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INTRODUCTION 

 

 Nanotechnology is the study of engineering and manipulating materials which have at least one of their dimensions in the 

range of 1–100 nm. When brought down to nanometer scale, the particles fall into the quantum mechanics regime and exhibit a 

very high surface area to volume ratio. These phenomena are responsible for the altered chemical and physical properties 

observed in nanomaterials as compared to their bulk counterparts. The unique and tunable properties exhibited by nanomaterials 

have intrigued researchers all over the world and their potential is being explored in fields such as medical therapeutics and 

diagnostics, drug delivery, antibacterial nanomedicine, photocatalysis, catalysis and energy production. Another such field where 

nanomaterials have slowly gained importance is the food industry. Nanomaterials are being currently explored for pesticide and 

fertilizer delivery, food quality enhancement and food packaging [1]. There is an increasing interest in reducing bacterial 

harmfulness in recent years because bacterial infection is one of the major clinical complications. Prevention of bacterial-related 

infection remains a major challenge for the delivery of quality medical care and the problem results in a high rate of mortality and 

morbidity thereby significantly increasing health care costs [2]. 

 

Polymers are widely used materials in different fields owing to their good mechanical and physicochemical properties as well as 

their economic accessibility. The use of polymers for membrane production for applying in different membrane processes enables 

highly effective separation of liquid and gas mixtures. There are a large number of commercial polymer membranes that have 
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Bionanocomposites of (polyvinyl alcohol - poly-acrylic acid) blend/ niobium carbide nanoparticles have 
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undergone the necessary series of studies and found their application in membrane processes in industry due to their low cost, 

good film-formability, and mechanical strength. However, it should be noted that polymeric membranes are characterized by a 

number of drawbacks, such as low resistance to mechanical impurities, relatively poor chemical stability, low thermal resistance, 

and low permeability for some polymers. Thus, modern production conditions demand improved quality of the final product and 

productivity for existing processes. In this regard, the development of new membranes is a highly important task. Recently, a 

number of studies have been conducted using different types of hydrophilic polymers, especially poly(acrylic acid), cellulose, 

hydroxyl ethyl cellulose, chitosan (CS), sodium alginate, and poly(vinyl alcohol) (PVA) as membrane matrices for the 

pervaporation dehydration purposes. Among these, PVA is considered to be one of the most widely used polymers in 

pervaporation, applied for the separation of water–organic mixtures, due to its unique properties such as good film-forming 

properties, high hydrophilicity, and chemical stability. However, the permeability of PVA-based membranes is too low due to its 

glassy and semi-crystalline structure [3]. Polyvinyl alcohol (PVA) as biodegradable polymer can be used in numerous applications 

attributable to its specific properties such as good fiber forming, good thermal and chemical stability along with high tensile and 

impact strengths. Alternatively, pure PVA has poor stability and swelling in water which decrease its use as a membrane in 

aqueous systems because the membrane swelling has a great influence on the separation performance of the membrane. The good 

mechanical property, biodegradability and biocompatibilities of various polymer hydrogels are not enough to satisfy the customer 

needs for appropriate applications. The overcome the limitations of hydrogels in packaging materials application, by blending 

synthetic polymers such as PVA with some natural macromolecular materials [4].  

 

Poly(vinyl alcohol) (PVA) is a water-soluble polymer that has attracted particular interest due to its hydrophilicity and 

biocompatibility properties. PVA is nontoxic and has good thermal stability, making it a promising candidate to be used in 

biomedicine and biotechnology fields [5]. Nanocomposites have properties different of the properties for the filler and matrix. The 

nanocomposites have applications in many fields: humidity sensors [6-11], pressure sensors and piezoelectric [12-16], 

antibacterial [17-22], thermal energy storage and release [23-26] and radiation shielding [27-30]. Carbides have been broadly used 

in numerous fields, for instance composite ceramic materials, aerospace materials and wear resistance, because it has high melting 

temperature, high hardness, oxidation resistant, high thermal shock resistance and high abrasion resistance [31]. This paper aims 

to investigation of antibacterial activity application of biopolymer blend- carbide nanoparticles bio-films against Escherichia coli. 
 

 

MATERIALS AND METHODS 

        Films of polyvinyl alcohol- poly-acrylic acid/ niobium carbide nanocomposites were prepared by dissolving 1 gm of 

polymers with concentration 85 wt.% PVA and 15 wt.% PAA by using magnetic stirrer to mix the blend for 1 hour to obtain more 

homogeneous solution. The (PVA-PAA-NbC) nanocomposites were synthesized by using casting method. The niobium carbide 

(NbC) nanoparticles were added to (PVA-PAA) blend with concentrations are (1.5, 3, 4.5 and 6) wt.%. The nanocomposites 

samples were tested for antibacterial activity by using a disc diffusion method. The antibacterial test was done by using gram 

negative organisms (Escherichia coli). The disks of samples were placed over the media and incubated at 37°C for 24 hours. The 

antibacterial test investigated by measuring the inhibition zone.  

 

RESULTS AND DISCUSSION 

      Figure 1 shows the antibacterial properties of the (PVA-PAA-NbC) nanocomposites against gram-negative (Escherichia coli). 

As shown in figure, the inhibition zone diameter increases with increase in NbC nanoparticles concentrations. The increasing use 

of NPs in medicine has led to a growing number of studies exploring potential antibacterial mechanisms of NPs. For example, 

metal NPs can change the metabolic activity of bacteria. This capacity represents a huge advantage in terms of eliminating 

bacteria to cure diseases. NPs need to be in contact with bacterial cells to achieve their antibacterial function. The accepted forms 

of contact include electrostatic attraction, van der Waals forces, and receptor–ligand and hydrophobic interactions. NPs then cross 

the bacterial membrane and gather along the metabolic pathway, influencing the shape and function of the cell membrane. 

Thereafter, NPs interact with the bacterial cell’s basic components, such as DNA, lysosomes, ribosomes, and enzymes, leading to 

oxidative stress, heterogeneous alterations, changes in cell membrane permeability, electrolyte balance disorders, enzyme 

inhibition, protein deactivation, and changes in gene expression. The following mechanisms are the most frequently proposed in 

current research: oxidative stress, metal ion release, and non-oxidative mechanisms [32]. 

 

Figure 2 shows the SEM images of (PVA-PAA-NbC) nanocomposites for different concentrations of NbC nanoparticles to study 

the morphology of nanocomposites and arrangement of NbC nanoparticles. The SEM images show that paths network formed of 

NbC nanoparticles inside the (PVA-PAA) blend where charge carriers are allowed to pass through the paths [33]. This behavior 

consistent with the results [34,35]. 
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Fig. 1. The antibacterial properties of the (PVA-PAA-NbC) nanocomposites against gram-negative (Escherichia coli). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. SEM images for (PVA-PAA-NbC) nanocomposites: 
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(A) for (PVA-PAA) blend, (B) for 1.5 wt.% NbC, (C) for 3 wt.% NbC, 

(D) for 4.5 wt.% NbC, (E) for 6 wt.% NbC. 

CONCLUSIONS 

1- The antibacterial properties of the (PVA-PAA-NbC) nanocomposites showed that the inhibition zone against gram-negative 

(Escherichia coli) increases with increase of the NbC nanoparticles concentrations. 

2- The (PVA-PAA-NbC) nanocomposites have high activity for antibacterial against Escherichia coli. 

3- The SEM images showed that the NbC nanoparticles is aggregated as a cluster at lower concentrations. The NbC 

nanoparticles form a paths network   inside the (PVA-PAA) blend at high concentrations. 
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