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ABSTRACT 

 

M. Sc. Thesis 

 

SYNTHESIS OF ZINC OXIDE NANOROD  FROM ZINC BORATE FOR 

SUPERCAPACITOR ELECTRODE APPLICATION 

 

Chikh Sidi El Mokhtar Mohamed LEFDHIL 

 

Karabuk University 

Institute of Graduate Programs  

Department of Metallurgy and Materials Engineering 

 

Thesis Advisor: 

Assist. Prof. Dr. Safa POLAT 

December 2022, 70 pages 

 

This thesis is planned to synthesize zinc oxide from zinc borate mineral to use it as 

electrode material in supercapacitors. For this purpose, firstly, zinc borate mineral was 

treated with hydrochloric acid at different concentrations, and the extracted zinc metal 

concentration was optimized. Concentrations were measured by atomic absorption 

spectroscopy (AAS). Then, direct zinc oxide synthesis was carried out by 

hydrothermal method on the nickel foam surface using the solution with the highest 

zinc content. After synthesis, the products were characterized in terms of crystal 

structure, chemical bond, and geometric shape by XRD, FTIR, and SEM analyses. The 

results showed that zinc oxide nanorods with an average size of 358 nm were 

successfully synthesized on the nickel foam surface. The synthesized electrode was 

then subjected to cyclic voltammetry (CV) and galvanostatic charge-discharge (GCD) 

tests. These measurements showed that the electrode has a battery-type charge storage 
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character, and the highest specific capacitance is approximately 527 mF/cm2 at a 

current density of 1 mA/cm2. In addition, the energy and power densities of zinc oxide-

based electrodes were calculated as 11 mWh/cm2 and 200 mW/cm2 at a current density 

of 2 mA/cm2, respectively. Although these results are single-component compared to 

their counterparts in the literature, it is concluded that they are quite promising. 

 

Key Words: Zinc borate, zinc oxide, nanorod, supercapacitor, extraction, 

hydrothermal method. 

Science Code :  91520, 91530 
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ÖZET 

 

Yüksek Lisans Tezi 

 

ÇİNKO BORATTAN ÇİNKO OKSİT NANOÇUBUK ÜRETİMİ VE 

ELEKTROKİMYASAL ÖZELLİĞİNİN İNCELENMESİ 

 

Chikh Sidi El Mokhtar Mohamed LEFDHIL 

 

Karabük Üniversitesi 

Fen Bilimleri Enstitüsü 

Metalurji ve Malzeme Mühendisliği Anabilim Dalı 

 

Tez Danışmanı: 

Dr. Öğr. Üyesi Safa POLAT 

Aralık 2022, 70 sayfa 

 

Bu tez çalışmasında çinko borat mineralinden süperkapasitörlerde elektrot malzemesi 

olarak kullanılması amacıyla çinko oksit sentezlenmesi planlanmıştır. Bu amaçla ilk 

olarak çinko borat minerali farkı derişimlerde hidroklorik asit ile muamele edilmiş ve 

ekstrakt edilen çinko metali konsantrasyonu optimize edilmiştir. Konsantrasyonlar 

atomik absorpsiyon spektroskopisi (AAS) ile ölçülmüştür. Daha sonra en yüksek çinko 

içerikli solüsyon kullanılarak nikel foam yüzeyinde hidrotermal yöntemle doğrudan 

çinko oksit sentezi gerçekleştirilmiştir. Sentez sonrası ürünler XRD, FTIR ve SEM 

analizleri ile kristal yapı, kimyasal bağ ve geometrik şekli bakımından karakterize 

edilmiştir. Elde edilen sonuçlar nikel foam yüzeyinde ortalama 300 nm boyutunda 

çinko oksit nano çubuklarının başarılı bir şekilde sentezlendiğini göstermiştir. Bu 

işlemlerin ardından sentezlenen elektrotun çevrimli voltametre (CV) ve galvano statik 

şarj-deşarj (GCD) ölçümleri de gerçekleştirilmiştir. Bu ölçümler elektrotun pil tipi şarj 

depolama karakterine sahip olduğunu ve en yüksek spesifik kapasitansının ise 1 
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mA/cm2 akım yoğunluğunda yaklaşık 527 mF/cm2 olduğunu göstermiştir. Ayrıca bu 

elektrotun 1 mA/cm2 akım yoğunluğundaki enerji ve güç yoğunlukları da sırasıyla 11.2 

mWh/cm2 ve 200 mW/cm2 olarak hesaplanmıştır. Bu sonuçlar literatürdeki 

muadillerine kıyasla tekli bileşen olmasına rağmen oldukça umut vaat edici olduğu 

sonucuna varılmıştır. 

 

 

Anahtar Kelimeler : Çinko borat, çinko oksit, nano çubuk, süper kapasitör, 

ekstraksiyon, hidrotermal yöntem. 

Bilim Kodu   : 91520, 91530 
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SYMBOLS AND ABBREVITIONS INDEX 

 

SYMBOLS 

 

A  : Ampere  

mA  : Milliampere  

µm  : Micrometer 

 g  : Gram  

mg  : Milligram 

cm3  : Centimeter cubic  

L  : Liter  

°C  : Degrees Celsius 

 K  : Kelvin 

 s  : Second  

Zn  : Zinc 

ZnO  : Zinc Oxide 
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CO2  : Carbon dioxide 

Cl  : Chloride  

S  : Sulphur 
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PART 1 

 

INTRODUCTION 

 

Supercapacitors, also known as ultracapacitors, are energy storage devices that have 

the ability to store large amounts of electrical energy [1]. They have a high capacitance, 

often in the range of thousands of Farads, making them significantly different from 

traditional capacitors [2]. They have several advantages over batteries, such as faster 

charging and discharging times, longer lifespan and wider temperature range, which 

makes them suitable for a variety of applications such as electric vehicles, portable 

electronics, and power tools. Supercapacitors are grouped into two types based on their 

method of charge storage, which are electrochemical double layer capacitors (EDLCs) 

and pseudocapacitors (PCs) [3]. Energy can be stored in EDLCs through the 

attachment and detachment of ions on the surface of the electrode and electrolyte 

interfaces, while PCs use quick and reversible chemical reactions between electrolyte 

ions and electroactive materials [3,4]. Generally, EDLCs have a longer service life but 

less specific energy storage compared to pseudocapacitors. Researchers are currently 

exploring different materials, such as metal oxides, carbon materials, and conductive 

polymers, to enhance the electrochemical performance of supercapacitors. A number 

of oxides and non-oxides among metallic compounds has gained widespread attention 

[3–5]. 

 

Metal oxides, such as zinc oxide (ZnO), have been extensively studied for their 

potential in a wide range of applications, including energy storage as a supercapacitor 

material. ZnO, specifically, has a high specific capacitance of around 470 F g-1, which 

makes it a promising material for use in supercapacitors [6]. Its low-cost, earth-

abundant and environmentally friendly properties make it a favorable material. ZnO 

can be synthesized in various forms such as nanoparticles, nanowires, and thin films, 

which increases the surface area and enhances the capacitance performance [7]. 

Additionally, ZnO has a good electronic conductivity which makes it suitable for 
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pseudocapacitors applications, where energy is stored by means of electrochemical 

reactions that occur on the surface of the electrodes [8]. ZnO also has excellent 

chemical stability, which is an important feature for energy storage devices. 

Furthermore, ZnO has a wide bandgap of 3.37 eV and a large exciton binding energy 

of 60 meV, which make it an ideal material for high-power, high-frequency 

applications [9].  

 

Nanotechnology is an important field of science that has significantly changed many 

areas of our lives and is promising in a positive sense [10]. The components developed 

by this technology are divided into four classes 0D, 1D, 2D, and 3D [11]. This 

classification is related to the components' lengths of the x, y and z directions. When 

a component is smaller than 100 nm in all three directions, that is called 0D. If only 

one direction is greater than 100 nm, it is called 1D, if it has two dimensions greater 

than 2D, and if it is greater than three dimensions, it is called 3D [12].  

 

In light of all of these predictions, the primary goal of this thesis research is to 

investigate the effects of different concentrations of HCl during the extraction of Zn 

from zinc borate. In this regard, the concentrations of zinc in the solutions after the 

extraction process were measured using atomic absorption spectroscopy (AAS), and 

the results were evaluated. The most concentrated solution was then chosen, and it was 

used for synthesizing zinc oxide supercapacitor electrode by the hydrothermal method 

on the nickel foam surface. The obtained products were characterized using FTIR, 

XRD, and SEM studies of chemical bonds, crystal structure, and microstructure. The 

electrochemical characterization was carried out using cyclic voltammetry (CV) and 

galvanostatic charge-discharge (GCD) in a three-electrode system to be used as 

electrode. Electrochemical results were than used for calculation of specific 

capacitance, energy and power density of zinc oxide electrodes. All these results were 

also evaluated by comparing in literature review. 
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PART 2 

 

EXTRACTION PROCESS 

 

 

2.1. METAL EXTRACTION METHODS 

 

The metal extraction process incorporates a couple of stages, all of which anticipates 

that energy should carry out the requirement for three head capacities. Taking care of 

capacities incorporate decreasing assessment botches, mixing materials, moving them, 

fabricating them, and other mechanical endeavors that require electric power [13,14]. 

Extraction methods may be classed as pyrometallurgy or hydrometallurgy, and they 

can also entail physical separation and hybrid separation [15]. Pyrometallurgy is 

employed to increase slag stage regulation by injecting a thermal, causing precious 

metals in the slag to undergo physical or chemical conversion, allowing precious 

minerals and gangue to be segregated [16]. Pyrometallurgy comprises a wide range of 

procedures that may be used to various physical forms of slag. Several metals, 

particularly those susceptible to temp and atmosphere, such as Zn, Cu, Zr, Ti, Pb,  and 

Ta, may be separated using it [17]. Moreover, increased roasting takes a lot of energy, 

and during the recovery process, a lot of high-heat exhaust gas and hazardous gases 

like CO are released. Leaching is a technique for dissolving precious metals in slag in 

solution or precipitating them out in a new solid phase. Inorganic leaching agents, such 

as acids, alkali metals, salts, or microbes, frequently are employed. Hydrometallurgy, 

as opposed to pyrometallurgy, consumes less energy and produces less pollutants [16]. 

Quasi metals, such as zinc, lead, and copper, have historically been obtained almost 

exclusively by the metallurgical processing of sulfide ores. This method has been in 

use for centuries. The persistent mining that has taken place in the sulfide ore deposits 

over the last several years has led to their gradual depletion, bringing in copious 

smelting residue and significant pollution from heavy metals [18]. 
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Presently, the traditional hydrometallurgical method including oxidative roasting, acid 

leaching, purification, and electrowinning procedures is used to generate much more 

than 85 percent of all zinc produced worldwide. ZnS is changed into ZnO during the 

oxidative roasting process, although a sizeable portion combines with the iron 

contaminants to create zinc ferrite [18,19]. 

 

Significant minerals in zinc metals are sphalerite ZnS, zincite ZnO, franklinite ZnO 

(Fe, Mn)2O3, calamine Zn2OH2 SiO3  and smith stone ZnCO3. Zinc minerals ordinarily 

are typically 5-15% zinc. Roughly 80% of zinc mines are underground, 8% are surface 

mined and the rest are a blend of the two minerals [20]. Zinc decontaminating is the 

process of converting zinc concentrates (zinc minerals) into pure zinc. The most well-

known zinc concentrate is zinc sulfide, which is created by concentrating sphalerite 

using the froth lightness process [20]. Zinc sulfide is in like manner used to treat 

assistant (reused) zinc materials, similar to zinc oxide. Reused zinc addresses around 

30% of outright zinc creation [13]. In the 95% of zinc hydrometallurgical procedures, 

zinc concentrate is transformed into zinc roasted in a calciner [22,23].  

  

ZnS(s) + 1.5O2(g) → ZnO(s) + SO2(g)                 (1.1) 

 

Equation 1.1 describes a gas-solid heterogeneous noncatalytic process that produces 

solids. The best suitable model to describe this response is the SUCM. The following 

equations (1.2), (1.3), and (1.4)  are made in order to make the SUCM more appropriate 

for summarizing the reaction. Oxygen transmission out all over the environment liquid 

barrier integrity of the solid [22]. 

 

r1 = 4πR
2

S kG, O2 (CO2, b − CO2, s)                              (1.2) 

The movement of oxygen into a sludge surface 

 

r2 = 4πR
2
CDe. drCO2/dry                  (1.3) 

Interaction of substances with the bulk material 

 

r3 = 4πR
2
C or CO2, s                       (1.4) 
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where r1 is the speed at which oxygen diffuses through the liquid layer, r2 is the 

frequency at which oxygen vaporizes through the solid surface, and r3 is the rate at 

which chemicals interact on the level material. The radius of the solid particle and the 

unreacted core, correspondingly, is denoted by RS and RC, the oxygen level in the 

solid matrix and on the particle surface, correspondingly, are CO2, b and CO2, s. The 

mass transfer coefficient of the gas is kG, O2. De is the effective diffusivity of oxygen 

over the gas film, kr is the sample mean of oxygen in the product layer, the RC's contact 

response [22,24].   

  

2.2. ZINC MINERALS 

 

Zinc is presently delivered from zinc sulfide minerals, which are the chief wellspring 

of zinc, and conventional buoyancy processes simplify it to isolate the sulfide minerals 

from the gangue [15]. Beneficiation of oxidized zinc minerals has developed 

progressively significant as of late as sulfur-bearing metals become exhausted [25]. 

This condition requires the prompt handling of these minerals to make a reasonable 

item. The most successive procedure of extricating zinc from poor quality zinc oxide 

stores is by the filter/dissolvable extraction/electrowinning process [26]. The 

utilization of entire metal filtering is probably not going to be financially savvy, and 

the detachment of corrosive consuming gangue minerals preceding draining is basic 

to the recuperation of zinc [19]. This has various benefits for filtering reagent use, 

treatment facility size, and site determination, since shipping zinc concentrate with 

high Zn grades could end up being financially reasonable. Using the buoyancy 

interaction, it is possible, in theory, removing upwards of 90% of the corrosive wasting 

gangue from ZnO metals and producing a concentrate with a zinc purity of 25-35 

percent [27]. There have only been a few studies done on the buoyancy of zinc oxide 

metals, although buoyancy is the most common method used for the beneficiation and 

processing of oxidized zinc minerals [17]. The going with gangues of the chief zinc 

oxide mineral play a significant part in picking a reasonable buoyancy procedure 

[28,29]. Whole extraction process about zinc is given in figure 2.1. 
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Figure 2.1. Extraction of Zinc Process [14]. 

 

2.3. ZINC BORATE 

 

Zinc borate is a chemical compound with the formula Zn3(BO3)2. It is a white powder 

that is widely used in a variety of industries due to its unique properties. In engineering, 

zinc borate is used primarily as a flame retardant, due to its ability to act as a synergist 

and a heat-sink. It is added to plastics, textiles, and other materials to slow down or 

prevent the spread of fire [28,30]. It is also used as a thermal stabilizer in engineering 

polymers, helping to prevent the thermal degradation of polymers and increases their 

thermal stability. Furthermore, it is also used as an additive in lubricants and lubricant 

additives, helping to improve the lubrication properties of lubricants and preventing 

the formation of deposits in the engine and transmission. In agriculture, it is used as a 

fungicide and insecticide, helping to protect crops from fungal and insect infestations 

[26]. 

 

Zinc borate is used as a flux for welding and brazing, and as a flux in the production 

of zinc coatings on steel and other metals in metallurgy and materials. It is also used 

as a desulfurizing agent in the production of high-quality steels. In ceramics, it is used 

as a flux and a refractory material, helping to lower the melting point of the ceramic 

mixture and improving the sintering properties of the ceramic [31]. Overall, zinc borate 
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is a versatile chemical compound that is used in a wide range of applications due to its 

flame-retardant, fungicide, insecticide, thermal stabilizer, lubricant additive, 

desulfurizing agent and refractory properties. It's chemical stability and non-toxicity 

make it a preferred choice for many industries [26]. 

 

It is impossible to find entity as the element boron existing by itself in nature; it can 

only be found in salts, where it is always referred to as borates and is defined as a 

combination that includes boric oxide. Boron can only be found in salts when it is 

combined with oxygen and other elements (B2O3) [26]. Borates are obtained in their 

whole from central region evaporites, which are the essential commercial sources of 

borates [32]. There are a limited number of nations with reserves rich in these minerals; 

the USA and Turkey, for example, provide 90% of the world's borate supply, but 

Turkey also has the world's largest reserves (borax, ulexite, and colemanite) [33]. The 

principal motivations behind borates and boron compounds are found in the finish and 

imaginative industry (sterile item, porcelain, earthenware, tiles), glass industry 

(diamonds, glass strands, heat proof Pyrex glasses, lights and spotlights), and 

fertilizers. Kernite is used to make boric destructive, tincal is used to convey sodium 

borate, and ulexite is used as the head fixing in the development of a combination of 

specialty glasses and earthenware production [34].  

 

Hydrated and anhydrous metal borates are the two kinds of metal borates. Hydrated 

borates have B-OH packs in their plans and may consolidate interstitial water [35]. 

The plans of anhydrous metal borates are without water. Metal borates display an 

indispensable component of plastic product. Zinc borates, explicitly, are fabricated 

materials with expected applications considering their heat proof and smoke-retardant 

attributes [36]. Zinc borate compounds have the striking judiciousness of keeping its 

hydration water even at extraordinarily high temperatures. Considering its 

unprecedented warm strength, it's a renowned heat proof development for plastics and 

rubbers that require high taking care of temperatures, as well as an anticorrosive 

variety in coatings [37]. 

 

Boron is one of the seven major micronutrients that plants need; it may be administered 

directly to the soil, and it is also employed in the fertilizer type that is most well-known 
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[33]. It is accessible in the manufactured business (preparation of cleaning agents, 

color, fire retardants, abrasives, magnificence care items), tanneries (prevents rot), 

pharmacy (delicate sanitizer), and paints (fungicide) and is used as a wood added 

substance (considering its low harmfulness) and in capacitors, composites, versatile 

(fire retardant), and cement (moves back and helps to set) [31].  

 

Industrially significant quantities of borate minerals are mined from both exogenous 

and endogenous borate sources. The former group consists of skarn-type and 

metamorphic borate deposits, whereas the latter group comprises volcanic-

sedimentary and Salt Lake sedimentary borate or boron-rich brine [38]. The thermal 

breakdown of borates consists mostly of three processes: dehydrating crystal-water 

below 300 degrees Celsius, removing hydroxyl while the amorphous is present 

between 300 and 550 °C, and crystallization between 550 and 700 °C. The ulexite and 

tincalconite combine with calcite and magnesite, respectively, and then react at 

temperatures between 500 and 700 °C for two hours to form kotoite. This suggests that 

temperature, boron-rich fluid, and calcium-magnesium carbonate are the primary 

factors that control contact metamorphism [36,38]. Similar to skarn-type borate 

deposits, this gives a theoretical framework for the mineral combinations and wall rock 

modifications of metamorphic borate deposits. [38].  

 

Zinc borate structures have been focused on actually as a result of their actual limit as 

driving forces and optical materials. Metal borates, in which boron is exclusively 

associated with oxygen, are abundant and comprehensively used in industry [39]. They 

may be found in both mineral and made structures. Various designed metal borates 

have a development that seems to be that of minerals, with single polyborate anions or 

frustrated polyborate rings, chains, sheets, or associations [39,40]. Structure 

sufficiency speculations spread out as of late for borate minerals, in any case, don't be 

guaranteed to apply to fabricated borates. Understanding how cations drive the 

essential units of borate compounds is fundamental for designed improvement [41]. 

Understanding how cations guide borate fundamental units in borate compounds is 

essential for making strong metal borates.  
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2.4. ZINC OXIDE 

 

Zinc oxide is a white powder that is widely used in various fields due to its unique 

properties. It is an inorganic compound that is insoluble in water and has a high melting 

point. It is a wide bandgap semiconductor, which means it has a large energy gap 

between the valence and conduction bands, which leads to high electron mobility and 

high exciton binding energy, making it an attractive material for use in high-

performance electronic devices such as transistors, solar cells, and light-emitting 

diodes [42]. Another important property of zinc oxide is its ability to absorb UV 

radiation, making it useful in sunscreens and other personal care products as well as in 

ceramics, glass, and other industrial applications. Additionally, it has low toxicity, 

making it a safe choice for use in biomedicine, medicine, and food products [43].  Zinc 

oxide also has a wide range of industrial applications, such as in ceramics and glass 

manufacturing, cement production, rubber, and plastics. It is also used as an ingredient 

in fire retardants, catalysts, and other chemical intermediates. Due to its combination 

of properties, zinc oxide is a versatile and useful material in various fields [9,44].  

 

General properties and some crystal structures of zinc oxide mineral are given in table 

2.1 and figure 2.2. Zinc oxide, which can be found in the periodic table's second and 

sixth groups, is an interesting material due to its many desirable qualities, such as its 

high electron mobility, broad band gap, and extreme simplicity, serious areas of 

strength for hole at room temperature, and so on. These properties are utilized in the 

arising utilizations of straightforward terminals in fluid precious stone presentations 

[45]. Because of its numerous modern applications, for example, electrophoresis, 

light-transmitting phosphor, shades in paints, glass-earthenware transition, elastic item 

fillers, paper coatings, sunscreens, drugs and beauty care products, ZnO has drawn in 

extraordinary interest in powder and slender film structure. and, surprisingly, its 

protection from radiation makes it valuable for space applications [46]. Research on 

ZnO nanostructures has been exceptionally well known in light of the fact that these 

materials can be utilized to make straightforward conductive oxides [47]. Since the 

shear modulus of the II-VI semiconductor is enormous, it doesn't insight as much 

execution debasement as other II-VI family semiconductors [48].   

 



24 

 

 
 

Figure 2.2. The Zinc Oxide Crystal structure of zinc blend-Wurzite-Rocksalt [49]. 

 

ZnO nanostructures may arise by nucleation and expansion. ZnO nanoparticle particles 

are shaped by inherent crystal characteristics during nucleation. ZnO Nano powders 

form hydrothermally as follows [27]. Zn(NO3)26H2O, which is a precursor of basic 

zinc nitrate hexahydrate, hydrolyzes, resulting in the formation of zinc hydroxide 

(Zn(OH)2) hydrosol [50]. 

 

Table 2.1. Proprieties of  zinc oxide. 

 

No Characteristics Zinc Oxide References 

1 Another name Zinc-white, Calamine,  Zn-flower. [51] 

2 Formula ZnO [52] 

3 Molar mass 81.4 g/mol [53] 

4 Shape Solid [54] 

5 Odor No [55] 

6 Density 5.6 g/cm3 [56] 

7 Structure of crystal Wurtzite [57,58] 

8 Geometry Tetrahedral [59] 

9 Color White [60] 
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PART 3 

 

ENERGY DEPOSITION PROCESS 

 

3.1. NANOPARTICLES SYNTHESIZE METHODS 

 

Nanoparticles are tiny particles ranging in size from one to one hundred nanometers 

that differ from the bulk material due to their size. zinc, titanium, and silver are now 

used to create various metallic nanomaterials [10]. Nanoparticle combination might be 

finished in different ways, including physical, synthetic, and organic cycles. Physical 

and synthetic methodologies are for the most part remembered to be awesome for 

delivering consistently estimated nanoparticles with long haul dependability. These 

techniques, be that as it may, are exorbitant. Poisonous synthetic substances utilized 

in compound cycles for nanoparticle creation make the nanoparticles delivered less 

suitable [10,61]. 

 

Therefore, conventional theories and models fall short in their ability to describe the 

emergent traits when the dimensions are shrunk below 100 nm. Depending on their 

size, nanomaterials display better and unique features in comparison to huge particles 

of the same materials. The Earth naturally contains a vast variety of nanomaterials and 

particles, including photochemical byproducts, volcanic byproducts, and exhaust 

fumes. The development of stronger, better-quality, longer-lasting, more affordable, 

lighter, and smaller gadgets is the major goal of nanotechnology [62]. Numerous 

varieties of nanoscale manufacturing techniques are being created as a result. The 

section following goes into further information about them. The comment section also 

describe how nanoparticles that may be created for this purpose are used and 

characterized in supercapacitors [63]. There are two categories of nano - materials 

characteristics and generic nanomaterial properties in the area. While distinct kinds of 

nanomaterials display unique qualities, general features apply to all types of 

nanomaterials [64]. They may be synthesized using either  bottom up or maybe even 
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a top-down method, and recent improvements have made it possible to have more 

control over their size, shape, and structure by choosing the right synthesis strategy 

and changing the synthesis conditions as seen in figure 3.1. Nanomaterials have many 

different electrical, physical, optical, and ferroelectric properties. capabilities, that 

have resulted in the discovery of several fascinating nanotechnology [65] the figure 

down shows the Top down approach and Bottom up approach for synthesis of 

Nanoparticles. At the same time, the visual regarding the classification of nano size 

described in the first chapter is given in figure 3.2. 

 

 
 

Figure 3.1. The top-down and bottom-up approach for making Nanoparticles. 

 

Top down approach
Bottom up approach
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Figure 3.2. Classification-of-nanomaterials-on-the-basis-of-dimensions [66]. 

 

3.2. ENERGY STORAGE SYSTEMS 

 

Energy storage systems (ESS) are systems that are designed to store and release energy 

as needed. They can be used for a variety of purposes, such as to smooth out the 

fluctuation of energy demand and supply, to provide backup power during power 

outages, and to support the integration of renewable energy sources into the grid [5].  

There are several types of energy storage systems, including: Chemical storage 

systems, such as batteries, which store energy in the form of chemical energy and 

release it as electrical energy when needed as seen in figure 3.3 [67]. Thermal storage 

systems, such as molten salt storage, which store energy in the form of heat and release 

it as thermal energy when needed. Mechanical storage systems, such as pumped 

hydroelectric storage, which store energy in the form of potential energy and release 

it as kinetic energy when needed. Electrical storage systems, such as capacitors, which 

store energy in the form of an electrical field and release it quickly [67,68]. Each type 

of energy storage system has its own advantages and disadvantages and is suitable for 

different applications. The choice of an energy storage system depends on the specific 

requirements and constraints of a given application [69]. 
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However, excessive ESS deployment is possible, which dramatically raises initial 

investment and maintenance expenses [70]. Energy storage technologies do not itself 

constitute energy sources, but they do provide significant advantages in terms of 

supply stability, power quality, and dependability. For power quality applications, 

advanced capacitors are being examined as a kind of energy storage. Although still in 

the testing phase, superconducting energy storage devices are getting attention for their 

potential utility applications. There include discussions of the most recent 

technological advancements, some performance analyses, and cost factors [67,70]. 

Another popular tool for storing energy as a surface charge that was created 

considerable period after batteries is the capacitor. This gadget requires a lot of surface 

area, which is directly related to how much energy can be stored and released from a 

capacitor with the smallest degree of damage to the components that make it up. 

Supercapacitors were created as a result of best attempts [67,69]. Energy capacity 

framework can chip away at the capability of energy networks in different ways. For 

example, they can free the stochastic individual from supportable power sources and 

work with their wide organization blend. Energy limit decisions may in like manner 

be utilized to work energy structures even more fiscally and cut down their running 

costs [69]. 
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Figure 3.3. Classification of energy storage systems [68] 

 

Utilizing ESS makes it commonsense to fortify the network during seasons of zenith 

load while taking care of energy at a limited expense during off-top hours, hindering 

sharp expense increases. Utilizing ESSs will similarly chip away at the efficiency of 

appropriated energy resources and addition supply/demand side controllability, which 

is useful for load changing or top shaving objectives [71]. To wrap things up, ESSs 

can offer repeat control organizations in places that are off the organization where 

there is an essential to stay aware of force balance under various working 

circumstances [67]. Each of the recently referenced uses for energy limit units has 

explicit execution essentials that ought to be meticulously considered during the 

arrangement connection and included into control and the board systems [70]. 

 

3.3. SUPERCAPACITORS 

 

Supercapacitors, also known as ultracapacitors or electrochemical capacitors, are 

energy storage devices that are capable of storing and releasing large amounts of 

electrical energy very quickly [72]. They have much higher capacitance values than 

traditional capacitors, which allows them to store much more energy, and they have 
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several advantages such as high power density, long cycle life, wide operating 

temperature range, high safety and low maintenance, which makes them suitable for a 

wide range of applications such as power conditioning and power factor correction in 

electrical systems, energy smoothing in renewable energy systems, starting and 

stopping of engines in hybrid and electric vehicles, backup power supply in critical 

systems and powering electronic devices[3]. They are becoming increasingly popular 

in various fields due to their unique properties [73]. According to how they work, 

supercapacitors may be named either symmetric or asymmetric, on the other hand, 

ability due to the faradic (pseudocapacitive) participation between the terminal and the 

electrolyte [74]. Nevertheless, there are two unmistakable sorts of supercapacitor 

plans: sandwich supercapacitors, which have a vertical design with a separator 

sandwiched between two cathodes, and little supercapacitors (MSCs), which have an 

interdigital structure in comparable plane as the continuous finders and are 

disconnected from one another by a safeguarding opening (consistently of the 

solicitation for 10 to 100 s of micrometers) [75]. Finally, an electrolyte is placed on 

top of and between the cathodes to guarantee molecule transport along the terminals' 

basal plane [3].   

 

However, electrochemical capacitors offer a far larger power capacity than batteries 

despite their lower energy density. Consequently, ECCs have qualities between those 

of regular capacitors and batteries, and they may compete with any or both of these 

types of components, depending on the nature of the task at hand [4]. In general, 

electrochemical capacitors (ECCs) may be a preferable choice over batteries in 

situations in which the quantity of energy to be stored is insufficient for a cell and the 

system's peak energy usage is disproportionately high in comparison to its typical 

power consumption [72]. When the energy storage requirements for a regular capacitor 

are met and the high-power pulse periods are not too short milliseconds or more, the 

ECC may be a viable alternative to traditional capacitors milliseconds or longer. The 

initial ECC devices had relatively modest power capabilities since they were intended 

to be used even as reserve of power for the purpose of storage restoration [73]. 

Beginning in the nineties, researchers have aimed to learn more about ECCs that can 

produce large amounts of electricity. High-power ECCs have decreased in price and 

increased in energy density steadily during the last 15 years [5,76]. Large markets for 
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ECCs have been predicted to emerge since the year 2000, and it is expected that within 

a few years, vast quantities of these devices would be commercially accessible for a 

variety of uses. Due to the due to expensive of big ECC devices, the industries for 

engine components, particularly those with capacitances of 1000 F or higher that 

compete with batteries, have expanded considerably more spontaneously than was 

anticipated. The markets for smaller devices, especially those with capacitances less 

than 1F, have grown rapidly [77]. 

 

3.4. CHARACTERIZATION OF SUPERCAPACITORS 

 

Due to their high-power density and strong electrochemical performance, 

supercapacitors, a high energy-storage device with specific features, are suited for a 

wide range of applications. As a result, their industry has expanded quickly. 

Transportation, hybrid and electric cars, rail systems, and other applications might all 

benefit from the use of supercapacitors [77]. The need for energy and environmental 

pollution has intriguing answers in electric and hybrid automobiles. Supercapacitors 

are primarily used in industrial and household applications due to factors including 

environmental problems and special characteristics like high power density, minimal 

maintenance, straightforward operation, durability, and cost efficiency [74,77]. 

Currently, flexible and conductive fibers have garnered a lot of interest for 

supercapacitor devices due to the growing need for energy-storage devices with good 

electrochemical characteristics and the integration of electronic implements with 

textiles [78]. Supercapacitors have the potential for headway to be utilized as an eco-

accommodating, non-volatile energy capacity hotspot for the eventual fate of wearable 

innovation since they consider extra scaling back prospects without compromising the 

high energy stockpiling limit and move rate [3]. 

 

The supercapacitor cathodes should have the accompanying qualities: an enormous 

surface region, long haul soundness, unbending nature to electrochemical oxidation or 

decrease, the capacity of different cycling materials, an ideal pore size conveyance, 

insignificant ohmic obstruction with the contacts, a palatable terminal electrolyte 

arrangement support association, underlying steadiness, and a low self-release level 

[77].  Charges on the surface and near the surface of such supercapacitors may be 
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saved by deposition and via pseudocapacitive processes that generate redox reactions 

on the surface. These are known as pseudo capacitors [79]. In electronic industry, 

industrial electricity and energy control, memory information storage, and it has thus 

been extensively used. It is employed in a variety of energy storage systems today, 

including those used in heavy machinery, electric cars, and portable electronics [80]. 

Supercapacitors are anticipated to have larger energy storage capacity and power 

density, as well as ultra-superior properties that can sustain lengthy cycles and have 

simple charge-discharge cycles, in particular for electric cars [81]. All criteria, not just 

one, should be created in order to achieve these requirements. For instance, it is 

necessary to enhance the characteristics of the collector material used as the electrode, 

such as increasing the energy density by being porous and having a larger surface area, 

while also using a dielectric material that can withstand long cycles and be charged-

discharged quickly by performing simultaneous faradic reactions on this dielectric 

[82]. 
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PART 4 

 

LITERATURE REVIEW 

 

4.1. SUMMARY OF PREVIOUS STUDIES 

 

4.1.1. Leaching of zinc borate at different media 

 

S. Gustu et al. carried out. leaching–purification–precipitation of zinc borates uses zinc 

ash. Zinc ash with Seventy-one percent zinc, six percent iron, twenty-eight percent 

chlorine, and two percent lead. and ppm levels of Cu, Cd, As, and others was 

solubilized in sulfuric acid. pH modification and borax (Na2B4O7·10 2O) 

precipitation cleansed leach solutions. The phase compositions and shapes of 

precipitated zinc borates are hypersensitive to buffer pH, deposition temp, B-Zn mass 

ratio, or maturity duration. The zinc borate phase of interest (3ZnO-3B2O3-3.5H2O) 

precipitated better at 95 °C and Ph 5.5–6.0 with B-Zn molar ratio >4.0.the Leaching–

purification–precipitation has precipitated zinc borates from zinc ash [35]. 

 

  Jiawei cheing. Carried out tests known as TCLP and M-PCT were used in order to 

look into the leachability of the FA30 glass. Based on the results of the TCLP test, it 

can be concluded that the heavy metals Pb, Zn, Ba, Cr, Cd, and Ni were effectively 

immobilized in the FA30 glass. According to the findings of the M-PCT tests, the ion-

exchange process was the primary factor in the degradation of the glass. The 

breakdown of the glass structure in the FA30 glass led to the discharge of aluminum 

and iron into the environment. The breakdown of the glass structure might result in the 

discharge of heavy metals and could potentially affect the water sources [83]. 
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Cihat tazioglu. carried out. zinc borate retention levels protected particleboards against 

degradation for 7 years but not termites. Particleboards used in southern Japan's 

climate need larger zinc borate loadings since Engagement as high as 2% (w/w) 

reduced infestation impact but did not fully protect. Wood-plastic composites were 

more resistant to fungus gnat degradation for 7 years, but in the final 18 months, even 

zinc borate embedded formulations had lower decay ratings. Zinc borate integrated 

formulations reduced termite destruction, however wood-polypropylene composites 

may need greater retentions for complete protection  [84]. 

 

Ravina et al. carried out, integrating porphyrin derivatives with hydroxy phenyl groups 

into thin borate glass sheets for nonlinear semiconductor applications. Py (OH) 8 

absorption and emission spectra redshift due to borate glass and -OH groups structural 

alteration. All molecules absorb intensity non-linearly. With increased input power, 

excitability saturation converts RSA to SA. RSA behavior relies on molecule hydroxy 

groups and excited state duration. -OH, groups increase electron concentration in 

excited states, lowering RSA effectiveness. This indicates optical commutators and 

ultrafast laser saturable absorbents [85] 

 

Gaelle Fonain et al. investigated on neutralized intumescent fire retardant (NIFR) who 

has been successfully manufactured in "one step and one pot" utilizing a procedure 

that is straightforward, innovative, and risk-free. The conventional approaches to fire 

testing were used in order to assess the effectiveness of the NIFR in polypropylene 

(PP) as a fire suppressant. The findings indicate that the NIFR is a very efficient 

method. In addition to this, he demonstrated that zinc borate has a synergistic impact 

on the fire-retardant qualities of the material and that it seems to limit the migration of 

additives through the polymer matrix [30]. 

 

4.1.2. Zinc oxide production methods 

 

Ka-lok Chui et al. decided to carry out the synthesis technique for the cheap 

manufacture of zinc oxide under air circumstances using a tiny polypropylene glass as 

a reactor Based on the findings of their XRD, FTR and SEM, TGA, and ultraviolet-

visible (UV/Vis) investigations, these products were effectively achieved. Their 
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diameter is between 0.8 m and 2.6 m and their length is between 10 m and 40 m under 

optimal process settings, and their purity is higher than that of conventional ZnO 

powders. As-prepared ZnO microrods, on the contrary, have considerably lower 

photocatalytic performance, which means that are photostable and difficult to 

photodegrade polymers such as binders. As a consequence, they claim they will be a 

great and costly white powder with considerable possible covering uses [86]. 

 

Pooja Dasta et al. examined the use of biomass oil as a source of biodiesel and zinc, 

they found that Productivity and recycling, are better if the Zinc Oxide nanoparticles 

are doped with various transitions of metals. On the other hand, they prefer zinc oxides 

among all the heterogeneous Nano catalysts, because of their efficiency and their 

recyclability, which was obtained after having tested different oxides of various 

metals, and even to reduce the time and the temperature required for the synthesis of 

biodiesel [87]. 

 

Daitao Kuang et al. treated ZnO-doped ultra-small onion-type carbon nanoparticles 

(ZnO-OLC) with HCL, which resulted in the creation of OLC NPs. They discovered 

that ZnO-OLC NPs performed OLC NPs in terms of reflection loss (58.7 dB) and 

effective bandwidth (7.0 GHz) at 5% filler weight loading ratio. They indicated that 

by interacting with the atoms of Zn, O, and C, the dopant ZnO may lower the 

permittivity and loss of polarization of the OLC NPs, increasing their impedance 

adaption and micro-wave absorption [88]. 

 

Sen Yang et al. create a three-dimensional (3D) nanocomposite made out of Zinc oxide 

nanoparticles in the form of a flyer and 3D graphene (3DGZ). The morphological 

examination visualization indicated and the fact that perhaps the spaceship ZnO 

particles were evenly propagated and integrated in the three dimensional graphene that 

has not been amalgamated in any way, hence interesting for improving interfacial 

polarization, and that the 3DGZ-2 nanocomposites had the best microwave absorption, 

with a return loss of 48.05 dB measured around 11.71 GHz but then a layer of 1.82 

mm, while RLs greater than 10 Because of their exceptional performance, 3DGZ 

nanocomposites have considerable potential as an efficient, lightweight, thermostable, 

and adjustable microwave absorber [89]. 

https://www.sciencedirect.com/science/article/pii/S221478532106644X#!
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Xin Zheng et al. carry out the controlled co-precipitation production of additional 

nanomaterials and the use of without bender energetic materials and other materials. 

They prepared an Al-doped ZnO nanowire array using the hydrothermal method of 

CFI (continuous flow injection) to promote conductivity.  This method was chosen 

appreciation to their offer of very stable concentration for doping which avoids the 

appearance of ZnO nanosheets with low conductivity, The increase in free moving 

electrons and holes greatly reduces the transfer resistance. The first basic approach has 

described the probable impact of Al doping. Based on this, Al-doped ZnO nanowire 

arrangements were produced as a binder-material [90]. 

 

4.1.3. Usage of zinc oxide in supercapacitors 

 

Kulpriya Phetcharee et al. use carbon dots that have been bombarded with gamma rays 

and treated with amines to improve the efficiency of ZnO-based supercapacitors. 

Various doses of gamma radiation were applied to carbon spots in the presence of 

ethylenediamine (50-200). ZnO-CDs-EDA(50-200) electrodes' specific capacities 

boosted by 194% to 310%, from the comparison toward those of pure ZnO electrodes. 

It was discovered that somehow the changed carbon points in the electrodes improved 

not only the specific capacity, but also the controlled surface capacitance and series 

resistance, ion diffusion coefficient and electrochemical active area, electrode 

permeability and mechanical characteristics, and cycle stability after 8,500 cycles. 

This study demonstrates that ZnO-based supercapacitors may benefit from gamma-

irradiated, amine-passivated carbon dots added to the electrodes, and that these carbon 

dots might be utilized to create supplemental high-capacity storage devices [91]. 

 

Gaurav Tatrari et al. study, spheres of graphene oxide (ZGS) generated from recycled 

tires that have undergone a process of fibrous reduction. Furthermore, the ZGS-based 

supercompensation device displays an exceptional power density of 3325 W kg-1 at a 

current density of 2 A g, as well as a fantastic energy density of 36,94 Wh Kg-1 at a 

current density of 2 Un g-1, all while possessing a high overpotential of 316,00 F g-1. 

from its electrochemical performance. Moreover, their primary classifications reveal 

a connection among symbiotic industries (SI), circular economy, and sustainable 
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development at a balayage speed of 5 m Vs-1 (DD). demonstrates very effective results 

for supercompensation [62]. 

 

Nidhi Tjwarj et al. Explored the possibility of a highly capacitive ZnCo2O4 electrode 

material being produced hydrothermally on a stainless-steel substrate. Microspheres 

of ZnCo2O4 were formed in a shape resembling broken nanosheets; the material has a 

specific capacity of 593 F/g at 10 mV/s and an internal resistance of 1.2 ; the zinc 

cobaltite electrode material has a columbic efficiency of 96.50%; and, by analyzing 

the data, the researchers concluded that zinc cobaltite microspheres are useful as 

effective super capacitive electrode materials with better specific capacity [62]. 

 

Sahana nayak et al Specifically, using zinc oxide and cobalt oxide nanocomposite, 

which has superior electrochemical capabilities and endurance, in a green synthesis. 

The morphology and electrochemical performance of the nanocomposite met with 

their approval. The power density of the synthesized nanocomposite electrode material 

is (3000-375.3) W/kg, and the energy density ranges from (3.8-9.54) Wh/kg. Energy 

densities range from (3.8-9.54) Wh/kg for the synthesized nanocomposite electrode 

material, while power densities range from (3000-375.3) W/kg throughout a wide 

range of current densities. With its many benefits over chemical processes, green 

synthesis is expected to become a practical technique for producing electrode 

components for energy storage devices that are used in cases utilizing alternative 

energy storing [62]. 

 

Tingting wei et al. carry out the zinc oxide nanoparticles' synthesis technique, reaction 

conditions, electrochemistry capabilities, and limits were examined, along with their 

present use in battery and hybrid supercapacitor (SC) technology. In particular, 

suggestions for improving the efficiency of zinc oxide-based materials are offered, 

along with forecasts for future research, development, practical applications, and 

industrialization of energy storage devices. And they come to the conclusion that 

Transition metal oxides (TMOs) may give a new route for the development of energy 

storage materials due to their exceptional stability, while also recommending the 

industrialization and practical applications of zinc oxides to boost the performance of 

zinc oxides-based materials [47]. 
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Quanlu Wang et al. Investigated Polypyrrole (PPy) was polymerized on the surface of 

1-dimensional columnar ZnCo-MOF utilizing (NH4)2S2O8/AgNO3 in the role of co-

oxidant of PPy, and then ZnCo-MOF/PPy/Ag2O was obtained through in-situ 

oxidizing substance known as alizarin red S (ARS). They consider the PPy 

polymerization went well, and the electrode has a maximum capacitance due to the 

ARS's multifunctional effect as well as the oxidation that is catalyzed of ag to Ag2O. 

The current density measured was 1 A/g [92]. 

 

Anuj KumarHis . Research on the sol-to-gel conversion induced by zinc acetate and 

polyethylene glycol to generate Zn alkoxide., with the aid of sodium hydroxide, led 

him to discover that calcination and drying led to the development of ZnO (NP) 

nanoparticles. Since the ZnO-AC nanocomposite was used as the electrode material to 

create the electrochemical double-layer tank cell (EDLC), and since 6 M KOH was 

used as the electrolyte, he performed TEM, SAED, and XRD analysis, and then studied 

the surface of the resulting nano-composites using scanning electron microscopy 

(SEM). Despite the high current and the little fluctuation in capacitance and density, 

he observed that the specific capacitance of the ZnO-AC (1:1) nano-composite was 

very high, at 118.122 mF cm2. This suggests it might be used as an electrode material 

in supercapacitors [93]. 

 

Ü.Alver et al. Carry out for the supercapacitor electrode active materials, the 

researchers hydrothermally produced zinc oxide particles from zinc acetate, zinc 

chloride, and zinc nitrate (SC). They perform a 5 mV/s speed sweep in a 6 M KOH 

electrolyte and analyze the material using cyclic voltammetry, galvanostatic, and 

charge/discharge experiments, as well as X-ray diffraction, SEM and Raman 

spectroscopy to learn more about the material's electrochemical properties. Final ZnO 

electrode values for solutions of nitrate, acetate, and chloride are 5.87 F/g, 5.35 F/g, 

and 4.14 F/g, Approximately 5 F/g of capacitance was achieved when using the 

produced ZnO particles as electrodes in supercapacitors. Thus, ZnO particles 

synthesized from a nitrate precursor had better crystalline quality than those 

synthesized from an acetate precursor [94].  
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PART 5 

 

EXPERIMENTAL PROCEDURE 

 

5.1. MATERIALS AND METHODS  

 

5.1.1. Raw materials 

 

Zinc borate mineral purchased from Refsan was used to obtain zinc. Hydrochloric acid 

(HCl) with a concentration of 37% and pure water with a resistance of 18.25 Mohm 

were used in the extraction. Watman filter paper and centrifuge device were used in 

the filtration processes after extraction. The synthesis of nanoparticles from the 

extraction solution was carried out by hydrothermal method. For this purpose, stainless 

steel outer wall and Teflon lining were used. Nanoparticles were synthesized directly 

on the current collector nickel foam surface. Karabuk University Materials Research 

and Development Laboratories were used for all other laboratory equipment such as 

ovens, precision scales and scales.  

 

 
 

Figure 5.1.  Zinc borate used in experiments. 
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For attempting to describe the products obtained from the hydrothermal method of 

producing metal oxide on the nickel foam, crystallographic evaluation was carried 

using the Rigaku Ultima IV X-ray diffraction (XRD) equipment. These evaluations 

made use of Cu-based Ka radiation (=0.1546 nm) produced by a stable monochromator 

running at 40 kV and 40 mA, with a 2-frequency varying from 10-80°. In order to 

characterize the chemical bonds in these substances, we next employed a Bruker Alpha 

brand Fourier transform infrared spectrometer in order to transmit data to perform 

studies between 400 and 4000 cm-1  wave number with 2cm-1  precision (FTIR). 

Microstructure and morphology were also examined by looking at pictures taken with 

a Carl Zeiss ULTRA PLUS Scanning Electron Microscope (SEM). The instruments in 

use for this initiative are shown in figures 5.2, figure 5.3, and figure 5.4. 

 

 
 

Figure 5.2.  X-ray diffraction instrument (XRD)  
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Figure 5.3. Fourier transform infrared spectroscopy (FTIR). 

 

 
 

Figure 5.4. Scanning electron microscope (SEM). 
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5.1.2. Workflow chart 

 

Zinc oxide in solutions during zinc borate extraction is essential for such experiments. 

That although abovementioned elements are usually sought in metallic form, metal 

oxides are required in specific sectors. Nanosized metal oxide production on a metal 

collector surface layer improves energy storage performance in supercapacitors. This 

work aims to synthesis zinc oxide-based metal oxide nanoparticles from the solution 

with the maximum zinc oxide extraction from zinc borate, It is expected to use the 

nanoparticles supercapacitors to be produced at this step to hold electricity power at 

the anode electrode. With this fundamental reason, it must be produced on a 

conductive layer. Nickel foam, with a huge surface area, is a preferred supercapacitor 

conductive layer. This work synthesizes zinc oxide-on-nickel foam metal oxide 

nanoparticles. The hydrothermal technique is some of the most useful   manners that 

may offer nanoparticle synthesis in a liquid environment and on a metal surface. It is 

also one of the most often used methods. Before beginning production using this 

approach, the solution that had the greatest concentration after the previous step was 

identified first. This was performed in order that the production could begin. After that, 

7 ml of this solution were transferred into an autoclave made of stainless steel and 

Teflon that had a capacity of 40 ml. This autoclave also received two pieces of nickel 

foam measuring 0.5 by 3 centimeters that had been cut to the same size during the 

same time. After that, the lid of the Teflon liner was secured, and then the lid of the 

autoclave made of stainless steel was secured as well. The same technique was carried 

out in the other 3 autoclaves, bringing the total number of autoclaves that were used in 

the manufacturing to 4 again after, the autoclaves were put into the furnace and 

warmed to a temperature of 120 ° C. before being left there for a period of six hours. 

Following the completion of this procedure, the autoclaves were taken out of the oven 

and allowed to return to their normal temperature. After that, the lids were unlocked, 

and the nickel foams are removed before being rinsed in deionized water to eliminate 

any residues that may have been on them. After that, it must have been dried at a 

temperature of sixty degrees Celsius for twenty-four hours and then exposed to 

dehumidification. In addition, because the solutions in the autoclave also include 

particles of the produced product and may be used in the procedures of analysis, they 

were transferred into glass tubes and centrifuged at a speed of 3000 rpm for 15 minutes. 
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After that, the liquid that was left over was emptied off, and the particles that were left 

as deposit were in the oven to dry for one day. Therefore, nickel foam processing and 

production were performed up. 

 

5.1.3. Leaching and its characterization processes 

 

In this section of the research, the procedures for producing solutions with varying 

parameters in order to separate zinc oxide components from zinc borate. To achieve 

this objective, firstly, a beaker with a capacity of 250 ml was obtained, and then 50 ml 

of deionized water was introduced into it. Next, the beaker that contained this 

combination was putted on the heater, and magnetic stirring was continued until the 

temperature reached 80 °C. When the temperature hit 80 °C, three grams of zinc borate 

were weighed into the beaker and added to the mixture. At the same temperature, the 

stirring was carried on for an hour. These procedures were performed in the 

configurations shown in Table.5.1. 

 

Table 5.2. Extraction of Zinc from Zinc Borate Parameters. 

 

 

HCl 

 

Water 

 

Zinc borate 

 

Time 

 

Stirring 

 

Temperature 

0 50 ml 3 grams 60 min. 360 rpm 80 °C 

1 50 ml 3 grams 60 min. 360 rpm 80 °C 

3 50 ml 3 grams 60 min. 360 rpm 80 °C 

5 50 ml 3 grams 60 min. 360 rpm 80 °C 

7 50 ml 3 grams 60 min. 360 rpm 80 °C 

9 50 ml 3 grams 60 min. 360 rpm 80  °C 

 

The mixture was poured into a beaker, filtered through a funnel and paper to filter the 

solution. The figure 5.5. shows the process. 
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Figure 5.5. Extraction preparation and filtration. 

 

On the other hand, we use ammonium (NH4HF), distilled water, urea and zinc chloride 

with sintering  at 110 rpm the table down shows the details. 

 

Table 5.3. Hydrothermal Prepation Parameters 

 

zinc chloride Ammonium Urea Distilled water sintering Time 

10 mg 10 mg 20 mg 5 ml 110 rpm 15 min. 

70 mg 10 mg 20 mg 5 ml 110 rpm 15 min. 

150 mg 10 mg 20 mg 5 ml 110 rpm 15 min. 

250 mg 10 mg 20 mg 5 ml 110 rpm 15 min. 

 

5.1.4. Zinc oxide production and characterization 

 

The zinc oxide concentrations of the solutions  produced during extraction was 

evaluated by Thermo Scientific Ice 3400 atomic absorption spectrometers (AAS). A 

dilution into stock solutions was the first step in the beginning of this procedure. 

Because the zinc oxide concentrations in the stock solutions are higher than the AAS 

measurement limit, the reason for this dilution is so that they may be measured, in this 

procedure, 500 microliters of stock solutions were drawn out and combined with 50 



45 

 

milliliters of deionized water to produce measurement preparations with a 

concentration of 5 M. These collections were known as diluted solutions. On the other 

side, additional preparations of 1 ppm, 3 ppm, and 5 ppm were made independently 

from 1000 ppm zinc standard solutions by employing the same dilution method and 

were used for the measurement. Those preparations were known as calibration 

solutions. The device's flame measurement function and zinc cathode tubes were used 

to get the measured values. In the beginning, the zinc tube was activated, and then it 

was left unattended for around 15 minutes to stabilize. First, a procedure was 

developed in which calibration solutions were used for the first three tests, followed 

by more dilute samples. This approach was used to begin the measurements, and the 

first thing that was done was to measure the concentrations of standard solutions with 

strengths of 1 ppm, 3 ppm and 5 ppm. It was indicated that it should yield 0.4 

absorbance at 1 ppm concentration according to the results in the flame measuring test 

of the zinc in the software, and the measured values of the standard solutions were 

achieved in this direction. After that, the procedure was finished off by analyzing the 

diluted samples of the test. even after extraction, all of the stock solutions were 

weighed in the same manner. Figure 5.6 and the figure 5.7. shows the solutions made 

by the AAS device that was used for this study. 
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Figure 5.6. Extraction solutions. 

 

 
 

Figure 5.7.  Atomic absorption spectroscopy (AAS). 
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5.1.5. Preparation and characterization of supercapacitor electrodes 

 

 The electrochemical performance of metal oxides generated hydrothermally directly 

on nickel foam surface was investigated at room temperature using a potentiometer of 

the Parstat 4000. A three-electrode test device was used for this research. Graphite was 

used as the counter electrode, Ag/AgCl served as the reference electrode, and metal 

oxide doped nickel foam served as the working electrode, as illustrated in figure 5.8. 

Measurements were made in a 6M KOH solution. This solution was created using 

deionized water that is 18.25 Mohm resistant. Prior to the measurements, a force of 

roughly 10 MPa was applied to the nickel foam to flatten it. The KOH solution-filled 

beaker was then filled with the electrodes. The working electrode, a 1 cm2 patch of 

nickel foam, was positioned such that it was immersed in this mixture. Immediately 

after the end of this procedure, galvanostatic charge discharge measurements were 

carried out utilizing the Versa studio software application within the range of 1-6 mA. 

It was possible to calculate the discharge times at each current density based on all 

these data. After that, measurements for the particular areal capacitance, represented 

by the symbol Cs, was determined by using the formula found in equation 5.1  : 

 

𝐶𝑠 = 𝐼×∆𝑡/ ∆𝑉×s                                                                                              (5.1) 

 

The value of Cs in this formula represents the area capacitance in millifarads (mF), I 

represents the discharge existing constant in milliamperes (mA), t represents the 

discharge time in seconds, V represents the potential window in volts, and S represents 

the surface area of the working electrode in cm2. Also, using this information, we were 

able to compute the electrode's energy (E) and power (P) densities using equations 5.2 

and 5.3. 

 

𝐸 = 𝐶𝑠×𝑉2/7.2                    (5.2) 

 

𝑃 = 3600×𝐸 /∆t                                (5.3) 
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Figure 5.8. Electrochemical measurement device. 
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PART 6 

 

RESULTS AND DISCUSSION 

 

6.1. ZINC CONCENTRATIONS OF LEACHING SOLUTION 

 

Zinc borate mineral was used as a source for the synthesis of zinc oxide synthesis 

nanoparticles in this study. For the extraction of zinc metal from this mineral, 

hydrochloric acid treatment was carried out at different concentrations. For this 

purpose, 6 different solutions with acid concentrations of 0 ppm, 20 ppm, 60 ppm, 100 

ppm, and 140 ppm were prepared. Further details of solution preparation and 

extraction were described in the procedure section. Here, the zinc metal concentration 

of each solution measured by AAS is given in the graph in figure 6.1. According to 

these results, it was observed that the zinc concentration of the solution with no acid 

was 5.1 ppm, while that of the 20-ppm acidic solution was 108 ppm. On the other 

hand, when the acid concentration was increased to 60 ppm and 100 ppm, zinc 

concentrations increased to about 130 ppm for both of them. There is a fairly linear 

increase here. However, when the amount of acid was increased to 7 ppm, the zinc 

concentration reached its maximum with 127 ppm. When more acid was added than 

this, the zinc concentration became saturated and changed by almost negligible 

amounts. This stabilization was probably due to the fact that the mineral source 

remained constant, and the maximum amount of zinc was extracted from the mineral, 

despite the increase in chlorine ions from the acid in the solution. 
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Figure 6.1. Zinc concentrations measurement by AAS. 

 

6.2. CHARACTARIZATION OF PRODUCED ZINC OXIDE 

 

Characterization studies were first started with X-ray diffraction pattern analysis. In 

this analysis, firstly the raw material, zinc borate, then the semi-finished product after 

extraction and finally the post-synthesis products by hydrothermal method were 

analyzed. The results are given in figure 6.2. According to these results, the 2θ value 

of the raw material zinc borate gave characteristic peaks between about 15° and 70° 

(JCPDS File No. 35-0433) [95]. In the semi-finished product, two sharp peaks were 

observed at appro imately 25° and 28°, which are highly compatible with the 

characteristic zinc chloride planes of (112) and (103), respectively [96]. Finally, peaks 

of the (100), (002) and (101) planes were observed at appro imately 31°, 34° and 36°, 

respectively, indicating zinc oxide [97]. Apart from these, additional peaks were also 

observed in the final product, which indicates that some ZnCl2 compound remained in 

the structure. In Figure 6.2, FTIR analysis results for interatomic bond characterization 

are given. In this chart, the same analyzes were performed in XRD. The characteristic 

B3-O, B-O-H and B4O bonds of the raw material zinc borate were observed. In the 

semi-product, there are observations of O-H bond and C-O bonds. These are due to 
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possible impurities and moisture in the sample. Zn-O was observed in the final 

product, which indicates the formation of zinc oxide. However, the low strength of the 

Zn-O bond is probably due to the strength of other impurities [95]. 

 

 
 

Figure 6.2. XRD result of synthesized zinc oxide and others 

 

 
 

Figure 6.3. FTIR result of synthesized zinc oxide and others. 
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The geometric structure of the formations on the nickel foam surface of the products 

after hydrothermal production was examined with a scanning electron microscope as 

seen in figure 6.4. According to these results, there are rod-shaped and strip-shaped 

formations on the surface of pure nickel foam. These formations are understood in the 

general views in figures 6.4a and b. In the view in Figure 6.4c, it is understood that 

these formations have a strip-like geometry rather than a bar. The dimensional 

distribution of these strips was measured with the Image J software program and 

plotted with origin and graphed as in figure 6.4 d. This graph shows that the average 

size is around 358 nm. It can also be said that less than 10% of these bars are around 

100 nm. It has been widely stated in the literature that zinc oxide crystals are 

synthesized in rod-like form. However, the fact that it was synthesized in strip form in 

this study provides an important originality [98,99]. On the other hand, it has been said 

in the literature that such nano-sized formations increase the surface area of the current 

collector (nickel foam) to increase its capacity to hold more ions, and thus its 

electrochemical performance is improved [100,101]. Based on this information, it was 

characterized that a large surface area supercapacitor electrode in the form of a strip 

was synthesized from zinc borate mineral in a clean way. 

 

 
 

Figure 6.4.  a-b-c) images of synthesized zinc oxide nanorods in different growth d)  

 distribution histogram plot of nanorods. 
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6.3. ELECTROCHEMICAL RESULTS OF ZINC OXIDE ELECTRODES 

 

Electrochemical performances of zinc oxide nanorods synthesized on nickel foam 

surface by hydrothermal method are investigated in this section. For this purpose, 

firstly, cyclic voltammetry and then galvanostatic charge-discharge measurements 

were carried out. The measurement results obtained are given in figure 6.5 and figure 

6.6. As can be seen from these graphs, the measurements were carried out at different 

scanning speeds. According to these results, it was observed that faradic redox 

reactions occurred in the anodic and cathodic regions, possibly due to M-O and M-OH 

(M: Zn) bonding [97]. The intensity of these peaks increased and decreased 

proportionally with the scanning speed [102]. This ratio shows that redox reactions 

occur reversibly. The increase/decrease of their intensity is related to the faster or 

slower attraction of the ions in the solution to the electrodes depending on the applied 

potential [103,104]. 

 

 
 

Figure 6.5. Cyclic voltammetry measurement results. 
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In order to measure the performance of the electrode, galvanostatic charge-discharge 

measurement was carried out. This measurement was also performed at different 

current densities, similar to the CV. The results are given in figure 6.6. According to 

these results, it can be said that the electrode has a battery type charge cycle. Secondly, 

it was observed that the discharge time decreased as the current density increased. This 

is related to the rapid influx of ions in solution at high currents to the electrode surface 

and possibly forming an ion layer on the surface. It can be said that this ion layer 

formation prevents ions from entering the inner parts of the electrode and therefore 

reduces the discharge time. This situation has been similarly explained in the literature 

[105]. On the other hand, discharge times from 1 mA to 6 mA were observed to be 212 

s, 76 s, 43 s, 32 s, 25 s, and 19 s, respectively. The specific capacitance values related 

to these times were calculated as 557 mF/cm2, 400 mF/cm2, 339 mF/cm2, 336 mF/cm2, 

328 mF/cm2, and 300 mF/cm2, respectively, according to the formula in equation 5.1. 

The changes in the specific capacitance values depending on the current density are 

given graphically in figure 6.7. As can be seen from the graph, the specific capacitance 

decreased as the current density increased. The reason for this is related to the fact that 

the ions do not have time to enter the inner parts of the electrode and accumulate on 

the surface with high current, as stated above. 

 

 
 

Figure 0.6. Galvanostatic charge – discharge measurement results. 
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Figure 6.7. Specific capacitance calculation results. 

 

The specific capacitance value of the electrode is directly related to the amount of 

energy and power storage. The formulas given in Equations 5.2 and 5.3 are widely 

used to calculate these values. In this study, using the aforementioned formulas, the 

energy and power densities of the electrode were calculated and given in the graph in 

figure 6.8. According to these results, the highest energy density was calculated as 

approximately 11.2 mWh/cm2 at 1 mA and the power density was calculated as 

approximately 200 mW/cm2. It was observed that the energy density decreased as the 

current value increased. This decrease probably means that the electrode holds fewer 

ions. On the other hand, the lowest value of energy density and the highest values of 

power density were obtained as 6 mWh/cm2 and 1140 mW/cm2, respectively, at 6 mA 

current.  

 

In the literature, it has been reported that the energy density is related to the large 

surface area of the particles forming the electrode, while the power density is related 

to the redox reactions occurring on the surface. While the surface area of the electrode 

increases with nano-sized syntheses, it is known that redox reactions are related to the 

formation of metal oxides that can give reduction and oxidation of these surfaces [105–

107]. The zinc oxide rods synthesized in this study with an average thickness of 
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approximately 350 nm meet both of the aforementioned precursors. For this reason, 

the fact that the produced electrode reaches a specific capacitance of almost 550 

mF/cm2 without any other contribution also confirms this. The specific capacitances 

of many equivalents of zinc oxide in the literature are well below 550 mF/cm2 [97,108]. 

However, the energy density at this level is quite low. It is very promising to achieve 

high-level performances by decorating the zinc oxide electrode, which performs at this 

level alone, with another component [109,110]. 

 

 
 

Figure 6.8. Energy and power density calculation results. 

. 
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PART 7 

 

SUMMARY 

 

This study aims to produce a supercapacitor electrode based on the mineral. For this 

purpose, firstly, zinc metal extraction was carried out with hydrochloric acid from the 

zinc borate mineral. Extraction results showed that the highest zinc concentration was 

obtained at approximately 130 ppm in 60 ppm HCl solution. In addition, it was 

observed that the zinc concentration reached saturation level at acid concentrations 

above 60 ppm, and no further increase occurred. The highest concentration solution 

was used for zinc oxide metal synthesis. The hydrothermal method carried out the 

synthesis directly on the nickel foam surface. The product obtained here was first 

characterized by XRD, FTIR, and SEM analyses. The characterization results 

confirmed that the products consisted of an average of 358 nm zinc oxide nanorods. 

Electrochemical results showed that the electrode has a battery-type charging 

mechanism, and the highest specific capacitance is 557 mF/cm2 at a current density of 

1 mA/cm2. It also showed that this electrode's energy and power density values were 

11.2 mWh/cm2 and 200 mW/cm2, respectively, at a current density of 1 mA/cm2. 
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