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[bookmark: _Hlk140739282]THE INVENTION OF A REGULATED ADJUSTABLE POWER GENERATOR AND ITS METHODOLOGY FOR PRODUCING COLLOIDAL SILVER NANOPARTICLE (AgNPs) WITHIN A SIZE RANGE OF 5-50 NM VIA ELECTROLYSIS. 

DESCRIPTION
The invention relates to a regulated adjustable power generator and its methodology to produce colloidal silver nanoparticle (AgNPs) within the range of 5-50 nm via electrolysis. The said generator utilizes an electrolysis process to produce colloidal silver nanoparticles using only silver electrodes. The said generator is designed to provide precise control over voltage, current, and polarity, allowing for efficient and reliable production of colloidal silver nanoparticle.
The said regulated adjustable power supply generator and its methodology to produce colloidal silver nanoparticle consists of five main sections: a 12-volt switch power source (SPS), a DC-to-DC converter with adjustable voltage and current output, a polarity exchanger, a timer with adjustable time and a pair silver electrode. Each section plays a crucial role in the overall functionality and performance of the power supply generator.
The 12-volt switch power source (SPS) serves as the primary source of electrical power for the said generator. It converts the incoming 110-120V or 220-230 volts power source into 12 volts that serves as the power source for the said generator.
The DC-to-DC converter section is responsible for converting the 12-volt input from the switch power source (SPS) to a higher adjustable voltage output, which is necessary for the operation of the colloidal silver nanoparticle generation. The said converter also provides adjustable current output capabilities, allowing fine-tuning of the current flow during the electrolysis process. This flexibility in voltage and current control enables optimization of the colloidal silver nanoparticle generation process, ensuring high efficiency and desired ion concentrations.
To facilitate polarity reversal, the power supply generator includes a polarity exchanger section. This section incorporates a double-pole double-throw (DPDT) relay, which can switch the polarity of the electrical current. The DPDT relay allows for seamless switching between positive and negative polarity, which is essential for balanced deposition of silver ions during electrolysis. The relay is controlled by the timer section to automate the polarity switching process at specific intervals, further enhancing the precision and control of the colloidal silver nanoparticle generation.
The timer section plays a crucial role in regulating the duration of the electrolysis process. It is equipped with an adjustable timer module, which allows for precise timing control ranging from microseconds to minutes. The timer can be set to specific time intervals, enabling the said generator to operate for predetermined durations. This feature ensures consistent and controlled electrolysis cycles, leading to uniform and reliable colloidal silver nanoparticle production.
The silver electrodes utilized in this invention possess a purity level ranging from 99.9% to 99.999%. These electrodes are composed of exceptional conductive materials, ensuring optimal conductivity for the purpose of generating highly efficient colloidal silver nanoparticles within the size range of 5-50 nm.
The said regulated adjustable power supply generator and its methodology for producing colloidal silver nanoparticle enables precise control of voltage, current, and polarity, addressing the specific requirements of a colloidal silver nanoparticle generation . This level of control is crucial in achieving efficient electrolysis and generating high-quality colloidal silver nanoparticle for various applications.
The regulated adjustable power supply generator and its methodology offers several advantages in the context of colloidal silver nanoparticle generation. Firstly, the precise control over voltage and current allows for optimized ion deposition rates, ensuring uniform and controllable growth of colloidal silver nanoparticles. This results in high-quality nanoparticle generation with consistent concentrations.
Furthermore, the ability to adjust the voltage and current output of the power supply generator allows for customization of the electrolysis process according to specific requirements.
The integration of a polarity exchanger section in the regulated adjustable power supply generator ensures balanced deposition of silver ions and silver nanoparticle during the electrolysis process. By periodically switching the polarity of the electrical current, the generator prevents preferential deposition of one electrode over the other, leading to consistent and controlled production of silver ions and colloidal silver nanoparticle. 
Additionally, the adjustable timer section adds an element of automation and convenience to the regulated adjustable power supply generator. By allowing users to set specific time intervals for the electrolysis process, the generator can operate autonomously, freeing users from continuously monitoring and controlling the process manually. This automation feature enhances the efficiency and ease of use of the said generator, making it suitable for both research and production environments.
In summary, the regulated adjustable power supply generator, and its methodology for producing colloidal silver nanoparticle described in this invention offers precise control over voltage, current, and polarity, enabling efficient and reliable operation of a colloidal silver nanoparticle generation . The integration of a switched power source, a DC-to-DC converter, a polarity exchanger, and an adjustable timer provides the necessary functionalities to meet the specific requirements of colloidal silver nanoparticle generation. This power supply generator offers flexibility, control, and automation, making it an ideal solution for various applications in industries such as healthcare, research, etc.


DESCRIPTION OF PRIOR ART 
WO2021214459A 4
The prior patent WO2012144959A4 discloses a colloidal silver production procedure and generator, but notable distinctions exist that differentiate it from the present invention.
Evidently missing from the prior art is the absence of the polarity exchanger in the hence, there are there are several setbacks:
Unbalanced Deposition: The absence of a polarity exchanger can lead to unbalanced deposition of silver and silver ions on the respective electrodes. Without periodic reversal of the electrical current direction, one electrode may accumulate more ions than the other, resulting in uneven nanoparticle growth and inconsistent nanoparticle size distribution.
Electrode Fouling: The continuous deposition of ions on a single electrode without reversal can lead to electrode fouling. As ions accumulate on the electrode surface, they may obstruct the electrolysis process, reduce the active surface area of the electrode, and hinder efficient nanoparticle generation.
Inefficient Ion Utilization: Without the ability to reverse the polarity, a portion of the ions may remain unused in the electrolyte. These unutilized ions represent wasted material and energy, decreasing the overall efficiency of the nanoparticle production process.
Limited Control over Nanoparticle Characteristics: The absence of a polarity exchanger restricts the control over nanoparticle characteristics. The ability to switch the polarity at specific intervals provides greater control over the size, shape, and distribution of the produced nanoparticles. Without this control, achieving precise and consistent nanoparticle properties becomes more challenging.
Difficulty in Size Optimization: The lack of a polarity exchanger makes it harder to optimize nanoparticle size within the desired range. Precise size control is crucial for various applications, and without polarity reversal, achieving the target nanoparticle size range of 5-50 nm may be more difficult.
Reproducibility Challenges: The absence of a polarity exchanger may hinder the reproducibility of the nanoparticle synthesis process. Without periodic polarity reversal, recreating the same conditions for each production run becomes less reliable, leading to potential variations in nanoparticle characteristics between batches.
Reduced Stability of the Electrolysis Process: Polarity reversal can help maintain a stable electrolysis process by preventing the buildup of excessive ions on a single electrode. Without this stability, the electrolysis process may be more prone to fluctuations, leading to less predictable and consistent nanoparticle production.
In contrast, my invention's inclusion of a polarity exchanger addresses these setbacks by enabling balanced deposition, improved control over nanoparticle characteristics, better reproducibility, and enhanced stability during the electrolysis process. As a result, my regulated adjustable power generator and process for producing colloidal silver nanoparticles offer significant advancements compared to the prior art without a polarity exchanger.
Unlike the said prior art patent that utilizes electrolysis of distilled water with two electrodes of different materials, one being high purity silver, the electrolysis process can cause degradation of the electrodes, especially the one made of high purity silver. Over time, the silver electrode may undergo corrosion or surface changes due to repeated cycles of electrolysis. This can impact the electrode's effectiveness, potentially requiring regular replacement or refurbishment.
My invention distinguishes itself by employing electrodes of the same metal, it is just silver electrodes. This uniqueness sets my invention apart from the prior art.

WO2010147343A2 WIPO (PCT)
The prior art patent WO2010147343A2 WIPO (PCT) described a method and apparatus for producing nano-sized silver particles using electrolysis. The method involved dissolving a reductant and an electrolyte in water to prepare an electrolytic solution, using a cathode rod and silver anodes for electrolysis, and reducing the silver ions to obtain nano-sized silver particles.
In contrast, my patent claims and invention differ from the prior art in several aspects. Firstly, my invention focuses on the production of silver colloidal nanoparticles within the range of 5-50 nm, whereas the prior art specifically mentions nano-sized silver particles. Additionally, my invention does not require the use of any chemicals or reducing agents in the electrolysis process, providing a more environmentally friendly approach. Furthermore, the regulated adjustable power supply apparatus described in my patent enables precise control over voltage, current, and polarity, optimizing the production process and enhancing efficiency.
Overall, my invention presents a novel and distinct approach to generating silver nanoparticles via electrolysis, with specific emphasis on adjustable power regulation and the exclusion of chemical or reducing agents. These differences highlight the uniqueness and innovative nature of my patent compared to the prior art.
The prior art patent WO2010147343A2 WIPO (PCT) describes a method and apparatus for producing nano-sized silver particles using electrolysis. The method involves preparing an electrolytic solution by dissolving a reducing agent and an electrolyte in water, positioning a cathode rod and at least one silver anode in the solution, applying a direct current power source while rotating the cathode rod to ionize silver and then reducing the silver ions with a reducing agent to obtain silver nanoparticles.
In comparison, my patent claims and invention significantly differ from the prior art. Firstly, my invention focuses on producing silver nanoparticles in the range of 5-50 nm, whereas the prior art only mentions nano-sized silver particles. Additionally, my invention does not require the use of any chemicals or reducing agents, offering a more environmentally friendly approach. Furthermore, my regulated adjustable power supply apparatus provides precise control over voltage, current, and polarity, optimizing the production process and enhancing efficiency.
Specific differences between my invention and the prior art include the arrangement and design of the cathode rod and anode, the use of stirring in the electrolytic solution, the choice of materials for the cathode rod (carbon, stainless steel, or iron), and the specific rotation range of the cathode rod.
Overall, my invention demonstrates significant advancements and improvements compared to the prior art, making it a unique and innovative solution for producing silver nanoparticles through electrolysis without the need for chemicals or reducing agents.
WO2011/034365A3 WIPO (PCT)
EP2479140B1
The prior art patent WO2011/034365A3 WIPO (PCT) EP2479140B1 describes a method and apparatus for producing metal nanoparticles using alternating current electrolysis. This method focuses on maintaining a constant concentration of a reducing agent and a dispersing agent in proportion to the electric current intensity during the synthesis process, aiming to improve the yield of nanoparticles.
In contrast, my invention differs significantly from the prior art in several aspects:
The prior art patent utilizes alternating current (AC) power for electrolysis, while my invention employs direct current (DC) power. This distinction is crucial as it affects the ionization and deposition processes during nanoparticle synthesis. The choice of DC power in my patent allows for precise control over voltage, current, and polarity, leading to enhanced efficiency and control over the production of silver nanoparticles.
In the prior art, the method involves dissolving an electrolyte and a dispersing agent in pure water to prepare the electrolyte solution. On the other hand, my invention does not mention the use of a dispersing agent and emphasizes the exclusion of any chemicals or reducing agents in the electrolytic solution. This deviation highlights the simplicity and environmental friendliness of my approach.
The prior art patent describes the installation of two electrodes made of materials identical to those of the metal nanoparticles being synthesized, with a specific spacing between them. In my invention, the electrode configuration is not explicitly mentioned, but it is focused on using a cathode rod made of a different material from the silver nanoparticles to be produced. This distinction allows for better control over the electrochemical reactions and facilitates the synthesis of nanoparticles with desired properties.
The prior art patent emphasizes maintaining a constant concentration of the reducing agent in proportion to the metal ions produced per hour. In contrast, my invention does not rely on any reducing agents or chemicals for nanoparticle synthesis. Instead, it emphasizes the regulated adjustable power supply apparatus for precise control over the electrolysis process, resulting in the formation of silver nanoparticles without the aid of chemicals or reducing agents.
It becomes evident that my invention introduces novel features and improvements to the production of silver or silver nanoparticles. My invention offers advantages such as improved control, environmental friendliness, and the exclusion of reducing agents, setting it apart from the prior art patent EP2479140B1.
US 2016/0281249 A1
The prior art US 2016/0281249 A1 describes a colloidal silver generator, specifically an ultrasonic nano silver generator, that aims to produce nano-sized silver particles ranging from 1 nm to 100 nm using ultrasound under electrolysis. My invention addresses the challenge of generating efficient nano silver particles by improving architectural efficiency, limiting particle aggregation, and managing particle saturation.
In comparison to my invention, the said prior art differs in several key aspects:
The prior art utilizes ultrasound technology in combination with electrolysis to generate nano silver particles. In contrast, my invention focuses on a regulated adjustable power supply apparatus and does not mention the use of ultrasound.
The said prior art highlights the challenge of architectural inefficiency in colloidal silver generators due to larger operating components. It mentions the difficulty of calibrating these larger components, which can impact the efficiency of particle generation. My invention, on the other hand, emphasizes the precise control over voltage, current, and polarity in the power supply apparatus, which optimizes efficiency and control over nanoparticle production.
The said prior art mentions the challenges associated with larger volumes of water in colloidal silver generators. As the volume of water increases, particle attributes become unpredictable, and the complexity of achieving nano silver particles also increases. The shape of the hydrosol container is highlighted as contributing to architectural inefficiency, as uneven agitation can lead to particle coalescence. In my invention, the focus is on the regulated adjustable power supply apparatus rather than the volume or shape of the water container.
The said prior art discusses the composition and configuration of silver electrodes in colloidal silver generators. It mentions that the electrodes often contain 99.9% silver, which can lead to the contamination of the hydrosol with undesired minerals, hindering the formation of nano silver particles. My invention specifically addresses the composition or configuration of electrodes, as it focuses on the regulated adjustable power supply apparatus.
The said prior art discusses attempts to limit particle aggregation and manage particle saturation. It describes examples such as a magnetic stirring mechanism and "constant-current" technology. The magnetic stirring mechanism is intended to limit particle aggregation but does not effectively affect the conductivity of the hydrosol water. The "constant-current" technology, utilizing alternating current with low voltage and changing amplitude, is mentioned as unsuccessful in producing smaller nano silver particles. My invention does not explicitly address these specific techniques but focuses on the regulated adjustable power supply apparatus for efficient nanoparticle production.
Based on these differences, it is evident that my invention significantly differs from the prior art US 2016/0281249 A1. My invention emphasizes the regulated adjustable power supply generator and its methodology does not rely on ultrasound technology or address specific challenges related to volume, shape, electrode composition, or particle aggregation and saturation as mentioned in the said prior art. Hence, setting it apart from the said prior art.
US 2011/006.8013 A1
The prior art patent (US 2011/006.8013 A1) describes a method and apparatus for preparing metal nanoparticles using electrolysis. 
The said prior art patent outlines a method that involves dissolving an electrolyte and a dispersing agent in pure water to prepare an electrolytic solution. First and second electrodes, made of the same material as the metal nanoparticles to be obtained, are placed in the electrolytic solution. Alternating current is applied to ionize the metal of the electrodes in the solution. Additionally, a reducing agent is introduced into the electrolytic solution based on the concentration of metal ions produced to obtain the metal nanoparticles.
The said prior art patent suggests using a mixture of an acidic electrolyte and a basic electrolyte in the electrolytic solution. It also mentions the use of a dispersing agent, which can be a water-soluble polymeric dispersing agent or a water-dispersible polymeric dispersing agent.
The reducing agent introduced into the electrolytic solution is selected from a group that includes hydrazine, sodium hypophosphite, sodium borohydride, dimethylamine borane, formaldehyde, and ascorbic acid. The amount of reducing agent introduced is determined based on the intensity of the electric current, with a range specified as (integral value of intensity (A) of electric current) x2 mmol/h to (integral value of intensity (A) of electric current) x4 mmol/h, per litre of pure water.
The said prior art patent suggests using first and second electrodes made of one or an alloy of two or more metals selected from a group that includes Ag, Pt, Au, Mg, Al, Zn, Fe, Cu, Ni, and Pd.
The frequency of the power supply for applying the alternating current is specified as 0.1 Hz to 10 Hz in the said prior art patent.
The said prior art patent describes an apparatus that includes a reactor for holding the electrolytic solution, first and second electrodes, a power supply for applying alternating current, and a reducing agent supply means to maintain the concentration of the reducing agent at a constant level during the electrolytic reaction.
In summary, the said prior art patent focuses on a method and apparatus for preparing metal nanoparticles using electrolysis. It involves the use of an electrolytic solution with specific components, introduction of a reducing agent based on the concentration of metal ions, and the application of alternating current. The patent also specifies the electrode material, power supply frequency, and provides an apparatus design. 
In comparison, my invention introduces unique elements such as chemical-free electrolysis, an adjustable power supply generator, a polarity exchanger, and a timer, among other improvements.
[bookmark: _Hlk139616520]My invention focuses on producing colloidal silver nanoparticles through electrolysis without the need for chemicals or reducing agents. In contrast, the prior art mentions the introduction of a reducing agent into the electrolytic solution according to the concentration of metal ions produced.
My invention introduces a regulated adjustable power supply generator that provides precise control over voltage, current, and polarity during the electrolysis process. This allows for efficient and reliable production of nanoparticles. The said prior art does not mention the use of a regulated adjustable power supply generator.
My invention does not limit the electrode material to specific metals or alloys. On the other hand, the prior art specifies that the electrodes should be made of one or an alloy of two or more metals selected from a specific group.
My invention does not specifically mention the use of a dispersing agent or the requirement of a specific pH range for the electrolytic solution. In contrast, the said prior art mentions the introduction of a dispersing agent and the pH range of 7-9 for the electrolytic solution.
My invention does not specify a particular frequency range for the power supply used during alternating current application. In contrast, the prior art mentions a frequency range of 0.1 Hz to 10 Hz for the power supply.
It does not provide a specific list of reducing agents or electrolytes to be used. In contrast, the said prior art mentions various reducing agents and electrolytes that can be employed.
My invention describes a specific regulated adjustable power supply generator and tis methodology for producing silver nanoparticle consisting of a switch power source (SPS) for converting 220-230 volts or 110-120 volts power source, into power of 12 volts, a DC-to-DC converter, a polarity exchanger, a timer, and silver or silver electrodes. The said prior art does not provide such details.
Based on these differences, it can be concluded that my invention introduces novel elements and improvements over the prior art, particularly in terms of the absence chemical-free electrolysis, adjustable power supply, electrode material flexibility, and apparatus design.
BACKGROUND OF INVENTION
Colloidal silver generators have been extensively explored to produce nano-sized silver particles (nanoparticles) utilizing various techniques. Among the prior art, the US patent 2016/0281249 A1 describes an ultrasonic nano silver generator that employs ultrasound in combination with electrolysis to produce nanoparticles. However, this prior art faces several scientific setbacks that my current invention seeks to address and overcome.
The prior art faces difficulties in managing particle aggregation and saturation during nanoparticle synthesis. The combination of ultrasound and electrolysis may lead to uneven distribution and clustering of nanoparticles in the colloidal solution. These phenomena can affect the size distribution and hinder the production of nanoparticles in the desired range. My invention addresses this challenge by emphasizing precise control over voltage, current, and polarity through the regulated adjustable power supply generator, thereby reducing the likelihood of particle aggregation and saturation.
The prior art (US 2016/0281249 A1) dealt with architectural inefficiency due to larger operating components, whereas my invention utilizes a regulated adjustable power supply apparatus for better control and optimization of nanoparticle production.
The prior art (US 2016/0281249 A1) faced challenges in managing particle aggregation and saturation, which my invention aims to overcome by implementing precise control over voltage, current, and polarity during the electrolysis process.
The prior art (US 2011/006.8013 A1) lacked precise control over nanoparticle size, while my invention's regulated adjustable power supply allows for better size control and uniformity.
The prior art (US 2011/006.8013 A1) used ultrasound, leading to higher energy consumption compared to my chemical-free electrolysis approach.
The prior art (US 2011/006.8013 A1) faced limitations in scalability due to the use of ultrasound and challenges in controlling larger volumes of water, whereas my invention offers a more scalable and efficient process.
The prior art (US 2011/006.8013 A1) lacked real-time monitoring and feedback mechanisms, whereas my invention provides better control and optimization through continuous monitoring.
The prior art (US 2011/006.8013 A1) faced contamination concerns due to electrode composition, which my invention does not specifically address.
The prior art (US 2011/006.8013 A1) faced challenges in uniform particle dispersion using ultrasound, while my invention's polarity exchanger improves particle dispersion.
The prior art (US 2011/006.8013 A1) was more susceptible to external variations due to ultrasound and larger operating components, whereas my invention’s-controlled power supply enhances process stability.
To overcome these setbacks, my current invention introduces chemical-free electrolysis, the  regulated adjustable power supply generator and tis methodology for producing colloidal silver nanoparticle by incorporating a polarity exchanger and focuses on precise control over nanoparticle production. By eliminating the reliance on ultrasound, implementing better size control, and providing flexibility in electrode materials, my invention presents a significant advancement in producing efficient and high-quality colloidal silver nanoparticle.

[bookmark: _Hlk141433354]Detailed Description of the Invention

The present invention aims to disclose a regulated adjustable power generator and its methodology for producing silver colloidal nanoparticles within the size range of 5-50 nm. The said generator operates through an electrolysis process, eliminating the need for any chemicals or reducing agents typically used in nanoparticle synthesis.
The said generator is designed to provide precise control over voltage, current, and polarity, allowing for efficient and reliable production of colloidal silver nanoparticle during electrolysis. 
The said generator, as disclosed herein, is designed to produce colloidal silver nanoparticle, using distilled water as the electrolyte, facilitating the controlled synthesis of silver nanoparticles.
The said generator is meticulously engineered to ensure accurate regulation of voltage, current, and polarity, thereby facilitating efficient and dependable operation of the colloidal silver nanoparticle generation process.
The regulated adjustable power supply generator and its methodology for colloidal silver nanoparticle comprises five primary components: a switch power source (SPS) that provides a steady 12-volt power input to the generator, a DC-to-DC converter capable of producing up to 50 volts of adjustable output with pulse width modulation (PWM) capability, a polarity exchanger, an adjustable timer, and a set of silver electrodes. Each of these components plays a crucial role in guaranteeing the overall functionality and peak performance of the regulated adjustable power supply generator.
The Switch Power Source (SPS) operates as an electrical power switch, receiving incoming electrical supplies of either 110/120 volts or 220/230 volts and transforming them into a reliable and steady DC 12-volt output. The SPS functions as the main provider of electrical power for the generator, guaranteeing a constant and dependable power supply.
The main function of the switch power supply (SPS) rated at 12 volts is to provide the initial electrical power required for the operation of the regulated adjustable power supply generator. It serves as the primary source of electrical energy, to power the other components of the said generator.
The DC-to-DC converter with adjustable voltage and current output plays a critical role in the regulated adjustable power supply of the generator by effectively controlling and converting the electrical power acquired from the 12-volt switch power source (SPS). Its fundamental aim is to transform the 12 volts into a higher voltage of 30-50 volts that aligns precisely with the operational prerequisites of the said generator. 
After conducting numerous meticulous experimentation and optimization, the inventors of the said generator have established that setting the initial voltage of the DC-to-DC converter to 50 volts during the first two minutes and subsequently maintaining a constant voltage of 30 volts throughout the electrolysis process enables the production of silver colloidal nanoparticles within the desired size range.
The voltage applied to the electrodes determines the strength of the electric field in the electrolyte. Higher voltages create a stronger electric field, which promotes the formation of smaller nanoparticles. At 30 volts, the electric field is optimal for the generation of colloidal silver nanoparticles in the desired size range of 5-50nm.
Furthermore, the DC-to-DC converter enables meticulous adjustment of both voltage and current output, thereby facilitating precise optimization of the electrolysis process.
The DC-to-DC converter integrates advanced control circuitry, such as pulse width modulation (PWM), to effectively govern and the converted electrical energy. By utilizing these techniques, the converter ensures the maintenance of a stable and precise output voltage, irrespective of fluctuations in the input voltage or changes in the load conditions. This level of precision and stability is crucial for ensuring reliable and consistent performance of the adjustable power supply silver generator.
The Pulse width modulation (PWM) involves rapidly switching the input voltage on and off at a high frequency, while varying the width of the on-time pulses. By controlling the duty cycle of the pulses, the average output voltage can be adjusted, enabling precise regulation of the converted electrical energy. This method allows for efficient energy transfer and minimizes power losses in the conversion process.
Pulse Width Modulation (PWM) is used in the adjustable power supply generator to control the average power delivered to a load. It involves rapidly switching the input voltage on and off at a high frequency. By varying the width or duration of the ON time compared to the OFF time, the average voltage seen by the load can be adjusted, resulting in precise control of power delivery.
To facilitate polarity reversal, the adjustable power supply generator includes a polarity exchanger section. This section incorporates a double-pole double-throw (DPDT) relay, which can switch the polarity of the electrical current. The DPDT relay allows for seamless switching between positive and negative polarity, which is essential for balanced production of silver and silver nanoparticle during electrolysis. The relay is controlled by the timer section to automate the polarity switching process at specific intervals, further enhancing the precision and control of the colloidal silver nanoparticle generation.
The polarity exchanger is an integral part of the adjustable power supply generator and serves the crucial function of facilitating polarity reversal during the electrolysis process. This section incorporates a double-pole double-throw (DPDT) relay, which is a switching device capable of altering the direction of the electrical current flow. By employing the DPDT relay, the generator enables seamless and controlled switching between positive and negative polarity during the electrolysis.
The polarity exchanger is an important component of the adjustable power supply generator for silver nanoparticle production. It plays a crucial role in the electrolysis process by enabling the reversal of electrical polarity at specific intervals. Here are the technical details highlighting the importance of the polarity exchanger:
During the electrolysis process, the deposition of silver ions onto the respective electrodes is highly dependent on the polarity of the electrical current. To achieve balanced deposition and prevent preferential deposition of one metal over the other, it is essential to periodically reverse the polarity. The polarity exchanger allows for seamless and controlled switching between positive and negative polarity, ensuring that the deposition process occurs evenly on both electrodes. This balanced deposition enhances the quality and consistency of the generated nanoparticles.
Reversing the polarity at regular intervals helps in achieving a more uniform particle size and distribution. When the polarity is reversed, the ions that were previously deposited on one electrode are redistributed onto the other electrode. This redistribution helps in minimizing variations and irregularities in particle size and distribution, resulting in a more uniform product. The polarity exchanger ensures that the reversal process occurs consistently and precisely, contributing to the uniformity of the nanoparticle characteristics.
The polarity exchanger section is controlled by the timer component of the said adjustable power supply generator. The timer allows for precise control over the timing of the polarity reversal. By automating the polarity switching process at specific intervals, the generator eliminates the need for manual intervention, ensuring consistent and accurate timing. This automation enhances the control and efficiency of the colloidal silver nanoparticle generation process, making it more reliable and reproducible.
The controlled and balanced deposition of silver ions and silver nanoparticle achieved through the polarity exchanger contributes to the overall performance and stability of the electrolysis process. By preventing the buildup of excess ions on a single electrode, the polarity exchanger minimizes the risk of electrode fouling and other related issues. This results in a more stable electrolysis process, reducing the chances of disruptions or variations in nanoparticle production.
The inclusion of a polarity exchanger allows for better optimization of other electrolysis parameters. By reversing the polarity, the generator can adjust the deposition rate, ion migration, and other factors that influence the nanoparticle characteristics. This flexibility in controlling the polarity enhances the ability to fine-tune the electrolysis process for optimal nanoparticle production.
In summary, the polarity exchanger is a critical component in the adjustable power supply generator for silver nanoparticle production. It enables balanced deposition, uniform particle size and distribution, control and automation, enhanced performance and stability, and optimization of electrolysis parameters. By facilitating the reversal of electrical polarity, the polarity exchanger contributes to the overall efficiency, reliability, and quality of the nanoparticle generation process.
During electrolysis, the deposition of silver ions on their respective electrodes is dependent on the polarity of the electrical current. To ensure balanced deposition and optimize the production of high-quality silver and silver nanoparticle, it is essential to periodically reverse the polarity. This prevents preferential deposition of one metal over the other and promotes even distribution of ions.
The DPDT (Double-Pole Double-Throw) relay used in the polarity exchanger section of the regulated adjustable power supply generator is a switching device that consists of two sets of contacts, each with two positions. These positions correspond to the positive and negative polarity configurations.
When the relay is activated, it causes a mechanical switching action that changes the connection of the electrical current. In one position, the current flows through one set of contacts in a specific direction, resulting in a positive polarity configuration. In the other position, the current flows through the other set of contacts, effectively reversing the direction of the current flow and creating a negative polarity configuration.
The DPDT relay is designed to handle the electrical current and voltage levels required for the generator's operation. It ensures reliable and efficient switching between the positive and negative polarity configurations, allowing for balanced deposition of silver ions and silver nanoparticles during the electrolysis process.
By utilizing the DPDT relay in the polarity exchanger section, the regulated adjustable power supply generator enables seamless and controlled reversal of the electrical current direction. This reversal of polarity is essential to ensure even distribution of ions and balanced deposition of silver ions and silver nanoparticles on their respective electrodes.
The activation of the DPDT relay can be automated using the timer section of the generator, which controls the timing of the polarity switching process. This automation ensures consistent and precise timing for polarity reversal, further enhancing the control and efficiency of the silver nanoparticle generation process.
In summary, the DPDT relay in the polarity exchanger section of the regulated adjustable power supply generator plays a crucial role in reversing the electrical current direction, effectively changing the polarity. This feature enables balanced deposition of silver ions and silver nanoparticles and is controlled by the timer section to ensure precise timing during the electrolysis process.
The timer section of the adjustable power supply generator serves the important function of controlling the operation of the DPDT (Double-Pole Double-Throw) relay in the polarity exchanger section. It enables the automation of the polarity switching process at specific intervals, ensuring consistent and precise timing.
The adjustable timer is designed to provide precise control over the timing of the polarity switching. It allows the user to set specific time intervals according to their requirements. These intervals can range from microseconds to minutes, providing flexibility in controlling the duration between polarity reversals.
By utilizing the adjustable timer, the generator eliminates the need for manual intervention in the polarity switching process. The automation feature ensures that the polarity reversal occurs automatically and at the specified intervals, without relying on manual operation.
This automation brings several advantages to the colloidal silver nanoparticle generation process. Firstly, it ensures consistency in the timing of the polarity switching, which is crucial for achieving uniform and optimal deposition of silver ions and silver nanoparticles during electrolysis. Consistent and precise timing helps maintain a controlled and efficient nanoparticle production process.
Secondly, the automation feature enhances overall control and efficiency. It reduces the chances of human error and ensures that the polarity switching occurs reliably and accurately. This, in turn, improves the overall performance and reliability of the adjustable power supply generator.
Additionally, the automation provided by the timer section contributes to process optimization. It allows for precise timing control, which can be adjusted based on the specific requirements of the nanoparticle synthesis process. By fine-tuning the timing intervals, the generator can optimize the deposition rate, particle size distribution, and overall quality of the produced silver and silver nanoparticles.
In summary, the timer section of the adjustable power supply generator plays a critical role in controlling the operation of the DPDT relay and automating the polarity switching process. The adjustable timer provides precise control over the timing intervals, ensuring consistent and accurate polarity reversal. This automation eliminates the need for manual intervention, enhances control and efficiency, and contributes to the overall optimization of the colloidal silver nanoparticle generation process.
By integrating the polarity exchanger section with the DPDT relay and timer, the regulated adjustable power supply generator provides a comprehensive solution for achieving balanced deposition of silver nanoparticles. The seamless polarity switching facilitated by the DPDT relay, combined with the precise timing control offered by the timer, ensures that the electrolysis process proceeds uniformly and optimally.
The timer incorporated in the system offers precise control over the timing of the polarity exchanger, allowing for a range of 0.1 to 15 minutes. This timing control is crucial in ensuring that the electrolysis process occurs uniformly and reaches its optimal state. Through extensive research and experimentation, the inventors determined that a two-minute interval switch yields maximum efficiency for producing nanoparticles within the range of 5-50nm.
During electrolysis, various factors such as nanoparticle concentration, deposition rate, and particle size distribution play a crucial role in achieving desired outcomes. By implementing the two-minute interval switch as the optimal timing control, the inventors have found a balance that promotes efficient production of colloidal nanoparticles in the desired size range.
This discovery is supported by scientific evidence indicating that shorter intervals between polarity reversals can enhance the uniformity and stability of the electrolysis process. The timed switching ensures consistent nanoparticle generation minimizing variations and irregularities that could negatively impact the final nanoparticle product.
Furthermore, the inventors' research demonstrates that the chosen two-minute interval switch not only ensures optimal efficiency but also maximizes the utilization of resources and reduces energy consumption. This finding is significant in terms of sustainability and cost-effectiveness, as it allows to produce high-quality nanoparticles while minimizing waste and energy usage.
The incorporation of a timer with a range of 0.01 to 15 minutes in the system provides precise control over the polarity exchanger, enabling the electrolysis process to proceed uniformly and optimally. Through extensive research, the inventors have determined that a two-minute interval switch yields maximum efficiency for producing nanoparticles within the 5-50nm range, considering factors such as uniformity, stability, resource utilization, and energy consumption.
The choice of a 2-minute interval set by the timer in the adjustable power supply generator has been determined through extensive research and experimentation to yield maximum efficiency for producing nanoparticles within the size range of 5-50nm. This specific timing interval considers several factors, including uniformity, stability, resource utilization, and energy consumption.
During the electrolysis process, maintaining uniformity in nanoparticle production is crucial for achieving consistent and reliable results. The 2-minute interval has been found to provide sufficient time for uniform deposition of silver ions and silver nanoparticles on the respective electrodes. It allows for the controlled release and distribution of ions, leading to a more uniform growth and size distribution of the nanoparticles.
The stability of the electrolysis process is essential for obtaining high-quality nanoparticles. Rapid or frequent changes in polarity or other process parameters can disrupt the deposition process and result in variations in particle size, shape, or composition. The 2-minute interval provides a balance between maintaining process stability and allowing for sufficient ion migration and deposition, ensuring stable and consistent nanoparticle generation.
Optimal resource utilization is important for cost-effectiveness and sustainability. By setting the timer interval to 2 minutes, the said generator achieves an efficient use of resources, such as electrical energy and raw materials. It strikes a balance between the time required for ion migration and deposition and the energy consumption associated with the electrolysis process, maximizing resource utilization.
Energy consumption is a significant factor in nanoparticle production. By setting the timer to a 2-minute interval, the generator minimizes energy consumption while still ensuring effective nanoparticle generation. This interval allows for efficient use of electrical energy, reducing unnecessary energy expenditure and contributing to energy savings.
The 2-minute interval has been specifically determined to be effective for producing nanoparticles within the 5-50nm range. This range is commonly desired for various applications, such as nanotechnology and biomedical research. The interval allows for controlled growth and deposition, leading to the desired size distribution of nanoparticles within this range.
Through thorough experimentation and analysis, it has been determined that the 2-minute interval strikes the optimal balance between uniformity, stability, resource utilization, and energy consumption for nanoparticle production within the 5-50nm range. This interval has been found to yield maximum efficiency in terms of nanoparticle quality and process effectiveness, making it a suitable choice for achieving desired nanoparticle characteristics.
Overall, the inclusion of the polarity exchanger section, featuring a DPDT relay and controlled by the timer, enhances the functionality and effectiveness of the adjustable power supply generator. It enables the production of high-quality silver nanoparticles through controlled and balanced deposition, contributing to the overall performance and reliability of the generator in silver nanoparticles applications.
The timer section plays a crucial role in regulating the duration of the electrolysis process. It is equipped with an adjustable timer module, which allows for precise timing control ranging from microseconds to minutes. The timer can be set to specific time intervals, enabling the generator to operate for predetermined durations. This functionality guarantees the establishment of consistent and controlled electrolytic cycles, resulting in the standardized and dependable synthesis of silver and silver nanoparticles. These nanoparticles find utility in various fields, such as nanotechnology, materials science, and biomedical research, where precise management of silver nanoparticle production is of utmost significance.
The methodology’s mechanism of how the colloidal silver nanoparticle is produced by the said generator is herein described as follows: when DC 50/30 volts is applied to the silver electrodes, electrolysis takes place, electrons will flow from the anode to the cathode releasing silver ions. At the cathode, the silver ions will receive electrons from the cathode forming silver atoms in the electrolyte. The formation of silver nanoparticle is via nucleation and growth due to attractive Van Der Waals forces between silver atoms.
The intricate process of the methodology for producing colloidal silver nanoparticle using the said generator is thoroughly elucidated below:
Using a pair of silver electrodes and electrolysis in distilled water, the generation of silver ions occurs through the process of electrode dissolution and subsequent reduction at the cathode. 
The said generator consists of two electrodes: an anode and a cathode. Both electrodes are made of 99.999% pure silver (Ag). The electrodes are connected to a DC - to - DC convertor, which provides the necessary electrical energy for the process.
Distilled water serves as the electrolyte in this case. Distilled water is preferred to eliminate the presence of impurities that could interfere with the electrochemical reaction.
At the anode, dissolution of the silver ions takes place. When the electric current is applied. Silver electrode from the anode surface lose electrons and form silver ions (Ag+). This reaction is represented as follows:
Anode: Ag → Ag+ + e-
Silver ions (Ag+) from the anode go into electrolyte, leaving behind electrons. And travel through the distilled water towards the cathode due to their attraction to the negatively charged electrode.
At the cathode, reduction of the silver ions occurs. The silver ions gain electrons from the cathode surface and are reduced to form silver atoms, which subsequently aggregate due to attractive Van Der Waals forces between silver atoms and form silver nanoparticles. The reduction reaction at the cathode is represented as follows:
Cathode: Ag+ + e- → Ag0
The reduction of silver ions to silver atoms is facilitated by the supply of electrons from the cathode, leading to the formation of silver atom.
The silver atoms generated at the cathode experiencing nucleation and subsequent growth, which ultimately leads to the formation of the colloidal silver nanoparticles, as illustrated in figure 2 within the description of the drawing section.
[bookmark: _Hlk141601728]By controlling the voltage, current, and duration of the electrolysis process, it is possible to influence the size and concentration of the generated silver nanoparticles. 
After conducting numerous meticulous experimentation and optimization, the inventors of the said generator have established that setting the initial voltage of the DC-to-DC converter to 50 volts during the first two minutes and subsequently maintaining a constant voltage of 30 volts throughout the electrolysis process enables the production of silver colloidal nanoparticles within the desired size range.
The voltage applied to the electrodes plays a critical role in influencing both the nucleation and growth rates of nanoparticles. Nucleation involves the initial formation of nanoparticles from metal ions in the solution, while growth refers to their subsequent size increase. By carefully adjusting the applied voltages, optimal conditions are created to facilitate both nucleation and controlled growth processes, resulting in the production of nanoparticles within the targeted size range.
The voltage applied to the electrodes determines the strength of the electric field in the electrolyte. Higher voltages create a stronger electric field, which promotes the formation of smaller nanoparticles. At 30 volts, the electric field is optimal for the generation of colloidal silver nanoparticles in the desired size range of 5-50nm.
By maintaining a constant voltage of 30 volts throughout the electrolysis process, the regulated adjustable power supply generator and its methodology ensures consistent conditions for the colloidal silver nanoparticle formation, resulting in a desired size distribution range of 5-50nm, as shown in the scanning electron microscopy (SEM) in figure 3 and transmission electron microscopy (TEM) in figure 4, and particle size distribution results in figure 5 in the respective detailed drawing section.
The transmission electron microscopy (TEM) reveals the dimensions of ultrathin silver nanoparticle films, whereas scanning electron microscopy (SEM) provides insight into the superficial nanoparticle sizes. Considering the nanoparticles were obtained from dried colloidal droplets, we anticipate larger dimensions. Conversely, when the particles are in solution, their distributions range from 2 to 8 nm as shown in figure 4 of the detailed drawing section. As the inventors utilized aqueous solutions, the congruence in results from these diverse techniques allows the inventors to confidently assert that the colloidal silver nanoparticles generated by the regulated adjustable power generator and its methodology possess dimensions of 5-50nm.
In the context of the present invention, saturation of the colloidal silver nanoparticle synthesis process signifies the attainment of the desired quantity of silver nanoparticles, with subsequent electrolysis having minimal impact on further nanoparticle generation. Once this saturation point is reached, the system's amperage undergoes a discernible increase from its initial value of 0 amps in the distilled water to 0.08 amps. 
The presence of silver nanoparticles was confirmed by implementing UV-VIS (Ultraviolet-Visible) spectroscopy, which detects the specific plasmon absorption of silver at 425 nm in the colloidal silver solution's UV spectra. The results, as vividly shown in figure 7 of the detailed drawing section, exhibit a pronounced peak precisely at 425 nanometres.
Zeta potential is an indicator of the stability of the colloidal solution, also the “-“or “+” signs indicate the charge of the particle. The solution is stable if the Zeta potential is more negative than -30 mV or more positive than +30 mv.
The Zeta Potential Analyser indicated the results of more than minus 30 millivolts, indicating that the colloidal silver nanoparticle is stable in the solution shown in figure 6 of the detailed drawing section.
The notable increase in amperage is directly linked to the reduction of electrical resistance within the electrolyte solution, which occurs as the silver nanoparticles reach a state of saturation. In the absence of silver nanoparticles, the distilled water exhibits comparatively high electrical resistance, leading to minimal electrical current flow (0 amp). 
However, as the colloidal silver nanoparticles are synthesized and accumulate in the solution, they establish conductive pathways that diminish the resistance. Consequently, this prompts a considerable upsurge in electrical current flow, resulting in an amperage reading of 0.08 amp.
The achievement of nanoparticle saturation and its desired size signifies that the concentration of silver nanoparticles in the solution has reached a critical point where further electrolysis has limited impact on additional nanoparticle generation. This breakthrough development demonstrates the precise control over the synthesis process, ensuring efficient nanoparticle production. 
The discernible rise in amperage serves as a definitive indicator of the conductivity adjustments within the electrolyte, directly attributable to the presence of colloidal silver nanoparticles, conclusively confirming the successful attainment of nanoparticle production. 
The novel and remarkable feature of this invention highlights its innovative nature, providing an effective and precise method for colloidal silver nanoparticle synthesis with unparalleled control and reproducibility. This distinctive aspect positions it as a groundbreaking solution, setting new standards in the field of nanoparticle production techniques.
To enhance the comprehensibility and clarity of the regulated adjustable power generator and its colloidal silver nanoparticle production methodology, the inventors have incorporated a schematic diagram in Figure 1, located within the drawing section. This diagram serves to facilitate ease of understanding and swift assimilation of the invention's concepts and processes for invention description.
SUMMARY OF THE INVETION
The present invention discloses a regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles in the size range of 5-50 nm. The generator operates through an electrolysis process, eliminating the need for chemicals or reducing agents typically used in nanoparticle synthesis.
The generator includes a switch power source (SPS) that provides a steady 12-volt power input, a DC-to-DC converter capable of producing adjustable output up to 50 volts with pulse width modulation (PWM) capability, a polarity exchanger, an adjustable timer, and a pair of silver electrodes. These components work together to ensure precise regulation of voltage, current, and polarity, facilitating efficient and dependable production of colloidal silver nanoparticles.
During the electrolysis process, silver ions are released from the anode and reduced to form silver atoms at the cathode, leading to the formation of silver nanoparticles via nucleation and growth. The generator's control over voltage, current, and duration of the electrolysis process influences the size and concentration of the nanoparticles.
The generator's adjustable timer allows for precise control over the timing of polarity reversal, promoting uniformity and stability during the nanoparticle production process. The optimal two-minute interval for polarity reversal has been determined through extensive research and experimentation, ensuring efficient production while minimizing resource usage and energy consumption.
The resulting colloidal silver nanoparticles possess dimensions of 5-50 nm, as confirmed by various techniques, including scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The generator's methodology ensures saturation of nanoparticle production and stability in the colloidal solution, as indicated by the Zeta potential analysis.
The invention's innovative nature and groundbreaking solution for nanoparticle synthesis with unparalleled control and reproducibility set new standards in the field of nanoparticle production techniques. A schematic diagram in Figure 1 illustrates the regulated adjustable power generator and its colloidal silver nanoparticle production methodology for enhanced comprehensibility.

[bookmark: _Hlk140483020]DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Embodiment 1
[bookmark: _Hlk141688384]A regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles within the size range of 5-50 nm, comprising: 
a) A switch power source (SPS) that transforms incoming electrical supplies of either 110/120 volts or 220/230 volts into a reliable and steady DC 12-volt output, serving as the main provider of electrical power for the generator.
 b) A DC-to-DC converter capable of producing adjustable output voltage of up to 50 volts with pulse width modulation (PWM) capability, facilitating precise optimization of the electrolysis process.
 c) A polarity exchanger section featuring a DPDT relay, enabling seamless and controlled switching between positive and negative polarity during the electrolysis process, ensuring balanced production of silver and silver nanoparticles. 
d) An adjustable timer allowing for precise control over the timing of the polarity switching process, automating the polarity reversal at specific intervals to enhance control and efficiency. 
e) A pair of silver electrodes connected to the power source for carrying out electrolysis in distilled water, leading to the formation of colloidal silver nanoparticles.
Embodiment 2
The regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles, comprising: 
a) Applying a DC voltage of 50/30 volts to the silver electrodes, initiating electrolysis and causing the release of silver ions at the anode and reduction at the cathode. 
b) The silver ions in the electrolyte receive electrons at the cathode, forming silver atoms that aggregate due to Van Der Waals forces, resulting in the formation of silver nanoparticles.
 c) Controlling the voltage, current, and duration of the electrolysis process to influence the size and concentration of the silver nanoparticles, with an initial voltage of 50 volts for the first two minutes and subsequent constant voltage of 30 volts for optimal efficiency in producing nanoparticles within the size range of 5-50 nm.
Embodiment 3
The regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles, wherein the polarity of the electrical current is periodically reversed using the polarity exchanger section to achieve balanced deposition of silver and silver nanoparticles, contributing to uniform particle size and distribution.
Embodiment 4
The regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles wherein a two-minute interval is set by the adjustable timer for the polarity switching process, leading to maximum efficiency in nanoparticle production within the desired size range of 5-50 nm.
The regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles wherein the saturation point of colloidal silver nanoparticle synthesis is reached, leading to a discernible increase in amperage due to the reduced electrical resistance caused by the presence of silver nanoparticles in the electrolyte.
Embodiment 5
The regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles wherein colloidal silver nanoparticle solution exhibiting a pronounced peak at 425 nanometres in the UV spectra, confirmed by UV-VIS spectroscopy, indicating the presence of silver nanoparticles.
Embodiment 6
The regulated adjustable power generator and its methodology for producing colloidal silver nanoparticles wherein a stable colloidal silver nanoparticle solution with a Zeta potential of more than -30 millivolts, as determined by the Zeta Potential Analyser, ensuring the solution's stability.









Patent Claims
1) A regulated adjustable power supply generator and its methodology for producing colloidal silver nanoparticles within the size range of 5-50 nm, comprising: 
a) A switch power source (SPS) for providing a steady 12-volt power input to the generator; 
b) A DC-to-DC converter capable of producing up to 50 volts of adjustable output with pulse width modulation (PWM) capability; 
c) A polarity exchanger section with a DPDT relay for controlling and switching the electrical polarity; 
d) An adjustable timer module for precise timing control; and 
e) A set of silver electrodes for conducting the electrolysis process in distilled water.
2) The regulated adjustable power supply generator and its methodology of claim 1, wherein the DC-to-DC converter is configured to set the initial voltage to 50 volts for the first two minutes of the electrolysis process and maintain a constant voltage of 30 volts thereafter.
3) The regulated adjustable power supply generator and its methodology of claim 1, wherein the polarity exchanger section with the DPDT relay allows for seamless switching between positive and negative polarity, ensuring balanced deposition of silver and silver nanoparticles during the electrolysis process.
4) The regulated adjustable power supply generator and its methodology of claim 1, wherein the adjustable timer module enables automated control over the timing of the polarity switching process, contributing to consistent and precise timing for polarity reversal during the electrolysis.
5) The methodology for producing colloidal silver nanoparticles using the regulated adjustable power supply generator of claim 1, comprising the steps of: 
a) Applying DC 50/30 volts to the silver electrodes for initiating electrolysis and producing silver ions at the anode. 
b) Facilitating the reduction of silver ions to silver atoms at the cathode, leading to nucleation and growth of silver nanoparticle.
c) Controlling the voltage, current, and duration of the electrolysis process to influence the size and concentration of the generated silver nanoparticles; and 
d) Achieving nanoparticle saturation and desired size by precisely managing the electrolysis process, resulting in a stable colloidal silver nanoparticle solution.
6) The methodology of claim 5, wherein the nanoparticle size and distribution are controlled by maintaining a constant voltage of 30 volts during the electrolysis process, leading to the production of colloidal silver nanoparticles within the desired size range of 5-50 nm.
7) The methodology of claim 5, wherein the saturation of the colloidal silver nanoparticle synthesis process is indicated by a discernible increase in electrical current flow, resulting in an amperage reading of 0.08 amps.
8)The methodology of claim 5, wherein the presence and stability of colloidal silver nanoparticles in the solution are confirmed by UV-VIS spectroscopy, exhibiting a plasmon absorption peak at 425 nm in the UV spectra.
9) The methodology of claim 5, wherein the stability of the colloidal silver nanoparticle solution is confirmed by measuring the Zeta potential to be more negative than -30 mV or more positive than +30 mV.
10) The methodology of claim 5, wherein the precise control and reproducibility of colloidal silver nanoparticle synthesis are achieved by adjusting the voltage, current, and duration of the electrolysis process, ensuring efficient nanoparticle production and concentration within the desired size range of 5-50 nm.
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