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ABSTRACT 

In the recent years development of wood based plastics have interested the 

researchers and scientists for enduses such as in the structural, interiors and automotive 

applications due to their ecofriendliness and economic advantages. In this work wood 

plastic composites have been developed by incorporation of bark flour (BF) and teak 

wood flour (TWF) into high density polyethylene (HDPE). The composites have been 

characterized for their melt rheological, thermal, crystallization and mechanical 

properties such as tensile and flexural properties and impact behaviours. Morphology of 

the systems have been studied by scanning electron microscopy (SEM). The effect of a 

coupling agent, maleic anhydride grafted HDPE, HDPE-g-MAH, on the above properties 

has also been examined. 

The melt rheological studies on HDPE/BF composites were carried out at 180°C, 

190°C and 200°C using the extruded pellets. The melt viscosity of the HDPE increases 

with the increase volume fraction, O f because the BF particles obstruct the flow of the 

HDPE. With the incorporation of HDPE-g-MAH, there was decrease in the viscosity 

than the corresponding compositions in the HDPE/BF/HDPE-g-MAH systems. HDPE-g-

MAH acted as a plasticizing agent in the HDPE/BF composites. The activation energy 

(Ea) for the viscous flow was calculated following the Arrhenius equation which showed 

that Ea  increases with increase in the filler concentration. For the HDPE/BF/HDPE-g-

MAH composite systems less energy was required compared to the corresponding 

HDPE/BF systems. HDPE-g-MAH provides the plasticizing effect which was also 

evidenced by the Ea  data. The power law coefficient and the consistency index analyzed 

for both the systems also support the above findings. The power law coefficient 

decreases with increase in the filler content but it increases with temperature for the 
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corresponding systems while the consistency index follows the opposite trend. 

A systematic study was undertaken to investigate the effects of BF on the 

crystallization and melting behaviour of HDPE/BF composites at BF Of = 0.00 — 0.26. 

The crystallinity evaluated by two techniques: wide angle X-ray diffraction (WARD) 

and differential scanning calorimetry (DSC) were in good agreement and comparable, 

with correlation coefficients R2  = 0.91 and 0.86, for the HDPE/ BF and the 

HDPE/BF/HDPE-g-MAH systems, respectively. The melting and crystallization range of 

HDPE is broad and the filler inclusions may also have influence on the crystallization 

characteristics. The crystallization behaviour of the composites were studied for the 

evaluation of the crystallization parameters from the DSC exothermic peak. The BF 

particles act as nucleating agent in the HDPE/BF composites, the efficiency increases in 

presence of the coupling agent. Crystallinity studied by DSC decreases from 65 to 56% 

linearly with cI f with R2  = 0.81 and 0.90 for the HDPE/BF and the HDPE/BF/HDPE-g-

MAH systems, respectively. 

The effects of BF on the mechanical and morphological properties of HDPE are 

explained. The BF concentration in the HDPE/BF composites varied from 0.00-0.26 cif. 

Tensile strength and tensile modulus showed a decreasing trend with increase in cif. In 

order to understand the behaviour of HDPE/BF composite structure the modulus data 

were analyzed and compared with theoretical predictions of Cohen and Ishai and 

Einstein's equations. The data were normalized by dividing the moduli with the 

crystallinity of HDPE. The data showed an extent of good phase interaction in the 

HDPE/BF/HDPE-g-MAH composite. The percentage elongation data were compared 

with Nielsen' model, the data showed disagreement. The weakness in the composite 

structure was analyzed by comparing the tensile strength data of the HDPE/BF 

composite with "Nicolias-Narkis model" and "Porosity model" while the reinforcement 

ii 
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in the HDPEBF/ITDPE-g-MAFT composite was evaluated using Bela-Pukanszky model. 

The data agreed well with Nicolias-Narkis model with weightage factor, K = 0.39, which 

implies good extent of phase adhesion. Porosity model showed a value of stress 

concentration factor, a = 0.84, indicating an extent of stress concentration. The impact 

strength decreases significantly with increases in cif. 

Morphological studies were carried out on cryogenically fractured samples to 

analyze the phase morphology by SEM. Impact fractured samples were examined by 

SEM to analyze the fracture mechanisms. 

The viscoelastic behaviour of the HDPEBF composites and also the effect of the 

coupling agent on the HDPEBF composites are described. The neat HDPE shows only 

two peaks due to y and a-relaxation. At low concentration (cif = 0.03 and 0.07) the BF 

acts as pseudolubricant which induced the ball bearing effect on HDPE chains due to 

which storage modulus data show lower values through the studied temperature range. 

High damping composite can be obtained by using BF particle for the engineering 

structural applications to reduce the vibration level in the structural components. f3-

relaxation peak magnitude increases as the amorphous region in the composites increases 

with increase in the filler content and also it increases in the presence of HDPE-g-MAH. 

In the a-relaxation region the transition slightly shifts towards the higher temperature 

side showing that the BF particles decrease the crystallinity and provide mechanical 

restraint to HDPE. This shifting was higher in HDPEBF/HDPE-g-MAH composites 

indicating bonding at the interface due to HDPE-g-MAH. 

The thermal stability of HDPEBF composite decrease with the increase in the 

BF content, as the BF comprises of cellulose, hemicellulose, lignin and extraneous 

substances which pyrolyzed at low temperature when exposed to the programmed 

heating in the inert atmosphere. The degradation of the HDPEBF systems was two steps 

iii 
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leading to the increased char yield with increase in the BF concentration. The thermal 

stability of the HDPE/BF composites slightly increases in the presence of HDPE-g-MAH 

for the lower BF concentration ('If= 0.03 and 0.07) only. The initial, maximum and final 

temperature of decomposition for both the steps and the char were evaluated and 

analyzed. 

The properties of the HDPE/TWF and the HDPE/TWF/HDPE-g-MAH 

composites are described below: 

The melt rheological studies on HDPE/TWF composites were carried out at Of = 

0.00-0.32 and at 180 °C, 190°C and 200°C. The melt viscosity of HDPE/TWF 

composites increases with the filler concentration while it decreases with increase in the 

temperature. Addition of HDPE-g-MAH to the HDPE/TWF composites enhances the 

viscosity as compared to the corresponding HDPE/TWF systems. This was attributed to 

the increase in the interaction between the TWF and HDPE by HDPE-g-MAH which in 

turn stiffens the system. The power law coefficient, n, decreases with increase in the Of  

and increase in the temperature. Values of n were found to be lower for the 

HDPE/TWF/HDPE-g-MAH composites as compared to the HDPE/TWF composites. 

The consistency index increases with increase in Of and were higher for the 

HDPE/TWF/HDPE-g-MAH systems. The activation energy increases with increase in 

the cI f for both the HDPE/TWF and the HDPE/TWF/HDPE-g-MAH systems. 

The non-isothermal crystallization behaviour and melting characteristics of 

HDPE in the HDPE/TWF composites have been studied by DSC. Various crystallization 

parameters evaluated from the DSC exotherms were employed to study the non-

isothermal crystallization behaviour. The melting temperature (Tm) and crystallization 

temperature (Tn) of the composites were slightly higher than those of the neat HDPE. 

Since the hydrocarbon polymer HDPE and polar TWF are incompatible, to enhance the 

u'1 
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phase interaction HDPE-g-MAH was used as a coupling agent. A shift in the 

crystallization and melting peak temperatures towards the higher temperature side and 

broadening of the crystallization peak (increased crystallite size distribution) were 

observed while crystallinity of HDPE declines with increase in O f. The degree of 

crystallinity (%) calculated for the HDPE/TWF and the HDPE/TWF/HDPE-g-MAH 

systems from the AfIfug „ followed the linear decreasing trend. The crystallinity data 

obtained from the WARD and the DSC measurements are in good agreement with the 

correlation coefficient, R2  = 0.84 and 0.86, for the HDPE/TWF and the 

HDPE/TWF/HDPE-g-MAH systems, respectively. 

The study on the HDPE/TWF composites to evaluate the effect of TWF content 

from O f = 0.05 to 0.32 on the mechanical and morphological properties of HDPE is 

described. The normalized relative tensile moduli (ratio of the normalized moduli of the 

composites to that of the matrix), enhanced to — 1.3 at O f = 0.09, the value then 

decreased to 1 to 0.7, depending on the O f. The data were compared with the predictive 

models for two phase compositions namely, Einstein equation with and without 

adhesion. HDPE/TWF showed disagreement with the models. In presence of the 

coupling agent, HDPE-g-MAH, the normalized relative moduli increase with O f. The 

data agree well with Einstein equation with adhesion, which implies a good degree of 

phase adhesion. Percentage elongation data were compared with Nielsen's model with 

perfect adhesion. The elongation data were far below the theoretical model. The tensile 

strength data were compared with Bela-Pukanszky model. The reinforcement factor, Ba  

was 4.2 for the HDPE/TWF/HDPE-g-MAH composites, indicating good phase 

interaction. The impact strength decreases quite drastically to — 0.4 at O f =0.16, the data 

then level off at Of > 0.16. Morphological studies were carried out on cryogenically 

fractured surfaces. The unmodified TWF particles were non-adherent with HDPE. 

IYA 
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Surface of separation of the particles are easily observed in the SEM photomicrographs. 

In the HDPE/TWF/HDPE-g-MAH composites the particle boundaries are to an extent 

not distinct and the fracture surfaces are relatively smoother implying increased phase 

interaction. 

The viscoelastic behaviours of the HDPE/TWF and the HDPE/TWF/HDPE-g-

MAH composites are describes here. In the HDPE/TWF composites storage modulus 

values first decrease, then the data increase with TWF content. The loss modulus and the 

damping parameter increase with the TWF concentration. In the HDPE/TWF/HDPE-g-

MAH composites storage modulus decreases while loss modulus and damping parameter 

increase with TWF content. The peak corresponding to the (3- transition also increases 

with the TWF concentration, and also the peak intensity was higher for the 

HDPE/TWF/HDPE-g-MAH composite systems. There was shifting of a-relaxation peak 

towards the higher temperature side in both the systems. 

The thermal stability of HDPE with varying O f (0.00 to 0.32) is described in this 

section. The thermograms show two steps degradation for both the HDPE/TWF and the 

HDPE/TWF/HDPE-g-MAH composites. The initial temperature for decomposition 

decreases with increase in the O f. The char yield increase with increase in the filler 

concentration. HDPE-g-MAH has not much influence on the thermal degradation of the 

HDPE/TWF composites. The initial, maximum and final temperature of decomposition 

for both the steps and the char were evaluated and analyzed. 

Chapter 5 summarizes how two bio based fillers had modified the properties of 

HDPE and also the conclusions were drawn on the basis of these results. 
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