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Abstract: The production of microbial-based nanoparticles has various advantages over conventional 

physicochemical procedures and has many applications in medicine and biology. In this study, 

bioflocculant extracted from Microbacterium paraoxydans was applied to biosynthesize CuNPs. The 

biosynthesized CuNPs and the bioflocculant were analyzed using UV-Vis, FT-IR, SEM-EDX, TGA, 

XRD, and TEM. The UV-visible spectra of CuNPs presented a peak at 549 nm, corresponding to the 

plasmon absorbance of CuNPs. TEM image revealed spherical CuNPs with an average size ranging 

between 30-35 nm, indicating a role of the bioflocculant as a capping and reducing agent in CuNP 

synthesis. The XRD analysis for CuNPs showed the crystalline nature and CuNPs with a 33 nm particle 

size. FT-IR analysis of CuNPs discovered the presence of various functional groups, including the O-

H bond, C-H, N-H, and Cu-O bond. SEM showed the cloud-like surface morphology of CuNPs, while 

the bioflocculant indicated surface rod-shaped morphology. The elemental analysis of CuNPs revealed 

the presence of oxygen, carbon, and copper, and the bioflocculant has carbon and oxygen. The CuNPs 

appeared to be thermostable as they retained a weight of 75% at 900℃. The characterization confirmed 

the successful synthesis of CuNPs utilizing a bioflocculant as a stabilizing and capping agent.  

Keywords: biosynthesis; Microbacterium paraoxydans; bioflocculant; copper nanoparticles and 

characterization. 
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1. Introduction 

Flocculation is a physical procedure whereby flocculants are applied in the 

agglomeration of suspended particles to produce large flocs, which are masses of solids that 

can be organic or inorganic [1,2]. Flocculants are categorized into three kinds: organic 

synthetic, inorganic chemical, and natural flocculants. Organic synthetic flocculants include 

polyacrylic and polyaluminium, inorganic chemical flocculants include polyacrylamide 

derivatives and aluminum sulfate, and naturally occurring flocculants include microbial 

flocculants, tannin, and chitosan [3]. Industries and wastewater treatment facilities commonly 

use both synthetic organic and inorganic chemical flocculants due to their competence and 

cost-effectiveness [4]. However, synthetic flocculants constitute a risk to the environment and 
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human health [5]. These drawbacks associated with synthetic flocculants have led to the 

synthesis of eco-friendly, strong, economically feasible, and biodegradable flocculants for 

wastewater treatment. Bioflocculants have been identified as a promising substitute for 

chemical flocculants in the future [4, 6]. 

Bioflocculants are described as polymers extracted from microbes during their growth, 

which floc out suspended particles in a solution [7,8]. Bioflocculants have benefits such as a 

lack of secondary pollution and biodegradability, and they are nontoxic; hence, they are 

suitable for the replacement of chemical flocculants [9]. Bioflocculation refers to a treatment 

procedure in which bioflocculants are utilized in the agglomeration of suspended particles [3]. 

Bioflocculation is well-thought-out as a dynamic process initiated by living cells as a result of 

the production of exopolymeric macromolecules [10]. Bioflocculants have shortcomings such 

as low flocculation efficiency, low yield, high cost, and shorter shelf-life, and they are unable 

to floc out microbial pollutants [11]. Hence, there is a growing interest in the biosynthesis of 

copper nanoparticles to enhance their yield and flocculating efficiency. 

Nanotechnology is a science and technology that focuses on creating and understanding 

materials that range between 1 to 100 nm [12]. Copper nanoparticles gained tremendous 

interest due to their exceptional properties, including electrical conductivity, high melting 

point, reduced electrochemical migration risk, economical, and excellent solder ability [13, 

14]. For this reason, copper nanoparticles serve as a favorable candidate to replace high-cost 

noble metal nanoparticles such as Ag and Au [15]. Copper nanoparticles also possess unique 

physicochemical properties such as catalytic, antimicrobial activity, low production cost, and 

efficiency [16]. The production of copper nanoparticles can occur through either a physical or 

a chemical process [17]. The chemical method includes chemical reduction and thermal 

decomposition. The physical method includes laser ablation and mechanical chemical 

synthesis [18]. 

Metallic copper nanoparticles are unstable, meaning they can be oxidized under 

atmospheric environments, forming Cu2O and/ or CuO on the surface throughout the 

preparation [19]. Thus, copper nanoparticles should be protected by the addition of stabilizing 

agents such as organic ligands, surface-active agents, or capping agents that can form 

complexes with copper ions [15]. Copper nanoparticles exhibit a small size with a very strong 

catalytic surface area with substantial permeability. These nanoparticles can achieve increased 

reaction yields in a quicker reaction period when exploited as chemical reactants in organic 

and inorganic metallic production [20, 21]. Therefore, the study focused on the biosynthesis 

and characterization of copper nanoparticles by utilizing a bioflocculant as a stabilizing and 

reducing agent. Bioflocculant was exploited in the biosynthesis of copper nanoparticles to 

enhance the yield and flocculating efficiency. The biosynthesized CuNPs were characterized 

to confirm their successful synthesis employing UV-vis spectroscopy, SEM-EDX, FT-IR, 

TEM, TGA, and XRD. 

2. Materials and Methods 

2.1. Bioflocculant extraction and purification. 

To extract and purify the bioflocculant, the technique defined by Ntombela et al. [22] 

was used. After an optimal fermentation period, the fermented production suspension was 

centrifugated at 4000 rpm for 30 min to eliminate cell debris. The insoluble materials were 

eliminated by adding 1 L of distilled water to the upper solution and centrifuged at 4000 rpm 
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for 30 min. The supernatant obtained after centrifugation was mixed with 2 L of ice-cold 

ethanol. The mixture was stirred thoroughly and precipitated at 4°C for 12 h. The sediment was 

removed and vacuum-dried to attain a crude bioflocculant extract. The crude bioflocculant 

extract was purified by redissolving it in 100 mL of a dissolution of chloroform and butanol 

(5:2 w/v) and stirring to mix. Subsequently, the dissolution was then permitted to sit for 12 h 

at room temperature. The purified bioflocculant was removed aseptically and air-dried. 

2.2. Biological production of copper nanoparticles. 

The bio-reduction method using the bioflocculant from Microbacterium paraoxydans 

was employed in synthesizing copper nanoparticles. About 0.5 g of the pure bioflocculant was 

dissolved into a 200 mL dissolution of 3 Mm CuSO4. The solution was vigorously shaken to 

attain a homogeneous solution. The interference of foreign materials was prevented by sheeting 

the conical flask, holding the solution with the foil, and leaving it undisturbed at ambient room 

temperature for a period of 24 hours. The mixture without the addition of bioflocculant was 

used as a standard in this experiment. Characterization and physical observation were used to 

confirm the synthesis of CuNPs. After 24 h, the biosynthesized CuNPs were gathered using 

centrifugation at 4℃, 400 rpm for 30 min. The biosynthesized CuNPs were then air-dried for 

72 h and stored for characterization and application. 

2.3. Characterisation of a purified bioflocculant and biosynthesized copper nanoparticles. 

The ability of the bioflocculant and CuNPs to absorb light was measured using the UV-

vis of the Perkin-Elmer spectrophotometer (Agilent Technologies, California 95051, USA). 

About 0.1 g of the bioflocculant and CuNPs samples were diluted with 3 mL of deionized 

water. The analysis was carried out within the wavelength of 300 -700 nm, operating at 1 nm 

resolution [23]. 

The functional group identification of the bioflocculant and bioflocculant-encapsulated 

CuNPs was accomplished using FT-IR (Perkin Elmer System 2000, Cambridge, England). A 

small amount of the produced copper nanoparticles and purified bioflocculant was pressed into 

a pellet for FT-IR spectroscopy analysis over a range of 4000 - 400 cm-1 wavelength [24].  

TEM was conducted to ascertain the particle size and morphology of the bioflocculant 

and copper nanoparticles. TEM (JOEL 1010 USA, Inc, Peabody, Massachusetts 01960, USA) 

was probed to acquire the TEM depiction of a bioflocculant and copper nanoparticles. The 

beam of light was passed through a sample to generate an image. The samples were prepared, 

and the micropipette was used to add a diluted drop of suspension in a solvent. The samples 

were allowed to dry at ambient room temperature. The 100 kV accelerating voltage was used 

to observe the samples, and the results were taken using a digital camera [25]. 

TGA analysis of the bioflocculant and the synthesized CuNPs was performed to study 

the change in mass of a substance while the temperature of the substance changes over time. 

The thermogravimetric analyzer (ST6A 449/C Jupiter, Netsch, Wittlsbacherstrabe, Germany) 

was adjusted to the temperature ranges of 30 - 900°C under a continual flow of nitrogen gas 

[26]. 

SEM analysis of the bioflocculant and the produced CuNPs was done to determine their 

morphology. The produced Cu nanoparticles and bioflocculant images were obtained and 

viewed using an SEM-primed elementary detector at 15 kV, which was a wavelength of 

resolution. The produced CuNPs and purified bioflocculant were analyzed for their 
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morphology. SEM-EDX (Hitachi SU230 Regulus FESEM at Surface Science Western, Cape) 

was used to identify the elemental arrangement of copper nanoparticles and bioflocculant. 

Copper nanoparticles and the bioflocculant. Scanning electron microscopy equipped with 

energy-dispersive X-ray spectroscopy was used to determine the elements present in both the 

bioflocculant and copper nanoparticles [27]. 

XRD (Bruker D8 Advance diffractometer, Johannesburg, Bruker, RSA) was used to 

analyze the crystalline nature of the samples. X-ray was used to irradiate the copper 

nanoparticles and bioflocculant samples, and then intensity and scattering angles were 

measured. The angle range of 20 to 80° was used at the scanning step of 0.03° was used to 

record the XRD results [28]. The average particle size of CuNPs biosynthesized from M. 

paraoxydans bioflocculant was determined employing Debye-Scherrer’s equation [D= (kλ /β 

cos θ)] where D is the size of the particle, K (0.94) is the Scherrer’s constant, λ (1.54178Å) is 

the wavelength, and β is the width at half maximum of the diffraction peak [29]. 

3. Results and Discussion 

3.1. Bioflocculant extraction and purification. 

The bioflocculant was extracted and purified using different solvents, including 

ethanol, chloroform, and butanol. The bioflocculant of about 3.5 g was acquired from 1000 mL 

of culture broth after purification. The obtained yield is much improved when equated to the 

yield produced previously. For example, Ntombela et al. [30] reported a 1.5 g/L yield 

manufactured from Bacillus sp., and Makapela et al. [31] produced a 2.5 g bioflocculant yield 

from Bacillus pumilus. On the other hand, Microbacterium esteraromaticum C26 produced a 

cation-dependent bioflocculant with a high yield of 4.92 g/L under optimized conditions [32]. 

Nevertheless, M. paraoxydans has the potential to produce a bioflocculant with a high yield. 

More optimization of the bioflocculant production conditions could improve the yield.  

3.2. Biological synthesis of copper nanoparticles. 

Copper nanoparticles were successfully biosynthesized from the bioflocculant and 

CuSO4. The successful synthesis of copper nanoparticles was observed through a change in 

color from colorless to blueish. The bluish color is possibly linked to surface plasmon 

resonance. Other authors also reported the change in color from colorless to blueish, confirming 

the synthesis of CuNPs using bioflocculant as a capping and reducing agent. Dlamini et al. [17] 

also described the production of CuNPs utilizing a bioflocculant from Alcaligenes faecalis 

HCB2. The successful synthesis of CuNPs examining a bioflocculant as a stabilizing and 

reducing agent was further confirmed through their characterization using UV-spectroscopy, 

FTIR, SEM-EDX, TEM, TGA, and XRD. 

3.3. Characterisation of a bioflocculant and copper nanoparticles. 

The biosynthesized copper nanoparticles and a pure bioflocculant were evaluated for 

their characteristics using different analysis methods, including UV-spectroscopy, FTIR, SEM-

EDX, TEM, TGA, and XRD analysis. 
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3.3.1. UV-visible spectroscopy analysis. 

The bio-reduction of the aqueous copper ions and optical properties were determined 

using UV-visible spectroscopy [33]. The bioflocculant UV-Vis spectrum (Figure 1) presented 

an absorption peak of nucleic acids at 260 nm, revealing that the bioflocculant may be 

composed of nucleic acids. Dlamini et al. [34] reported an absorption peak between 290 – 300 

nm for both the bioflocculant and biosynthesized CuNPs. The absorption peak at 260 nm of 

the bioflocculant is a characteristic associated with the presence of nucleic acids [35]. The UV-

visible spectral analysis was used to determine different characteristics of CuNPs for the 

biological macromolecules present, and organic compounds and metal ions were determined 

using UV-Vis spectral analysis [36]. 

 

 
Figure 1. UV- visible analysis spectra of the (a) pure bioflocculant; (b) CuNPs. 

The color change from clear to blue was attributable to the characteristic surface 

plasmon resonance (SPR) shown by CuNPs. The biosynthesized CuNPs from a bioflocculant 

extracted from M. paraoxydans exhibited an absorption peak around 549 nm due to its SPR 

absorption band (Figure 1b). The UV-Vis spectrum exhibited a single SPR band, revealing the 

shape of CuNPs, which was also confirmed by TEM. Amer and Awwad. [37] reported the 

CuNPs to exhibit a peak around 579 nm due to their SPR. An absorption peak at 550 nm was 

reported for the CuNPs synthesized from Shewanella lothica PV-4 (Gram-negative bacteria) 

[38]. The absorption peak at 551 nm was identified by the UV-Vis spectrum, which in the 

CuNPs biosynthesized by Agaricus bisporus [39]. CuNPs biosynthesized from S. aromaticum 

bud extracts revealed a peak at 580 nm in the UV-Vis spectrum [40]. 

3.3.2. FT-IR analysis of a bioflocculant and biosynthesized CuNPs. 

The bioflocculant and biosynthesized CuNPs were characterized for their functional 

groups available in their molecular chain using FT-IR spectroscopy. The bioflocculant FT-IR 

spectra showed significant peaks at 3424, 3303, 1818, 1055, 1023, 1028 cm-1 (Figure 2). 

Different functional groups revealed are O-H, C-H, N-H, and C-O groups. A peak detected at 

3424 cm-1 was accredited to O-H stretching and is associated with moisture content. A peak 

observed at 1818 cm-1 matched that of the C-H bond of indole functional groups. A peak 

observed at 1055 cm-1 showed the C-O bond. A peak at 3303 cm-1 is associated with N-H 

stretching, which confirms the polymerization of the flocculant. The hydroxyl group favored 

the presence of carbonyl groups, which signifies the thermostability of the bioflocculant and 

solubility of the bioflocculant in aqueous solution [41]. The carbonyl group present allows the 
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adsorption forces of the bioflocculant particles to attach, while the hydroxyl group present in 

the bioflocculant is formulated particularly for hydrophilic in the water environment [42]. The 

carbonyl and hydroxyl groups are used for the bridging mechanism and charge neutralization 

of the bioflocculant [43]. The small stretching peak at 2130 cm-1 in the bioflocculant represents 

the isothiocynate (N=C=S) functional group. The absorption peak at 554 cm-1 represented the 

presence of halo compounds, including carbon, chlorine, and bromide. The chemical 

composition of the bioflocculant that is presented by their functional groups in the molecular 

chain length influences the flocculating activity of the pure bioflocculant [44]. In the study by 

Xiong et al. [45], the bioflocculant appeared to have hydroxyl, amine, and amide groups in its 

molecular chain. Similar observations were presented whereby the bioflocculant was revealed 

to have functional groups such as O-H, N-H, C-O, and C-OH in its molecular chain [46]. 

 
Figure 2. FT-IR spectra of the bioflocculant and biosynthesized CuNPs. 

The CuNPs biosynthesized from the bioflocculant gain the ability to remove the 

pollutants from the functional groups found in their molecular structure. Therefore, the FT-IR 

analysis of CuNPs was studied, and the FT-IR spectrum was presented for different functional 

groups (Figure 2). The FT-IR spectrum showed the O-H stretching group from a compound 

class of intermolecular bonds in the peak of 3341 cm-1. The peak at 2908 cm-1 revealed the N-

H bond, 2092 cm-1 revealed the presence of C-H, and 569 cm-1 represented the presence of Cu-

O. Functional groups present in CuNPs are liable for their flocculation efficiency. Mohamed 

[47] revealed the presence of 3337.25; 2921.72; 1656.45; 1606.70; 1452.55; 1398.69; 1163.39 

and 1097.44 cm-1, which represented O-H stretching vibrations, C=C aromatic ring C-H 

asymmetric stretching, C=C, and C-OH stretching vibration stretching. The absorption peak 

shown by 605.65 cm-1 characterized the Cu-O bond in CuNPs biosynthesized from Syzygium 

Cumin leaf extract [48]. 

3.3.3. SEM-EDX analysis of bioflocculant and As-synthesized CuNPs. 

The elemental composition of CuNPs and the bioflocculant were analyzed using SEM-

EDX. Elemental analysis of both the bioflocculant and CuNP nanoparticles was conducted 

using SEM-EDX, and the results are displayed below (Figure 3). 
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Figure 3. SEM-EDX analysis of a pure bioflocculant and biosynthesized. 

Elemental analysis from the SEM-EDX spectrum of the bioflocculant revealed different 

elements, including C (12.15 wt %), O (50 wt %), Mg (6.67 wt %), Al (0.39 wt %), P (15.22 

wt %), S (1.45 wt %) Cl (0.9 wt %), K (2.42 wt %), and Ca (9.43 wt %) (Figure 3a). The 

elements present can influence the flexibility and stability of the bioflocculant [49]. Oxygen 

has the highest weight of 50.93 wt %, and C has a low weight of 12.15 wt %. The elements (C 

and O) present in the bioflocculant confirm the polysaccharide nature of the bioflocculant [50]. 

Ntombela et al. [46] investigated the elements of a purified bioflocculant and reported the 

presence of C (50.22 wt %), O (38.07 wt %), Na (1.26 wt %), Mg (0.12 wt %), Al (0.11 wt %), 

P (0.86 wt %), S (3.06 wt %), Cl (0.97 wt %), K (2.11 wt %) and Ca (3.22 wt %). 

Elemental analysis of the As-synthesized CuNPs was determined through the SEM-

EDX spectrum. The elements in CuNPs can reveal their flexibility and stability [46]. Figure 3 

illustrates the elements present in the molecular chain of CuNPs . The elemental composition 

of CuNPs showed the presence of Carbon (34.28 wt %), O (30.23 wt %), C (20.69 wt %), P 

(9.55 wt %), S (0.09 wt %), Ca (1.42 wt %), Na (0.55 wt %), Al (0.71 wt %) and Mg (2.48 wt 

%). The biosynthesized CuNPs were revealed to have a major content of carbon (34.28 wt% 

%) and oxygen (30.23 wt% %), confirming that they are synthesized from a polysaccharide 

bioflocculant. Copper weighed 20.69 wt %; therefore, the CuNPs were confirmed to be 

successfully biosynthesized. El-Saadony et al. [51] also reported the elemental analysis of the 

biosynthesized CuNPs, and the elements displayed include Cu (13.21 wt %) and O (22.55 wt 

%). 
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3.3.4. SEM analysis of the bioflocculant and biosynthesized CuNPs. 

The scanning electron microscopy analysis was carried out to determine the surface 

morphological structure of the bioflocculant and copper nanoparticles, and the images are 

displayed in Figure 4. 

 
Figure 4. SEM images of a (a) purified bioflocculant; (b) As-synthesized CuNPs at 100 nm. 

A rod-shaped bioflocculant is depicted in Figure 4a. The rod shape of the bioflocculant 

proves that the bioflocculant is crystalline in nature. The shape of a bioflocculant also 

influences the flocculation efficiency of the bioflocculant by forming large flocs when they 

make contact with other molecules or pollutants in wastewater, which makes it easy to separate 

the precipitation from supernatant in a solution [52]. The shape of CuNPs appeared to be cloud-

like with soft edges, which may imply that the CuNPs are agglomerated. The image of SEM 

analysis showed a spherical-shaped bioflocculant produced from Alcaligenes faecalis HCB2 

[49]. The shape of the CuNPs is beneficial to the agglomeration of the particles to waste 

particles and the formation of flocs during application in wastewater treatment. In the study by 

Sagadevan and Koteeswari [53], the biosynthesized CuNPs were studied using SEM analysis, 

and they appeared to be cloud-like in shape. 

3.3.5. TEM analysis of the bioflocculant and CuNPs. 

The transmission electron microscope was utilized to establish the crystal structure and 

morphology of the bioflocculant and CuNPs. The TEM images are displayed in Figure 5. 

 
Figure 5. TEM images of the (a) bioflocculant; (b) As-synthesized CuNPs at 100 nm. 

The TEM images of the bioflocculant appeared to have an amorphous outer carbon 

shell and spherical shape inside. The bioflocculant particles are agglomerated and clustered 

together (Figure 5a). The morphology of the bioflocculant is uniform, indicating that the 

bioflocculant is crystalline [54]. The CuNPs appeared to be spherical (Figure 5b). The average 
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particle size of CuNPs was found to be approximately 35 nm. The particle size was calculated 

using Debye-Scherrer’s equation, and the particle size was found to be approximately 33 nm. 

Therefore, the particle size of the particles ranges between 30 – 35 nm. Otherwise, copper 

nanoparticles would have agglomerated and produced a larger nanoparticle. Comparable 

results were reported in the study by Murthy et al. [55], where copper nanoparticles synthesized 

from Hagenia abyssinica leaf extract were reported with an average size of 34.76 nm. The 

average size of the CuNPs biosynthesized from Cissus arnotiana plant extract was within the 

range of 60-90 nm [56].  

3.3.6. TGA analysis of the bioflocculant and CuNPs. 

TGA analysis was applied to regulate the thermal stability of the bioflocculant and 

copper nanoparticles at elevated temperatures. TGA helps with understanding the pyrolysis of 

CuNPs and the bioflocculant [57]. The temperature from 30 to 900℃ was used in determining 

the copper nanoparticles and the bioflocculant thermogravimetric ability, and the results are 

displayed in Figure 6. 

 
Figure 6. TGA for the bioflocculant and biosynthesized copper nanoparticles. 

The thermogravimetric study of a bioflocculant shows that as the temperature 

increased, the weight loss decreased (Figure 6). At temperatures of 80 and 200°C, about 20% 

of the initial weight loss was observed. The primary weight loss of about 20% was detected 

between 80 and 200℃. This decrease in weight was ascribed to moisture content loss during 

elevated temperatures. The presence of moisture content is attributed to the presence of 

carboxyl and hydroxyl groups in the bioflocculant [58]. At the temperature between 150-

190°C, a weight loss of 4% was observed, which indicated the degradation of the bioflocculant 

components. Another degradation was observed between 500 - 900℃ with a weight loss of 

approximately 2%. In the temperature between 200 to 400°C, a decrease in weight was 

observed to be 4%, and 5% weight loss was observed in the temperature between 500 to 900°C. 

Further weight loss of the bioflocculant was observed due to an increase in temperature from 

200°C to 900°C. Nkosi et al. [59] reported a weight loss of about 23% between 40 and 400℃ 

using a bioflocculant extracted from Proteus mirabilis AB. 932526.1. TGA showed that the 

bioflocculant produced by M. paraoxydans is thermostable with a total of 72% weight retained 

after exposure to 90℃.  
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Thermogravimetric analysis of copper nanoparticles revealed a decrease in weight loss 

of about 20% from 30 to 180℃ due to the decrease in moisture content. The degradation of 

CuNPs components was observed at a temperature between 115-187℃ because of the increase 

in temperature, which leads to a deterioration of CuNPs, resulting in the loss of the material 

components. Another degradation pattern was observed between 530 - 730℃, which is the 

result of an extreme increase in temperature. About 10% weight loss was observed from 200 

to 900℃. This is due to a further decrease in moisture by the material. Copper nanoparticles 

retained about 75% of their weight after exposure to 900 ℃, confirming their thermal stability. 

In the study by Dlamini et al. [60], the weight of the bimetallic iron and copper nanoparticle 

samples at 800°C was above 50%, signifying that the materials are thermostable. 

3.3.7. XRD analysis of the bioflocculant and CuNPs. 

The XRD analysis of the bioflocculant and CuNPs was performed to reveal the 

crystallinity of the bioflocculant and CuNPs by measuring the intensity over dispersal angles 

of the X-ray [28]. Strong peaks were observed at the spectrum from 10 to 45°, which indicated 

the crystallinity of the bioflocculant. The peaks were observed to be weak from 45 to 80°, 

which contributes to the shape of the bioflocculant. Strong diffraction peaks of the 

bioflocculant were also reported between 10 to 40° [61]. Figure 7 shows the metallic nature of 

copper nanoparticles.  

 
Figure 7. X-ray diffraction of the bioflocculant and biosynthesized CuNPs. 

XRD pattern’s angles (2θ) range from 10° to 80°. The strong peaks were observed at 

11.67°, 21°, 25.67°, 29.33°, and 34.33°, which show that the synthesized copper nanoparticles 

are crystalline in nature. The CuNPs were synthesized successfully, as revealed by the 

spectrum. These values communicate with the diffraction data that shows that CuNPs have 

face-centered cubic structure (FCC) with diffraction peaks of (111), (200), and (220) [62, 63]. 

In another study, copper nanoparticles were analyzed using XRD analysis, and the results 

demonstrated three sharp peaks at 43.6°, 50.80°, and 74.4° angles [64]. The peak positions of 

CuNPs agreed with JCPDS card No: 05-0667. The average particle size was found to be 33 nm 

using Debye-Scherrer’s equation. Meanwhile, 30 nm was found in the study by Khanna et al. 

[65]. 
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4. Conclusions 

The bioflocculant extracted from Microbacterium paraoxydans was successfully 

utilized in the production of CuNPs as a capping and reducing agent. UV-Vis analysis, FT-IR, 

TEM, SEM, TGA, and XRD were used to determine the characteristic properties of the 

synthesized CuNPs. Various functional groups reported in CuNPs included hydroxyl (O-H), 

amine (N-H), (C-H), and Cu-O for CuNPs, which are found to be responsible for the 

enhancement of flocculation efficiency. The XRD shows that the CuNPs and the bioflocculant 

were crystalline in nature. The approximately 33 nm particle size of CuNPs was determined 

using Debye’s equation.  The EDX analysis of CuNPs showed C (34.28 wt %), O (30.23 wt 

%), and Cu (20.69 wt %), confirming the biosynthesis of CuNPs using a bioflocculant with 

carbon (12.15 wt %) and oxygen (50.93 wt %). These elements are known to have an impact 

on their flocculation ability. The SEM image of the bioflocculant appeared to be rod-shaped, 

and the CuNPs were cloud-like in shape. TEM analysis showed an irregular spherical shape of 

CuNPs with an average grain size of 35 nm for CuNPs, which corresponds to the one calculated 

using the XRD pattern. The UV-Vis analysis of CuNPs showed absorption peaks at 549 nm, 

respectively, which confirmed the successful biosynthesis of CuNPs using bioflocculant. TGA 

analysis of CuNPs showed a weight loss of 25% for CuNPs, compared to a 28% weight loss of 

the bioflocculant used for their preservation, indicating that CuNPs are thermostable. 
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