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Rapid mass transfer process using slug flow in microchannel with precise temperature
control

Aoki, Nobuaki
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In miniaturized channels of order of millimeter, the largest channel size to form
stable slug flow was identified. In multi-step supply of fluids, slugs of the same phase merged. This lead
s to stable slug flow for the gas-liquid reactions where the volume of the gas-phase slug decreases during

the reactions. Since the slug size decreases with temperature (increasing viscosity), for reducing the di
stance of mass transfer, low temperature is favorable.



slug

o

1
d o
PHD ULTRA 4400
Harvard Apparatus Nexus 3000
0.3 m 1:1
d Q 1
d,
11 o
=
d



dr [om] d [mm]

1/8 2.3 1.6
3 mm 2.4 2.0
4 mm 2.4 3.0
1/4 4.8 4.0
3/8 7.1 6.3
1/2 10.4 9.5
@
1.3 mm 1/16
1.0 mm
1.0m
0.8 mm 1.0m 1/16
PTFE
1000 ppm
1.5 mL/min 3 mL/min
45s 25, 45, 65
270
nm
®
2
CFD
Fluent Ansys Inc.
1 mm 10 mm
2
2 2
1
2 2
Volume of Fluid
30° 0.396

1 mm

1/16

ImageJ

2
@ 2
1mm
mm
1m
0.6 m

0.25-1.0 mL/min

45 cm

PTFE

1000 ppm

270 nm

1:1

40-80

40-80

1.3

45 cm



€))

(d = 3.00 mm)

@

Extraction ratio [-]

d=9.5mm

22

mL/min (d=1.59mm) 40mL/min
78 mL/min (d = 6.33 mm)

0.3

0.2

0.1

0.0

30 60 90 120
O [mL min1
2
I I I
| | |
0O 20 40 60 80

Temperature [°C]

3 mL/min

0.8 mm 45 s
2
[ 1] [-]
25 0.981
45 0.766
65 0.751
€))
4 CFD
1 3.5mm 2
6.3 mm 1
2
1
4 CFD
2
3



[mL/min] 1

[mm] 2

[mm]

[-]

0.75
1.5
3
4.5

1.6
1.65
1.43
1.97

2.9
2.88
2.58

3.7

1
1
1
1

.9
7
.8
.9

* 2

80

@

60

[mL/min] [mm] [1/5]

0. 3. 0.010
.036
.025
.034

.016
.022
-040
.033

o o1 o O |o o1 O O
N NN © N oo

1
1
2
0.
1
1
2

L = F NN )
o o o oo o o

40

[mL/min] [mm] [1/s]

0. 0.008
.017
.036
.048

.010
.018
.030
.033

o o1 O O |o o1 o u
(S = =N SN I RN G Ol N}
© N o ~N|A RPN

1
1
2
0.
1
1
2

O O O o |o o o

[mL/min]

[mm]

[1/5]

0.

12.

0.

010

.010
.007
.022

I PR T
o o1 o o1 |]o o1 o U

1
1
2
0.
1
1
2

R P Rk k| o o
N N © 0|k o o -

o O O o |o o o

.022
.012
.044
.051

77(11) 2013
795-797

4
Nobuaki  Aoki, Noriyoshi Manabe,
Tadafumi Adschiri® Re-Dispersion of
Flocculated Nanoparticles Using Back
Pressure Valve with Small Orifice
Channel” 2013 International Symposium
on Nonlinear Theory and its
Applications (NOLTA2013) ,
2013 09 09 Santa Fe, USA

Nobuaki Aoki “ Design Methodology of
Microreactor and its Application for
Supercritical Nanoparticle

Synthesis” The 3rd International



Solvothermal & Hydrothermal
Association Conference
,2013 1 13 ,Austin,USA

,2012 6 16 ,

@
(AOKI NOBUAKI)

90437244



