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Development of noble separation devices utilizing rapid equilibrium and dynamics
in a microchannel

Maki, Taisuke
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Two types of compact separation devices were developed utilizing rapid
dynamics realized by micro channels.
One of them is a compact continuous distillation device. The device consists of two layers of plates
holding a plate-shaped narrow space in between, which is used as a micro channel. Fluids in a
channel reach a vapor—liguid equilibrium rapidly due to an efficient contacts between phases. The
continuous separations of water-ethanol and toluene-ethyl acetate were examined, and 15 cm sized
device realized the compatible ability with 3-5 stages multiple distillation columns by controlling
the temperature gradient on the plates.
The other device is a continuous extraction and re-extraction device. The stable segmented flow with
three phases of aqueous A - organic - aqueous B - organic was realized by controlling the flow
rates of fluids with solenoid valves, and some ions contained in an aqueous A were successfully
concentrated to the other aqueous phase B via organic phases.



40

CO2

30

CO2

1996

1)

2 3
1)
(2) 3
3
mm
3
Fe, Cr, Ca
Ce(1ll) Ce(l11)
CMPO (octyl

(phenyl)-N,N-diisobutylcarbamoyl-methylp
hosphine Oxide)
Ce(lll) CMPO

1)

M3+ + 3NO;7 + 3CMPO(HNO, ), ¢ (1)

M(NO,),(CMP0), (ANO,), + (3m— n)HNO,

ICP



1)
1
PTFE
15.0 cm
0.5 mm
3.0 75 120cm
PTFE

PTFE

100 kPaG

PTFE

2
- (20 50
Wt9%%) (0.2 0.4 0.6ml min?Y)
80 wt%
0.5 mm
0.80 90
070 . ------- . ...... . . ------- . ...... . 0
060 70
E 0.50 60 -
E n n n 50 5;
g 040 o &
2&" 030 , 20 2
= ..-
020 | 1 5
010 | Woe-... J. ..o 110
0

) & & s & &
‘é\& bs&\@ ‘é\& ((\\0 D&\(“ ((\\0
N o N NG o o°
— R E B HHGRE co @R HRERRR
-0 -« B " ERER
3 8
15cm
2 cm
1/10 1/40
(2) 3
2

ON OFF



Cax 104<11

A
0 |A|t|t

0 10 20 30 40 50

Ce
Ces+:
4.1mM, NO3z: 3.0 M, Caz*: 4.1 M
CMPO 10 mM, TBP 200 mM

0.3M

75s 84 %
36h 70 %

45 %
@

30

Masashi Furuta, Jumpei Katayama,
Taisuke Maki, Kazuhiro Mae, Development
of a Circulated Flow Mixing Method with a
Tubular Crystallizer for  Controlling
Indomethacin Polymorphs, Journal of
Chemical Engineering Japan, , Vol.
50, 2017, 501-510
doi: 10.1252/jcej.16we312

Yosuke Muranaka, Hiroyuki Nakagawa,
Rie Masaki, Taisuke Maki, Kazuhiro Mae,
Continuous 5-Hydroxymethylfurfural
Production from Monosaccharides in a
Microreactor, Industrial & Engineering
Chemistry Research, , Vol. 56, 2017,
10998-11005
doi: 10.1021/acs.iecr.7b02017

Shusaku Asano, Satoshi Yamada,
Taisuke Maki, Yosuke  Muranaka,
Kazuhiro Mae, Design protocol of microjet
mixers for achieving desirable mixing times
with arbitrary flow rate ratios, Reaction
Chemistry & Engineering, , Vol. 2,
2017, 830-841
doi: 10.1039/c7re00051k

Shusaku Asano, Taisuke Maki, Ryutaro
Nakayama, Ryuji Utsunomiya, Yosuke
Muranaka, Toshiharu Kuboyama,
Kazuhiro Mae, Precise analysis and control
of polymerization Kinetics using a micro
flow reactor, Chemical Engineering &
Processing: Process Intensification, .
Vol. 119, 2017, 73-80
doi: 10.1016/j.cep.2017.05.016




Shusaku Asano, Taisuke Maki, Kazuhiro
Mae, Evaluation of mixing profiles for a
new micromixer design strategy, AIChE
Journal, , Vol. 62, 2016, 1154-1161
doi: 10.1002/aic.15082

2018 3

83 2018 3

Shusaku Asano, Satoshi Yamada,
Taisuke Maki, Yosuke Muranaka and
Kazuhiro Mae, Design procedure of
microjet mixers considering feed
orientations, mixing times, and fluid
viscosit, Tsinghua-POSTECH-Kyoto Univw.
Joint Students Workshop on Microreactor,
Beijing, February 2018

2017 12

Yosuke Muranaka, Rie Masaki, Taisuke
Maki, Hiroyuki Nakagawa and Kazuhiro
Mae, Effective production of
5-hydroxymethylfurfural from saccharide
by biphasic reaction system using a
microreactor, 10th World Congress of
Chemical Engineering, Barcelona, October
2017

Shusaku Asano, Satoshi Yamada,
Taisuke Maki, Yosuke Muranaka and
Kazuhiro Mae, Design methodology of
micro-jet mixers for various applications,
10th World Congress of Chemical
Engineering, Barcelona, October 2017

2017 10

76 2017
10

49
2017 09
Sebastian Victor,
Jensen Klavs F

49
2017 09

49 2017

09

Shusaku Asano, Taisuke Maki, Ryutaro
Nakayama, Yosuke Muranaka, Toshiharu
Kuboyama and Kazuhiro Mae, Dispersity
controlled polymer synthesis using
high-resolution reaction kinetics in a
microreactor, APCChE 2017 Congress,
Hong Kong, China, August 2017

Koki Ikeda, Taisuke Maki, Yosuke
Muranaka and Kazuhiro Mae, Efficient
production of oligosaccharides by using a
membrane reactor, APCChE 2017 Congress,
Hong Kong, China, August 2017

82 2017 3
HMF

82 2017 3
82 2017 3

82 2017

3
26
2016 12

Shusaku Asano, Taisuke Maki, Victor
Sebastian, Kravis Jensen and Kazuhiro
Mae, Continuous synthesis of alloyed
nanoparticles based on rapid heating and
mixing, Japan-Korea symposium on
Materials & Interfaces, Godenba,
November 2016

Shusaku Asano, Taisuke Maki, Kazuhiro
Mae, Block Copolymer Synthesis in a
Microreactor by Precise Analysis and
Design of Polymerization Kinetics, AIChE

Annual Meeting, San Francisco, USA,
November 2016
@
48
2016 9
@ Sebastian Victor
Jensen Klavs
48
2016 9
@
HMF
48
2016 9

@ Shusaku Asano, Koki lkeda, Taisuke
Maki and Kazuhiro Mae, Direct and
quantitative analysis of mixing and



reaction in microchannels by inline
spectroscopy, 14th International
Conference on Microreaction Technology,
China, September 2016

@ Yosuke Muranaka, Ryoma Kaji, Ryutaro
Kubota, Taisuke Maki and Kazuhiro Mae,
Production of Biodiesel Fuel from Soybean
Oil in Micro Flow System, 14th
International Conference on Microreaction
Technology, China, September 2016
Taisuke Maki, Tomokazu Oya, Jumpei
Katayama, Masashi. Furuta and Kazuhiro
Mae, Control of indomethacin polymorph by
a circulated flow method with anti-solvent
mixing, 14th International Conference on
Microreaction Technology, China,
September 2016

@) Rie Masaki, Takashi Fukuda, Taisuke
Maki and Kazuhiro Mae, Quantitative
estimation of mass transfer in Gas-Liquid
segmented flow for designing efficient CO2
micro  absorber,  14th International
Conference on Microreaction Technology,
China, September 2016

(1
MAKI, Taisuke




