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Supercritical Fluid Lab Extraction Equipment

EASE 18 ETERE 2MERIE S TR/RSM2 IR 4./ 8BS
ERTE 1.2RI2B518F 28 LR THZR BB  SFa/ENE A E

TRE SRR ovsor-1000
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PM-10000C

1. RAIR(EE S : 7250 Psi / 500 Bar
2. BERE : ZEili~220°C
3, ZZHV4ERE - 60 /250 /1000 ml
4. ZEVEER | WA EEVEE / BIE X244
5. JMEBR<F : 700 X 650 X 950 mm
6. TR : 110V / 16A
7. EGhEERE ¢ BiECEZRE
IEC 61010-2-010 : 2002 (2nd Ed)for use with IEC 61010-1 : 2001
EN 61010-2-010 : 2004 (2nd Ed)for use with EN 61010-1 : 2002

BB S

i 7R AE RRE | 1EEX (LCO2)
1. R HE S : 1500~10000 Psi (iRREE )
2. RifEHHE 1 200 ml/ min (f£4350 PsiF)
3. EERE TR SR I R AR
4. e ABIRENE
5. JMERR~F £ 360 X 600 X 270 mm
6. FEF : 110V/3A
7. Efhivag - BBCEZ &
EN 61010-2-010:2002(2nd Ed) for use with EN 61010-1:2001

21, SEEYRERE 5520001000

g

1. RAIRIERE S : 7250 Psi / 500 Bar

2. B{ERE : EiR~100C
3. ZZHVIERE © 2000 ml X 1

4, ZEVERE - SEEVRE /B X 14
5. 4MERR <t : 820 X 560 X 620 mm

6. TiF: 220V/16A
7. EMRESE ¢ EBCEZ M

EN 61010-1:2010+A1:2019, EN 61010-2-010:2014.
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JOPE TECHNOLOGY

SERFERMOABR AT Jope Technology Co. Ltd.

@ ABOUT
JOPE Technology Company established in 2012, who is the first company to combine the supercritical fluid

technology and simulated moving bed chromatography as a green solution to separate and purify active

pharmaceutical ingredients for medicines, nutraceutical and cosmetic ingredients.

From research and development, process scale-up design to equipment assembly, we possess professional
technology and expertise. With excellent quality, we ensure the equipment operates efficiently and stably. The
SF-SMB system uses supercritical CO; throughout the process, which is easy to recycle and reuse, saving solvent

costs, making it the preferred choice for green, environmentally friendly, and economical processes.

& SERVICES

«  SF-SMB, SMB, Pre-SFC, Prep-HPLC and SFE Equipment;

e Process Development, Preparative-Scale Equipment Design, and The Construction of Purification and
Separation Facilities;

¢ OEM And ODM Services for the Purification of Nutritional Supplements, Pharmaceuticals, and Fine
Chemicals;

*  High-Pressure Devices.

Lab-Scale SF-SMB Pilot-Scale SF-SMB Large-Scale SF-SMB

Add: No. 70-72, Ln. 298, Wengong 1st Rd., Guishan Dist., Taoyuan City 333001, Taiwan (R.O.C.)
Tel: +886-7-616-0610

Web: www.jope-smb.com

Contact: Special Assistant fo GM Scott Yang (scottyang@)jope-smb.com)
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Safety and Health Technology Center
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R. 143, Bldg. 52, 195, Sec. 4, Chung-Hsing Rd., Chutung, 4F., 41 Fuchian 4th St., Anping District, Tainan
Hsinchu 310, Taiwan City 708, Taiwan

Tel : 03-5836885(fL#4%) Fax : 03-5837538 Tel : 06-2937770 Fax : 06-2938810

website @ www.sahtecl;.mj__,.---'
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Total Solutions Provider for Gas Supply.
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KRB AR HEF = Bulk Distribution

% MAR L ES5 = Cylinder Distribution

IRi8 it & 75 % On-site Distribution
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Biomass Utilization Using Supercritical Fluids

Prof. Jaechoon Kim (School of Chemical Engineering, School of Mechanical
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University)
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Plenary Prof. Jaehoon Kim Sungkyunkwan University
Lectures(I) | Biomass Utilization Using Supercritical Fluids
Prof. Takaaki Tomai Tohoku University
Plenary
Lectures(IT) Supercritical Fluids Process fo'r Nanomaterials and Its Application
Toward Carbon-Neutral Chemical Industry
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Supercritical Carbon Dioxide Derived Collagen Acellular Dermal Matrix Regenerative
Role on Hair Follicle for Hair Regrowth
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= ~ ~ ¢ w#() Prof. Jachoon Kim 1 %

AL P © Biomass Utilization Using Supercritical Fluids

Name

Title

Affiliation
&
Office

TEL

E-mail

Education

Current
Research

Interests

Skills

Professional
Experience

Jaehoon Kim

Professor

School of Chemical Engineering, School of 4 j
|

Mechanical Engineering, SKKU Advanced Institute
of Nano Technology, Sungkyunkwan University

+82-31-299-4843 FAX
jaechoonkim@skku.edu

Doctorate of Philosophy, Chemical and Biomolecular Engineering

North Carolina State University (NCSU), Raleigh, North Carolina (NC),
USA

Master of Science, Chemical Engineering and Biomolecular Engineering
North Carolina State University (NCSU), Raleigh, North Carolina (NC),
USA

Master of Science, Chemical Engineering and Industrial Chemistry
Hanyang University, Seoul, Korea.

Bachelor of Science, Chemical Engineering and Industrial Chemistry
Hanyang University, Seoul, Korea.

Graduated Summa Cum Laude

Supercritical fluids, Biomass conversion, CO; conversion, Nanomaterial

synthesis

Catalyst design, Supercritical fluid equipment design

Professor, School of Mechanical Engineering, School of Chemical
Engineering & SKKU Advanced Institute of Nano Technology,
Sungkyunkwan University, Suwan, Korea

Associate Professor, School of Mechanical Engineering, School of Chemical
Engineering & SKKU Advanced Institute of Nano Technology,
Sungkyunkwan University, Suwan, Korea

Assistant Professor, School of Mechanical Engineering & SKKU Advanced

Institute of Nano Technology, Sungkyunkwan University, Suwan, Korea
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Subject Editor, Korean Journal of Chemical Engineering
Editor, Clean Technology

Editorial Board Member, Biomass

Editorial Board Member, Catalysts

Editorial Board Member, Journal of Supercritical Fluids

Guest Editor, Journal of Supercritical Fluids

Editorial Board Member, Energy Science & Engineering (ESE)

Visiting Professor, CNRS-ICMCB, France

Visiting Scientist, NCSU, Department of Chemical and Biomolecular
Engineering, Raleigh, NC

Senior Research Scientist, Clean Energy Research Center, Energy Division,
Korea Institute of Science and Technology (KIST), Seoul, Korea

Adjunct Professor, University of Science and Technology (UST), Clean

Energy and Chemical Engineering, Seoul, Korea
Adjunct Professor, Green School, Korea University, Seoul, Korea

National Research Council Research Associate, Army Research Office,
Raleigh, NC

Post-doctoral Research Associate, NCSU, National Science Foundation—
Science and Technology Center for Environmentally Responsible Solvents

and Processes, Raleigh, NC
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2z~ ¢ /& #(II) Prof. Takaaki Tomai /i 5

A#AL P : Supercritical Fluids Process for Nanomaterials and Its Application
Toward Carbon-Neutral Chemical Industry

Name

Title

Affiliation
&
Office
TEL
E-mail

Education

Current
Research

Interests

Skills

Professional
Experience

Takaaki Tomai

Professor

Frontier Research Institute for Interdisciplinary
Sciences, Tohoku University, 6-3 Aoba, Aza,
Aramaki, Aoba-ku, Sendai, Miyagi 980-8578, Japan

+81-22-217-5630 FAX
takaaki.tomai.e6@tohoku.ac.jp

Prof. Tomai graduated from The University of Tokyo in 2008, and received

his Doctor of Science from the same institution in 2008.

Supercritical fluids, Nanomaterials, Nanofluids, Chemical conversion,

Electrochemistry, and CO?2 utilization

fluid

Engineering and Electrochemistry

Supercritical technologies, Nanomaterials Science, Chemical

He worked as a Research Fellow for Young Scientist and an Overseas
Research Fellow of Japan Society for the Promotion of Science. In 2010, he
moved to Tohoku University as an Assistant Professor. In 2023, he was
appointed as a Professor in Tohoku University. He has published nearly 100
papers, with more than 2,500 citations, and has an h-index of 26.

He has been invited more than twenty times to major domestic/international
conferences in a variety of research fields. For his research excellence, he
has been awarded many prizes.
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I~ #Feiw () Ardila Hayu Tiwikrama 2432 3t3% /i 2

HHALP © Supercritical CO2/Green Solvent Biphasic System as a New

Sustainable Solvent for Different Applications: Insights into The
Mechanism of Molecular Interaction

Name Ardila Hayu Tiwikrama (¢ 72 % )
Supercritical CO2/Green Solvent Biphasic
Title System as a New Sustainable Solvent for
Different Applications: Insights into The
Mechanism of Molecular Interaction
Affiliation National Taipei University of Technology
& 411-Chemical Engineering and Biotechnology
Office Department
TEL 02-2771-2171#2586 FAX  02-2731-7117
E-mail ardilahayu@mail.ntut.edu.tw
1. Ph.D. — Chemical Engineering (2014-2017)
National Taiwan University of Science and Technology (NTUST), Taipei,
Taiwan.
Education 2. Magister of Technic (M.T.) — Chemical Engineering (2011-2013)
Sepuluh Nopember Institut of Technology (ITS), Surabaya, Indonesia.
3. Bachelor of Technic (S.T.) — Chemical Engineering (2008-2012)
Sepuluh Nopember Institut of Technology (ITS), Surabaya, Indonesia.
® Supercritical carbon dioxide
® Thermophysical Properties
Current o
® Phase equilibria technology
Research o ;
® (Carbon dioxide capture and sequestration
Interests . o
® Optimization and parameter estimation
® Metal organic frameworks
® Determining phase behavior (SLE, LLE, VLE, VLLE) for
multicomponent systems up to critical region
. ® Thermodynamics modelling
Skills

® Optimization binary interaction parameters
® Process design and control

® [nstrument analysis
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Biomass Utilization Using Supercritical Fluids
Jaehoon Kim'?3*
!'School of Mechanical Engineering, 2 School of Chemical Engineering, * Advanced Institute of Nano Technology,

Sungkyunkwan University, 2066, Seobu-Ro, Jangan-Gu, Suwon, Gyeong Gi-Do, 16419, Republic of Korea

Because of current global warming, production of carbon-neutral fuels and chemicals from renewable
and sustainable resources have received a considerable attention recently. Owing to their beneficial
physicochemical properties such as zero surface tension, fast reaction rates, deoxygenation ability, and
suppression of coke formation, biomass conversion in sub- and supercritical fluids is considered one of most
promising approaches in utilizing effectively technologically challenging feedstocks. This talk consists of three
parts; first, recovery of bioactive compounds in various types of biomass in supercritical fluids will be
discussed [1-3]. Second, hydrothermal and solvothermal liquefaction of various types of biomass such as
woods, microalgae, and sewage sludge will be discussed [4—8]. Under supercritical ethanol condition,
complete conversion of biomass into liquids and gases could be achieved. A sophisticated separation of the
products results in higher bio-oil yields, which let us to think again the process efficiency. The third part of
this talk will cover solvent participation during catalytic conversion of biomass constituents [9—14]. Over
heterogenous catalysts, water and ethanol molecules donated their hydrogen to reactants (such as furfural) to
change the reaction pathways. The solvent-mediated product selectivity will be discussed
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Superecritical Fluids Process for Nanomaterials and Its Application
Toward Carbon-Neutral Chemical Industry
Takaaki Tomai'-**
! Frontier Research Institute for Interdisciplinary Sciences, Tohoku University

2 Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

The current chemical industry primarily relies on crude oil and naphtha as raw materials to
produce a wide variety of chemicals. To achieve a carbon-neutral chemical industry, it is crucial to
shift carbon resources to waste plastics, biomass, and CO2. Consequently, developing material
conversion processes that can recycle carbon-containing waste compounds with high energy
efficiency is essential.

High-temperature, high-pressure fluids, such as supercritical fluids —[FSSFETS

(SCFs), offer a unique reaction field where solvent properties can be

controlled by manipulating temperature and pressure. In nanomaterial

Electrochim.
Acta (2013)

synthesis, we have utilized this property to control the interface between
the solvent and material, allowing us to achieve nanosizing and
composite formation with other materials, thereby tailoring material
functions. For instance, by stabilizing the nanosheet state through the
precise control of solvent properties in supercritical fluids, we have
successfully exfoliated and stabilized nanosheets with low layer

numbers, significantly enhancing their catalytic activity, such as in

hydrogen evolution reactions (HER). Additionally, for catalytic and "
energy storage materials, we have developed methods to synthesize Figure 1 Nanomaterials
anisotropic nanoparticles (e.g., nanorods, nanocubes) with specific surface  gynthesized by SCF process
exposure by selecting appropriate organic molecules and controlling the

exposed surfaces through post-treatment.

Recently, we have developed chemical looping processes for waste plastic gasification using
nanocatalysts synthesized by SCF process. In addition, we have also developed the hydrothermal
electrochemical CO; reduction process with high efficiency by using the excellent mass transport at
high temperatures and the high solubility under high-pressure conditions. In this presentation, I will

introduce these advancements and discuss the potential of SCF process in achieving a carbon-neutral

chemical industry.
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Supercritical CO2/Green Solvent Biphasic System as a New Sustainable Solvent
for Different Applications: Insights into The Mechanism of Molecular
Interaction

Ardila Hayu Tiwikrama®
Department of Chemical Engineering and Biotechnology, National Taipei University of Technology,

Taipei 106, Taiwan
In the quest for green and sustainable solvents, deep eutectic solvents (DESs) and ionic liquids (ILs)
have emerged as an attractive and multipurpose solvent which demonstrated applicability in various
chemical processes [1]. The versatility of these solvents is based on their unique molecular structure
and chemical properties. However, the applications of DESs and ILs in areas such as extraction,
delignification and CO> capture and storage (CCS) are limited by problems such as high viscosity
and high polarity. Hence, in this work, the performance of supercritical CO2 (scCO2) in the green
solvent (DES or IL) was evaluated for excellent circulation efficiency in solvents. To achieve this
goal, the knowledge of thermodynamic properties and phase equilibria of these solvents were
measured using high pressure/high temperature equilibrium cell for scCO2/DES and scCO»/ILs in
biomass conversion, delignification and CCS applications. In addition, the insights of mechanism of
scCO; were evaluated the molecular mobility in different applications. The results show that CO>
molecules can diffuse significantly into the DES/IL phase, while DES/IL components do not appear
in the scCO» phase as shown in Figure 1. The diffused CO, molecules significantly increased the
molecular mobility of the DES components. The presence of CO2 molecules enhanced the solubility
and chemical dispersion in the DES phase. After comprehensive consideration, IL is selected as the
best extractant. For biomass conversion, the higher delignification extent (94.5%) was obtained at
8 MPa, 120 °C, and 120 min. The results of this study show that scCO»/green solvent as a new class
of versatile solvents can open a new and promising window for research in the field of sustainable

chemistry and engineering.

scCO2

green solvent
biphasic system

Figure 1. The mechanism of molecule interaction between scCO»/green solvent.

Reference
[1] L. D. Tolesa, B. S. Gupta, A. H. Tiwikrama, Y. C. Wu, M. J. Lee, J. Cleaner Prod.

258 (2020) 120724.
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[1] T.-C. Chang, P.-H. Chen, C.-Y. Lin, C.-C. Shih, Low temperature defect passivation technology

for semiconductor electronic devices—supercritical fluids treatment process, Mater. Today Phys., 14,
100225.
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L TR A AP A SRR R E R o AP TET EY RN =
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g RAAC R AL o AL AT AR 2 A 2T UL ffoiks ‘fﬁ Iz R Y L& o
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[1] Sovova, H. J. of Supercritical Fluids, 33 (2005) 35-52
[2] Qiao, X. et. al., RSC Adv. 5 (2015) 47040-47052
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Iy

Matsd (2R s F AR RRRAHE R

2342 /F‘k :
[1]  N.Kumari, B. Bhattacharya, P. Roy, A. A. L. Michalchuk, F. Emmerling, A. Ghosh, Enhancing

the Pharmaceutical Properties of Pirfenidone by Mechanochemical Cocrystallization, Cryst
Growth Des 19 (2019) 6482-6492.

AT RHEF § L5 28 E LS NSTC 113-2221-E-027-009-MY3 2 NSTC 113-
2811-E-027-006 -
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Supercritical Carbon Dioxide Derived Collagen Acellular Dermal Matrix
Regenerative Role on Hair Follicle for Hair Regrowth
Periasamy Srinivasan', Ming-Shan Kao', Chao-Chin, Chao', Dur-Zong Hsu?,
Dar-Jen Hsieh!"
' R&D Center, ACRO Biomedical Co. Ltd, Kaohsiung, Taiwan

’Department of Environmental and Occupational Health, College of Medicine, National Cheng

Kung University, Taiwan

We developed a collagen acellular dermal matrix (ADM) using supercritical carbon dioxide
(SCCO») extraction technology. Alopecia areata is a characteristic hair follicle disease, demonstrated
by hair loss, which mainly affects mental health and quality of life. Therefore, we postulated the hair
follicle growth study of collagen ADM scaffold in mice. Hair follicles are mainly positioned at the
head of the scalp, influenced by numerous factors, such as ultraviolet light exposure and temperature.
In the current investigation, C57B16 7-week-old male mice were grouped into four groups as follows:
Sham, platelet-rich plasma (PRP), collagen ADM scaffold, and collagen ADM scaffold with PRP.
Collagen ADM scaffold injections were done with and without PRP. Hair growth was significantly
increased in the collagen ADM scaffold with PRP compared to all other experimental groups at
different time points. Hair follicle numbers significantly increased as evaluated by H&E staining
tissue sections in collagen ADM scaffold relative to all other experimental groups at different time
points of the experimental period. Collagen ADM scaffold with PRP was found to modulate the
expression of CD34, Wnt, Lef-1, SOX-9, B-catenin and K17 in the hair follicle growth cycle, thereby
increasing the hair follicle and hair density. The SCCO»-derived collagen ADM increased hair follicle

and hair density and might be therapy for alopecia, without any adverse effects.
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Regeneration of Nerve Function by Direct Xenotransplantation of Supercritical
Carbon Dioxide Decellularized Porcine Nerve in Rat

Periasamy Srinivasan', Ming-Shan Kao', Ko-Chung Yen!, Ming-Wei Hsu?, Yuan-Yu Hsueh?, Dar-
Jen Hsieh'”
' R&D Center, ACRO Biomedical Co. Ltd, Kaohsiung, Taiwan

2 Division of Plastic and Reconstructive Surgery, Department of Surgery, National Cheng Kung

University Hospital, College of Medicine, National Cheng Kung University, Tainan, Taiwan

In the present study, we decellularized porcine nerve using supercritical carbon dioxide (SCCO3)
and direct xenogenic transplantation to a rat. Peripheral nerve injury (PNI) is a frequent clinical
condition. Around 1 million PNIs rise every year globally. PNI is a serious financial issue to society
and leads to the loss of limb functions, which significantly affects patient's quality of life. The
treatment for nerve defects “gold standard” is autologous nerve transplantation. However, it has
several limits, including nerve size variances, secondary dysfunction in the donor area, risk of
neuroma formation and inadequate donor sources. Decellularized nerves (DN) were stained by
hematoxylin eosin and 4,6-diamidino-2-phenylindole (DAPI) staining and DNA depicted complete
removal of cells by SCCO,. The DN was found to consist of type I collagen with al and al bands
with a collagen concentration of more than 200ug per milligram of tissue and most significantly DN
proved to be non-toxic in the 3T3 cell line. Animal studies depicted the sciatic function index as an
enhancement of more than 40 points in DN-transplanted rats. Von Frey tests for paw withdrawal
thresholds showed DN-transplanted rats are relatively better than the control animal.
Neuroelectrophysiological function tests showed no difference between DN-transplanted and control
rats. The sciatic nerve regeneration test after 12 weeks depicted the remyelination rate of the DN graft
was 73.63%, statistically significantly different to the control rat. In the present study, DN graft was
regenerated to depict the motor function, sensory function and nerve regeneration. Therefore, we

believe that the porcine DN graft may be the most promising graft for repairing human nerve defects.
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[1] Nakagaki, Y. Sano, Light scattering studies on the thermal denaturation of bovine serum
albumin. Bull. Chem. Soc. Jpn. 46 (1973) 791-797. https://doi.org/10.1246/bcs].46.791
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[1] G. Cao, Y. Bai, X. Chen, X. Nan, Q. Cheng, Y. Sui, Z. Wang, Hydrate prevention based on

convection and diffusion in alternate injection wells of carbon dioxide and water, Case Studies
in Thermal Engineering, 24, 2021, 100858.
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[1] N.U. Islam, M.N. Umar, E. Khan, F.A. Al-Joufi, S.N. Abed, M. Said, H. Ullah, M. Iftikhar, M.
Zahoor, F.A. Khan, Levofloxacin Cocrystal/Salt with Phthalimide and Caffeic Acid as
Promising Solid-State Approach to Improve Antimicrobial Efficiency, Antibiotics, 11 (2022)
797.
https://doi.org/10.3390/antibiotics 11060797
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Professional Supercritical Fluid Engineering

Food & Pharmaceuticals

—SCCO; extraction, fractionation, chromatography
— Liquid/supercritical CO, degreasing

— Supercritical micro-powder forming system
—R134a extraction system for essential oils(New)
Surface Treatment

—SCCO; cleaning, drying, plating

— Supercritical fluid surface modification( New)

Energy & Chemical Engineering

—SCMeOH for biodiesel production

— Hydrothermal liquefaction of wet bio-
Wastes(/New)

— Supercritical hydrogenation reaction(New)

— Subcritical propane extraction for

_ _ SCCO; Powder Forming Sys. 2LPHx35MPa SCCO»
microalgae oil(New) Fractionation System

2Lx70MPa SCCO: Extraction Sys. 25MPa/480°C  Supercritical Fluid Subcritical Water Biomass

Tubular reactor System Treatment System
(24MPa/350°C, 100L)
Instruments

— High pressure tester(water: 160MPa; nitrogen: 100MPa)

—High Pressure water platform(600MPa, 1L ~ 10L autoclaves)

Industrial Service

— Supercritical Fluid & High Pressure Processing Systems for healthy foods, essential oils,
cosmetics, medicines, food processing, etc.

—High Pressure & High Temperature for hydrothermal reactions, hydrolysis, pyrolysis,
synthesis reactions, etc.

Bio-process & Energy Engineering Section, MIRDC

web: www.mirdc.org.tw
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