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Abstract 

Currently used petroleum-based polymers have adversely affected the environment in various ways, mainly due to their 

non-biodegradability. This undesirable aspect of commercial polymers led to increased interest in the research area of 

biodegradable polymer nanocomposites. Polylactic acid (PLA) based nanocomposites, with three different loadings of 

waxy maize starch nanocrystals (WSNC) as nanofiller (1, 3 and 5 wt%), were melt-blended in a Haake Rheomix. The 

morphological, structural, thermal and abiotic degradation characteristics of the prepared PLA-WSNC nanocomposites 

were studied to determine the effects of adding WSNC at different loadings in PLA. The results indicated that WSNC were 

dispersed uniformly at lower loadings (0-3 wt%) and agglomerated at higher loadings (5 wt%) within the PLA matrix. All 

PLA-WSNC nanocomposites were found to be stable over the processing temperature range of 25-220 ºC. In addition, 

there was no considerable change in the glass transition temperature and the melting point of the nanocomposites. Though, 

the cold crystallization temperature was reduced with the increase of WSNC loadings. The abiotic degradation studies, 

used as an initial screening tool, indicated that WSNC can accelerate the degradation process of PLA.  As a result, the 

degradation rate was improved for all the PLA-WSNC nanocomposites. The PLA-WSNC-3 wt% was found to be the 

optimum concentration to enhance the crystallinity and morphological property of PLA, and beyond that the properties 

were affected by agglomeration. Copyright © 2019 VBRI Press. 
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Statement of Novelty 

The objective of this research was to examine the 

influence of WSNC concentration on the morphological, 

thermal, structural properties and to develop a quick and 

easy standard method to determine the extent of 

degradation of PLA-WSNC nanocomposites. The PLA-

WSNC nanocomposites were prepared by melt 

processing in a Haake rheomix to be used as an 

environmentally friendly packaging film. The thermal 

and morphological study indicated that the optimum 

concentration of WSNC to improve the properties of 

PLA was 3 wt%, beyond which the WSNC started to 

agglomerate. WSNC accelerated the extent of 

degradation of PLA when the nanofiller concentration 

increased from 1 wt% to 5 wt%. The abiotic method 

proved effective as safe, easy and quick laboratory scale 

screening tool for determining biodegradability of PLA 

based nanocomposites. 

 

Introduction 

The demand for the generation of environment friendly 

material is rising, due to the problems posed by  

extensive use of petroleum-based products. One of  

the “green” materials emerging in the market  

nowadays is biodegradable polymer nanocomposites. 

Nanocomposites consist of a bio-based polymer matrix 

incorporated with nanofiller having at least one 

dimension in 1–100 nm range [1]. Among the bio-based 

polymer matrices being used for the making of bio-

nanocomposites, starch, cellulose and PLA are 

extensively used materials.  This is due to numerous 

advantages such as low cost, abundant availability, 

biodegradability, biocompatibility, nontoxicity and 

renewability [2-4]. There are additional advantages due 

to the nano size of the fillers, such as high aspect ratio, 

high crystallinity, and easy modification to enhance 

dispersion. Starch nanocrystals can be prepared through 

acid hydrolysis [5-7], enzymatic hydrolysis [8], a 

combined enzymatic and acid hydrolysis [9], and high 

pressure homogenization [10]. Starch nanocrystals have 

been used as reinforcement in various polymers to 

improve the mechanical strength [11-15], and since SNC 

have platelet like shape they have been used as nanofiller 

to improve the barrier properties [16-18]. To overcome 

the inherent limitations of PLA which include 
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brittleness, poor thermal resistance, poor barrier 

properties and difficulties in achieving mechanical 

properties as compared to commercial polymers while 

retaining the biodegradability, PLA based high 

performance nanocomposites can be prepared using 

WSNC as nanofiller [4]. 

 Although these polymers are claimed to be 

biodegradable when they move in the waste stream, at 

present there is no standardized technique to determine 

exactly how rapidly they disintegrate in the environment. 

It would be interesting to observe the effects of 

incorporating nanofillers such as starch nanocrystals on 

the degradation characteristics of the nanocomposites. 

Various studies, describing different lab scale methods 

to evaluate the rate of degradation of biodegradable 

polymers, are reported in the literature [19-21]. Broadly 

there are two main methods for degradation of polymers, 

abiotic and biotic. Microbes, as the main source of 

degradation, are employed in biotic degradation. Further, 

the two most common forms of biotic degradation with 

microbes use compost and activated sludge. Abiotic 

systems use non-microbial methods of degradation such 

as acid/base hydrolysis [22] and photodegradation/ 

weathering. During acid or base catalyzed hydrolysis, 

the degradation is initiated by targeting the ether or ester 

linkage, which is the characteristic functional group of 

many polymers. The ester bond starts to degrade in the 

alkaline or acidic atmosphere and the polymer chain is 

broken to smaller fragments. All the studies mentioned 

above showed that most of the biotic processes involving 

microbes take more than four weeks to degrade the 

polymers. Therefore, there is a need to develop a 

screening tool or tests, which can be used to measure the 

relative degradation rate of these polymer composites 

quickly in lab scale. The results can be useful to compare 

the rates of degradation of these polymer composites 

with that of neat biodegradable and non-biodegradable 

conventional polymers. 

 In the current study, PLA-WSNC nanocomposites 

were prepared through melt processing at 170°C, with 

different concentration of WSNC, to be used for 

packaging application. The influence of WSNC 

concentration on the morphological, structural, thermal 

and degradation properties were investigated. 

Experimental 

Materials 

A commercially available polylactic acid (PLA- 4032D 

from Nature-Works, molecular weight- 155,000 g/mol, 

density- 1.24 g/cm3), high density polyethylene (HDPE), 

and waxy maize starch (99% amylopectin) were supplied 

by Sigma-Aldrich. Raw waxy maize starch granules 

were further hydrolyzed to form WSNC which was used 

for the preparation of PLA-WSNC nanocomposites.  

Synthesis of WSNCs 

WSNCs were prepared from acid hydrolysis of waxy 

maize starch using H2SO4 following the optimized 

procedure described by Angellier et al. [6]. Waxy maize 

granules (36.73g) were hydrolyzed in 250 ml of 3.16 M 

sulfuric acid at 40 °C for five days. After acid hydrolysis, 

frequent centrifugation of WSNC dispersion was carried 

out until neutralization was achieved. The solution was 

then sonicated, in an ultrasonic processor for 30 min 

surrounded by ice to avoid the heating up of the sample, 

in order to break the lumps formed during centrifugation 

and finally freeze-dried at -65 °C to obtain the loose 

powder of WSNC.  WSNC characterization has already 

been reported in Takkalkar et al. [23]. 

Preparation of PLA-WSNC bio-nanocomposites 

The PLA-WSNC nanocomposite samples were melt-

blended in a Haake Rheomix at 170 ºC for 5 min at  

50 rpm at various concentrations of WSNC. PLA and 

WSNC were dried in a vacuum oven at 80 ºC overnight 

prior to melt processing to remove any traces of 

moisture. After mixing, the dried mixture was 

compression molded at 200 ºC for 5 min with a force of 

80 kN to obtain round shaped discs (d 25 mm, t 2 mm). 

These discs were used for degradation studies.  

 The PLA-WSNC nanocomposites were prepared by 

incorporating WSNC in PLA matrix at three different 

concentrations as shown in Table 1. The samples were 

coded as PLA-WSNC-1 wt%, PLA-WSNC-3 wt% and 

PLA-WSNC-5 wt% in which the number denoted the 

concentration (wt%) of WSNC in PLA. Along with this, 

neat PLA (100%) and neat high density polyethylene 

(HDPE) (100%) samples were prepared as controls. Neat 

PLA degradation studies are important in order to 

understand the type and effect of increasing WSNC 

content on the nanocomposites. Neat HDPE as a control 

helps to understand the difference clearly for 

degradation, as conventional polymers do not degrade. 

Table 1. Sample compositions. 

 PLA (wt %) WSNC (wt %) 

Neat PLA 100 - 

Neat HDPE 100 - 

PLA-WSNC-1 wt% 99 1 

PLA-WSNC-3 wt% 97 3 

PLA-WSNC-5 wt% 95 5 

 

Characterization of PLA-WSNC nanocomposites 

Scanning electron microscopy (SEM) 

The morphology of the fractured surface of the  

PLA-WSNC nanocomposites was investigated by means 

of FEI Quanta 200 ESEM. The samples were dipped in 

liquid nitrogen and immediately snapped to expose  

inner morphological features of the films. All the 

nanocomposites were sputter coated with a thin coat of 

gold to ensure conduction observed and the images were 

taken under an accelerating voltage of 10 kV. 

Fourier transform infrared spectroscopy (FTIR) 

The Fourier transform infrared spectroscopy (FTIR) 

spectra of the PLA-WSNC nanocomposites were 

recorded in a PerkinElmer FTIR spectrophotometer. 
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FTIR spectra were obtained in the wavenumber range 

from 450 cm-1 to 4000 cm-1. 32 scans per sample were 

accumulated at a resolution of 4 cm-1. 

Thermogravimetric analysis (TGA) 

Thermogravimetric measurements to examine the 

thermal stability of the PLA-WSNC nanocomposites 

were performed in a STA 6000, Perkin-Elmer 

Instrument, under an instrument air flow of 20 mLmin-1. 

All the PLA-WSNC nanocomposite samples were 

heated from room temperature to 600°C with a  

heating rate of 10 °C min-1. Three samples were  

used to characterize each nanocomposite and sample 

weight percentage was plotted as a function of 

temperature. 

Modulated differential scanning calorimetry (MDSC) 

The effect of incorporating WSNC, at different loadings, 

on the overall crystallization behavior of the PLA matrix, 

was studied using modulated differential scanning 

calorimetry. MDSC analysis of PLA-WSNC 

nanocomposites was conducted on a DSC-2920 

Modulated DSC (TA Instruments), with successive 

heating, cooling and heating scans. The instrument 

calibration was performed with indium in a nitrogen 

environment; with a 35 ml/min flow rate. Unfilled 

aluminum pan sealed with a lid was taken as a reference. 

PLA-WSNC nanocomposites samples with weight 

approximately 7-10 mg were encapsulated in aluminum 

pans. All the nanocomposites were scanned over a range 

of -20 °C to 220 °C at a 2 °C/min heating rate and 

modulated +/- 0.50 °C every 40 seconds. Prior to this 

scan, a pretreatment heating and cooling scan was 

employed to erase the thermal history. Glass transition, 

cold crystallization and melting temperatures and the 

respective enthalpies were obtained from the second 

heating scan. 

Dilute alkali-catalysed hydrolysis 

1M Sodium hydroxide solution was used for the 

hydrolysis study of the PLA-WSNC nanocomposites 

which was prepared with de-ionized water. Three 

specimens from each nanocomposite sample disc were 

weighed on a Denver analytical balance to five decimal 

places prior to placing them in a glass beaker and 

immersed in NaOH solution. Neat HDPE sample disc 

was placed in NaOH solution as negative control. The 

beakers with NaOH solution and PLA-WSNC 

nanocomposites samples were then covered with 

aluminum foil and stored at 25°C and 50-60% relative 

humidity. Each specimen disc was weighed by initially 

taking out the discs from alkaline solution with forceps, 

absorbing the excess solution from the surface of discs 

with paper towels, to get accurate weights. After 

weighing all the samples were placed in the respective 

beakers, covered and stored. Using the initial weight of 

the nanocomposites, the percentage weight loss was 

calculated and plotted vs. time. 

Results and discussion 

Morphology of PLA-WSNC nanocomposites 

The distribution level of WSNC inside the PLA matrix 

was evaluated by observing the SEM image of the cryo-

fractured surface of the PLA-WSNC nanocomposites 

(Fig. 1). It can be seen from Fig. 1(a) that the neat PLA 

being amorphous polymer has a smooth and brittle 

surface than that of the PLA-WSNC nanocomposites 

[24, 25]. Smooth morphology for neat PLA has been 

reported previously by Mukherjee et al. [26]. A 

homogeneous distribution of WSNC can be seen in the 

PLA-WSNC nanocomposites with the lower 

concentration of WSNC (Fig. 1(b) and Fig. 1(c)). 

Uniform distribution of the nanofiller within the polymer 

matrix is reported as important for attaining optimum 

properties [27]. At the highest loading of WSNC (5 wt%) 

there was a tendency to agglomerate (circles) which can 

be clearly observed in Fig. 1(d), overall which results in 

a rougher surface. The surfaces of the PLA-WSNC 

nanocomposites also showed the formation of small 

voids or indications of crystals pull-out (arrows) [28]. 

The formation of agglomerates at higher loadings was 

apparently due to the presence of strong hydrogen 

bonding within the WSNC [29].  

 
Fig. 1. SEM images of (a) PLA, (b) PLA-WSNC-1 wt %, (c) PLA-
WSNC-3 wt %, (d) PLA-WSNC-5 wt %. 

FT-IR nanocomposites 

The FT-IR analysis has been broadly used to investigate 

the interfacial behavior of polymer nanocomposites  

[30, 31]. The characteristic FT-IR spectra, within the 

4000-500 cm-1 region, of neat PLA and PLA-WSNC 

nanocomposites are shown in Fig. 2. The band 

originating from C=O stretching vibration of ester 

carbonyl is located at 1750 cm-1. This is in accordance 

with the literature [32-34]. The peaks corresponding to 

the distortion of C-H in CH3 appeared at 1450 cm-1 [31]. 

The peak at 871 cm-1 is accredited to C-C single bond 
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stretching vibration. The peak at 1181, 1130, and 1080 

cm-1 correspond to the stretching of C-O bond [30]. As 

observed from the spectra of the nanocomposites, there 

is no new peak formation after the addition of low 

concentrations of WSNC. This is an indication that there 

is more of physical interaction between the nanofiller 

and the matrix and no noteworthy chemical interaction. 

Similar outcomes have been described previously for 

PLA and cellulose based composites and nano-

composites [31, 35].  However, with the increase in 

concentration of WSNC, the peak at 1750 cm-1 for C=O 

stretching became slightly broader. This can be 

accredited to the interfacial interaction between the O-H 

group of WSNC and C=O of PLA [30]. FT-IR spectra 

revealed the miscibility and improved the molecular 

interaction between PLA and WSNC. 

 
Fig. 2. FTIR spectra of PLA-WSNC nanocomposites with 0-5 wt% of 
WSNC. 

Thermal degradation behaviour of PLA-WSNC 

nanocomposites 

The TG and DTG curves are presented in Fig. 3(a) and 

Fig. 3(b), respectively, which shows weight (%) and 

derivative (%/min) vs. sample temperature of PLA-

WSNC nanocomposites. The thermal stability of 

nanocomposite is an important aspect which can 

influence the potential use of WSNC as reinforcement in 

PLA matrix.  The temperatures at which the 5%, 10% 

and 50% weight loss (WL) of the material occurred and 

other key thermal factors attained from TG and DTG are 

presented in Table 2. All the PLA-WSNC nano-

composites degraded in a single stage as expected. The 

addition of WSNC moved the onset of degradation to 

lower temperatures than that of neat PLA. This indicated 

a slight reduction in thermal stability of the PLA-WSNC 

nanocomposites. This can be attributed to the fact that 

WSNC have inherently lower thermal stability as they 

have hydroxyl groups on their surface which can be 

hydrogen bonded to PLA [24, 23, 36]. In addition, the 

WSNC were prepared using an acid hydrolysis treatment 

(sulfuric acid) and the WSNC may contain some sulfate 

groups which catalyze this degradation process [37]. 

However, as observed from Tmax there was no 

degradation taking place in the temperature region, 

where the PLA-WSNC nanocomposites are intended to 

be processed (25-200 ºC) [38,39]. The Tmax for PLA and 

PLA-WSNC nanocomposites (at WSNC conc of 1, 3 and 

5 wt%) are 357 ºC, 355 ºC, 350 ºC and 351 ºC, 

respectively. The Tmax for melt processed PLA is in 

agreement with the literature [37]. Usually above 300 ºC, 

neat PLA shows substantial thermal degradation due to  

lactide reformation, hydrolysis, intramolecular trans-

esterification and oxidative chain scission effect [40]. 

 It is interesting to note that PLA-WSNC-3 wt% 

displayed highest amount of char residue in comparison 

to neat PLA, PLA-WSNC-1 wt% and PLA-WSNC-5 

wt%. This trend could be possibly due to the presence of 

higher loadings of WSNC which has been reported to 

possess flame resistant property owing to the presence of 

sulfate groups on them [36]. According to Hapuarachchi, 

Peijs [41], a material leaving a higher char residue is 

important in terms of providing an effective barrier for 

volatile gases by creating a tortuous path. 

 

 
Fig. 3. (a) TGA and (b) DTG curves of PLA-WSNC nanocomposites 

with 0-5 wt% of WSNC.  

Table 2. TGA data of PLA-WSNC nanocomposites. 

Sample     T5%WL T10%WL T50%WL Wt % 

left 

at 500 

°C 

Tmax 

PLA 327± 
2.05 

334± 
1.56 

353± 
0.59 

2.1± 
0.46 

357± 
1.25 

PLA-WSNC-1 
wt% 

318± 
2.28 

325± 
1.07 

348± 
0.07 

2.6± 
0.58 

355± 
1.08 

PLA-WSNC-3 
wt% 

312± 
1.27 

320± 
2.08 

345± 
1.29 

3.4± 
0.97 

350± 
0.13 

PLA-WSNC-5 

wt% 

311± 

1.92 

319± 

1.76 

345± 

2.06 

3.3± 

0.69 

351± 

0.69 
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MDSC nanocomposites 

MDSC helps to understand the interactions between the 

nanofiller and PLA matrix and the crystalline properties 

of the nanocomposites by observing the variations in the 

glass transition and cold crystallization temperature [33]. 

MDSC thermograms of PLA-WSNC nanocomposites 

are shown in Fig. 4 (a). The values for the glass 

transition temperature (Tg), change in reverse heat 

capacity (ΔCp), cold crystallization temperature (Tcc), 

exothermic enthalpy of crystallization (ΔHcc), melting 

point (Tm), endothermic enthalpy of melting (∆Hm), and 

the degree of crystallinity (Xc) of the PLA-WSNC 

nanocomposites are summarized in Table 3. The data 

from Table 3 for Tg, showed that there was no obvious 

change in Tg for the PLA-WSNC nanocomposites; this 

is in accordance with the previous published research 

[24, 32]. The endothermic peak corresponding to melting 

temperatures did not vary significantly with respect to 

neat PLA, which is around 168 ºC. The Tm depends 

largely on the dimensions and perfection of the crystal-

like structures, no deviation in this indicated that the 

crystalline lamellae of nanocomposites after the 

recrystallization process were not changed [42, 43]. The 

effect of incorporating WSNC on the nucleation of 

crystals within the nanocomposites could be interpreted 

through the change in Tcc. The Tcc of neat PLA was 

highest and it continued to drop with the increase in 

loading of WSNC, this is an indication of faster 

crystallization [43]. Similar trend for PLA based 

nanocomposites with cellulose and chitin nanocrystals as 

nanofiller has been reported in the literature [26, 44, 45]. 

The reduction in Tcc is attributed to the enhancement in 

the rate of nucleation and promoting crystallization 

within the nanocomposites [46-48]. The decline in the 

Tcc and increase in crystallinity for PLA-WSNC 

nanocomposites indicated that the WSNC act as 

nucleating agents of PLA matrix and increase the 

nucleus density of PLA crystallites [49, 50]. The addition 

of WSNC favored PLA recrystallization [51, 32]. The 

crystalline properties of the nanocomposites were 

elevated at lower loadings due to nucleation function of 

nanocrystals [33]. The percent crystallinity (Xc) of neat 

PLA and PLA-WSNC nanocomposites was calculated 

using Eq. (1): 

𝑋𝑐 = 100 × [
∆𝐻𝑚 − ∆𝐻𝑐𝑐

∆𝐻𝑚
𝑐

] ×  
1

𝑊𝑃𝐿𝐴

                      (1) 

where ∆Hm (Jg-1) is the melting enthalpy, ∆Hcc (Jg-1) is 

the cold crystallization enthalpy, ∆𝐻𝑚
𝑐  is the melting 

enthalpy of pure PLA (93 Jg-1) [52,53] and WPLA is the 

weight fraction of PLA in the PLA-WSNC bio-

nanocomposites. The calculated results are listed in 

Table 3. The overall percentage crystallinity is slightly 

higher for PLA-WSNC-3 wt% than the rest of the 

nanocomposites, indicating the positive effect of adding 

WSNC. It is also evident from the SEM that the 

dispersion is more uniform for PLA-WSNC-3 wt%, the 

nucleating effect is enhanced and consequently it results 

in higher crystallinity [24]. The nucleation effect is 

improved when a more homogeneous dispersion is 

achieved and this ultimately increases the crystallinity of 

the nanocomposites [51, 38]. In the case of PLA-WSNC-

5 wt%, the self-agglomerated WSNC induce a reduction 

in overall crystallinity. These results are in accordance 

with the morphological results. 

 

 
Fig. 4. (a) MDSC thermograms of PLA-WSNC nanocomposites with 
0-5 wt% of WSNC from second heating cycle, and (b) Weight % of 

PLA-WSNC nanocomposites vs. time (days). 

Degradation studies of nanocomposites 

Although PLA is biodegradable, its slow degradation 

rate when matched to other polymers is an important 

issue [54, 55]. Hydrolytic degradability of PLA-WSNC 

nanocomposites was studied by assessing the effect of 

base catalyst. For each nanocomposite the change in its 

weight due to hydrolytic degradation was recorded with 

time (days). The reduction in weight was plotted in terms 

of weight % vs time as shown in Fig. 4 (b). Degradation 

Table 3. MDSC Analysis of Neat PLA and PLA-WSNC nanocomposites from second heating cycle. 

Sample  SNC (wt %) Tg (°C) ∆ Cp 

J/(g·°C) 

Tcc 

(°C) 

∆Hcc (Jg-1) Tm 

(°C) 

∆Hm  

(Jg-1) 

Xc(%) 

PLA-Neat 0.00 58.8 0.3 93.1 7.0 168.0 41.6 37.2 

PLA-WSNC-1 wt% 1.00 58.6 0.2 91.2 5.0 168.4 39.7 37.7 

PLA-WSNC-3 wt% 3.00 58.3 0.2 90.4 4.2 168.3 39.0 38.6 

PLA-WSNC-5 wt% 5.00 58.9 0.2 90.1 6.2 168.3 39.2 37.4 
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in alkaline environments was initially assessed by the 

visual observation of the PLA-WSNC nanocomposites, 

wherein it was detected that the nanocomposite discs 

begin to fragmentize from the first day. It can be noted 

that there is a continuous decrease in weights of all 

nanocomposites.  

 Fig. 4 (b) revealed that the negative control HDPE 

(100%) tends to lose a small amount of weight within 

one day, but stays fairly constant after that. This 

confirms that the conventional polymers cannot be 

broken down easily and they have high resistance 

towards alkaline hydrolysis. In the early stages of 

degradation, due to alkaline conditions, the hydrolysis of 

high molecular weight PLA chains to low molecular 

weight is initiated [22]. The smaller molecules are 

formed due to the chain scission of long molecules [56]. 

Jung et al. [22] reported a comparison study of 

hydrolytic degradation of poly(propylene carbonate) 

(PPC), poly(e-caprolactone) (PCL) and poly(D,L-lactic 

acid) (PLA) in acidic and alkaline conditions.  

The results showed that all evaluated polymers, indicated 

higher rate of degradation in strong alkaline 

environments than in strong acidic environments. The 

faster degradation rate in alkaline conditions was 

ascribed to high electrophilicity of the carbonyl atoms 

present in the backbone of the polymer [22]. It can be 

noted that PLA-WSNC-5 wt% and PLA-WSNC-3 wt% 

were the fastest to diminish, the reason being the highest 

concentration of WSNC- 5 wt% and 3 wt%, respectively. 

The complete degradation of PLA-WSNC-5 wt% and 

PLA-WSNC-3 wt% at day 1 can be possibly due to the 

occurrence of hydroxyl groups on the surface of WSNC 

nanofiller that renders a catalytic role to hydrolyze the 

ester groups in the PLA. The complex process of  

degradation of PLA can be accelerated by any factor that 

escalates the hydrolysis process of PLA [54]. Samples 

with lower WSNC content, i.e. PLA-WSNC-1 wt% 

degraded slowly but completely over a period of 14 days.  

 Overall the degradation test revealed that PLA-

WSNC nanocomposites were evidently disintegrated 

after 14 days, and HDPE being the conventional non-

biodegradable polymer, was obviously present at day 14. 

Also, the degradation rate is highly reliant on the 

concentration of WSNC within PLA, the higher the 

WSNC the faster the degradation. The biodegradation 

extent when compared to other systems is far more 

accelerated; this can be ascribed to the nanosize of 

WSNC nanofiller, which led to complete biodegradation 

of the samples [20]. It can be observed that with this 

method it is easy to trace the extent of biodegradation of 

any bio-nanocomposites.  

Conclusions 

PLA-WSNC based nanocomposites were prepared by 

melting and mixing in a Haake rheomix at different 

loadings of WSNC. Morphological analysis showed that 

the WSNC disperse well at lower loadings (1 wt% and  

3 wt%) and tend to agglomerate at higher loadings  

(5 wt%), in the PLA matrix. FT-IR spectra showed no 

new peak formation with increase in concentration of 

WSNC, however there was slight broadening of the 

carbonyl peak in all the nanocomposites. This indicated 

a remarkable physical interaction between the nanofiller 

and the matrix, with no significant chemical interaction. 

The nanocomposites were safe to be processed in the 

commercial processing temperature range (25-200 ºC). 

MDSC study showed that there were no noteworthy 

changes in the glass transition and melting temperatures, 

though the cold crystallization temperature was reduced, 

which suggested enhancement in the nucleation rate and 

ultimately increased in overall crystallinity of the 

nanocomposites. Abiotic method proved effective as 

safe, easy and quick laboratory scale screening tool for 

determining the biodegradability of PLA based 

nanocomposites. The study showed that WSNC could 

accelerate the slow degradation process of PLA. WSNC 

dispersed well in the PLA matrix at lower concentration 

(1 and 3 wt%) while some of the properties were affected 

when the concentration increased further, due to 

agglomeration. Overall the results showed that WSNC 

have the potential to improve the properties of PLA 

based nanocomposites.  
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