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Abstract 

Polypropylene (PP) is one of the most widely used polymers in the world, mainly due to its versatility, good 
properties, and low cost. However, since it is not easily degraded in the natural environment, several research 
projects have been developed to increase its biodegradability. The use of pro-degrading additives has been 
explored, as they promote the process of polymer degradation. Nevertheless, few studies have evaluated the 
degradation of these materials in natural aqueous environments such as rivers and lakes, which contain large 
amounts of PP waste. The goal of this study was to evaluate the degradation of polypropylene, as well as the 
biodegradation of PP through the incorporation of two additives of different natures, organic and enzymatic. 
For this purpose, PP blends were produced with 4% additive, which has the purpose of conferring 
biodegradability to the material, since polypropylene has high resistance to degradation. In order to verify the 
behavior of the materials against degradation tests with 2 different media (saline and fresh water) for a period 
of 6 months, the samples were characterized by Fourier Transformed Infrared Spectroscopy and Field emission 
scanning electron microscopy. The characterizations were carried out in order to verify the changes in the 
structural characteristics and in the morphology of the materials caused by the incorporation of the additive 
and by the exposure to the degradation media. From the results obtained, it was observed that the additives 
influenced the degradation of PP. In addition, the enzyme additive and the saline media caused more 
significant changes in the properties analyzed, indicating greater influence on the degradation process. It was 
concluded that the incorporation of commercial additives gives biodegradable properties to PP. Therefore, this 
study has an important role in the research and development of biodegradable materials in order to minimize 
the effects caused by plastic waste in the environment. Thus, the studied materials are an alternative in the 
field of plastic packaging, reducing the effects caused by plastic waste in the environment. 
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Resumo 

O polipropileno (PP) é um dos polímeros mais amplamente utilizados no mundo, principalmente devido à sua 
versatilidade, boas propriedades e baixo custo. No entanto, como não se degrada facilmente no ambiente 
natural, vários projetos de pesquisa foram desenvolvidos para aumentar sua biodegradabilidade. O uso de 
aditivos pró-degradantes tem sido explorado, pois promovem o processo de degradação de polímeros. No 
entanto, poucos estudos avaliaram a degradação desses materiais em ambientes aquosos naturais, como rios 
e lagos, que contêm grandes quantidades de resíduos de PP. O objetivo deste trabalho é avaliar a degradação 
do polipropileno, bem como a biodegradação do PP através da incorporação de dois aditivos de naturezas 
distintas, orgânica e enzimática. Para este fim, foram produzidas blendas de PP com 4% de aditivo, os quais 
tem a finalidade de conferir biodegradabilidade ao material, visto que o polipropileno apresenta alta 
resistência à degradação. No intuito de verificar o comportamento dos materiais frente a ensaios de 
degradação com 2 diferentes meios (água salina e água doce), por um período de 6 meses, as amostras foram 
caracterizadas por Espectroscopia de Infravermelho com Transformada de Fourier e por Microscopia Eletrônica 
de Varredura com Emissão de Campo. As caracterizações foram realizadas com o intuito de verificar as 
alterações nas características estruturais e na morfologia dos materiais provocadas pela incorporação do 
aditivo e pela exposição aos meios de degradação. A partir dos resultados obtidos foi observado que os 
aditivos influenciaram na degradação do PP. Além disso, o aditivo enzimático e o meio salino provocaram 
alterações mais expressivas nas propriedades analisadas, indicando maior influência sobre o processo de 
degradação. Concluiu-se que a incorporação dos aditivos comerciais atribui ao PP propriedades 
biodegradantes. Desta forma, este trabalho possui um importante papel na pesquisa e desenvolvimento de 
matérias biodegradáveis com o objetivo de minimizar os efeitos causados pelos resíduos plásticos no meio 
ambiente. Assim, os materiais estudados são uma alternativa no campo das embalagens plásticas, reduzindo 
os efeitos causados pelos resíduos plásticos no meio ambiente. 

Palavras-chave: Polipropileno; Aditivos; Meios de degradação. 
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1 Introduction 

The materials usually known as plastics experienced, throughout the second half of 

the 20th century, a spectacular evolution both in the properties and characteristics that they 

present and in the countless applications that they have in daily life. As a consequence, 

increasing quantities of these materials are being produced and put into circulation, a trend 

that should prevail in the coming years. Perhaps more than any other material, plastic is 

associated with the idea of technological advancement and ‘’ modernity ’’ (Piatti and 

Rodrigues, 2005; Zanin, 2015). 

There are different types of plastics depending on the length of the chain, the 

structure of the polymer, among other aspects. According to the Brazilian Association of 

the Plastics Industry (ABIPLAST), the most consumed polymers today are: Polyethylene 

Terephthalate (PET); High density polyethylene (HDPE); Polyvinyl Chloride (PVC); Low 

density polyethylene (LDPE); Polypropylene (PP); Polystyrene (PS); Acrylonitrile Butadiene 

Styrene (ABS); Acrylonitrile Styrene (SAN), and Satin Vinyl Foam (SVF). In addition to those 

mentioned, Polyamides (PA), Polycarbonates (PC), Polyurethanes (PU), and 

Polytetrafluoroethylene (PTFE) are produced on a smaller scale due to their high cost and 

specific applications (Abiplast, 2016). In addition, thermoplastic resins are the most used in 

manufacturing industries due to their good processability and versatility (Abiplast, 2015). 

Plastics provide benefits to society such as: ease of transport and production, energy 

savings, and production of a variety of materials. This is mainly due to its versatility and 

diversity, but also to other properties such as: low density, durability, and low cost (Miyazaki 

et al., 2012). Moreover, due to the advantages presented, plastic has been substituting other 

materials such as metals, glass, paper, among others. As a result, world production of 

plastics has increased strongly, from 1.7 million tons in 1950 to 348 million tons in 2017 

(Plastic Europe, 2018). In Brazil, the consumption of thermoplastic resins per individual in 

2017 was estimated at 29 kg per inhabitant against 28 kg in 2016 (Abre, 2018). 

Although they represent a much more noble use of oil than simply burning it as fuel, 

the use of plastic materials does not only bring benefits (Zanin, 2015). These materials have 

accumulated in the environment as a result of their structural stability that gives them a 
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high resistance to degradation (Ojeda, 2008). At the same time, another factor that 

contributes to the accumulation of plastic waste is its incorrect disposal, causing other 

problems such as visual pollution, impediment of rainfall runoff on urban roads, pollution 

of rivers and seas, choking of animals, among others.  

It should also be noted that many of these materials could still be reused or recycled 

before disposal, but these are alternatives with practical limitations. As a result, there are 

alternatives for the treatment of this waste, such as disposal in landfills and incineration. 

However, the disposal of this waste in landfills is not indicated because they occupy a large 

space, as well as incineration is not the most suitable alternative due to pollutant emissions 

(such as dioxins, furans, particulate matter, polycyclic aromatic hydrocarbons, among 

others) during burning, the disposal of ash from the burning, and the lack of technology 

available in the country. Thus, an alternative to alleviate the problems caused by plastic 

waste in the environment is the research and search for something that favors the 

degradation or biodegradation of these polymers (Achilias et al., 2007; Lazarevic et al., 2010; 

Faria and Martins-Franchetti, 2010). 

Commercial biodegradable polymers like Polylactic acid (PLA), Polyhydroxybutyrate 

(PHB), Polycaprolactone (PCL), among others, can be an alternative to minimize the effects 

of discarding these materials even though they have properties that restrict their use, in 

addition to being more expensive than conventional plastics (Ojeda, 2008). Another 

alternative that has been explored is degradable polyolefin, which can be obtained with the 

addition of special additives called pro-oxidants. 

These additives catalyze the breakdown of bonds through heat or light 

accelerating abiotic oxidation and increasing the degradability of polymers (Rosa et 

al., 2000; Liu et al., 2014). Most additives are composed of transition metals, which 

can cause damage to the environment due to their toxicological potential 

(Fontanella et al., 2013). According to Thomas et al. (2012), the biodegradation of 

oxidizable plastics occurs after their fragmentation, but the fact that these plastic 

fragments remain in the environment causes a great concern with their ingestion by 

insects, birds, fish, and other animals. 
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Therefore, considering the importance of research that evaluates the 

influence of additives on the degradation of polyolefins in order to minimize the 

effects caused by plastic waste, and at the same time aiming to preserve the plastic 

properties, this research targets to evaluate the biodegradation of PP through the 

incorporation of two distinct additives of different nature (organic and enzymatic). 

These evaluations were carried out in order to compare the results obtained for the 

degradation of a common plastic versus a plastic added in two degradation media: 

fresh water and saline water. 

2 Materials and methods 

Figure 1 presents the methodology schema used for this study. The steps described 

will be discussed in the following sections. 

 

Figure 1 - Methodology schema used in this study. 

 

 

2.1 Materials 

The materials used for making the blends are described in Table 1. 
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Chart 1 - Materials used 

Material Characteristics  
Polypropylene Type: Isotactic. Density: 0.9 g / cm³ 

Enzyme 
Additive 

Formed by 95% LLDPE and 5% enzymatic 
compound. 

Organic 
Additive 

Formed by 50% PP and 50% organic 
compounds. 

The degradation experiments were carried out in two different media (fresh water 

and sea water) whose parameters were described in Table 1. 

Table 1 - Characterization of the media used in the degradation test 

Parameter Fresh water Saline water Standard 
pH 7.39 7.87 ASTM D4972-01 

COD (mg/L) 109 115 NBR 10357 
BOD (mg/L) 20 20 NBR 12614 

Total coliforms 
(NMP/100mL) 

2.4 x 103 4.1 x 101 APHA 20th Ed 

Fecal coliforms 
(NMP/100mL) 

2.0 x 102 ND APHA 20th Ed 

Turbidity (NTU) 55.3 1.40 ABNT MB 3227 

2.2 Sample preparation 

The PP blends were prepared with 4% by weight of additive, one blend of each 

percentage for each additive (organic and enzymatic). The mixing was carried out in a 

HAAKE Rheomix mixer by the company Thermo Fisher Scientific located in the Industrial 

Chemistry Laboratory of the School of Sciences of the Pontifical Catholic University of Rio 

Grande do Sul State (PUCRS), with the following operational conditions: process 

temperature of 170 ° C, rotation of 60 rpm, and time of 7 minutes (Adapted from Mohamad 

et al., 2013). 

The pure PP films as well as the blends films of different additives were prepared in 

a Marconi hydraulic press, with a capacity of 15 tons, located at the PUCRS School of 

Sciences. Films with thickness between 0.3 and 0.6 mm were obtained by pressing between 

aluminum plates with Teflon at a temperature of 160 ° C and a load of 3 tons for 2 minutes. 

The nomenclature adopted for the samples is: PP (pure polypropylene), PP-4Enz 
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(polypropylene blend with 4% enzymatic additive), and PP-4Org (polypropylene blend with 

4% organic additive). 

2.3 Degradation tests 

The degradation tests were conducted in order to simulate the conditions in which 

plastic waste is disposed of in the environment in the most real way possible. To achieve 

such a goal, two of the main media of disposal of this waste were chosen: fresh water and 

saline water. All experiments were executed at the Geochemical Analysis Laboratory (LAG) 

of the Petroleum and Natural Resources Institute (IPR) of PUCRS. All tests were carried out 

in the same place, on a microprocessed shaking table model Q225M by Quimis under the 

following conditions: agitation of 50 rpm, temperature from 10 to 31 ºC, and humidity from 

29 to 60% subject to daily changes. The exposure time of the samples was 6 months. Figure 

2 shows the scheme of the conducted experiments. 

The methodology used for the degradation test with natural waters (fresh and saline) 

was adapted from studies available in the literature (Chiellini et al., 2007; Veethahavya et al., 

2016). Furthermore, the dimensions of the specimens were 15 mm x 15 mm, and the amount 

of water for each sample was 15 ml. The fresh water used for the degradation test was 

collected at Guaíba Lake in the city of Guaíba, whereas the saline water used was collected 

at Pinhal Beach on the coast of Rio Grande do Sul State. 

Figure 2 - Degradation test assembly in fresh and saline water 
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2.4 Characterizations 

The samples were characterized before and after the degradation tests in order to 

evaluate their behavior. Moreover, to assess the degree of degradation after the 

experiments, appropriate techniques were used to determine changes in the chemical and 

morphological properties of the materials. All analyzes were performed in triplicates. It is 

also noteworthy that before the analysis, the samples were previously dried. 

1) Fourier Transformed Infrared Spectroscopy (FTIR) 

Infrared spectroscopy analyzes were performed in order to evaluate changes in the 

absorption bands related to the chemical bonds present in the samples, which indicates 

chemical changes in the sample. For this purpose, a Perkin Elmer Instruments Spectrum One 

FT-IR Spectrometer was used. The spectrum was acquired with the UATR sample accessory 

(universal total attenuated reflectance accessory) in the wave number range from 4000 to 

650 cm- 1. FTIR analyzes were performed in the Spectroscopy laboratory of the School of 

Sciences at PUCRS. The carbonyl index (COi) was calculated according to the method 

described in the literature for samples before and after the degradation test (Barbes et al., 

2014). COi was calculated through Equation (1). 

𝐶𝑂 =                                                                                                               (1) 

Where A1715 is the absorbance of the carbonyl group (-CO-) and A2870 is the 

absorbance of the methylene group (-CH2-). 

2.5 Field Emission Scanning Electron Microscopy (FESEM) 

Scanning electron microscopy imaging was used to evaluate the morphology of the 

samples before and after the degradation tests. The images were obtained in FEI Inspect 

F50 equipment in the mode of secondary electrons (SE) available at the Central Laboratory 

of Microscopy and Microanalysis (LabCEMM) of PUCRS. It is worth mentioning that the 

samples were metallized with gold. The images obtained by the SEM analysis displayed in 

this study for comparison are at the same magnification (20,000 times). 
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3 Results e Discussion 

Scanning electron microscopy imaging was used to evaluate the morphology of the 

samples before and after the degradation tests. The images were obtained through FEI 

Inspect F50 equipment in the mode of secondary electrons (SE) available at the Central 

Laboratory of Microscopy and Microanalysis (LabCEMM) of PUCRS. It is worth mentioning 

that the samples were metallized with gold. The images obtained by the SEM analysis 

displayed in this study for comparison are at the same magnification (20,000 times). 

The structural characteristics of the samples before and after the degradation test in 

fresh and saline water were evaluated from the FTIR analysis to verify the changes resulting 

from their exposure. Figure 3 shows the infrared spectra of the PP (a), PP-4Enz (b) and PP-

4Org (c) samples in saline water and PP (d), PP-4Enz (e) and PP-4Org (f) in fresh water, with 

0 and 180 days of exposure. In fact, it was possible to evaluate changes in the chemical 

structure of the polymer. Spectra were obtained from all months of the degradation tests, 

even though for better visualization, only the initial results were presented and after 6 

months of exposure. 

Figure 3 - Infrared spectra of PP (a), PP-4Enz (b) and PP-4Org (c) samples in saline water 

and PP (d), PP-4Enz (e), and PP-4Org (f) in fresh water 
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Based the spectra of Figure 3, there is an increase and / or appearance of absorption 

bands in the region of 3348 cm-1 corresponding to the axial deformation of the OH group, 

1647 cm-1 attributed to the presence of the unsaturated ethylene group (C = C), 1371 cm-1 

to alkyl groups (CH3), 1100-1007 cm-1 to -CO- alcohol bond and elongation of the NO bond, 

respectively, and 910 cm-1 to vinyl group (-HC = CH2) (Miyazaki et al., 2012; Peixoto et al., 

2017; Auta et al., 2018; Skariyachan et al., 2018). 

It is worth mentioning that the band corresponding to the axial deformation of the 

–OH group (3348 cm-1) showed a significant increase with the time of fresh water 

degradation, mainly for mixtures. This can be attributed to the absorption of water due to 

the presence of polar groups in the composition of the additive (Gulmine et al. 2003; Tavares 

et al. 2017). 

According to Das and Kumar (2015), the band in the 910 cm-1 region may be related 

to depolymerization caused by microorganisms. Moreover, the carbonyl (-C = O) of the 

aldehyde and / or ester appeared in the 1730 cm-1 region after 30 days of testing. Albertsson 

et al. (1995) concluded that the carbonyl groups can be produced by oxidizing agents and 

are the main factors that indicate the beginning of the degradation, being attacked by 

microorganisms that degrade the shortest segments of the chains. Along with the literature, 

the increase in the unsaturated ethylene group causes a decrease in hydrophobicity, 

facilitating access to microbial degradation (Potts et al., 1973). Comparing the samples, it is 

possible to observe that the PP-4Enz samples in sea water and PP-4Org in fresh water 

showed more intense structural changes, mainly in the bands related to the carbonyl and 

ethylene groups. 

Through the infrared spectra, the carbonyl indices (COi) for the samples were 

obtained (Figure 4). The percentage increase in COi was calculated for the exposure time of 

30 days, as it was the highest value found. Based on the literature, an increase in the 

carbonyl content is expected initially, as it is related to the breakdown of the polymeric 

chain and, consequently, to the oxidation of PP. After some time of exposure to the media, 

microorganisms consume these produced compounds and, therefore, there is a decrease in 

COi (Montagna et al., 2016; Tavares et al., 2017). 
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Figure 4 - Carbonyl index for samples in saline water (a) and fresh water (b). 

 

This explains the behavior obtained for the samples, in which an increase was 

observed after 30 days followed by a decrease in the COi in the next periods. In addition, it 

is noteworthy that there was a greater variation in the carbonyl index for samples with 

enzymatic additive for both fresh water (~ 415) and saline water (~ 1078), with an increase 

in the carbonyl content much greater in saline water. 

The morphologies of the samples before and after the degradation tests are 

described below. Figure 5 shows the SEM images for the PP samples and for the samples 

added before the degradation test and after 30, 90, and 180 days of exposure in both media. 

Figure 5 - SEM images for PP and PP added in both exposure media. 
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Based on the figure above, it is possible to verify the presence of some 

microorganisms adhered to the surface of the PP. However, the exposure time had no 

influence on the amount of microorganisms (MOs) adhered, since even with the passage of 

days few bacteria have been identified adhered to the surface of the material. 

Furthermore, there was biofilm formation in all samples added after exposure to 

aqueous media. Biofilm, or microfouling, is the process in which a complex community of 

microorganisms is established on a surface. Biofilms are made up of MOs and their 

extracellular polysaccharides (Ford, 1993; Fletcher, 1996; Neu, 1996; Gu, 2003). 

Biodegradation depends on the formation of biofilm, specifically a deposition layer of the 

microorganism and its secreted polysaccharides on the polymer surface, followed by the 

breakdown of the polymer into low molecular weight oligomers, probably due to the 

enzymes secreted by the microbes and then easily assimilated by them (Arkatkar et al., 

2009). 

At the same time, changes in the surface of the samples were observed, as well as 

the presence of some bacteria, fungi, and hyphae adhered, as previously described 

(Matsunaga and Whitney, 2000; Bonhomme et al., 2003; Husarova et al., 2010 ; Sivan, 2011). 

It is also noteworthy that after 90 days of exposure to sea water, there was colonization of 

a protist group, the diatoms. Diatoms are unicellular algae organisms that have siliceous 

structures. These consist mainly of acidic polysaccharides that can be carboxylated and / or 

sulfated in different levels. Diatoms present in marine environments colonize the surfaces 

of the polymers existing in that environment, especially where there are rough surfaces 

(Carson et al., 2013; Pelegrini et al., 2016). Wahl (1989) carried out studies in the area, where 

it was evidenced that, in general, bacterial colonization precedes and facilitates colonization 

by diatoms. Therefore, it is understood that the presence of bacteria on the surface of the 

blends attracted and favored the adhesion of the diatoms. 

4 Final considerations 

The results obtained in this study showed that incorporation of the additives into the 

polymeric matrix caused major changes in the properties evaluated in relation to pure PP. 
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Thus, it was possible to conclude that the presence of the additives interfered in the 

structural characteristics (appearance of oxygenated groups and double bonds that indicate 

the occurrence of the degradation process) and in the morphology (presence of 

microorganisms adhered to the material surface), favoring the degradation process of the 

material. 

Furthermore, it was concluded that exposure to degradation media (saline and fresh 

water) facilitated microbial attack, and with increased exposure time, there were more 

marked changes in the properties of the materials. At the same time, it was observed that 

saline water was more aggressive to the materials, causing greater changes. 

Thus, taking into account all the aspects discussed, it can be concluded that the 

incorporation of commercial additives attributes biodegradable characteristics to PP. It is 

also worth mentioning that further research is necessary to better understand the influence 

of these materials.  

Finally, this study has an important role in the research and development of 

biodegradable materials in order to minimize the effects caused by plastic waste in the 

environment. 
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