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Abstract 

The generation, measurement, and applied technologies of so-called nano-bubbles or 
ultra-fine bubbles, with a diameter that ranges from tens to hundreds of nanometers, are 
evolving dramatically in recent years. Due to their unique properties, nano-bubbles are 
used in several applications such as manufacturing of functional materials, 
decontamination, pharmaceutical delivery, and disinfecting food products. In this study, 
a newly developed methodology for nano-bubble on mineral industrial intelligent 
manufacturing was proposed and designed. This has expanded our understanding 
towards the utilization of micro to nano bubbles. The findings will have potential 
benefits in developing efficient and sustainable processes for industries to minimize 
chemical usage and environmental damage. 
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1. Introduction 

The Fine Bubble Industries Association conducted a preliminary market research, which shows the 

size of the fine bubble [1] business growing from USD 20 million in 2010 to USD 4.3 billion in 2020. 

The Nanoparticle Tracking Analysis (NTA) technique [2] is particularly adept at the detection and 
analysis (size, size distribution, number concentration) of these relatively low concentration structures 

of extremely small size (compared to ‘standard’ bubbles). 

Due to the unique capability of the NTA technique, nano-bubbles [1, 3-6] can be characterized by 

directly visualizing the nano-scale particles in suspension (40 nm to 1000 nm) with high-resolution, 

in real-time. Sample preparation is also minimal. This technique was pioneered by the NanoSight 

models from Malvern Panalytical, and these models continue to be the primary choice of the industry. 

The presence of surface nano-bubbles is becoming fairly well established after investigation from 

several groups. Following previous skepticism about their actual existence, more publications have 

been made recently on the confirmation of bulk nano-bubbles in solution and their characterization. 

However, the addition of salt (electrolytes) is thought to cause the formation of a counter-ion screen 

around the nano-bubbles, which effectively blocks the ability of gases within them to diffuse out, 

shown in Figure 1.  

It was demonstrated that with the correct physical stimulus and in the presence of electrolytes, stable 

nano-bubbles can be developed from standard micro-bubbles. The latter is likely to coalesce to large 

buoyant bubbles, which either collapse or float away under intense surface tension-derived pressure 

[7-11] to the point that they vanish, as predicted by theory. 
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Figure 1. Illustration of macro-bubble, micro-bubble and nano-bubble [2] in the context of 

aqueous condition. 

2. Nano-bubble Applications 

Micro-nano bubble technology can be applied in many fields, mainly including the following aspects 

(shown in Fig. 2). 

(1) In the high-tech industry, it is used for cleaning wafers to improve the cleanliness; 

(2) in the metallurgical industry, for improving ore flotation efficiency; 

(3) in the petrochemical industry, to improve the speed of pipeline oil; 

(4) in the aspect of drinking water treatment, used to remove residual chlorine, improve REDOX 

potential, prevent the storage water corruption; 

 

Figure 2. Nano-bubble applications [12] for water treatment, beverage industry and so on. 
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(5) in the field of industrial drainage, used for the decomposition and decolorization of chemicals, 

dye liquid; 

(6) in the industrial pollution treatment, used for deodorization, and dioxin and other chemical 

decomposition treatment, sewage treatment, all kinds of pipe cleaning; 

(7) In the aquaculture industry, the efficient oxygenation work in the fields of factory fish breeding 

workshops, incubation workshops, pond fish farming, mariculture and live fish transportation 

completely replaces the traditional oxygenation facilities, improves the breeding density and 

significantly increases the economic benefits; 

(8) in agriculture, used for aerated irrigation, aero-fog cultivation, anhydrous cultivation, promote 

crop growth, improve disease resistance, improve quality, improve soil, disinfection, improve crop 

yield, increase the number of vegetable harvest stubble, extend the opening time of flowers, improve 

product quality, etc.; 

(9) Environmental protection industry: for water treatment related facilities, water quality 

improvement of rivers and ponds, lakes and reservoirs, highly purified water treatment facilities, soil 

disinfection and purification, etc. 

(10) in the medical field, for the targeted treatment of cancer; 

(11) In terms of health, it can be used for high-oxygen bubble bath to remove aging cutin and beautify 

the skin; 

(12) Artificial fog application: the rapid evaporation of water droplets can make the surrounding 

environment in a few seconds to drop about 3-7℃, both moisturizing, dust and summer heat. It can 

greatly increase the content of negative oxygen ions in the air, without mosquito and fly biting, greatly 

build and improve human survival and living environment. At the same time of beautifying the 

environment, artificial fog can produce a large number of negative ions, making the content of 

negative ions in each milliliter of air reach 100,000 to 500,000, which is 1000 to 5000 times that of 

ordinary urban residential areas. It can effectively improve the environment of people's activities and 

is the finishing touch of the real estate industry. 

3. Design and Results 

Foam flotation [13-19] is often used to separate fine minerals. Compared with shaking table, high 

gradient magnetic separation and oil accumulation, bubble flotation has better efficiency and lower 

cost. The main principle of flotation method is that based on the different chemical properties of 

mineral and slag surface, minerals and impurities are separated by the natural hydrophobicity of 

mineral particle surface and the hydrophilicity of slag. 

With the continuous development and consumption of mineral resources on the earth, rich ore and 

easy to deal with ore resources are decreasing day by day, and the demand for metal materials is 

increasing day by day, so it has to be mined and sorted poor, fine, miscellaneous ore. This type of ore 

must be ground very fine to allow sufficient monomer dissociation of the useful mineral. In some 

cases, achieving monomer dissociation means grinding the material to a particle size of less than 10 

μm. However, with the decrease of ore particle size, the flotation behavior of mineral particles will 

change fundamentally, and the conventional flotation process is difficult to meet the requirements of 

fully recovering these useful fine-grained minerals because of the large size of foam produced by it. 

In view of this, the purpose of the present work is to provide a nano bubble generator (shown in Fig. 

3) to solve the problem that the foam particle size produced by the existing foam emitter is large and 

cannot fully recover the micro-granular minerals. 
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Figure 3. The developed model and structure diagram of nano bubble generator. 

The copper foil roll is made by the following method: 

1) Select the copper foil with the roughness below RA0.025 on both the front and back sides, apply 

the protective film on the back of the copper foil by vacuum film mulching method, then place the 

copper foil on the spin coating machine, add photoresist on the front of the copper foil, and use the 

spin coating machine to evenly rotate the photoresist on the front of the copper foil; 

2) the copper foil is dried so that the solvent in the photoresist escapes; 

3) Prefabricate the micro airflow channel pattern on the photomask plate, place the copper foil and 

the photomask plate on the projection lithography machine, expose the copper foil by projection, and 

transfer the micro airflow channel pattern on the photomask plate to the front of the copper foil; 

4) The exposed copper foil is put into the developer solution, so that the exposed photoresist on the 

copper foil dissolves into the developer solution, thus revealing the micro-airflow channel pattern on 

the copper foil; 

5) put the circuit board into the FeCl3 etching solution to etch the copper foil, so as to make a micro 

airflow channel on the front of the copper foil; 

6) put the etched copper foil into sodium hydroxide ethanol solution to remove the photoresist on the 

copper foil; 

7) remove the protective film on the back of copper foil; 

8) The copper foil with photoresist removed is made into copper foil coil on the winding machine. 

This nano bubble generator, including the upper opening of the shell 1, described the casing was set 

up in the middle of horizontal partition 2, horizontal partition shell will be separated into upper and 

lower two parts, the lower part is divided into chamber 3, the upper part is divided into 4 gas-liquid 

mixing chamber, described in the shell of the upper filter plate is also set up 5, described in the filter 

plate is used to prevent particles falling into the gas-liquid mixing chamber. 

Described in the arrangement of foam generator include nanoparticles on the horizontal clapboard 

several micro flow pipe 6, micro flow pipe including pipe 61, 52, and set up between the tube and 

outer tube copper foil vol 63, copper foil roll described by the surface etched with tiny air, copper 

foil, described in the diameter of the micro air, 10 to 30 um, The intake end of the copper foil coil is 

located in the air cavity, and the exhaust end of the copper foil coil is located in the gas-liquid mixing 

chamber; The two ends of the inner tube are fixedly provided with a waterproof bearing 7, the 

waterproof bearing is provided with a rotating shaft 8, the upper end of the rotating shaft is provided 

with a blade 9 for cutting the air flow from the copper foil volume, and the motor 10 is provided with 
a driving rotating shaft in the air cavity. In this embodiment, the motor is a high-speed motor with a 

speed exceeding 10000r/min. 
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The nano foam generator also comprises an air pump 11 which injects air into the air cavity and a 

water pump 12 which injects water into the gas-liquid mixing cavity. The nanometer foam generator 

also comprises a water tank 13, an inlet pipe 14 and a drain pipe 15, a foam stabilizer adding port 16, 

and a agitator 17, which is arranged on the water tank for mixing the foam stabilizer and water, and 

the water inlet of the water pump is connected with the drain pipe arranged on the water tank. 

 

Figure 4. Enlargement of part P as in Figure 3. 

The developed model, including top open shell, the casing was set up in the middle of horizontal 

clapboard, horizontal partition shell will be separated into upper and lower two parts, the bottom into 

the chamber, the upper gas-liquid mixing cavity and described with the top of the shell is set to filter 

plate, described in the filter plate is used to prevent particles falling into the gas-liquid mixing 

chamber. 

Described in the arrangement of foam generator include nanoparticles on the horizontal clapboard 

several micro flow tube, micro flow tube including inner tube, outer tube, and to set between pipe 

and outer pipe, copper foil, copper foil roll described by the surface etched with tiny air, copper foil, 

described in the diameter of the micro air, 10 to 30 um, described the inlet end of the copper foil roll 

in the chamber, The exhaust end of the copper foil coil is located in the gas-liquid mixing chamber; 

The two ends of the inner tube is fixedly provided with a waterproof bearing, the waterproof bearing 

is provided with a rotating shaft, the upper end of the rotating shaft is provided with a blade for cutting 

the air flow from the copper foil volume, the air cavity is provided with a motor driving the rotating 

shaft. 

The nano foam generator also comprises an air pump injecting air into the air cavity and a water pump 

injecting water into the gas-liquid mixing cavity. The nano foam generator also comprises a water 

tank, an inlet pipe and a drain pipe arranged on the water tank, a foam stabilizer inlet is arranged on 

the lower part of the water tank, and a mixer is arranged on the water tank for mixing the foam 
stabilizer and water, and the water inlet of the water pump is connected with the drain pipe arranged 

on the water tank. 

The nano bubble generator uses copper foil etched with a large number of micro airflow channels to 

form a microflow tube by curling, and the high pressure gas forms a large number of micro airflow 

through the micro-flow tube, and the micro airflow is cut by a high-speed rotating blade, so that a 
large number of nano bubbles are formed in the gas-liquid mixing liquid cavity. The size of the nano-

bubble generated by the nano-bubble generator can be controlled by controlling the diameter of the 

micro-airflow channel and the speed of the motor. The size of the nano-bubble generated is stable, 

the amount of bubbles is large, and the flotation efficiency is high and the mineral recovery is high. 
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4. Conclusions 

A newly developed model for nano-bubble model relates to a nano bubble generator was proposed, 

which comprises a shell, a horizontal separator, a filter plate and a microflow tube. The microflow 

tube comprises an inner tube, an outer tube, and a copper foil coil arranged between the inner tube 

and the outer tube. The copper foil coil is made of copper foil etched on the surface with a micro 

airflow channel. The nano foam generator also includes an air pump to inject air into the air chamber 

and a water pump to inject water into the gas liquid mixing chamber. The nano bubble generator uses 

copper foil etched with a large number of micro airflow channels to form a microflow tube by curling, 
and the high pressure gas forms a large number of micro airflow through the microflow tube, and the 

micro airflow is cut by a high-speed rotating blade, so that a large number of nano bubbles are formed 

in the gas-liquid mixing liquid cavity. The size of the nano-bubble generated by the nano-bubble 

generator can be controlled by controlling the diameter of the micro-airflow channel and the speed of 

the motor. The size of the nano-bubble generated is stable, the amount of bubbles is large, and the 

flotation efficiency is high and the mineral recovery is high. 
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