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ABSTRACT 

Nanotechnology is a rapidly developing interdisciplinary field of science. Its emergence is due to the potential for revolutionary 
breakthroughs in various fields of human endeavor, such as medicine, agriculture, the food industry, biosensors, electronic devices, 
biotechnology, water purification, environmental remediation, and robotic systems. The colloidal AgNP is synthesized and used for 
many applications, but agglomeration and instability are leading problems associated with their synthesis. Hence, the use of solid 
carriers seems to address such problems.  The immobilization of silver nanoparticles (AgNP) on the carrier mainly occurs based on 
the charge differences between the carrier and the silver ion (Ag+), which form a strong bond. The reduction of Ag+ to AgNP during 
the formation of nanocomposites (NCs) occurs by chemical, physical, or biological processes. The NCs formed with solid supports can 
prevent agglomeration and exhibit high thermal, mechanical, and chemical stabilities. Due to these unique properties, many NCs can 
be synthesized using nanotechnological processes, developing innovative techniques that improve human life. This review focuses on 
various methods used in immobilizing AgNP on different solid substrates as supports and their applications, such as in biomedical, 
food industries, and water treatment, among other areas. Several methods for immobilizing AgNPs could be used to produce NCs for 

other important applications. 
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1. INTRODUCTION 

Nanotechnology has tremendous potential applications 
owing to the unique size-dependent properties of nanoscale 
materials, which have significantly influenced all domains of 
human existence. This technology has enabled the 
development of numerous innovative nanomaterials with 
useful applications [1]. Over the years, metal nanoparticles 
(NPs) such as silver have drawn considerable attention due 
to their exceptional optical, electrical, and antibacterial 
capabilities [2].  
 
In contemporary scientific discourse, silver nanoparticles 
(AgNP) have emerged as one of the most extensively 
researched materials, particularly within the field of 
nanotechnology and its resulting nanostructures over the 
past few decades. AgNPs are defined as nanoscale entities 
composed of elemental silver (Ag), exhibiting diameters 
ranging from 1 to 100 nm. A variety of methods have been 
used for the synthesis of AgNP, including chemical 
reduction [3], laser ablation [4], [5], [6], thermal 
decomposition [7], [8], and sonochemical methods [9], [10]. 
Due to their special properties and increasing use in various 
biomedical applications, AgNPs have attracted considerable 
attention as novel nano products [11], [12]. Among the 

various synthetic routes, chemical reduction techniques  
and laser ablation have emerged as the two most popular 
options [2], [6], [13]. On the other hand, plants and 
microorganisms can be used to synthesize NPs similar to 
the methods previously described. The plant entity contains 
protective capping agents, including proteins, flavonoids, 
polyphenols, esters, sugars, alkaloids, and organic acid 
groups that occur naturally. These substances limit the 
amount of the metal and mitigate its harmful effects [14], 
[15]. Such agents affect the physicochemical properties of 
AgNP, such as particle size, size distribution, shape, 
dispersion, and stability, which are crucial for their 
outstanding efficiency [16]. Despite the effectiveness of 
AgNPs produced by both methods, the agglomeration of 
these NPs limits their effectiveness due to their bonding 
nature to each other, preventing direct access to the target 
substrate. Therefore, there is a need for solid materials that 
can be used to immobilize NPs and serve as carriers, which 
can improve their efficiency and control their release into 
the environment. The incorporation of NPs such as AgNP on 
the solid particulates is a new alternative way to improve 
their usage owing to less toxic effects and environmental 
friendliness, which is termed as a nanocomposite (NC). For 
example, AgNP exhibits remarkable antibacterial 
properties, possesses anti-inflammatory effects, and 
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functions effectively as a drug carrier; thus, their 
incorporation into solid matrices to form NCs renders them 
a promising candidate for applications in wound healing. 

Nanocomposites (NCs) are classified as multiphase 
materials wherein at least one constituent exhibits 
dimension within the nanometer scale (10–100 nm). The 
probability of interaction between the matrix and the 
reinforcing nanoparticles in NCs is significantly high due to 
the pronounced surface-to-volume ratio. The enhancement 
of properties in any NC is contingent upon the 
characteristics of the component materials as well as the 
overall geometry of the NCs. Distinct materials possess 
unique properties, which, when amalgamated, yield a novel 
material endowed with supplementary advantages 
pertinent to various domains of research. These materials 
exhibit exceptional thermal and mechanical stability, 
multifunctional capabilities, and opportunities for chemical 
functionalization, among other attributes [16], [17]. NCs can 
be produced with individual carriers or in combination for 
specific applications. NCs consisting of biopolymers or 
inorganic solids are widely used in regenerative medicine, 
drug delivery, tissue engineering, electronics, and food 
packaging [18]. Applying synthesized nanocatalysts on a 
combined solid of silica and carbon maximizes their 
catalytic activity, selectivity, and stability [19]. NCs made 
from biopolymers have advantages when used as tissue 
scaffolds in healthcare due to their improved properties, 
such as biodegradability (BD) and biocompatibility (BC). 
Once NCs are incorporated, packaged, or covered in various 
materials, they can be used as antibacterial agents in 
medical and surgical equipment or artificial antimicrobial 
fabrics [20]. NCs can be formulated by various methods, 
such as mixing techniques (melt mixing, ultrasonication, 
melt shear mixing), chemical methods (functionalization of 
NPs, addition of surfactants, photoinitiated polymerization, 
in situ polymerization) [21], [22], and physical methods 
(coprecipitation, solution casting, electrospinning) [23], 
[24]. The immobilization of silver nanoparticles (AgNP) can 
be accomplished through either an in-situ or ex-situ 
methodology. In instances where the immobilization occurs 
after the independent synthesis of AgNP, followed by a 
stirring or shearing process and ultimately centrifugation, 
this method is classified as ex-situ. Conversely, when the Ag+ 

derived from the precursor AgNO3 is affixed to the surface, 
potentially influenced by charge disparities similar to those 
in clay minerals, and is subsequently sheared within a liquid 
medium to facilitate the reduction of Ag+ to AgNP, followed 
by centrifugation to segregate the solid phase from the 
reaction medium—typically an aqueous environment or 
alternative processes—this approach is referred to as the 
in-situ technique. 

The immobilization of individual NPs on solid supports not 
only overcomes the inherent limitations of NPs but also 
expands their range of applications. Further surface 
modifications are required to enable specific interactions 
between the NPs or their precursors and the substrate. This 
is paramount to ensure that the incorporation of nanoscale 
materials into formulations does not compromise the 
effectiveness of the NPs. Therefore, the main aim is to 
investigate the various possibilities for developing low-cost, 
non-toxic, and environmentally friendly NC materials using 
solid supports. This review focuses on the consideration of 

solid materials commonly used to immobilize AgNP, leading 
to the formulation of NCs. 
 
2. THE EXPERIMENTAL WORKS 

2.1. Silver Nanoparticles Immobilize on Clay/ Clay 
Mineral 

Advances in nanotechnology have led to the production of 
various NPs, which are usually in powder form. However, 
these NPs often form hard agglomerates that reduce the 
surface-to-volume ratio, which limits their application 
performance [25]. The use of solid materials to prevent such 
occurrences includes, but is not limited to, natural clay. Clay 
minerals are commonly observed as byproducts of 
weathering and end products of hydrothermal alteration in 
rocks [26]. These minerals are present in many soils, fine-
grained sedimentary rocks, and metamorphic rocks [27], 
[28]. Due to their abundance, environmental friendliness, 
and diverse properties, natural clay materials are 
considered one of the most reliable and widely used 
substances for making NC. Numerous clays and clay 
minerals are used as excipients and active components in 
both cosmetic and pharmaceutical industries. Clay minerals 
such as halloysite and montmorillonite are used in the 
biomaterials industry to produce scaffolds, foams, and 
hydrogels [29]. These minerals are also known for their 
effectiveness as carriers for active medicinal molecules, 
ensuring their controlled and consistent delivery. 
Therefore, there are many reports of using these minerals 
as carriers for AgNP for specific purposes. In conjunction 
with its large surface area, the anionic surface charges of 
plate-like clay serve as a carrier medium for AgNP [30], [31]. 
Understanding the charge differences between the clay 
surface and the immobilized molecules of organic or 
inorganic origin is crucial for NC formulations [32], [33], 
[34]. Most of the naturally occurring solid materials can be 
used to produce NC. For instance, a novel technique for the 
synthesis of AgNP by employing clay mineral 
(montmorillonite) and polyvinyl pyrrolidone (PVP) 
suspensions through an electrochemical strategy has been 
formulated [35]. This research underscored the potential of 
clay minerals as a substrate for AgNP. Moreover, the 
investigation using biosensors based on 
acetylcholinesterase immobilized on clay, which modified 
the clay minerals with gold and AgNP, highlighted the 
fixation of enzymes on clay minerals that could be used for 
diverse applications [36]. Moreover, the study reports that 
the immobilization of AgNP on various substrates, such as 
clays, improves the properties of these minerals [40]. The 
immobilization of AgNP onto halloysite was observed using 
nanotubes and was deliberated via in situ reduction of 
AgNO3 [37]. Using clay minerals as supports for NPs was 
described as an effective catalyst [38], emphasizing their 
significance in sensor production. The recent review 
examined the evolution of clay minerals as nanocarriers for 
AgNP [39]. The investigation of ZnO/nanoclay hybrids 
delved into immobilizing AgNP onto clay minerals, 
demonstrating the potential of noble metal nanomaterials 
in this domain [40]. Figure 2 outlines how the AgNP can be 
immobilized on the natural clay to form a nanocomposite 
material for antibacterial purposes.  
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Figure 1. Schematic process of immobilization of AgNP onto 

natural clay to form a nanocomposite as an antibacterial agent 

 
NCs can be synthesized when NPs of any metal ion have 
been incorporated into the solid materials for a specific 
application through certain analyses. Using clay minerals 
alone or combined with other various clay materials or with 
clay and other organic or inorganic carriers can be an 
excellent supporting material. Table 1 shows that the clay 
alone or in combination with another carrier might be used 
as a nanoparticle support in various applications. Among 
them, montmorillonite is the most commonly used clay 
mineral due to its high surface area, its environmental 
friendliness, and its availability in large quantities [41]. 
 
2.2. Silver Nanoparticles Immobilized on Solid Carbon 
Materials 

The exceptional deposition, adhesion, and stability of AgNP 
on carbon-based materials, including carbon fibres, carbon 
nanotubes, and graphene, have attracted great interest 
among various support materials [58], [59]. The surface 
modification of these materials can be achieved through 
acid treatment, leading to the formation of oxygenated 
compounds such as OH and COOH on the outer surface of 
carbon-based materials [60]. These functionalized groups 
introduce significant covalent bonding domains that enable 
AgNP to adhere to carbon surfaces [61]. However, despite 
the simplicity of these functionalization processes, long-
term exposure to acidic environments is often required, 
which is both time-consuming and generates hazardous 
waste [62]. Due to this, an author proposed a simple laser-
based method to facilitate the efficient surface 
functionalization and immobilization of AgNP on carbon 
membranes made of woven carbon microfibers [65]. This 
method is described as simple, effective, and reliable 
compared to the acid-based technique [63]. Figure 2 shows 
the process of forming carbon-based NC functionalization 
by modifying the surface of carbon materials and forming 
carbon fibre NC as an efficient antibiofilm material. 
Similarly, another author described the successful 
immobilization of AgNP on a multi-walled carbon nanotube 
using a Potato Dextrose Agar-assisted technique [67]. An 
attempt to invent a new material made from a carbon 
source was produced to improve Faradaic efficiency and 
lower the overpotential for converting CO2 to CO by using 

immobilized AgNPs supported on carbon-based materials 
[68]. Furthermore, it was postulated that a unique 
hydrothermal process for preparing carbon spheres 
immobilized with AgNP as a potential antibacterial agent 
was successfully achieved [69]. The remarkable safety and 
biocompatibility of carbon-based AgNP suggest that they 
could also be used as intracellular imaging materials. 
 

 
Figure 2. Immobilization of AgNP onto the carbon-based material 

as an antibacterial nanocomposite 
 

2.3. Silver Nanoparticles Immobilized on Chitosan 

Chitin is a naturally occurring biopolymer prevalent in the 
exoskeletons of crustaceans, the integuments of arthropods, 
the scales of reptiles, and the cell walls of fungi [64]. It ranks 
as the second most prevalent biopolymer that yields N-
acetyl glucosamine on a global scale [65]. Chitosan, which is 
derived from the deacetylation of chitin and consists of 
glucosamine and N-acetylglucosamine interconnected by a 
(1-4)-glycosidic linkage, exhibits significant potential for 
application in food packaging owing to its economic 
viability, antibacterial properties, ability to form films, 
nontoxic nature, and biodegradability [66], [67]. Chitosan is 
classified as a biocompatible (BC) and biodegradable (BD) 
polymer, which offers structural versatility for both 
chemical and mechanical modifications aimed at 
engendering novel properties that are particularly 
applicable in the biomedical domain. Over the past several 
years, investigations into functional biomaterials, such as 
chitosan, have facilitated the advancement of innovative 
drug delivery systems and enhanced tissue regeneration 
capabilities, which have emerged as one of the most rapidly 
expanding sectors within the biomedical arena. It is 
acknowledged as a biomaterial due to its attributes of 
biocompatibility, biodegradability, and non-toxic 
characteristics [68]. These attributes suggest that chitosan 
possesses substantial potential for future applications 
across diverse scientific disciplines, including drug delivery, 
gene transfer, cellular imaging, sensor technology, and the 
treatment and diagnosis of various ailments, including 
malignancies such as cancer. 
 
Researchers in the biomedical and pharmaceutical 
industries are interested in utilizing chitosan and its 
products due to its biocompatibility, biodegradability, and 
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antibacterial nature [69]. The incorporation of cations can 
be easy due to the negatively charged nature of chitosan, 
which can easily attract positively charged metals such as 
Ag+ for the synthesis of AgNP, and therefore, it could be 
considered a suitable carrier for the immobilization of AgNP 
[70]. However, due to spatial limitations, using nanoscale 
materials would effectively hinder the aggregation of AgNP. 
Another literature report describes the successful 
incorporation of AgNP into chitosan, forming NC for food 
packaging applications [76]. Similarly, the formulated NC 
material served as a promising novel and innovative 
composite material used in the food industry [77]. It has 
been shown that integrating chitosan-incorporated laponite 
(synthetic smectite clay) with AgNP significantly improves 
water solubility and mechanical properties while limiting 
the release of AgNP from chitosan-based films, potentially 
reducing its harmful effects [71]. In addition, this 
nanocomposite has shown high antimicrobial potential, 
which could overcome the limitations associated with the 
use of nano-silver in food preservation. The use of chitosan-
based hydrogel beads immobilized with AgNP by 
polydopamine (biomimetic and self-adherent polymer) 
coating improved antimicrobial activity and removed dyes 
and Cu (II) ions [72]. This composite can enhance the 
adsorption performance of the beads concerning the 
aforementioned adsorbates. Moreover, surface-
immobilized chitosan AgNP was found to exhibit better 
antibacterial activity than various other monodisperse 
colloidal AgNPs. The composite was produced and exhibits 
an antibacterial effect through "contact killing" and "ion-
mediated killing" and subsides the cytotoxic effect of AgNP 
[80].  Correspondingly, a chitosan-cellulose membrane with 
integrated AgNP has shown remarkable antibacterial 
activity against S. aureus and E. coli [73]. Figure 4 shows 
how the NC was produced by immobilizing AgNP on 
chitosan for the oral treatment of pathogenic bacteria. 
 
2.4. Silver Nanoparticles Immobilized on Organics 
Shells 

Approximately 8 million metric tons of shells from crab, 
shrimp, and lobster are generated on a global scale yearly, 
in addition to 10 million metric tons of waste originating 
from oysters and other sea organisms’ shells [74]. The cast-
off shells are routinely either discarded into marine 
environments or transported to land disposal sites, where 
they have a significant impact [75]. The by-products derived 
from these exoskeletons represent a substantial waste 
stream that ought to be repurposed as a novel raw material 
to maximize their utilization. Numerous applications for 
these waste shells exist across various domains, including 
agriculture, healthcare, construction, ecological 
conservation, the cosmetics sector, the food and feed 
industries [76], and other uses, which are continually being 
explored and developed, such as NC formulation. Hence, 
converting industrial and agricultural wastes into useful 
materials is highly recommended, as they can pollute the 
environment if deposited in large quantities. For instance, 
egg shells, a well-known biowaste material rich in calcium 
carbonate, are widely accessible and have been extensively 
researched for their multiple applications [77], [78], [79]. 
Moreover, it has been widely used as a sorbent to remove 
aromatic compounds and dyes [80], [81]. A research group 

studied the potential of egg shells for their sorption 
efficiency in removing inorganic and organic pollutants 
from wastewater [88]. In addition, a simple and 
environmentally friendly approach for the synthesis of 
AgNP using Sapindus mucorossi extract is immobilized on 
the surface of powdered eggshells [89]. The composite 
showed strong antimicrobial activity against E. coli, S. 
aureus, and C. albicans, and its effectiveness in eliminating 
chromium and industrial dye pollutants. The shell 
composite with AgNP, which was reduced by Tamarindus 
indica seed hulls, Ceratonia siliqua locust bean gum, and 
glucose oxidase, is a promising glucose sensor [69]. 
Similarly, seashells were used as a carrier of green 
synthesized AgNP through immobilization, which served as 
a catalyst and exhibited good catalytic activity for the 
reduction of dyes [82]. Figure 5 shows the immobilization 
of AgNP onto the eggshell for dye-removing purposes. In the 
part using shells from plant-based materials, the literature 
reports the synthesis of NC with dye-removing potential. 
AgNPs/peach kernel shell were then produced by Achillea 
millefolium L. extract by reducing Ag+ ions. It was found 
highly dispersed on the surface of the shell, which was used 
for the reduction of 4- Nitrophenol (4-NP), Methyl Orange 
(MO), and Methylene Blue (MB) in the dye-contaminated 
water [83]. The formation of AgNP on the supporting 
carriers demonstrated biocompatibility in clinical 
applications. Furthermore, incorporating AgNP into 
biomaterials leads to reduced cytotoxicity and lower 
chances of cellular uptake of AgNP [82]. 
 

 
Figure 3. Immobilization of AgNP onto the eggshell used as a dye 

degradation nanocomposite material 

 
 
2.5. Immobilization of Silver Nanoparticles on 
Cellulosic Fibres 

Cellulose fibres are an indispensable raw material in the 
textile industry and play an important role in the 
manufacture of a wide range of products such as clothing, 
household materials, and nonwovens. Textiles, which 
include nonwoven and knitted fabrics, can be made from 
cellulose alone or in combination with synthetic materials. 
The market offers a wide range of cellulose fiber-based 
products, including surgical dressings, shoe covers, 
pillowcases, nappies, household wipes, sorbents, and 
feminine hygiene products [84]. The increase in value of 
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cellulose fiber-based products through improved 
performance is significantly influenced by the surface 
treatment. Another article demonstrated the efficacy of an 
in-situ synthesis method to deposit AgNP on the surface of 
absorbent cotton without the need for reducing agents [93]. 
Consequently, the antibacterial properties of the silver-
loaded cotton fabric were superior to those of the untreated 
fabric [85]. The potential of nanofibers can be increased by 
modifying them to improve their surface area, specificity, 
and reactivity, making them more attractive than 
unmodified fibres [86]. A novel green in situ approach for 
immobilizing AgNP on the surface and inside cellulose 
fibres was proposed, exhibiting antibacterial properties 
even after several washing cycles [95]. Immobilization of 
NPs on natural cellulose fibres is possible due to surface 
charge differences caused by numerous hydroxyl groups in 
the insoluble glucose polymer of cellulose. Deprotonation 
(proton removal) of this polymer can lead to negative 
charges on its surface, which can attract Ag+. This technique 
can, therefore, be used for the synthesis of AgNP. AgNP 
incorporation enhances antibacterial properties in tissues, 
jute fabrics, and natural fibres like cotton, jute, flax, sisal, 
and coconut [96]. These fibres have been proven to resist E. 
coli and B. subtilis, and can also confer additional properties 
like antimicrobial and super-hydrophilic properties. 
Coating cotton fibres with acrylic acid also enhances AgNP 
loading capacity [97]. It investigated the efficacy of natural 
fibres loaded with AgNP, such as cotton, jute, flax, sisal, and 
coconut fibres for antibacterial application [98]. They 
discovered their efficacy against E. coli and S. aureus. This 
modification can confer additional properties besides 
antimicrobial activity. The incorporation of AgNP into the 
wool fabric-silica composite resulted in antimicrobial and 
super hydrophilic properties [99]. Additionally, one of the 
research groups claimed that coating cotton fibres with 
acrylic acid increases the loading capacity of AgNP, resulting 
in the highest antibacterial activity and the potential for 
further properties [100]. 
 

 
Figure 4. Immobilization of AgNP onto the cotton fabric as an 

antibacterial material 
 
 

2.6. Immobilization of Silver Nanoparticles on 
Synthetic Po;ymers 

Synthetic polymers are defined as polymers artificially 
produced in laboratories, also known as condensation 
polymers or manufactured polymers [87]. These materials 
are classified as thermoplastic (moldable at elevated 
temperature) polymers, thermosetting (obtained through 
irreversible hardening) polymers, and elastomers 
(rubbery). Notable examples of synthetic polymers include 
polyethylene (PE), polyamides (PA), polystyrene (PS), 
polyvinyl chloride (PVC), polyisoprene (PI), and 
polytetrafluoroethylene (PTFE), among a plethora of 
others. Polymers synthesized from petroleum-derived 
monomers are typically generated in a controlled 
laboratory environment, with their molecular structure 
predominantly consisting of carbon-carbon linkages [88]. 
These materials are prevalent across various sectors, 
serving critical roles in textiles, packaging, construction, 
medicine, and a multitude of other significant applications. 
Synthetic polymers represent a highly versatile and 
heterogeneous category of materials, many of which are 
specifically employed in drug delivery systems, 
solubilization processes, nanoparticle formation, surface 
modification, drug transport, diagnostic imaging, and 
implantation procedures [89]. Furthermore, certain 
synthetic polymers exhibit a range of biological activities, 
including antitumor, antibiotic, antiviral, and 
antithrombotic properties, in addition to their capability to 
inhibit efflux pumps such as P-glycoprotein [90]. 
 
There are man-made polymers formed by the reaction of 
monomeric structural units. The polymers can be 
synthesized in laboratories using either similar or different 
monomeric subunits. They are inexpensive and easy to 
process, but can pollute the environment because they are 
not biodegradable. These types of polymers are different 
from natural polymers because they occur naturally. Nylon, 
polyethylene, epoxy, polyvinyl chloride, polypropylene, and 
others are just a few examples of synthetic polymers. Some 
researchers reported the incorporation of NPs into 
synthetic polymers and pointed out the use of NCs in 
synthetic polymers for biomedical applications such as 
tissue engineering, wound treatment, and healing [91], [92]. 
For example, some reports have mentioned the 
incorporation of NPs for drug delivery [93], [94], [95]. The 
use of silver-based synthetic polymer materials for cancer 
therapy has also been reported [96], [97], [98]. NCs of 
synthetic polymers can be used as scaffolds for bone 
regeneration due to their mechanical and BD properties 
[99]. Similarly, silver-based synthetic polymers can be used 
as water filters to improve the water purification system 
[100], [101], [102]. The incorporation and release strategy 
of AgNP on the polymeric materials can be seen in Figure 7. 
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Figure 5. The immobilization of silver nanoparticles using 

polymeric matrices for biomedical purposes

 

3. CONCLUSION 

In this review, the immobilization of AgNP onto the solid 
carriers for the formation of NC is feasible. The material in 
the NC form increases NP stability and increases chemical, 
mechanical, and thermal stability alongside the numerous 
strategies for immobilization processes. Various solid 
supporting materials used in NC were elucidated, such as 
clay minerals, carbon, fibres, shells, chitosan, and synthetic 
polymers, as well as their innovative synthetic methods and 
their diverse applications, which were described herein. 
 

 
Table 1. Different nanocomposites prepared using clay minerals as carriers and their applications

 
 

 

Abbreviations: HDPE/Ag-MMT (High density polyethylene-silver-montmorillonite), AgNP/Kaolinite (silver nanoparticles-
kaolinite), BC-MMT-Ag (Bacterial cellulose-silver-montmorillonite), Ag/Tlc (silver/Talc), Ag/Tlc/Csn silver-Talc-chitosan), 
AgNP/saponite (silver nanoparticles/saponite), Cs/AgNP/Clay (Chitosan/silver/clay), O-MMt/Ag (Organo-
montmorillonite/silver), Agar-CMC/Ag-MMT (Agar-carboxymethyl cellulose/silver-montmorillonite), GC/Ag-Bt (Glassy 
carbon coated-silver-bentonite), Ag/KlnNCs (silver/kaolinite nanocomposites), LLDPE/EVA/MMT/Ag (Linear low-density 
polyethylene-vinyl acetate montmorillonite-silver), AgNP-zeolite (silver nanoparticle-zeolite), AgNP-montmorillonite 
(silver nanoparticle-montmorillonite), AgNP-palygorskite (silver nanoparticle-palygorskite), POEGMA/Halosite-AgNP  
(poly(oligo(ethylene glycol)ethyl ether methacrylate) Halosite-silver  nanoparticles), PALC/AgNP (palygorskite-rich clay-
silver nanoparticles), MDP/AgNP (multidimensional palygorskite silver nanoparticles), NSAg (Nanoscaling silver). 

 
 
 
 
 

Nanocomposite Designation 

 

Carrier material Application Reference 

HDPE/Ag-MMT Montmorillonite Antimicrobial agent [42] 

AgNP/kaolinite Kaolinite Antibacterial agents [43] 

BC-MMT-Ag Montmorillonite Antimicrobial Agent [44] 

AgNP/saponite Saponite Antibacterial agent [45] 

MMT/Ag Montmorillonite dye removal [46] 

Ag/Tlc and Ag/Tlc/Csn Talc Antioxidant/Antibacterial agent [47] 

Cs/Ag NP/clay Unspecified Clay Fabric Dying [48] 

O-MMt/Ag Montmorillonite Antimicrobial /Dye removal agent [49] 

Agar-CMC/Ag-MMT Montmorillonite Antibacterial/ Packaging Agent [50] 

GC/Ag-Bt Bentonite Electrocatalytic Agent [51] 

Ag/KlnNCs Kaolinite Antibacterial Agent 

 

[52] 

LLDPE/EVA/MMT/Ag Montmorillonite Mechanical/thermal 

properties/Antibacterial agent 

[53] 

AgNP-Zeolite/AgNP-

montmorillonite/AgNP-palygorskite 

Zeolite, Montmorillonite & 

Palygorskite 

Antifungal Agents [54] 

POEGMA/Halosite-AgNP Halloysite Medical face masks [55] 

PALC/AgNP-   MDP/AgNP 

 

Palygorskite Antibacterial agent [56] 

NSAg Montmorillonite Antimicrobial agent [57] 
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Therefore, solid natural or synthetic materials could be a 
promising carrier of NPs for various applications. This can 
prevent NPs' agglomeration, which is a problem associated 
with NPs, and control the release of AgNP into the 
immediate environment to avoid excessive exposure to 
AgNP, especially in connection with biomedical products, 
food packaging, and water treatment, as well as other 
applications involving living organisms and the 
environment. The fact remains that the immobilized AgNP 
synthesized from biological reducing agents, especially 
green-based approaches in NC formulations, are safer, 
cheaper, and more sustainable than chemically or physically 
synthesized and immobilized on the carrier. 
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