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Abstract

Due to the energy-intensive nature of their manufacturing techniques and the unpleasant nature of their
branding, chemical industrial operations have become "business as usual." The manufacturing of
polycarbonate (PC), which has very high energy needs, has developed into a significant component of the
industrial sector. In addition, the production process involves the usage of a great deal of potentially harmful
substances. The destiny of polymers in the environment has become a significant management concern,
despite the fact that polymers have outstanding performance features that are wanted by a broad spectrum of
customers in contemporary society. Applications of polymers create molecular architectures that are
intriguing to product engineers who are looking for qualities that endure for a long time. These qualities are
also significant in relation to the lives of polymers or plastics in their respective environments. In recent
times, there have been reports of microbes degrading polymeric materials; as a result, there are new technical
prospects arising that may help minimise the tremendous pollution issue that is caused by the usage of
polymers and plastics. There is a significant body of published work from which one might derive possible
future paths for the development of biological technology.
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Introduction

The expansion of the human population and the accompanying expansion of the economy has resulted in a
rise in the demand for consumable items such as those created from polymer-based materials (PBMs), which
can be seen on a worldwide scale (i.e., plastics and elastomers). PBMs may be discharged into the
environment at any point throughout their lifespan from a wide number of different sources. After being
released into the environment, PBMs are subject to a wide range of weathering processes, both mechanical
and chemical. This results in a change to the structure of the PBM and makes it easier for the PBM to
disintegrate into pieces that are progressively smaller (Andrady 2011). In addition, it is currently believed
that the leaching of chemical additives used in the production process of these materials is adding to the
accumulation of chemicals in the environment. These chemical additives are utilised in the manufacturing
process (Erren et al. 2009). The vast majority of the information collected on the physical consequences of
bulk PBM items indicates that these things pose a threat to mammals and birds because these animals may
get entangled in them or mistake them for a food source (Derraik 2002). The vast bulk of the ecotoxicity
research collected on PBM additives has concentrated on the impacts of substances that are often described
as having the potential to alter endocrine function, such as the phthalates (Oehlmann et al. 2009).
Nevertheless, receiving environments run the risk of being subjected to a mixture of these physical and
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chemical components, in addition to chemicals created during the degradation processes. As a result, the
survival of organisms at all trophic levels may be jeopardised by PBMs and the related breakdown products
of PBMs. Primary producers, who are located at the beginning of the food chain, are likely to be more
susceptible to compounds that have a biological effect. Both bulk PBMs and fragmented particles have the
potential to be ingested by consumers that are non-selective and filter-feeding, which might lead to the
possible transit of PBMs further up the food chain to secondary and tertiary consumers.

Consumption and Use of the Product Particle-based materials, or PBMs, are employed in modern culture and
are constructed from a diverse range of components that might have natural or synthetic origins (Table 1).
Products including natural rubber and latex are manufactured with the help of natural polymers such as
polyisoprene, which is obtained from the tropical tree Hevea brasiliensis (Agostini et al. 2008). Cracking is
a thermal process that separates oil and natural gas to generate a variety of hydrocarbon monomers that may
then be used in the production of petrochemical-based polymers. Some examples of these monomers are
ethylene and propylene (Chaudhuri 2010). According to Plastics Europe 2010, the yearly consumption of
petroleum-derived polymers is anticipated to be 26 kilogrammes per person. The world demand for
petroleum-derived polymers is predicted to be 230 million t. (CIPET 2010). However, there are noticeable
variances across geographic locations that are the consequence of differences in economic levels, ways of
life, and standards of living. After polyvinyl chloride (PVC) and polystyrene (PS), polyolefins, namely
polyethylene (PE; linear low density, low density, and high density), and polypropylene (PP), are responsible
for around sixty percent of the yearly use of the respective materials (Plastics Europe 2010; Muth et al. 2006).
The most important application for PBMs is packaging, which accounts for 40.1% of total consumption. This
is followed by the building and construction industry, which accounts for 20.4%, the automotive industry,
which accounts for 7%, electrical and electronic equipment, which accounts for 5.6%, and other market
sectors, such as agriculture and leisure, which account for 26.9%. Polyurethane, also known as PUR, is a
substance that has shown to be effective in the field of biomedicine. This material is used in the production
of artificial joints as well as flexible substitutes for blood arteries and heart valves (Ghanbari et al. 2009). It
is estimated that the yearly demand for natural rubber (NR) in the world is 10.97 million t; the majority of
this demand comes from latex products (80.3%), which include things like medical and domestic goods (NRS
2011). Other applications for natural rubber include footwear (0.2%), general rubber products (7.2%),
industrial rubber products (3.2%), and tyres (9.2%). (NRS 2011).

Any chemical structure that is made up of repeating units, such as those that are present in polymers, may be
categorised as either a one-dimensional or a multidimensional network depending on the number of
dimensions present. Polymerization of repeating units that are composed of carbon and hydrogen results in
the formation of links. Even though polymers can be found in nature, where they make up structures like
DNA, the term "polymer" is frequently used to describe items that are made by humans, such as plastic
bottles, films, cups, and fibres. This is despite the fact that polymers can be found in nature where they make
up structures like DNA. There is a vast array of potential applications for the man-made polymers that are
produced in factories. Polyethylene, polypropylene, polybutylene, and polystyrene are some examples of
common materials that exclusively consist of carbon and hydrogen atoms. Other examples include
polystyrene.

Others, such as polyvinyl chloride (PVC), have a chloride attached to the all-carbon backbone, while the
repeating unit backbone of nylon is composed of nitrogen atoms. Because of the molecular structure and the
integrity of polymers, they frequently have desirable properties such as low weight and high strength,
resistance to heat and electricity as well as resistance to chemical attack, and are frequently derived from

Copyright@ijermt.org Page 52


mailto:editor@ijermt.org
http://www.ijermt.org/

International Journal of Engineering Research & Management Technology ISSN: 2348-4039

Email:editor@ijermt.org April-2019 Volume 6, Issue-2 www.ijermt.org

IJCRT2110002 International Journal of Chemical Research and Technology. On the other hand, because to
these very same properties, polymers are highly resistant to degrading when they are exposed to natural
environments. This evolution resulted in the development of conventional polymer materials such as plastics,
which have been in use for a significant amount of time. Their production method is very effective in terms
of the use of raw materials and energy as well as the elimination of waste products. As a result of the
production scale and the optimization of the process, the products have a variety of desirable qualities, such
as resistance to water and microorganisms, high mechanical strength, and low density (which is important
for moving items)

Environmental Degradation

PBMs deteriorate in the environment as a consequence of abiotic or biotic processes working together or
sequentially, which leads to the breakdown of the polymer matrix and the creation of fragmented particles
and leached additives of variable sizes. This process is called environmental degradation. In recent years, a
number of studies have been conducted to investigate the degradability of various PBMs when subjected to
a variety of different exposure conditions, and the findings have been encouraging. In the next paragraph,
we will talk about the degradation of PBMs, putting special attention on studies that are significant to the
field of environmental research.

The Effects of Polymers on the Natural World

Particle-based materials (PBMs) are being used in several industries, including the production of consumable
items, construction materials, and medicinal applications, amongst a broad range of other products. During
the course of their lifetimes, PBMs have the potential to be accidentally or purposefully discharged into the
environment (Tharpes, 1989). It is expected that the primary entry points of PBMs will vary across
geographical areas based on the infrastructure present in those places. It has been determined that the
presence of PBMs in the environment is a significant contributor to the problem of pollution. This is due to
the fact that the quantities involved are anticipated to be significant, and that removing PBMs is both
challenging and time intensive. Studies conducted all over the world have now documented the presence of
PBMs as a significant component of marine and shoreline debris. This includes the Antarctic Peninsula,
Australasia (Foster-, Europe and the North Atlantic, the Mediterranean, and the Middle East. PBMs have
also been documented as a pollutant of freshwater aquatic environments. Macro- (> 5 mm) and meso- ( 5
mm - 1 mm) debris are identified as presenting a hazard to marine mammals and birds because they can
become entangled in them or mistake them for a food source. The majority of the work that describes the
environmental consequences of PBM debris has focused on marine settings.

Land-based

General and Accidental Littering On land, littering, both intentional and unintentional, is a major contributor
to the entrance of PBM debris into the environment. General littering consists of the dropping of litter and
the dumping of goods; for instance, the unlawful disposal of rubbish that may later be carried to ocean sinks
by wind or via drainage and storm water runoff. It has been brought to everyone's attention that littering is a
problem at festival sites, particularly at locations with insufficient waste management methods. On the other
hand, accidental littering might be caused by trash that is blown from dumpsters or from facilities that are
used for recycling or landfilling. It is a violation of the Clean Neighbourhoods and Environment Act of 2005,
which came into effect on June 7th, 2005, to litter on any land in the United Kingdom, regardless of whether
it is public or private land or land that is covered by water. Section 18 of this act makes it illegal to litter on
land.
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Sources Derived From Industry

Air-blasting technologies, which use microscopic beads, are examples of industrial sources of PBM waste.
These technologies are used to clean engine parts and strip paint from metallic surfaces. When these
technologies are discarded, the PBMs enter the environment through untreated wastewater or are transferred
through sewage treatment processes. As a result of the widespread use of PBMs in agricultural crop
production, LDPE films have developed into a significant source of agricultural pollution. It is believed that
their application is one of the most prominent causes of PBM contamination of soils. This is due to the fact
that after their application, the PBMs become brittle and quickly dissolve, which makes their recovery
difficult. Agriculture films can also contain light-sensitive additives like ferric and nickel dibutyldithio-
carbamates, the ratio of which can be adjusted so that the film is usable during a specific growing season,
after which the product begins to photo-degrade. This allows the film to be used for a longer period of time
than it would otherwise be able to be used. This eventually leads to the material falling apart, and when
combined with a series of subsequent precipitation occurrences, the particles that have fallen apart may be
washed into the soil, where they can collect.

Conduct a literature review.

The disparity between the amount of inputs used and the amount of outputs obtained in the manufacture of
personal computers has given rise to a problem with emissions. [Lin X et al., 1998] found that efficiency
could be improved by reducing the amount of emissions that were produced in relation to the amount of input
that was used. Khan and Sadig made the observation that the optimization of industrial processes, which is
finding the optimum answer out of all the available alternatives, results in an increase in the total
environmental load and consequences [Khan et al., 2006]. Therefore, techniques that are both methodical
and dependable are required in order to evaluate the environmental performance of production. [Cave et al.,
1997] presents the findings of a study that Cave and Edwards conducted on the influence of industrial
processes and the improvement of design processes. They have observed that there are not enough ways for
determining whether or not a chemical procedure is safe for the environment.

Niels et al. (2007) conducted research to explore and evaluate the environmental implications of various
industrial processes. [Xu H. and Zhan, 2007] Xu et al. has employed a life cycle assessment (LCA) viewpoint
in order to study and minimise greenhouse gas (GHG) emissions in the chemical sector. The LCA technique
was used by Tonopool et al. to investigate ways in which industry may enhance its environmental
performance.

ECHA The year 2012 is significant because it is the year in which the ingestion of bulk PBMs as well as
fragmented particles by non-selective and filter-feeding consumers might lead to their transit up the food
chain, possibly impacting secondary and tertiary consumers. Due to the large molecular weight of PBMs, the
REACH laws deem them to be of only moderate risk to the environment. This is despite the fact that these
reservations have been raised about them.

Khan et al. (2004) developed a revolutionary life cycle indexing method that was able to conduct a
comprehensive life cycle evaluation of a proposed process while also taking into consideration a number of
essential criteria. Niels and coworkers (2007) did research in which they compared the impact of various
different industrial processes on the environment. In order to investigate and lessen emissions of greenhouse
gases (GHG), Xu et al. made use of a life cycle assessment (LCA) point of view inside the chemical industry.
The LCA methodology was used by Tonopool et al. in order to enhance the environmental performance of
industrial processes.
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Object:
1. This research evaluates Polycarbonates' environmental performance (PC).

2. Apply an environmental performance assessment to PC manufacturing processes and specify the
characteristics that influence or stimulate each stage's production.

3. Lack of information reduces the quality and trustworthiness of environmental index values, therefore
mistakes are likely.

METHODOLOGY

Methods for evaluating the elimination of small molecules, methods for evaluating chemical changes in the
polymer structure (hydrophobicity, functional groups), and methods for recording physical changes in
material properties have been the primary focuses of investigation in the field of plastic degradation research
(tensile strength, surface morphology, crystallinity, etc.).

Chromatography using Gel Permeation (GPC) (GPC).

This approach, which makes use of size exclusion, reveals changes in molecular weight, which is an essential
metric in polymer breakdown. The molecular weight of partly degraded polymers is reduced by both biotic
and abiotic modes of degradation, which results in an increase in the concentration of chain ends and has the
potential to lead to the mineralization of the shorter polymer chains.

GPC requires the polymer to be dissolved in a carrier solvent at high temperatures, which is impossible with
polyolefins due to their chemical structure. In the event that the polymer dissolves or the conditions of the
high-temperature measurement encourage additional deterioration, take care to prevent this from happening.

Evaluation of the Environmental Impacts and Performance

The team of researchers used theoretical analysis in order to assess and analyse the impact that different
techniques of producing polycarbonate had on the surrounding environment. The methodology known as life
cycle based environmental performance assessment for supercritical fluid application on polycarbonate
production will be used in order to provide a description of the environmental effect that a method or process
has.

+ Life cycle analysis
» Assessment of the Environmental Performance
« Indicators for the Environmental Categorization

An environmental assessment consists of defining the process, locating any potential risks or substances, and
developing hypothetical situations in order to evaluate the effect or severity of potential outcomes in addition
to the chance that they would transpire.
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Figure .1 Conceptual model illustrating degradation pathways for polymer material

The collection of environmental data that takes place throughout the manufacture of polycarbonate makes
use of a quantitative evaluation of environmental performance. Researchers assess the overall environmental
performance of a project using the technique provided in this article in order to decide what actions should
be conducted next in order to reach a decision. The strategy that is used the most often is deterministic and
scenario-based. In this method, certain scenarios are chosen based on the environmental risk assessment
conducted for the process industry. It takes into consideration a variety of parameters, such as the kind of
population, the kind of agent, and the geographical location. In the simulations that were made, one may
discover information about the source of the emission, the shape of the emission, and other parameters. The
decision about the so-called design process operation production of polycarbonate, which will be elaborated
on in the following paragraphs, is an essential component under conditions of potential exposure. With the
help of these hypothetical situations, we can examine how different strategies for addressing future issues
are affected by a variety of changes. The data pertaining to the environment are categorised, characterised,
and quantified.

Result

The transformation of EDC into VCM takes place over the course of three stages: the chlorination, oxy-
chlorination, and vinylation phases. Through a series of reactions (1), (2), and (3), the material balance at
each step resulted in the production of a variety of unwanted by-products and/or materials (3).

Table 1 materialsthrough severalreactions(1),(2),and(3).

opt |[c2|c |ED| Cl2 | %Con (%
ion |Hg [I2|C | emis ver | Yie
sion sion | Id

1 60 |3 |40 | 05 22. | 66.
0 57 02 |67

2 70 [3 [50 | 0.6 23. | 7L
0 96 61 | 42

3 80 |3 |65 | 0.9 26. | 8l
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0 75 66 78
5 9 |3 |80 1.1 27. 84.
0 1 82 2
6 97 13 |90 1.2 30. 92.
0 5 62 78
7 99 |3 |96 1.3 32. 96.
0 3 01 96

According to the data, chlorine releases increased along with the increase in the quantity of ethylene (C2H4),
even though the concentration of CI2 remained the same. As a result, increasing the ratio of the reactants
(C2H4 to CI2) may not necessarily be the most optimal choice in terms of producing a high yield. As a direct
result of this, more chlorine will be released. According to the processes involving chlorine and ethylene, the
data represented the manufacturing route possibilities that were theoretically the best. In spite of the fact that
the production has climbed with the ethylene content, the amount of chlorine emission has also grown.
Nevertheless, option one is the best choice among the available alternatives since it produces the least amount
of CI2 emissions. When it comes to the environment, having lesser emissions is beneficial for both human
health and the ecosystem.

Evaluation of the Differences in Performance Between Processes

Table 4 presents a comparison of the three different approaches that may be used to produce polycarbonate
(Chemicals Release due to polycarbonate production by PVC, PE, and SCF).

When compared with PVC, the impact of the manufacturing emissions reduction owing to polyethylene (PE)
has improved but changed method. SCF has contributed to a greater decrease in emissions by having zero
potential for ozone depletion and no traces of this potential. SCF is a promising technology for the future
since it is inexpensive and, more significantly, does not do any harm to the environment.

» Scenario is the rural area for around 100 people / Km2

« Scenario is the urbanised area for around 500 people / Km2

» Scenario is the Built up area for around 1000-5000 people / Km2

« Scenario is the City-Centre area for around more than 10000 people / Km2
» The scenarios are based on the density of the population.

The following model illustrates how the procedure will affect the various areas or regions dependent on the
population density in those areas or regions.
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Figure 2: The effect of scenarios.
Environmental Impacts of Supercritical Fluid SCF

If the environmental factor, also known as the ECF, is 1, then there is a route of exposure to species that is
occurring. If the environmental factor, also known as the ECF, is 0, then there is no exposure that is occurring,
and as a result, there will be no environmental impact from a particular indicator.

The outcomes, which are shown in table 1 for the distribution of parameters, have been altered as a
consequence of the application of supercritical fluid SCF. The indication that ranges from one to zero denotes
that

Table 2 for parameters distribution, have been modified by supercritical fluid SCF.

Raw Material kg EEC PVC CRF ECF PE EEC ECF SCF
Impact Impact Impact
Air 3.70E-02 | 2175 1 |3.70E+02 | 2175 |3.70E-02|3.70E-02 | 3.70E-02
C2H40 91.21 0.888 1 91.21 0 0 0 0
Aldehyde 2.00E+04 |3.98E-03| 1 |2.00E+04 0 0 0 0
Water 9.38E+02 | 8.60E02 1 | 9.38E+02 |2.35E-02|3.40E+03| 3.40E+03 0
Alcohol 8.70E+03 |9.29E-03| 1 |8.70E+03 [2.99E-02(2.70E+03|2.70E+03 | 2.00E+03
1,2- 1.60E+03 | 0.05 1 1.60E+03 [9.00E-03|8.99E+03|8.99E+03 | 8.99E+03
dichloroethane
(DCE)
CO 3.70E+03 |2.10E-02| 1 | 3.70E+03 0 0 0 0
Co2 1.25E+02 | 6.40E-01| 1 1.25E+02 0 0 0 0
ClI2 1.28E+02 |6.30E-01| 1 1.28E+02 0 0 0 1.28E+02
F 0 0 1 0 0 0 0 0
HCI 49.63 1.632 6.2 | 3.00E+02 0 0 0 49.63
N2 99.79 0.8117 1 99.79 0 0 0 0
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NOx 0 0 0.86 0 0 0 0 0
EG 1.62E+03 0.05 1 1.60E+03 1 81 81 0
EDC 15.94 5.08 1 15.94 |5.00E-02 |1.60E+03| 1.60E+03 0
Hydrocarbons 0 0 1 0 1.13E-03|7.20E+04| 7.20E+04 0
Vinyl Chloride 81 1 1 81 9.00E-03|9.00E+03|9.00E+03 0
C2H4 1.68E+04 | 4.70E-03 1 1.60E+04 0 0 0 16885
Acetylene 16200 |5.00E-03| 1 1.60E+04 0 0 0 0
Catalyst Cu+ 60 1.35 1 60 0 0 0 60
BUTD 1.60E+04 |5.00E-03| 1 | 1.60E+04 |9.00E-03(9.00E+03|9.00E+03 0
PVC 85.26 | 9.50E-01 1 85.26 0 0 0 85.0263
CCl4 1.60E+04 |5.00E-03| 1 | 1.60E+04 0 0 0 0
TCE 3.20E+04 | 2.50E-03 1 3.20E+04 0 0 0 0
TRI 3.20E+04 |2.50E-03| 1 |3.20E+04 0 0 0 0
CLAL 3.20E+04 | 2.50E-03 1 3.20E+04 0 0 0 0
TCM 0 0 1 0 3.00E-02|2.50E+03| 2.50E+03 0
Polyethylene 0 0 1 0 9.70E-01| 835 83.5 83.05
ETCL 3.20E+03 | 2.50E-03 1 3.20E+03 0 0 0 0
TEC 3.20E+03 | 2.50E-02 1 3.20E+03 0 0 0 0
Heavies 4.60E+04 | 0.0175 1 4.60E+04 0 0 0 0
Total Impact 240954 109491 28949

There is uncertainty between the various parameters, where 1 on the scale represents 100%, which is not
relevant measurement, and 0 means there is no influence at all. Because of the superior efficiency of the SCF,
the potential for ozone depletion has been cut down to zero, and this has been shown by the fact that the use
of the SCF has resulted in the absence of any precursors at all. However, evidence from global warming
demonstrates that the indicator has a scale of one, but that it has a smaller influence on the environment as a
result of the use of SCF, which suggests that the uncertainty associated with a scale of one does not
necessarily imply 100%. Even though acidification and eutrophication were both assessed on a scale of one,
their effects were found to be quite minor and moderate, respectively. In addition, figures 14 detailed the end
result of the manufacturing processes for polycarbonate in which the influence that SCF had on the
environmental parameters was minor. In addition, it has been demonstrated that the environmental impact
that was caused by Ozone Depletion Potential (OZP) has been reduced by a factor of one hundred percent;
consequently, the impact that was caused by precursors such as CFCs, halons, NOx, VOCs, and CH3Br has
been demonstrated to be zero. However, accumulating consequences for chemicals that were the outcome of
conventional methods were seen at higher and medium levels; however, when supercritical technology was
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employed, these impacts decreased to a lower potential level. Indicators that measure environmental
efficiency are currently being developed by institutions and organisations; however, an indicator that can be
commonly used has not yet been developed, which may be the source of errors. Despite this, it is necessary
to develop indicators of environmental efficiency that can be commonly used.

Conclusion

Although polyethylene, polypropylene, and polyvinyl chloride are the most prevalent forms of polymers,
there is a growing interest in biodegradable polymers such as natural rubber. Other popular types of polymers
include: (PVC). Chemicals that are biologically active are essential since it is vital for their efficacy that they
be resistant to photo- and biodegradation. During the course of their lifetime, PBMs may be discharged into
the surrounding environment in a number of different ways. General littering, illegal dumping, migration
from landfills, and emissions during garbage collection are among the most prevalent entrance sites. Other
typical entry points include: In this study, both traditional methods of processing polycarbonate and modified
alternatives were described in depth, and Environmental Performance Evaluation (PEP) was used to conduct
an analysis on both sets of methods. The goal of the study was to discover ways to make polycarbonate
production processes less harmful to the environment.
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