
 

ABSTRACT 
The continuous relaxation time spectrum 

was modelled from the mechanical spectrum 
of a xanthan aqueous solution both using the 
TA Instruments TRIOS® software, and with 
the rheology software IRIS®1. Two types of 
calculation were applied to obtain the 
relaxation modes since the software bundles 
used in this study base the calculation upon 
two different algorithms, named 
“parsimonious” as it models continuous 
relaxation spectra  using a minimum number 
of modes to obtain continuous relaxation 
times2, and a nonlinear regularization 
method that provides a larger spectrum with 
several modes3. The results were overall 
comparable but slightly different for long 
relaxation times. 

 
INTRODUCTION 
Xanthan gum is a non-gelling biopolymer 
that in aqueous media displays a ordered 
rigid chain conformation4-5. The stability of 
xanthan aqueous solutions to temperature 
and pH determines its great acceptance in 
industry as thickener6-7. It displays strong 
temperature dependence and for a given 
temperature the viscosity increases sharply 
with concentration, making it also a model 
system for biopolymer solutions rheological 
properties. For this reason the dynamic 
mechanical properties of xanthan have been 
investigated extensively5, 8-15. Modelling the 
continuous relaxation spectrum from the 
mechanical spectrum of xanthan solutions 
can be of interest for theoretical rheology 

since it would allow finding stress-vs.-
deformation relationships from oscillatory 
data without measuring them directly with 
creep tests. In practice, these are calculated 
using rheological models to obtain a 
continuous relaxation spectrum. Several 
have been proposed by theoreticians, and 
some have been adopted as part of rheology 
software packages. In this work, a 
mechanical spectrum obtained from a 
xanthan solution has been fitted using two 
widespread rheology software bundles to 
obtain continuous relaxation times and the 
results are compared. While a complete 
screening of different algorithms would 
require a more extensive work, and 
investigations have been carried out for 
simpler synthetic polymer systems16-18, this 
study attempts to test the application of 
some of the most common to a model 
biopolymer solution. 
 
EXPERIMENTAL 
Solutions were prepared by dissolving in 
water Xanthan gum, purchased from Sigma 
Aldrich (MO, USA). The concentration was 
0.25 wt% of xanthan powder in deionized 
water. The rheological properties of the 
xanthan solutions were measured at several 
temperatures temperature in the range 5-25 
ºC, using an Ares-G2 (TA instruments, 
Waters LLC, USA) strain controlled 
rotational rheometer equipped with a cone-
plate geometry having a 40 mm diameter. A 
layer of paraffin oil was used to prevent 
evaporation. Oscillatory frequency sweeps 
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were carried out with a constant strain range 
of 2-5% within the solution linear 
viscoelastic region. The model has been 
applied to mechanical spectra obtained at 
several temperatures in order to obtain, by 
time temperature superposition, a wider 
spectrum to be modelled than that allowed 
by the experimental limits of the rheometer. 
The temperature range was 5 - 25 ºC. Data 
were analysed both using the TA 
Instruments TRIOS® software, supplied 
with the rheometer and the software IRIS®. 

 
RESULTS AND DISCUSSION 
An example of mastercurve with reference 
temperature of 25 ºC obtained by time-
temperature superposition is shown in Fig.1.  
 

 
Figure 1. Mastercurve obtained by time–

temperature superposition of the frequency 
dependence of the storage (empty circles) 
and of the loss (full circles) modulus Data 
were obtained from mechanical spectra of 

an  aqueous solution with 0.25%wt xanthan 
concentration. Reference temperature, 25 

ºC. 
 

Theoretical modeling was applied to the 
mastercurve and continuous relaxation 
spectra H(t)3 was calculated. It is important 
to stress that generally the calculation of a 
relaxation spectrum from experimental 
oscillatory rheology data is an ill-posed 
problem, since it is subjected to random 
error in the data, especially at low 

frequency17. Modeling data obtained from a 
mastercurve provides additional noise in the 
data since the theory of time-temperature 
superposition is based on the assumption 
that all relaxation times of the material have 
the same temperature dependence, but this is 
fairly accurate only over certain ranges of 
frequency that depend on the material. Near 
the ends of these ranges, where data 
obtained at different temperatures overlap, 
discrepancies can appear and conversely 
affect the accuracy of the relaxation 
spectrum calculation. The software IRIS® 
uses the parsimonious model17 Developed 
by Baumgärtel and Winter2. The TRIOS® 
software uses a similar algorithm3, based on 
a Tihonov regularization19 with nonlinear 
regression developed by Honercamp and 
Weese3, 18,  that produces a continuous 
relaxation spectrum with more data points 
over a larger frequency range. The results 
are shown in Fig. 2. 
 

 
Figure 2. Continuous relaxation spectra 
obtained with two IRIS (open symbols) 

and TRIOS (crosses) software. Data 
corresponds to those presented in Fig. 1. 

 
The two data sets plotted in Fig. 2 are 
practically coincident, with a discrepancy 
that occurs at high relaxation time, 
corresponding to low frequencies which are 
harder to model since, as stated earlier, more 
prone to error. A similar divergence was 
reported for propylene random copolymers 
by Malkin and Masalova16. 
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CONCLUSIONS 
Both algorithms showed consistent results 
for the calculation of continuous relaxation 
spectra from a model biopolymer solution. 
Small discrepancies occurred only for long 
relaxation times corresponding to very low 
frequencies since those are subjected to 
higher experimental error.  
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