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Abstract 
Biodegradable PLA blend and composite films PLA/ MCC / 5wt% nano Ag composite films were prepared by solvent cast method 
for 80%wt of polyactic and 20%wt of MCC blend solution.The x-ray spectra, thermal properties, mechanical properties and 
antimicrobial properties of the blend and composites were investigated. The main semi crystalline structure phase of PLA for all 
samples was confirmed by X-ray diffraction (XRD) was show two peaks  located at 2θ= 16°.5 and 18.8°. Thermal analysis showed 
increased values of crystalline in the nanocomposites which increased up to 16.5% in PLA/MCC/5wt%Ag composite film. The 
Mechanical properties (Tensile Strength, Young modulus) demonstrated that was improved by microcrystalline cellulose and nano 
Ag than for neat PLA. The PLA//MCC/5wt%Ag has the highest modulus (3.8 GPa), followed by PLA/5wt%Ag (3.1 GPa) 
Moreover, an antibacterial activity against  Escherichia coli cells was detected for composites. The inhibition zones surrounding 
the film square were formed, and these ranged from 1.53 to 7.36 mm against E. coli,   respectively suggesting that nanocomposites 
offer good perspectives for food packaging applications which require an antibacterial effect constant over time. 
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1-Introduction 
Biocompatible and biodegradable polymers became very important and gained a lot of attention from both biomedical and 
ecological outlooks in the past decade. At that time, synthetic biodegradable polymers were given a lot of attention 
because they could be used in important biomedical applications. Polylactide (PLA) received the most attention due to its 
renewable resources, biodegradation, biocompatibility, as well as excellent thermal and mechanical properties, and 
superior transparency of the processed materials. Moreover, PLA is widely used in various medical applications such as 
surgical implants, tissue culture, restorable surgical sutures, wound closure, and controlled release systems.  PLA 
polymers have garnered attention also in the last few years as food packaging materials because they can be obtained from 
renewable resources; their production consumes quantities of carbon dioxide; they can be recyclable and compostable; and 
also their physical and mechanical properties can be tailored through polymer architecture. As a consequence, PLA is 
becoming a growing alternatives a green food packaging material [1]. PLA is a linear aliphatic thermoplastic polyester 
produced either by the polycondensation of lactic acid or by the ring opening polymerization of lactide [2].  
One of the promising materials to improve the properties of the PLA can be the cellulose. Cellulose is renewable, 
biodegradable and it bears relatively reactive surface. Microcrystalline cellulose can be both applied for modifying the 
mechanical and thermal stability properties of PLA without affecting the transparency of the matrix [3]-[ 4].  
Silver is the most widely used antimicrobial polymer, has emerged as a new cost-effective additive to prevent microbial 
proliferation on food contact surfaces, where silver can be absorbed or ingested like in water treatment units and food-
contact materials. The nanoscale distribution of Ag improvements to the polymer matrix in terms of mechanical and 
thermal properties  [5]-[6]. In general, Ag nanoparticles are effective against many bacteria and can destroy 650 types of 
bacteria, viruses and fungi due to enhancement of antibacterial, antiviruses, and antifungal activity of Ag at the nano scale 
even around 100%. These nanoparticles are more sustainable, efficient and simple to process when compared with other 
antibacterial agents [7]-[8].  
This research is focused on PLA based high performance composites for packaging applications, using an innovative 
combination of MCC and Ag nanoparticles as reinforcements, in order to obtain a multifunctional system with good 
mechanical properties, thermal stability, and also provide antimicrobial properties with silver nanoparticle . 
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2.1. Materials 
Poly (lactic acid), Pure grade PLA AI - 1001, with density 1.25 g/ cm3, was supplied by (Shenzhen Esun Industrial Co., 
Ltd. Chain). PLA pellets were dried in a vacuum oven at 98 C° for 3 h Microcrystalline cellulose was supplied by Sigma 
Aldrich company. Commercial silver (Ag) nano powder, was supplied Sigma Aldrich company .The average diameter of 
the particles (as recorded by the company) was about 50 nm.  
 
2.2 PLA nano-biocomposite samples   
PLA nano-biocomposite films were prepared by the solvent cast method. PLA (2g) was dissolved in 20 mL of chloroform 
CHCl3 and 80 wt.-% PLA/20 wt.-% MCC blend solution were prepared with hotplate scientific stirrer  at 50ºC . The 
solution was then cast onto Petri dishes with 15 cm diameter. 
 Ag nanoparticles powder were suspended in chloroform (CHCl3) and sprinkled over the polymer solutions (PLA/MCC) 
to prepare the PLA/MCC/5%wtAg composite thick film. The mixture was stirred for 2 h using ultrasonic 
homogenizerSoniprep-150 MSE to ensure a good dispersion, and then the sample container under vacuum to remove the 
bubbles. The slurry mixture was then cast onto Petri dishes with 15 cm diameter and got films with thickness 110 µm. 
The samples of neat PLA and composite samples of  PLA/MCC/5wt%Ag as shown in Table 1, respectively. 

 
Table 1.Samples formulations. 

 
 
 
 
  
 
2.3 PLA nano-biocomposite characterization 
2.3. 1 X-ray diffraction 
The structure of PLA nano-biocomposite films was characterized by x-ray diffraction carried out using a Seifert diffract 
meter with CuK radiation (k = 0.1546 nm) at scanning speed 5 deg/min. The diffraction intensities were recorded 
between 20 to 60 of 2θ . 
2.3.2 Differential scanning calorimeter  
Differential Scanning Calorimeter (DSC) using (Shimadzu DSC-60) was performed to determine 
glass transition temperature Tg , Tm , Xc , where Tg regarded as the most important parameter for evaluating the 
mechanical properties of polymer and polymer matrix composites. Each sample was heated in the temperature range from 
25 C° to 250 C° using approximately 5 mg of sample material .at a rate of 5°C/min under N2 gas . Melting and cold 
crystallization temperatures and enthalpies (Tm, Tc ∆Hm and ∆Hc) were determined from the first heating scans while 
glass transition temperature (Tg) were measured from the heating and cooling scans. Crystallinity was calculated by 
equation (1)[9]   
Xc=∆Hm-∆Hc/∆Hm°                                                                                                        ……….1 
Where: 
 Xc  degree  of crystalline , ∆Hm   enthalpies of fusion and  ∆Hc  enthalpies of crystallization, ∆Hm  = 93 J·g–1 is  the 
enthalpy of fusion of 100% crystalline poly(lactic  acid).                     
 
2.3.3 Mechanical  properties  
 
Mechanical test was performed using the Instron 4400 Universal Tester to measure the tensile strength at the point of 
breakage for each sample at room temperature, according to the ASTM D-882. A fixed crosshead rate of 10 mm/min was 
utilized in all cases and the results were taken as an average of five tests. Two metallic grips were attached for griping both 
ends of the test specimen of the film. Tensile strength (σs), Young’s modulus (E) were determined according to the 
following equation: 
σs =F /(A)                                                                                                                         ……….  2 
E =F L0/A ∆L                                                                                                                   ………3 
Where: F: force exerted on an object under tension, L0: original length, A: cross section area, ∆L: length of the object 
changes 
2.3.4 Evolution of antibacterial activity 
Antibacterial activity of the samples was evaluated using Square samples with dimentions 1.5 × 1.5 cm were sterilized by 
dipping them in ethanol alcohol for 15 minutes  and a determination of inhibition zone in millimeters (mm).The 
antibacterial activity of PLA , PLA/5wt%Ag and PLA/MCC/5wt%Ag films was scrutinized against Gram-negative 

Samples PLA wt% MCC wt% Ag wt% 
PLA 100 --- --- 
PLA/MCC 80 20 --- 
PLA/Ag 95 ---- 5 
PLA/MCC/A
g  

75 20 5 
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bacteria, Escherichia coli(E.coli),) in an incubator at 37°C for 24 hours for bacteria. The inhibition zone around the film 
specimen was used to determine the antimicrobial activity of each film sample. 
 
3.Results and discussion 
3.1 X-ray  Diffraction 
X-ray diffrction  pattern  of polylactic acid shows two peaks  located at 2θ= 16°.5 and 18.8° with sharp peak for first peak 
indicating  semi crystalline structure as shown in Fig.1 which agree well with results reported by Batteazzone et.al  [8] as 
reported of PLA finds that  pattern of PLA is characterized by a 2θ = 16.6º, 19.1°. In PLA/MCC in percentage 80/20 
showed three  main peaks at 2θ = 16.18° ,18.4° and 21.8 ° being indicative of the PLA and cellulose crystallinities which 
agree with   Fortunati, E. et al  and find this peak centered of 22.4 °[9]. 
 
In PLA/Ag pattern shows the effect of the silver nanopatrical  powder  and combination with the semi crystallinity of the 
PLA matrix with two peaks were observed at 2θ° of 38° and  44.3, which agree well with results  reported by Kamyar 
Shameli et. al  and find this peak  centered at a 2θ = 38°,44.3°, 64.55°, 77.54°, and 81.71 ◦ five silver crystalline peak 
intensities were also found to increase with the increase in the percentage of Ag in PLA [10].  
In  PLA/MCC/Ag 5%  that appear of peak at 2θ = 16.2°, 18.4°  , 20.1°, 37.5°  and 43.6° were indicative of the increased 
ability to crystallize of the modified-nanocrystal based systems that all peak see and with agree with ref .[5]-[9]. 
 

 
Fig(1): XRD patterns of neat PLA , PLA/MCC, PLA/Ag , and PLA/MCC/5%Ag 

 
3.2   Differential scanning calorimeter 
The thermal parameters, such as, glass transition temperature (Tg), cold crystallization temperature (Tc), and melting 
temperature(Tm) were determined from the heat flow curves. The degree of crystallinity of the PLA in the composites was 
evaluated by the percent crystallinity of PLA in the composites, Xc, which can be calculated by Equation (1), that found 
the addition of Ag nanoparticles to the PLA matrix caused increased  of glass transition of PLA, as the glass transition of 
PLA nanocomposites containing 5 wt% nanoparticles compared to the  neat PLA. Similar results were also found in other 
researches by  Fortunati, E. et al[9].  
In the case of the PLA/MCC and the PLA/MCC/5wt%Ag,  the ability to re-crystallize increased in filled PLA and show 
14.7% and 16.5% respectively compared with  neat PLA shows a 12.8%, crystallinity degree were agree with Lisman 
Suryanegara et.al [11],  which is  appear that crystal cellouse and Ag increased the crystallinity of blend and for composite 
films.  

Table 2. crystallinity (%)of PLA composites determined by DSC thermal scans 
Samples Tg   C° Tc  C° Tm C° Xc% 
PLA 52 90 168 12.8 
PLA/5wt%Ag  62 100 168 

16.0 
PLA/MCC  59 91 170 14.7 
PLA/MCC/Ag 75/25/5 64 102 168 16.5 
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Fig (2): DSC of neat PLA thick film, PLA/5wt%Ag composite thick film, PLA/MCC blend thick film and 

PLA/MCC/5wt%Ag composite thick film 
3.3 Mechanical properties  
The Fig. 3 shows typical tensile curves and Young modulus values for neat PLA, PLA/5wt%Ag PLA/MCC and 
PLA//MCC/5wt%Ag films. Fig. 3 clearly shows that tensile stress values of tensile strength and Young modulus for neat 
PLA were 29 Mpa and 2.3 Gpa respectively are lower than of the PLA/MCC blend and PLA//MCC/5wt%Ag 
nanocomposite film, it is well known that the modulus of a filled system depends on the properties of the filler and the 
matrix of the film components, thus, the E of the filler cellulose and Ag, being higher than the E of neat PLA. Increasing 
modulus of elasticity compared with pure polymer can also be associated with the restrictions of macromolecules mobility 
and deformability imposed reinforcing action by the presence of cellulose and nano Ag particles. The PLA//MCC/5wt%Ag 
has the highest modulus 3.8 GPa, followed by PLA/5wt%Ag (3.1 GPa). The results of Young modulus of the PLA/MCC 
was 2.9Gpa  and agree with E. Fortunati et. al were find that Young modulus is 2.7 GPa [9]. All tensile properties is 
presented in Table 3 as shown below. 
 

 
Fig( 3): Mechanical properties of of PLA , PLA/5wt%Ag, PA/MCC, and PLA/MCC/5wt%Ag 

 
Table 3.Value of Tensile Strength , Young Modulus for all samples   

 
 
 
 
 
 
3.4Antibacterial results 
The results of the film square of the film PLA/Ag and PLA/MCC/Ag films were found to exhibit a significant inhibition 
activity against E. coli as shown in Fig.4(A, B and C). The clear zones of the samples are shown in Fig. 4 (B and C). The 
inhibition zones surrounding the film square were formed, and these ranged from 1.53 to 7.36 mm against E. coli, 
respectively, suggesting an antimicrobial activity of PLA/Ag. It indicate that nano Ag  are responsible for the 
antibacterial activity in the polymer nanocomposites, and this activity is completely strong .Microbial inhibition, 
indicated by PLA/MCC/Ag showed the greatest amount of inhibition. This suggests that the PLA/MCC/5wt%Ag 
composite have antimicrobial properties [11]-[12].  

 
Fig (4) The inhibition zone of neat PLA (A), PLA/ 5wt%Ag (B) and PLA//MCC/5wt%Ag (C) 

Sample Tensile strength(MPa) Young modulus (GPa) 
PLA 29 2.3 

PLA/MCC 32.8 2.9 
PLA/5%wtAg   40 3.1 

PLA/MCC/5wt%Ag 46 3.5 
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4.Conclusion  
1- The  X-ray diffrction  pattern  of polylactic acid shows two peaks  located at 2θ= 16°.5 and 18.8° with sharp peak for 

first peak indicating  semi crystalline structure. 
2- Ag nanoparticles to the PLA matrix caused increased  of glass transition of PLA 
3- The PLA/MCC and the PLA/MCC/5wt%Ag,  the ability to re-crystallize increased in filled PLA and show 14.7% and 

16.5% respectively compared with  neat PLA shows a 12.8%, crystallinity degree. 
4- The tensile stress values of tensile strength and Young modulus for neat PLA were 29 Mpa and 2.3 Gpa respectively 

are lower than of the PLA/MCC blend and PLA/MCC/5wt%Ag nanocomposite film 
5- The The PLA//MCC/5wt%Ag has the highest modulus 3.8 GPa, followed by PLA/5wt%Ag (3.1 GPa). The results of 

Young modulus of the PLA/MCC was 2.9Gpa. 
6- The results of the film square of the film PLA/Ag and PLA/MCC/5wt%Ag films were found to exhibit a significant 

inhibition activity zones surrounding the film square were formed, and these ranged from 1.53 to 7.36 mm against E. 
coli. This activity is completely strong .Microbial inhibition, indicated by PLA/MCC/5wt%Ag. 
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