
 

Xanthan gum solution (XGs) is known as a 
viscoelastic solid when its concentration is 
high enough. Here, we define viscoelastic 
solid as a viscoelastic material whose zero-
shear viscosity is infinitely high or fully 
relaxed stress is not zero. Since xanthan 
gum chains are not connected by covalent 
bonds in solution state, it should behave as 
viscoelastic fluid if its concentration is too 
low. Hence, there should be a transition 
concentration at which xanthan gum 
solution changes from viscoelastic fluid to 
solid as concentration increases.  
 Dynamic measurement for xanthan 
gum aqueous solution is limited to the range 
of frequency because time-temperature 
superposition is not available. To detect 
long-time behavior, creep test may be 
recommended. However, high elasticity of 
xanthan gum solution gives rise to creep 
ringing which prevents from identification 

of creep compliance from creep strain data. 
Recently Cho and coworkers developed an 
algorithm for the extraction of material 
functions from creep strain data with 
ringing1. This algorithm will be used to 
detect the transition. 

As shown in Fig.1[a], XGs 2wt% 
looks different from viscoelastic fluid 
because long time behavior follows 

 
γ t( ) ≈ γ∞ 1− e−t τ( )

b
in long time regime   (1) 

 
On the other hand, XGs 0.3wt% shows 
typical behavior of viscoelastic fluid such as 
 

γ t( ) ≈ σ o

ηo
t +σ o

Je
o   in long time regime      (2) 

 
where oσ  is the stress amplitude, oη  is the 
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Figure 1. Creep ringing of xanthan gum solution (0.3wt% and 2wt%) 
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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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zero-shear viscosity and o
eJ  is the steady 

state compliance. XGs 2wt% shows strong 
creep ringing while XGs 0.3wt% shows 
weak creep ringing because of 
comparatively low elasticity.  
 As for low concentrations, 
viscoelasticity of XGs can be understood by 
dynamic measurement. However as 
concentration increases, dynamic 
measurement cannot provide the terminal 
regime which contains the information of 
molecular structure. This enforces us to use 
creep test and numerical algorithm for 
removing inertia effect. We adopted 
numerical algorithm which is an 
improvement of Kim et al. (2015) and 
applied new asymptotic equation (1) to 
understand the effect of concentration on 
linear viscoelasticity of XGs. 
 Figure 2 compares the measured 
dynamic moduli of XGs 2wt% and those 
converted from creep data. The improved 
algorithm was the one to be presented in 
“Direct Conversion of Creep Data to 
Dynamic Moduli” by Kwon et al. From this 
algorithm, we found that the transition from 
viscoelastic fluid to solid occurs at the 
concentration of about 1 wt%. 
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Figure 2. Comparison of measured and 
calculated dynamic moduli of XGs 2wt%. 
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