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Figure 1 Gas-liquid—solid nano-micron system of diesel hydrogena-
tion reaction.
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Figure 2 Liquid-liquid nano-micron fluid system of olefin hydration
reaction (color online).
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Figure 3 Synthesis of linalool from pinene [40].
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Figure 4 Logic diagram of mass transfer and reaction of multiphase reaction process (color online).
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the OMIS system (color online).
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Figure 7 Effect of time on liquid-side mass transfer coefficients of CO nano-micron bubbles with different diameters.
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Figure 8 The relative volume and lifetime of CO nano-micron bubbles with different diameters.
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Figure 9 Microbubble system (a) and OMIS test system (b) and image (c) (color online).
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Figure 10 Microbubble size distribution determined by OMIS test system (color online).
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@ IFBR
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Bl 11 (a) STRA(b) IBFR SR i H I e — 7K A 2R 5 UK
LEGEITAL)

Figure 11 Photos of olefin—water system mixing in (a) STR and (b)
IBFR reactors (color online).

SN2 R R oy BB

SO 73 ) SR FH B R AT Q-C THE S e K & it 78
BEATMIAPY, #E500 mLIERE 52 7 B (STR)FIi T i —
WA S S35 (IFBR) I Rl s B ~F & HEAT. AL FN
T [E Lewatit 2620FH &2 bt . STRIFLH 600
rpm, IFBREJTEIA R E . JRA — 2 i a5 BURE 2
Mr, BAPEES A 11 B, 1A %0, STRAHIEE &
(b) ] BAK T IFBRAFE fh () I L BE. A 1 FRiE R EATI
SEBK R, B ERQ-CTIE T 40 4. nk2
o, iR L TS AT TR A Ak BUR, AN Refs 2
FEUER) E R B, MQ-CTIR M Al sRkMX — R be,
12FF3 7. T E48 H, Micro-CTAZAG IS 1 R i),
HATQ-CTZ R B8 43 120 ym L b 1R T

HZR3TT %0, TEIFBRHGEILIE S 1 minZ 5 1P
Kife, JRAESTRH600 rpm FHEFEE10 minfl)—3 /4,

A

¥ 1

FHSE AR F I AR B e 10 DA b 200 i —7K S 1 )
TR S BH 0 1 kg R A 7513 THT 40V [ % J5 FHL

R PPN E  K JR A  FE E”

IV knsa AT 34T, WIAFZRARR PR S8 P AEAR TR
TO TR A b, TR, R BAR R

Table 2 Comparison of the turbidity of olefin—water mixtures in two different reactors”

STR, 600 rpm IFBR, fEFRAE (L h™") (FEFFA ] 1 min)
SRz g B A i 1 min 10 min 96 12 124 136
E F A B C D
AEFE(KWh g7h) 4.5%1077 45%107° 1.9x107° 2.6x107° 3.5%107° 4.6%x107°

WU (NTU) 98 200 811 892 959 984
a) LIRS (K HEALTI=1:1:0.2, JELE: 343 K).

IFBR STR
(c)

B 12 (a~d) STRAF(e, f) IBFRJZ N 8 H I B — K1k RIEA YIFE fMicro-CTHEH# E Fr

Figure 12 Micro-CT scan of samples of olefin—water mixtures in (a—d) STR and (e, f) IBFR reactors.

F 3 LR Z Micro-CT 3 Hr15 2 FIWI F E R AR VR AR

Table 3 The average droplet size and liquid-liquid interfacial area measured by Micro-CT for the six samples

FE b 4 5 A B C D E F
SERIAR (um) 26.0 25.9 255 25.0 55.5 51.4

MR (m® m™) 2.89x10° 2.93x10° 3.05%10° 3.12x10° 1.35%10° 1.42x10°
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Table 4 Mass transfer resistance of two different reactors under the
same operating conditions

e =it Vkawa; (5) kagas (5)
STR 15.03 2829
IFBR 3.35 1.36
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SRV Fé i o [) A DT A8 A, — FBCt, X6 T4 s R R R
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Forr R R R s B S AR — iz B, SR B
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(3) FiTE&E. ZHRMAR RGOSR (S
W W BRER. AEALTIRRL . PRk A T ) B E
L1042 m ™ g B fir, 7R AR I I AN 2t B0 A
R E A S 5 T4, 1 A 38 B AR ek
H & Sl 175 Jent B PR BRI A5 5 1T 4A.

(4) THHEZ. ZAHRPAAR WG Atk
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M DA 52 HE % B R8T

JUBEFRAd, A4 RS T X 22 A8 I AR 28 G0 Kt A R
TR 5 RAEH A B, GuEsD R F g 7k Bk
S BB (DFM) S AT A4 R 7~ BRERAH 45 & 1) 5 1
TR T EARARRI DK I Zh A28, YangZE D i
J5 T 7 B (AFM). SuZsCE B T4 P I 598 B
A (TIRFM). ChenZ "% F 26 THI ¥ 70 3L 4R S0 s
(SPRM) FlI Huang 25" 135 5t it 7 4485 (TEM)Z%
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Figure 13 Conversion (a) and molecular structure (b) of asphaltene in the nano-micron hydrogen bubble residual oil hydrogenation system (color

online).
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Figure 14 Salicylic acid captures hydroxyl radicals in the pure water—air bubbling system (color online).

F5 PR EE FHOK-S BEE S OH & i TR A Y

Table 5 The content of hydroxyl radical in different reactors”

S VAR A INES SR HEE (%) C (‘OH) (umol L™ HIE
U 38 S IR S A% s K 1.4 0.02 HAEE
YHTRR A 2  H PATICK SR 7.5 5.88 2944
U3 _ R 1.6 ARA /
TR SN 3R IR 8.8 18.48 9241

a) SER AT R 25°C, AUAVR B 200 mL min”', KR 03 g L.

KBRS = A T OH, (He IRk H %
RS BRI 5 A M R 5 v S IR AR B
2 7R SR Bk, A b il Ak — B 7t
4k, Zare[ A B\ AN Zhang B 43 il 5 o A7k
FRAS VA RN DR A A W 7K T TS 25 7R A N T
FeR F D AT o 1 S 20 T 7 VR UE S T A B A
RO RNE. BRI 2 9 K W P R = AE XL
UK, WENSHR. T a R ISR EYSE T
R P, A ATTIA A 2 T R R 3R T 1 v 3
Wi 7K A EM OB, NI AR T —NEEE H
HE(COMAM—"HBBET, WE16HTR

MNATISR T N e A RO K EL 5 T P BE AR JE
7 HOBT AL RN BN A IR 45, T4k T — =i
W, EERITHOICH I A% iR 5.
& A5 X N R AR R O AN T8 78, TIAE SR E A7
FERS I g XE L, DL TAE e AU R S — ridt e i
LA IR 85 ).

T AR RO SERAL Y R
AN A ORL i £ 5 0 AR IR
X 22 B2 R 2R 0 it 1 B JEL T P B A B

7.1
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Figure 15 Hydrogen peroxide is spontaneously produced by micro-
droplets of water vapor condensing [63] (color online).
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Figure 16 Microdroplets promote ultra-fast decomposition of purpur-
ine compounds [62] (color online).
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Figure 17 Main and side reactions of MTA synthesis by air oxidation
of MX [66].

RS S EART 10 ng g™ NI HFF,
FEMEARF DT T, o B A A TR 2T 5 B 0T
KT Ni-Mo M 4 J@ & 2 FIRS-2100#E AL 7, I A% i &
T H0H0.9%~1.0% R A 5L RN, OBIZRA T
71598.8 MPa, [RJEZFYR PR ER367°C, 7= 1
B FACT10 ng g P EFH L RER AL L%
BT %% T FHUDS- 648 44 70 i T 5% 5 & 48 B0k T
1% R4 RN BT SR 80%, M 1b S8 i Al A= 44 24
B 10%)0T, [ Sgs A 71°48.6 MPa. fEALTFIIRZ
REIRE N381°C, PRI ES BT 10 ng g™
BT R, S n SRS Bl B8 R G AT
K FH8.0 MPak /155 4 I IR S Mo, A kR

CS-01 S
Cs-02 REEOUE
D-01 X&IBAS
FT-01 NS
H-01 N0fAEs
H-02 J0#\Es

H-03 #7%Es

P-01 IR

P-02 #IRR

P-03 #iR3R

R-01 MIR

S-01 S-RNDES
TM-01 24
V-01 &I

V-02 [|®i7]
W-01 #3%es
1-25 Big

B 18 MIRHI TMX&EL: 2 S A Hl - MTA (48 IR )

Figure 18 MTA preparation process by using MIR in MX continuous air oxidation (color online).
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Table 6 Comparison of the results of MTA preparation using MIR
and CBR reactor

PSR ZUES
E5% iy CBR MIR l\gﬁfﬁf
SRS AR (m) 30 24 20%)
SN A BRI TE] (h) 5 2 60%)
BRI (C) 140 135 5]
X PiEF] (MPa) 0.5 0.35 0.15}
RMAEFER (m* m™)  ~500  3000~4000  5~7f%1
W= S JEORLS RE (¢t 1.3 1.1 15.38%)
RS ERREE (kg m” hT)  18.5 51.2 177%1
F= IR (%) 59 83.3 41.2%1
TEHFEFHE (%) 62.8 91 45%1
W A BERE (kWhtT) 23513 2085.6 11.3%]
= KRE (667 35 0.25 93%]

TATRBEEADEGNLIRA AR A, FELER
PN BR 2 7] 55 54 n &3 B S FHDUPONT A ]
FF R (AR A 4% AR (IsoTherming) " & 7R, % T#&
F1.0%~1.5%MREEE, ERNMBFENDETA
8.0~9.2 MPa(G). KJZ T E N371°C~376C.
FHPEIRLE N0.86~1.25F T 2 264FF, Seith = St &
ELT10ug g™, SEUF K MELL LA INA A
SLHT 4 e s B A4 A R A A " SN, T

@TBRIL%E
=

b
="
><] <]

IR
MEHRE 353

WA, RN BN R J1M9.5 MPa, [ N TR
N334°C, ABTEIREL N1.5~1.0, INERSHI S LR
SR8 ng g

HME AT, AR RS BN KT 10 pg g 4
TP, NSRS RGN S B EAES MPall .

20234FE1 A 1H, EVIBZ 48 i br e 7E 4 [ S,
ZARHEE R T BA N T 10 pg g ' HOFERE |, ZESR S
W2 TR I B BN E VA K T 1% EA K
T7.0%. ZFEFR IR A R T S 4 R A
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Figure 19 Schematic of the unit for diesel hydrofining before and after using MIR technology (color online).
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Table 7 Comparison of operational data using MIR technology and TBR process

S BLA TBRIL 2 MIRFA
A YNEY ] MPa(G) ~8.0 ~5.4
AN 1 C 324/ AL 33048 AL A

TRAEZIRE % 90~92 ~87
SN ZRN A5 MPa 7.2~7.3 ~4.72

S e N m’y, m™y, ~450 ~345
T i R/ A 2 mg kg™, % 3.39/99.98 3~5/99.98
PSR mg kg™ <1.0 <0.5
i B2V % (m/m) <6.5 (¥ iHH) ~5.9"

a) 1ZHER B MR R E P 5 — M RSN E R B b) R 2 H 58 8 19.9.

BEATMIRECA B TR 5, 56 45 R0 £ 7.

FHIMIREAR, L4 R N10200 ng g RS
S, b ELUSEM H80%, MESEZ 5 15%, FELe L
5% AT, IR EN19.9%, MAEEE K142 th,
SUMEE345 (viv), RONZEANIIRE330°C, DR
370.5°C, Mg AN HE 5 HE4.72 MPa, 7= 5B A
Sugg !, ZIMEREERS.9% (m/m), 7540 R E VIBI
sk, TR, MIREAR 544 TBR T Z A,
SN B N VA B BRI 2.48 MPa, A L F%{K105
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KW, FEULYUK, IRATREFSGECE RHIA LS. 1L
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Abstract: The motion of particles in multiphase reaction systems and their physicochemical properties at the interfaces
play a decisive role in molecular diffusion, energy transfer and reaction transformation, which in turn directly
determines the energy and material consumption as well as intrinsic safety of the chemical reaction process. This paper
briefly introduces some exploratory work carried out by our team and colleagues in the past 20 years in the area of nano-
micron fluids and their interfacial properties and reaction intensification in multiphase reaction systems, including their
intensification effects of mass transfer and reaction; the structure, motion, mass transfer and reaction properties of
individual nano-micron bubble; dynamic, nonlinear, non-uniform and nonequilibrium characteristics; the testing and
characterization of the fluids, the hydroxyl radical detection in nano-micron aqueous solution and their novel chemical
effects; as well as applications of the fluids for reaction intensification. It is shown that nano-micron fluids with the
physicochemical properties clearly different from those of macroscopic fluids are the emerging but very challenging
field requiring intensive research and development. On the theoretical side, it is necessary to improve and extend
theories of the classical physical chemistry and equilibrium thermodynamics with the consideration of the dynamic,
nonequilibrium and scale effects. On the experimental side, it is crucial to design and establish instrumentation systems
suitable for the in-sifu detection and characterization of nano-micron fluids fluids. In terms of applications, it is
important to invent nano-micron interfacial generators for preparing and regulating nano-micron fluids on a large scale
(e.g., 10°~10° m’ hfl) at large gas-liquid ratio (e.g., 5:1~100:1), and to develop nano-micron fluid reactor platforms and
manipulation systems for a wide range of application scenarios.

Keywords: nano-micron fluids, nano-micron bubble, hydroxyl radical detection, mass transfer, reaction intensification
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