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ABSTRACT 

The presence of inorganic pollutants, organic pollutants and several insoluble solids 

made purification of ground water treatment more complicated nowadays. In order to 

make water sustainable, more effective and less complex solution is required for the 

treatment of ground water. As decades pass new techniques and new technologies 

emerge and thereby produced to “Nanotechnology”. This project discuss about the 

treatment of ground water using nanobubble technology.  Nanotechnology is the 

emerging technology in the current generation due to its vast properties. And hence 

using these nanobubble technologies to improve the drinking water quality. These 

micro Nanobubbles have the properties like high specific surface areas, excellent 

gas transfer efficiency and interface potential, as well as the capacity to create free 

radicals, as well as high stability and extended water residence periods etc,. These 

NB’s are passed into the water by the “Hydrodynamic oxidation method” and their 

existence is proved by using “Scanning Electron Microscope (SEM)” and “Nano 

Particle Tracking Analyser (NTA). And then pH, zeta potential, nanobubble diameter 

and size are found. The hydrodynamic oxidation is conducted for some time intervals 

from 5 to 30 minutes and the results are shown. The dissolved oxygen content is 

brought up to 13.5%, pH is brought down to 6 and the zeta potential is between -

5mV to  -40mV. After the analysis directed the water is passed for "water quality test" 

and checked for the "All out Dissolved Solids (TDS)", "Complete Suspended Solids 

(TSS)", "Broke up Oxygen (DO)", "Biochemical Oxygen Demand (BOD)", "Synthetic 

Oxygen Demand (COD)", chromium (Cr+3), phosphate (PO₄³⁻) and sulfide (S2−). 

And ensured the existence of MNB’s in ground water made them pure to some 

extent and the results are discussed. 

KEYWORDS  

Dissolved oxygen, Micro-Nanobubbles, Scanning Electron Microscope, Atomic force 

microscope. 
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CHAPTER - 1 

1.INTRODUCTION 

One of the most important criteria for ensuring the general population's well-being is 

the availability of safe drinking water. Water shortage has been listed as the top most 

worldwide risk in terms of possible effect over the upcoming decade, According to 

the World Economic Forum in 2015. Water shortage has been listed as the top most 

worldwide risk in terms of possible effect over the next decade 

Nanobubbles are spherical bundles with a diameter of less than 1micrometer that 

can be found at the solid-liquid interface or scattered in a liquid medium. According 

to their morphologies and their locations, they can be divided into surface 

nanobubbles ( solid-liquid interface nanobubbles ) and bulk nanobubbles. 

NanoBubbles are gaseous domains with a radius of tens to hundreds of nanometres 

that are too small to be seen with the naked eye or conventional microscopes. 

Images taken with an atomic force microscope (AFM) revealed that they form 

spherical caps, although the exact shape of the NBs is unknown. Nanobubble 

technology has been used in a variety of industries, including biomedical 

engineering, agriculture, and a wide range of industrial applications. Due to its small 

size they can also be used in fewer intrusions surgical procedures. Considering the 

size of the nanobubbles, the nanobubbles can be categorized into two type’s namely 

micro nanobubbles and macro nanobubbles. The bubbles with diameter less than 1 

µm are called as nanobubbles and the bubble diameter between 1µm to 100µm is 

called as micro bubbles and the diameter bigger than 100µm are called as macro 

bubbles. These Macro bubbles can easily travel to the top of the liquid surface and 

burst. Coming to the Micro bubbles, these can easily dissolve in liquids. And then 

nanobubbles can remain in the liquid for longer duration. There are different 

applications supported the nano technology within the present world like a) Nano-

bubbles also can change the density of water which is used to separate oil from 

water. b) Nano-bubbles can also purify the surfaces that cannot be scrubbed or 

surfaces having very small cracks or pores. c) Nano-bubbles can also be used to 

deliver an greater amount oxygen in liquids. This is extremely beneficial for seed 

germination as well as in the medical area to assist people who are choking or 

experiencing breathing difficulties.. The tiny size and stability of nano-bubbles are 
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reasons for the wide usage of this technology. The increase in the interest on this 

field of nanobubbles is not only because of its physiochemical properties but also 

their use in medical industry, ground water treatment, in agricultural purposes, 

cultivation and propagation of yeast, algae production, froth floatation, ozone 

generation, surface cleaning techniques, oxygenation of blood, drug delivery, water 

quality enhancement etc 

On discussing about the purification treatment of ground water, air sparging and 

activated sludge methods are used. The injection of pressured air into polluted 

ground water causes hydrocarbons to shift state from dissolved to vapour, which is a 

subsurface contamination treatment strategy. The air is then transferred to vacuum 

extraction systems, where impurities are removed and pure water is obtained. 

However this Nanobubble technology made purification much more easier and 

economic friendly. Recent studies states that NBs can increase the efficiency of 

mass transfer and produce a higher dissolved oxygen concentrations. Due to its 

properties, these NB's have a wide range of applications in water treatment, 

including promoting gas-liquid mass transfer, optimising the usage of oxidising free 

radicals, and increasing oxidising capacity. And hence this paper discusses about 

the purification of ground water in the perspective of NB’s. 

The Hydrodynamic oxidation method has been used for the generation of the 

nanobubbles in the liquid. The diameter of the bubbles formed by this hydrodynamic 

oxidation is in the range of 100-200nm. The quantity of bubbles generated are in the 

order of  109 bubbles per ml. Within little span of time the micro bubbles are formed 

but the time taken for the generation of the nanobubbles is very high. Its due to very 

small bubble diameter which requires high oxidation time. Although there are lot 

more techniques for generation of nanobubbles like Hydrodynamic oxidation, 

Acoustic method, Mechanical Agitation method etc,. The fact we are using this 

hydrodynamic oxidation technique is that, there is no limitation  in the quantity of 

liquid handled for the generation of the bubbles. The formed macro bubbles and 

micro bubbles which are generated by hydrodynamic oxidation method rise against 

gravity due to buoyancy force and burst in gas liquid interface whereas these bulk 

nanobubbles and surface nanobubbles due to their small size, they rise slowly and 

live for a longer duration in the liquid. 
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1.1 BASIC CHARACTERISTICS OF MNB’s 

MNBs are featured because of their advantage, which incorporate the minuscule 

size, high unambiguous region, more noteworthy span in water, bigger mass 

exchange proficiency, high connection point zeta potential, as well as the ability to 

create hydroxyl extremists. These characters are not quite the same as regular 

enormous air pockets.As indicated by the idea of lightness, the rising velocity of the 

air pocket diminishes with the abatement in the size of the air pocket. When 

contrasted and ordinary air pockets, these MNB's have more modest volume to 

permit less lightness and more grounded surface which won't permit MNB's to fall in 

without any problem. As indicated by studies, the developing pace of MNBs more 

modest than 1μm is considerably more slow than Brownian movement. (the irregular 

movement of particles suspended in a liquid brought about by impacts with the gas 

or fluid's quick iotas or atoms) thus, MNBs seem to stay stable in water for a drawn 

out timeframe. MNBs have an essentially higher mass exchange rate on the grounds 

that, the mass exchange region of the gas-fluid stages decides the mass exchange 

pace of a gas. MNBs have more prominent connection point zeta potential, which is 

like colloidal particles, because of the adsorption of particles on the outer layer of air 

pockets and the development of counter particles on the inside surface. The OH-

bunches adsorb at the MNB interface and overwhelm because of the distinction in 

enthalpy of hydration between OH-particles (- 446.8kJ/mol) and H+ particles (- 

1104kJ/mol), bringing about a negative charge on the MNB surface. The Zeta 

possibilities of air, nitrogen, and oxygen MNBs in unadulterated water are - 45mV, - 

37mV, and - 40mV, individually. The substance reagent arrangement particles as 

well as the gas source sway the Zeta capability of 

MNBs.

 

Fig:1.1: Behaviour of Macro bubble, micro bubble (MB) and nanobubble (NB) 
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1.2 METHODS FOR CHARACTERIZATION OF MNB’s 

There are two types in characterization of MNB’s : 

            1.2.1. Zeta potential Measurement 

            1.2.2. Size Measurement 

1.2.1 Zeta Potential Measurement  

Zeta potential is a physical property which are revealed by particles in water which 

are suspended and macro molecules etc,. The "zeta potential" is the potential or 

voltage at the border of the sliding or shear plane in relation to the bulk dispersion 

medium when ions are no longer in touch with particles in the surface region. If any 

two adjacent micro bubbles of high zeta magnitude approaches close, they repel 

each other due to the electrostatic repulsive force(due to same charge on the 

surface). The other definition as per (Clogston and Patri, 2011; Wei Lu and Ping, 

2010) is, "The electric potential in the interfacial twofold layer of a scattered molecule 

or bead against a point in the ceaseless stage far off from the interfacial is known as 

zeta potential". The zeta potential is a key bubble surface feature that affects the 

nanoparticle stability. 

 

Fig: 1.2: Defining the zeta potential 

Zeta potential measurement is a technique for measuring the surface charge of the 

particles present in the colloidal system. Nanoparticles basically have charge on their 
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surface which allure the opposite charge to the nanobubble surface called as stern 

layer. This acts as a double layer for the nanobubble and travels with the 

nanobubble as it diffuses throughout the solution. In simple terms, The electric 

potential present at the partition of the double layer is called as Zeta potential. These 

nanoparticles have zeta potential typically in the range from +100mV to -100mV. The 

magnitude of the zeta potential determines the stability of the nanobubbles in the 

solution.  

Table 1.1: The behaviour of nanoparticles in terms of stability in the colloidal 
solution 

 

There are three methods for deciding the zeta capability of airborne particles: single 

molecule perception, acoustics, and electrophoretic light dispersing. The cell divider 

and the base furthest reaches of molecule size cause the electro osmotic rate to be 

upset while noticing a solitary molecule. Acoustic strategies depend on complex, yet 

not completely gotten connections among acoustic and electro acoustic properties, 

molecule size dispersion, charge thickness, and focus. Electrophoretic light 

dispersing is the most ideal decision as a result of its responsiveness, exactness, 

and adaptability. Electrophoretic light dispersing gives an outside electric field to the 

example, and the charged particles in the arrangement moves appropriately. 

Molecule speed is estimated by the impedance of dispersed light utilizing a laser 

Doppler velocimeter. Utilizing some reasonable hypothetical model, (for example, the 

Zeta potential Value(mV) Stability behaviour 

0 to +5 mV 

+10 to +30 mV 

+30 to +40 mV 

+40 to +60 mV 

Above +60 mV 

 

Flocculation or coagulation 

Incipient instability 

Moderate stability 

Good stability 

Excellent stability 
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Henry work), the zeta potential is resolved utilizing the electrophoretic portability. 

This is determined utilizing the deliberate speed and adequacy of the electric field.  

A sample of nanobubble generated water is taken for the measurement of zeta 

particles. And the value of the zeta potential obtained for us is -5 mV to -40 mV 

which states that the stability behavior of the water is good from the above table. The 

reduction in zeta potential is obtained with the increase in the oxidation period of 

30min.  

  

1.2.2 Size Measurement  

There nanoparticles are also characterized by the size measurement. There are 

different methods for measuring the size like dynamic light scattering technique, 

Scanning Electron Microscope(SEM) , Atomic Force Microscope(AFM), acoustic 

spectroscopy, optical microscopy, image analysis etc., Among all these the 

instrument we have used for the determination of the size of the nanoparticles is 

scanning electron microscope. For characterizing the nanoparticles an experimental 

set up is required. 1ml of sample water before and after nanobubble generation is 

collected using a syringe and placed on a glass plate. The glass plate was subjected 

to uniform heating at 100oc and at 1atm pressure. This uniform heating is done 

because for the evaporation of water vapour to take place. After the evaporation of 

vapour the plate is placed on the scanning electron microscope to investigate the 

nature and the size of the nanobubbles. The images of the SEM is shown below.  

 

Fig : 1.3: SEM image before nanobubble generation 
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Fig: 1.4: SEM image after nanobubble generation 

The average bubble size of the nanoparticle after seeing through scanning electron 

microscope is 73.56nm and the roughness data of the sample for 2.5 μm×2.5 μm 

was found out to be :  

Amount of sampling              =        74829  

Max                                       =        169.34 nm 

Min                                        =         0 nm 

Peak-to-peak, Sy           =         169.34 nm 

Ten point height, Sz           =          80.6382 nm 

Average                                 =          73.5629 nm 

Average Roughness, Sa     =         14.05 nm 

Root Mean Square, Sq     =     18.92 nm 

Second moment                     =         2800.12  

Surface skewness, Ssk     =      0.32481  

Coefficient of kurtosis, Ska         =     -0.35002  

Entropy    (S)                          =          8.2381  

Redundance      =      -0.31058 
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The existence of the nanoparticles and their tracking is done by Scanning Electron 

Microscope and Nano Particle Tracking Analyzers (NTA). This NTA is method for 

visualizing and analyzing the particles in the liquid. This Nanoparticle tracking 

analyzer uses both dynamic light dispersing technique furthermore, Brownian 

movement technique in order to obtain the nanoparticle size variation  in the liquid 

medium. The bubble diameter, bubble density and size distribution are obtained using 

the Brownian movement. For this a sample of nanobubble generated water is taken at 

different time intervals. The suspended nanobubbles are subjected to cooling and 

heating to test the behaviour of the nanobubbles.  And the sample is placed in a 

special chamber inside the NTA which consists of a specially shaped laser beam. In 

the path of the beam, particles scatter the laser light, which is easily caught by the 20x 

microscope lens and examined with a digital camera. The camera records a video of 

the particles moving in Brownian motion. This NTA helps us in determining the size 

distribution of small particles with diameter of approximately 10-1000nm in liquid 

medium14. 

1.3 OBSERVATION FROM NTA  

This sole purpose of using NTA is to observe the behavior of the nanobubbles. To 

observe the bubble diameter, bubble size and bubble number density is done using 

this NTA. The suspended nanobubbles are first subjected to cooling and then 

subjected to heating for testing the behavior of the nanobubbles. Firstly, a sample of 

50ml of nanobubbled water is subjected to cooling up to -15ºC for two days in a 

closed chamber. And after that the sample is heated at a room temperature of 28ºC 

for 5 hours. And then the analysis is done by the Nanoparticle tracking analysis 

technique. The amount of nanobubbles produced increases with increase in 

oxidation time. The below shown fig.4.1 is a bar graph representing the bubble 

number density before freezing and after freezing. 
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Fig: 1.5: Bubble number density with the variation of oxidation time 

The observation found to be surprising. The two bars that are shown in the graph are 

before freezing and after freezing. The red bar indicates the bubble number density 

before freezing. The black bar shows the bubble number density after freezing. As 

seen in the bar graph, the bubble number density is being reduced with the increase 

in the oxidation time. At higher oxidation time the bubble number density almost 

reduced to zero after freezing. The bubble number density at oxidation time intervals 

of 20mins, 25mins, 30mins is almost reduced to zero. This is due to presence of ice 

molecules. And from the red bars we can conclude that the bubble number density is 

being increased with power raised to eight. This tells us the presence of the 

nanobubbles and their bubble number density. At 5 mins of oxidation time interval, 

the bubble number density before freezing is found to be 1.5*10^8 bubble.mL-1 and 

the bubble number density after freezing is found to be 0.5*10^8 bubble.mL-1. At 10 

mins of oxidation time interval, the bubble number density before freezing is found to 

be 2*10^8 bubble.mL-1 and the bubble number density after freezing is found to be 

0.25*10^8 bubble.mL-1. At 15 mins of oxidation time interval, the bubble number 

density before freezing is found to be 2.75*10^8 bubble.mL-1 and the bubble number 

density after freezing is found to be 0.15*10^8 bubble.mL-1. At 20 mins of oxidation 

time interval, the bubble number density before freezing is found to be 5*10^8 

bubble.mL-1 and the bubble number density after freezing is found to be almost nill. 

At 25 mins of oxidation time interval, the bubble number density before freezing is 
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found to be 5.5*10^8 bubble.mL-1. At 25 mins of oxidation time interval, the bubble 

number density before freezing is found to be 6*10^8 bubble.mL-1.  

1.4 METHODS FOR GENERATION OF NANOBUBBLES 

While coming to the discussion of generation of nanobubbles, there are so many 

techniques in generating them. The different techniques are mentioned below. 

 Hydrodynamic oxidation method 

 Acoustic method 

 Electrochemical method 

 Mechanical Agitation method etc. 

There are so many other methods are also there  for generating the nanobubbles. 

Lot more reasearch has been done regarding the generation of nanobubbles with 

minimum power consumption. All these details are discussed clearly in a review 

published by Parmar and Majumder, 2013. Prior to this, one reasercher named 

Tsuge, gave a quite explanation on generation of nanobubbles depending on their 

situation. The different situation are mentioned like,  

 When liquid is flowing 

 When liquid is not flowing 

 When polymers is used 

 When low pressure generation techniques is required etc 

With regards to the methods of age, cavitation alludes to the creation, development, 

and breakdown of nanobubbles in arrangement. In light of the kind of age, the 

cavitation is additionally ordered into four sorts, those are Hydrodynamic, acoustic, 

optical and molecule cavitation. The cavitaion created by the entry of ultrasonic 

waves is called as acoustic cavitation. The cavitation delivered by the tension variety 

in the fluid stream is called as hydrodynamic cavitation. 

Hydrodynamic method :  

The hydrodynamic strategy chips away at the guideline of cavitation, this causes the 

development of air pockets. An opening plate or a venturi tube is the generally 

utilized in the strategy for age. The MB generator of the hole type has an opening in 
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a water streaming cylinder through which water is compelled to enter the generator. 

A little distance downstream of the hole, the adjustment of the water speed between 

the opening and generator outlet causes negative strain. The air is sucked through 

tempered steel punctured pipe embedded in the running water tube, on the grounds 

that inorder to serious shear power and parts the air into various MB.The venturi type 

generator mainly consists of three main components, those are, a diverging part, a 

converrging part and a throat. According to J.Haung , simple structure, durability, 

and more efficency are the benefits of this generator. Because of its design, the 

venturi tube has a greater influence on local pressure and cavitation, allowing it to 

manage bubble size and efficacy..  

Acoustic method :  

The above discussed hydrodynamic method is mostly used in swirl liquid flow 

methods and static mixers etc, because these require a continuous flow of circulation 

to be happen between the generator and the water tank and hence longer time is 

required to generate the nanobubbles. And mostly these hydrodynamic generators 

are quite larger due to its complicated components. Keeping all these drawbacks in 

mind, Acoustic bubble generator came into utilisation for the generation of 

nanobubbles. These are not complex in design and simple in operation. This 

Acoustic method uses sound for the generation of the nanobubbles.  This sonication 

gives better performance in surfactant systems, tiny bubble size and larger intrafacial 

surface area. As per yasudha, the ultrasonic light created NB's as well as diminished 

the Nb's, in this way arriving at a specific measure of air pocket fixation.Even though, 

this acoustic approach offers a lot of promise in controlling the bubble size and 

concentration, these acoustic system is more complex while being compact and 

automated.  

 Electrochemical method :  

This electrochemical strategy deals with the course of electrolysis. A cathode is 

plunged in a surfactant arrangement. During the electrolysis cycle, the progression of 

electricty through the water and the terminals brings about redox response creating 

hydrogen at anode and oxygen at cathode individually. A few trial results shows that 

, this age strategy can adjust the air pocket distance across effectively over a wide 

reach.This experiment is clearly explained by Achaoui. But this generation technique 
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is not mostly used because of its drawbacks. This generation technique some times 

causes to explosion which will a major threat to the operator marking the saftey as 

the main drawback. And moreover, the nanobubbles generated in this generation 

method is mostly filled with oxygen and hydrogen. 

Mechanical agitation method : 

This mechanical agitation is purely a manual type method. This method is less 

complex compared to the other generation techniques, but the bubble size is 

relatively high and non uniform. While hydrodynamic method is the best for 

production of large number of bubbles and the acoustic method is best for 

generating a specific number of bubbles with smaller size. There are no such best to 

be mentioned for this method. The mechanical agitation usually consists of swirling 

the liquid, and the amount of bubbles produced is determined by the speed of the 

mixer or homogenizer. What's more, thus we can reason that because of its bigger 

size and less centralizations of air pockets, these mechanical tumult generators are 

less effective. Sir Daryabor expressed that this mechanical disturbance technique 

plays lost its part as customary strategy for age of air pockets previously.There are 

lot more emerging techniques coming in the place of generation of bubbles. They 

have the dominance of simple construction by making them compact, less energy 

consumption, reducing the cost etc. Such methods include repeated compression of 

MBs, sonic electrochemical methods. 
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CHAPTER - 2  

LITERATURE SURVEY 

 Ariel J. Atkinson, Onur G. Apul, c) Orren Schneider, d) Sergi Garcia-Segura, 

and e) Paul Westerhoff, "Nanobubble Technologies Supply Chances for 

Water Treatment Improvement." According to this article, NBs provide 

chances to improve existing technologies or enable new ones in order to 

produce fewer by-products and safer water. 

 Principles and uses of microbubble and nanobubble water treatment 

technology. a) Ashutosh Agarwal, b) Wun JernNgYuLiu The science and 

methods of generating microbubbles (MBs) and nanobubbles (NBs) are 

discussed, as well as the formation of free radicals from MBs and NBs, with a 

focus on chemical breakdown, water disinfection, and cleaning of solid 

materials , including membranes. 

 Micro- and nanobubbles' effect and application in water purification Baljinder 

Singh, Nutan Shukla, Chan-Hyun Cho, Byung Sun Kim, Myoung-Hwan Park, 

and Kibeom Kim are the members of the team. The present applications of 

micro- and nanobubbles employing classic and sophisticated methods such 

as flotation, aeration, and ozonation, which are capable of removing impurities 

and colour, disinfecting water, and oxidising organic wastes, are discussed in 

this paper. Bubble technology has emerged as a possible platform for 

removing harmful chemicals from water utilising these techniques. 

 • Water-related application of micro–nanobubble technology. Palwasha Khan, 

Wenjing Zhu, Feng Huang, Wanlin Gao, and Nasir Abbas Khan are among 

the candidates. Inspite of the prospective role of MNBs in water-connected 

applications, the current state of research has not yet realised its full potential 

and strength, according to this study. In particular, a need to improve MNB's 

use on a larger scale. 

 Nanobubble fundamentals and applications Elisavet D. Michailidi, George 

Bomis, Athanasios Varoutoglou, Eleni K. Efthimiadoua, Evangelos P. Favvasa 
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 A comparison of mechanical agitation and sonication for the production of 

microbubbles. Qingyi Xu, Mitsutoshi Nakajima, Sosaku Ichikawa, Nobutaka 

Nakamura, and Takeo Shiina are the participants. In two surfactant systems, 

this report compares the production efficiencies of two regularly used 

methods, mechanical agitation and sonication. In terms of higher gas hold-up, 

tiny  bubble size, and higher interfacial area, the results showed that 

sonication was highly successful than mechanical agitation in the formation of 

microbubbles. 

 Micro and nanobubble technologies as a new frontier in water treatment. 

TatekTemesgena, Thi ThuyBui, MooyoungHan, Tschung-ilKim, and 

HyunjuPark are among the names on the list. This review article integrates 

research into the fields of microbubbles and nanobubbles, with a focus on 

water treatment. Based on the explanations of many researchers, the basic 

definitions of bubbles and its types  and their size variations are offered. 

 Intensification of microbubble formation and microbubble-assisted transport 

processes. Rajeev Parmar and Subrata Kumar Majumder are the two 

candidates. This article intends to present a current state-of-the-art appraisal 

of the scientific work in microbubble-assisted transport mechanisms that has 

been done so far. This page discusses the many ways for creating 

microbubbles as well as the qualities of microbubbles. 

 For bioethanol production, a microbubble-free yeast propagation–fermentation 

process. Vijayendran Raghavendran1, Joseph P. Webb, Michael L. Cartron, 

Vicki Springthorpe, Tony R. Larson, and Michael Hines 

 https://nanocomposix.com/pages/zeta-potential-measurements.The 

conclusion reached concerns the measurement of the zeta potential and the 

methods utilised to do so. 

 Production and analysis of submicron-sized bubbles. ChendiWu, Kirsten 

Nesset, Jacob Masliyah, and Zhenghe Xu are the winners. The length of 

agitation and the temperature had only a little impact on the production of 

submicron bubbles. Surface features of submicron size bubbles, such as 
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zeta-potential and its stable nature , were shown to be significantly reliant on 

the chemistry of the fluids in which the bubbles are formed. 

 Properties of micro-nano bubbles and their utilisation in water purification. 

Mengdi Zhang, Liping Qiu1, and Guicai Liu are the participants. The usage of 

MNBs in water oxygenation, pollutant reduction and membrane purfications 

was explored. These evaluations are meant to enhance theoretical research 

and practical use of MNBs. 

 Groundwater cleanup using micro-nano bubbles. Sabeera Haris, Xiaobin Qiu, 

Harald Klammler, Mohamed M.A. Mohamed, Xiaobin Qiu, Harald Klammler, 

Mohamed M.A. Mohamed, Xiaobin Qiu, Xiaobin Qiu, Xiaobin Qiu, Xiaobin Q 

This study summarises current findings on the utilisation of MNBs 

technologies for polluted groundwater remediation. Lastly, the present 

questions and limitations of MNB's groundwater remediation application are 

explored. 

 A study of nanobubbles in aqueous solutions for a variety of purposes. G. 

Senthilkumar, C. Rameshkumar, M. N. V. S. Nikhil, and J. Navin Ram Kumar 

are the members of the team. This document lists the easiest methods for 

producing nanobubbles in various aqueous solutions, as well as their uses. 

Chemical oxygen demand, biochemical oxygen demand, total suspended 

particles, total dissolved solids, dissolved oxygen, nitrate, phosphate, 

chromium, and sulphide levels were measured in sea water, slurry water, 

distilled water, and tap water with and without bubbles. 

 Microbubble and nanobubble techniques for water purification: principles and 

applications. YuLiu, Ashutosh Agarwal, ZWun JernNg, Ashutosh Agarwal The 

physics and methods of producing microbubbles (MBs) and nanobubbles 

(NBs) are discussed in this paper, as well as the production of free radicals 

from MBs and NBs, with a focus on toxic compound breakdown, water 

disinfection, and cleaning/defouling of solid surfaces, including membranes. 

Because of their propensity to create free radicals, MBs and NBs are believed 

to have enormous future potential, with much more to be discovered. 
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 Ionization-based nanobubble generation and characterisation for wastewater 

treatment. C. Rameshkumar, G. Senthilkumar, R. Subalakshmi, and Risa 

Gogoid are the candidates. 

 Ionization-based nanobubble generation and characterisation for wastewater 

treatment. C. Rameshkumar, G. Senthilkumar, R. Subalakshmi, and Risa 

Gogoid are the candidates. 

 Nanobubbles Technology for Ethylene Glycol Coolant Oil Heat Transfer 

Enhancement Case Study A. Sobhanadri, G. Senthilkumar, S. Lakshmi 

Sankar, M. Purusothaman, C. Rameshkumar Due to its strong anti-freezing 

properties, the heat transfer potential of Ethylene Glycol (C2H6O2), a coolant 

for vehicle radiator nanofluids, is examined experimentally in this study. The 

fluid being tested is a 50:50 mixture containing and ethylene glycol by weight. 

In the domain of energy conservation, conversion, and recovery, heating 

systems play a vital role. 

 Water and wastewater treatment using ozone micro- and nanobubble 

technologies. a) Journal of the Korean Society This article provides an 

overview of the use of micro- and nano bubble ozonation for water and 

wastewater purification. The disadvantages of previously explored 

approaches are systematically reviewed, as is the application of 

hydrodynamic sonication to synthesized aqueous solutions and various 

industrial e�uents. 

 The underlying properties of nanobubbles and how they behave in 

wastewater treatment systems. Anup Gurung, for example. Nanobubbles are 

generally recognised for their relevance, particularly in terms of their influence 

in bubble size and stable nature. Nanobubbles are small rounded cap-shaped 

bubbles with a number of distinct physical and mechanical properties. 

 Remediation of groundwater with ozone micro-nano-bubbles. a) ZhiranXia; b) 

LimingHu. The great efficiency of mass transfer and gas supply in water 

utilising MNBs is presented in this research. The ozone MNBs approach was 

used to remediate an organics-contaminated site's ground water in situ. 
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 Stability of Nanobubbles. a) Jay N. Meegoda, b) Shaini Aluthgun Hewage, 

and c) Janitha H. Batagoda. 

 



18 
 

CHAPTER – 3 

AIM AND SCOPE  

3.1 AIM  

The primary aim of this paper is to purify the ground water using nanobubble 

technology. Besides different techniques that are present in the current world like 

desalination, distillation etc., purification of groundwater through the nanobubble 

technology is the new methodology for the purification of ground water. Nanobubble 

technology is the emerging technology with its wide range of application.  

3.2 SCOPE  

We humans are contaminating the water for our greediness and uses. The 

prospective applications of MBs and NBs have gotten a lot of attention in the last few 

years. Many industries, including the mining industry, medicinal applications, 

wastewater treatment, surface cleaning, and agriculture, are benefiting from the 

applications. This nanotechnology is the emerging technology in the current world. 

So making use of them in the purification of the ground water. 
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CHAPTER – 4 

MATERIALS AND METHODS 

The material used in this process is nanobubble generator and collected ground 

water. Firstly we have collected some ground water, conveniently from our 

Sathyabama University ground water.  

 

Fig:4.1: Ground water sample 

The above is the ground water sample collected. Now the water is sent for the 
quality test. And asked for some tests in the Chennai Mettex lab private limited near 
Guindy, Chennai. The tests that are asked are, pH reading at 25 degrees, dissolved 
oxygen content (DO), total amount of dissolved solids (TDS), Total suspended solids 
(TSS), amount of phosphate content, amount of chromium content, amount of 
sulphides present in the sample, Biological Oxygen Demand (BOD), Chemical 
Oxygen Demand (COD). The results are reported as shown in the below table.  
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TABLE : 4.1: Test result of water sample 

 

From the above test results we can confirm that the ground water is contaminated for 

some extent. Now the main purpose is to purify this ground water using the 

nanobubble technology. So, the first and foremost thing to be done is the generation 

of the nanobubbles. The generation of nanobubbles is done using hydrodynamic 

oxidation technique. This equipment consists of a motor, inlet valves, outlet valve, a 

nossil , oxygen cylinder and a pressure regulator. Amount of air to be sucked is 

regulated using inlet valve present near the motor to get a controlled flow of air. So 

that there will be a controlled generation of nanobubbles in the water. The 

nanobubbles that are generated consists of bulk nanobubbles, micronanobubbles, 

macronanobubbles. The below figure shows the the equipment used for the 

generation of the nanobubbles. 

 

 Sl.No 

                 

                  Test parameters 

 

    Results  

  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

 

pH at 25°C 

Dissolved Oxygen(DO) 

Total Dissolved Oxygen (TDS) 

BOD at 27°C for three days 

COD 

Total Phosphate as P  

Total Chromium as Cr 

Sulphides as H2S 

Total Suspended Solids (TSS) 

 

6.25 

5.9 mg/l 

1025 mg/l 

18 mg/l 

93 mg/l 

0.23 mg/l 

0.201 mg/l 

0.136 mg/l 

18 mg/l  
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Fig : 4.2: Equipment for nanobubble generation 
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Actually, the generation of nanobubbles is done for different oxidation times like 5 

minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes respectively. 

With the increase in the oxidation times, the bubble number density is also 

increased. The nanobubbles that are generated collects the impurities from the 

water. The organic and the inorganic pollutants present in the ground water are 

being collected from the nanoparticles. The nanobubbles collects the impurities and 

moves to the surface. A membrane or filter is present in the vessel to separate the 

pure water from the nanobubbles. And after this the water is collected from the outlet 

valve. Now the water is sent for the purification test in Chennai Mettex lab in Guindy, 

Chennai. The results are sent within a week.  
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CHAPTER – 5 

RESULT, DISCUSSION AND ANALYSIS 

5.1 OUTCOME OF THE PROJECT 

The nanobubbles are generated for different oxidation times like 5 minutes, 10 

minutes, 15 minutes, 20 minutes, 25 minutes and 30minutes. In each case, it was 

observed that there is an increase in bubble number density with a difference in the 

range of 10 power 8 times. So a conclusion is drawn that, the bubble number density 

is proportional to the oxidation time. That means, if oxidation time increases, the 

bubble number density also increases.  

 

Fig: 5.1: Bubble number density with oxidation time. 

The x axis contains the oxidation time and y axis contains the bubble number 

density0 in the value of 10 raised to power 8.  

The bubble characteristics are also studied during this procedure, based on that 

some conclusions are drawn and that are discussed in the below using graphs. To 
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understand clearly the procedure is done before freezing and after freezing. The 

following cases are drawn from that. 

Case : 1)  

The nanobubble generation is started and the following case is noted at 5 mins of 

oxidation time. To study the performance of the nanobubbles, the nanobubbleed 

water is made to freeze and then boiled to room temperature. And the graph is taken 

between the bubble size and the bubble number density at 5 mins of oxidation time. 

        

Fig: 5.2: Bubble diameter Vs bubble number density at 5 mins 

 

The above figure portrays the air pocket measurement versus bubble number 

thickness. The dark spotted lines shows the chart between bubble distance across 

and bubble number thickness prior to freezing. Though the red spotted lines shows 

the chart between bubble distance across and bubble number thickness in the wake 

of freezing. From the red spotted lines we can say that, the air pocket number 

thickness is decreased because of the presence of ice atoms in the nanobubbled 

water. Along these lines, the air pockets framed are imploded in the actual water. 

From the dark spotted it is tracked down that, in case of prior to freezing, the air 

pocket number thickness is extremely high with the air pocket measurement around 

150nm. That suggests that at 5 mins of oxidation there are 1.5 * 10^8 air pockets/ml 
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with an air pocket breadth of 150nm.
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Case : 2) 

Now the oxidation time has increased to 10 mins. The graph between bubble 

number density and the bubble diameter is as shown below. 

 

Fig:5.3:Bubble diameter Vs bubble number density at 10 mins 

The graph found out to be a logarithmic graph. The black dotted lines indicates the 

characteristics of nanobubbles before freezing. It is found that the nanobubbles in 

the case of before freezing are high with the bubble diameter of 100 nm. That implies 

that at 10 mins of oxidation there are 2.75 * 10^8 bubbles/ml with a bubble diameter 

of 100nm. The red dotted lines indicates the the characteristics of nanobubbles after 

freezing. After freezing, the bubble number density is quite low with a count of 

0.5*10^8 bubbles/ml at 100nm bubble diameter.  

Case :3) 

Now the oxidation has increased to 15 mins. The graph between bubble number 

density and the bubble diameter is as shown below. It is found that the nanobubbles 

in the case of before freezing are high with the bubble diameter of 50 nm. That 

implies that at 15 mins of oxidation there are 4 * 10^8 bubbles/ml with a bubble 

diameter of 50nm. The red dotted lines indicates the the characteristics of 
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nanobubbles after freezing. After freezing, the bubble number density is quite low 

with a count of 0.5*10^8 bubbles/ml at 50nm bubble diameter. 

 

Fig: 5.4: Bubble diameter Vs bubble number density at 15 mins 

Case : 4) 

The oxidation time is increased to 20 mins and the graph is shown below. 

 

Fig: 5.5:Bubble diameter Vs bubble number density at 20 mins 

It is found that the nanobubbles in the case of before freezing are high with the 

bubble diameter of 50 nm. That implies that at 20 mins of oxidation there are 5 * 
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10^8 bubbles/ml with a bubble diameter of 50nm. The red dotted lines indicates the 

the characteristics of nanobubbles after freezing. After freezing, the bubble number 

density is quite low with a count of 1.5*10^8 bubbles/ml at 50nm bubble diameter. 

Case : 5) 

The oxidation time is increased to 25 mins and the graph is shown below.  

 

Fig:5.6: Bubble diameter Vs bubble number density at 25 mins 

It is found that the nanobubbles in the case of before freezing are high with the 

bubble diameter of 50 nm. That implies that at 25 mins of oxidation there are 6 * 

10^8 bubbles/ml with a bubble diameter of 50nm. The red dotted lines indicates the 

the characteristics of nanobubbles after freezing. After freezing, the bubble number 

density is quite low with a count of 1.5*10^8 bubbles/ml at 50nm bubble diameter. 

Case : 6) 

The oxidation time is increased to 30 mins and the graph is shown below. 

It is found that the nanobubbles in the case of before freezing are high with the 

bubble diameter of 50 nm. That implies that at 30 mins of oxidation there are 7.5 * 

10^8 bubbles/ml with a bubble diameter of 50nm. The red dotted lines indicates the 

the characteristics of nanobubbles after freezing. After freezing, the bubble number 

density is quite low with a count of 1.75*10^8 bubbles/ml at 50nm bubble diameter. 
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Fig: 5.7: Bubble diameter Vs bubble number density at 30 mins 

 

DISSOLVED OXYGEN :  

The amount of oxygen that is present in the water is called as dissolved oxygen. The 

amount of dissolved oxygen content present in water , tells us a lot about the pure 

water. Adequate dissolved oxygen amount is good for all water bodies and plants. 

High amounts of dissolved oxygen can cause issues just as low concentrations can.  

After the observation and study on the nanobubbles, we found that, the dissolved 

oxygen content is increasing with the increase in sonication time i.e., oxidation time. 

This is because, the nanobubbles are being generated by using air. Air itself 

contains oxygen content in it. And so thats why, the dissolved oxygen content is 

drastically increasing with the increase in the oxidation time. The below graph shows 

the amount of dissolved oxygen content present in different oxidation times. 
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Fig: 5.8: Dissolved oxygen Vs oxidation time. 

5.2 NEGOTIATION  ON RESEARCH DONE : 

After all the results depicted for studying charecteristics of the nanobubbles and 

understanding the bubble number density , bubble diameter and dissolved oxygen 

content, the next phase is to what extent the water is purified using this nanobubble 

technology. The water collected after the generation of nanobubbles is sent to 

laboratory. The tests that are asked in the lab are , pH reading at 25 degrees, 

dissolved oxygen content (DO), total amount of dissolved solids (TDS), Total 

suspended solids (TSS), amount of phosphate content, amount of chromium 

content, amount of sulphides present in the sample, Biological Oxygen Demand 

(BOD), Chemical Oxygen Demand (COD). And after a week, the test results are out. 

And the tests results are shown in the below figure 5.2.1. The below is the report 

sent from the Chennai Mettex lab private limited. 

From the report we can understand that the purification of ground water is done 

using this nanobubble technology. The pH is brought to the neutral making for the 

use of drinking water. The amount of Dissolved oxygen content present in the water 

is 6.4 mg/l. The pure water should contain dissolved oxygen value near to 8.1mg/l. 

This should be improved.
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Fig: 5.9: Report 
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5.3 ANALYSIS :  

Now the analysis is done for the results obtained before and after the experiment 

conducted. The tabular column for the analysis is shown below. 

Table : 5.1: constituents before and generation of nanobubbles 

 

Tests done 

 

Before 

generation of 

nanobubbles 

 

After generation 

of nanobubbles 

 

pH reading at 25°C 

Dissolved oxygen 

Total Dissolved Solids (TDS) 

BOD at 27°C for three days 

COD 

Total Phosphate as P  

Total Chromium as Cr 

Sulphides as H2S 

Total Suspended Solids (TSS) 

 

 

6.25 

5.9 mg\l 

1025 mg/l 

18 mg/l 

93 mg/l 

0.23 mg/l 

0.201 mg/l 

0.136 mg/l 

18 mg/l 

 

 

7.43 

6.4 mg/l 

698 mg/l 

13 mg/l 

66 mg/l 

0.12 mg/l 

0.104 mg/l 

BDL 

5 mg/l 

          

The above table depicts the amount of micro constituents that are existing in the 

water before and after the generation of nanobubbles. Though the tested drinking 

water possessed lower BOD and COD before treatment it was also evident from the 

test results that such values were further dropped down to below detection limit and 

more than 50 % respectively. Every constituent present in the water is reduced more 



34 
 

than its half of its value. The pH is increased from acidic to alkaline i.e., from 6.25 to 

7.43. The dissolved oxygen content  is also increased from 5.9 mg/l to 6.4 mg/l. This 

increase in dissolved oxygen content is due to, the procedure used in this project is 

hydrodynamic oxidation method, which requires air to generate the nanobubbles. 

And hence the dissolved oxygen is increased. Even though it is increased, the value 

of the dissolved oxygen obtained is 6.4 mg/l. From the value obtained, the water 

sample has a good content of dissolved oxygen. The Total dissolved solids is 

reduced from 1025 mg/l to 698 mg/l. The Biochemical oxygen demand and the 

chemical oxygen demand also resulted good. The values obtained are 13 mg/l for 

BOD and 66 mg/l for COD. The amount of sulphide content present in the water after 

nanobubble generation is reduced to below deduction limit (BDL). The total 

suspended solids value before the nanobubble generation is 18 mg/l and value after 

nanobubble generation is 5 mg/l. This shows the affect that is produced by the 

nanobubbles in the water.  
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CHAPTER : 6 

SUMMARY AND CONCLUSION 

6.1 SUMMARY :  

Nanotechnology is a term used to represent branches of science and engineering 

that exploit nanoscale phenomena in the design, characterization, fabrication, and 

application of materials, structures, devices, and systems. Nanotechnology is 

becoming a vital technique of water treatment systems. The technique of 

manipulating atoms on a nanoscale is known as nanotechnology. Nano membranes 

are used in nanotechnology to soften water while also removing impurities such as 

physical, biological, and chemical contaminants. The generation of nanobubbles 

using hydrodynamic oxidation is done. And then using the nanobubbles for the 

treatment of ground water. And then the water is sent for the testing to test the 

quality of water. And then some analysis is done using the results obtained. 

6.2 CONCLUSION :  

 The bubble number density that is formed after the 30 mins of oxidation time 

is 6*108 bubbles/ml using hydrodynamic oxidation technique. 

 After the generation of nanobubbles, the water is purified to a greater extent. 

 The pH is increased from acidic to alkaline i.e., it is brought from 6.25 to 7.43. 

 The size of the bubbles is between 100nm to 200 nm from NTA.  

 The stability of the nanobubbles is further increased with high oxidation time.  

 The increase in the dissolved oxygen content by 8.14%  in the water proved 

that, this nanobubble technology can be implemented in desalination and 

other water purification techniques for the improvement of the water quality.   

 Because of its particular nature, miniature nano bubbles have been drawing in 

increasingly more consideration as of late. Up until this point, the instrument 

of MNB age has been contemplated. The age of air pockets that supplant air, 

the age of air pockets that structure air, and the age of air pockets by 

electrolysis. The utilization of MNB generators in mineral lightness, water 

treatment, transport drag decrease, drug conveyance, and warm stream 

printing has been ordinarily noticed. However, there are certain areas where 

MNB application trends appear to be more promising. 
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 For instance, further developing time and cost productivity because of the low 

utilization of synthetic compounds, the uses of MNB's have incredible future 

for ecological supportability regardless to water treatment. Trademark 

properties, for example, high mass exchange rate, impact effectiveness, less 

slew rate, changed surface charge and revolutionaries. 

 MNB is bound to have a section in future water treatment innovations like 

sanitization and buoyancy. Such medicines are supposed to bring about 

additional time cost productivity regarding natural contamination expulsion, 

buoyancy, air circulation proficiency of organic medicines, and progressed 

oxidation utilizing OH-particle revolutionaries. The science that produces free 

extremists has incredible likely while utilizing ozone based MNBs in the 

oxidation cycle. Besides, MNB's expanded burst energy and air circulation 

proficiency might assist with lessening film fouling and slop arrangement in 

layer bioreactors.. Likewise, future exploration on MNB innovation can 

likewise zero in on streamlining and computerizing MNB generators to tweak 

the MNB age system in various regions, including enterprises and 

agribusiness reason. For instance, better computerization in view of savvy 

innovation control works with the precise use of MNB-based water treatment 

in agribusiness and can satisfy the developing need for water treatment at 

different scales. At long last, in spite of the incredible capability of MNB as a 

brilliant, powerful, and cheap treatment innovation, their applications are as 

yet restricted to the research facility. Accordingly, future examination and 

undertakings should be more centered around rural and modern scale 

advancement and application.  
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