

Twin screw extruder: ZSK-30

I. Alig, D. Fischer, D. Lellinger, B. Steinhoff, Macromol. Symp. 230 (2005) 51

In Cooperation 
with D. Fischer (IPF)



Information from Melt MonitoringInformation from Melt Monitoring

Information on:

● viscoelastic properties
● chemical composition 
● additive/filler content
● degree of dispersion / agglomeration
● blend morphology 
● degradation of (bio)polymers
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Information from Extrusion MonitoringInformation from Extrusion Monitoring

Information on:

● viscoelastic properties
● chemical composition 
● additive/filler content
● degree of dispersion / agglomeration
● degradation of (bio)polymers
● blend morphology + Ultrasonic
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MicroMicro-- and and NanoparticleNanoparticle

Non-conductive Conductive

Clay Carbon Black Carbon Nanotubes

Chalk
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Information from Extrusion MonitoringInformation from Extrusion Monitoring

Extruder

Information on:

● viscoelastic properties
● chemical composition 
● additive/filler content
● degree of dispersion / agglomeration
●degradation of (bio)polymers
● blend morphology
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Information from Extrusion MonitoringInformation from Extrusion Monitoring

Information on:

● viscoelastic properties
● chemical composition 
● additive/filler content
● degree of dispersion / agglomeration
●degradation of (bio)polymers
● blend morphology

PP/PEO
75:25
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Process Control: Spots MonitoringProcess Control: Spots Monitoring

Fluctuations of ultrasonic attenuation (left) and scattered light intensity (right)

Adding of material containing spots (diameter about 0.7 mm) 
to a thermoplastic elastomer at process time zero
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Process Control along the Processing Unit Process Control along the Processing Unit 
-- ExtrusionExtrusion --
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Conductivity sensor

Injection MoldingInjection Molding

MWNT in PC

Injection molding machine

Lellinger, Xu, Skipa, Ohneiser, Alig, physica status solidi (b) 245 (2008)



Feingewinde
links
3 mm

Bohrung für
Werkzeug

Ultraschall-
verzögerungs-
strecke

Sinter-
bronze-
scheibe

Dorn mit
Maden-
schraube

Unterleg-
scheibe
(Stahl)

Sensor-
deckel

Lemosa-
buchse

Unterleg-
scheibe
(Teflon)

Feder
(Edelstahl)

Ultra-
schall-
wandler

Injection molding machine

Injection MoldingInjection Molding

Ultrasonic sensor

• Injection molding of 
semi-crystalline 
polymers

• Monitoring of growth 
of crystalline boundary layer

• Comparison to FEM simulation
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UV/VIS transmission UV/VIS transmission 
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Monitoring a flat film lineMonitoring a flat film line



Monitoring a flat film lineMonitoring a flat film line

InIn--line Light Scattering:line Light Scattering:
Morphology  ControlMorphology  Control
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CCD 
camera



SummarySummary

Optical and ultrasonic spectroscopy: 
composition, filler content and dispersion, 
degradation etc.

In-line light scattering and optical spectroscopy: 
Morphology control

Electrical conductivity and permittivity measurements:
Monitoring of conductive (nano) composites and blends

Process control along the processing unit: 
residences time and material  fluctuations

Extension of in-line methods to solid state:
Injection molding and flat film extrusion

Flat film extrusion

Compounding

Injection molding
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