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Abstract -  The antimicrobial efficiency of Cellulose Acetate/MMTCu and Chitosan/MMTCu nanocomposites against 
Escherichia Coli 0157:H7 n/t has been studied in the present work. The MMT modified with copper were obtained 
using cation interchange in solution and the nanocomposites films were prepared using casting solution technique, 
being the biodegradable polymer (Cellulose Acetate or Chitosan) the main component and the montmorillonite 
modified with copper, the minority component. Characterization of MMTCu and the nanocomposites (CA/MMTCu and 
Ch/MMTCu),  were carried out using XRD, AA, TGA, DSC and microbiological analysis. The nanocomposites showed 
to be more stable at higher temperature, resulting from the incorporation of MMTCu into the polymer. On the other 
hand, the results indicated that the antibacterial effect of nanocomposite increased with the proportion of MMTCu 
added.   
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Introduction  

Nowadays a large number of polymers are used in different areas for short time periods and then 

disposed; causing a great amount of solid waste. Where often, these materials have been stained by 

food and other biological substances, making physical recycling generally impractical and 

undesirable [1]. Several authors have working on the addition of different additives in order to 

promote polyolefins degradation [2]. However, the results have not been very convincing because 

the degradable polymers systems are typically designed to oxo-degrade undergoing changes in 

chemical structure as a result of oxidation in air, causing only the breakdown of the molecules into 

small fragments remaining in the environment without being absorbed.   

For this reason actually there is a great interest in the development of biodegradable biopolymers, 

which represents a less toxic material to the environment and therefore more eco-friendly. Within 

this kind of materials Cellulose acetate (CA) and chitosan (Ch) are the most promising 

environmentally friendly polymers. These polymers could be an alternative solution to solve the 

ecological problem of plastic waste accumulation, due to its biodegradation ability, presenting the 

major advantage to enter in the natural cycle implying its return to the biomass. 

Cellulose acetate (CA) is a polymer derived from cellulose, which is one of the most abundant 

polysaccharide in the earth[3]. CA is considered as potentially useful polymer for biodegradable 
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applications. In the last time, it was found that the CA is being used in use in medical applications, 

such as membrane material for desalination, while other cellulose derivatives such as cellulose 

acetatebutyrate are being used in capsule form as drug-releasing [4]. On the other hand, the 

Chitosan is a polymer which is derived from chitin, (principal constituent of crustacean 

exoskeletons). The main properties of this polymer are its biodegradability, biocompatibility and 

antimicrobial activity[5]   

In this work, Montmorillonite (MMT) was modified by exchange interlaminar cationic process 

using Ionic Copper, with the aim of developing a new biodegradable material based in Cellulose 

Acetate(CA) and Chitosan (Ch) with antimicrobial activity. The nanocomposites were prepared in 

solution by casting technique, being CA or Ch the main component and montmorillonite modified 

with copper, the minority component. 

 

Experimental  

2.1 Materials 

Cellulose Acetate (CA) (39.8 wt.% acetyl content with ca: 30.000), Aldrich; Chitosan, low 

molecular weight, Aldrich ; Natural Montmorillonite (MMT), kindly supplied by Southern clay 

products, under the trade name of Cloisite® Na+; Cupric sulfate pentahydrate (CuSO4 x 5H2O), 

99.995% trace metals basis, Aldrich; Luria-Bertani  medium for bacterial; Triethyl Citrate, 99% 

(FCC, FG), SAFC, were used in this study.  

 

2.2. MMT Modification  

MMT was modified in solution by ion interchange with a CuSO4 solution.  Both were mixed at 

60°C, during 3 hours with stirring. At the end of reaction the product was centrifuged at 4000 rpm 

and the sediment was washed with distilled water for three times. The product was dried at 80°C 

over night and ground in an mortar to sizes less 270 mesh. The supernatant was diluted properly and 

then the copper concentration was measured using an atomic absorption spectrophotometer, 

obtaining Cu percentage content in the Montmorillonite modified (MMTCu2+) 

 

2.3. Nanocomposites Preparation 

2.3.1 CA/MMTCu2+ 

CA/MMTCu2+ and Ch/MMTCu2+ Nanocomposites were prepared in solution by casting technique, 

where it was mixed the polymer (CA or Ch) and MMTCu2+ in different quantities to get 

nanocomposite with 1, 3 and 5 wt % of MMTCu2+, in CA/MMTCu2+ cases was added Triethyl 

Citrate as plasticizer. After the solvent was evaporated at 40°C for 3 hours in the case of acetate 
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nanocomposites and 60ºC for 12 hours in the case of Chitosan nanocomposites, until the film 

formation. The thicknesses of the films obtained were around 100 m. 

 

2.4. Characterization 

Thermal analysis experiments were performed using a Mettler Toledo differential scanning 

calorimeter (DSC) model DSC 822e. The materials were scanned in non-isothermal conditions. 

Samples of about 6 mg, were heated from -20 to 300 ºC at 10 ºC/min to obtain the melting point in 

the second heating run. X-ray Diffraction patterns of MMT modified and the nanocomposites were 

recorded at room temperature, on a Siemens D5000 diffractometer with Cu λ= 1.54 Å. The scan 

rate was 1.2°/min, over a diffraction angle 2θ ranging between 2 and 10°, where the 

nanocomposites was used 7 um thickness film. The antimicrobial effects of nanocomposites and 

montmorillonites were tested against Escherichia coli. The antimicrobial capacity was determined 

according with ASTM E 2149 Method. Initial microorganism concentrations of Escherichia coli 

were 107 to 108 CFU/mL. Serial dilutions in buffer solution were carried out, and the 

microorganism suspensions were plated on LB. Colonies were quantified after incubation at 37°C 

for 24 h. Results were expressed as the number of colony forming units per milliliter. 

 

Results and Discussion 

3.1. Modification of MMT 

Modification of the plane d001 observed by X ray diffraction for the unmodified montmorillonite 

(MMT) and montorillonite modified with Copper (MMTCu2+) by cation interchange, are showed in 

Figure 1, where it can be observed a little variation in the interlaminar spacing between MMT and 

MMTCu2+, with an increase from 1,12 nm for MMT to 1,22 nm for MMTCu2+. This indicates that 

copper has actually been incorporate into of the clay laminar structure, due to increase d-spacings. 

Obtaining  2.9 % copper incorporate, regarding to 10 g of clay used.  
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Figure 1. XRD patterns a) MMT and b) MMTCu2+. 
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The growth of Escherichia Coli was evaluated to be treated with different concentration of 

MMTCu, on LB plates. Concentrations were used between 10 to 1000 ppm of modified clay, in 

order to determine the MIC. Fig. 2 shows the results obtained for a concentration of 100 ppm of 

MMTCu, which can be seen that there is a 100% reduction. 

 
Figure 2. Antimicrobial effect of MMTCu2+ against Escherichia Coli. a) MMTCu (pure) b) 90 ppm 

MMTCu2+ b) 100 ppm MMTCu2+ (ASTM E-2149).  

 

3.2. Nanocomposites 

The results of DSC indicate possible thermal stability of CA and Ch in the presence of the 

MMTCu2+. Differences were observed in the melting temperatures of the different nanocomposites, 

where with increasing concentration of MMTCu2+, melting temperature increased slightly(Figure 3a 

and 3b). 
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Figure 3. a) DSC melting curves (first heating runs) of CA and its CA/MMTCu2+ nanocomposites. b) DSC 

melting curves (first heating runs) of Ch and its Ch/MMTCu2+ nanocomposites. 

 

The XRD patterns of the CA/MMTCu2+ and Ch/MMTCu2+ nanocomposites with 1, 3 and 5 % w/w 

shown a peak 2 between 5 and 6 for Ch/MMTCu2+ (Fig. 4) and CA which correspond to the basal 

spacing of clay into the polymer, this can be explained because the clay is intercalated in the 

polymer matrix, which  evidences  a good interaction between the polymer and the Clay.   
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Figure 4. XRD patterns of Ch/MMTCu2+ Nanocomposites 

 

3.3. Antimicrobial Properties 

 

Microbiological  test of the nanocomposites were performed against the gram negative bacterium E. 

coli, on LB plates. Figure 5 shows bacterial colonies as a function of the concentration of MMTCu 

added in the nanocomposite. The presence of MMTCu2+ at a concentration of 5 wt. % inhibited 

bacterial growth by 97% in the case of CA while in the Ch/MMTCu2+ nanocomposites at a 5 wt. % 

was 99%.   

   
Figure 5.  Antimicrobial activity of AC/MMTCu2+ (Left) and Ch/MMTCu2+ (Right) nanocomposites, on 

Escherichia Coli. a) 0% MMTCu2+, b) 1% MMTCu2+, c) 3% MMTCu2+ d) 5% MMT-Cu2+. ASTM E 2149 

Method (Photograph).   

 

 

Conclusions  

Introduction of MMTCu2+ inside the cellulose acetate matrix produced important changes on the 

thermal properties of this polymer. Therefore, this modified clay can be used as nanofiller to 

produce nanocomposites based on chitosan. Important antimicrobial activity was observed to 

CA/MMTCu2+ and chitosan/MMTCu2+ against E. Coli.   

3774



Anais do 11º Congresso Brasileiro de Polímeros – Campos do Jordão, SP – 16 a 20 de outubro de 2011. 

 

 

Acknowledgements  

The authors acknowledge the financial support of CONICYT (Project PDA-22) and Programa de 

Financiamiento Basal para Centros Científicos y Tecnológicos de Excelencia (Project FB0807). To 

Departamento de Investigaciones Científicas y Tecnológicas, DICYT, from Universidad de 

Santiago de Chile, USACH (Project 051071BB). 

 

References  

1. R. A. Gross; B. Kalra Science. 2002, 297, 803. 

2. A. Ammalaa; S.Batemana; K. Deana; E.Petinakisa; P. Sangwana; S.Wonga; Q.Yuana; 

L.Yua; C.Patrickb; K. H.Leongb Progress inPolymerScience, 2011, 36, 1015. 

3. S. Rimdusit; S. Jingjid; S. Damrongsakkul; S. Tiptipakorn; T. Takeichi Carbohydrate 

Polymers, 2008, 72, 444. 

4. N. Hoenich Bioresources,2006, 1, 270. 

5. M. Aider Lwt-Food Science and Technology,2010, 43, 837. 

 

3775




