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Strategic International Collaborative Research Program (SICORP)
Japan—Thailand, Philippines Joint Research Program
Executive Summary of Final Report

1. Project Title : [Development of Functional Nanocarbon-Based Catalysts for Biomass
Conversion Processes |

2. Project Period : 11,2014 ~ 3, 2018

3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Tetsuya Kida Professor | Kumamoto Catalyst development
University

Co-PI | Armando Quitain Assistant | Kumamoto Microwave technology
Professor | University development

Co-Pl | Mitsuru Sasaki Associate | Kumamoto Supercritical fluid
Professor | University technology development

Total number of participating researchers in the project: 18

Thai-side
Name Title Affiliation Role
Pl Artiwan Shotipruk Associate | Chulalongkorn Process design
Professor | University
Co-PI | Navadol Professor | King Mongkut’'s Catalyst
Laosiripojana University of development
Technology, Thonburi
Co-PI | Panatpong Lecturer Naresuan University Catalyst
Boonnoun development

Total number of participating researchers in the project: 11

Philippine-side
Name Title Affiliation Role

Pl Joseph Auresenia | Professor | De La Salle Catalyst
University-Manila development

Co-PI | Luis Razon Professor | De La Salle Process
University-Manila design

Co-Pl | Pag-Asa Gaspillo Professor | De La Salle Process
University-Manila design

Total number of participating researchers in the project: 11

4. Scope of the joint project

This collaborative research aims to synthesize nanocarbon materials such as graphene
oxide, carbon nanotube and hydrothermal carbon, and utilize them for efficient conversion of
vast biomass resources into useful compounds under special reaction field of supercritical
fluid and microwave irradiation.

5. Outcomes of the joint project
5-1 Intellectual Merit

Japan: The Japan team had successfully utilized the synergy of graphene oxide (GO) and
microwave (MW) irradiation for cellulose depolymerization and biodiesel production,
including glycerol conversion into fuel additives. The use of sub- and supercritical fluid as a
solvent has also been investigated. Results indicated that microcrystalline cellulose can be
effectively depolymerized into glucose, generating yields as high as 73% in 1 h. GO can
effectively convert free fatty acid to biodiesel with 99% vyield in 3 min, but would require
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functionalization with sodium silicate to obtain 99% conversion of the triglyceride in 30 min.
Other related works that have been carried out include nitrogen-functionalization of GO
obtaining 11% N-doping level (the highest reported so far) and its application to CO2 capture,
liquefaction of oil palm biomass into bio-oil obtaining higher yield compared to metal oxide-
based catalysts and hydrolysis of polyphenols to remove the sugar moieties.

Thailand: The Thai team had successfully synthesized and characterized sulfonated
hydrothermal carbon-based acid catalyst from glucose and applied this to cellulose
hydrolysis and fructose dehydration reaction obtaining 43% of glucose yield, and 87% of
fructose conversion, respectively. The yield is better compared to conventionally synthesized
hydrothermal carbon acid catalyst via incomplete carbonization in sulfuric acid, obtaining
highest sugar yield of 40% from the hydrothermal hydrolysis of eucalyptus chips in 5 min.
The possibility of enhancing the biomass conversion yield by the application of the catalyst
with the addition of chromium chloride was also evaluated for the production of HMF and
levulinic acid from cellulose in single and biphasic systems.

Philippines: The Philippine team has successfully synthesized carbon nanotubes from
indigenous materials such as coconut shell and applied this to the synthesis of biodiesel
production from microalgae, kenaf and kakawate seeds using microwave irradiation.
Determination of the mechanism pertaining to the reaction and estimation of the parameters
have also been studied. Supercritical carbon dioxide extraction apparatus has also been built
and applied to extraction of oil feedstock for biodiesel production. The research outputs have
been disseminated by journal publication and in various conferences around the region,
some of which have been organized by the research team.

5-2 Synergy through the Collaboration

Workshops were jointly organized every year in Japan, Thailand, and Philippines.

In Japan: 1) Joint International Symposium on  [Regional Revitalization and Innovation for
Social Contribution] and [e-Asia Functional Materials and Biomass Ultilization] 2015,
October 1, 2015. (Fukuoka, Japan). 2) Joint International Symposium on [ Regional
Revitalization and Innovation for Social Contribution] and [e-Asia Functional Materials and
Biomass Utilization] 2016, December 7, 2016. (Fukuoka, Japan)

In Thailand: 1) Development of Functional Nanocarbon-Based Catalyst for Biomass
Conversion Processes, the e-ASIA Joint Research Program (e-ASIA JRP), September 19-
20, 2016, Thailand.

In Philippines: 1) DOST East Asia organized the Asian Federation of Biotechnology (AFOB)
Regional Symposium 2017 held last February 9-11, 2017 at DLSU, Manila, Philippines

5-3 Potential Impacts on Society

Carbon-based catalysts offer tremendous opportunities as carbon is cheap, earth-abundant,
and stable. In addition, its electronic and chemical properties can be tuned easily. Our design
of graphene oxide catalysts leads to creating a new class of heterogeneous catalysts for the
conversion of biomass to value-added chemicals.

We had very active research and student exchanges among the participating research
teams. The Japan team sent 3 students to the Thai side as exchange students for 1-2 months
and sent 17 students to participate co-organized workshops that were held in Thailand and
Philippines. The Japan team accepted 6 students from the Thai team and 4 students from
the Philippine team as exchange students, who studied in Japan for 6 to 12 months. They
largely contributed to the advance of the collaborative research project. Even after the project
has been completed, the research exchanges will continue, and will be extended to include
researchers from other countries especially in the Southeast Asian region. In this perspective,
our collaboration would greatly contribute to the realization of an expanded biomass-based
society in the region.



1.

SICORP # T#t53E (KM - Shotipruk - Auresenia i)

HFEFZEICB T D FEARER R Y A -

I LFERE

* RS (FRFRFIET — L & DILFFR 0

1)

F. H. Baldovino, A. T. Quitain, Nathaniel P. Dugos, Susan A. Roces, M. Koinuma, M.
Yuasa and T. Kida, Synthesis and characterization of nitrogen-functionalized graphene
oxide in high-temperature and high-pressure ammonia, RSC Adv., 2016, 6, 113924-
113932.

DOI: 10.1039/C6RA22885B

C.J.U. Co, A.T. Quitain, J.Q. Borja, N.P. Dugos, M. Takafuji, T. Kida, Synthesis and
characterization of hybrid composite aerogels from alginic acid and graphene oxide, IOP
Conference Series: Materials Science and Engineering, 2017, 206, 012053.

DOI: 10.1088/1757-899X/206/1/012053

A. T. Quitain, Y Sumigawa, E. G. Mission, M. Sasaki, S. Assabumrungrat, T. Kida,
Graphene Oxide and Microwave Synergism for Efficient Esterification of Fatty Acids,
Energy Fuels, 2018, 32, 3599-3607.

DOI: 10.1021/acs.energyfuels.8000119

P. Wataniyakul, P. Boonnoun, A. T. Quitain, M. Sasaki, T. Kida, N. Laosiripoj, A. Shotipruk,
Preparation of hydrothermal carbon as catalyst support for conversion of biomass to 5-
hydroxymethylfurfural, Catalysis Communications, 2018, 104, 41-47.

DOI: https://doi.org/10.1016/j.catcom.2017.10.014

P. Wataniyakul, P. Boonnoun, A. T. Quitain, T. Kida, N. Laosiripoj, A. Shotipruk,
Preparation of hydrothermal carbon acid catalyst from defatted rice bran, Industrial Crops
and Products, 2018, 117, 286-294.

DOI: https://doi.org/10.1016/j.indcrop.2018.03.002

RS (FFUNFETF — L2 & £ 720 BARWIE T — A DFs30)

1)

B. Ali, S. Yusup, T. Quitain, R.N.M. Kamil, Y. Sumigawa, M. Ammair, T. Kida, Pretreatment
and Bentonite-based Catalyzed Conversion of Palm-rubber Seed QOil Blends to Biodiesel,
Procedia Engineering, 2016, 148, 501-507.

DOI: https://doi.org/10.1016/j.proeng.2016.06.539

A. Miyamoto, Y. Kuwaki, T Sano, K. Hatakeyama, A. Quitain, M. Sasaki, T. Kida, Solid
Electrolyte Gas Sensor Based on a Proton-Conducting Graphene Oxide Membranes,
ACS Omega, 2017, 2, 2994-3001.
DOI: 10.1021/acsomega.7b00239

E. G. Mission, A. T. Quitain, M. Sasakid T. Kida, Synergizing graphene oxide with
microwave irradiation for efficient cellulose depolymerization into glucose, Green
Chemistry, 2017,19, 3831-3843.

DOI: 10.1039/C7GC01691C



2.

SICORP # T#t53E (KM - Shotipruk - Auresenia i)

FRRE

* HEARER (FFRFFET — L & 04 FER)

FERMAL  GH T (O HRIFFEE - 510 1)

* NEARER (FFMUNIEF — 225 R0 AARIIE T — L DFEEK)

FERMIL G4 (O DIRFFER 517 1)

} IR A X —3FRK (HFMHTET — L & OEAFER)

SR - 7O

) RA L =R MHFMUIFET — L2 & 720 AARAIBIETF — L DFER)

9)

FEMH G131
FRLEZETV—Ivay T IF— - RV LEORE

SL O A T AGEEE [ A~ ZAFFROANFIN | EE  AEARFARRITIEE,

REART:, e, AA, 201543 A 5 H, A 74 4712

Joint International Symposium on [Regional Revitalization and Innovation for Social
Contribution ]  And l'e-ASIA Functional Materials and Biomass Utilization 2015
(J.IS.R.1e-ASIA2015), M : HilEdR =S (MMEER AEF REARS: - &
), B, f@kd, 2015410 H 1~2 B, 2 A%k 30 4 #2

S B A= AFEHES TR U7 B X OVASEAN REEICI 1T 5 341 A~ ZAHZFI I
B9 2 Z EM B . EEE  FRARFEARHBIZEE, RBARY:, fEAT. AA, 2015
F£10 H 3 B, 2NN 35 4 F2

S bYA= X5EE 2= [ Empowering ASEAN Woman Chemical Engineering
Educators for Integrated Regional Biomass Utilization]. EA## : REARKFARHFIEE,
REARRT:, BEART, AAR, 2016 -2 A 24 A, S0 A 40 472

The e-ASIA Joint Research Program (e-ASIA JRP) Project Workshop. :fé# :

Chulalongkorn University and NASDA, /x> 227 %A 2016 49 H 19~20 H. &I
N$ 90 4

XL B A = RS TASEAN A 4~ Z2FFIHO -0 DO ER - BLEERFE1
Ta—F], EEF  RRARTARENIZEE, RRAKRY, REAT, A, 2016 4 12 H
5 H~2016 412 H 6 H. Z /A% 45 4 %2

Joint International Symposium on [Regional Revitalization and Innovation for Social
Contribution ]  And l'e-ASIA Functional Materials and Biomass Utilization 2016
(J.IS.R.Ie-ASIA2016). T : R ES MEER AHEMH GEAKRYE -
£2)). B, f&hd, 2016 412 H 7~8 H., &0 A% 80 4 &

9th Asian Federation of Biotechnology (AFOB) REGIONAL SYMPOSIUM (ARS 2017) in
conjunction with DOST East Asia 4th National Workshop 2017, Ef## : De LaSalle
Universityand DOST, ~=7, 74 U ' 201742 H 9~11 A, &A% 250 42
S bW A = AGEES, EMEE  REAKRTTRBIIZEE, FEAKY BT, AA, 2017
£6H 29 B, ZINA% 30 4 F2

10) Joint International Symposium of Regional Revitalization and Innovation for Social

Contribution 2017, ={## : De LaSalle University and DOST and HulfifR#l=2 <=
Z. 740, 2017 10 A 26~29 H. &1 A%k 200 4 12



SICORP # T#t53E (KM - Shotipruk - Auresenia i)

4. RO ERE

(BRI —7 7]

c 201542 H34 0 XA T7I—FT 40, Fagura—r RPEFETER, v
a7, A

«20154FE2 H 23 H : 74 VBV TF—L DI =T 4 7, T TV — L RZFZT R
~=7, 740t

c 20157 H29 H : XA F—L,DI—T 47, FaTrra—r R¥EEFETER,
Noayg, HA

c20154FE 10 H12 H : ZABLIORT7 4 VL F—LEDI—F 127 NASDA, N =
AN

c2016 4F 8 H30 H : XA FT—L DI —T 47, FaTdura—rRELFETLER,
Noayg, HA

2017 2 H10H : A BLORTZ 4 VL F—LEDI—FT 47 TITH— /LK,
~=7, 74U

(74 - BB OIRE. = A]

*20154E3 H : 74 VB TF—LnbFAE1L, BE1 A, FATF—LN0FE24 . A
B 14705 1 AR FITIAE LT,

*201546 H: 74 VB F =L b PE 1 A0 1 FERBEARFICHET LT,
2015489 A : HRF—Ln oA 24BN T adnra—r REICENENRT AL 2
AT LI,

- 2015410 H: 74 U B F— 0B AE 2 4 D FEBBEEARARFICHE T LT,
“20154E10 H : 74 VB F—LnbEE 14, ZAF—AhbE1 4, BB 14N
1 T FREAR R FITHAE LTz,

« 2016 £ 2 H: Z A F— LB FE 240 1 FHFEARFAICH Y L,

c2016 2 H: 74 VB TF—LhbHEB 24, ZAT—L00HE 140 1 HEREAK
FATHAE LT,

+20164E9 H : AARF— LMD FEA LN T 2T mra—r KA1 HAZY L,
c2016 210 A: Z A F— LB 478 8 I HREARAICE S LT,

"2016 F 12 H: 74 VB F— L bFEN 4, FATFT—LnbFE 1 408 1 HEREAR
KRFATHAE LTz,

<2017 A H ZAF =2 BFE N 40 1 FRFEARFAICH Y L,

c 2017 4E2 A 2 A F— A DE 1 A0 1 ERIREAR RIS LT,

c2017 46 A: 74 VELTF—AnBEAEA L, A F—L0bEE1 4, BHE 1 4H1
TEFIREAR R FITIE LTz,

*2017 410 A 7 4 U B F— A BEA 1 A 1 AERREAR I L,

« 2017 4F 10 H: 2 A F— L DFEE 1 A PEREARRZICHE S LTz,

5. FFFrHHRE
WFFEIIE AR R - 0

6. ZH - FHEHES

1) EHEREE., BANE, BbS T 7 = U EE AW KkEL 7, 8§ 52 Ak
B S A R ILN K&, @i BAE i i, 2015/6/27

2) RAX—E BIHESR, v1 7 iz AT RBEREEIEIC L D31 47 4 —B il
it oI, § 26 BJUNMRE Ty I W oo =T alime. EE R R,
2015/7/18



SICORP # T#t53E (KM - Shotipruk - Auresenia i)

3) AARX—E, BAAAR, Hydrogen sensor using graphene oxide membrane, J.I.S.R.le-
ASIA 2015, f&lit] b H 1T, 2015/10/1

4) HEEMFE . #JIFES, DEVELOPMENT OF MICROWAVE-ASSISTED BIODIESEL
PRODUCTION USING FUNCTINALIZED CARBON BASED CATALYST . Joint
International Symposium on [ Regional Revitalization and Innovation for Social
Contribution] And [e-ASIA Functional Materials and Biomass Utilization 2015 (J.IS.R.I
e-ASIA 2015), &)1, 2015/10/1

5) HEA%FKE. BJI{EL, Graphene Oxide-Catalyzed Fatty Acid Esterification Under
Microwave Irradiation, The e-ASIA Joint Research Program (e-ASIA JRP) Project
Workshop, Bangkok, Thailand, 2016/9/19

6) Oral Presentation Award, Azumi Miyamoto Planar-type hydrogen sensor using proton
conducting graphene oxide, The 29th International Symposium on Chemical Engineering,
‘HIRETi, 2016/12/3

7) Excellent Oral Presentation Award, Elaine Mission, Leveraging Synergies between
Graphene Oxide and Microwave for Cellulose Depoymerization, Joint International
symposium on Regional Revitalzation and Innovation for Social Contirbution and e-Asia
Functional Materials and Biomass Utilization 2016, Tagawa City, Fukuoka, Japan,
2016/12/7

8) LEEHE. WELRIRE. ML/ 7 7 v BV~ A 7 0y 2 —T MBI LDV TF s D
Tt F ol BT ) — AOEINRARE, 5 26 Bl HA MRS FRE, )1 AR IR
M. 2016/12/22

9) BEHE. AWK, B 77 = VA AW KRR OB L HKFRE, 5 8 B2
7 I 7 xR Y T L REREREARTT, 2017/6/30

10) Excellent Poster Award, Elaine Mission, Hydrolytic Depolymerization of Polysachharides
using Microwave-Graphene Oxide Synergism. 54th Joint meeting of Kyushu Branches
of Chemistry Related Societies. Kitakyushu International Conference Hall, Kitakyushu,
2017/7/1

11) BEST ORAL PRESENTATION, Elaine G. Mission, Graphene-based Carbocatalyst in
Synergy with Microwave Irradiation for Cellulose Depolymerization, Joint International
Symposium on Regional Revitalization and Innovation for Social Contribution] and le-
ASIA Functional Materials and Biomass Utilization 2017, Manila, Philippines. 2017/10/28

12) The HOPE Award. Elaine G. Mission, Integrated Cellulose Depolymerization and
Graphene Oxide reduction under Microwave-Hydrothermal Conditions, the 10th HOPE
meeting with Nobel Laureates. Yokohama Bay Hotel Tokyu, Yokohama, Japan,
2018/3/15

7. Z0Ofh

[FRmT 7 v Y —F7EE]

c2017 M A 25 H : AT AT AT IOTE AR @i - Gopk - e L&
25 &P on-b>h—2rt%via o T, kEmd - fiRick7a 75 40
E BRI IE 2 58 L7z,



