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ABSTRACT

In this work, JAVA and MATLAB languages were used to coding a platform that is capable to
study different physical properties of polymer blends such as thermal properties (glass
transition temperature Tg and simulation for pyrolysis process...), miscibility (by using
interaction parameter) ...etc. The Flory-Huggins interaction parameter y is an important value
to reflect the miscibility of polymer. If it is negative or very small, the two compounds prefer
to mix. Else, the constituents prefer to phase separate (immiscibility). In this paper, the
interaction parameter was calculated by using the solubility parameter. Furthermore, the glass
transition temperature Tg can be also an important element to predict miscibility of polymer
blends, whereas for a miscible system one single Tg take place. Our software permits also to
pick up glass transition temperature Tg from the curve of specific volume versus temperature.
In addition, our software is capable to study the pyrolysis process after the experimental work
by using the distributed activation energy Model (DAEM) with just three heating rates. The
software contained a help and special puzzle and other elements.
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1. Introduction

The study of the pyrolysis method of materials by non-
isothermal thermogravimetric analysis (TGA) was usually
known. [1-5] Comparing with other methods, pyrolysis
represents more beneficial points. [6] There is lot of model
to find the kinetics of pyrolysis, whereas and in this study,
the Distributed Activation Energy Model (DAEM) has
been used. [7] Due to the important roles of temperature,
the properties differ. In fact, glass transition temperature
(Tg) of polymers is usually considered by isobaric
condition. Since the 1950’s, different theories about the Tg
were first developed by Fox & Flory. [8]

A polymer blend is a mixture of minimum two
polymers to get a new system with different physical
properties that can be not found in one single polymer of
them. [9] Molecular mechanics (MM) can study lot of
polymer blend properties. Also, the MM can help
researchers to study the molecular structure and their
properties. The simulations have all pursued two different
points: the study of miscibility and/or the miscible system
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properties. [10]

In the nature, it is difficult to find a miscible polymer
blend. Instead of lose time and money in experimental
work to research a new miscible polymer system; it is
preferred to use the simulation to make things easier. For
this purpose, we thought to code our own plate-form that is
capable to simulate the miscibility of polymer blends by
applying different ways.

In this paper, JAVA was used to create software that is
capable to obtain glass transition temperature (Tg) of
polymer system by using the curve of specific volume
versus temperature. The glass transition temperature can be
a good factor to study the miscibility of a blend system.
Whereas, in the case of miscible polymer blend, one single
glass transition temperature can take place. If the polymer
system contains two different glass transition temperature
flanked between those of constituents, the studied bled is
immiscible. [11]

In addition, and with another way, our code can simulate
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the miscibility of polymer blends by using the solubility
parameter §. Mason proves that if two different polymers
have the same value of solubility parameter, they will be
miscible. [12] Furthermore, the interaction parameter
Xrr 1s used to confirm the miscibility of the blends.

The theory of Fox is used also in our Software to calculate
the glass transition temperature Tg with another method.

In order to improve our work, a code programmed in
MATLAB is added in our platform to study the pyrolysis
process after an experimental work by using the modified
Distributed activation energy Model (DAEM) with just
three heating rates. To verify the credibility of our
Software, the miscibility of different polymer systems
(P3HT:PCBM, P3HT:CNPh-PPV and PMMA:PS) was
simulated and compared with other results found in
previous works.

A lot of works improved that the use of simulation is
practical in the study of the different properties of
materials. [13-18], including headings where appropriate.

2. Simulation Methods

Glass transition temperature Tg of a polymer system is
an important value which verifies the miscibility of
elements. Miscible blends gives one single Tg between the
Tgs of the constituents, where immiscible polymer blends
represent two different glass transition temperatures (Tgs)
between those of the compounds. [19]

The glass transition temperature can be obtained from

the curve of the specific volume versus temperature. The
specific volume for each temperature is simulated by using
Materials Studio 6.0 software package of Accelrys, Inc.
[20]
Because of the great volume of polymer chain, the
molecular mechanic (MM) and molecular dynamic (MD)
are used in the computer simulation. The two methods
(MM and MD) are based on the applied of a force field.
The used force field has a great effect on the obtained
results. In the tests of the present paper, COMPASS has
chosen as a force field.

In this work, the polymers studied as a test were
embedded in a cell with periodic boundary conditions.
Then a minimization is applied with 20000 iterations to
eliminate all indesirable energies and to ensure the stability
of our structure. A series of dynamics with the ensemble
NVT and NPT were applied on our polymer chains for 100
ps for each blend, with a step of 1 fs by using the Verlet—
leapfrog algorithm. [11, 14 ]

The obtained specific volume for each temperature in
the studied structure is used by our Software to plot the

curve of specific volume versus temperature to pick-up the
glass transition temperature Tg.
In addition, the glass transition temperature Tg of polymer
system can be also calculated in our plate-form by using
the theory of Fox by the relation:

1 _Xa X

Tg Ty a Tog
Where:
Xa, Xp : volume fraction
Tga, Tgp : Tg of polymers A and B.

The solubility parameter § is an essential element in the

study of miscibility of polymer blends. First, it was
employed for polymer/solvent systems. Thereafter, the
approached for polymer/polymer systems was developed
by Bohn [21]. The solubility parameter § can be obtained

(1

by using the following relations:

5= /E— = [E=2kC = JCED @

Where:

CED : the Cohesive Energy Density

E; : is the single chain energy

Ey : is the energy of the same chain in periodic system
V. : the volume of the cell in cubic angstrom.

C : is the unit conversion factor. [22]

If two different polymers have not similar values of
solubility parameter §, we say that they are immiscible. In
the case where the polymers have the same value of
[23] The
solubility parameter § can be employed to find the

solubility parameter §, they are miscible.
interaction parameter y by applying the mathematical
formula [19]:

L (81-62)2
RT

XFH = Vseg 3
Where:

Ve : the volume taken to be close to the molar volume of
the smallest unite between the two constituents.

81 , 0, : the solubility parameters for the two polymers.

To study the thermal properties of an element, the
nonisothermal thermogravimetric procedure can be used.
In our plate-form the number of heating rate is limited by
three for each sample. The user is free to choose the
heating rate because it is not fixe in the code. This last
helps to find the very proper kinetic parameters of material
pyrolysis by using the modified distributed activation
energy model (DAEM) [17]. The method used in our plate-
form is based on the modification of the classic DAEM
procedure to obtain both of activation energy (E,) and
frequency factor (ko).
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3. Software
Fig.1 shows the interface of our software with different
buttons and menu bar.

Miscibilty Software for polymers

Fig 1. The interface of our software.

The platform permits to simulate the miscibility of a
polymer blends by using the interaction parameter and the
solubility parameters (Fig.2). Our software permits also to
plot curves of specific volume versus temperature in the
goal to obtain the glass transition temperature (Tg) that is
an important element in the study of miscibility of polymer
systems (Fig.3).
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Fig. 2. Simulation of miscibility

Aot vrperara

Fig. 3. Simulation of glass transition temperature.

The glass transition temperature Tg can be simulated in
our software with another way by using theory of Fox;
where we must give the percentage of the first polymer and
the code will calculate automatically the percentage of the
second polymer. The window is shown in Fig.4.

Fig 4. Simulation of Tg by using theory of Fox.

In addition, a programmed code in MATLAB is
integrated in our software in order to study the pyrolysis
process by using the Distributed activation energy Model
(DAEM) with three heating rates. The window is shown in
Fig.5.

Distributod Activation Energy Model (DAEM)

Fig 5. Simulation by using DAEM model.

As all platforms, our code contains a Help to facilitate
the work on the platform to users (Fig.6). A simple game
(PUZZLE) is added in our software (Fig.7).

Fig 7. PUZZLE.
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4. Results and Discussion

In the order to verify the credibility of our plate-form,
the miscibility of PMMA:PS, P3HT:PCBM and
P3HT:CNPh-PPV systems was tested and compared with
available results in the literature. All blends in this study
were considered with the percentage of 50% for each
constituent. Our values of glass transition temperature Tg
(by using Fox Theory and simulation) and the interaction
parameter for the studied polymer blends were shown in
Table.1 and compared with found results in other works.

Table.1 our simulated glass transition temperatures and ¥
parameters at 300 K, compared with the found results in
other papers.

P3HT:CNPh-
SHT:CN P3HT:PCBM PMMA:PS
PPV
Our plate-form
TgF
g Tox 312 334.37 368
Theory
x 0.1 0.03 0.04
Blend miscible miscible miscible
Other works
Synthia (k) - - 369 41
Tggim (k) 339 MM 31710 375 4
Tgexp(k) - 3131 -
% 0.2 0.00644M1 0.12 14
Blend miscible miscible miscible

By the analyze of Table 1 we can remark that
P3HT:CNPh-PPV, P3HT:PCBM and PMMA:PS polymer
blends are miscible that is in accordance with available
values in the other papers. The simulated glass transition
temperature Tg of P3HT:CNPh-PPV system by our
platform is not far to the calculated glass transition
temperature for the same blend in other work. Also the
value of the interaction parameter for P3HT:CNPh-PPV in
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this paper is very near to the computed value in other
study.

For P3HT:PCBM and PMMA:PS blends, our simulated
values of glass transition temperatures and the interaction
parameters are also near to the found results in other
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energy Model (DAEM) with three heating rates. The
Software contained a help and special Puzzle.

A serial of tests was applied on our platform that proved its
efficacy with different materials.
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