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Abstract Research on interfacial science has always been an area of great concern to scientists at home and abroad because of its sig-
nificance in the fields of industry, agriculture, environment and catalysis, etc. The discovery and research of solid-liquid interfacial
nanobubbles is like a " dark horse" in scientific community in the past two decades. It has overturned people’s cognition and performed
well in water treatment, agriculture, mineral flotation, interfacial transportation and cleaning fields with an effect beyond ordinary peo-
ple’s imagination. It has become a research hot topic in relevant fields at home and abroad. In this review, research history, generation
methods , detection techniques and existing theoretical explanations for stability mechanism of interfacial nanobubbles are described. Fi-
nally, opinions on the future nanobubble research and their applications are put forward. It is believed that with the further research,
scientific problems of interfacial nanobubbles will be solved one by one, and its application in various fields will be stepped up to a new
level.
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Fig. 1  Relationship between Hydrophobic Force and the Dis-
tance of Two Mica Materials Modified with Hexadecyltrimethyl-

ammonium Bromide in NaCl and KBr Solutions at 21 °C'"

(a) Surface Charge Density of Mica Material is 1 ¢/ (5 nm®) ;

(b) Surface Charge Density of Mica Material is 1 /(95 nm”) ;
Data in the Box are Unmodified Mica Materials
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Fig.2 Relationship between Interaction Force and the Distance between Two Hydrophobic Interfaces Measured

under Different Experimental Conditions'' ™’

(a) Step-Like Forces was FSCl Modified Surfaces Separated from

Each Other Measured by AFM; (b) Interaction Forces between Polymerized OTE Modified (black) and
DMDOA Modified ( white) Graphite Surfaces Measured with SFA as Separated from Each Other
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Fig.3 Schematic Diagram of Possible Influence of Interaction Force between hydrophobic Interfaces in Water

(a) and Long-Distance Attractive Force Dependence of Distance between Two Hydrophobic Surfaces (b) in the

Presence of Parker’s Hypothesized Nanobubbles'”
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Fig. 10 Nanobubbles Generated on Graphite Surface by Decompression Method ™’

; AFM Images of Nanobubbles Produced

by Saturated Water (a), Unsaturated Water without Decompression (b) , Unsaturated Water after 5 min (¢) and 20 min

(d) Decompression; (e) Statistics of Number Densities of Nanobubbles for (a), (b),
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after Deeply Degassing and Re-Gassing'
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Fig. 12 AFM Height Images of Nanobubbles on HOPG Sur-

faces in Pure Water (a), Cold Water Cooled at 4 °C for 72 h

(b), Degassed Water (¢), Degassed Water Cooled for 72 h at
4 °C (d) (Scan Size of 5 pmx5 pum)
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Fig. 13 AFM Images of Nanobubbles Formed on
Nanotrenches ( Left) and Nanopores ( Right) >’
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Fig. 14 Tip-Nanobubble Interaction under AFM Tips with
Different Hydrophobicity' ™! (a) Hydrophobic Tip;
(b) Hydrophilic Tip
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Fig. 15 (a) Refraction Phenomenon (Top) and Total Reflec-
tion (Bottom) (Refracted Light Spreading along the Interface as
Refraction Angle Reaches 90° Evanescent Field) ; (b) Light
Path Diagram as Total Internal Reflection Fluorescent
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Fig. 16 (a) Reflection Bright Field Imaging of Nanobubbles

with Nanobubble Regions Selected; (b) Representative Image

of Overlaid Nanobubble Regions Illuminated with Laser'™
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Fig. 17 Rapid Freezing Replication of SEM Imaging of Interfacial Nanobubbles

1 (a) Water-Saturated and

Hydrophobic Surfaces; (b) Degassed and Hydrophobic Surfaces; (c¢) Air-Saturated Water and Hydrophilic Surfaces
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Fig. 18 KLH Protein Solution Placed in a SAW Cell and Hy-
NB  Generated via
Process'™’  (a-1) 3D View of Major Components of SAW
cell; (a-1l ) Cross-Sectional View that Electron Beam Illumi-
nates Protein Solution through Silicon Nitride Windows; (b)
High Density of NBs Observed in a 6 pm MKLH Solution;
(¢) NBsin a 1 pm MKLH Solution; (d) No NBs Observed
in Pure Water
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Fig. 19 Time-Lapse TEM Images Depicting Nucleation and
Growth of Electrolytic Gas at the Gold Electrode™
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Fig.20 (a) TEM Images of Nanobubbles between Two Graphene; (b) ~ (¢) Snap Shots of TEM Images of Vanishing
and Stable Nanobubbles; (d) Side View and Contact Angle of Nanobubble; (e) ~ (f) Snap Shots of TEM Images of the
Merging of Adjacent Two Nanobubbles for 0~50 s/
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Fig. 21 ATR-FTIR Spectra of Hydrophobized Silicon Sur-
face'™!  (a) i~iii are the Spectra of CO,-Saturated Water,
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Fig. 22

(a) Schematic Illustration of Apparatus for Producing and Monitoring Single Vapor Nanobubbles; (b) Increased Local

Temperature Reduces Refractive Index of Surrounding Medium before the formation of Vapor Nanobubbles, Accompanying with a
Dark Shadow in SPRM Image, and Sudden Nucleation of Single Nanobubble Results in a Wave-Like Pattern; SPRM Intensity
Curve (c¢) and Corresponding Time-Lapsed SPRM Images (d) of a Representative Nanobubble Event, Consisting of Prenucle-

ation, Formation, Growth, and Disappearance Stages (Scale Bar of 5 um) [’
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Fig. 24 Model on Contamination Layer and Effects of Surfactant on Liquid/Gas Surface Tension
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Fig. 25 Knusdsen Gas Model and Jet Flow, Applied to Explain Dynamic Equilibrium Model*"!
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Fig.26  Evolution of Nanobubble with and without Pinning, while Gas Concentration in Different Length
at Time of 0, 10 000, 20 000, 30 000 s'"*'
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