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ABSTRACT

For chemical industries environmental consideraigoan issue. It is required to control the operal inputs to
reduce and minimize emissions including air polititand global warming gasses such as CO2 and WRwirfhted
chemicals/gasses (PFC’s). Therefore we need to fopkhe solutions that aid to limit the waste {@ohnd liquid
chemicals), and to reduce them by recycling methdtiés paper focuses on the topic that introdudes miscibility
studies of Styrofoam cup (polystyrene foam) in wgiaorganic solvent) and in acetone (organic safvéoy using
Materials Studio Software. The structures of Styamf cup, water and acetone were constructed pritnet calculation of
miscibility. Optimization was carried out on the dats and the energy of the built structures waaaed to the minimum
levels in which the most stable state of the malenvas achieved. Two miscibility tests, blendimgrgy and mixing
energy, were done on the optimized structures.lénding test, acetone was proven as a better dotvedissolve the
Styrofoam cup as compared to water. The temperatunge of 0-56C was used in the mixing energy analysis. Results
showed that the miscibility of the Styrofoam cugtne system was higher than the Styrofoam-watstesy at all

temperatures. Besides, both systems also showed\vempent of miscibility at elevated temperature.

KEYWORDS: Miscibility Studies, Environmental Impact Sustaiiliép Materials Studio, Styrofoam Decomposition
Method, Binding Energy, Mixing Energy

INTRODUCTION

The implementation of green management strategiesustainable development towards the chemicalymts
has become the most essential lecture nowadays dldhe manufacturing factories in the world nowgsl dose not
really meet the environmental guidelines as set ggvernment or a higher authority [1]. On the ptiend the concept of
Eco-materials was introduced in 1990s and so oa.ptipose of ecomaterials was to serve the hurfeaarid activities in

relation with fewer burdens to environment by cdasing the fitness of the earth and environment [2]

One of the unfriendly environmental products usemsively in world’'s food packaging business nosadis
Styrofoam. Its light weight property it a most famsgoroduct used for food packaging but its contdote not decompose
easily as compared with the food product that demm®s very easily. Styrofoam remains un-decompdosedto its
organic structure known as polystyrene [3]. Thenary research of this paper is to develop an ideaefutilizing waste
polystyrene. Therefore by analyzing the chemicatstgractically in laboratories and their byprodimpacts on the
environment gravely, a synthetic green managemeategy to conduct a chemical reaction test carfdpmulated

effectively by using a sustainable computer modglind simulation method to study polystyrene pribgee
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In this article a research on miscibility of Stywafm cup (polystyrene foam) in water (inorganic eaty and in
acetone (organic solvent) was studied by usingvswét. The structures of Styrofoam, water and aeetoalecules were
constructed prior to the calculation of miscibili@ptimization was carried out on the models ardehergy of the built
structures was reduced to the minimum levels inctvhhe most stable state of the materials was aetliand then the

Miscibility tests were conducted upon the softwa@del to demonstrate the miscible system virtually.
MISCIBILITY AND STYROFOAM

It is the property of liquids to mix in all proparhs, forming a homogeneous solution, and it is agplied to
other phases of materials (solid and gases) as ®etl this research topic deals with the Miscililgtudies of solid
(Styrofoam cup) with a Liquid, in fact two statefsnaatter in a mixture. To have a clear understagain miscibility see

Figure 1, where two solvent (A & B) are mixed t@guce an immiscible system and a miscible system.

Immiscible system
(cannot be mixed:

E.g. Oil & Water)

e 0 @ : ® g ®0p
.oo:.'t '...'oo
Solvent A Solvent B

0,000,

.... 0..

P o0

00%%,°

Miscible system
(can be mixed:
E.g. Water & Alcohal)

Figure 1: Miscible System Test

Styrofoam Material Environmental Hazards

In past few years the use of Styrofoam has reathéd maximum in food supplying products as dmtkcups,
food containers etc. and as illustrated in Figutba the total estimated time for natural decontprsrate of Styrofoam
containers is more than 1 million years, perhap®endf it is recycled by heating and melting pregethe toxic fumes are
hazardous to environment. Therefore an innovativelexomposing such non-bio degradable product ésemted to
degrade and recycle it back again. This will notyosave the recycling-time, but also the pollutioreated by the

Styrofoam waste on the earth.
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Estimated Decomposition Rates
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Source: Penn State University, U.S. Bureau of Land Management

Figure 1: Daily Used Products Natural Decomposition

Penn State University, U.S. Bureau of Land Management

Taken from: http://www.earthlyissues.com/recycling.htm, (2014)

How the Styrofoam Decomposition Method Works?

Well to explain this scenario: Two tests were catedd on Styrofoam. In the first test the Styrofoenp was
mixed with an inorganic solvent (water) and assalltethere was no reaction. In second test theofitgm was allowed to
mix with an organic solvent (acetone) and as alresumiscible mixture was achieved, acetone dissghsolid state

Styrofoam cup into a liquid state in just few setdsee Figure 3). Perhaps by doing this the decsitipo of Styrofoam
cup in organic solvent was proved.

Figure 2: Acetone Dissolving Styrofoam Cup

What is Material Modelling and Why Simulation Method is Selected to Test Miscibility?

Chemical tests operated in laboratories now daye hane far most in advance reactions in theiradtaristics,
properties and formulations. Conducting a chemieal may be dangerous, hazardous to health, em@ohand some
time it is a cause of destructions and loss of hufifa. Then the wasted by-products of tests chalsiare also causing
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huge environmental problems, specially contamigatiur drinking water resources (rivers); for exaenpertilizers
chemical industries waste. And also to condughalistest in laboratory requires chemicals to thegkers, test tubes and
other equipment etc. which consumes a lot of tinndenjust preparing the setup for a small chemieat and the main
fact is the cost of all the laboratory equipmerd #re safety procedures for just only a normal ethabs, what about the
R&D Labs of chemical industries, how much safetd @ost of equipment they have to bare and a tlokabgedy, a

single mistake in handling chemicals can cause théuge lose economically and human wise.

Therefore, sustainable idea to conduct a chemisaland resolve all the problems addressed abatrethe aid
of Computerized Material Modelling and Simulatiorettfiod to conduct chemical test or reactions vilyual achieve the
final result or product before going through a picad laboratory test is presented, in case themite reaction is
dangerous, destructive, producing toxic fumes th® environment and causing human lab-attendarahhissues, its
cost and long testing time. This Sustainable ide@omducting chemical test is used by doing a rhikti test of

Styrofoam and proving best miscible solvent foldiggomposition.
Conventional Method vs. Simulation Method in Misciblity Studies

In conventional method, two laboratory tests wermedticted (see Figure 4): In test 1, Styrofoam wa®dnwith
an inorganic solvent, Water, and an immiscible aystwas achieved. And in test 2, Styrofoam was mwitl an organic

solvent, Acetone, forming a miscible system.

Point to be noted here is that, both of these s sconducted separately to test the miscibilfttyrofoam.

What will happen if there are 100s of solvents to test the miscibility practically in labs?

Of course it would require a longer time to test @repare the lab equipment, including the cosesif products

and equipment.

Miscible

Figure 3: Conventional Miscibility Test

Therefore, Simulation method should be used toamrae the time and cost limitations; in simulatioathod the
structures of test materials are tested by softkamvn as Material studio. The test &frofoam + water system and
Syrofoam + Acetone system was simulated to analyses the test results téfyjushich system is miscible and which is

immiscible by comparing their energy graphs (Fighire
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A B c D
Base Screen Energies Emix (298 K)
1 % Styrofoam % Water _~I Styrofoam_Wate 3.80835552
5 4 Styrofoam 4 Aceto Styrofoam_Acetone 13866210

Figure 4: Software Simulation Result

It has to be noted here, that the both tests amdumted simultaneously and can be extended upQosdents
test on miscibility. And the concern here from poerg discussion lead us a conclusion of: how mimk tan be saved by

using a simulation method to test miscibility.
MISCIBILITY STUDIES ON STYROFOAM-SOLVENT SYSTEM

There are three important steps in simulation ntthwm follow; Material structures are created in mod
generation (Figure 6), then these structures ardified in optimization step to obtain a stable foahstructures and
finally these stable structures are further sinaddor calculation in miscibility test by BindingnErgy and Mixing Energy

graphs.

By comparing different energies in tables and siuglgloseness of curves in the energy graphs, contpéhe
closer miscible regions of the system can justdgily which test products are best miscible systdPwssibly, same
methodology can be used to not only test the milggilmf systems but also other chemical proper@esl reactions of

different products.

Water
styrofoam Acetone
|-r .'. = l'|-\|
B Styrofoam- 22
——F~Styrofoam- |\ Acetone —
Water

Miscibility Tests

Figure 5: Model Generation of Structures
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Method 1: Binding Energy

The Binding energy graphs achieved by Styrofoamenaystem and Styrofoam-Acetone System are illtestra
in Figure 7.

In order to get the final conclusion from the bmglienergy graph concept, two things to look intpCurve
matching, i.e. how close the two curves of a mixtaystem is related and: 2) Study the interseatfoourves (point
intersection or regional intersection), i.e. hownyaverlapping section are between the curves. #edresults of
Styrofoam-Water system demonstrates that thereveryapoor curve matching along with only one pdimersection as
compared to Styrofoam-Acetone system whereby SigrafAcetone system curves are much better in sividthemany
curve matching areas and there is one point irtBoseand 2 regional intersection: Hence the Stawf-Acetone system

demonstrates a good miscible system.

Blends Binding Energy Distribution
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Figure 6: Binding Energy Graphs
Method 2: Mixing Energy

The second simulation test to justify the miscipibf system is done by mixing energy method. Tdragerature
range to study mixing energy of both systems isf(@-56)° C. And Styrofoam-Water and Styrofoam-Acetone mixing

energy graph is obtained in Figure 8.

The mixing energy graph here is presented with -aktemperature scale in kelvins and Y-axis veithcale of
mixing energy in (kcal/mol). The green dotted lme the graph represents the range of miscible syste from -1.5 to
+1.5 for this system only. Any regions of energlsfavithin the miscible range on the graph is knoaeamiscible system

whereas any system energy on graphs falls outeofahge lines, is known as immiscible system.

By looking at the Blue-mixing energy line of Stypain-Water system it is concluded that, its mixingrgy is
falling out of the miscible system region rangee(tieen dotted line) and therefore, it is an imihlscsystem where as the
Styrofoam-Acetone mixing energy line is fallingthre range of miscible region, therefore it is nbéeisystem. And if we
observe the temperature scale, we can see thdt @ngerature Styrofoam-Water is an immiscibleteys whereas

Styrofoam-Acetone is a miscible system. Hence, byng energy method also proved miscibility of teygstems.
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Figure 7: Mixing Energy Graph

RESULTS AND DISCUSSION

Forbore to our decomposition problem with Styrofoahis problem is solved and has been proved teldpva
sustainable method to conduct a chemical testallytun environmental friendly method by using Mddey and

Simulation Software.

Two miscibility tests: blending energy and mixingeegy, were conducted on the optimized structuhes.
blending test, acetone was proven as a betterrgdivalissolve the Styrofoam cup as compared temwathe temperature
range of (0 - 56JC was used in the mixing energy analysis. Reshltsved that the miscibility of the Styrofoam-acetone
system was higher than the Styrofoam-water systeail &emperatures. Besides, both systems also esthamprovement

of miscibility at elevated temperature.

Blending energy and mixing energy are good indisato determine the miscibility of a system. Thesaibility
of Styrofoam cup in acetone (organic solvent) aratew (inorganic solvent) has been proven by usingleting and
simulation method and Styrofoam is more miscibladetone as compared to water. The simulationteearg as accurate

as the experimental results

FUTURE RECOMMENDATION

Modelling and simulation method can be used widelgietermine the miscibility of a solid object inyaselected
solvent in the future. Modelling and simulation hed can be used to verify the experimental resultseven replace it in

certain researches to provide a sustainable metiveatds society.
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