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ABSTRACT 

Chemical industrial processes have become "business as usual" because of their energy-intensive production methods and 

unappealing branding. As a result of its high energy requirements, polycarbonate (PC) production has grown to be a major 

industrial operation. In addition, a considerable number of dangerous chemicals are used during the production process. In 

this research, we're looking at how PC manufacturing affects the environment. At this time, over 400 Mt year1 of plastic 

garbage is produced. Plastic pollution is on the rise, but we know very little about how long it will survive in the ecosystem. 

Environmental degradation rates and mechanisms for important thermoplastic polymer classes are summarised in this 

Perspective. Our meta-analysis shows that some of the most abundant and recalcitrant manufactured plastics are more 

persistent in the sea surface than previously anticipated and that further research is needed to determine the ultimate fate of 

these polymers as current knowledge does not support the deep sea as the final sink for all polymer types. 
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1. INTRODUCTION 

Any chemical structure composed of repeating units, such 

as those found in polymers, can be classified as either a 

one-dimensional or a multidimensional network. Links 

are formed by polymerizing repeating units comprised of 

carbon and hydrogen. In spite of the fact that polymers 

can be found in nature, where they make up structures 

like DNA, the term "polymer" is frequently used to 

describe man-made items, such as plastic bottles, films, 

cups, and fibres. 

Polymers made at a factory can be used to make a wide 

range of things. Polyethylene, polypropylene, 

polybutylene, and polystyrene are examples of common 

materials that contain only carbon and hydrogen atoms. 

Others, like polyvinyl chloride (PVC), have a chloride 

connected to the all-carbon backbone, while nylon has 

nitrogen atoms as a repeating unit backbone. As a result 

of polymers' molecular structure and integrity, they are 

often light and strong, heat and electricity resistant as 

well as chemically resistant, and often derived from 

petroleum. This makes them an especially desirable 

product for manufacturing a variety of goods. 

These same qualities, on the other hand, make polymers 

extraordinarily resistant to degradation in natural settings. 

Traditional polymer materials such as plastics, which 

have been around for a long time, are a product of that 

progression. In terms of raw material and energy use and 

waste release, their manufacturing process is incredibly 

efficient. Due to the manufacturing scale and process 

optimization, the products have a number of great 

features, including impermeability to water and microbes, 

high mechanical strength, and low density (which is 

important for moving items).  

If not recycled, several of these materials' best qualities, 

such as their chemical, physical, and biological inertness 

as well as their long life, have led to an accumulation of 

waste in the environment. Because of this and other 

factors, plastic pollution has become a major issue for 
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governments around the world. These waste products take 

up a lot of space in today's landfills and disposal facilities. 

Recently, vast volumes of plastic pieces found in the 

oceans have been noticed, with a significant portion 

originating from the streets and drains with the rain. 

These fragments subsequently enter rivers and lakes, and 

finally the oceans [1]. 

1.1 Environmental Degradation 

 

  

 

Figure 1 Conceptual model illustrating degradation pathways for polymer materials 

In the environment, PBMs degrade due to abiotic or 

biotic forces acting in concert or sequentially, resulting in 

the disintegration of the polymer matrix to create 

fragmented particles and leached additives of varying 

sizes (Fig. 1). Several studies have now examined the 

degradability of several PBMs under various exposure 

settings, with promising results. The deterioration of 

PBMs will be discussed in the next section, with an 

emphasis on research that are important to the 

environment. 

2. LITERATURE REVIEW 

A year ago today, in 2011, Globally, rising human 

population and accompanying economic expansion have 

increased demand for consumption items such as 

polymer-based materials (i.e., plastics and elastomers). In 

the course of their existence, PBMs can be discharged 

into the environment from a wide range of different 

places. Mechanical and chemical weathering occur after 

PBMs are in the environment. So the PBM structure 

changes and the PBM breaks down into smaller and 

smaller pieces, which makes it easier to detect. 

ECHA 2012 is a year that The consumption of both bulk 

PBMs and fragmented particles by non-selective and 

filter-feeding consumers could lead to their transit up the 

food chain, potentially affecting secondary and tertiary 

consumers. The high molecular weight of PBMs means 

that, despite these worries, they are considered to be of 

minimal environmental concern under the REACH 

regulations. 

PC manufacturing's emissions have become a concern 

because of the disparity between inputs used and 

products produced. Emissions output is directly 

proportional to input, so the lower the emissions are, the 

better the efficiency. To select the optimum answer 
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among all viable choices, Khan and Sadiq found that 

optimising industrial processes increased environmental 

burden and impacts [Khan et al., 2006]. Environmental 

productivity can only be assessed with methodical and 

dependable tools. 

The impact of industrial processes on product design and 

process improvement was investigated by Cave and 

Edwards [Cave et al., 1997]. Methods for evaluating 

chemical processes for environmental friendliness are 

inadequate, according to the team. 

Khan et al. (2004) introduced a novel life cycle indexing 

system that took a number of fundamental criteria into 

account while doing a full life cycle assessment of a 

proposed process. In their study, Niels et al. (2007) 

compared the environmental effects of several industrial 

processes. In the chemical sector, Xu et al. used a life 

cycle assessment (LCA) viewpoint to examine and 

reduce greenhouse gas (GHG) emissions. In order to 

improve industrial environmental performance, Tonopool 

et al. adopted the LCA method. 

It is possible to reduce environmental loads by using life 

cycle assessments (LCAs). However, despite the fact that 

the performance of many industrial processes has been 

assessed using LCA software, there is still a certain 

amount of uncertainty connected with the assumptions 

made. 

3. METHODS FOR ASSESSING PLASTICS 

DEGRADATION 

Research on plastic degradation has focused on three 

types of approaches: 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 (tensile 

strength, surface morphology, crystallinity, etc.). 

3.1 Assessing Bond Cleavage.  

3.1.1 Mass Loss.  

Measuring variations in polymer mass is the quickest and 

most accurate approach to determine how much 

degradation has occurred. Degradation in soil, compost, 

and microbially enhanced lab conditions have all been 

assessed using mass loss quantification. Degradation 

occurs at the plastic's surface, hence the mass loss rate is 

inversely proportional to the plastic's surface area. There 

is a reduction in the mass of nonvolatile or insoluble 

polymeric material when it is partially converted to tiny 

molecules (including but not limited to CO2 and H2O). 

The overall mass loss, on the other hand, confuses the 

liberation of tiny molecules with the flaking of bigger, 

insoluble fragments, including microplastics (0.5- 5 mm) 

and mesoplastics (5 200 mm). We still don't fully 

understand how plastics break down and produce 

microplastics. The shape of the plastic piece determines 

its ocean fragmentation behaviour, according to new 

research, and smaller pieces with low aspect ratios 

fragment more quickly because their isotropic motion 

prevents the formation of biofilm in these areas. 

In the early stages of deterioration, there may be little or 

no mass loss. Instead, oxygen uptake and/or the adhesion 

of bacteria may cause the bulk to grow at short exposure 

times. Degradation-induced surface fissures and pits can 

collect clinging biomass and other debris. As a result, in 

order to acquire relevant findings, experiments must be 

run for extended periods of time. There are a number of 

analytical approaches that may be used in conjunction 

with mass loss measurements to help interpret and 

extrapolate the results. 

3.1.2 CO2 Evolution.  

CO2 is the end product of aerobic polymer 

decomposition and is the ultimate destination of carbon 

(although polyesters can produce some CO2 under 

anaerobic conditions). 85,86 The occurrence of this 

substance is usually considered as a sign of biological 

decay. Solvent-soluble carbon compounds are digested 

under anaerobic settings by methanogens or sulphate 

reducers, resulting in CH4 or CO2. In a controlled 

setting, the rate of polymer degradation can be estimated 

by measuring the CO2 released during abiotic or biotic 

mineralization. Analytical techniques like gas 

chromatography with thermal conductivity detection 

(GCTCD) and infrared spectroscopy can be used to 

measure CO2 concentrations. Equation 1 describes the 

CO2 yield as follows:
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3.1.2 Gel Permeation Chromatography 

(GPC).  

Through the use of size exclusion, this technique 

exposes changes in molecular weight, an 

important metric in polymer degradation. Both 

biotic and abiotic degradation mechanisms 

reduce the molecular weight of partially 

degraded polymers, increasing the concentration 

of chain ends and potentially leading to 

mineralization of the smaller polymer chains. 

GPC necessitates dissolving the polymer in a 

carrier solvent at high temperatures, which is not 

possible with polyolefins. If the polymer 

dissolves or the high-temperature measurement 

circumstances induce further degradation, take 

precautions to avoid that. 

3.2 Environmental Performance Assessment 

To compare and evaluate the environmental 

performance of various polycarbonate 

production methods, the research team used 

theoretical analysis. A method or process's 

environmental impact will be described using 

the Life cycle based environmental performance 

evaluation for supercritical fluid application on 

polycarbonate manufacture approach. 

● Life cycle analysis  

● Environmental Performance Assessment  

● Environment category Indicators 

An environmental assessment includes 

describing the process, identifying hazards or 

chemicals, and creating scenarios to assess the 

impact or severity, as well as the likelihood that 

they would occur. 

A quantitative assessment of environmental 

performance is used to gather environmental 

data during the polycarbonate production 

process. Using the method described in this 

paper, researchers examine the overall 

environmental performance of a project to 

determine what steps should be performed next 

to reach a determination. A deterministic and 

scenario-based approach is the most prevalent 

method, in which specific scenarios are selected 

from the process industry's environmental risk 

assessment. It takes into account factors 

including the type of agent, population type, and 

geographic region. Information about emission 

source, shape, and other factors can be found in 

the generated simulations. The choice of the so-

called design process operation manufacture of 

polycarbonate, which will be detailed below, is a 

crucial item in exposure situations. These 

scenarios let us see how changes affect alternate 

approaches to tackling future problems. 

Environmental data are classified, characterised, 

and quantified according to the procedure shown 

in Figure 2. 
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Figure 2: Framework for environmental performance evaluation. 

Figure 2 shows the first step of the evaluation, 

which is a theoretical procedure based on 

environmental performance. Sorting and 

organising data into appropriate categories after 

it has been appropriately selected and arranged. 

Quantifying risk based on material balance to 

detect or assess the risk associated with each 

precursor or chemical detailed in subsequent 

parts by characterising it using a model built on 

the selected inventory data. Finally, to assess the 

efficiency of each processing method, a 

comprehensive environmental effect is derived 

using life cycle analysis (LCA). Process 

modifications based on outcomes and technique 

influence are also taken into consideration when 

making changes and improvements. 

4. RESULTS AND DISCUSSION 

 

 

Figure 3: The environmental parameters assessment of Polycarbonate Productions. 

Besides, figures 3 depicted the destiny of the 

creation cycles of polycarbonate where the 

effect of the natural boundaries came about 

because of SCF were negligible. Likewise, it is 

shown that the decrease of the ecological effect 

because of Ozone Depletion Potential (OZP) has 

been diminished by 100% in this manner the 

effect of forerunner, for example, CFC, Halons, 

NOx, VOC, and CH3Br been shown 0 effects. 
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Figure 4. (a) Global warming potential, (b) abiotic depletion. 

The findings revealed that the environmental 

implications of the three different vehicles 

varied depending on the stage of development 

taken into account. Even though the scenario 

given projected a 25% reduction in climate 

change impact, FCV performed worse in the 

production process. This was due to the 

hydrogen tank and the fuel cell stack. As an 

alternative, the use stage of FCV outperformed 

ICEV when it came to GWP, with the largest 

GWP being attributed to fossil carbon emissions 

connected with diesel consumption (Figure 4). 

 

 

Figure 5: Conversion rate of Reaction. 

Figures 5 depict the fate of the reactants during the 

response change. It shows the expanding pace of 

ethylene transformation into the creation development of 

wanted item. Notwithstanding, figure 5 shows changes in 
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transformation rate dependent on the chlorine deliveries 

to frame the ideal item. 

CONCLUSION 

Biodegradable polymers, such as natural rubber, are 

gaining in importance, although the most common types 

of polymer are polyethylene, polypropylene, and 

polyvinyl chloride (PVC). Chemicals that are 

biologically active are crucial because they are resistant 

to photo- and biodegradation, which is necessary for their 

effectiveness. PBMs can be released into the 

environment in a variety of ways over the course of their 

lifespan. Among the most common entry points are 

general littering, illegal dumping, migration from 

landfills, and emissions during trash collection. In this 

paper, classic polycarbonate processing methods and 

modified alternatives were detailed and analysed using 

Environmental Performance Evaluation (PEP) in order to 

find ways to make polycarbonate production processes 

more environmentally friendly.  
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