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Modelling Two Different Disperse Polystyrene
with Maxwell Fractional Model in SAOS
Experiments

Bruno Manuel Ribeiro Alves

Abstract- The purpose of this work is to perform two
adjustments of different disperse polystyrene using the
technique of Alves (Alves, 2017) with the data present on
Farias (Farias, 2009), data belonging to a group of eminent
researchers. It is seen that the adjustments are of good quality
for a polystyrene anionic polymerised and with an inferior
quality for a free-radical polymerised polystyrene. It leads to a
possible correlation with the polydispersity index and the
quality of adjustment performed with Maxwell fractional model.
It is concluded in this work that Maxwell fractional
model is able to describe the behaviour when Mw/Mn is closer
to 1 but the same is not completely valid for polydispersity
index of 1.44.
Keywords: Maxwell fractional model; viscoelastic fluid;
SAOS experiments; polystyrene; wolfram mathematica
10; non-linear regression; polydispersity index.

I. INTRODUCTION

he purpose of this work is to perform two
adjustments using the technique of Alves (Alves,

2017) with the data present in Farias (Farias, 2009)
that belongs to a group of eminent researchers.

On this work is checked a possible correlation
of the polydispersity index with the chain branching
thanks to the realisation of adjustments of SAOS
dynamic polystyrene data (Farias, 2009) with a
mathematical formulated viscoelastic fractional model,
the Maxwell fractional model(Jaishankar & McKinley,
2012).

Seeing the complexity level of Maxwell fractional
model, is known that models on the literature can be

more or less complex and divided in Newtonian (as
Newton model)(Pinho, 2003), non-Newtonian inelastic
(they are models that consider the variation of shear
viscosity with shear rate) (Pinho, 2003)and viscoelastic
(Viscoelastic models combine viscous component and
elastic component and they can have differential or
integral mathematical formulations)(Pinho, 2003).

First viscoelastic linear models date from XIX
century and are the linear viscoelastic model of Maxwell
(Maxwell, 1867) and the linear viscoelastic model of
Kelvin-Voight (Bird, Armstrong, & Hassanger, 1987). A
possible representation of this genre of models is given
by the combination of discrete elements as springs
(Hooke Law), where tension (7 ) is directly proportional

to deformation (}')) to represent the elastic model, and

dashpots (Newton law) (Bird et al., 1987).

With Fractional Viscoelastic models, an analogy
with discrete elements can be done. On Figure 1 is
presented this new element, the “springpot”, that allows
the interpolation of the behaviour of traditional elements
spring and dashpot through the order considered for the
derivative. In this way is obtained a continuous variation
between the behaviour of solids and liquids. Hooke law

(spring — derivative of order 0 (DO)) and Newton law

(dashpot — derivative of order 1 (Dl)) becomes a
particular case of springpot (Friedrich, Schiessel, &
Blumen, 1999).

“spring-pot”

Figure 1: "Spring-pot" as generalization of the concept Spring-dashpot.

Below are presented the Equation 1, G’'(®), and
the Equation 2, G”(w),, equations of storage modulus,
and Loss modulus of Maxwell fractional model (a model
constituted by two springpot in series). These equations
are used to fit the data of Farias.
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G'(w)=

G'(w) =

(CDza)ﬂ)ZCDla)“COS(; a] +(P,0" )ZCDZa)/}COS(; ﬂ}
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(@,07) + (D ,0" ) + ZCDla)“CDza)ﬁCOS(Z(a - ﬂ)j

(Equation 1)

(Equation 2)

The Maxwell Fractional model to be valid must
be > 0 for @, and ®,, and for a and B the observation

of the final result is 0 < o and B <1 (Jaishankar &
McKinley, 2012).

Fractional theory is not applied only in viscoelasticity.

This theory is applied on migration of biological
cells in complex spatial domains (Cusimano, Burrage, &
Burrage, 2013), on lithium-ion batteries involving
fractional differentiation (Sabatier, Merveillaut, Francisco,
Guillemard, & Porcelatto, 2014), on spiny neuronal
dendrites (Henry, Langlands, & Wearne, 2008), on
human motion tracking (Michailas, Martin, Lasse, &
Manoli Yiannos, 2014) and also on fractional order
cancer (Ahmed, Hashis, & Rihan, 2012).

On an engineering level these models can be
applied on continuum mechanics (Drapaca &
Sivaloganathan, 2012), on the optimization of fractional
order dynamic chemical processing systems (Flores-
Tlacuahuac & Biegler, 2014), on supercapacitors,
batteries and fuel cells (Freeborn, Maundy, & Elwakil,
2015).

[I. RESOURCES AND TECHNIQUES

On this work itis used data that Farias
presented on her work (Farias, 2009), gently given by a
group of eminent researchers and presented in work as
“Evaluation of Reptation Model for predicting the linear
viscoelastic properties of entangled linear polymers”
(Ruymbeke, Keunings, Hagenaars, & Bailly, 2002) and
also “Determination of the molecular weight distribution
of the entangled linear polymers from linear
viscoelasticity data” (Ruymbeke et al., 2002). As seen
on table 1, there are 2 different polystyrene synthesized
by anionic polymerisation and free radical
polymerisation tested at 170 °C (Farias, 2009) with
different polydispersity index.

© 2017 Global Journals Inc. (US)

Their characteristics are presented on Table 1.

Table 1: Characteristics of the Polystyrenes used on this

work
Mw Test
(g/mol) Mw/Mn temperature °C
Anionic Polymerisation
PS (PS,) 355500 | 1.03 170
Free-radical
Polymerisation PS 361100 | 1.44 170
(PS)
These two Polystyrenes were analysed

according to Farias on a rotational rheometer ARES
(Advanced Rheometric Expansion System) of controlled
deformation throughout dynamic experiments with
parallel plate geometry(Farias, 2009). The GPC (Gel
Permeation Chromatography) gives the medium molar
mass and the Polydispersity index with the help of a
liquid chromatographer Waters Alliance model GPC 1
V2000 equipped with refraction index(Farias, 2009).

For more information it is necessary to consult
two works, the “Evaluation of Reptation Model for
predicting the linear viscoelastic properties of entangled
linear polymers” (Ruymbeke et al., 2002) and also the
“Determination of the molecular weight distribution of
the entangled linear polymers from linear viscoelasticity
data” (Ruymbeke et al., 2002).

This data of G'(m) and G”(w) of SAOS
experiments was placed on a computer program
previous computed by Alveswhich is possible to be
found on the article website (Alves, 2017), using the
same principle. Alves modified the file .cdf of Normand
et al. (Normand, Eisenberg, & Peleg, 2012)used to
evaluate a stochastic model inactivation for heat
activation spores of Bacillus spp (Corradini, Normand,
Eisenberg, & Peleg, 2010)and converted it into a .cdf file
to perform adjustment of fractional viscoelastic data.
The file .cdf is easily modified if replaced the equation
and the dataset.



I11. RESULTS AND DisCuUsSION OF RESULTS

The results of the work are presented on Table 2 for Maxwell fractional model adjustment to the

experimental SAOS dynamic experimental data of Farias.

Table 2: Maxwell Fractional Model results of adjustment for the different PS used in this work

D, D, a B R?
Anionic Polymerisation PS (PS,) 1029000 | 132900 | 0.987 | 0.120 | 0.9987
Free-radical Polymerisation PS (PS)) 275800 116400 | 0.842 | 0.126 | 0.990

Accordingly to parameters values is observed
that all values are >0 for @, and @,, which means
that in this case it obeys the thermodynamic restrictions.
Therefore, for a and B the observation of the final result
is 0< a and P<1, which gives valid thermodynamic
results.

Below are presented the graphics of the
adjustments done with the material functions G'(») and
G"(w) of Maxwell Fractional Model with the experimental
data of Farias, the anionic polymerisation data of
Polystyrene (Figure 2) and free-radical polymerisation
data of Polystyrene (Figure 3).

Figure 2 shows an almost perfect adjustment
for G’(w) and G” (o) in all the domain of o with exception
for ©>200 rad/s. For this value the result is not perfectly
coincident, and means that the model is not valid for
values of ®>200 rad/s.

On Figure 3 is observed the same thing as
Figure 1 but here for values of ®>100 rad/s, which
results on a bad coincidence result. Here, also for
periods of @<0.05 rad/s relative to G’(w) and G” (o) the
fit is not good.

fitting dataset 1 containing 48 points: r* = 0.9987
—> Dynamic Modulus FMM Generalised PS1L

107 |

G"(a) Pa

G'(a )Pa

G"(w) MFM Experimental

0.001 0.010 0.100

1 10 100 1000

& (radls)

Figure 2: Maxwell Fractional Model adjustment for SAOS experimental data of an anionic Polymerisation PS
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Figure 3. Maxwell Fractional Model adjustment for SAOS experimental data of an free-radical polymerisation PS

Although, the final results in questions of
adjusted R squared are very high, and this results in a
good model to adjust these experimental data in SAOS
experiments.

The anionic polymerized polystyrene as
observed on section 5 has polydispersity index
correspondent to 1.03 adjusting almost perfectly, which
means that exist an high correlation between Maxwell
fractional model and the polydispersity index of anionic
polymerised polystyrene.

The free radical polymerization Polystyrene has
a bigger polydispersity index equal to 1.44 and the
quality of adjustment is not comparable to the anionic
polymerisation of polystyrene, what means that for Mw
= 1.44 Mn the correlation between Maxwell fractional
model and polydispersity index of free radical based
polymerisation cannot be done.

So, | think that with these proofs that the overall
quality of Maxwell fractional model has a correlation with
polydispersity index for anionic  polymerisation
polydispersity index however the same is not completely
valid for free-radical based polymerisation of
polystyrene.

V. CONCLUSION

With this work was possible to perform two fits
for two different polystyrenes with an overall good
quality obeying the thermodynamic restrictions imposed
by Maxwell Fractional Model in SAOS dynamics.

© 2017 Global Journals Inc. (US)

However is possible to find now a correlation
with the polydispersity index of the polymer of
Polystyrene with the Maxwell fractional model.

It is concluded in this work that Maxwell
fractional model is able to describe the behaviour when
Mw/Mn is closer to 1 but the same is not completely
valid for polydispersity index of 1.44.

V. ACKNOWLEDGEMENTS

The present work has got the software funding
of Wolfram Software Mathematica 10.4.1.0 Standard
Edition L4939-9758 granted by Wolfram Research.

| want to thanks to André Filipe Fouto Militdo
that have done the grammar spelling check error.

And for last | want to give a special thanks to
Global Journal Engineering Research for the opportunity
of being an invited author on this issue of July.

REFERENCES REFERENCES REFERENCIAS

1. Ahmed, E., Hashis, A. H., & Rihan, F. A. (2012). On
fractional order cancer model, 3(2), 1-6.

2. Alves, B. M. R. (2017). Modeling Insite ®
Technology Ethylene a-olefin resins with Standard
FOV fluid in 1D. Journal of King Saud University -
Engineering  Sciences.  https://doi.org/10.1016/j.
jksues.2017.01.001

3. Bird, B. R., Armstrong, R. C., & Hassanger, O.
(1987). Dynamics of polymeric liquids, Fluid
mechanics. Journal of Polymer Science Part C:



10.

11.

12.

13.

14,

15.

Polymer Letters, 25, 649. https://doi.org/10.1002/
pol.1987.140251211

Corradini, M. G., Normand, M. D., Eisenberg, M., &
Peleg, M. (2010). Evaluation of a stochastic
inactivation model for heat-activated spores of
bacillus  spp. Applied and  Environmental
Microbiology, 76(13), 4402-4412. https://doi.org/10.
1128/AEM.02976-09

Cusimano, N., Burrage, K., & Burrage, P. (2013).
Fractional models for the migration of biological
cells in complex spatial domains. ANZIAM Journal,
54(April 2016), 250-270. https://doi.org/10.0000/
anziam|.v54i0.6283

Drapaca, C. S., & Sivaloganathan, S. (2012). A
fractional model of continuum mechanics. Journal of
Elasticity, 107(2), 105-123. https://doi.org/10.1007/
$10659-011-9346-1

Farias, T. M. (2009). Determinagéo de espectros de
relaxagdo e distribuicdo de massa molar de
polimeroslinearespor reometria.

Flores-Tlacuahuac, A., & Biegler, L. T. (2014).
Optimization of fractional order dynamic chemical
processing systems. [Industrial and Engineering
Chemistry Research, 53(13), 5110-5127. https://doi.
org/10.1021/ie401317r

Freeborn, T. J., Maundy, B., & Elwakil, A. S. (2015).
Fractional-order models of  supercapacitors,
batteries and fuel cells: A survey. Materials for
Renewable and Sustainable Energy, 4(3), 2-8.
https://doi.org/10.1007/s40243-015-0052-y

Friedrich, C., Schiessel, H., & Blumen, A. (1999).
Constitutive behavior modeling and fractional.
Advances in the Flow and Rheology of Non-
Newtonian Fluids, 8, 429-466. https://doi.org/http://
dx.doi.org/10.1016/S0169-3107(99)80038-0

Henry, B. I, Langlands, T. A. M., & Wearne, S. L.
(2008). Fractional cable models for spiny neuronal
dendrites. Physical Review Letters, 100(12), 1-4.
https://doi.org/10.1103/PhysRevLett.100.128103
Jaishankar, a., & McKinley, G. H. (2012). Power-law
rheology in the bulk and at the interface: quasi-
properties and fractional constitutive equations.
Proceedings of the Royal Society A: Mathematical,
Physical and Engineering Sciences, (1989), 1-21.
https://doi.org/10.1098/rspa.2012.0284

Maxwell, J. C. (1867). XV. On the Dynamical Theory
of Gases. Philosophical Transictions of the Royal
Society of London, 157(January), 49-88. https://doi.
org/10.1098/rstl.1867.0004

Michailas, R., Martin, T., Lasse, K., & Manoli
Yiannos. (2014). On fractional models for human
motion tracking. Journal of Vibration and Control,
20(7), 986-997. https://doi.org/10.1177/10775463
13479637

Normand, M. D., Eisenberg, M., & Peleg, M. (2012).
Choosing Initial Parameter Values For Nonlinear
Regression. Wolfram Demonstrations Project.

16.

17.

18.

Pinho, F. M. C. T. de. (2003). Calculo De
Escoamentos De Fluidos N&o Newtonianos Em
Regime Laminar.

Ruymbeke, E. Van, Keunings, R., Hagenaars, A., &
Bailly, C. (2002). Evaluation of Reptation Models for
Predicting the Linear Viscoelastic Properties of
Entangled Linear Polymers. Macromolecules, 2689-
2699.

Sabatier, J., Merveillaut, M., Francisco, J. M,
Guillemard, F., & Porcelatto, D. (2014). Lithium-ion
batteries modeling involving fractional
differentiation. Journal of Power Sources, 262,
36-43. https://doi.org/10.1016/j.jpowsour.2014.02.
071

© 2017 Global Journals Inc. (US)

Global Journal of Researches in Engineering ( J) Volume XVII Issue III Version I E Year



	Modelling Two Different Disperse Polystyrene with Maxwell Fractional Model in SAOS Experiments
	Author
	Keywords
	I. Introduction
	II. Resources and Techniques
	III. Results and Discussion of Results
	IV. Conclusion
	V. Acknowledgements
	References Références Referencias

