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Micro-nano bubble and its gas-liquid interface characteristics
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(State Key Laboratory of Heavy Oil Processing, China University of Petroleum, Beijing 102249, China)

Abstract: Micro—nano bubbles (MNBs) are bubbles with characteristic sizes ranging from micrometers to
nanometers, dispersed in aqueous, oil, or solid matrices. Compared to millimeter—scale bubbles, MNBs possess
unique properties such as high specific surface area, exceptional stability, and the ability to spontaneously generate
reactive oxygen species (ROS). The high specific surface area endows MNBs systems with an exceptionally dense
gas—liquid interface. Combined with outstanding stability, this feature significantly enhances gas—liquid mass
transfer efficiency, demonstrating immense application potential in chemical hydrogenation, targeted drug delivery,
and soil remediation. Additionally, the spontaneously generated ROS at the gas—liquid interface of MNBs can
efficiently degrade organic pollutants, offering considerable advantages in wastewater treatment. These reactive
oxygen species can also serve as active intermediates in green synthesis reactions, enabling the efficient synthesis of
various high—value—added chemicals under mild conditions. The significant leap of MNBs from “mass transfer
enhancement” to “interfacial reaction synthesis” represents a new developmental stage for this technology,
providing novel strategies for developing cleaner and greener chemical processes with substantial scientific and

industrial value.

W BH: 2025-09-15  fEEIEH: 2025-11-03

BIEIEE: WA (1984—), 4, -+, 24% , hanyehua@cup.edu.cn

E—1EE . X4k (1999—) , 5  HWF5EE ,liuji_kun@163.com

BEWE: TAFEBUTRETAHE ) S0 H (ZY GXQNJSKY CXNLZCXM-E18)

SIRZRST: XNgkdh, (EBE, WL, IRED], SR AR O B AR I ARFEED]. AL TAE4R, 2026, 77(1): 1-15

Citation: LIU Jikun, BAO Ruoning, LAN Xingying, XU Chunming, HAN Yehua. Micro—nano bubble and its gas-liquid interface characteristics[J].
CIESC Journal, 2026, 77(1): 1-15



“ 2 i T

¥

BITE

Keywords: micro—nano bubbles; gas—liquid interface; gas—liquid mass transfer; reactive oxygen species; green

synthesis

i

El

TR (MNBs )3 5 F5 A7 K AH liAH %
[ AR BE T, ROST A0 AR AEROR G 2 4R G008 FE Y <
", S5EGHZ KRB L, MNBs R H i#E 2
Ry M B, v B T AR RS M 2 T A
R K R A A H AR AR e bR TR
THEE R -, AR E R TR - AL R
SRR AR R - O (AN R A ) $R A T
LRI S . T LR, MNBs BiARTE L
A G0 R BRI A N R A TS Y W
AR A SE R N R R AL R ) 25 W
B2 AR 5097 A7 R T DL R Sk R N 15
T,

Bl 45 MNBs 9 A B 2 AE K 8 358 AR A W A
M, HLHLREAIF I 5 52 o FH SR S 30 i 0 % X
Ko ALCRGEMME T 4K MNBs AR 1) 5C 4 i
J&& T AR MNBs (19 7242 073 CGRIEEEAR AR
TETREPE DA B AR A 1 S 5] o R, %o >4 i A7 A 1
FEAIR S P SR T IR AT, $12 3 1T B A i e %
o ARSCHRRMIIEHE T MNBs 15 -0 10 4 P 7E
A SR AT N, & EIHE T MNBs -1 A
THT 7 2 €6 5 BN 40388 2 1% 1 F 5 A 44 5 B T L
B, BN S SIS I R — A R B
i HE SR | [ Ry 4 5 MNBs 35 A 5230 5 R 7 i 2 A

Y2 07 R B RS P LA
1 MNBs iy #| & F %

R 1 PR MR SO AE G R R B A
JoT A= 1, MINBs 19 il £ AT 43S 9 3801 Ak 27 0 T K
0, Wk G A A MU P R A H A
7727 45 MNBs . 3~ 72 H S SRR IR ZEY)
PR FReicAE DL R AR e i i 1% 38 5 5% 4k, JF
B AR 2= P A B, BT AR B SR AR 2R o B S
SIARIRSE A o Ak 2 0k 0 % O i 33 0] 2 3
T AR 1R b2 SN TR AH T L A B B AR AU, B
P 00 AR B % A KRR E o AR T T AR
MNBs, X —if B2 PERf ik 2= B i Wi S5 s 2 B
T R AM) B AE L A I B 245 A P BT
B, Lot 2R s MR R AR 0  H BRI R
o E R 42 B AR DA GG HE R 15 MINBs (14 RS
FeE pE
1.1 ik
L1 =4 SR8y 32 28 B 1 FH i AH v
FE 15 AR AR5 T SOUIE B, X Rl 15 1 22 4k
TR A AR (R 75 23 4k st i sl (RIK
T4, B 1 (a) BT LR LY ) 75 2 fh e
B HAEEh, MRS RS S5 (s
U 2 TR R iR ) R A B BT (4D 85 B AR

&1 MNBs#Hl&FTiE
Table 1 Methods for MNBs preparation

il # 77 AL 3

(RS EAE S

A WU AR AR ST, R 13l , 5 5 MNBs

HE ARG

JSE T - AR IR 2 R R A A S AR L U Rl SR T

T I TR R R K A B4

DA, T 2B REFER RO, SR R T i
FH R R 22 K )22 5 S EURZETB TR I

RIS B RIS FE B T AL A5 A A RO AR B v R SR 038 BRI, T 2T B, R Pk

it /N R ST, A i MINBs
o D REA L A5 B T4

95 43 REARE RS ORI AR IO TR AT, FUREAR) AT K
i

PR A MU < AR B S () AR A B A IR AR IR RTE 0 BRI, 2T B, BEARAT, BOR

J MNBs
I FH : DR 25 55
fb2f R ML - MNBs il i Ak 2 s 77 A=
N« D REAS A 4 5

B MU 8 AR G e Ak 2A SO0 A AL MNBs
N T AR il

253U P BE 22 , ME LAY R

DL BRI, T 2RI, REFENT, 2R

253 AU P I 22 e LAY R RUBE A = S iR 2R
A A A LR AT R

DL BRI, 2RI, R, RS

%3 BRI HLBETNFE , AfE LY A




o551 www.hgxb.com.cn + 3
5 A Liquid Lo
@ Ultrasonic Small contain& Bubbles
] acoustic

| L J— 500 0o 00 63 amplitude
. Liquid = A
acoustic co%tainer B“b?liio | B0
amplitude Sl ey
] | P05 000050 |
! Liquid === gl — = K
1 Liquic . 00000 Degassed Small
| container o water acoustic |
e Bubbles amplitude |
Liquid ) i
Ultrasonic transducer
Ultrasonic transducer

e

E IFlow d‘relctlgl}
' i 0

Fig.1 (a) Three typical setups for ultrasonic cavitation"; (b) Schematic of the Venturi hydrodynamic cavitation reactor

(c) Schematic of hydrodynamic cavitation via axial flow shearing
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