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ABSTRACT 

Cellulose acetate (CA) is added to the “Environmentally friendly” poly(lactic acid) (PLA) to improve its materials stiffness and thermal 

stability for use in various applications. Stress-strain showed that small amounts of CA had contributed to PLA flexibility while 

maintaining high values for the stress. The improved mechanical properties of the samples signifies the stability of the blend due to the 

formation of 3D-hydrogen bonding network between the CA and PLA chains as indicated by FTIR analysis. Extended thermal 

degradation highlighted the susceptibility of neat PLA chains to degradation over extended periods of time. The presence of CA 

component protected PLA chains as a result of the crosslinking between the resultant free radicals and the polymeric chains, which 

increased the molecular weight of the samples and its overall toughness. Molecular simulations showed that enthalpy of mixing had 

positive values at low temperatures indicating blend instability as the entropic contribution to free energy of mixing was not sufficient to 

overcome the enthalpic-driven phase separation. Greater free energy values at higher PLA content coincided with the experimental 

observation that blends with high PLA content showed appreciable mechanical response whereas those with higher CA content showed 

no mechanical integrity as predicted by molecular modeling.  

Keywords: poly(lactic acid); cellulose acetate; biodegradable polymers; mechanical properties; molecular modeling; free energy of 

mixing. 

1. INTRODUCTION 

 Poly(lactic acid) (PLA) has emerged as one of the most 

promising “environmentally friendly” biodegradable candidates in 

replacing conventional petroleum-based polymers [1]. General 

advantages of petroleum-based polymers include low cost, high-

speed production and good mechanical performance. 

Alternatively, they show many different disadvantages such as 

declining oil and gas resources, environmental concerns, 

uneconomical costs, cross-contaminations during their recycling 

and consumer toxicity risks associated with the migration of 

unreacted monomers, free radicals and various additives to edible 

materials.[2] Biopolymers, however, are naturally safe and their 

biodegradation generally involves natural products and by-

products, which contributes to biomass and could be used for the 

production of nutrients, fuel and fertilizers.  

 PLA is a biodegradable polymer with participation in a 

wide range of industrial applications as a result of its unique 

properties such as high mechanical strength, good appearance, low 

toxicity and good barrier properties. PLA, however, shows some 

properties such as inherent brittleness and low thermal stability, 

which hinders its large scale-application in the polymer industry 

and pose considerable scientific challenges [3], [4]. A great 

number of researchers have studied the different properties of PLA 

alone or in combination with other polymers either through 

blending or copolymerization [2].  

 PLA degradation takes place through the simple hydrolysis 

of the ester bond, which depends on size and shape of the sample 

as well as the hydrolysis temperature [5], but is independent on the 

presence of enzymes as a precondition for its catalysis. PLA 

thermal degradation consists predominantly of two mail 

mechanisms, (i) random main-chain scission and (ii) unzipping 

depolymerization reactions [6]. The random degradation 

mechanism may involve a combination of the oxidative 

degradation, cis-elimination, intramolecular and intermolecular 

trans-esterification reactions in addition to the aforementioned 

ester-bond hydrolysis [7]–[9]. Random main-chain scission at 

temperatures above 180oC have shown to affect the melt 

degradation of PLA [10]. Nevertheless, other active byproducts of 

these processes such as residual monomers, and chain-end groups 

as well as other impurities were found to accelerate the thermal 

degradation of PLA [11], which result in an undesired molecular 

weight reduction accompanied by a weight loss that occurs from 

180oC to 220oC. Modification of the polymer using chain 

extenders to afford long and branched structures was reported as 

to control the degradation of PLA [6]–[13]. In this approach, using 

a chain extender is thought to reconnect cleaved chains and 

subsequently maintaining the molecular weight of the polymer and 

its overall mechanical integrity [14]–[18]. Multi-functional epoxy 

compounds were used in this approach due to their ability to react 

with nucleophilic end group’s such as OH and COOH groups of 

PLA. Branched but less cross-linked PLA could be also obtained 

with using more than 1.5% by wt. of a multifunctional epoxide 

[19], [20]. The branched polymers not only increase the molecular 
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weight, but possess other properties when compared with linear 

polymers. The addition of such a chain extender may have 

enhanced the long-term usage of PLA but the formation of 

crosslinked or branched polymeric chain will definitely hinder the 

extrusion and injection formability of PLA due to the increase in 

the polymer viscosity which will require the use of higher 

temperatures to control the increase in the processing viscosity 

[21], [22]. Similar chain extenders were also sought for crystalline 

PLA as well as for amorphous ones [23].  

 Even though replacing petroleum-based plastics with 

environmentally friendly biodegradable polymers such as PLA is 

considered one of the most important scientific and economic 

issues, the improvement in the polymeric flexibility and thermal 

stability is an essential step for this transition. Usually, the 

presence of fillers improves the elastic modulus of the polymer 

although decreases its elongation at break. In case of PLA, the 

polymer modulus is quite high due to the apparent stiffness of the 

polymer but its extensibility is quite limited and is reduced even 

further with the addition of these filler particles. Interestingly, it 

was also reported [24] that the elastic modulus of PLA composite 

with microcrystalline cellulose was smaller than that of the 

composite with the same amount of bentonite. A decrease in the 

molar mass and weight loss of PLA composites with fillers and/or 

fibers of natural origin was observed [25]–[28] whereas man-made 

cellulose fibers and nanofibers had their molar mass increased 

[27]–[29]. Progress in the field of polymer composites and 

nanocomposites with biodegradable fillers and fibers was a subject 

of a recent review [30]. Biodegradable blends of PLA with 

cellulose acetate (CA), another biodegradable polymer, are thus 

considered in this work as a possible route for the improvement of 

both the flexibility and overall thermal stability of this important 

polymer.

2. EXPERIMENTAL SECTION 

2.1. Materials. Poly (lactic acid) (PLA) pellets with a commercial 

name “Ingeo” grade 4043D of density 1.24 g/cc, relative solution 

viscosity (RV) of 4.0 (+/- 0.10), and D-Isomer level of 4.35% (+/-

0.55%) was purchased from Nature Works LLC, Minnetonka, 

USA. Cellulose acetate (CA) powder with commercial name 

“cellulose acetate” of density 1.24 g/cc was purchased from Loba 

Chemie, India. The PLA pellets were dried under vacuum at 40℃ 

and 600 mbar for 5 hours. Finally, 1, 4- Dioxane 

(spectrophotometric grade ≥99, Mwt. 88.11) was purchased from 

Tedia, USA and used as is without further purification.  

2.2. Preparation of the polymeric films. In order to investigate 

the mechanical and thermal properties of PLA/CA blends, 

different films for each blend composition was prepared using 

solvent casting method. 10 g of the total polymer content was 

dissolved in 90 g 1,4-dioxane using magnetic stirrer for 8 hours at 

40℃. The polymeric solution was then casted on a smooth, free of 

scratches glass plates using a laboratory-designed applicator. The 

initial thickness of each film was between 0.5-0.65 mm. The cast 

films were kept in a closed environment to avoid formation of air 

bubbles or film deformation. The films were allowed to sit for 24 

hours at room temperature and then were subjected to vacuum 

distillation at 50℃ and 600 mbar for 24 hours to remove any 

traces of the residual solvent, which otherwise may act as a 

plasticizer and could eventually distort the film properties. Various 

PLA/CA film compositions of 100/0, 95/5, 90/10, 85/15, 80/20, 

75/25, 70/30, 60/40, 50/50, 40/60 and 0/100 were thus prepared to 

complete this study. In each case the total amount of the polymer 

content used in the preparation of each film was 10 g, i.e. in case 

of 80/20 composition, 8 g of PLA were mixed with 2 g of CA and 

were all dissolved in 90 g 1,4-dioxane as described above. 

Needless to say, 100/0 composition refers to neat PLA polymer 

and 0/100 refers to neat CA polymer. 

2.3. Fourier-Transform Infra-Red analysis (FTIR). Thermo-

Scientific, Nicole 380 FT-IR was used to reveal and confirm the 

chemical structures of the prepared samples and possible shifts in 

the IR spectra due to the formation of any hydrogen bonding 

between PLA and CA. The films were cut into 2 cm x 2 cm with 

thickness of 0.7 mm. FTIR measurements were obtained by 

averaging 32 scans at resolution of 4 cm. All the prepared samples 

were analyzed in the wavelength range from 500-4000 cm-1 

wavenumber. 

2.4. Thermogravimetric analysis (TGA). TGA experiments were 

carried out to determine the variation in the thermal degradation 

temperature of the various films using TGA analyzer (Thermo 

Scientific - TGA/FTIR, Q Series). Heating rate of 10oC min-1 was 

used to raise the temperature of 10-14 mg samples from room 

temperature up to 500oC under nitrogen purge flow rate of 50 ml 

min-1. The precision of the temperature measurement was less than 

0.5oC. 

2.5. Stress-strain measurements. The stress-strain isotherms of 

the various samples at room temperature were obtained on the 

dumbbell-shaped specimens cut from the cast sheets. Each sample 

was held vertically between two clamps with the lower clamp 

fixed and the upper clamp suspended from a strain gauge (Statham 

model G1-16-350). A constant voltage DC power supply (Hewlett 

Packard 6217) was used to supply approximately 14 volts 

potential to the transducer and was connected to DS1M12 digital 

oscilloscope & WaveForm generator for output data recording. 

The transducer was frequently calibrated using a set of standard 

weights. Its output was found to remain constant over the usual 

time span of an experiment. Prior to attaching the clamps to a 

sample, two thin lines were drawn on it. The exact length of the 

thus-demarcated section of the sample was measured precisely at 

the desired temperature by means of a cathetometer (Gaertner 

Scientific Corp., Model M940-303P, precision 1 micron), and the 

thickness and width were determined with a micrometer. Three 

measurements each along the thickness and width of the strip were 

taken, and the average cross-sectional area, A*, was determined 

after complete evaporation. The upper clamp was raised to a 

position giving the desired elongation of the strip in a step-wise 

fashion. The distance between the two lines was measured with a 

cathetometer and recorded as the length L. The ratio of L to Lo 
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(initial length) presents the elongation (strain), . The potential 

from the stress gauge was calibrated in terms of Newtons (N). The 

stress-strain measurements were made using a sequence of 

increasing values of the elongation. The equilibrium elastic force, 

f, was noted after the force reading has become sensibly constant 

for at least 15 min. The elastic quantity of interest for the stress-

strain investigation portion was the nominal stress, f*, defined by: 

f* = N / A*  (1) 

2.6. Dry thermal degradation test. In order to test the 

degradability of the prepared blends, the oven method was used in 

accordance with ASTM 0573-99. Specimens for degradation were 

placed in an air oven preheated to 100℃ and in one circumstance 

up to 50℃. The specimens were subjected to the thermal 

degradation treatment for 1, 2, 3, 4 and 5 days. Additionally one 

sample was tested at 50℃ for 4 hours. After degradation, the 

specimens were removed from the oven, cooled to room 

temperature on a flat surface and allowed to stand for not less than 

24 hours prior to further testing. 

2.7. Theoretical Methodology. Molecular models of the various 

polymeric blends were constructed and investigated using the 

BLENDS module in Materials Studio® simulation package 

available from Accelyrs, Inc, UK. The simulation study was used 

to investigate on a molecular-level the influence of temperature on 

the free energy of mixing two polymeric materials and to generate 

phase diagrams for various blend systems. 

 The modeling work is based on Flory-Huggins model [31]–

[33]. The general expression for the free energy of mixing of a 

binary system is:  
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where ΔG is the free energy of mixing (per mole), i is the volume 

fraction of component i, ni is the degree of polymerization of 

component i, χ is the interaction parameter, T is the absolute 

temperature and R is the gas constant. The first two terms 

represent the combinatorial entropy. This contribution is always 

negative, hence favoring a mixed state over the pure components. 

The last term is the free energy due to interaction. If the 

interaction parameter, χ, is positive, this term disfavors a mixed 

state. The balance between the two contributions gives rise to 

various phase diagrams.  

The interaction parameter, χ, is defined as: 

RT

Emix
  (3) 

where Emix is the mixing energy, which is the difference in free 

energy due to interaction between the mixed and the pure state. 

PLA/CA 80/20 blend was thus simulated and minimized using the 

molecular modeling technique as shown in figure 1. 

 
Figure 1. Schematic representation of a molecular model of PLA/CA 

blend. 

3. RESULTS SECTION 

3.1. Fourier-Transform Infra-Red spectroscopy (FTIR). The 

presence of hydrogen bonding between OH groups on CA and the 

C=O groups of PLA is evident by FTIR spectra, figure 2, which 

act as to stabilize the polymer blend at normal conditions. The 

presence of hydrogen bonding also has two major influences on 

the spectra. Firstly, its presence causes a shift toward lower 

frequency of all function groups involved in the hydrogen 

bonding. This is interesting when considering the methyl C-H 

bending at 2850-2995 cm-1 and the C=O stretch band at 1670-

1730 cm-1. The greater the amount of CA, the greater shifting of 

the C=O stretch band as is observed. Secondly, the peaks are 

generally broadened as is observed for the C=O stretch band. 

3.2. Thermal gravimetric analysis of the various blend films. 

TGA thermograms of the various PLA/CA blend films (100/0, 

95/5, 90/10, 85/15, 80/20 and 0/100) are all shown in figure 3. The 

figure clearly shows that the degradation takes place between 

317℃ and 385℃ for all the samples. All samples show steady 

degradation behavior as a common feature. The process of 

degradation is qualitatively characterized by a set of temperature 

points on the TGA curve, shown in Table 1. Upon heating, the 

sample commences the degradation stage at temperature T1 and 

reaches its maximum value a temperature T2 with weight loss 

percentage (wt loss %) at the end of that stage.  

 
Figure 2. FTIR spectra of various PLA/CA blends with different 

compositions. 
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It is a quite interesting to observe the complete conversion 

of pure PLA sample into all volatile compounds with 0% residue 

remaining at the end of the thermal degradation process in contrast 

to the CA and PLA/CA blends which small amount of residues in 

a form of incomplete burning of carbon ashes remained at the end 

of the degradation process. 

It is obvious from the table and the figure that the onset 

temperature of the degradation process as indicated by T1 

temperature for the various polymer blend samples were 

influenced to a small extent due to the presence of an increasing 

amount of CA. 

This could be explained on the basis of the high T1 

temperature (331℃) for the CA polymer than that of PLA (317℃), 

which resulted in the gradual increase of T1 with the increase of 

the CA content in the blends. 
Table 1. Thermogravimetric analysis data of PLA/CA blends with 

various compositions. 

PLA/CA T1 min (°C) T2 max (°C) Weight loss % 

100/0* 317 365 100 

95/5 312 360 85 

90/10 328 371 82 

85/15 322 380 79 

80/20 330 378 72 

75/25 322 381 69 

0/100** 331 385 85 
*Neat PLA 
**Neat CA 

3.3. Stress-strain measurements. Stress-strain isotherms for 

typical PLA/CA blends in comparison to that of neat PLA are 

shown in figure 4 by plotting f* against the elongation, for these 

blends. It is obvious from the figure that the addition of small 

amount (5%) of CA to PLA has actually increased the stiffness of 

PLA as manifested by the higher nominal force at lower 

elongations. 

 
Figure 3. TGA thermograms of various PLA/CA blends with different 

compositions. 

  
Figure 4. Stress-strain isotherms of the various PLA/CA blends. 

Higher percentage of CA (20%) has actually contributed 

tremendously to the flexibility of PLA while maintaining high 

values for the stress and thus leading to the toughness of these 

blends. Further increment in the CA concentration has led to the 

worsening of the mechanical response of these blends and at 50% 

composition the samples have completely failed the stress-strain 

test. The improved flexibility of 20% CA blend actually signifies 

the stability of the blend possibly due to the formation of hydrogen 

bonding 3D network between CA and PLA chains as indicated by 

FTIR spectral analysis. At higher CA concentrations, the repulsive 

forces between the two polymers increase greatly up to the point 

that they could not be stabilized by the formation of the hydrogen 

bonds.  

 
Figure 5. The influence of PLA/CA blend composition on the elongation 

at rupture. 

 
Figure 6. The influence of PLA/CA blend composition on the nominal 

force at rupture. 
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Figure 7. The influence of PLA/CA blend composition on the energy 

required to rupture the sample.To elaborate on these findings further. 

Table 2. Ultimate mechanical properties of the PLA/CA blends with 

various compositions. 

PLA/CA αr ƒ*r (N.mm
-2

) Er (J.mm
-3

) 

100/0 1.020 36.84 0.330 

95/5 1.017 27.7 0.232 

90/10 1.022 29.3 0.188 

85/15 1.024 23.35 0.103 

80/20 1.029 23.40 0.109 

0/100 1.030 2.7 0.220 

The ultimate properties calculated from this figure, namely the 

elongation at break, r, the nominal stress at break, f*
r, and the 

energy required to break the samples, Er, as a function of PLA 

concentration (PLA) are shown in figure 5-7 and listed in Table 2. 

The energy required to break the samples was calculated by 

considering the area under the nominal stress-strain isotherms for 

the respective samples. The results clearly demonstrated that the 

flexibility of PLA was improved with the addition of CA, while 

the ultimate stress and energy required to break the samples have 

slightly declined with more CA added to the blend. This is 

interesting since FTIR spectral analysis indicated the formation of 

hydrogen bonding, which in fact should limit the extensibility of 

PLA chains. However, it is well known that the addition of 

hydrophilic polymers such as poly(ethylene glycol) act as 

plasticizers and diffuse in-between PLA chains and thus increase 

their extensibility. It is believed here as well that the 20% CA has 

acted in a similar way as to interact with the PLA chains and break 

its coagulation and thus cause its marked extensibilities. Further 

increase in the CA concentration as was mentioned contribute to 

the segregation of the two polymers leading to a decrease in the 

hydrogen bonding density and contributing further to the decline 

of the mechanical response of the polymeric blend. 

3.4. Dry thermal degradation measurements. In order to 

evaluate the influence of the addition of CA polymer on the 

thermal stability of the PLA matrix, dry thermal degradation 

experimentation was conducted as described earlier. Results of the 

thermal degradation measurements are shown in Table 3 in terms 

of the ultimate mechanical properties, elongation at break, 

nominal force at break and the energy required to break the 

samples for different PLA/CA samples, namely 100/0 (Neat PLA), 

90/10, 85/15 and 80/20 blend compositions. It is obvious from the 

table that the addition of CA polymer in general has improved the 

thermal stability of PLA with degradation. Blend compositions of 

10% and 15% CA showed slight improvement in the blend 

extensibility with degradation but lower extensibility for the 20% 

CA blend. Samples with more than 20% have failed the stress-

strain test completely. The nominal force (stress) showed 

appreciable improvement when CA was added to the PLA matrix. 

Table 3. Ultimate mechanical properties of PLA/CA blends before (ND) 

and after (D) accelerated thermal degradation at 50oC for 4 hrs 

PLA/CA 
αr f*r (N.mm

-2
) Er (J.mm

-3
) 

ND D ND D ND D 

100/0* 1.020 - 36.84 - 0.33 - 

90/10 1.022 1.031 29.3 26.32 0.188 0.419 

85/15 1.024 1.032 23.35 18.15 0.103 0.165 

80/20 1.029 0.100 23.40 20.17 0.109 0.041 

*Degraded pure PLA sample were extremely weak and fragile to be 

subjected to stress–strain measurements 

 While neat PLA samples were too weak and fragile, upon 

degradation, to be subjected to the stress-strain test, PLA/CA 

blend samples showed nominal stress values that were slightly less 

than that of the non-degraded samples. The nominal force of the 

blend samples decreased with the increase in the CA content as 

was the case with the non-degraded samples. Interestingly, for the 

energy required to break the samples, the degraded 90/10 blend 

sample showed much higher values than those of the non-

degraded sample. To elaborate on this point further, the influence 

of the extent of degradation on the mechanical response of the 

blend samples was studied. The 80/20 blend was subjected to an 

accelerated thermal degradation for an extended period of time at 

increasing degradation temperature. The results of this study are 

shown in Table 4.  

Table 4. Degradation profile of PLA/CA 80/20 blend showing the 

influence of extended degradation on its ultimate mechanical properties.  

Sample 
Degradation 

Temperature(°C)  
Degradation 

Period (hr) 
αr 

f*r 
(N.mm-2) 

Er 

(J.mm-3) 

1* - - 1.029 23.4 0.109 

2 50 4 1.032 18.15 0.041 

3 100 24 1.018 16.01 0.025 

4 100 48 1.008 8.54 0.014 
*Sample was not subjected to any degradation and was provided only for 

comparison with other samples 

 The results clearly show that the extended degradation 

period didn’t affect the elongation at break to a great extent. 

Interestingly, the behavior of the nominal force with extended 

degradation showed a decrease in the nominal force at the early 

stages of the degradation (up to 4 hrs and 50oC) as expected. 

However after 24 hrs of the degradation at the high temperature at 

100oC, the elongation at break, the nominal force and the energy 

required to break the sample have all increased considerably, thus 

indicated an increased toughness of the sample. This could be 

explained on the basis of crosslinking that might have taken place 

between the resultant free radicals produced from the degradation 

process and the polymeric chains thus causing the increase in the 

molecular weight of the samples, its crosslink density and over all 

high toughness. Further degradation (up to 48 hrs) has eventually 

degraded the samples and deteriorated its mechanical response.  

3.5. Molecular Modeling of the PLA/CA blend. The molecular 

simulation techniques employed in this study combined a 

modified Flory-Huggins model to calculate the compatibility of 

binary mixtures. Two important extensions to the original Flory-

Huggins model are employed:[34], [35] 

 An explicit temperature dependence on the interaction 

parameter is employed herewith. This is accomplished by 

generating a large number of pair configurations and 

calculating the binding energies, followed by temperature 
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averaging the results using the Boltzmann factor and 

calculating the temperature-dependent interaction 

parameter. 

 An off-lattice calculation, meaning that molecules are not 

arranged on a regular lattice as in the original Flory-

Huggins theory, is also employed. The coordination 

number is explicitly calculated for each of the possible 

molecular pairs using molecular simulations. 

 By substituting the temperature-dependent interaction 

parameter, χ, in the Flory-Huggins expression, the free energy is 

calculated for all compositions and temperatures. From this, the 

phase diagram of the mixture was determined and plotted in 

figures 8 and 9. Figure 8 clearly shows the impact of the molecular 

microstructure and the composition of the polymeric blends on the 

enthalpy of mixing PLA with CA as a function of the temperature. 

It is quite revealing from this chart that the enthalpy of mixing 

around room temperature had negative values indicating an 

exothermic mixing process leading to a polymeric blend stability. 

At both quite lower and quite higher temperatures, the enthalpy of 

mixing shows positive values pointing at possible microphase 

separation of the polymeric chains and an overall blend instability 

as the entropic contribution to the free energy of mixing may not 

be sufficient to overcome the enthalpic driven phase separation 

and could eventually result in the blend phase separation at these 

temperatures in accordance with the following free energy 

expression:[36] 

G = H – TS   (4) 

To elaborate further on this point, the free energy of mixing was 

calculated following Eqn. 1 and was plotted in figure 9 against the 

mole composition of CA at various temperatures. It is quite 

interesting to observe here, in accordance with results obtained 

from figure 8, that the free energy of mixing showed positive 

values indicating phase separation at low temperatures. This could 

be explained on the basis that at low temperatures, the term TS is 

not large enough to overcome the positive H values in Eqn. 4 and 

the overall free energy is showing positive values. However, at 

quite high temperatures, the TS term is quite large not only to 

overcome the positive H values in Eqn. 4 but also to produce 

large negative values for the overall free energy of mixing 

indicating phase mixing at these temperatures even though the 

enthalpy of mixing had shown positive values at these 

temperatures. Another interestingly observation in figure 9 is the 

minima observed for the free energy of mixing at higher PLA 

compositions, which coincides with the experimental observations 

that blend compositions with higher PLA content had shown 

appreciable mechanical response whereas those with low PLA 

content had shown no mechanical integrity and couldn’t be 

subjected to the stress-strain test due to their blend instability as 

predicted by the molecular simulation.  

 
Figure 8. The influence of the temperature on the enthalpy of mixing PLA with CA polymer. 

 
Figure 9. Phase diagram of PLA and CA polymeric blends showing the influence of temperature and composition on the free energy of mixing. 

 

4. CONCLUSIONS 

 One of the most promising “environmentally friendly” 

materials currently emerging as an alternative for the polluting 

petroleum-based polymers is poly(lactic acid) (PLA) as its 

biodegradability, low cost, high-speed production and good 

mechanical performance make it suitable for a number of 

engineering applications. However, its stiffness and limited 

extensibility as well as its low thermal stability hinder its 

applicability in other applications. To improve on these properties, 
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blends of PLA and CA are considered. Issues such as influence of 

operating temperatures, suitable compositions and resistance to 

extended thermal degradation is investigated both experimentally 

and on a molecular-level using molecular modeling techniques to 

develop the underlying principles that influence the relationship 

between the blend microstructure and its macroscopic properties. 

The mechanical testing of the various blends showed that the 

addition of small amount of CA to PLA matrix has contributed to 

the flexibility of the blends while maintaining high values for the 

stress and thus leading to an improved overall toughness of these 

materials. Further increment in the CA component has reversed 

this trend and at 50% composition the samples completely failed 

the stress-strain test. The improved flexibility of 20% CA blend 

actually signifies the stability of the blend possibly due to the 

formation of 3D hydrogen bonding network between CA and PLA 

chains as indicated by FTIR spectral analysis. At higher CA 

concentrations, the repulsive forces between the two slightly 

hydrophobic polymers increase greatly up to the point that they 

could not be stabilized by the formation of the hydrogen bonds 

and blends. While TGA thermograms of the various PLA/CA 

blend films showed steady degradation behavior as a common 

feature, extended thermal degradation, on the other hand, 

highlighted the susceptibility of neat PLA to degradation over 

extended periods of time, which indicates that the degradation 

process of PLA is rather a slow one and that the presence of CA 

component in these blends has, in fact, protected the PLA chains. 

The presence of small portions of CA has actually improved the 

mechanical response of the degraded blends in contract to that of 

the degraded neat PLA samples, which could be explained on the 

basis of crosslinking that might have taken place between the 

resultant free radicals produced from the degradation process and 

the polymeric chains, thus causing the increase in the molecular 

weight of the samples, its crosslink density and over all increased 

toughness. Another interesting conclusion is that these materials, 

which could be extruded and shaped easily as they are simply 

mixed, by time its mechanical properties during normal operation 

conditions will continue to improve due to the slow crosslinking 

process resulting from the material ageing. Molecular simulation 

techniques revealed that the enthalpy of mixing around room 

temperature had negative values indicating an exothermic mixing 

process leading to blend stability. At lower and higher 

temperatures an endothermic mixing process has occurred 

indicating possible blend instability especially at low temperatures 

as the entropic contribution to the free energy of mixing is not 

sufficient to overcome the enthalpic-driven phase separation. The 

coincided with the experimental observations that blends 

composition with higher PLA portions had shown considerable 

mechanical response whereas those with higher CA content 

showed no mechanical integrity and couldn’t be subjected to the 

stress-strain test due to their blend instability as predicted by the 

molecular simulation. 
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