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 Linear Low-Density Polyethylene (LLDPE) is a thermoplastic widely used for packaging and other applications. These 

synthetic polymers are normally not biodegradable until they are degraded into low molecular mass fragments that can be 

assimilated by micro-organisms. Blends of nonbiodegradable and biodegradable commercial polymers such as poly (vinyl 

alcohol) (PVA) can facilitate a reduction in the volume of plastic waste when they undergo partial degradation. In this 

investigation, LLDPE was mixed with different proportions of PVA in an internal mixer and effect of TiO2 on UV degradation of 

LLDPE/PVA blends were investigated. Biodegradation studies of these samples were also carried out. Tensile properties, FTIR 

spectra and SEM were employed to investigate the degradation behavior.    
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1. INTRODUCTION 

Plastic waste is a major environmental problem when 

it is not managed effectively. It is predicted that 

between 4.8 and 12.7 million tons of plastics enter the 

oceans annually, which is likely to continue to increase 

by an order of magnitude within the next decade [1]. 

While plastics have been detected in almost every 

environment, those within aquatic ecosystems are 

perhaps of most concern due to their global 

transportability, e.g., by wind [2], or ocean currents [3], 

reaching even uninhabited parts of our planet [4,5]. 

Polyethylene is a material used in large amounts for 

packaging because of its relatively low cost, versatile 

properties including high tensile strength, elongation at 

break, good barrier properties against water-borne 

organisms, higher energy effectiveness, light weight 

and good water resistance [6].      

The role of TiO2 and other metallic compounds on the 

photo-degradation of polyethylene has been studied by 

some authors [7]. The environmental hazard from 

polyethylene is associated with its excellent outdoor 

durability and inherent resistance to hydrolysis and 
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biodegradation in the environment. Partially 

biodegradable polymers obtained by blending 

biodegradable and nonbiodegradable commercial 

polymers can effectively reduce the volume of the 

plastic waste by partial degradation. Incorporation of 

pro-oxidant additives can also play a significant role in 

the degradation of polymers.  

In this work the pro-oxidant activity of TiO2 in the UV 

degradation of biodegradable LLDPE-PVA blend is 

investigated in the presence as well as absence of 

vegetable oil. The degradation due to UV exposure was 

monitored by various techniques like physical property 

measurements, FTIR spectroscopy, and scanning 

electron microscope (SEM) for surface morphology 

among other things.  These UV degraded samples were 

then subjected to biodegradation studies in a culture 

medium containing Vibrio species isolated from marine 

benthic environments. 

 

2. EXPERIMENTAL 

Materials 

General purpose film grade LLDPE (LL20FS010) used 

in this study was supplied by Reliance Industries Ltd, 

Mumbai, India. It has a melt-flow index of 1g/10min at 

1900C and 2.16kg load. The density of the LLDPE 

sample is 0.920g/cm3. Hot water-soluble polyvinyl 

alcohol used in this study was industrial grade obtained 

from Rolex Chemical Industries, Mumbai. Molecular 

formula is (C4H10O)n ; viscosity at 4% concentration in 

water at 200C is 3mPa.s. TiO2 was purchased from M/S 

TravancoreTitanium Products, TVM. 

 

Sample preparationUV-Degradation Procedure 

Blending was carried out at 1850C in a Thermo 

HAAKE Polylab internal mixer equipped with a pair of 

roller rotors. The rotor speed was maintained at 

50rpm.Varying amounts of commercial rutile and 

anatase forms of TiO2 (0.25%-1% w/w) were added to 

LLDPE-PVA blends during mixing. Blends containing 

different proportions of LLDPE, PVA and metal oxides 

were compression molded into sheets to form thin films. 

Molded samples, cut into strips according to ASTM 

D882, were used for all the tests. The details of film 

samples prepared along with their designation are 

presented in Table 1. LLDPE-PVA (L0 = LLDPE 

containing 10% PVA) blends containing glycerol alone 

have been designated as F and those containing both 

glycerol and vegetable oil as FV. Samples containing 

additionally anatase and rutile have been designated as 

FVA and FVR respectively, the numerical suffix 

indicating the % concentration of the oxide additive. 

 

L10 + Glycerol = F 

L10 + Glycerol + Veg. Oil = FV 

L10 + Glycerol + Veg. Oil + Rutile = FVR 

L10 + Glycerol + Veg. Oil + Anatase = FVA 

L10 + Glycerol + Rutile = FR 

L10 + Glycerol + Anatase = FA 

Table 1 Details of formulations and their sample designation 

Sample 

designat

ion 

LL

DP

E 

(g) 

PV

A 

(g) 

 

Glyce

rol (g) 

 

Veg

etab

le 

oil 

(g) 

 

TiO2 

(g) 

F 45 4.5 0.675 _ _ 

FV 45 4.5 0.675 0.45 _ 

FVA-0.25 45 4.5 0.675 0.45 0.1125 

FVA-0.50 45 4.5 0.675 0.45 0.225 

FVA-0.75 45 4.5 0.675 0.45 0.3375 

FVA-1 45 4.5 0.675 0.45 0.45 

FA-0.50 45 4.5 0.675 _ 0.225 

FVR-0.25 45 4.5 0.675 0.45 0.1125 

FVR-0.50 45 4.5 0.675 0.45 0.225 

FVR-0.75 45 4.5 0.675 0.45 0.3375 

FVR-1 45 4.5 0.675 0.45 0.45 

FR-0.50 45 4.5 0.675 _ 0.225 

 

UV-Degradation Procedure 

Samples were UV-irradiated using a low-pressure 

mercury vapor discharge lamp (TUV 30W, λ = 253.7nm) 

in air atmosphere at room temperature. Samples were 

mounted on racks positioned 5cm from the lamps and 

the temperature in the cabinet was maintained at 

30±2°C. Sampling was carried out at regular intervals of 

120, 240, 360, 480, and 600 h, respectively, and the 

degradation was monitored by various techniques. TiO2 
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photocatalyst absorbs only UV light (λ < 387 nm); thus, 

only UV-light place a role in the solar degradation of 

PE-TiO2 composites.  

The UV-degraded samples were then subjected to 

biodegradation studies. 

Biodegradation in Culture Medium 

Biodegradation of the samples were carried out using 

a consortium consisting of four PVA degrading Vibrio 

sp. isolated from benthic marine environment, 

according to ASTM D 5247–92.  Bacterial cultures 

isolated from sediment samples collected from different 

locations of Cochin back waters and Mangalavanam 

mangroves, identified as genus Vibrio and maintained in 

the culture collections of Microbial Genetic Lab, Dept. of 

Biotechnology, Cochin University of Science and Technology 

were utilized in this study. 

Evaluation of Extent of Degradation  

Samples with a gauge length of 100 mm and width of 

10 mm were cut from the films for tensile strength 

measurements as per ASTM 882-85. Six samples were 

tested for each experiment and the average value was 

taken.                           

 Structural changes upon exposure were 

investigated using FTIR spectroscopy. FTIR spectra 

were recorded at regular intervals using a Thermo 

Nicolet (Avatar 370) spectrophotometer in the spectral 

region between 4000 and 400cm-1.  For each sample a 

total of 32 scans were averaged at a resolution of 4 cm-1.  

Scanning electron microscopy was performed on the 

samples before and after degradation to investigate the 

changes in the morphology due to UV exposure. Sample 

surfaces were sputtered with gold using usual 

techniques and then analyzed in a JEOL (JSM-6390LV) 

electron microscope.  

3. RESULTS AND DISCUSSION 

Mechanical Properties 

The UV exposure of any polymeric material depends 

on various parameters like UV content, temperature 

and humidity [8]. It has been reported that the surface 

temperature of plastics exposed to sunlight can be much 

higher than that of the surrounding air due to heat 

buildup [9].   

Figure 1 & 2 represent the effect of exposure time on 

the tensile strength of LLDPE-PVA blends containing 

anatase and rutile after UV exposure and 

biodegradation.  

 

Fig.1Effect of UV exposure time on the tensile strength of 

LLDPE-PVA blends containing anatase. 

 
Fig.2 Effect of UV exposure time on the tensile strength of 

LLDPE-PVA blends containing rutile 

The samples containing a mixture of vegetable oil and 

TiO2 show a decrease in tensile strength within 240 

hours of exposure time. After UV exposure, the greatest 

reduction in tensile properties was observed in the case 

of samples containing anatase form of TiO2. For the case 

of 0.50% of TiO2, the tensile strength decreased by 3.33% 

for samples containing rutile (FR-0.50), and 10.84% for 

anatase (FA-0.50).    

Both rutile and anatase forms of TiO2 played a 

significant role in promoting the photo-oxidative 
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degradation of LLDPE films, the decrease is more in the 

case of samples containing anatase. 

 The % decrease in tensile strength of the blends after 

weathering is shown in Table 2. The stiffness of the 

materials increased considerably within a month of 

exposure time due to additional cross linking prior to 

degradation.  

Table 2 % decrease in tensile strength of the samples after UV 

exposure 

 

Sample 

designation 

Tensile strength (N/mm2) 

Before UV 

exposure 

After UV 

exposure 

% 

Decrease 

F 15.63 15.58 .32 

FV 18.03 17.37 3.66 

FVA-0.25 22.04 20.10 8.80 

FVA-0.50 21.19 18.83 11.14 

FVA-0.75 19.67 16.92 13.98 

FVA-1 18.90 15.74 16.72 

FA-0.50 18.63 16.61 10.84 

FVR-0.25 21.97 20.68 5.87 

FVR-0.50 20.42 18.96 7.15 

FVR-0.75 18.89 17.19 8.99 

FVR-1 17.25 15.44 10.49 

FR-0.50 17.74 17.15 3.33 

 

FTIR Studies 

The FTIR spectrum of LLDPE/PVA blends (F) 

containing anatase (A) and rutile (R) before and after 

600 hours of UV exposure in the presence as well as 

absence of vegetable oil are shown in Figure 3 to 6 

respectively. 

Fig.3 The FTIR spectra of LLDPE-PVA blends with anatase 

after 600 hours of UV exposure in the absence of vegetable oil. 

Fig.4 The FTIR spectra of LLDPE-PVA blends with anatase 

after 600 hours of UV exposure in presence of vegetable oil. 

 
Fig.5 The FTIR spectra of LLDPE-PVA blends with rutile 

after 600 hours of UV exposure in the absence of vegetable oil. 

 
Fig.6 The FTIR spectra of LLDPE-PVA blends with rutile 

after 600 hours of UV exposure in presence of vegetable oil. 

The FTIR spectra clearly show that the photo 

oxidative degradation of LLDPE/PVA blends result in 

the formation of several functional groups; however, the 
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amount of such functional groups is much more in the 

presence of TiO2 and vegetable oil. The most significant 

changes are in the carbonyl and hydroxyl regions. The 

absorption band around 1712 cm-1, due to C=O 

stretching, increases in intensity and a band broadening 

is observed, which indicate the presence of multiple 

oxidation products overlapping in the same region.  The 

carbonyl band can be assigned to C=O stretching 

vibrations in aldehydes and/or esters (1733 cm-1), 

carboxylic acid groups (1700 cm-1), and γ lactones (1780 

cm-1)[10–13].  Similar behavior is observed in all the 

samples. The ratio of the absorbance of carbonyl band 

around 1712 cm-1 and internal thickness band at 2020 

cm-1, which characterize the degree of photo-oxidation 

of polyethylene, [14] has been used to calculate the 

carbonyl index (CI). The incorporation of TiO2 and 

vegetable oil into the polymer leads to a significant 

increase in CI in a relatively short span of time. 

Scanning electron micrographs shows that extent of 

degradation is more in the case of compositions 

containing a combination of TiO2 and vegetable oil. 

Large cavities are created around the TiO2 particles 

which show the chalking effect of TiO2. 

 

Morphological Studies 

The challenge of studying plastic biodegradation is 

that the entire process is too slow to be visualized 

through traditional microbiology methods such as 

microbial growth or substrate depletion. Different 

techniques have been employed to assert 

biodegradation, such as plastic weight loss, decrease of 

polymer chain length (via gel permeation 

chromatography, GPC), or surface oxidation (via X-ray 

photoelectron spectroscopy, XPS, or Fourier transform 

infrared spectroscopy, FT-IR along with SEM studies 

[15]. The Scanning Electron Micrographs (SEM) of the 

samples after UV exposure and biodegradation are 

shown in Figs. 7 and 8. 

 
Rutile before UV exposure 

 
Rutile after UV exposure 

 

 
Rutile after biodegradation 

 

 

 
Anatase before UV exposure 

 
Anatase after UV exposure 

 
Anatase after biodegradation 

Fig. 7 Morphology of UV degraded samples without vegetable 

oil 
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The photodegradation of PE mainly happens on the 

film surface. Photocatalytic reaction first starts at the 

interface between PE and exposed TiO2 photocatalyst 

which leads to the formation of cavities around TiO2 

particles. That is after UV irradiation also cavities are 

observed on the surface of the film. The formation of 

these cavities was induced by the escape of volatile 

products from the PE matrix.  

 

 
Rutile before UV exposure 

 

 
Rutile after UV exposure 

 

 
Rutile after biodegradation 

 

 
Anatase before UV exposure 

 
Anatase after UV exposure 

 
Anatase after biodegradation 

Fig. 8 Morphology of UV degraded samples with vegetable oil 

 

Examination of the films by SEM shows the formation 

of holes in the film which scatter light and cause 

whitening.It can be seen that there are some deep 

cavities on the film surface with the extension of 

irradiation time.  This suggests that in the vicinity of the 

titania particles the polymer gets totally degraded to 

water and carbon dioxide or other volatile substances. 

 

4. CONCLUSIONS 

The incorporation of TiO2 as the key pro-degradant has 

increased the rate of degradation tremendously. 

Vegetable oil is also capable of accelerating the 

oxidation of LLDPE/PVA blends during UV exposure. 

The pores seen in scanning electron micrographs are an 

indication of degradation. The reduction in tensile 

properties of the blends after UV exposure also 

confirms this.  Both TiO2 and vegetable oil are capable of 

accelerating the photooxidation of LLDPE-PVA blends 

by UV exposure. 
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