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Tc [K] Pc [MPa]
CO2 304.15 7.38
Methanol 512.6 8.09
Water 647.3 22.12

Temperature
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Gas like property Liquid like property

- High diffusivity
-Low viscosity

- High density

Property of SFCs ) )
- High solvation powe

- Low surface tention
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Solubility of 2,3-dimethylnaphthalene in carbon dioxide
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Density of solvent
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Vapor pressure
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Solubility
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Property of water

Dielectric constant
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Typical Application of SCFs

low

Solvent polarity

» high

Supercritical

co,

31°C, 72 bar

reactivity

Extraction

Separation

Cleaning

Dyeing

Foaming

Nanomaterial preparation

Lower '

Supercritical

CH,OH

240°C, 81 bar

Supercritical
H,O

374°C, 221 bar

Higher
reactivity

Depolymerization
Alkylation
Alcoholysis

Environmental friendly process

SCWO

POPs destruction
Nanomaterial synthesis
Extraction (Subcritical)
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Start-up SCF laboratory at Kumamoto University (1990) i
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Extraction modeling
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Extraction models
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Diffusion model

= M. Goto, M. Sato and T. Hirose, “Extraction of Peppermint QOil by Supercritical Carbon Dioxide”,
J. Chem. Eng. Japan, 26, 4, 401-407, 1993

Shrinking-core model

. M. Goto, B. C. Roy, and T. Hirose, “Shrinking-Core Leaching Model for Supercritical Fluid Extraction”, J.
Supercritical Fluids, 9, 2, 128-133, 1996

Heterogeneous model

= B. C. Roy, M. Goto, T. Hirose, O. Navaro and O. Hortacsu, “Extraction Rates of Oil from Tomato
Seeds with Supercritical Carbon Dioxide”, J. Chem. Eng. Japan, 27, 6, 769-773, 1994

Solute-solid interaction model

= M. Goto, B. C. Roy, A. Kodama, and T. Hirose, "Modeling Supercritical Fluid Extraction Process
Involving Solute-Solid Interaction"”, J. Chem. Eng. Japan, 31, 2, 171-177, 1998

Solute-solute interaction model

= N. T. Dunford, M. Goto, and F. Temelli, *Modeling of QOil Extraction with Supercritical CO2 from
Atlantic Mackerel (scomber scombrus) at Different Moisture Contents”, J. Supercritical Fluids,
13, 13, 303-309, 1998

Continuous-mixture model

= M. Goto, T. Hirose, and B. J. McCoy, “Continuous-Mixture Model of Extraction Processes;7].
Supercritical Fluids, 7, 61-66, 1994
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Shrinking-core leaching model

| - shrinking_boundary 9x ; x _ a P x _ L—e 3Bi(x— 1)
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Continuous-Mixture Model of Extraction Processes

adC C

7+_T_=—(1—a)kL(C—me) ®

Bdc, dc;
dtp =kL(C_'"Cv)_(1_ﬁ) dt (4)
ddcts =k(C,~C,/K) ®

where C(x, t), Cp(x, £), and Cs(x, £) are frequency distribu-
tion functions for the extraparticle, the intraparticle, and
the sorbed species, respectively. The initial conditions are

Clx, t=0)=0 ©)
Cy(x, 1=0)=Cpo(x) M
Cx, t=0)=Cy(x) . ®)

The expression for the mass transfer coefficient, ki,
= (15k¢r)/(5 + mBi), in terms of the Biot number Bi =
k¢r/De, includes both external and intraparticle diffusional
resistances.> When adsorption-desorption equilibrium is
established instantaneously, C; can be eliminated with C,,
= CJ/K. For this equilibrium adsorption case we define
dimensionless distribution functions in terms of the total
lumped initial concentration

G = TC.,(x)dx )
0

where
C,(x) = Cpo(x)[B+K(1-B)] - (10)

Thus,
(s, 0)= 220 an

and

(% 6)= Sls & 12

o

o

-

N

i

A

Figure 1. Contour and three-dimensional plots of dimen-
sionless concentration y, molecular property x, and dimen-
sionless time 6 when K = x/0.1.

UCD/Ben. J. McCoy

25
~o— y (Extract)
20 —-a=-y, (Residue)
® N
= 1§
E
)ﬂ.
= 10 | u,n’u\;‘
\
5 | \
L]
0 L Slg.n-¥ oo
20 25 30 35 40 45 50 55 60

x {(Acyl-c-Number)

Figure 3. Molar distribution of triglycerides for different
acyl-C-numbers in extract and residue at equilibrium for a
batch extraction.’

19
M. Goto, T. Hirose, B. J. McCoy, J. Supercritical Fluids, 7, 61, 1994
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Article Influence
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Bioactive Compou
Meireles, 2010
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Food Bioproc. Technol.

nds

346

Crit. Rev. Food Sci.
Oilseed Extraction Models

1

Chem. Eng. Res. Design
Kinetic Models

Del Valle, 2006 C.M.Silva, 2011
111 ‘ JSF ‘ 113
Shrinking Core Model
Goto, 1996
JSF ' R) 122“ JSF

Mathematical Models for SFE

D|menS|onIess AnaIyS|s

M.B.King, 1999 . SR
AN intrapr
Cit 17 gl film mag
Ites "I Naxial dis
“I Bi, Pe ™ ]

(R) = Research Paper

15

Vegetable Matrices
De Melo & C.M.Silva, 2014
icle diffusion

s transfer 284

persion

M. Goto, B.C. Roy, T. Hirose, Shrinking-core leaching model for
supercritical-fluid extraction, Journal of Supercritical Fluids 9 (1996)
128-133. https://doi.org/10.1016/S0896-8446(96)90009-1
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., Countercurrent extraction

ol
Deterpenation of citrus peel oil
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Separation of Fatty Acid Methyl
Esters and Tocopherols
with Supercritical CO:

A’

Dr. Tao Fang

Supercritical CO,

Molecular or
vacuum distillation

Methyl esterified DOD

‘—p Supercritical MeOH
Methyl esterification ( H2SO4)
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Figure 3 Experimental apparatus for bergamot oil processing.

Temperature : 313 K l

¢ Oxygenated compounds in the effluents collected were weighed and analyzed by
a capillary gas chromatograph equipped with FID
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Hybrid extraction process (sc-CO,+Liquid Water)

HydrophObic FRNSEPRE ™ Lo me drophilic

Organic solvent Water
extraction extraction,
Steam
Simultaneous sgparation is proposed distillation
Hydrophobic = H,0
Extract
Hydrophilic
SCCO, Extract
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Separation - Hybrid process- A
Hybrid SFE with CO, and water

scCO; Extraction (subcritical water)

ﬂ'arget Material \

Polarity -Molecular weight

»
»

ESS;?I“"" Terpenes Flavonoid Protein

lipids Saccharides

K Glycoside /

HybrdiSEEMWIthICO5 andiwater

7

*__+ G@Green solvent process Halal production process
G W
£ @
https://halalfocus.net/eu-introducing-the-european-halal-initiative/ 2022.5.27
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Hybrid extraction process (sc-CO,+Liquid Water)

scCO, t+target material

m - l. ©  Hydrophobic component
’ Q ’ . @®  Hydrophilic component

@ O QQ

Target material O ‘ (’ l'

scCO, O

@ 'Qo
® @9 Q‘
D_QOQQQ

Supercritical CO2
with dissolved
water

H,O

Raw material
H,O+polar
substance -

[continuous;H20, dispersion;scC0O2]

Water with
dissolved CO2

(lower pH)

Swollen

t material
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Hybrid extraction process
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Separation - Hybrid process-
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Extraction of pectin with subcritical water and CO,

78 %

Yield [%]
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pressure (dissolved CO,)

[Do] @4n3e42dWaL

Rl response

The hydrolysis of pectin molecule was
enhanced by increasing in the concentration
of carbonic acid in subcritical water.

55000

45000

35000

25000

15000

5000

-5000

Mw [kDa] (pullulane)

1\9?\\\\ 1 \HSH\\ T \\\4\\\
— none
—— 10 MPa awn
20 MPa f@L / / \ I\
| 30MPa / ] \‘\
/ W
WA A — n
/FL# : \\
7 \
— L
6 7 8 9 10 ‘11

Retention time [min]

Molecular weight of pectin was controlled by
pressure (dissolved CO,)
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Destruction of Dioxins by combined process of
extraction, adsorption, and SCWO

SOlld 0| 0 Cl
containing

dioxins
—_ detoxified
I 1 solid
Se-CO2
l_ adsorption
destruction |
scwo

IIIIIIIII

Dr. S. Kawajiri

Adsorbe
Oxydant

. Water

Adsorbe
r
Reactor

Separator
Circulation
pump

NEDO Project [2000-2004]
Nagasaki Ryoden Technica
Kumamoto University
Shizuoka University

INTREERT ) - hikstalt



Separation - Hybrid process- 5
Destruction of Dioxins by combined process of

extraction, adsorption, and SCWO e
95 98.05
90 91.81
Dioxins o
Pre First .
treatment enrichment 5 " —
x //
g 65
Dioxins L% 60 /
Extraction Second 55 ’T‘{{ 55.29
Heavy . 57
enrichment 50
metals 0 10 20 30 40 50 60
Extraction Pressure [MPa]

_______ \

I SC-CO2 | Dioxins J
——————— T}].ird

Extractio - I enrichmen
residue Concentration t
adsorption S —
| Superecritical water

1000 g - .
99.9 —MWW Destruction
' SCWO
g P8 1999606 99.9999
3 97
c
8 99.6
£ 99.4942
£ 995
c
S 994
S 903 _—
I . >
% 99.2 4'7‘\ / Efﬂuen
a % 99.0488
99.1 (/ t gas
99.0
10 15 20 25

Reaction pressure [MPa]
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Destruction of Dioxins by combined process of

extraction, adsorption, and SCWO
Nagasaki Ryoden Technika / Shizuoka Univ.

Bench Plant

Extractor: 30 litter
Adsorber: 300 ml

SCWO reactor: 2 litter

Extraction/Adsorption SCWO N RBEET ) ksS4t
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Particle Design with Supercritical Fluids Technology

Prof. Youn-Woo Lee (SNU)

RESS (Rapid Expansion of Supercritical Solutions)

GAS (Gas Anti-Solvent)

SAS (Supercritical fluid Anti-Solvent)

ASES (Aerosol Solvent Extraction System)

SEDS (Solution Enhanced Dispersion by Supercritical Fluids)
PGSS (Particles from Gas Saturated Solutions)
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SAS: Supercritical Anti-Solvent Crystallization

Solvent + CO,

GAS "o o
(Gas Ant-Solvent) =

O O

O
O
o © o> i?‘(
Solztion ng Ciz CO,

CO, il CO, il CO, il

ASES

(Aerosol Solvent
Extraction System)

< oL 4 oL
¢ Solvent
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Ca rotenoids [ B-carotene oy |

A ‘.i

A .« . MW: 536.87
Carotenonds are fat-soluble ctivity
n 1- H CHs
plant pigment which have highly Anti-oxidant
* Anti-cancer
vivid color. i
i a - dermatitis
The" functlon for the human o prevention ch%HranicaI structure of B-carotene

s

' body, such as antioxidant
| activity, generates a great value

'[ Lycopene (C,Hs) ]

MW : 536.87

as high quality dietary
supplement and natural £ Activity
colorants in food or medicine  Anti-oxidant

industries. = Anti-cancer
= Maintain bone
density
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SEDS process g

Dr. Hazuki Nerome

lycopene/B-CyD

Gi&® SC-CO2 solution

CO:2

Solute
particle
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s
Design of precipitator cell
Feed pump Solute/solvent co,
CcoO, Nozzle
pum
solutio
CO2 L’J
U Cgtr)cl)gtei%ﬂd Swirl Mro Mixer
Cipitation
vessel
Membrane E j CFP BPR
Filter co, 1
CO, M-Ieating chamber (T0) solvent X
cylinder Heating chamber
Vessel type Tube type Micromixer type

Main flow
channel

Sub flow
channel

Sub flow
channel

Main flow
channel

(R

2 liquids
mixing image

Curcumin/PVP particle
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Z-isomerization in Supercritical Fluid Processing of Carotenoids
B-carotene é{_jﬁ\ SN ]
o Dr. Masaki Honda

Lycopene A AAhas~s~~~ @ | Improvement of functionalities

. — absorbability and antioxidant capacity
Change of physical properties

Astaxanthin , J g,. —> melting point, crystallinity and solubility

/ 11 conjugated double bonds

A
[ 1

X NIRRT X

all-trans-lycopene

cis-isomers of lycopene
- plants - , 43
- living animals* processed foods
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N
Solubility of lycopene Effect of cis-isomers content
[Solubility in methanol] [Solubility in various solvent]
all-trans  20% cis 40% cis 70% cis 4500
4000 | O Ethanol L
+ %\‘E
3500 | Acetone
—~ N
—13000 © Ethyl acetate §
> N
£2500 | m Hexane §
N
0.1 25.8 179.3 635.1 22000 i §
Solubility (mg/L) S §
51500 | \
3 %
D 4000 | §
.
500 | .
o L |l AN

JLE  238% 46.9%  75.6%
cis cis cis

Solubility of lycopene in some organic
solvents greatly increases with high
ratio of cis-isomers
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Supercritical CO, extraction from tomato

B Change in lycopene recovery

40
50 MPa, 50 °C

L
~ 30 | ]
- g E N ] B =» 75% cis tomato
220 |
3 )
o A A A A | =» 30% cis tomato
o) AA
2 10
S e® © © o ® | =» 10% cis tomato
—

O L L L L

0 2 4 6 8
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Micronization of lycopene by SAS process

— Solution enhanced dispersion by supercritical fluid (SEDS) —

— 0.3 _03
= - E. ;
5 g : ]
c 02 Y02 $0.2
(] o >
g‘ Q o
— (O]
(] = o
— — Y
“ 01 201 50.1
£ : £
=2 =}
5, U N el L
0 2 4 6 8 10 12 14 0O 04 08 12 16 2 24 28 0 20 40 60 80 100 120 140
Particle size [ um ] Particle size [um] Particle size [ [Ami]
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On%. L RLL

MGOME 2018458148

oA

~HIA-BEHEXRF HEHRK~
PYMIEFNZVIELDRBERIL (*1) (FSUAEDSIAF) 2 RETIHERERR
FYPZICAICCPTFRE, ME—FEICIZTHIET, BVILSETTRL,
DIES D HRICIRIREN P ICRBIEDHARFTED

7JjX7F5REtA?i (?ig FHETT. A4t ﬁfﬂ%%i‘i@ﬁi) (& %5@7(?7(%%1%5}?71}4 ("’Efﬂ%@:ﬁ@ﬁi) EiETT
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Ultrasonic-assisted preparation of liposome using supercritical CO2

Ph holipi i I
osp 0|p|dI Aqueous Liposome Liposome

phase #0770

Hydrophilic group —
yerop rofp Component Phospholipids

Spherical
Lipid bilayer
Aqueous compartment

Hydrophobic group
\

Structure

Phospholipid bilayer

® Spherical vesicles composed of one or O Small unilamellar vesicle
more phospholipid bilayers surrounding SUV (<100 nm)
discrete agueous compartments.

® Used as drug carriers in the
pharmaceutical, cosmetic and food
industry.

Large unilamellar vesicle
LUV (100-1000 nm)

Multilamellar vesicle
MLV

Application

 Biomembrane
* Drug carrier (DDS) 4o
http://www.integratedhealth.com/supplements/liposomes.html. [Accessed: 1-Mar-2018].




Ultrasonic - Liposome - %8
Ultrasonic assisted supercritical fluid method

UNIVERSITY

Supercritical CO, method Only pressure reduction

Water containing / 0O
inclusion substance O O O Ultrasonicati
W, phase Ultrasonicatipn O

O
= | © O @
+ f‘> OO OOQ é)z nd Emulsificati

SC-CO2 phase containing st Emulsification OO 00O

Q2 removal

1,

inclusion substance O
SC-CO2 phase
K W,/Oemulsion W1/O/W2emulsion/ Liposome
o High pressure organic solvent
Phospholipid _ Aqueous Liposome snp -
Hydrophilic group /‘ phase 4

Hydrophobic group
N

Phospholipid bilayer

Small unilamellar vesicle
SUV (<100 nm)

Large unilamellar vesicle
LUV (100-1000 nm)

@ Multilamellar vesicle CO, cylinder '
MLV w



Ultrasonic - Liposome - &7

Liposome
Mixture
Phosphatidylcholine (PC)
Sphingomyelin (SM)

1:>:‘3l0=:r£t(r);:%Okvzooooo
. . . ire ag: 0 X .
Dynamlc nght Scatterlng (DLS) #Enter string which describes use
Nanosight
25 : ,
20 Zeta Potential
-17.6 (mV)
15 g\' il
‘™
10 B
5
2= {
5
0 2 { (59 20 20 00 SI;OeJ (nm;(lJ wo & Lol 100
0 100 200 300 400 500 FTLA Concentration ! Size graph for Experiment:

nol 2018 (3 24 1051 37
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Hydrophobic drug

Effect of cis-isomer ratio on B-carotene content

All-E Z-isomers

Heat
M Aqueous
£ solution
1.6 g%hobc tail
3 1.4 m Cis form Hydrophilic drug  Hydrophilic head
E 12 = Trans form
3.5
Q Z-isomers
1 3
g Zos 2.4%
g 08 50°C, 10MPa g
Q €15
= 06 3]
<
-E 0 4 0.5
?:) : 0 . . ; .
()] 0.2 200 300 400 500 600 700 800
B ' Wavelength [nm]
S o L . ¢
O Z-isomers
] 2.4 37 87 —08 o
<ol (trans) Tlios 37%
Isomer rate [%] 8
S 0.4
-<Q 0.2
. T
200 300 400 500 600 700 800
- - — i Wavelength [nm]
0.8 -
0.7 Z-isomers
06 P 87%
305
04
§ 03 340 440
Zo2 | 500
- j _iglh? o 0.1
z 0 . Ly . 7
2 40/0 370/0 870/0 200 300 400 500 600 700 800 >

Wavelength [nm]
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e T 1
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Medicine
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Bench plant installed in cosmetic company
Sphingomyelin

irst Beauty Laborato

0.04 01 02 0.4 1 2 4 10
1% (
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Depolymerization of plastics using supercritical fluids

%QOQ—O-CHQCHZ—O SET
0 n

0
: H,0
Colndens.atltc_)n | 2 HO—QOQ_OH +  OH-CH;CH;OH
polymerization polymers hydrolysis 0 0 o .
Ester bond Terephthalic acid ylene glyco
Ether bond
Acid-amide bond CH,OH
—— H,—0-¢ ¢=0—CH; +  OH-CH;CH;0H
ﬂ methanolysis 0 0
SC-water Dimethyl terephthalate
SC-alcohol 0
i | i 'c'
(CH,) 7— C—NH —
70 4 hydrolysis (C/H) >NH
Solvolysis Nylon 6 cyclodehydration 25
Hydrolysis g-caprolactam
Alcoholysis

Chemical recycling of waste plastics
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Reaction - Depolymerization -

Depolymerization of PET using supercritical methanol

fvg@ﬁomzmzo%n + 2n CH,0H = n CH308@30CH3+ n HOCH,CH,0H

PET Methanol DMT EG
Population balance model (Distribution kinetics)
A-B-A-B
Randacn o ; Polymer Melt Phase sc MeOH Phase
‘i Lo A-B Secondary reaction
' MeOH (L)
A-B A+ B MeOH (sc)
A-B-A-&A-BX-A-B-A-B % ?
- B A> C Polymer () on
A-B-A-B-A-B-A-B-A-t;ﬁ-s % B> D Ty
Re (o)
Oligomer+(’\L) on
v 3 w_fi&im‘on ki)
Feed 5 min ‘ \‘ t
— ! e MHET JC NP SO - NN > MHETisMceg)H
’ Random 1
4 Scission :
J\ | ke sy e
20 min o ' ' in 5
206 08 Monomer (SC)
: N (DMT, EG)
, v
2 . MHET (1) L ssesesssssfonsssssss s » MHET (s0)
1 10 100 1000 10000 100000 1000000 1 Secondary i
Reaction :
R
M. Goto H. Koyamoto A.Kodama T. Hirose, S.Nagaoka, B.J. McCoy, AIChE J., 48, 1, 136-144,2002 v 57
M. Genta, T. Iwaya, M. Sasaki, M. Goto, T. Hirose, Ind. Eng. Chem. Res., 44, 11, 3894-3900, 2005 SIS
M. Genta, M. Goto, M. Sasaki, J. Supercritical Fluids, 52, 3, 266-275, 2010
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Depolymerization of plastics using supercritical fluids

Batch test Laboratory test Bench test Pilot test
1998-1999  2000-2001 2001-2002 2003-2005

( A part of construction cost was
supported from Ministry of Economy,
Trade and Industry, Japan . )

Road to commercialization

MITSUBISHI

HEAVY INDUSTRIES, LTD.

Dr. Minoru Genta

H15. ¢
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Fiber reinforced plastics (FRP) L
HitachiChemical
Depolymerization in
subcritical alcohol to
recover fibers

Benzyl alcohol/K;P0O,

Polyester chain

~~

(Dissolve in
solvent)

S, -

200L bench plant
(Hitachi Chem.))

J Mater Sci (2008) 43:2452-2456
DOI 10.1007/s10853-007-2017-8

NOVEL ROUTES OF ADVANCED MATERIALS PROCESSING AND APPLICATIONS

Recycling of fiber reinforced plastics using depolymerization
by solvothermal reaction with catalyst

Ambient pressure -> High pressure

Tomoko Iwaya - Shinpei Tokuno + Mitsuru Sasaki -
Motonobu Goto - Katsuji Shibata
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FRP (fiber reinforced plastics) Panasonic
Depolymerization in subcritical water for upgrade recycling g

: i

Unsaturated polyester (UP) HO Resin raw materials Recovered resin raw materinls {1
: ~ - — ecycled low
1~ % o | HON~om HOon HO- HO 1 :
‘ WWWY <€ | M(M’" Now giyoal ¢ Yoa Thyom - rf';'r’:‘l;:g:r :
L o | ¥ Polymeri- | New organic acid = mMJH mMm Styrene-fumaric ng

o™ zation L acid copolymer

o

Mnd | | | , » 7 Dr. T. Nakagawa

:kw‘ 3 . af:  Af aQ : H0

AO"

. [Sub-

B 4
! | Estenifi-

o .
hd o Hot s A
o o™ 6 SR 6 6 critical il || cation !
) curing catalysed\ " e

Before curing Thermo-setting polyester resin - hydrolysis After reaction

Ester bond

Panasonic Inc. ~

© © ;
® & ® ~0.4t per operation
50 &

0.8t per day
(200 tons, amﬁlalry)

tyrene fumaric acid copolymer

Glycol °Fumaric acid @Styrene é ¢

Polymer Degradation and Stability 115 (2015) 16-23

Contents lists available at ScienceDirect =
Polymer
. . l)cgn:::lnlion
Polymer Degradation and Stability Staility

journal homepage: www.elsevier.com/locate/polydegstab

Recycling thermosetting polyester resin into functional polymer using ®(.mm
subcritical water

Takaharu Nakagawa *"*, Motonobu Goto ”

* Eco Solutions Company, Panasonic Corporation, 1048 Kadoma, Osaka 571-8686, Japan
* Department of Chemical Engineering. Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, japan
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J. of Supercritical Fluids 47 (2009) 500-507

Contents lists available at ScienceDirect

The Journal of Supercritical Fluids

TSRAFVIDERERDI=HD
1I:$&Eﬁﬁ

journal homepage: www.elsevier.com/locate/supflu

EL SEVIER

Review
Chemical recycling of plastics using sub- and supercritical fluids

Motonobu Goto*

Bioelectrics Research Center, Kumamoto University, Kumamoto 860-8555, Japan

Dynamic Article Links °

Green Chemistry

Cite this: Green Chem., 2011,13, 1380

www.rsc.org/greenchem TUTORIAL REVIEW

Green materials synthesis with supercritical water o

Tadafumi Adschiri,*** Youn-Woo Lee,*** Motonobu Goto*? and Seiichi Takami® GUY—2F2RR) —E}F’jbu ﬁ"ﬁl

Received 10th February 2011, Accepted 20th April 2011
DOI: 10.1039/ c1gc15158d
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Article Influence

Renew. Sust. Energy Rev.

ReCyC“ng Plastic Waste as Fuel

Ngadi, 2015
Waste Management 498 Green Chemistry
Recycling Carbon Fibers t Circular Economy
Pinho, 2011 Clark, 2016

s Wy . N 155

Polymer Chemical Recycling

°Goto, 2009
. ’ (Rev) “
Green Chemistry 205 Waste Management
Green Materials Mechanical & Chemical Methods
Adschiri, 2011 SCW, scAlcohols van Geem, 2017
PET, PE, FRP
g 210 Commercial Development 236
Cites =
(Rev) = Review Paper = g o 5/'0'u?:;?L)fcg5;2fsrlitraigrgfﬂfj:;gl?gggz)ugbnogssg;_ esperie Y8

https://doi.org/10.1016/j.supflu.2008.10.011
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Event in my researcher life on SCF
1988 Nagoya University4a K-> Kumamoto University A& K . Hi{c\)se
1988 California University, Davis (15 months .
/ iforni iversity, Davis ( ) (fffl‘szk%\
1993 NATO Advanced Study Institute on Supercritical Fluids (Turkey)
1996 JSPS Research for the Future Programssismimsimmsiass [ 1996-2000)] FHEE
1997 MESC Scientific Research on Priority Areas® sas#rz[1997-2000 J#EEqR 5*
2003 21 century COE Program (Kumamoto Univ)[2003-2007]
2006 8t International Symposium on Supercritical Fluids (Kyoto) Organizer
2008 Global COE Program (Kumamoto Univ) [2008-2012]
2009 MEXT Scientific Research on Innovative Areas#izfisEmimze[2009-2013] TS5 X~ /
6012 Kumamoto University B& K-> Nagoya University$a X Sk Bk )
2013 Workshop on Supercritical fluids and Energy in Brazil w NAGOYA UNIVERSITY
2013 Super Critical Technology Centre Co. Ltd. #BEREMito 32— RI BREAFr—
2017 Supergreen (10t International Conference on Supercritical Fluids) Nagoya y
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Plasma
Plasma is an ionized

gas.

"lonized" refers to the presence of
one or more free electrons, which are
not bound to an atom or molecule.

Kinetic Energy of Particles

(W) (- W UQ. M
. ' ." L lg'
- (W] ‘ ikl '@ .
. * 09 ¢
4 W v .. s @ o' ’

v
Solid e Liquid e Gas sl Plasma

» Energy ) Molecule @ Excited molecule . Particle e Free-electron e« Ions

llluminant, Reactivity, Electrically conductive
Fast particle, High temperature
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arrayed
waveguides

ions  neutrals electric field

NIRER

splitter combiner

in - out

photom Semiconductor

Pillar detecor

https://sterilisatievereniging.nl/wp-content/uploads/2015/08/2013-03-presentatie-Jan-van-Dijk.pdf 2022.5.27

https://scorec.rpi.edu/research_plasmaetchmodeling.php 2022.5.27

Deuterium Helium
&
¢ +@

\ Nuclear Fusion
+ Energy
(79 ¢

Tritium Neutron

inner poloidal

https://onlinelibrary.wiley.com/doi/abs/10.1002/ppap.201670036 2022.5.27
magnetic field coils coil current

toroidal

3 outer poloidal
magnetic field coils ﬂ

magnetic field coils

Agriculture

toroidal
magnetic el d

© Getty Images

EFEOHEIZKY
BB ZHIFRLEL =,

TIRTKEEMDEEDEKRE
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Discharge plasma in supercritical fluid

Sub-critical

Supercritica
I CO,

H,0

T=313K T=563K
P = 8.0MPa P=10.0MPa

Collaboration with Prof. H. Akiyama group at Kumamoto University
since 2003 as 215t COE & GCOE.

Pulse power + Supercritical fluid
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Characterization of Breakdown Voltage Profile and
Solvent Density
40 [ eeeefeees measured  SCF phase S Czcgzt/iil isfotflfm
35 - T calculated gﬁé 14 - w/'\. '
30 12 -
10 -

(\)
()}

O
Pressure, P (MPa)
)—U
(@)
I

4 critical point
(304.1K, 7.38MPa)

[E—
-

Breakdown Voltage, V. kV)
(\O]
()

oL . saturated gas line L
0 1020304050 6070 g saturated liquid line
0 | ‘ O CBA | | | | |
0 200 400 600 800 0 200 400 600 800 1000
Density, p (kg m'3) Density, p (kg m'3)

In supercritical phase, the increasing rate of the breakdown voltage to density

becomes small far from liquid phase. In comparison with density curve of CO2, it is

observed that the increasing rate of breakdown voltages become smaller as the
Kphase approaches to saturated line. 68

)




Plasma s

s
Discharge plasma at gas/liquid interface
Supercritical
argon metal
uv
electron .
L metal ion
5 S Ar ion
o O .
Ar radical
12 600
_ Voltage
%’ g | Current | 400 m
s o hemica
5 4 1 206
g z eaction :
° |\ Y - E _ Particle
\, Shalind Electrochemical  5rmation
.l | 200 reaction
8 -400

0 500 1000 1500 2000 69

time [nsec.]
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Pressure dependence of carbon nanoparticle generation

Starting material XPS
. 2000
/YO -
|
NH2 ; - ';‘ 1500
'm =
OH ‘ . § 1000
| -
glycine ¥
|
. g 0 v
u - 202 200 288 286 284 282
Argo n PreSS ure [ | Binding Energy[eV]

0.1 MPa 1.0 MPd 1.5 MPa 2.0 MPa 3.0 MPa 4.0 MPa Carbon particle surface is modified
) with carboxyl group (-COOH)
Carbon particles are generated by discharge over 1.5 MPa

M?‘) Raman
) b v »’f D io/le=1.32

Intensity [a.u.]

o . . \ . \ .
1100 1200 1300 1400 1500 1600 1700 1800
Raman shift [em™']
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Titania / carbon composite particle

Emission Spectrum

Ti electrode s
® 1.00 mm

DC pulse
Ar supply unit T T T T T T T
- HB
[~ PEEK Lo
S
0 S
| N—
>
)
22 mm R7)
c
100g/L 9
glycine solution £
7.0mL 77“ \‘\
\
—e—0.1 MPa

—e—1.0 MPa

300 400 500 600 700 800 900 1000

wavelength[nm] 2.0 MPa

—0—3.0 MPa

—8—4.0 MPa
AMT-100

Decomposition of methylene blue

0 1 2 3

time [hour]
STEM-EDS mapping

Ti 3.0MPa C
50 nm
71

0.1 MPa 1.0MPa 15MPa 2.0MPa 3.0MPa
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Plasma B

N
Plasma at G/L Slug Flow in Capillary Tube
taken by
high speed camera
supplying il
voltage |
) Ar Flow jate controller
I
8 cm o
o AC pulse
Liquid pump power supply
, =
grounding : m
Frequency 10 kHz
" NaCl aq Voltage ~ £9~12 kV
| ti X ———
real time 30 !
10 pulse/ frame .

350 pulse/ frame



Internal liquid circulation
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Decomposition of naphthol blue black
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Plasma -Pulsed laser ablation- 7
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Fiber Fabrication by Electrospinning under Pressurized CO,
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International Activity

Asian Society of Supercritical Fluids

M. Goto, T. Adschiri, B. X. Han, Y. W. Lee, Yan-Ping |
Ki-Pung Yoo, Ryuichi Fukuzato ?

s 2009
et SuperGreen 2013

oupergreen 201/
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ISSF2006

Towards a New Phase

8th International Symposium
on Supercritical Fluids

November 5 - 8, 2006
Kyoto International Conference Hall,
Kyoto, Japan
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8th International Symposium on Supercritical Fluids
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Workshop on Supercritical Fluids and Energy, Brazil,
2013.12.8-11

the current status and future directions of the
i Bl s supercritical fluid science and technology

Erdogan Kiran (editors)
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University of Valladolid, Spain
Prof. Maria Jose Cocero
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Lecture in Spain by M. Goto

Lecture in Japan by M. Cocero
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Department of Agricultural, Food and Nutritional Science, University of Alberta,
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Kumamoto Univ. & Kyushu Univ.
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Institut Teknologi Sepuluh Nopember (Indonesia)
Dr. Siti Machmudah

ITS students to Nagoya U. by Sakura Science Program
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Chulalongkorn University, Thailand
Prof. Artiwan Shotipruk
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Nagoya and Chula students
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Development of functional food materials from
citrus fruit using green solvent technology
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Super Critical Technology Centre 5CIC NJA
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Goto & Fukuzato

Venture plan @Kumamoto University
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