
 

Biofilms comprise bacteria embedded in a 
matrix consisting of polysaccharides, 
extracellular DNA, proteins and lipids.1 
Aquatic biofilms play an important role in 
sediment stabilization in riverine systems. 
The antimicrobial properties of silver 
nanoparticles (AgNP) led to a wide range of 
applications in consumer products.2 As a 
consequence there is an increasing release of 
AgNP into aquatic environments.2 AgNP are 
supposed to be a continuous source for 
silver ions (Ag+) 3 which can bind to 
functional groups of the biofilm 
constituents, leading potentially to a 
decrease in the number of possible 
intermolecular interactions and, thus, 
reduced stability of the network. An 
impairment of the sediment stabilization due 
to enrichment of the AgNP in the biofilms 
might be detrimental to the whole 
ecosystem.  

Hence we studied the mechanical 
properties of A. citratiphilum biofilms by 
means of rheology. The bacterium chosen is 
representative for a numerically dominant 
group of bacteria in different freshwater 
habitats. The biofilms were exposed to 
environmenally relevant concentrations of 
AgNP. In order to distinguish physical 
effects, resulting from the presence of the 
nanoparticles in the biofilms, from effects, 
due to the activity of the Ag+-ions, we 

studied biofilms exposed to Ag+-ions as 
reference. The impact of the AgNP and Ag+-
ions on the mechanical properties of the 
biofilms were in particular analyzed by 
means of creep and recovery tests at various 
stress levels. 

Creep and recovery could be described 
by a modified Burgers model. The tests 
revealed that the relaxation of the biofilms 
in response to a stress step function is 
characterized by a fast and slow relaxation 
process and viscous flow. Ag+-ions and 
AgNP lead to an increased viscosity of the 
biofilms. The presence of the AgNP causes 
a softening of the biofilms due to a 
destruction of the physical crosslinks 
responsible for the fast relaxation process. 
As a consequence the dissipative portion in 
the recovery curve increases. This is not 
observed for the biofilms loaded with Ag+-
ions. Neither AgNP nor Ag+-ions affect the 
slow relaxation process. 

The presence of the AgNP indeed 
perturbs the cohesion of the biofilms, but the 
detrimental effect is not due to the release of 
Ag+-ions but is most likely due to the 
particulate character of the nanoparticles.   
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ABSTRACT
A high sensitivity system for capillary
rheometry capable of simultaneously de-
tecting the onset and propagation of insta-
bilities and the first normal stress differ-
ence during polymer melt extrusion flows
is here presented. The main goals of the
study are to analyse the nonlinear dynam-
ics of extrusion instabilities and to deter-
mine the first normal stress difference in
the presence of an induced streamline cur-
vature via the so-called ’hole effect’. An
overview of the system, general analysis
principles, preliminary results and overall
framework are herein discussed.

INTRODUCTION
Capillary rheometry is the preferred
rheological characterisation method for
pressure-driven processing applications,
e.g. extrusion, injection moulding. The
main reason is that capillary rheometry is
the only method of probing material rheo-
logical properties in processing-like condi-
tions, i.e. high shear rate, nonlinear vis-
coelastic regime, albeit in a controlled
environment and using a comparatively
small amount of material.1 Thus, it is
of paramount importance to develop new
techniques to enhance capillary rheome-
ters for a more comprehensive probing of
material properties. Extrusion alone ac-
counts for the processing of approximately
35% of the worldwide production of plas-
tics, currently 280⇥ 106 tons (Plastics Eu-
rope, 2014). This makes it the most im-
portant single polymer processing opera-

tion for the industry and can be found in
a variety of forms in many manufacturing
operations. Extrusion throughput is lim-
ited by the onset of instabilities, i.e. prod-
uct defects. Comprehensive reviews on the
subject of polymer melt extrusion insta-
bilities can be found elsewhere.4,6 A re-
cent method proposed for the detection
and analysis of these instabilities is that of
a high sensitivity in-situ mechanical pres-
sure instability detection system for cap-
illary rheometry.8,10 The system consists
of high sensitivity piezoelectric transducers
placed along the extrusion slit die. In this
way all instability types detectable, thus
opening new means of scientific inquiry. As
a result, new insights into the nonlinear dy-
namics of the flow have been provided.9,14

Moreover, the possibility of investigating
the reconstructed nonlinear dynamics was
considered, whereby a reconstructed phase
space is an embedding of the original phase
space.2,14 It was shown that a positive Lya-
punov exponent was detected for the pri-
mary and secondary instabilities in lin-
ear and linear low density polyethylenes,
LDPE and LLDPE,.14 Furthermore, it was
determined that Lyapunov exponents are
sensitive to the changes in flow regime and
behave qualitatively different for the iden-
tified transition sequences.14 It was also
shown that it is possible to transfer the
high sensitivity instability detection sys-
tem to lab-sized extruders for inline ad-
vanced processing control and quality con-
trol systems.13

A very recent possibility considered
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