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Abstract 

Rheology is a branch of physics that deals with the deformation and flow of matter under stress. It is particularly concerned with 

the properties of matter that determine its behaviour when a mechanical force is exerted on it. Rheology is distinguished from fluid 

dynamics because it is concerned with the three traditional states of matters rather than only liquid and gases. Rheological 

properties have important implications in many and diverse applications. Often, an additive is used to impart the desired flow 

behaviour. 

In this study, blends of biodegradable Poly (lactic acid) (PLA) and Polycaprolactone (PCL), were prepared using Hakee Rheomix 

and characterized for rheological and mechanical properties. Morphology of tensile fractured surfaces was examined through 

scanning electron microscopy (SEM). The blends of PLA/PCL exhibited an increase in percentage of elongation, impact 

toughness, and decrease in strength, when compared to that of neat PLA. Among the various blend proportions considered in this 

work, 80/20% PLA/PCL blend exhibited the highest elongation and impact strength. Rheological results revealed that PCL had 

higher melt elasticity and viscosity than PLA, and the melt elasticity and viscosity of the blends increased with the concentration of 

PCL. 
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1. Introduction 

As of late, ecological contamination has turned into an 

awesome worry because of the high effect of plastic waste in 

day by day utilize. One of the conceivable answers for this 

issue is to supplant the product manufactured polymers with 

the biodegradable polymers which are promptly powerless to 

microbial activity [2]. Of the numerous biobased and 

biodegradable polymers, polylactic corrosive (PLA) has been 

pulling in much consideration because of its mechanical 

properties looking like that of present day item plastics, for 

example, PE, PP and PS. PLA, however found in the 1890s, is 

finding an edge in this new period of science, because of 

expanding ecological cognizance as it is delivered from corn, 

starch and sugars. PLA is a straight aliphatic thermoplastic 

polyester produced using the ring opening polymerization of 

lactide and the cyclic dimer of lactic corrosive (v-hydroxy 

corrosive) (Drumright, Gruber, and Henton, 2000; Lunt 1998). 

In spite of the fact that Carothers et al. first polymerized the 

lactic corrosive in 1932; it was Cargill who best in class in the 

pilot generation of PLA. Unadulterated PLA is generally 

dismal and reflexive thermoplastic polymer with comparable 

properties as that of polystyrene [3]. It can be handled utilizing 

infusion shaping, pressure forming, expulsion, thermoforming 

and so forth. PLA has high modulus, sensible quality, 

astounding flavor and fragrance obstruction ability, great 

warmth seal ability and can be promptly manufactured, in this 

manner making it a standout amongst the most encouraging 

biopolymers for fluctuated applications (Fang and Hanna, 

1999). All things considered, PLA can wind up noticeably a 

standout amongst the most favored product plastics later on. 

In spite of these alluring highlights, a few disadvantages tend 

to restrain its far reaching materialness, for example, high 

cost, weakness, and tight handling windows [4]. In this way so 

as to widen the utilizations of PLA, material properties and 

process ability must be made strides. Polymer blends are the 

one of the helpful ways to deal with tailor the material cost 

and for enhance the material properties. Polymer blending is a 

strategy for acquiring properties that the individual don't have 

and has been broadly utilized for different sorts' polymers. 

Blending of PLA with different polymers offers the likelihood 

of enhancing the corruption rate, penetrability qualities, sedate 

discharge profiles, warm and mechanical properties. 

Biodegradable polymer, for example, with poly (butylenes 

succinated adipate) (PBSA) (Lee and Lee, 2005), poly 

(butylene adipate-co-terephthalate) (PBAT), poly (ε-

caprolactone) (PCL) and poly (ethylene succinate) (PES), and 

so on are among the better choices for blending with PLA [5].  

In the paired arrangement of PLA and PBS, Amita Bhatia 

(2007) announced that elasticity and modulus of the blends 

diminished with PBS content yet rate extension at break 

remains relatively steady for every one of the blends. 

Rheological investigation inferred that both the perfect PBS 

and PLA polymers displayed Newtonian conduct and 50/50 

wt% (PLA/PBS) blend indicated solid shear diminishing 

conduct at low frequencies, while different blends 

demonstrated comparative conduct as that of flawless 

polymers [6]. Long Jiang et al. (2007) examined the 

rheological, morphological and mechanical properties of PLA 

and PBAT blends. Reheological comes about uncovered that 

PBAT had higher softened versatility and consistency than 

PLA, and the dissolve flexibility and thickness of blends 

expanded with centralization of PBAT. SEM micrographs 
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demonstrate that PBAT was uniformly scattered in the PLA 

lattice.[7] Aside from the previously mentioned polymers Poly 

(€ - caprolactone) (PCL) is another polymer which is by all 

accounts promising because of its empowering properties and 

its similarity with many kinds of polymers. 

 

Polymer Melts 

Over the most recent three decades, extensive advance has 

been made in the Rheology of polymer arrangements and 

polymer melts. The estimation of rheological properties of any 

polymeric material in the liquid state is urgent keeping in 

mind the end goal to increase central comprehension of the 

process ability of that material. This is on the grounds that 

rheological practices are unequivocally affected by the 

material structure and the interfacial attributes. The Rheology 

of polymer liquefy is urgently basic for two reasons [8]. Right 

off the bat, it has settled numerous polymer issues, for 

example, wide measure varieties in films, poor optical nature 

of sheet and movies, moderate creation rates, dimensional 

shakiness and poor mechanical properties. Also, it has been 

utilized for the examination of parameters, for example, 

atomic structures, fanning sort and degree of expanding, 

substance, traps and crosslink thickness. Since polymer melts 

are viscoelastic, both thickness and versatility must be 

estimated. This data is effortlessly possible from viscoelastic 

range. Information can be dealt with in various ways [9]. Ace 

bends can be delivered from where hindrance and unwinding 

spectra can be created. To incorporate the extensive variety of 

unwinding times-from the biggest atoms to the littlest 

subsegments, it is important to make estimation over an 

extensive variety of temperature and recurrence (or shear 

rates). Nichetti and Manas-Zloczower utilized a 

straightforward superposition model to characterize the 

connection between sub-atomic weight conveyance and shear 

thickness for direct polymeric frameworks. Gel penetration 

chromatography information for atomic weight dispersions 

were fitted utilizing measurable dissemination capacities. A 

basic superposition demonstrates was then utilized to compute 

the shear consistency for the frameworks examined. The 

impact of polydispersity on the state of the stream bends was 

ascertained. The straightforwardness of the model influences 

plausible its to use in numerical reenactments of complex 

geometries as experienced in polymer handling hardware. 

Their examination additionally reveals some insight into the 

connection amongst entrapment and unraveling wonders in 

polymeric frameworks. Soskey and Winter estimated pressure 

unwinding after quick extensional strain, keeping in mind the 

end goal to acquire the extensional unwinding modulus. Their 

exploration had the goals of building up the greased up 

pressing strategy for liquid polymers, by applying the method 

to two distinct polymers, and testing the "detachability 

speculation." The time-reliance of the unwinding modulus was 

observed to be the same in augmentation as in shear, giving 

the unwinding modulus of direct viscoelasticity [10]. 

 

Polymer Blends  

Polymer Blends: Recently, there has been articulated 

enthusiasm for polymer blends. The improved exercises are 

identified with the expectation of delivering propelled elite 

materials in light of surely understood items and the 

requirement for essential learning on their stage conduct, 

which thusly offers some adaptability for the control of 

morphology amid preparing. Polymer blends are blends of 

various homopolymers, copolymers, and terpolymers. They 

can be homogeneous (miscible) or heterogeneous 

(multiphase). This incorporates both crystalline and indistinct 

polymers. Regardless of whether a blend of two artificially 

different polymers is miscible or not relies upon the 

thermodynamics of blending [11]. Keeping in mind the end 

goal to comprehend what represents polymer-polymer 

miscibility on an atomic scale, it can be drawn nearer through 

the polymer arrangement hypothesis. The one of a kind factor 

influencing the thermodynamics of polymer blends contrasted 

and polymer arrangements is the extensive sub-atomic weight 

of the two parts. Polymer blending has been distinguished as 

the most flexible and practical course to delivering new multi-

stage polymeric materials that can fulfill the intricate requests 

of execution. 

 

2. Experimentation 

2.1 Materials Procured 

Polylactide (PLA) with 4320-review, pellet frame with 

Density 1.25g/cm3 and dissolve record (MI) =15g/10min) has 

been obtained from Green Chemical Co. Ltd., South Korea. 

PLA has immaterial solvency in water and has a dissolving 

purpose of 170o C. Biodegradable PCL Polymer with G4460-

review, having Density 1.3gm/cm3, soften list (MI) =10 

gm/10 min) by Pestrap, U.K was utilized to blend with PLA. 

PCL has a dissolving purpose of 80o C. 

 

2.2 Blends and Specimen Preparation 

The pellets of the two PLA and PCL were at first dried in 

vacuum broiler at a temperature of 50o C for 2 days to expel 

the assimilated dampness, before preparing through Rheomex. 

Blends of PLA and PCL with 90/10, 80/20, 70/30 % were 

expelled by liquefy blending at 170o C. Estimated amounts of 

every polymer were first blended in a compartment before 

blending in a Hakee Rheomix. Rheomix was worked at 170o 

C, 160o C, 150o C, 140o C and130o C at zones 5, 4, 3, 2 and 

1 separately and 60 rpm screw speed for exacerbating of the 

considerable number of blends [12]. All blends were given a 

similar handling treatment to keep up general consistency. 

Arranged blends were again dried at 50o C in vacuum stove 

for 12 hours before additionally preparing. Specimens were 

set up by pressure forming process. Process parameters, for 

example, forming temperature, weight, douse time and 

cooling rate for unadulterated PLA and their blends were set 

at ideal conditions got through Taguchi plan of trials [13]. 

Formed specimens were cooled to 50o C before expulsion 

from the shape. Specimens were cut according to ASTM 

gauges for portrayal. 

 

2.3 Tensile Testing 

Tensile properties (quality, durability, stretching at-break) 

a 10KN load cell on an Instron Model 3389 tensile analyzer. 

The cross-head speed was set at 5mm/min. All tests were done 

by the ASTM D638 (Type I). Five specimens of each example 

were tried and the normal outcomes were accounted for. 
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2.4 Scanning Electron Microscopy (SEM) 

Broken surfaces from the tensile tests were inspected utilizing 

Zeisis EVO MA filtering electron microscopy (SEM) worked 

at 10 KV. All specimens were sputter-covered with a thin 

 

 

2.5 Rheology 

Shear rheological properties of each blend and perfect 

Polymers were estimated utilizing a progressed Rheometric 

Expansion System (ARES) utilizing 50mm parallel plate 

geometry. Tests were performed at 200 oC under nitrogen 

climate to stay away from any corruption [14]. All examples 

were dried in vacuum broiler before the test. 

 

3. Results and discussion 

3.1 Scanning Electron Microscopy 

To examine the morphology of PLA/PCL blends, tensile 

cracked surfaces of the blends were seen through SEM 

subsequent to being gold covered. As appeared in Fig. 1, oval 

holes and encased round PCL particles were obvious on the 

broken surfaces of all the three blend pieces considered [15]. 

The blend is a sort of immiscible, two-stage framework with 

PCL scattering in PLA grid. SEM of PLA/PCL blend of 

90/10wt% show generally smooth surfaces comparing to low 

crack retained vitality appeared in Fig.1 (a) the voids saw in 

PLA/PCL blend of 90/10wt% are thought to be made by 

deboning at interfaces between PCL spherulites and grid.. The 

encompassing network seems, by all accounts, to be chiefly 

fragile PLA, and the voids cause nearby pressure fixation; 

subsequently, start of neighborhood disappointment, for 

example, framework smaller scale splitting is speedier than 

PLA/PCL blend of 80/20wt%, coming about the less break 

retained vitality than PLA/PCL blend of 80/20%. The other 

two blends show moderately pliable crack surfaces contrasted 

with PLA/PCL blend of 90/10 wt%. It is unmistakably 

observed that the pliability of break surface is the most 

extreme in PLA/PCL blend of 80/20wt%. PCL spherulites 

were seen in PLA/PCL blend of 80/20 and 70/30wt %. The 

malleable disfigurement of the lattice infers that the network 

comprises of PLA and PCL. The lattice of PLA/PCL blend of 

90/10wt% may likewise contain PCL; nonetheless, the sum is 

too little to make such malleable misshapening. Bigger PCL 

spherulites are seen in PLA/PCL blend of 70/30wt%, and 

along these lines, bigger voids are made. These extensive 

voids result in nearby pressure fixation in more extensive 

district than alternate blends, causing speedier crack advance, 

and hence the break assimilated vitality all of a sudden turns 

out to be much lower than PLA/PCL blend of 80/20wt% as 

appeared in Fig.1(c). 

 

 
 

Fig 1: Phase morphologies of the PLA/PCL blends with (a) 10, (b) 20, and (c) 30% PCL 
 

3.2 Rheological Properties 

Shear rheological properties of each blend and perfect 

polymers were estimated utilizing Parallel plate rehometer. 

Tests were performed at 2000C under nitrogen air to maintain 

a strategic distance from debasement. Reliance of relentless 

shear thickness on shear rate at 2000C for slick polymers and 

their blends is appeared in Fig.3. The shear consistency of the 

blend framework diminished with increment in shear rate, 

showing shear diminishing conduct [16]. Comparative conduct 

was watched for biodegradable polymers like PBS, and 

biodegradable aliphatic polyester (BAP). PCL indicated 

higher consistent shear viscosities than PLA (Figure 3). The 

expansion of PCL brought about the progressive increment in 

the thickness of the blends and indicated viscosities in the 

middle of that of the slick polymers. It likewise gave the idea 

that PLA had a more extended Newtonian area than PCL, and 

the expansion of PCL diminished the Newtonian district of the 

blends. Despite the fact that Rheology information 

demonstrated higher thickness of PCL than PLA at 200 °C, 

the expansion of PCL was found to expand the procedure 

capacity of PLA in expulsion. Shear pressure versus shear rate 

plot of the flawless polymers and their blends is exhibited in 

figure 2. In Figure 2, higher Shear worry of PCL demonstrates 

higher versatility of PCL than that of PLA. The Shear worry 

of the blends expanded with increment in PCL content. This 

implies the versatility of the soften blend expanded with PCL. 
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Fig 2: Shear Stress Vs Strain rate at 200°C of PLA/PCL blends 
 

 
 

Fig 3: Shear viscosities Vs strain rate at 200°C of PLA/PCL blends 
 

3.3 Mechanical Properties and Toughening 

Amid tensile testing it is watched that crack conduct of the 

specimen changed from fragile break of slick PLA to bendable 

crack of the blends. This is exhibited in the tensile pressure 

augmentation bends as appeared in Figure 4. Slick PLA 

demonstrated disappointment by neck shakiness, and its resist 

break was just around 4.7%. Despite what might be expected, 

every one of the blends indicated stable neck development 

through chilly illustration. It was seen that even at 10% of 

PCL the stretching of the blend was massively expanded to 

(19 %), and the extension ceaselessly expanded with the 

expansion in PCL content till 20% wt of PCL there after it got 

diminished [17]. Tensile quality of the PLA/PCL blends 

diminished with expanding PCL content (Figure. 4). Tensile 

quality diminished by 35% for flawless PLA with that of 

20%PCL blend. This was normal since PCL has a lower 

tensile quality than PLA. With the expansion PCL flexural 

quality diminished bit by bit as demonstrated Figure 5. Effect 

quality of the PLA/PCL blends was additionally estimated for 

different PCL substance, as appeared in figure 6. An 

expansion in PCL content came about continuous increment in 

strength up to 20% wt of PCL and there after it diminished. 
 

 
 

Fig 4: Tensile stress- strain curves of the blends with different PCL 

contents 

 
 

Fig 5: Flexure strength of the blends with different PCL contents 
 

 
 

Fig 6: Effect of PCL concentration in the blends on impact strength 

 

4. Conclusion 

PLA and PCL were dissolve blended utilizing a Hakee 

Rheomix and palletized for pressure shaping. Rheological 

outcomes uncovered that PCL had higher dissolve flexibility 

and consistency than PLA, and the liquefy versatility and 

thickness of the blends expanded with the convergence of 

PCL [18]. SEM micrographs demonstrate that PCL was equally 

scattered in the PLA framework. Indeed, even with 10% PCL, 

the tensile durability of the PLA blend was incredibly 

expanded without extreme misfortune in tensile quality and 

modulus. The effect quality of the blend was additionally 

fundamentally enhanced at 10% or higher level of PCL 

option. 
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