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DESCRIPTION CN121005443A

Plasma-activated water preparation method based on micro/nano bubble synergistic effect
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BT R TENERNNER FEEL KIS E

[0001]

Technical Field

ARG

[n0001]

This invention relates to a method for preparing plasma-activated water, specifically a
method for enhancing the chemical activity of plasma-activated water and extending its

storage period through the synergistic effect of micro- and nano-bubbles.
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FERPSNEBFEBNKRIESZE, BRI R—MEIHNKTEBNDERRIGESE FIAEK

KBV TE I IE R B AR A IR 75 7%,

[0003]

Background Technology

BFRERA

[n0002]

Plasma-activated water (i.e., atmospheric pressure cold plasma-activated water) is an
aqueous solution with weak acidity and strong oxidizing properties obtained by treating

deionized water with atmospheric pressure cold plasma.
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FEFREKEIRSELFBFRENK)ERARUELFEF AN EBFALIERREINAS

S5ERME. REMWIERIAER,

Atmospheric pressure cold plasma (hereinafter referred to as plasma) generates a large
number and variety of gaseous active particles in the gas phase, such as H, O, O<sub>3</sub>,
OH, NO, NO<sub>2</sub>, N<sub>2</sub>0, H<sub>2</sub>0<sub>2</sub>, N<sub>2<
/sub>0<sub>5</sub>, etc. When these gaseous active particles come into contact with water,
they generate various liquid-phase active particles such as H<sub>2</sub>0<sub>2</sub>,

O<sub>2</sub><sup>-</sup>, OH, NO, ONOO<sup>-</sup> in the liquid phase.

REELEEFARUTENRERFER)SESMHEPERARE BMLFEETNSHEEERIF, HIE0H.
O. O<sub>3</sub>. OH. NO. NO<sub>2</sub>. N<sub>2</sub>0. H<sub>2<
/sub>0<sub>2</sub>. N<sub>2</sub>0<sub>5</sub>%, YXLSIBFENFS5KIEMESTE
AR E R H<sub>2</sub>0<sub>2</sub>. O<sub>2</sub><sup>-</sup>. OH. NO.

ONOO<sup>-</sup>FZHRAEE MR Fo

These liquid-phase active particles have strong redox properties and can participatein a
variety of biochemical reactions, making plasma-activated water prepared based on them

play a significant role in biomedical applications such as anti-cancer and sterilization.
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XEREEENFRABRERNAENERFE, TUS5SMEYUERNY, FEETHRIERFEM

FEFREKETE. REFEVEFHTEEERENER,

[n0003]

However, during the process of gaseous active particles in plasma transferring into aqueous
solution and forming liquid active particles, the mass transfer process at the gas-liquid
interface is strongly coupled, which severely hinders the mass transfer process of gaseous
active particles. As a result, the concentration of liquid active particles in water is low,

ultimately leading to weak chemical activity of plasma-activated water.

A, FEFEFNSEEERFREEBENKERATARIEIERFRISES, BTFRRZAE
R IR E IR, EREEERFRERIERETERIES, KAREEEAFIRELR

&, REASRFEFEELKBLFEEERSS.

Meanwhile, the strong chemical activity of liquid-phase free radicals makes their lifespan in
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aqueous solution extremely short. If they are not specially frozen after discharge and are
simply placed in a normal room temperature environment, various active particles will react
rapidly and consume their respective chemical activity, making it difficult to maintain the
chemical activity of the prepared plasma-activated water for a long time. Moreover, the
chemical activity will be significantly weakened as the storage time increases, and eventually

lose its application effect in the biomedical field.

B8y, RiEEBEERRCFEEERETEKERPOFESFNRE, SAEREEMREHITIRFRINERZT
RIE, MCEERET—REVERFIRET, WEELFMENF 2B AE RN EFESBNLEE
t, FEHNERINSEEFREMKNAEEEELUKIRR, BREERERERIEMMmEIRE

HURES, RARKETEVEZTHNINAR,

[n0004]

The aforementioned phenomena have greatly affected the application of plasma-activated
water. Therefore, how to increase the number of liquid-phase active particles in plasma-

activated water to enhance its chemical activity, and how to extend the survival time of active
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particles in activated water to enhance its storage effect and extend the "shelf life" of its

chemical activity are currently the difficult and hot research topics.

ERMRERAMEN T FEBFAREWKINAE, B, NREFE FAEECKPREEE TR
B LGSR ELSEN, MRIARERTE KA FRE SR USSR HFMERUR . EKENKFEE

MR “GREHET RERMRIERMAS.

[n0005]

Based on the above problems, existing technologies mainly maintain the activity of plasma-
activated water over a long period of time by lowering the temperature of the water. The
principle is that cooling can suppress the thermal motion of active particles in the water,
thereby reducing the probability of particle collisions and reactions and extending the storage

time.
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BT ERRE, MERKARETBREIRREFS FREUKRERFTEE K ERE LSS, HER
B R AT KRR R FRYPGEE), MTTRIN R ERIFREER R MAIEEER, ERKEF(ER

8o

However, if plasma-activated water is cooled and stored, the process takes a long time, and a
large number of active particles can still react rapidly during this period, resulting in the

consumption of a large number of active particles.

PAM, ANFBFEEWKETEEFME, BTHRFNNERK, BELRREAESREMEN F5EE

RER N, XEFZIEFRIBEREREERFHRIERE.

If activated water is prepared directly at low temperature, the lower temperature will further
reduce the efficiency of gas-liquid mass transfer, thereby affecting the generation efficiency of

liquid-phase active particles.

W5 BRAURIFME THEENK, WRRNEEZSBRESIRERNKERE—T TE, #HMEZMK

AEEMERLFBYE R

In addition, many researchers have tried to adjust the discharge parameters to enhance the
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chemical activity of plasma-activated water and slow down the decay rate of active particles.
However, existing technologies make it difficult to fundamentally maintain the chemical
activity of plasma-activated water. This means that plasma-activated water may fail to meet
the requirements for use in practical applications due to the decay of its chemical activity,

thus limiting its actual clinical application.

tE5h, REMARFEZHIFITRESEREAFE FREWKB R USRS L F IR B
R, M, DENKAFRIREMRE LERFEFRTUKBNLFEENE, XRRFEFFENLK
ESLFRN AR RN F RN RAMIA AR EHERFER, MMRE T FB FREHKBISERRIGER

2 Fo

[0008]

Summary of the Invention

REAAE
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[n0006]

The purpose of this invention is to solve the technical problems of low generation efficiency
of liquid phase active particles in plasma-activated water prepared by existing methods and
difficulty in maintaining the chemical activity of plasma-activated water, and to provide a
plasma-activated water preparation method based on the synergistic effect of micro-nano

bubbles.

AR PARY BB RINE 77 AR &R EINFE FREWKPRIEE SR FRERRRRIR, URER
FAEWKB U E B AR ERANRE, MRH—FE TR TENERNEIFE FEELK

wl& 7775,

[n0007]
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To achieve the above objectives, the technical solution provided by this invention is as

follows:

AR ERER, FABRFREINRARBERATREAN:

[n0008]

A plasma-activated water preparation method based on the synergistic effect of micro- and

nano-bubbles, characterized by the following steps:

—MEFHMKTENERENFE FEENKGETZE, HERZAET, SFEUTSRE:

[n0009]
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Micro-nano bubbles are passed through pure water until saturation is achieved to obtain
micro-nano bubble water; the gas used for the micro-nano bubbles is one of air, oxygen,

nitrogen, or helium.

FAKPBARHARTEEERM, [ERMMRTEK, FIRHARTERBHIEEESR. &5,

R[IHR IR

[n0010]

Plasma activation treatment was performed on micro-nano bubble water within 3 minutes to

obtain plasma-activated water based on the synergistic effect of micro-nano bubbles.

FIDHANHMKRKHAITEEFAREULIE, FIETFHAKTEDERNNEFS FAEK

Ko
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[n0011]

Furthermore, saturation refers to pure water appearing completely opaque and milky white.

H—TH, FRRIEN R4k 2N 2SR E &,

[n0012]

Furthermore, the micro-nano bubbles are generated by introducing gas into a micro-nano
bubble machine, and the gas flow rate into the micro-nano bubble machine is 180-220 sccm,

with an introduction time of 1-2 minutes.

H—H, FRRPRTUERREBANNMAKTENFMAER, BSEFHFNHAKRITEHATER

79180~220sccm, BRI A1~25 .
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During this process, the gas flow rate needs to be controlled. If the flow rate is too low, it will
draw in ambient air, and if the flow rate is too high, it will damage the micro-nano bubble
machine. Therefore, the gas flow rate entering the micro-nano bubble machine should be
controlled at 180-220 sccm. At the same time, the gas introduction time also needs to be
controlled. If the introduction time is too short, the micro-nano bubble machine will draw in
some ambient air and mix it into the working gas, affecting the purity of the introduced gas. If
the introduction time is too long, it will easily lead to excessive pressure inside the micro-
nano bubble machine, which will affect the normal operation of the machine, and a sharp
popping sound will be accompanied when the air tube is pulled out. Therefore, it is advisable

to control the gas introduction time to 1-2 minutes.

FEREF, EXNREFRAEHTES, SREIRVUSBRANFENEZS, REISNSHREHAK
BN, R EFEN PR T ENBREE R /9180~220scecm; @RS, SEBNRIBSEHHBEH
1T, EEAREXE, WHARENRHEEOHIREFNESUEALFESER, ZMAmEAS
AR, SRANEEK, NZSFEHARTVENARRIEDI K, HinehilEESEE, B

EHRE[ENSHBRRVEEE, Alt, FEBNREREHN1~2min A E,
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[n0013]

Furthermore, the plasma activation treatment is performed using one or more plasma jet
devices arranged in an array, a coaxial circular tube plasma generator for dielectric barrier

discharge, a surface discharge plasma generator, or a sliding arc discharge plasma generator.

H—DH, MAEFEFEELLERBRENAS I E2RTHHANEEFASARE. M REERER

FEFHRRHRENALER. AERBEEFEFRLEEENBNIINEEFEFERLEEEHITHE,

[n0014]

Furthermore, the plasma activation treatment is carried out using an underwater bubble
plasma device. This treatment method involves both dielectric barrier discharge and
underwater arc discharge during discharge, making it relatively easy to occur and resulting in

high efficiency of plasma activation treatment.
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H—H, FIREREFREUAERBKTUEBEFEFEREEHTAIE, ZABEANEREREEEFE

NTEPEERE, RNBEFEKTEIIERE, BtEXERNTS, FEFREUAERNEERKS,.

[n0015]

Furthermore, the flow rate of the working gas introduced into the underwater bubble plasma
device is 500 sccm to 5000 sccm. Too high or too low a flow rate will affect the efficiency of
plasma treatment. The working gas is helium doped with nitrogen, and the ratio of the two is

99:1.

H—TH, FIAK TREESFHREEPBANNTIERAERRIERAS500sccm~5000scecm, iR

il

I RHIZEMERFARLENKE; FMRTESEAI|ERRAS, BEZHLEHIR99: L

[n0016]
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Furthermore, the flow rate of the working gas is 1000 sccm to 2000 sccm, within which the

plasma activation treatment is most effective.

H—H, PR TESARRIE1000sccm~2000scem, ELSEEA, FEFAEHLENEE

&fEo

[n0017]

Furthermore, it also includes the steps of dispensing, sealing, and refrigerating plasma-

activated water using centrifuge tubes.

H—DH, TEEMNABOENFEFREMKHTOE. B, HHTRELENIE,
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[n0018]

Furthermore, the low temperature is 0-10°C.

H—H, FriRMEE90~10°Co

[n0019]

Furthermore, the low temperature is 4°C.

H—wH, FrdMEEA4°Co

[n0020]
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Compared with the prior art, the beneficial effects of the present invention are as follows:

S5MEFRARELL, SRBANEmMRAT:

[n0021]

1. The present invention provides a plasma-activated water preparation method based on
the synergistic effect of micro-nano bubbles, which can improve the generation efficiency and
concentration of liquid-phase active particles in plasma-activated water under the synergistic

effect of micro-nano bubbles, thereby enhancing its chemical activity.

1. AEBAETHARSENERNNES FEELKEIESTE, EBEMPRTEHNREER TR

B A FERENKPREEERFRERRERIORE, #HimiGREAFEEE,
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[n0022]

2. The present invention provides a plasma-activated water preparation method based on
the synergistic effect of micro-nano bubbles. This method can utilize micro-nano bubbles in
plasma-activated water to slow down the decay rate of liquid-phase active particles, thereby

extending the effective retention time of chemical activity in plasma-activated water.

2. FEBETHAMAKRITEDEMNBEFS FRENKEIESE, EBENREEFREWKTEIHA

KUEBRLEEEFRIEFERFHRBEE, #MEKES FAREHKECEEENEREFBHIE,

[n0023]

3. In the plasma-activated water preparation method based on the synergistic effect of micro-
nano bubbles in this invention, the gas used for micro-nano bubbles is oxygen. The working

gas introduced into the underwater bubble plasma device can be helium-doped nitrogen.
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Oxygen micro-nano bubbles can dissolve in water through the high internal pressure
characteristics of the bubbles themselves, thereby enhancing the oxidizing properties of the
resulting plasma-activated water. Nitrogen-doped helium, as the working gas of the
underwater bubble plasma device, can enhance the discharge effect through Penning
ionization. At the same time, oxygen in the water and nitrogen doped in the gas can undergo a
synergistic reaction to generate a large number of peroxynitrite ions in the plasma-activated

water to enhance its activity.

3. BRAETHARTENERNHNEFRE FEELKEESER, MARTVEMRBNSEAR

[, KFREFEFAERETFEANIFESEAERISERAS, HP, S8R IEdEY
[EEENABERMRT KT, BEASEFEFRIUKNALNE;, MARSERQASEAKTIE
FEFHREENTERAEATLETETEBEEMENR; BIKkPRNESS[ERERNASATL

EMRIRNIER, EFEFREKFFEREIATHERIES F UG REE,

[n0024]

4. In the plasma-activated water preparation method based on the synergistic effect of micro-
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nano bubbles in this invention, when the micro-nano bubble water is activated by an
underwater bubble plasma device, both dielectric barrier discharge and underwater arc

discharge exist, thus the efficiency of plasma activation treatment is high.

4. BEREABRTHMRTENBRENFEFREUKEIETER, RAKTUEFEFEREENH
MR EKETEFEFEELLIEN, BEEENRIAEKE, RBEEKTEIRE, AtFEF

(LR SELNPVES =

[n0025]

5. This invention enables the large-scale production of plasma-activated water, which can
then be packaged, sealed, and stored; at the same time, the "shelf life" of the chemical
activity and biomedical effects of the prepared plasma-activated water is significantly

extended.

5. AERAAUKRNEB FRFMKNAMEES, ZEAHTHE. BEHMEFME,; FANFIEFEN

FEFAREKNEFEEREEYEZSEERAMRN “BRE" KRR,
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[n0026]

6. The plasma-activated water prepared by this invention can be further slowed down by low-
temperature refrigeration to slow down the decay rate of active particles in the plasma-

activated water and increase the preservation time of its chemical activity.

6. FABAFHEFINFEFREWKIEI R EE—TEESFE FE KPR F IR

HE, EMNEEFEENREFRIEL

[n0027]

7. The plasma-activated water preparation method based on the synergistic effect of micro-

nano bubbles in this invention is simple and easy to implement, which greatly reduces the
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cost required for efficient preparation and long-term effective storage of plasma-activated

water, and has the characteristics of being economical and efficient.

7. SRABTHARTENERNNEE FEELKEERERRZELM, KAERTFEFFE

WKESHEEM KA MEEIRREPAAIFIINAE, BEFFEMEERo

[0031]

Attached Figure Description

P ] 15 BF

[n0028]
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Figure 1 is a schematic diagram of the structure of plasma activation treatment using an

underwater bubble plasma device in an embodiment of the present invention.

E1AELZBALEAIIRAK TUEEFE FHREEHTEFEF AU ENEHREE.,

[n0029]

Figure 2 is a comparison of the appearance changes of pure water before and after the
introduction of micro-nano bubbles in the embodiment of the present invention, wherein: (a)
shows the pure water after the introduction of micro-nano bubbles, and (b) shows the pure

water before the introduction of micro-nano bubbles.

B2 A& BASSHE R R AKTEBANAMK TR ERMREUILEE, Hb: (o) BRTENFHHK

EERAK, (b)ERTBNHPKTEFIZEK,
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[n0030]

Figure 3 is a comparison of the hydrogen peroxide concentration changes in plasma-
activated water prepared by micro-nano bubbles with different gas raw materials under the

same plasma treatment conditions according to the embodiments of the present invention.

EI3AELBAKLEANEERNEBS FFRERAET, BARNBSERHBHAREFRHSNESF

FEKR IR EREZLIILLE,

[n0031]

Figure 4 is a comparison of the physicochemical properties of pure water before and after
underwater bubble plasma treatment and before and after passing through micro-nano

bubbles in the embodiments of the present invention. Among them: (a) Figure is a comparison
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of the pH values of different aqueous solutions, and (b) Figure is a comparison of the ORP

values of different solutions.

BEl4 A& PRSI RLK T EFE FELIER. FRVAKURBAMARTER. FAkpIEL

FIESHOILEE, Hep: () BARENKBRNpHEXRNILLE, (b)EARREZRIIORPEILLE.,

[n0032]

Figure 5 is a comparison of the concentrations of major active particles in four different
aqueous solutions before and after the introduction of micro-nano bubbles and before and
after plasma treatment according to an embodiment of the present invention. Among them:
(a) is a comparison of the concentrations of H<sub>2</sub>0<sub>2</sub>, (b) is a
comparison of the concentrations of NO<sub>2</sub>NER16_, (c) is a comparison of the
concentrations of ONOO<sup>-</sup>/0O<sub>2</sub>NER19_, and (d) is a comparison of the

concentrations of OH.
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E5 A& BRALEFIXTBAMMAKSEF. EUNAEEFERLER. GHREMARRKARPEZEER
MEMRIFRENXLLE, HEd: (a)BIH<sub>2</sub>0<sub>2</sub>RREA/FTELE, (b)
El7INO<sub>2</sub><sup>-</sup>HIKREK/NITLELE], (c)EHONOO<sup>-</sup>/0O<sub>2<

/sub><sup>-</sup>HRE AR/ LEE], (d)EAOHBYRE AR/ NITEEE,

[n0033]

Figure 6 shows the changes in the concentration of short-lived active particles with storage
time in plasma-activated water prepared according to the embodiments of the present
invention and plasma-activated water without the addition of micro-nano bubbles. Among
them, (a) is a comparison of the concentration changes of ONOO<sup>-</sup>/O<sub>2<

/sub><sup>-</sup>, and (b) is a comparison of the concentration changes of OH.

Elo N4 & AL HEFIFIE B EINEE FIRENKS RIMARAKRSENEZES FREHKPRIESEH
MR REMFMEREIITEELE, HA: (a)BIRONOO<sup>-</sup>/0O<sub>2</sub><sup>-<

[sup>RIREZXTELE], (b)EROHRIKEZUITLLE,
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[n0034]

Figure 7 is a comparison of the anticancer effects and storage time of plasma-activated water
prepared in the embodiments of the present invention and other plasma-activated waters. In
this figure: (a) shows the comparison of cell viability when different plasma-activated waters
are directly applied to cancer cells, and (b) shows the comparison of cell viability when
different plasma-activated waters are left to stand for a period of time before treating cancer

cells.

E7T A& EAIFIER[EINSEBE FRE MK REMES FAEEKRTEERSR R E B
tbE, Ei: (o) BRTEAENFE FAREUKERN AT EARRARENXLE, (b)EXRTRE

REWFE FE KGR E—ERET 8 fE B R R AR S DX L E.,

[n0035]
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Figure 8 shows a comparison of the number of cancer cells observed under a microscope

after treatment with different aqueous solutions.

E8NEZEINEKFRLIERTEEMIR FTUENEARKEXN LA,

[0040]

Detailed Implementation

BiALR

[n0036]
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To make the objectives, advantages and features of the present invention clearer, the present
invention will be further described in detail below with reference to the accompanying

drawings and specific embodiments.

NERKBHERN. MRS EEMEE, UTESWEMEELEGIMN A LBRIEH—T 4R,

Those skilled in the art should understand that these embodiments are merely used to
explain the technical principles of the present invention and are not intended to limit the

scope of protection of the present invention.

AFUFIARN I HIBENZE, XKLL VX ARERA LRI AIRIE, BRIHTEAFRRS

AR BABYIRIFSE R

[n0037]
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This embodiment provides a plasma-activated water preparation method based on the

synergistic effect of micro- and nano-bubbles. The specific preparation method is as follows:

ASLFEHIHRM T —METHARENER NN EFR FEELKEIETE, BIERESEN:

[n0038]

Micro-nano bubbles are introduced into pure water until saturation. During this process, the
color of the pure water changes from colorless to white and the transparency gradually
decreases. When it approaches saturation or even supersaturation, the pure water becomes
completely opaque milky white (as shown in Figure 2), at which point micro-nano bubble
water is obtained. Then, the micro-nano bubble water is immediately subjected to plasma
activation treatment to obtain plasma-activated water based on the synergistic effect of

micro-nano bubbles.
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MAKFBAHAKTVEERIEN, FHERES, GKNFERTeRNaREZREZN FE, 3
ErRAMEEIIENN, AKkEMHTETERNIALE(B2FR), HRFEIHARTEK; %

&, UNHARTEKETEFEFROELLIE, REIETHARTBDEMNAIZFE FAFELK,

[n0039]

After a large number of micro-nano bubbles are introduced to make the pure water turn
milky white, the time for it to stand and wait for further treatment should be as short as

possible. Ideally, it should be removed and subjected to plasma treatment immediately.

HBAREMARTVEFEAKEI ABZFHAETFOENNEINRATERE, BRER TN HIL/E

I RIHITEE FIARLE,

Although micro- and nano-bubbles are relatively stable in aqueous solutions, experiments
have shown that if left to stand for too long, their color will still fade until they become

colorless and transparent, which will greatly weaken the synergistic effect of micro- and nano-

bubbles.
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BAMMAKBEKBERPIFERNEE, ERRIFAEHENEIK, HEABKIAZXCEET

B3EH, XFESHPKTERNERE AKX

Therefore, the obtained micro-nano bubble water should be subjected to plasma treatment
immediately (generally within 3 minutes, preferably within 30 seconds) to ensure the
presence of a large number of micro-nano bubbles and maximize their synergistic effect in the

plasma treatment process.

Eb, RORFFEIRRGR TEKILENEITERE FAMIE(—RRE R EIEFRFE3DFHIAA, &IFFE30s

N), UERIEREHAKVENEFEHRAIZEELIFEESFE FARLEIIZRRINEER,

[n0040]

In this embodiment, micro- and nano-bubbles are introduced into the process of plasma

treatment of pure water. Through the synergistic reaction of micro- and nano-bubbles during
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the treatment process, the chemical activity and liquid phase active particle concentration of

plasma-activated water are much higher than those of ordinary plasma-activated water.

ALMEHIESFE FARBBAKBIRERSINTHARTE, ELEIEFEIHARTERNDER

R, EEFEFARENKNALFEEEMRIBEERFRELS TEENEFSFRELK,

The synergistic effect of micro- and nano-bubbles described here is intended to emphasize
that when a large number of micro- and nano-bubbles are present in plasma-activated water,
the inherent characteristics of the micro- and nano-bubbles make the plasma treatment

effect stronger and the activity of plasma-activated water maintained for a longer time.

HEA PR R SRR RN, BERIAFE FEEKFEERENARTEN, HARITEE

SHRFEESEFEFRAEMRER, BHEFEFEFEELICEERILERTEE K,

The synergistic effect of micro- and nano-bubbles in the preparation of plasma-activated
water refers to the fact that after micro- and nano-bubbles are introduced into pure water,
their properties are changed to a certain extent. Compared with the prior art, the activated
water obtained by plasma treatment under the same conditions in this embodiment has

stronger chemical activity.
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AT HARFTEEFESBEFROSWIEFTINREER, ENREAKFENHPKRILEE, H
MET—ERENNZ, BLMERA, sLEHNERFFHTEEFEFELEERFEELKAE

BEIRA LA M

[n0041]

In this embodiment, the micro-nano bubbles are generated by introducing gas into a micro-
nano bubble machine. The gas flow rate into the micro-nano bubble machine is 200 sccm, and

the introduction time is approximately 1 minute.

ASEHEGIBIHAR UBRIFUEBAMARTENFMTER, UEHENREARENBFERN

200sccm, BABEIZ A 1min,

Regarding the gas feedstock, gases such as air, oxygen, nitrogen, and helium can be selected.

Among them, rare gas molecules, as monatomic molecules, undergo more elastic collisions
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when discharging in water, which greatly improves the energy utilization rate of electrons and

thus greatly enhances the discharge. However, their usage cost is relatively high.

XTBANSEEREE, ATLUEETS. €8 &8,

gm

AFNUE, HPRESEDFERARRFD
F, FKFREBERESMAERENE, XESEFNEEFARAKRES, MMEREBAKIE:E,

BEERRAEN RS,

The activation effect of micro-nano bubbles is best when oxygen is introduced, followed by
air, while the activation effect of micro-nano bubbles is less than that of air when nitrogen is

introduced.

BARSHARTVEREURRERE, TURZ, BARSHARTENEURIRRTES

For the sake of the ease and availability of air, this embodiment uses air as the gaseous raw

material to generate micro-nano bubbles.

HF=[ERZF/NAE, FLREFHIRAZESEANTERRR=ERHMAKTE,
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[n0042]

Plasma activation treatment can be carried out using plasma jet devices, plasma surface
discharge devices, plasma dielectric barrier discharge devices, or plasma sliding arc discharge
devices, or underwater bubble plasma devices. Regardless of the treatment method used, the
plasma treatment process after introducing micro-nano bubbles has a significant synergistic

promoting effect.

FEFRELAEIRAFEFARFAREE. FEFHRRAMEEE. FEFENREEREEEN
FEAROBIINBREEFHITAE, WAIRXRAKTUEEEFEEEHITAIE, TIERAEMLE

AT, AN BEHETEFEFHRLIERNIZEEE AMAZHDREREIER.

[n0043]

Preferably, in this embodiment, an underwater bubble plasma device is selected to perform

plasma activation treatment on micro-nano bubble water to improve its gas-liquid mass
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transfer efficiency. At the same time, the device makes full use of the physicochemical effects
of ultraviolet radiation, strong electric field, electrons, and local thermal field that accompany
the plasma generation process to maximize the plasma mass transfer efficiency and energy

utilization efficiency.

ik, ASEREFIERK TRUBEFEBFEREENNIPRKTOKETFES FAOELLIE, DULKRREAH
[ARIEFNE, FRZEERAREMARTFEF A~ EIREFHIEIRIMES. BET. BF. B

BRI, RANHIREFE FIRNERARSEEFNRAUE,

[n0044]

Figure 1 shows the underwater bubble plasma device and the container containing pure
water to be treated (i.e., micro-nano bubble water), wherein the high-voltage electrode is
connected to theiron rod electrode in the underwater bubble plasma device, and the ground

electrode is connected to the copper mesh outside the water container.
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ElRE T K TREEE FHESMRERFLIBAK AMRNAKSIEK) NARAER, HPEEBRiE

K TREFEFEREETRRIEBER L, MiBERES2KEFBEIMNITEN L.

Plasma is generated in the air gap between the glass tube and the iron electrode, and then
enters the pure water to be treated in the form of plasma bubbles through a small hole in the
glass tube, causing changes in the physicochemical parameters of the aqueous solution and

generating a large number of liquid-phase active particles.

FEFEAERBESHRERZBNZREMPTE, ARBIREE AR NMIUFEFESENE

UHNBIRFREBAVKF, FEKERBUSHAEREH T ERENRIEEENF-

[n0045]

There are also several options for the working gas introduced into the underwater bubble

plasma device.

XTBNKTUEEBFEREENTESRIE, BEFAILUESMER,
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Although rare gases are relatively easy to discharge, their gas cost is relatively high;
meanwhile, nitrogen and oxygen each have their own advantages and disadvantages in terms

of discharge characteristics and the plasma characteristics they produce.

BARBENRERELRE S, BESERAENRS; RRRISATHIBEBSE AR ER

FEFEFENZEERLRS.

In this embodiment, air is used as the working gas for discharge, which is the most

economical and efficient way to generate plasma.

ARG A= SEARENTESE, HEEESFEFERRETEM.

Furthermore, when treating pure water containing a large number of micro- and nano-
bubbles, the generation rate of plasma bubbles also needs to be controlled. In this process, it
is necessary to avoid generating too many plasma bubbles due to excessive airflow, which
would make the reaction difficult to complete; at the same time, it is also necessary to avoid
generating too few plasma bubbles due to insufficient airflow, which would result in

unsatisfactory treatment results. Taking all factors into consideration, the flow rate of the
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working gas should be controlled between 500 sccm and 5000 sccm during the plasma

activation treatment, with the ideal flow rate being between 1000 sccm and 2000 sccm.

sk, ERESEREMPRTENLAKE, HEEFARIUENTERELRERHITEE, FIHIRE
B, BREHERATRIAMSRTENFEFHRIELS, REENHTTE; FEEREH
FRRINMER=ENEBFEIEI LD, LEMRFEE, SEEETETFESFELLERN

BREd, TrESEREESI7E500sccm~5000sccm, IEABRYE91000sccm~2000sccm.

[n0046]

In this embodiment, the underwater bubble plasma device is powered by a nanosecond pulse
power supply, with air as the working gas. The underwater bubble discharge treatment time is
set to 5 minutes, the discharge voltage is set to 10 kV, the air flow rate is set to 1000 sccm, the
volume of the pure aqueous solution to be treated is 90 mL, and the ambient temperature
during the experimental reaction is room temperature, i.e., 25 °C. In the experiment, the

cancer cells treated by plasma-activated water were A549 lung cancer cells.
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KEMEHIK T UEBFEFARRERAATIOTRIRME, UEEATESE, KTFERELEN
EZERN5min, KHEBEEIRENIOKV, BATSHIMEIRI1000scem, FFOERAKARVETR
A90mL, E¥RkNFIFIFEEIANER, B125°C, EREPFEFAENLKLIEREMIRAAS4M

AR,

[n0047]

The aforementioned underwater bubble plasma generator can be further optimized from a
single generator to an array underwater bubble plasma generator composed of multiple

generator devices, which is beneficial for large-scale processing of micro-nano bubble water.

ERKTREFEFERERBEAIUSE—T MBI LR ERER U NBS IR ESEEAGHRBIE

FIKTREFBFREE, XEMNTUHFLENHARIANEITRAETRAMERILIE,

The power supply for the plasma generator can be a high-voltage sinusoidal power supply or
a high-voltage pulse power supply, while the pure water in the micro-nano bubble water can

be deionized water, ultrapure water or double-distilled water.
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FEFHRREEENHBERIFINERSEEZERNSEICFEIR, MMAKSEKFRIZKA L%

BEEBEFK. BAksiE K,

The obtained plasma-activated water can be transferred into a storage container for storage
and transportation, such as by using centrifuge tubes. Of course, other forms of storage
containers can also be selected, and the storage container can even be connected to a
container containing the solution to be processed, so that the generated water automatically

flows into the storage container for storage.

RENEFBFREKABNEERSETHITEENGR, FINXABOERITRE, SAWANER
HZ W EER S, EEUSEEESRSREHRIERRNASEEE, EREEMRNEFHES S

T,

Storage and transportation can be further optimized to be carried out in a light-proof or low-

temperature environment.

FiEMEa A H#H—F RS EE T ORIFIR Ti#ET.
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[n0048]

In this embodiment, air is uniformly selected as the gaseous raw material from the

perspectives of economy and universality when selecting the gas to be used.

ASCHEFIEMEREHITERE, NEFIESEEENAELL, S—aF=SUFASEERE,

Ideally, micro-nano bubbles containing oxygen can be introduced into pure water, and then
helium-doped nitrogen can be used as the working gas for the underwater discharge device.
Under these conditions, the chemical activity and anti-cancer effect of the plasma-activated

water will be optimal.

ERBERT, AILEEEAKPBANASHNHARIE, ARUKSERASIENKTREEZENT

ESUE, WHEGTHISHNEEFREUANEFEEESTEIREERE,
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[n0049]

The plasma-activated water prepared in this embodiment can achieve long-term storage
because it contains a large number of micro- and nano-bubbles. The presence of these micro-
and nano-bubbles can reduce the probability of collisions and reactions between short-lived
active particles in the liquid phase, thereby extending the lifespan of active particles in the
liquid phase of the plasma-activated water and thus achieving long-term effective storage of

the plasma-activated water.

AELMEHIHEREINFE FRENKAIRIKAEFME, HRRETT, FREFRENKFSERENH
MARRE, XEFPURTERITFER LUB D RARRE S amE R FRVRIE S R VBIBEER, MIMAIERSF

BFEEOKPRIEEEAFIIEESS, MMKIFEFEENKE KB REE,

[n0050]
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Therefore, the prepared plasma-activated water can be dispensed using centrifuge tubes,
then the caps can be tightened and sealed, and stored in a low-temperature environment of 4°
C (in a refrigerator) or an ice-water bath. The combined use of low-temperature refrigeration
and micro-nano bubbles can further slow down the decay rate of active particles in plasma-

activated water and increase the preservation time of its chemical activity.

Ak, IRHEEINEEFREUKAIABBOLERTAE, ARBEFITEEH, HESCHRE
MR T (kFaR)3E Bk KERIR ™R, MRLRBSHAKRIEKREER, JH—IREEFEFE

ECKAESERIFRIRBORRE, BMNEAFEERRFRE,

In addition, during the storage or transportation of this plasma-activated water containing
micro-nano bubbles, the container needs to be sealed and the system kept as stable as

possible to reduce bubble decomposition caused by vibration or shaking.

tE5h, EEMENEERZSEHMARTVENEE FREHKNIRET, FENTRBEHDHRERFHE

RIRE, BREHEER TR TED
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[n0051]

The micro/nano bubble system introduced in this invention has a significant enhancing effect
on the efficient production and long-term storage of plasma-activated water. The reaction

mechanism is as follows:

RREBBFRS I ARNHARBERRAN TFEBEFHREFNKNERNESSKIEFEEH AR EREERMER,

HRNMANSIT:

[n0052]

When the pure water to be treated contains a large number of micro- and nano-bubbles,
these micro- and nano-bubbles can have a synergistic effect on plasma treatment of pure

water.
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HEHFLENAKREEAENNAKTEN, XEMPRKTENFFEFARLELAKETLHERIhEE

FHIRIR

First, the small size of micro- and nano-bubbles gives them a large specific surface area,

which enhances their interaction area with water molecules and improves the gas-liquid mass

transfer efficiency of active particles in plasma.

B, MARSERNRIEEAEGRANILRER, XERTHSKZFOERER, #5F8F

FRRESERFRIREFRAREEIRS.
Secondly, the surface charge of micro- and nano-bubbles (i.e., the bubble surface carries a
negative charge) affects the arrangement of water molecules around them, thereby disrupting
the hydrogen bond network between water molecules. The decrease in hydrogen bond
strength weakens the surface tension of the aqueous solution, resulting in a weakening of the

coupling of the gas-liquid interface mass transfer process, which is beneficial to the gas-liquid

mass transfer of active particles.
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R, AR SERREER (BIERE®E 7 B s MERER KD FRH, #miftkoF
BRERMLE, MAaERENRAESIARREKIINGS, SEURAEERIENAGES, B

I F AR F R URIE R

Meanwhile, the ultraviolet radiation and local thermal field generated during underwater
bubble plasma treatment can cause the quenching of micro and nano bubbles, thereby
inducing a large amount of turbulence and eddies in the aqueous solution, disturbing the
boundary layer of the aqueous solution and accelerating the diffusion of gaseous active

particles into the liquid phase.

B8, K TREFEFHRBEIREFFERRIMES. BEFRGFUN S FEHARTUBER,
MTEKAERPSI R REN RS RM, WEIKARIAFEBMET SAEEENF5REFHY

Ao

The study found that micro- and nano-bubbles in water can promote the generation of liquid-
phase active particles during plasma treatment by working synergistically from multiple

perspectives, including the effective area, interfacial tension, and liquid disturbance.
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BELRI, KPHARERIUMERER. REKD. RIEMHDFSINBEDREREEFEF

RIS A2 RARE MR FRY ™ .

[n0053]

Meanwhile, when plasma-activated water contains a large number of micro- and nano-
bubbles, its special properties and slow-release effect can extend the decay time of liquid-
phase active particles, thus greatly extending the retention time of the activity of plasma-

activated water.

EEY, HEFEEFRFUKFEEAENHAKSEN, HEFHRERSERERERA LIEKRIEEY

RIFRVRBATE], ERFFEFAEKESERIRENBAARERK,

Firstly, the interfacial adsorption effect of micro- and nano-bubbles causes a large number of
active particles to tend to accumulate at the gas-liquid interface, reducing contact with other

substances in the liquid phase and thus avoiding rapid reaction consumption.
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H—, MAXRSENFRERMNRNESKEEFERFHHETESRAEDLES, BL T 5RERESR

YIBuRTEEAR, RIEEES T IRIER R N IHFE

Secondly, the surface charge of a large number of micro- and nano-bubbles will form an
electric double layer, thereby changing the chemical environment of the active particles,
making the distribution of active particles more uniform, reducing free diffusion, and lowering

the possibility of collisions or reactions.

HZ, RENHIRTERARFAITZANEBEMMNZ B FRUFINE, EEERFIIDHE

[Y5), BT BETE, BRTEREIENE R NAAT M.

Third, the high internal pressure effect inside the micro-nano bubbles can encapsulate some
active particles inside the bubbles, reducing their contact with the external environment
through the physical protection of the bubbles, and the high pressure environment allows

some active particles to exist stably.

H=, R TERBNEREMN PG EERFERESERE, @ISR RIFERR

DHEINRIFENIZR, BEEFRES—LEE NI UREFT.

01-08-2026 - Page 52



The study found that plasma-activated water contains micro- and nano-bubbles that remain
after the reaction, which can extend the retention time of active particles in the water through
multiple mechanisms such as interfacial adsorption, electrostatic shielding, and high-

pressure encapsulation.

BELM, FBEFERBNKPEZRNEFZBNHMAKTEILUBEIRERM. BERK. SEERFZE

BB KRR R FHY7F BB BT 8],

[n0054]

In this embodiment, the synergistic effect of introducing micro-nano bubbles into plasma-
treated water is utilized to efficiently generate plasma-activated water during discharge and

settling, and its chemical activity and effective storage period are significantly improved.

AEEHITERHMAKTESINFEFALIEKIIEFR, MAEEREURBESEFRENDREE
RN, SME=EFEFHRENK, FEENFEESEREFEARIFEIKERS,
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Based on this, the prepared plasma-activated aqueous solution can be applied to the
biomedical field, especially in anti-cancer medical applications, and its anti-cancer effect has

been greatly improved and optimized.

FILEM E, IREERINESFRENIAERNABTEVMEFN, FilEiEnErEXES

NAZH, BEFUERRIFE T REERRAS ML,

The method of treating cancer cells by mixing plasma-activated water with culture medium

adopts the basic methods in this field and will not be described in detail here.

H, ERFEFEEWKSEFERSOEEMAR, HRERERBEATENERT L, HATH

TR,

3

[n0055]

The main objective of this invention is to provide a reaction system for treating water using
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micro-nano bubbles in conjunction with plasma, thereby achieving efficient generation and
long-term storage of plasma-activated water. Specific parameters during the reaction
process, such as the volume of the solution to be treated, discharge voltage, discharge time,
and working gas, can be selected differently according to application needs and actual

conditions to meet various biomedical applications.

FEANEEENZRE—FMRARTVENEFE FFROEKNRNESR, DULSKRMER FEELK
HWEMTESKMEME, HRLAERMNIEFHAFSE, MFAERRAIR. MEBE. KBEH

B, LESEFE, ARENAFEMEMFRERHATAENER, LURERBNEYEFNA.

[n0056]

Figure 2 shows photographs of pure water before and after the introduction of micro-nano
bubbles using a Nikon camera. As can be seen from the figure, there is a significant difference
in the appearance of the aqueous solution before and after the introduction of micro-nano
bubbles: pure water is colorless and transparent (Figure b), while it is milky white after the

introduction of micro-nano bubbles (Figure a).
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E2RE T HKEBANHAKTERN. FEIERBNRENERR, MEFIEL, BARAKTE

Al. RAKBERINIEFEHEER . dKELEEH(bE), MEENHARIUEE2ALEE(@E).

[n0057]

Figure 3 shows a comparison of the activity changes of plasma-activated water prepared by
micro-nano bubbles with different gas raw materials under the same plasma treatment

conditions.

B3R T ERENEFEFELERGT, BATRTUEREBHAKTERFISHEFEFEELK

RO EME IS ELEL

There are many indicators for measuring the activity of activated water, among which

hydrogen peroxide, as a major liquid-phase active particle product, plays a major role in its

activity and anti-cancer effect. Therefore, in this embodiment, the activity of plasma-activated
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water is approximately compared by measuring the concentration of liquid-phase hydrogen

peroxide.

BT HEFREENETKSZ, MEFIRESFEA—MEZNRREMEN T EEE R ER
EMNEEEER, RbALhEfhEdNERBTENIRREE ML IRES FAELKEEER

55,

As shown in Figure 3, oxygen is the strongest, followed by helium, then air, and nitrogen is the

weakest.

HERBATUELHEAER, aRZ, TABRZ, MASR.

This is because oxygen is the direct raw material in the hydrogen peroxide generation
process. The oxygen micro-nano bubbles and the large amount of dissolved oxygen they carry
provide a sufficient oxygen source for the plasma discharge region to generate hydrogen

peroxide.

XERAANASRERIRNERNIBFHERREN, SRR IVERENTHNRERRANER

FABEXIRME T REERUEMRIR S,

01-08-2026 - Page 57



[n0058]

The bar charts shown in Figure 4 represent the differences in physicochemical properties of
the aqueous solution before and after plasma treatment. In Figure 4(a), the comparison chart
corresponds to the pH value, and in Figure 4(b), the comparison chart corresponds to the ORP

value.

E4FAREREDINR T FBEFELER. FEKERVEMFEER, Hb, E4FH(a)MNHZ

pHEEA/NBIXTELE], E45RY(b)X NI ZORPIEXTELE,

As can be seen from the figure, the aqueous solution was basically neutral before plasma

treatment, while it became weakly acidic after plasma treatment.

RZER UBREEE FARLERIKAREERZFE, MEFBFERLEEKEREHFRME.
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Meanwhile, plasma activation and the introduction of micro- and nano-bubbles can both

increase the ORP of aqueous solutions, i.e., enhance their oxidizing properties.

B, FEFEREUSBANAKTEE AT UEKARORPHS, BENELIEIEE,

[n0059]

Figure 5 shows the concentration comparison of the main active particles in the liquid phase
in four different aqueous solutions before and after the introduction of micro-nano bubbles
and before and after plasma treatment. Among them: (a) is a comparison of the concentration
of H<sub>2</sub>0<sub>2</sub>, (b) is a comparison of the concentration of NO<sub>2<
/sub>NER26_, (c) is a comparison of the concentration of ONOO<sup>-</sup>/O<sub>2<

/sub>NER29_, and (d) is a comparison of the concentration of OH.

BSEBR T EBAMAKSET. E5FEFELEN. EHNEMARARFPEEERBFEHNFR
Exttt, Ef: (a)BREH<sub>2</sub>0<sub>2</sub>FRE A/ ELE, (b)EBRENO<sub>2<
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/sub><sup>-</sup>BREK/NITELE, (c)BRONOO<sup>-</sup>/0O<sub>2</sub><sup>-<

[sup>BIRER/NITECE], (d)ERBOHRIKER/NIILLE,

As shown in Figure 5, under the influence of the micro-nano bubble effect, the concentration
of H<sub>2</sub>0<sub>2</sub> particles in plasma-activated water only increased slightly,
while the concentrations of NO<sub>2</sub>NER33_, ONOO<sup>-</sup>/0<sub>2<
/sub>NER36_ and OH active particles all increased significantly. Among them, the
concentrations of NO<sub>2</sub>NER38_ and ONOO<sup>-</sup>/0<sub>2</sub>NER41_

increased by about 100%, while the OH concentration increased by nearly 300%.

FRESA B FIEHAMKSENERRNENE T, FEFAEHKPH<sub>2</sub>0<sub>2<
/sub>FIFHSRENE/IWERIEK, MNO<sub>2</sub><sup>-</sup>, ONOO<sup>-</sup>
/O<sub>2</sub><sup>-</sup>5OH EMR FRIREI KIBEMIE, EFHNO<sub>2<
/sub><sup>-</sup>50N00<sup>-</sup>/0<sub>2</sub><sup>-</sup>BIKELIEF+100%,

MOHMREHEFA#2IL300%:

[n0060]

01-08-2026 - Page 60



Figure 6 is a graph showing the change in the concentration of active particles in the plasma-

activated water prepared in this embodiment over a certain storage time.

El6 N A SEhHEfIHIR N EF B F AR K E—EFMER B RRE M FIRE R UL E.,

Room temperature storage can be considered to be around 25°C, while low temperature
storage refers to storing plasma-activated water in centrifuge tubes under an ice-water bath,

generally considered to be at 0°C.

Hoh, ERFEFIUIUNANZELCESE, MEFHERERSEFEKREBOLERE T KA

™MRE, —RAREIEENOC,

As shown in Figure 6, both micro- and nano-bubbles and low-temperature environments are
beneficial for extending the lifespan of active particles and the effective period of chemical

activity, and the combined use of the two has an even better effect.

RE6A & FIMA K TVEURCREIMZIEF FIRKEMER 56, ERUFFIEERH, M-ELE

BERAMREE,
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[n0061]

Figure 7 shows the immediate anticancer effects of different plasma-activated water and the

effects after storage for a certain period of time.

BT R T AREFE FETE L KBBRIRHUES R U R A E—E a5 R,

Figure 7(a) shows that plasma treatment of pure water containing micro-nano bubbles can
reduce the activity of cancer cells more significantly, while Figure 7(b) shows that plasma-
activated water containing micro-nano bubbles still has an inactivating effect on cancer cells

after being stored for a certain period of time.

E 78 (a) ERAFE FARMIEEERAKBAK T UIEEZAREMFIRE AR, METH(b)EXR

S AMARENEE AR ERE—EEEKI B EARE X EER.
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[n0062]

Figure 8 shows microscopic images of cancer cells treated with different aqueous solutions.
The figure shows that activated water with the introduction of micro-nano bubbles

significantly reduces the number of cancer cells, demonstrating its stronger anti-cancer effect.

B8R T RAARRKERCIEEMENENE FER, BXEIUERIASINBHREEREN

IKEfEEAMREEE LI E T, XIERRETEMRER.

[n0063]

In summary, the plasma treatment under the synergistic effect of micro-nano bubbles
described in this embodiment is significantly more effective than plasma treatment without
micro-nano bubbles. Therefore, if plasma-activated water with comparable activity is to be

prepared, plasma discharge treatment can be carried out under lower treatment conditions
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under the synergistic effect of micro-nano bubbles. These lower treatment conditions include

lower discharge voltage or shorter discharge time.

L LR, ASLHEGIFTARMAR BN RN THEFB AL ERNMRAER T EMARTERGFT
FEFAHRLERNNR, Eit, EFEEEERIANSIBEFRENK, EHARTENNEIERTER
FAMREBAIER IR ERBCIEF AT, R ERAEF A EEERIREBENEEENR

FEAYIEIE,

Experiments show that the required voltage for plasma generation without micro-nano
bubbles is 13.2 kV, while the voltage required for plasma generation after introducing micro-
nano bubbles is only 12.1 kV. At the same time, the cancer cell viability was measured to be
73% after 5 minutes of plasma treatment without micro-nano bubbles, while the cancer cell
viability was measured to be 58% under the same conditions with micro-nano bubbles. If the
standard of a 30% decrease in cancer cell viability is taken as the standard, it can be achieved

by discharging for about 3 minutes under the condition of containing micro-nano bubbles.
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SERRATE LT AR TUVERSEBE A AT ENFRFREN1Z2KY, MBANHAKRTEERETEEFS
FAHEMNFEL2.1kV; FRNTHARSENER FELIESMinBSIFEAMRIENAT3%, AFFHTE
AR SRR NSRS /1 /958%, ELUNSEAREI TE30%AINE, ESBMARTEFR

HTFRERE3IMInEERMEELI,

[n0064]

This invention not only improves the practicality and efficiency of plasma-activated water,
but also enhances its long-term storage effect. This is beneficial for the practical application
of plasma-activated water and has significant implications for the field of plasma

biomedicine, including sterilization, disinfection, anti-cancer, and wound treatment.

KERARURH T FBEFEHWKBISSAMNSRE, MAME T FEFEELKINKIEEYR,
XENFEFEFRENKNEGNA, EFEFREYEFNN, SEREHES. TUE. HOLES

HEBEEEAE X
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[n0065]

Although the present invention has been described in detail with reference to the foregoing
embodiments, those skilled in the art should understand that modifications can still be made
to the technical solutions described in the foregoing embodiments, or equivalent
substitutions can be made to some or all of the technical features therein; and these
modifications or substitutions do not cause the essence of the corresponding technical

solutions to deviate from the scope of the technical solutions of the present invention.

RESRAIR LG M AR BREIT T IFARNIREE, ATURRIEERAAGN HIEME: ERIAR LITR]
ARSEHEFIFHE BB AL FZHITIENR, NEXNEFIONELERAFIEHTHFRZR,; MXEER

HEER, ANERNERARTSZRNEFHEBRE A ARG REEE,
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