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Abstract 

In order to enable the in situ bio reduction of Ag ions, our work involves the ecologically friendly 

creation of a brown attapulgite-Ag nanocomposite using bay leaf extract. This enables good stability 

and dispersion of Ag NPs together with an effective enhancement in activity and biofriendliness. In 

order to improve the performance of the alginate-attaplugite-AgNps nanocomposite as an advanced 

adsorbent material, three different weights (0.1, 0.2, and 0.4 g) of hydroxyapatite nanocomposite were 

added. The resultant nanocomposite was characterized using XRD, SEM, BET, and TEM. As a result, 

given its higher bio-performance and cleaner, ecologically friendly production process, the created 

alginate-attaplugite-AgNps nanocomposite may have significant potential usage in a range of domains, 

such as food preservation, wound care, and antibacterial or as adsorbent materials. 
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Introduction 

Alginates have been created and applied all over the world for a very long period. In the 

latter half of the 1800s, British scientist E.C.C. Stanford made the first known discovery of 

alginates. Since then, a lot of research has been done on alginates to discover more about 

their properties and potential applications. The popularity of alginate, a biopolymer found in 

sea algae, has increased mostly composed of linear polymers of β-(1-4)-D-mannuronic (M) 

and α-L-gluronic (G) acids, which have different linear configurations and ratios [1, 2]. 

Alginate's massive molecular mass gives it a high viscosity and gel strength [3]. Alginate's 

high molecular weight contributes to its poor solubility and bioavailability [4-5]. Alginates' 

remarkable properties with regard to renewability, biocompatibility, biodegradation, and 

processing have led to their widespread usage and investigation in a variety of fields, 

including tissue engineering, medication delivery, wound healing, textile, cosmetics, and 

food science. In industrial food processing, alginates are commonly utilized as coating 

compounds that resist microorganisms and as thickeners and stabilizers [6]. Because of its 

biodegradability, it is the ideal raw material for active packaging films used in the food and 

pharmaceutical industries [7]. Furthermore, the use of alginates and their composites in 

electrode modification has been the subject of some research [8], the removal of contaminants 
[9], and the fermentation of dormant cells [10].  

Pure alginate salts unquestionably have a poorly formed structure [11]. Because these 

properties are directly related to their capacity to function as encapsulating materials, 

alginates are commonly identified by their average molecular weight and M/G ratio [12]. 

Alginates are often extracted and purified by first changing from an insoluble to a soluble 

state within the algal cell walls, typically with the aid of sodium salt. Then, a sequence of 

precipitations and dissolutions is carried out to eliminate any leftover pollutants [13]. Because 

of their many uses, nanocomposites are now thought to be extremely important materials [14-

18]. Since they are inexpensive and simple to produce in large quantities for industrial use, the 

nanostructured clays containing metal nanoparticles or metal oxide nanoparticles are the 

most significant of these composites [19-21]. 
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A kind of hydrated magnesium aluminium silicate mineral 

called attapulgite (ATP) is made up of magnesium 

organized in an octahedral coordination and silicon dioxide 

shaped like a tetrahedron. The structural formula 

(OH2)4(Mg, Al, Fe)5(OH) is used to represent it. The 

oxygen atoms (2Si8O20) that the attapulgite units share bind 

the units together. The channels run the length of the 

crystals because of the partially organized water, which 

creates borders that resemble ribbons. The Mg (Al, Fe) 

brucite's magnesium cations are linked to the partially 

ordered water. Attapulgite creates a lattice structure of 

particles linked by hydrogen bonds that causes gel 

formations in both fresh and saline water. Among its many 

benefits are its excellent mechanical and thermal stability, 

affordability, accessibility, and lack of toxicity [22].  

Because of its biological characteristics, silver nanoparticles 

differ from other metal nanoparticles. Silver nanoparticles 

have been shown in numerous studies to possess significant 

biological capabilities, including antimicrobial, antiviral, 

wound-healing, and anti-inflammatory effects [23-25]. 

Metallic nanoparticles (NPs) are commonly prepared by 

conventional chemical and physical methods. However, 

modern environmental concerns have prompted research 

into green synthesis and eco-friendly synthesis in order to 

manufacture metallic NPs based on a range of biological 

entities [26]. This review does not aim to cover all plant 

extracts used in the green synthesis of AgNPs. Reviews [27-

29] discuss this field in great detail. Rather, this review 

focuses primarily on the synthesis of AgNPs using plant 

extracts as reducing agents. Silver nanoparticles are 

commonly produced using a variety of sources, including 

bacteria, fungi, plants, and biopolymers. In this reaction, Ag 

+ and the functional components of various plant extract 

constituents interact electrostatically [30]. Silver 

nanoparticles are particularly important for their chemical 

and biological characteristics, among other reasons. 

Unwanted byproducts are produced during synthesis due to 

the usage of hazardous components. As such, there is an 

increasing need to create environmentally benign processes 

for the green production of nanoparticles. Consequently, 

research into the ecologically benign synthesis of Ag-NPs is 

emerging as an important field of study in nanotechnology. 

Biological resources, such as microorganisms, plant 

extracts, or both, can be used in place of physical and 

chemical interactions to make environmentally acceptable 

NPs [31]. Hydroxyapatite (HAp), an inorganic substance with 

the chemical formula CA10 (PO4)6(OH)2, has received a 

lot of attention as a graft component due to its exceptional 

biocompatibility in the medical industry. It is widely used in 

several fields, including environmental conservation and 

dental restoration [32, 33]. HAp has been used recently in 

numerous biological processes, including wound healing, 

drug transport, and tissue engineering [34]. Scientists have 

determined that hydroxyapatite (HAP) is the best adsorbent 

material for removing and recovering contaminants from 

water [35]. HAP has been effectively utilised to remove a 

variety of contaminants from wastewater due to its 

exceptional surface characteristics. Review articles that 

were recently published discuss the use of HAP as a flexible 

material for environmental remediation [36, 37]. 

One of the aims of the study was to reduce the usage of Iraqi 

attapulgite clays, whose supply seems to have disappeared. 

This goal was successfully met because the study only 

requires small amounts of the material.  

The synthetically produced composite materials exhibited 

encouraging adsorption properties. They seem to be 

promising adsorbents in the processes of removing organic 

pollutants. Furthermore, the alginate-attaplugite-AgNps 

composites' constituents are biodegradable and harmless for 

the environment.  

Alginate has demonstrated chemical stability. The chemical 

has an excellent structure and significant adsorption 

properties, according to study analysis.  

 

Materials and Methods 

1. Preparation of bay leaf extract 

The bay leaf was dried and sieved after being baked for 

three days at 40 to 45 degrees Celsius and ground into a fine 

powder using a combination grinder. Combine 10g of leaf 

powder and 100ml of deionized water in a 500ml flask. Boil 

for 10 to 15 minutes, then allow to come down to room 

temperature. After filtering the cooled mixture through 

Whatman filter paper number 1, collect the filtrate. 

 

2. Ag NPs-attapulgite 

After dissolving two grammes of AgNO3 in 150 millilitres 

of deionized water and heating to 60 degrees Celsius, 10 

grammes of attapulgite clay were added to the mixture in 

order to equally distribute the silver ions throughout the 

clay. The mixture was then stirred for a further fifteen 

minutes. After that, bay leaf extract was added, bringing the 

total capacity up to roughly 250 ml. The mixture was stirred 

for an hour at room temperature, filtered, and rinsed three 

times with deionized water before being dried at 60 degrees 

Celsius for a duration of twelve hours. 

 

3. Alginate gel 

To make the alginate gel, two grammes of sodium alginate 

and one hundred millilitres of cold water were mixed 

together and shaken for a full day. 

 

4. Alginate-Ag NPs-attapulgite-hydroxyapatite 

Accompanying the alginate gel, a whole mixture of 100 ml 

and 1 g Ag NPs-attapulgite was utilized to produce matched 

composites with varying HA contents. Subsequently, 0.1, 

0.2, and 0.4 g of hydroxyl apatite nanoparticles were added 

individually. After it was established that the combination 

was homogeneous, it was sonicated one more utilizing water 

bath ultrasonography equipment. The composite gel was 

then put into a beaker containing a gelation agent (One 

gramme dissolved in one hundred millilitres). After being 

collected, the droplet was cleaned with distilled water, dried 

for half an hour at 60 degrees Celsius, and then utilized 

again in the subsequent steps. 
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Fig 1: Preparation of Alg-APT-AgNPs Nanocomposite 

 

Results and discussion 
Characterization of nanocomposites 

Characterization of Ag-attapulgite nanocomposite 

XRD 

The observations in Figure 2 demonstrated the presence of 

the distinctive attapulgite peaks at 19.943, 29.293, 37.193, 

and 45.093°, respectively, which correspond to 

montmorillonite, calcite, and palygorskite. Using this 

parameter, the reaction's efficacy was evaluated. The usual 

nanosilver peaks at 46.293, 67.793, 76.943°, and 37.193° 

were also seen in the measurement. These peaks correspond 

to the crystal planes of 111, 200, 220, and 311, respectively, 

and are related to the creation of the nanosilver facing centre 

cubic crystal system. The measurement thus demonstrates 

the efficacy of the attapulgite and nanosilver interaction, but 

it also reveals that the low-crystallinity clay decreased the 

silver's crystallinity (38, 39). As indicated in Table 1, the 

crystalline size was estimated using the Scherrer equation. 

The findings indicated that the average particle size was 

50.98 nanometers, with a range of about 2-146 nanometers 

 

 
 

Fig 2: XRD of Ag-attapulgite nanocomposite 

 
Table 1: XRD data of Ag -attapulgite nanocomposite 

 

Assignment Average particle size (nm) Particle size (nm) FWHM (o) Position (o) 

Montomorillonite 

50.98 

2.14 3.93167 19.943 

Calcite 25.50 0.33651 29.293 

Ag NPs and Palygorskite 8.82 0.99306 37.193 

Palygorskite 52.89 0.17 45.093 

Ag NPs 64.61 0.13977 46.293 

Ag NPs 146.53 0.06827 67.793 

Ag NPs 56.38 0.18813 76.943 
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SEM: For the purpose of characterising nanomaterials, 

particularly those with well-known nanostructures like 

attapulgite, this measurement is thought to be crucial. Figure 

3 measurement revealed geometric patterns that looked like 

different channels stacked on top of one another; these 

characteristics are thought to be unique to attapulgite. The 

measurement provides more evidence of the response 

between the attapulgite and the nanosilver. It also 

demonstrates how the nanosilver ornamentation formed 

rough surfaces on the attapulgite surfaces as the silver 

sintered on the attapulgite surface. The measurement 

showed the attapulgite containing nanosilver to have a 

diameter of less than 47 nanometers, which is consistent 

with the Scherrer equation-derived estimated particle size of 

50.98 nm from X-ray diffraction. 

 

 
 

Fig 3: SEM of Ag -attapulgite nanocomposite 

 

Characterization of alginate-Ag -attapulgite-

hydroxyapatite nanocomposite 

XRD 

Figure 4's XRD measurement revealed the distinctive 

alginate peaks at 14.793 and 25.943° (40), whereas calcite 

and palygorskite were identified as the source of the 

attapulgite peaks (28.893, 38.143, and 42.043°). 

Additionally, hydroxyapatite was detected at 28.893, 

31.693, 32.743, 34.193, 40.043, 49.243, 52.943, and 

63.693°. These coordinates are assigned to the crystal planes 

210, 211, 112, 202, 130, 213, 321, and 084, in that order. 

Ultimately, for the facing cubic centre, the measurement 

revealed the distinct nanosilver peaks at 38.143, 46.743, 

63.693, and 74.943°. The Scherrer equation is employed in 

Table 2 to get the average particle size, which was found to 

be 10.52 nm. 

 

 
 

Fig 4: XRD of alginate-Ag -attapulgite-hydroxyapatite nanocomposite 
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Table 2: XRD data of alginate-Ag -attapulgite-hydroxyapatite 
 

Assignment Average particle size (nm) Particle size (nm) FWHM (o) Position (o) 

Alginate 

10.52 

3.64 2.29881 14.793 

Alginate 3.98 2.14079 25.943 

Calcite and Hydroxyapatite 2.42 3.55 28.893 

Hydroxyapatite 6.17 1.39896 31.693 

Hydroxyapatite 11.54 0.75 32.743 

Hydroxyapatite 2.04 4.25 34.193 

Ag NPs and Palygorskite 9.76 0.9 38.143 

Hydroxyapatite 3.76 2.35 40.043 

Palygorskite 2.44 3.64891 42.043 

Ag NPs 7.98 1.13387 46.743 

Hydroxyapatite 5.04 1.81393 49.243 

Hydroxyapatite 8.45 1.09751 52.943 

Ag NPs 26.62 0.36724 63.693 

Ag NPs 30.98 0.31944 65.893 

Ag NPs 32.96 0.3174 74.943 

 

SEM 

Alginate balls containing attapulgite, silver, and 

hydroxyapatite were used for this measurement. This 

measurement's findings showed a smooth surface with many 

aggregate structures, which are assumed to be the product of 

the composite particles inside the ball. The measurement 

also confirmed the presence of channel-like structures 

assigned to the attapulgite and irregular and spherical 

particles attributed to the other components in the 

attapulgite-silver-hydroxyapatite composite. These results 

show that the polymeric combination for the composite, as 

shown in Figure 5, is successful. 

 

 
 

Fig 5: SEM of alginate-Ag -attapulgite-hydroxyapatite nanocomposite 

 

TEM: As seen in Figure 6, the measurement revealed the 

presence of unique structures of nanosilver (as 

nanospheres), hydroxyapatite (as irregular structures), and 

attapulgite (as individual nanorods). The diameter of the 

attapulgite was measured and found to be 6-20 nanometers, 

the diameter of the hydroxyapatite was found to be no more 

than 60 nanometers, and the diameter of the silver was 

found to be 10-30 nanometers. 

 

 
 

Fig 6: TEM of alginate-Ag -attapulgite-hydroxyapatite nanocomposite 
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BET: The measurement demonstrated the existence of 

distinct nanosilver (as nanospheres), hydroxyapatite (as 

irregular structures), and attapulgite (as individual nanorods) 

structures, as shown in Figure 6. The measurements 

revealed that the attapulgite had a diameter of 6-20 

nanometers, the hydroxyapatite had a diameter of no more 

than 60 nanometers, and the silver had a diameter of 10-30 

nanometers. 

 
Table 3: Surface area results of alginate-Ag -attapulgite-hydroxyapatite 

 

BET plot 

Vm 5.0702 [cm3(STP) g-1] 

as,BET 122.068 [m2 g-1] 

C 82.114 
 

Total pore volume(p/p0=0.990) 0.1061 [cm3 g-1] 

Average pore diameter 19.234 [nm] 

Langmuir plot 

Vm 5.629 [cm3(STP) g-1] 

as,Lang 124.5 [m2 g-1] 

B 0.9057 
 

t plot 

Plot data Adsorption branch 

a1 118.643 [m2 g-1] 

V1 0 [cm3 g-1] 

a2 154.228 [m2 g-1] 

V2 -0.024909 [cm3 g-1] 

2t 1.3914 [nm] 

BJH plot 

Plot data Adsorption branch 

Vp 0.1093 [cm3 g-1] 

rp,peak(Area) 6.95 [nm] 

ap 127.375 [m2 g-1] 

 

 
 

Fig 7: BET of alginate-Ag -attapulgite-hydroxyapatite nanocomposite 

 

Conclusion  

Based on the results of this study, we can use attapulgite 

impregnated with nanoscale silver in an environmentally 

friendly way by using extract from bay leaves as a reducing 

agent. This suggests that the addition of APT significantly 

decreased the size of Ag NPs and enhanced their dispersion. 

Therefore, in addition to having outstanding bio-

performance, the alginate-attaplugite-AgNps nanocomposite 

that was created in this study offers the benefits of being 

simple, affordable, and ecologically benign. It may therefore 

find utility as a nanomaterial in numerous industries, such as 

wound healing, food preservation, and antimicrobial and 

medicinal applications. 
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