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ABSTRACT 

Polyamide 6 [PA6] is a semi-crystalline polymer utilized in wide variety of applications 

such as aerospace, communication, engineering, and commodity industries. Most of these 

applications demand materials of high strength, stiffness, dimensional stability and 

toughness. The growing current commercial interest and the performance demands for 

polyamide 6 can only be satisfied by the dual advantages offered by blending and 

reinforcement of polyamide 6 with the existing materials that can give distinctive 

properties superior than either material. Polyamide-6 is pseudo ductile in nature with 

relatively low impact strength under notched conditions, which has to be given 

considerable attention to meet a satisfactory performance. Rubber toughening of 

polyamide 6 is one of the most effective ways to achieve a distinctive improvement in the 

toughness. However, rubber toughening may lead to considerable reduction in the 

strength and stiffness related properties, which can be compensated only by incorporating 

reinforcement, thereby concurrent improvements in strength and toughness could be 

achieved. 

In the present investigation an attempt has been made to improve the impact properties of 

polyamide 6 [PA6] by blending with an ethylene based copolymer elastomer, poly 

(ethylene-co-butyl acrylate) [EBA]. PA6/EBA blends are expected to be incompatible 

owing to their varying chemical nature and very low entropy change that could be 

achieved by melt-mixing. Hence a maleic anhydride (MAH) grafted EBA has been 

prepared by reactive extrusion technique and used as a reactive compatibilizer for the 

immiscible PA6/EBA blends. EBA grafted MAH (EBA-g-MAH) with two different 

MAH graft percentages 0.49 wt% (EBA-g-MAH° 9) and 0.96 wt% (EBA-g-MAH°  96) 



were prepared. The binary PA6/EBA blends were prepared in a twin screw extruder 

(TSE), by varying the EBA content from 0 to 50 phr [PA6/EBA binary blends ratio in 

pbw: 100/05; 100/10; 100/20; 100/35; 100/50]. The macro-mechanical and micro 

structural property evaluation studies revealed that 10 phr of EBA content was the 

optimum level to achieve a reasonably good balance in strength and toughness in 

PA6/EBA blends. Two series of compatibilized blends of PA6/EBA were prepared by 

replacing 1, 2, 3, and 4 phr of EBA in 100/10 blend (PA6/EBA) by EBA-g-MAH° 49  and 

EBA-g-MAH° 96, reactive compatibilizers respectively. The two series of compatibilized 

blends were denoted as PA6/EBA-g-MAH°49/EBA [PA6/EBA-g-MAH°49/EBA ratio in 

pbw: 100/1/9,100/2/8,100/3/7,100/4/6] and PA6/EBA-g-MAH°96/EBA [PA6/EBA-g-

MAH°49/EBA ratio in pbw: 100/1/9,100/2/8,100/3/7,100/4/6]. The reactively 

compatibilized toughened blend, PA6/EBA-g-MAH°49/EBA with 2wt% compatibilizer 

(100/2/8) was chosen to prepare nanotalc reinforced composites. PA6/nanotalc and 

(PA6/EBA-g-MAH°49/EBA)/nanotalc composites were prepared in TSE by varying the 

nanotalc content as 1, 2 and 4 wt %, respectively in both the composites. The melt 

compounded blends and the nanocomposites were injected moulded to prepare the test 

specimens. 

Various studies have been performed to understand the influence of reactive 

compatibilization on the morphology, melt rheology, crystallization and mechanical 

properties of PA6/EBA blends, and the effect of nanotalc inclusion in the PA6 and 

PA6/EBA based nanocomposites. The characterization techniques employed for the 

blends and composites prepared include scanning electron microscopy (SEM), capillary 

melt rheometry for high shear and extensional behaviour, differential scanning 

ii 



calorimetry (DSC), wide angle X-ray diffraction (WAXD), static contact angle 

measurements by transmission electron microscopy (TEM) and mechanical testing such 

as tensile, impact, essential work of fracture (EWF). 

PA6/EBA blends exhibited two phase droplet-matrix morphology owing to the 

incompatibility while examining their morphology under scanning electron microscope. 

Fine dispersion of EBA particles as spherical domains with a relatively good distribution 

in the PA6 matrix was observed at low EBA contents (5 and 10 phr). The reactively 

compatibilized blends exhibited finer dispersion and even distribution of elastomeric 

EBA particles in the PA6 matrix and the presence of EBA-g-MAH resulted in 

considerable reduction of interfacial tension between the component polymers. The 

interfacial adhesion between the PA6 and EBA phase in the compatibilized blends was 

enhanced by the interfacial reaction between the amide end-groups of PA6 and maleic 

anhydride group of EBA-g-MAH compared to uncompatibilized blends. The matrix 

ligament thickness and particle diameter values were lower than the predicted critical 

values and were responsible for the ductile behavior of the compatibilized blends during 

impact fracture. Impact loading could only bend the compatibilized samples and was 

unable to break them completely. Stress whitening around the notch (the major energy 

dissipation zone) was observed in all the compatibilized blends after impact testing. 

Matrix shear yielding or plastic flow without crazing was the dominant deformation 

mechanism in the tough compatibilized PA6/EBA-g-MAH° 49/EBA and PA6/EBA-g-

MAH° 96/EBA blends. As a result the compatibilized PA6/EBA blends showed very 

enhancements in the impact strength. There was no sign of shear yielding during impact 
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fracture of the uncompatibilized PA6/EBA blends where the elastomeric particles were 

completely dislodged from the matrix. 

The effect of phase interaction induced by reactive compatibilization during high shear 

and extensional flow in polyamide (PA6) and ethylene-co-butyl acrylate (EBA) blends 

was clear when the melt rheological behaviour was studied using advanced dual bore 

capillary rheometer. The viscosity-composition behavior of the uncompatibilized 

PA6/EBA blends exhibited negative deviation behavior from the log-additivity rule. The 

interfacial slip mechanism, operative between the matrix PA6 and dispersed EBA in the 

uncompatibilized blends was responsible for the negative deviation behaviour during 

shear flow and was further confirmed by Lin's and Bousmina-Palierne-Utracki (BPU) 

model for viscosity for the blends. On the other hand, the viscosities of the 

compatibilized PA6/EBA-g-MAH°49/EBA and PA6/EBA-g-MAH° 96/EBA blends with 

varying dispersed phase volume fraction showed positive deviation behavior. The 

reactive compatibilizers EBA-g-MAH 0.49  and EBA-g-MAH°.96  increased the phase 

interaction with adequate reduction in the dynamic interfacial tension, which favored the 

particle break-up and stabilized the morphology in the compatibilized blends. The 

extensional viscosity of the blends enhanced due to the inclusion of EBA in all the 

uncompatibilized and compatibilized blends. The melt elasticity and the elasticity 

function systematically evaluated from first normal stress coefficient functions ( yr, ) 

confirmed that the melt elastic parameters were improved with the addition of EBA. The 

variation in the recoverable shear strain (yR), shear rate dependent relaxation time 00 and 

shear compliance (Jo) under various shear rates also confirmed the same. 

The uniaxial tensile deformation studies revealed that the deformation mechanism during 
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tensile loading is quite different for the uncompatibilized PA6/EBA blends when 

compared to the compatibilized PA6/EBA-g-MAH°49/EBA and PA6/EBA-g-

MAH°96/EBA blends. The uncompatibilized blends showed an extensive interface 

delamination during tensile deformation especially at higher EBA concentrations. The 

deformed samples examined by high resolution scanning electron microscopy along the 

stretching direction reveal that at lower EBA concentrations, the interface cavitation 

resistance is relatively good with higher work of yield in these samples. This interface 

cavitation has generated extensive matrix shear yielding in these samples during cold 

drawing after localized necking. While at higher EBA concentrations, beyond 20phr level 

of EBA, cavitation resistance was relatively poor, leading to macro-voiding around the 

elastomer domains, and the stress-strain behavior of the samples showed rubber like 

deformation. In the compatibilized blends, the high interfacial adhesion achieved by 

reactive compatibilization prevented interface cavitation and arrested cold drawing of the 

samples at higher compatibilizer concentration. The essential work of fracture (EWF) 

studies revealed that the compatibilized PA6/EBA blends show much better fracture 

resistance than the uncompatibilized blends. High interfacial adhesion with finer 

dispersion of EBA domains induced extensive shear yielding with the formation of thin 

ligaments during EWF testing in compatibilized blends, and was responsible for the 

higher crack resistance behavior of these blends. 

The non-isothermal melt-crystallization and melting behavior of uncompatibilized 

PA6/EBA blends at different blend compositions were investigated using differential 

scanning calorimetry at different scanning rates. Several macro-kinetic models such as 

Avrami, Jeziorny, Ozawa, Liu, Ziabicki, and Tobin, were applied to analyze the 



crystallization behavior thoroughly under non isothermal conditions. Among the models 

used Ozawa and Liu models for nonisothermal crystallization described the course of the 

transformation process in the uncompatibilized PA6/EBA blends. The analysis by these 

macro kinetic models suggests that there is an increasing rate of transformation 

throughout the crystallization process and all the forms of nylon 6 crystals grow 

simultaneously in the PA6/EBA binary blends. The kinetic crystallizability of PA6 in the 

uncompatibilized PA6/EBA blends calculated using Ziabicki's approach suggests that the 

inclusion of EBA molecules slightly altered the crystallization ability of PA6 in the 

presence of EBA. Nucleation activity of EBA in the uncompatibilized PA6/EBA blends 

estimated by Dobreva and Gutzowa method revealed that the EBA particles are inert in 

nature and do not act as nucleating agent, however it favored the growth of y-crystalline 

phase, when compared to the a-crystalline phase of PA6 in the blends. The energy 

barrier of non-isothermal crystallization, activation energy calculated using Augis-

Bennett, Kissinger and Takhor method indicated that activation energy is slightly lower 

for the blends when compared to the neat PA6. 

In the compatibilized PA6/EBA-g-MAH"9/EBA blend the macro-kinetic models such as 

Avrami, Tobin and also the isothermal approach confirm that the crystallization process 

was very slow in the presence of compatibilizer. The interfacial reaction delayed the 

macromolecular diffusion process during crystallization. In the compatibilized blends 

also the growth of y-crystalline phase is favoured when compared to the a-crystalline 

phase. However the degree of crystallinity in both the uncompatibilized and the 

compatibilized blends does not vary with the inclusion of EBA and also the 

compatibilizer. 
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Reinforcing effects of nanotalc on PA6/talc and (PA6/EBA-g-MAH° 49/EBA)/nanotalc 

nanocomposites were revealed by the significant improvements in strength and the 

stiffness. The PA6/nanotalc registered a very high improvement in the strength/stiffness 

related properties with decreased strain related properties such as elongation and 

toughness of the composites. Systematic study of the phase morphology by SEM, TEM 

and XRD revealed the formation of extended brane-like and network-like structures 

alongwith delaminated talc layers due to stack-sliding effect of talc, while processing. 

The preferential retention of nanotalc in the polyamide phase of the ternary composites 

has resulted in remarkable improvements in the mechanical properties with moderately 

improved toughness. The modulus predicted by micromechanical models such as Halpin-

Tsai and Mooney equation suggests that the nano-phase in the composites retained a very 

good aspect ratio after melt-mixing. The presence of EBA elastomer domains has 

induced matrix crazing during impact fracture but could not induce shear yielding due to 

the blocking effect of the talc in the PA6 phase during stress percolation, resulting in 

moderate improvement in the toughness. The presence of nanotalc has improved the 

shear flow behavior in the binary and ternary nano composites by their capability of 

orientation during flow. 
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