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ABSTRACT 
 

Polymers remain in the environment for years because microorganisms don’t have necessary enzymes for 
degraded them. Landfills filled of plastic materials. Biodegradable polymer that degraded in the environment is 
a solution for this problem. In this article kinetic degradation model for described biodegradation rate in 
activated sludge has been made, which can be used to predict biodegradation of LLDPE/chitosan blend. 
Activated sludge full of microorganism that accelerate the biodegradation process. Weight loses of blends after 
exposure to activated sludge is an indicator of degradation of samples. The effect of chitosan content on thermal 
properties of LLDPE studied with differential scanning calorimeter (DSC). Chitosan content affected 
crystallinity and melting point. Crystalinity and heating temperature of LLDPE/chitosan blend lower than pure 
LLDPE.  
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Introduction  
 

Plastics have a special place in modern life 
because they are inexpensive, flexible and had 
lightweight [6]. With all advantage of plastic 
materials, they remain in the environment. Long 
time is need for biodegradation of synthetic 
polymers. Landfills filled of plastic materials 
because microorganisms don’t have necessary 
enzymes for degraded those [8]. Today public 
trends are seen in the used of biodegradable 
plastics and environment conservation. Used 
biodegradable plastic is a best way to solve the 
solid waste problem. Blending synthetic polymers 
with natural polymers such as Starch, Cellulose, 
Lignin, Chitin and chitosan is applied as an 
important way to accelerated polymer degradation 
[5]. The first biodegradable polymer blends 
produced at 1970s [3]. Commercially 
biodegradable synthetic polymers contains 
polycaprolactone (PCL), polyhydroxyalkanotes, 
Poly (3-hydroxybutyrate) (PHB), poly (3-
hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), 
poly (lactic acid) (PLA), poly(butylene succinate), 
poly (butylene succinate-co-adipate) and poly 
(vinyl alcohol) was prepared[5]. Some properties of 
biodegradable polymers were same of synthetic 
polymers, but ultimately biodegradable polymers 
degraded into water, CO2 and other natural 
components [4].  LLDPE has a several application 
in the production of films, injection molding and 
rotated molding [1]. Chitosan is a polysaccharide 

derivation from Crustacean shells [7]. 
Biodegradable polymer widely used in drug 
delivery systems, food industry, biomaterials, bag, 
agricultural films, washable paints and lubricants. 
Chitosan is polar, biodegradable and biocompatible 
[2]. 

Many factor involved in the degradation of 
polymers, microbial degradation one of the factors 
in which some microorganisms such as fungi or 
bacteria consume polymer materials. Estimate the 
amount of biodegradation required simulation of 
natural environment where polymer samples 
exposed to microorganisms. 

In this article biodegradation of linear low density 
polyethylene (LLDPE 0209) with chitosan were 
studied. Thermal properties of blends were studied 
with differential scanning calorimeter (DSC). 
Kinetic degradation model for biodegradation of 
polymer samples in activated sludge expressed.  
 
Material and Method  
 
Material and Preparation: 
 

LLDPE (grade0209) obtained from Tabriz 
petrochemical complex, Iran. Low molecular 
Chitosan from fluka Co. and PE-g- Ma from   
Karankin Co., Iran are used in these experiments. 
The samples with 10% chitosan level were 
processed in Haake Reomixer 3000(GmbH) with 
60 rpm in 140°C. Sample sheets (0.4 mm) were 
prepared by using Hot Mini Press. 



3051 

Adv. Environ. Biol., 5(10): 3050-3055, 2011 

 

Differential Scanning Calorimetry: 
 

A METTLER-TOLEDO differential scanning 
calorimeter (DSC) was used for Thermal analysis. 
Samples of 10 to 15 mg were initially heated in a 
nitrogen atmosphere from 25°C to 170°C at a 
heating rate at 10 oC/ minute. The samples were 
then cooled from 170°C to 25°C at a cooling rate at 
10 oC/ minute. The melting point reported here is 
the temperature of the maximum in the melting 
peak.     
 
Biodegradation Test: 
 

The activated sludge system was a semi-batch 
tank equipped with one aeration stone supplying 
water dissolved oxygen.4.5 liters of urban sewage 
was mixed with 4.5 liters of distilled water to 
produce total system of 9 liters. Another tank was 
filled out with distilled water and maintained under 
the same laboratory conditions. Two 4x 1.5 cm 
pieces were torn off from each sample and the 
weightened each. One sample was put inside the 
aerated active sledge tank and another sample in 
distilled water tank. Nutrients such as carbon, 
nitrogen and phosphorus were added to activate 
sludge tank to ensure the microorganism growth 
and to control the nutrients and dissolved oxygen 
content, the MLSS test was employed. The PH and 
temperature were remained stable in the range of 
7.5± 1 and 26± 1 ◦C respectively. To compensate 
the evaporated water, pure water had been added to 
hold the system volume at 9 liter in regular basis. 
Mechanical stirring prevented from formation of 
two phase solution. In order to measure the water 
absorption rate the samples were put inside distilled 
water. Each sample was taken out of the water tank 
on the days of 14, 21, 28, 35, 42, 49 and the dried 
by a tissue and weightened in order to determine 
the water absorption rate and the samples were 
returned back inside the water upon weighting. 

Polymer compounds measuring 4 x15 cm were 
exposed to the activated sludge for 7 days. The test 
of aerobic degradability rate were performed after 
2, 3, 4,5,6,7 weeks of exposure to the activated 
sludge via measuring the change of weight in study 
samples. Each sample was taken out of the 
activated sludge tank and weightened, after 
washing away with pure water and drying out with 
a tissue, in order to find the absorbed water level 
and the samples retuned back inside the water upon 
weighting.   
 
Result and Discussion 
 

Thermo grams of melting for samples are 
illustrated in Fig. 1. It can be seen that the area 
under melting curve of LLDPE209 is bigger than 
that of LLDPE/chitosan blend. Peak temperatures 
of the heating curves are 125.7 and 124.3 oC for 
LLDPE 209 and LLDPE / chitosan blend, 
respectively, and also the height of the peak for 
LLDPE 209 is larger. By the reason that the 
melting peak area of neat polyethylene 
(LLDPE209) is bigger than LLDPE/chitosan blend, 
so the crystallinity of LLDPE/chitosan blend is 
lower than LLDPE209. It might be brought about 
by the presence of chitosan particles in 
polyethylene matrix that hinder the crystallization 
of LLDPE209 molecules, therefore disordering 
increases a bit and crystallinty content decreases.                                 

DSC cooling thermograms are demonstrated in 
Fig. 2. Here is clearly shown that the peak 
temperature for LLDPE / chitosan blend is around 
2 oC higher than LLDPE 209. This can be a result 
of nucleating effect of chitosan that causes the 
crystallization of PE molecules starts sooner and 
the peak temperature take places in higher 
temperature. Crystallization peak area for LLDPE 
/chitosan blend is smaller than that of LLDPE 209, 
because of hindering effect of chitosan particles.

       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: DSC heating scans for samples. 
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Fig. 2: DSC cooling scans for samples. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Increase in weight of sample soaked in distilled water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Increase in weight of sample soaked in activated sludge. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Sample weight loss rate. 
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According to activated sludge test, if the 

weight loss during exposure time is defined as 
follows and if one describes it as the benchmark for 
biodegradability in the samples the equation 1 is 
given as follows:     
 
Sample weight loss (%) = Wd (%) – Wa (%)        (1)  
 

Where Wd   is a water absorption in distilled 
water and Wa is a water absorption in activated 
sludge. Fig 3 to 5 shows the differences of sample 
weight in water and activated sludge. 

Given the acquired results a kinetic relation 
can be considered for every diagram of samples, 
weight gain percentage in distilled water and active 
sledge. As follows: 

If a balanced kinetic presumed for change of 
samples weight in distilled water and active sledge 
and if the forward and reverse reactions presumed 
to be the first degree reactions 
 
A   ↔ B                                                                (2) 
 

In this relation (2) A2 is the plastic solid 
sample, part of it (e.g. contained chitosan 
molecules) reacts with each other regardless of 
microorganism existence or non existence and 
dissolve in water environment and R value 
represents the product of the reaction composed of 
water, water soluble part of A,… that can be 
absorbed by the solid plastic sample. The forward 
reaction equation coefficient and reverse reaction 
equation coefficient are called Kf and Kr. 

Therefore, 
 
                                                                              (3) 
 
 
 
                                                                              (4) 
 
 
 
                                                                              (5) 
 
 
 
                                                                              (6)  
 
 
 
                                                                              (7) 
 
The above differential equation results as follows:  
 
        

  
   
                                                                              (9) 
 
 
                                                                            (10) 
 
Therefore, 
 
                                                                            (11) 
 

In similar way and similar presumptions, the 
kinetic relation is achieved for equation relation in 
relation to the sample weight change in activated 
sludge and                                                   
 
                                                                            (12) 
 
 
)                                                                           (13) 
 
 
                                                                            (14)  
 
 

Therefore, the general kinetic relation of 
sample weight reduction rate could be calculated as 
follows as a bench mark for biodegradability rate. 
 
                                                                            (15) 
 
 
                                                                            (16)                             
 

In continuation, experimental processing of 
suggested kinetic equations results is observed in 
fig. 6. And table 1-3. 

The acquired results for R2 value in tables 1 
and 2 indicate that the assumption of balanced 
reaction for weight change in samples in distilled 
water and active sledge and also the assumption of 
being the first degree forward and reverse reactions 
are very close to experimental data. As it is 
observed in above tables the changing rate for these 
samples are negative deriving from weight gain of 
samples in distilled water and active sledge. Given 
the results for R2 in table 3, the proposed kinetic 
equations for weight loss (biodegradability) in 
samples seem valid and in comparison with 
absolute values for Ze value via these equations. 

To this end another view is taken to achieve 
appropriate kinetic equation in relation to weight 
loss (biodegradability) of the samples and using the 
below equations for X and Y from the general 
sentences of the acquired equations, the Z could be 
reached as follows: 

                                                                             (8) 
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Fig. 6: Weight change rate in sample. 
 
Table 1: Balanced kinetic equations parameters suggested for weight change rate in samples in distilled water.  

R2 Kr Kf K Xe 
0.9948 0.34333 -0.29797 0.04536 -6.569 

 
Table 2: Balanced kinetic equations parameters suggested for weight change rate in samples in activated sludge.                                                                                  

R2 K'
r K'

f K' Ye 
0.9977 0.12795 -0.11310 0.01485 -7.616 

 
Table 3: Study of kinetic equation error suggested for weight loss rate in samples. 

R2 error Ze 
0.9519 -0.0093 -1.047 

                                      
Tables 4 examine the results of this speculation. 
 
Table 4: Results of speculation. 

R2 K"r K"f K" Ze 
0.9931 0.63538 -0.42478 0.2106 -2.017 

                                                                                                            
                                                                            (17) 
 
 
                                                                            (18) 
 
 
                                                                            (19) 
 
 
Conclusion: 

 
In this article LLDPE 209 blended with 10% of 

low molecular chitosan. Thermal properties of blends 
were analyzed by DSC. DSC showed the chitosan 
effect on cristallinity and melting point of LLDPE. 
Chitosan is a biodegradable agent and has a effect on 
thermal properties of biodegradable blend. The 
biodegradability of blends in activated sludge was 
studied. Kinetic model for degradation were    
expressed. According this model LLDPE/chitosan 
blends was biodegradable in the nature.. The results 
indicated consumption of biodegradable agent by 
microorganism. Also confirmed that LLDPE/chitosan 
blend was the one source of nutrients for 
microorganism. 
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