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       This review summarized the photo-oxidative degradation caused by ultraviolet radiation that led to the breaking of polymer chains, 

increases free radicals and decreases molecular weight. This can deteriorate the mechanical properties and affect the predicted life of 

materials. Although plastic has many benefits, there are many disadvantages including the toxicity of some materials that may leach and 

affect adversely the living organisms. The additives of the UV stabilizers have been categorized as absorbers or pigments which called UV 

screeners, hydroperoxide decomposers, excited state deactivators (quenchers), and radical scavengers. 
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INTRODUCTION 
 
      Light is a unique kind of energy that can be converted 
into chemical energy by plants through photosynthesis, as 

well as electricity by solar panels. Unfortunately, sunlight is 
not always beneficial. Some parts of the solar spectrum can 
be harmful, and sunlight can play a harmful role through a 
mechanism called photo-oxidation which can degrade 
plastics [1]. Photo-oxidation resembles the auto-oxidation 
caused by long-term heat aging where the degradation 

progress is slow in oxygen-rich environment, except that the 
driving force is UV light rather than heat.  
      In the photo-oxidation cycle, the reaction is excited by the 
absorption of UV light in the wavelength range (290 nm to 
400 nm) which comprises about 6% of normal sunlight [2].  
A polymer design must take into consideration the effect of 

oxygen in the environment of use and include some parts that 
have a good resistivity to oxygen attacks. 
 
The Origin, Production, and its Consecutive 
Development of Plastic 
      The  billiard  balls  have  sparked  the  plastic industry in 
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1868. It all started with the shortage of elephants’ ivory 

which billiard balls are usually made from. The search for an 

alternative to ivory made a US researcher, John Wesley 

Hyatt, to investigate the blending of natural polymers found 

in cotton known as pyroxin and nitric acid with camphor as a 

stabilizer to produce cellulose nitrate. He named the new 

material celluloid. Earlier research led by Alexander Parkes 

has found that camphor is an effective stabilizer for cellulose 

nitrate in his research to find an insulating material for the 

electrical industry. John was the first to file a patent to 

produce cellulose nitrate. After 41 years, Leo Hendrick 

Baekeland has made the first synthetic plastic made from 

phenol-formaldehyde which has found its way into many 

applications such as grinding wheels, electric iron, cookware 

handles, and electrical plugs. Afterwards in the 1920s, 

several polymers have been discovered and used for various 

applications. Cellulose acetate is used in toothbrushes, 

cutlery handles, and combs. Polyvinyl chloride utilized in 

cables insulation, pipes, and flooring. Urea-formaldehyde 

used in buttons and electrical accessories. Nylon was applied 

in stockings, surgical sutures, and toothbrushes [4]. The 

development of polymer chemistry was slow until 1920, after 

that, polymer synthesis and  introduction of  these  materials  
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was gain considerable development in the 1930 and 1940s 

especially after Staudinger’s theory that suggests polymers 

are macromolecules. The biggest achievement of polymers at 

the commercial level was between 1925 and 1950. Carothers 

work on nylon gives a better understanding of polymeric 

products [5]. 

      The development of polymerization techniques has 

affected the quantities and number of produced polymers. 

PVC was produced by both suspension and emulsion 

polymerization which had a great impact on the quantities of 

PVC production and uses in different products in the USA 

and Germany in the early 1930s [6].  The huge development 

in the processing and stabilizing of polymers had great 

influence on PVC production which increased drastically in 

the 1960s. As a result of low-cost and perfections of 

production in addition to the diversity of polyvinyl chloride, 

derivatives had increase its share market from 3 million tons 

in 1965 to over 20 million tons these days [7]. Polymers 

production will keep growing not only in the synthesis of new 

materials but also in the concepts of physiochemical 

modifications of already known polymers as well as the low-

cost production which demands the development of the 

production techniques. The new challenge resulted from the 

high production is the need for recycling and more effective 

processes to keep resources and enhance our environment. 

Thus, further development in the plastic industry and 

production to make use of what is considered as plastic waste 

to find its way into different applications [8].    

 

Plastics 
      The majority of these types of polymers contain chains of 

carbon atoms alone or with other atoms such as sulfur, 

nitrogen, or oxygen. The backbone is the main chain on the 

basic “path” connecting many repeated units together. The 

most used plastics are poly (vinyl chloride) (PVC), among 

other various polymers which represent around 75-80% of 

the European countries consume plastics [9]. Different 

properties of the elastomer’s polymers can be produced via 

changing the molecular functional groups' backbone of the 

monomer chains, for example, the structure of these “side 

chains” effects polymer characteristics [10]. 

 

Plastics Applications 
Plastics are essential in our daily life these days. It is used  

 

 

many industries from household to very complicated 

equipment. Their use in construction and outdoor application 

is increased extensively due to their properties such as their 

lightweight, low manufacturing cost, and mechanical 

properties. The ability to manipulate their characteristics 

makes them a good candidate for various applications. They 

are used in rainwater goods, furniture, plastic siding, 

windows, and decoration, which are mainly made by rigid 

poly (vinyl chloride) (rPVC). In America, rPVC is used in 

siding in buildings. The duration of life of rPVC is limited 

where it suffers a discoloration in an uneven manner in 

addition to loss of its impact strength upon exposure to UV 

radiation.  

      The low thermal conductivity (k) is one of the major 

characteristics of these polymers is their lower. For example, 

polycarbonate [PC], which is used in windows glazing, 

showed to have better properties than conventional glazing 

agents with k values ranging from (1.2-1.9 W m-2) (25 mm 

thickness) [11]. Moreover, the recent PC/aerogel composites 

technology showed the ability to lower this value to reach           

0.5 W m-2 (25 mm section) [12]. Again, solar irradiation 

showed its effect on these polymers in terms of discoloration 

and hence their lifetime, and therefore there is a need to 

reassess the utility of such materials e.g., PVC in building 

construction and looking for more sustainable options [13]. 

Environmentally, PVC is one of the worst options as 

construction materials even though it shows excellent 

performance [14]. This is due to the potential of air emission 

of toxic monomers and precursors or the endocrine 

disturbance that may cause low trophic living organisms 

because of using phthalates as plasticizers. Nevertheless, 

PVC is continued to be used in building constructions and 

there is no evidence to be replaced by less harmful materials 

at least in the foreseen future Alternatively, PVC can be 

replaced by polyolefins which are available with greater 

lifetime but higher cost. The lifetime of the alternatives is 

also depending on their susceptibility to solar UV radiation.  

      Generally, filling the wood fibers into the polymer 

templates helps in absorbing moisture, resulting in avoiding 

the growth of fungi and biodegradation of the woody part. It 

produces a high-quality product when using one type of 

plastic such as virgin PP [15].  
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Fig. 1. A scheme of Plastic usages and applications. 

 

 

Types of Plastic Degradation 
      The term refers to the decline in properties of polymer is 

called “degradation” [16]. From environmental perspective, 

concerns are almost related to liberated chemicals through 

breakdown and their potential hazards to living organisms. 

Plastic polymers degradation can be carried out under either 

biotic or abiotic conditions [17]. Biodegradation is an 

example of biotic processes in the environment, which are 

highly affected by the condition of the surrounding 

environment. Through biodegradation process, polymers can 

be fragmented into a smaller size molecules that has the 

ability to pass throughout cellular membranes and goes for 

further degradation by cellular enzymes. Enzymatic 

degradation occurs after the degradation of the polymer 

surface. Moreover, the decomposition of microplastics is 

expected to be faster than that of bulk polymers (meso- and 

microplastics) because of having a higher ratio of surface 

area to volume. The signs such as discoloration and crazing 

of plastic polymer surface are the first indicators of 

degradation. Furthermore, surface cracking may lead to 

further degradation due to the availability of newly exposed 

surface for external conditions and eventually disintegration 

and embrittlement. However, the factors driving the 

degradation of different kinds of polymers were set to vary 

[18]. For example, floating plastics found in the ocean were 

found to be moderately impacted by temperatures and to high 

extend by solar radiation and oxygen abundance via photo-

initiated oxidative degradation (Fig. 2). The most  important  

 
Fig. 2. Photo-initiated oxidative degradation in presence of  

            Additives. 
 

factors causing abiotic decomposition of plastic polymers at 

moderate temperatures are sunlight and oxygen, while some 

plastic polymers can be dissipated by hydrolysis. 
      Initiation, propagation, and termination are the main steps 

of plastic degradation pathway [20]. Initiation is when the 

polymer chain breaks by solar or thermal initiator and free 

radicals are formed in this step. For PE and PP, photo-

initiation is not likely to happen, as they do not include 

unsaturated chromophoric groups in their structure, which is 

responsible for light absorbance [19,20]. On the other hand, 

any impurities, or abnormalities in the polymer structure 

which potentially allow the free radicals formation after 

breaking the C-H bonds in the polymer chain due to the 

impact of UV light on the polymer chain’s structure [21,22]. 

Formed free radicals can react with oxygen and produce 

peroxy radicals through what is called the propagation step. 

In addition, autoxidation might take place due to more 

complex radical reactions might occur alongside 

hydroperoxides formation [23]. Propagation ultimately leads 

to crosslinking or chain scission [24]. Finally, inert products 

are produced from combining two radicals resulting for the 

termination of radical reaction.  

      On the other hand, throughout the oxidation, chain 

scission, or crosslinking the possibility of forming an 

oxygen-containing functional group is highly expected and 

hence photo-initiated degradation. For instance, unsaturated 

double bonds containing olefins, ketones, and aldehydes are 

highly predictable products of photo-initiated degradation 

reaction. Because of these processes, the plastic material gets  
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brittle, and the polymer chains are reduced [25] which makes 

these chains have a higher surface area and susceptible to 

many reactions. 

      Plastics degrade in the environment by four mechanisms 

[26]: Photo-degradation, Thermo-oxidative degradation, 

Hydrolytic degradation, and Biodegradation by 

microorganisms. 

      In general, the normal decomposition of plastics starts 

with photolysis, producing thermal-oxidative decay. UV 

sunlight activates the necessary energy to stimulate 

incorporating oxygen atoms into the polymer [27]. This 

makes the plastic more brittle until it breaks into very small 

fragments until the molecular weight of the polymer chains 

is low enough to be decomposed by micro-organisms. These 

organisms either degrade the carbon atoms in the polymer 

chains into carbon dioxide or integrate the decomposed 

material into their biomolecules [28]. However, it can hold 

plastic for more than five decades to completely decompose, 

because the entire process is very slow. [29]. This is because 

the lower temperature and availability of oxygen in the ocean 

reduce the effect of photodegradation in seawater [30]. 

      Photodegradation. Light causes photodegradation, 

including chemical and physical alterations of polymer 

structures, via irradiation. The photochemical reaction 

requires the presence of chromophores in the 

macromolecules where they are absorbed by the 

photochemical reaction as shown in Fig. 3 [31,32].  
      The UV wavelength range of sunlight radiation has the 

potential to be absorbed by different materials, leading to 

polymer photodegradation. Oxygen is the catalyst that causes 

the polymer to break during the photo-oxidation reaction. It 

was found that a fast degradation in emission when 

polyolefins are exposed to oxygen. Taking advantage of the 

time-resolved FTIR spectroscopy, an increment in the C = O 

group signal and a decrease in the C = C bond signal over 

time (Fig. 4). It has been proposed that a strong electron 

affinity level for charge transfer between the intermolecular 

portion of the polymer can be seen by the C=O group, thus 

separating the excitation and photoluminescence quenching 

[31-33]. 

      The oxidation process of polyolefins materials produces 

free radicals when these organic materials are influenced by 

some natural circumstances such as ultraviolet radiation, 

heat, or  mechanical  effects. The basic oxidation  chemistry 

 

 
Fig. 3. UV Irradiation of PVC film. 

 

 
Fig. 4. FTIR is a function of photo-oxidation of PPV. 

 

 

field has been studied for more than sixty years [34].  

The process is identified by initiation (Eq. (1)), propagation 

and chain branching (Eqs. (2), (3) and (4) and finally, 

termination reaction as shown in (Eq. (5)) [35]: 

 

 
    The alkoxy free radical derived from polypropylene 

hydroperoxide (in Eq. (1)) experiences rapid cleavage                 

to dissociate  the  chain  (Eq. (6)).  Polypropylene  oxidation  
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consists of cross-linking which is controlled by chain 

detachment. 

 

 
 

      Any change in the material due to external circumstances 

may damage its useful properties and potentially limit its 

lifetime. Polymer’s oxidation i.e., plastics are fixedly proved 

by physical properties loss and most failure of polymer 

artifacts. Polymer stability mainly deals with the inhibition of 

oxidative processes over the life of the polymeric material. 

Since the theories of polymer stabilizers are well understood, 

more rigid polymer stabilizers are chosen and designed [36]. 

The oxidation extent of the macromolecular chain depends 

on the nature and structure of the base polymer. Polyolefins 

reveal different levels of stability due to both physical and 

chemical effects. For example, morphological differences 

show a greater sensitivity of both PP and HDPE compared to 

the photo-degradation of LDPE as is. shown in Scheme 1. 

 

Environmental Degradation and Weathering 
Impact on Polymers 
      The effects of weathering on polymers involve physical, 

mechanical, and chemical changes at their surface. These 

changes are caused by solar energy, humidity, rain, damp, 

snow, heat, and air pollutants. (Nitrogen oxides, Sulphur, 

polycyclic hydrocarbons, dioxide, etc.) [38].  

      The effective absorption of UV lights from the 

chromophore is the main reason for weathering damage to 

plastic and wood. Furthermore, these materials are affected 

by the temperature and the high humidity and pollutants in 

the air, which speed up the decomposition caused by the 

absorbed light. Plastic damage can range from a change in 

color, surface smoothness to cracking, and loss of material 

strength [39]. With wood material, weathering makes the 

surface hydrophilic, which makes it easier to absorb water 

and degrade it [40]. 

      Exhaustion of the ozone layer builds a fraction of the          

UV-B radiation that reaches the Earth's surface. The UV-B 

can affect the lifetime of wood and plastic in places where 

ambient temperatures are high. Despite scientists' predictions 

about the  expected  decrease  in  UV  levels  in  the  coming  

 

 

 
Scheme 1. The antioxidant mechanisms and oxidative  

                       degradation processes [37] 

 

 

decades, there are still some warnings about the 

consequences of climate change on some materials [41]. The 

international plan is to maintain the temperature so that it 

doesn't exceed 2 °C [42]. The effect of weathering reactions 

at faster rates when exposed to higher temperatures increases 

the damage to both wood and plastic [43]. There are other 

factors that affect the photo-degradation rate of the reaction, 

such as the presence of trace metal and impurities in the 

composition of these materials [44]. 

      The possible reaction of sulphur oxide with oxypolymer 

(PO) molecules is produced during thermal decomposition 

and/or photo-degradation of the POOH functional groups 

forming sulfate groups [45]. 

 

       
 

      Polycyclic hydrocarbons may cause the production of 

free radicals or generate singlet oxygen O· via photo-

initiation or energy transfer mechanisms, respectively. 

Hydroperoxide groups are produced from the reaction of 

singlet oxygen O·, which is formed in complex 

photochemical reactions with unsaturated polymers [46]. 
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PVC 
      Poly (vinyl chloride) abbreviated as (PVC) is a 

manufactured hard polymer with a plastic structure which is 

made from monomer units of vinyl chloride through a 

manufacturing process [47]. PVC can be synthesised via the 

free radical polymerization of vinyl chloride monomers. It 

can also be produced from the reaction of acetylene (C2H2) 

and hydrochloric acid (HCl) [48]. It is the second-largest 

manufactured polymer in the world [49]. Brown [50] 

explained the importance of PVC in the development of 

molecular chemistry in terms of polymerization, 

stabilization, chemical recycling, and modification of the 

bulky elements of PVC waste [51].  Poly (vinyl chloride) 

products have been used more in construction, especially in 

outdoor applications, as well as the low cost and efficient 

performance make it suitable for many tasks. Design 

requirements and consumer acceptance of outdoor products 

rely on the material's ability to withstand photo-degradation 

over long exposure periods of sunlight. However, PVC resin 

requires complex treatments to be able to withstand the 

effects of weather. Consequently, weathering test methods 

should be implemented to prevent accelerated degradation of 

PVC materials [53]. Since dechlorination is an automatic 

catalytic process, it may proceed until only traces of chlorine 

remain in the macromolecule. The formation of carbon-

carbon double bonds is less stable towards photodegradation, 

which leads to smaller fragments and hence, the material 

causes it to be discolored. Several studies show the high 

resistance of PVC to biodegradation. Materials such as 

Halogens help to inhibit aerobic biodegradation according to 

the "basic rules" of biodegradation. Therefore, it is expected 

that abiotic degradation resulting in dichlorination of the 

polymer will precede biodegradation [54]. 

      Many factors, including physical, chemical, and 

mechanical properties, as well as low cost, utilise PVC for 

many purposes, from packaging to appliances, furniture, and 

clothing as shown in Fig. 5. 

      Linear polycarbonate has a low softening point compared 

to viscosity and high density [55]. The increase in the 

interaction between the chains is caused by the presence of a 

chlorine atom. PVC has a polar dipole and C-Cl is the active 

ingredient in its formula. PVC polymers have been 

formulated to achieve higher power factor values and better 

dielectric constant than  polyethylene  due to  the high  polar 

 

 
Fig. 4. Application areas of PVC [52]. 

 

 

 
Fig. 5. Consumption of PVC [57]. 

 

bond between carbon and chlorine [56]. 

      PVC has limited solubility (Fig. 6). Some of the most 

effective solvents appear to be capable of reacting with the 

polymer. Some studies have found that PVC is a weak proton 

donor while the active solvent is a proton acceptor  [55].  

Therefore, even at room-temperature, PVC can be dissolved 

in solvents that contain an oxygen atom, such as ethers. 
 
Methods of PVC Recycling 
      PVC is one of the largest used polymers in developed 

countries, with several significant research interests. This 

review discusses PVC recycling processes (Fig. 7) such as;  

Mechanical recycling, Energy-recovery techniques, and 

chemical recycling. 

      PVC damping and landfilling are not appropriate due to 

the chemical hazards related to the oxidative  decomposition 
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Fig. 6. Different methods for PVC recycling [58]. 

 

of this material in the soil [59]. Incineration and pyrolysis 

may likewise be disfavored due to producing a large amount 

of hydrogen chloride and other harmful substances [60]. It is 

preferable to use the mechanical recycling technique 

compared to the chemical recycling technique when the 

source of the PVC waste is known [61]. Therefore, we can 

say, that it is preferable to use the mechanical technique to 

recycle the waste of PVC if its chemical composition is 

known and clean, so this process has been used for many 

years after the consumption of PVC wastes [62]. The concept 

of recycling plastics into chemicals for reuse is based on the 

chemical recycling method [61].  

In particular, the recycling of plastics and PVC is demanded, 

especially in the following fields [59]: 

1. Developing techniques and tools for separating PVC from 

waste streams. 

2. Improve and/or develop existing methods for recycling 

PVC waste using new methods. 

3. Compatible between recycled and other polymers for 

reuse of raw PVC. 

4. Developing new energy recovery technology. 

5. Innovating projects for recycling PVC waste. 

6. Optimising PVC physical performance. 

7.   Studying the multiple recycling consequences of PVC. 

 

Polymers Photo-stabilization Mechanisms 
      Photo-stabilization involves the reduction of 

photochemical processes within polymers and plastics. The 

area of scientific and technological interest continues to 

advance  extensively.  Polymers  photo-degradation  reveals  

 

 

that adding a low portion of impurities can cause photo-

oxidation degradation [63]. Experiments have reported that 

oxidation is much reduced when the polymer is supplied with 

a photo-stabilizer. The stabilizer prevents oxidation but does 

not stop it completely. The stability of the polymer must take 

into account some of the basic factors such as solubilities, 

diffusions, and volatility for the additives. In general, the 

efficient additives are highly soluble in the polymer, while 

opinions about the worth of diffusion or mobility of additives 

are not consistently established [64]. For example, the 

mechanism of protection for absorbing ultraviolet rays as 

heat dissipation depends mainly on the dissipation of harmful 

ultraviolet radiation so that it does not lead to any 

photosensitization process. Furthermore, chemicals must be 

very light and stable, to prevent them from being consumed 

in an unstable reaction. Moreover, UV absorbent polymers 

require a certain depth of absorption to provide the required 

conservation [65]. Polymers can be classified from the point 

of view of photostability as follows: 

1. Highly photo-stable polymers that are commonly used 

without the addition of any photosensitive stabilizer, as 

in, poly(tetrafluoroethylene) and poly(methyl 

methacrylate), where their outdoor life spans several 

years. 

2. Some light-resistant polymers with a moderately long life 

can be used outdoors without any photo-stabilizer, for 

example, poly(ethylene terephthalate), polycarbonate, 

poly(vinyl fluoride), and poly(vinyl difluoride). 

3.   Weak photosensitive polymers with an outdoor life of less 

than a year need extensive photo-stabilization for outdoor 

use, for example, polyolefins, PVC, PS, and coating 

polymers where they proliferate without additive Any 

optical stabilizer [66]. 

4.  Classifying the stabilizers of UV such as screening devices 

(dyes), (dampers), hydrogen oxide analyzers, and radical 

scavengers [65]. 

 
Additives 
      Plastic has many mechanical, physical, and other 

beneficial properties such as ease of manufacture and low 

economic costs. However, plastic materials are rarely used 

alone, to suit the requirements of end-use. Additives can be 

used to improve the performance of a polymer. Additives                

can  significantly   improve   polymer  processing  and  their 
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properties [67]. 

      Although additives may be solid, rubbery, liquid, or 

gaseous, the following nine classes of materials, the most 

frequently used, will be discussed here: 

1. stabilizers, 

2. fillers, 

3. plasticizers and softeners, 

4. lubricants and flow promoters, 

5. colorants, 

6. flame retardants, 

7. blowing agents, 

8. crosslinking agents, and 

9. ultraviolet degradable additives. 

      Some of the additive types are used for almost all 

applications; others are used only for specific applications. 

 
Polymer/Plasticizer Interaction 
      Since the interaction of polymer and plasticizer is central 

to the formation of plasticised compositions, it is  pertinent at 

this point to consider the mechanism of this kind of 

interactions. Higher concentrations of secondary valence 

forces reduce the flexibility of the chain due to chlorine 

atoms' strong dipoles. At the same time, Van der Waals 

forces are a relatively insignificant source of cohesion 

because they are atomically massive. One of the simplest 

models of plastic is that the plasticizer molecules act as 

bonding agents with the polymer dipoles. The result is thus a 

reduction of dipole bonding  between polymer chains, less 

overall cohesion, and a consequent increase in the freedom 

of molecular movement [68]. There are, however, aspects of 

the behavior of plasticised PVC which suggest a more 

complex  model. Flexible products can result from the 

incorporation of quite low levels of plasticiser, which might 

be  expected to interact with only a minority of the polymer 

dipoles. On the other hand, even lower levels of plasticiser 

(up to 10-15% by weight for di(2-ethylhexyl) phthalate) 

actually increase stiffness and produce  ‘anti-plasticisation’. 

There is clear evidence that the addition of low levels of 

plasticiser leads to an increase in  the amount of crystallinity 

in the polymer, resulting in the effects observed [69]. The 

presence of a small degree  of crystallinity in plasticised PVC, 

and the possibility of the orientation of these crystallites, was 

reported 30 years ago [70], and confirmed by subsequent 

studies.  It  would  thus a ppear that there is  some  degree of   

 

 

microcrystalline structure in plasticised PVC, which has been 

envisaged as a polymeric mass with regions  that are solvated 

and made flexible by plasticiser, and rigid, non-solvated 

crystalline regions. The  crystallites result in a network 

structure which may be assumed to impart toughness and 

strength to  plasticised compositions and to be responsible for 

the broad range of properties available for poly(vinyl  

chloride) [71]. 

 

Stabilizers  
“Stabilizers” and “antioxidants” are generally terms utilised 

in the plastics industry (Fig. 8) to describe chemical agents 

that decrease the degrading activity of oxygen, light, heat, 

and high temperatures. The terms “anti-fatigue,” “anti-

fatigue agents,” and “anti-zone” are widely used by rubber 

technologists to refer to similar chemical agents, as well as to 

inhibitors, that resist the influences of stress and ozone [72]. 

      Classification of UV stabilizers is acceptable that groups 

these additives as follows: 

1. UV-screeners such as (absorbers), 

2. Excited-state inhibitors such as (quenchers), 

3. Hydroperoxide decomposers and 

4. Radical scavengers [73]. 

 

Ultraviolet absorbers (UVA). Before  the  coming  of  

prevent  amines,  light  stabilization  was  completed with  

systems  based  on UV absorbers in blending with other 

additives. It functions in the absorption of ultraviolet rays of 

light energy and its dissipation as thermal energy through 

chemical reactions [73], preventing the formation of free 

radicals   and  working  in  the  early  stages  of  degradation 

 

 

 
Fig. 7. Consumption of Stabilizer [57]. 
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through a reverse rearrangement mechanism consisting of a 

chain-link containing hydrogen molecular bonds of the 

bridge type and rearrangement of the molecule’s ground state 

from the absorbers [69]. 

      These materials have superior retardation in the molecule 

and must be very stable so as not to be consumed too quickly 

in secondary reactions other than stabilization [69]. They are 

utilized in a variety of applications, including plastic 

packaging, in order to provide content protection. Chemical 

classes of UV absorbents include benzotriazoles, 

benzophenones, and triazines. Each class absorbs ultraviolet 

rays differently. For example, benzophenone- and triazine-

types tend to absorb more strongly in the short wavelength 

UV-B region than the benzotriazole types. The most 

important    UV absorbers are:  

a) 2-(2-hydroxyphenyl)-benzotriazoles.  

b) 2-hydroxy-benzophenones. 

c) hydroxyphenyl-s-triazines.   

d) oxalanilides. 

      Each of these UV absorber groups can be characterized 

by a typical absorption and transmission spectrum. 

      Benzotriazoles  UV absorbers. These type of molecule 

have unique triazole structure their molar extinction 

coefficient are among the highest (5 × 106 cm-1 M-1) and 

extends from 280 nm to 370 nm which includes the most 

destructive wavelength involved in plastics degradation. 

Scheme 2 shows that benzotriazoles once excited by the 

absorption of UV light dissipate energy by either radtionless 

heat release hydrogen transfer or fluorescence [75]. 

 

Some Benzotriazoles  UV Absorbers 
      Triazene UV absorbers. Triazene-based UV absorbers 

become the Cadillac UV absorbers due to their photo-

permanence and acid resistance. Most of the newly patented 

UV absorbers belong to this family. When combined with 

certain HALS, 

 

 
 

      Benzophenone UV absorbers. (C6H5)2CO is an organic 

compound that absorbs ultraviolet (UV) light. Benzophenone 

 

 

 
Scheme 2. Different  resonance forms  of  benzotriazole and         

                their associated states the illustration on the right  

                is a scheme of the  main  radiationless  transition  

                during     energy     dissipation     (i.c. =  internal  

          conversion, v.r.= vibrational relaxation) [75] 

 

 

is utilized as a photo-initiator in UV-curing applications like 

imaging, clear coatings, inks, and in the printing industry. 

However, benzophenone-based UV absorbers still have a few 

advantages such as low-cost acid resistance, so they are the 

first UVA recommended for PVC due to their low toxicity. 

 
Morphological Study 
      Scanning electron microscopy (SEM). Morphology can 

be affected by several parameters such as temperature of the 

substrate [76], concentration of the solution [77], film 

thickness (deposition time) [78], structure of the film, and 

dopant concentration. Scanning electron microscopy (SEM) 

which is a useful instrument for investigating surface 

anisotropy, shape, particle size, intersectionality, and 

homogeneity has been utilized to produce less distortion, 

high-resolution and clear images [79]. 

      Field emission scanning electron microscopy (FESEM) is 

used to study the surface morphology of PVC films as shown 

in Fig. 9. Most studies show that non-irradiated polymers 

have a smooth surface and high degree of homogeneity [80]. 

The surface of the PVC film is smoother, flatter, less lumpy, 

and more uniform than it was after irradiation. The irradiation 

process causes cracks and roughness on the PVC surface 

[80].  
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Fig. 8. FESEM  images  of   (a):  PVC   film   before  

           irradiationand (b): PVC film after irradiation. 
 

      Figure 10 shows the FESEM images of the particles 

within the PVC films containing valsartan tin complex after 

irradiation, at two magnification powers. The PVC surface 

containing triphenyl tin valsartan complex.  

      Irradiation time is a key factor in determining whether 

holes are present. The dechlorination method in which 

hydrogen chloride gas is developed results in PVC weight 

loss and high functional group indices due to producing small 

fragments containing different functional groups [81]. 

Furthermore, the formation of smooth cross chains in a 

honeycomb structure could result from the photodegradation 

of PVC. Previous research has suggested that cross-linked 

materials are ideal for producing honeycomb-like structures 

in which condensed water is stabilized [81]. Figure 11 reveals 

electron microscopy images of polyphosphate film showing 

hexagonal pores. It has been shown that increasing irradiation 

time increases the number of pores on a PVC surface. 

      The films that contained additives displayed a high 

resistance to radiation, which reflects the high chemical 

stability of the mixtures. The SEM images of the PS/Schiff 

base mixtures showed that there are small ellipsoid-shaped 

spheres with diameters ranging from (3.4-4.3 μm). Figure 12 

shows SEM images of PS containing Schiff base blend after 

irradiation, the ball-like phenomenon has produced due to the 

multi-porous structure and the high light absorption of the 

additives [82].  

 

 

 
Fig. 9. FESEM images of PVC containing triphenyl tin   

 valsartan complex films after irradiation. 

 

 

 

 
Fig. 11. SEM images of PVC film consist of polyphosphate  

              after irradiation: a) 100 µm; b) 50 µm. 
 

 
Fig. 12. SEM images of PS containing Schiff base blend  

                 after irradiation. 

 

 

      Transmission electron micrograph (TEM). The 

morphology of the polymeric surface was examined by the 

TEM images. The surface of  the  irradiated  PVC films was  
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characterised further using the TEM. The TEM is a useful 

technique for microstructural analysis of thin films [83]. The 

TEM images provide information about the damages that 

take place within the film due to radiation (Fig. 12) shows 

that the irradiated films contain cavities, loops, and 

segregation due to photoirradiation. Figure 13 shows that the 

irradiated films contain cavities, loops, and segregation due 

to photoirradiation. 

 

 

 
Fig. 13. TEM images of PVC films with different of  

                    additives. 

 
 

CONCLUSIONS 
 

      Polymer stabilization is a critical determinant of product 

lifetime. The use of additives with effective activities towards 

the reaction of free radicals is a suitable solution to delay the 

oxidation caused by the provision of photodegradation 

factors such as light and oxygen. Therefore, to reduce 

accidents and frequent maintenance, polymeric elements 

need oxidation resistance. The effectiveness of the protector 

is measured by reducing the oxidation induction time and 

slowing down oxidative aging. 
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