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B Precisely tailored synthesis of sustainable porous carbon spheres
derived from Kraft lignin
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OCAO Kiet Le Anh, OGI Takashi (Fk )
B& % LEERFRERALEBIZREEHAER &k £
E-mail: ogit@hiroshima—u.acjp, TEL:082-424-3765
SEZY A+ +J. Colloid Interface Sci., Vol. 589, pp. 252-263 (2021)
* Adv. Powder Technol., Vol. 32, pp. 2064-2073 (2021)
REBEBEORA V F<—fMEIT>

Carbon spheres, a class of intriguing carbon materials, have received increasing attention due to

their outstanding physicochemical properties and great potential for widespread applications. The
production of carbon-based materials from green, renewable, and cost-effective resources in
accordance with sustainable development goals is of high interest and encouraged. In this regard,
lignin has been considered as a potential sustainable source for the fabrication of porous carbon
materials due to its high carbon content (~ 60 wt.%), abundance, low cost, and extensively crosslinked
polyphenolic structure. In this work, the carbon particles with the precise design and controllable
structure from dense to hollow sphere were successfully produced via a spray drying approach
followed by a carbonization process, using Kraft lignin as the carbon source and potassium hydroxide
(KOH) as the activation agent (Fig. 1). In addition, the high specific surface area (2424.8 m’g™!) with
micro-mesoporous structure of hollow carbon spheres (HCSs) were obtained at a low KOH-to-lignin
mass ratio (below 1.5), which was in accordance with green chemistry principles. These HCSs can be
used as electrode materials in supercapacitors for energy storage devices. These results suggest that
our approach will open up opportunities for the development of advanced carbon materials and high

value-added utilization of Kraft lignin as a promising material for potential applications.

Porous carbon particles

Without KOH ° AT
— — 0 non-sphere
G W/ ‘ 10

N Low KOH
..... iy e concentration

" ) -. P
Lignin-KOH L ;H\Ié'
aqueous  Spray drying sphere
solution Carbonization ‘ Lha
High KOH
concentration Hollow
Precise design and controllable structure sphere

of parous carbon particles
using colloidal and interface science

Fig. 1. Schematic illustration for the synthesis of porous carbon particles with controllable morphology

and structure.
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O3RN AT 7 T 5 polycaprolactone(ZAR U 1 71 7 7 k> PCL) L@ WV EMRE S
YRS Y, T OFIAEIZON TR % R ERM R~ OISR S TOES. PCL D%
JAERRE 7 1 2B W TIANRIZIEE 70 7Y — VA C b 2 8 R SR RE (R IR EE 31°CLL
L DWRE)D LI E T H DB CO, 2 AMFIMT 2 HiEmMER SN TERY, 207
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2 I DOFREE) R OYEBFREL (ED L B WD E T CO, WIS D EIE) O IFZBRIE DS L Y
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T ZTAGEETTIE, PCL XY % COIRMRIL « JEHUREZ|IE L7- ET, PC-SAFT
(perturbed chain — statistical associating fluid theory) % O'H HUAFEREFR(FVT: free volume theory)
EWVWIET N EHANCTHEZIT MRV ORERERFE T L ET.
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301 @010°%
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BERRCOUC K BRIV ATAF I b (EPBETIXF v I)

RAGEEICHELFE - BiXYEEOEBLETI S




k2 — 4 2022.3.16~18 {LZF IR 87 F£=/IChES 2022 X BEEE)

BEES J207 (20223 A 17H J&iF 11:00~11:20)

FEER TOrUREBRELERAVENMASDEET VEZTER

RRE HRARFERZREIFRARH

O%ih (&7 - = & - %R BEth- ZH &F
B& %k RRERZFARZREIZRMARR ZHith &R

e-mail: rkikuchi@chemsys. t. u-tokyo. ac. jp, TEL : 03-5841-1167
SEYA b - Sustainable Energy Fuels, 6, 458-465 (2022)

+ Mater. Adv., 2, 793-803 (2021).

REEDKRA D b
EFRA2ERETET L, B ARB L THEB S
A7 N RIESHTCT VBT 28T DD,

T = T ERARIECH B, T T =T L T Sealant Electrode
EEREEDN—N— Ry V2 ETHERINDR, «— 0, NH, —
AR CERSERIBITE ) LT T e s e | p—
TEAKRTE DD, AR LY —L DRI

— O NHy —

BEGEDN AR S, IEERRAICHES LTV D, FEfE
BVLEMR (T /— R, AY—F) LEMRE (Fa b
AMREER) B 7es (1D, 7/ — Rk s LI

KFEE, Y — FRNCERZ S L, ﬁF%EﬂbD?“é 1 AR AL VTS K

ZETT =K Te NN EMEEBEL, B R RT L= T A,

/—FT%%&&ELT?/%:T%E&TéZM%MF\ZM@%i@SW@&F®ﬁ
TR T e N ARESERT, VU OAKFEV T ABIRA v MU THRMNAY T A
Uhaxr— NEERELE LTEERELEHWT, E2-KENLLDT UE=T HREITS
Too BHZE L72 Fe i1 Y — FRUETIR, SUSRIZE o TT B =7 GRS DIREER) RS 5
7B AREMEE L L=, B00°CTITEIENT D &7 U E=7 OERMEEN RA IZHEIML7=0
WZxF L, 220C TIXEEZ T 72N e T =T WER Lgho 72, £z, 220CTIET7 €
=TIMATE RZ VY (NHy) BRI SN2 Enn | BRICEE LSRG i e b
b U< IIKEBIRFBMIN L T B EHESFOFEA I REET 5 Associative #§% (X 2) T
VEZTHERT D MR IND, BEE OWAETDOMHTNG | WO R T b AR

DZEFT T DWW @ﬂaw;
ErtETHZ & ﬂ
T, SbRHT Y E{)%‘<. E:)ﬁ
=T ARRGRIED (BHELY)

B TE 5 8
RGN, @%@ @8@ ®8®
2> B

B 2 Associative fEfIZ X 57 = 7%)552



Bk 2 — 5 2022.3.16~18 {LZFEIZF R 87 F£=/IChES 2022 NXBEE]

HEES | J215 (202243 A178H J=5 13:40~14:00)
RBEEE | FIA—DBRY)ACKPEBMRY ) a RHEOES !
SEEER MR E R KT

KA LM K= O&ZEIl %t
M KZE/BAREMAT KM A—
K= RE Bl

B& % AMKRE RERIFEHER EFZITFEHM 221U &t
e-mail: nakayama@chem-eng. kyushu-u. ac. jp

TEL : 092-802-2756

£Z4 4 k | Chemical Engineering Journal Advances Vol.17, No.5
(2021) 100137.

https://doi.org/10.1016/j. ceja. 2021. 100137

KEBEDORA >V b<—fgMRIT>

B EER) aRHIEEEMHEE B XY JapRERNDOEREE

Bt L CHE L TROBEEIE DFERELCDHEEBIEICDONT
[C#t9 SBEETHS. LMLE BAoMZLzC&T, HHDE
MICHH I =+ TIEB R EH EEBDZEIRIEITTRHL, RY
HOFE— (GRE, MR E) ) as kDB EES 7, [REIC
NELH-H, REIREORED HLEDWTERT S5 EMATRE
HEIEEELS. Lo T Thb.

RHEEANTORRIERIIENDE
MEIERREICEWLWTRENICE
EThb.

B DEREEDEODTILA—DR
AU1)2 (DS) DIREEERET
2ET 5, BREERRY Y2
BlEnEREN & & HICEFRAICAL
TEHEDLIFTIREAZLS, RBMICE
BIH LT RELT.

B DS [CKBREREAHDZAXLEHRN : W o 4 3 8 10
DHIEFHEIZE>T, (i)IEHA N/Q (rpm h/kg)
HREEEZILEOBEREEZMEL
(ii)DS kct%:nrb:lo))_'ﬁﬂ$£’£
MIEBMIZEASMIZL, NQ QX
AN—T v k) 2T HIEER
REEEZHDERZHLMIC
L.




k2 — 6 2022.3.16~18 {LFEIF K 87 F£=/IChES 2022 MEBEEE]

BEES | J305 (02243H188 J£i5 10:20~10:40)
WEEE | A0 DR SLABHRORFENEICL SERNBEORE

HRE EERIKRFIFEEY 2H &% - Bl HE - OHE B
SHMIRKECRTLIFH {158 8- HL AR
Curtin XK= Hyde Anita - Phan Chi

M&xk EERIIXKFEXRFRIFEMFER SAEBN
e-mai | :asakuma@eng. u-hyogo. ac. jp, TEL : 079-267-4847

SEZYA b https://www.eng.u-hyogo.ac.jp/outline/faculty/asakuma/index.html
REEORA V b<—fMEIT>

BUIfE, v~ 7 nITEFL Y LTRFREICER L TR Y | RudNBAOR M AR A LT
B Y FEORMOPEHFOME, WLMFEOMRBICH A I TND, £, EF L VOME
BELEMTHLZEND, AT =V ANEWNAEETHS, ZOL51C, w4
7 WIS R E OEHINENC X0 B ICBEE TE 2 2 LD ERESE T EICER
L LT, WO KRR E DS 0t ZA~OISHANEE SN TS, — 5T, BYELIA
DFPET D72 ABOFHT vt 2AOMEIMIT TE VIR EZ T E—L LT
VER D D, FIZIE, @EOMATGETITnFORE & LTERBET S, L, v 7
2R DOIMETIIARNESy 125 1 I 24 @R L K 9 &35 2 & T, 2O 1L
XF—=DMGFOND, EDTD, 5T ORI L 28BN R TILZERAFRERBE 2T 52 &
WRFITI2 D,

BUE. ZOIBREZFIH LI RIERMEESC S BHEED 5B e K TiThbhTind b
DD, T DRz LI ETERETH 5, Z DRz KE S Wb TF 0558 TRl &
nAUX, e ARIZAT IS e~ A 7 n AT OB TR L 1R D, KR, v A 71
BT 72 & DR IE-OME EHL A B S 5 Z L BERG TSNS Y 7 b
~ 2= F ORI SITFHATE L B X2 TWD,

RAVDKRE R DEHTE

YINIYB—%TA(HOKTIES

~ BR 5 oh 0D JE H7 2R 5T 4 ~

PC £ LLIE
Avoxa—7

BE i
—B _//
: : HSREIL

YINRE—IKB R




BIfE2 — 7 2022.3.16~18 L= I 4% 87 £5/IChES 2022 MEHEE]

HEES K215 (2022 £3 A 17 B K=i5 13:40~14:00)
FAEER FRHBBEOES) IZLD2EBEFERMD S DOERMEG 5 VI DML

BN
RRE tEEILREHEEE TERHERS

OTH F—8R - #25 =—BB - ik k4t - /NIl HEX
EEELREAERME TrL¥— - R - MHEMZRA

AR ¥EL - B BE - E@ BE— - RE 5T

=g EETRATEME TERERES S8 W—H
e-mail: yoshida-seiichiro@hro.or. jp, TEL : 011-747-2950
BEYA b+ | Rl
KEBEORA  F<—f@EIT>

IR, FigEvTBE 72 BA%E B AR (SDGs) DRI WIT 72D M2 PERE DB TH A TH
D.EFRDOY YA 7 NVEROFERETETEE > TWET, FEEICKITL2EEREHRTH
LEBIX, FDY Y —ATh HIADFEEDOHIKICRHEL THBY . AARITEEEROMERIZ

BB A7 22 TWET, 2D X 5 iy s b, BEE T DO FEE 72k
WZEENLEREM HEmanl) & LTHERESNTWET, —FH T, BEETERN D OEEFR
PUIKRBEL TR X —{{E PR ERGERLELFLTHY, Zhx a7 b TZxL

XA N SRR ESLBRCHR AT 5 Z EMEENTWET, LA L, BRLE THW O
L EIREDOBITBIREAMNRE NI E0FETT, b L, REAR O/ S 70 14 VTR
TR D AR & BT E UL, SDGs DEERIZ AT 72 U 1 7 Vil & L CoREDH
FFCEET,

T2 CH AT, RGN ORI T o 1R BRI, (Deep Eutectic Solvent, DES) % |
L 7oA b O EZEN 2Bl FIEL2 MG L E Lz, DES [TEFEMENMES ., KRR
WCEENDWE R EBFEHT R Y 5 DEREEMAL ORI T, DES 2 & 2 FEE Al
LR ERM L7 E 2 A, ERICTEHEENLHOK 90% i T Lz, —J7, 4
feCo HHEETET TliX, SOMH=IFMK <, DES N@EINMIZHIZ M T 5 Z 3 bn b
F L7, ERTIE DES OF FA & DFEET MO ORJEEIL DRI, &|D
R I B3 2 20 PR R IR IS DD T s L7

@ IRERMEBE DES [CKABEBEFEMRMIODES R

i T ﬂH

BETER BETEENS
RRTRR (L) SREMH




BIRK 2 — 8 2022.3.16~18 {bzTI &5 87 &£4/IChES 2022 X BEHEE)
EBEES K222 (20223 B 17TH K=i5 16:00~16:20)
HEEEE Silver dissolution from Ag-TiO, membrane in saline condition
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fB& 4% Graduate School of Technology and Innovation, Yamaguchi
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SESA k 'Influence of catalyst type on water cleaning by photocatalytic membrane contactor', SCEJ
85th Annual Meeting, PE309, Che Abdul Rahim A.N., Bonkohara H., Kumakiri I., Tanaka
K., Kita H. (2020)
'Influence of salts on photocatalytic oxidation performance of silver-doped TiO2 membrane',
SCEJ 52nd Autumn Meeting, PA318, Che Abdul Rahim A.N, Mestre S., Kumakiri I. (2021)
'Influence of operation conditions on the oxidation property of Ag-TiO2 membranes', SCEJ
Regional Meeting in Kansai 2021, B224, Che Abdul Rahim A.N., Sergio M., Kumakiri I.
(2021)
KFEEOKRA > F<—fEMAIT>
Malaysia is one of the Wastewater from

Petroleum and Palm 0il top

producer in Southeast Asia.

2iF , Off-shore oil field, Palm oil industry, etc-

Water treatment technology with

simple operation & easy
With these activities, Water containing @ maintenance Water
v Dilute - a discharge
alarming amount of ¥Toxic v

wastewater is generated. One

v'"Non-biodegradable
Organic substances

v Photo-catalytic membrane reactors

7Salts v' Prevent bio-fouling
of the concerns is diluted -> Anti-bacteria property by Ag
. . This presentation
but toxic organics (<5g/L) I |
oM
that are harder to be W Bt NaCl
g e QUY-light +FA
removed feasibly by gg
. g‘ “ F i id
conventional treatments. y = g e
Z :,n onty +FA Ag-TiO; membrane
In add]_t ion, Since the w antibacterial test on £.coli
Solution
wastewater involves sea Silver leaching from Ag-TiO; membrane
water, inorganic ions from Figure 1 Overview

salts may influence the

efficiency of the water treatment. We proposed the application of photo—catalytic

membrane reactors to solve this concern.

In this presentation,

silver leaching

from Ag-TiO; membrane under different conditions was studied through Inductively

Coupled Plasma (ICP) analysis.

solution caused significantly higher silver leaching.

Results shows that presence of 0.1M NaCl in the

In the antibacterial test,

hollow area surrounding the membrane suggested that silver leach from the membrane

and inhibit £ coli growth.
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B Water Flux Enhancement of PVDF Membrane by a Facile Coating
Method for Vacuum Membrane Distillation
RKRE HEKXZE OLI Zhan - ZHANG Pengfei - GUAN Kecheng
i RRA -l FA
=g MEXZE SfE BRA -l FA
e-mail: xtom@opal. kobe-u. ac. jp, *matuyama@kobe-u. ac. jp
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Water scarcity has become a major challenge to the sustainable development of human society. Efficient

desalination of brine water or seawater presents a promising way to address this, in which membrane-based
separation technology has shown huge advantages due to the low cost and ease of operation comparing to
other water treatment process. In the past decades, membrane distillation (MD) has been intensively studied
for their application in desalination. Different to pressure-driven membrane processes such as forward
osmosis and reverse osmosis, MD is a thermal-driven process where low-grade waste heat can be applied,
thus results in lower energy consumption. In MD process, a porous hydrophobic membrane is used to
support a liquid-vapor interface at the entrance of the pores. The vapor pressure difference between both
sides of the membrane is the driving force for the vapor to pass through the membrane and condensates in
the permeate side. Since only the vapor can transfer through the membrane, MD process generally achieves
nearly complete rejection for non-volatile salts, and high purity water can be received. Vacuum membrane
distillation (VMD) is a typical MD configuration with higher water flux due to larger pressure difference.
Studies have been made on the improvement of membrane performance, such as improving hydrophobicity
of the membrane to achieve higher water flux.

In our work, we have developed a facile coating method to improve hydrophobicity and vacuum
membrane distillation performance of PVDF hollow fiber membranes. BPPF6 was employed as the coating
material due to its high hydrophobicity, water insolubility, and extremely low vapor pressure to avoid
evaporation during VMD process. The coating was conducted simply by immersing PVDF hollow fiber
membranes in BPPF6 methanol solution under sonication. Dynamic water contact angle measurement and

pore distribution measurement showed that coating with BPPF6 had significantly improved the

180

hydrophobicity of the membranes without blocking

membrane pores. The best VMD performance was achieved > o

~ Water Flux

on the membrane coated with a moderate BPPF6 )

concentration of 1.0 wt%. The water flux of this membrane
had reached 36.4+0.3 kg h* m* at 45.4+0.2 °C and 6.2+0.2

mbar, around 14.2% improvement than the pristine

Dynamic Water Contact Angle (°C)

membrane, indicating the successful enhancement of VMD

. o o e P e
performance by BPPF6 coating. Moreover, the coated o ,es‘?* & L %qﬂ‘;y" gi:@
gt St g g F
o . $ Ko

) ®
& -

membrane exhibited a constant water flux during a continuous

VMD test for 10 hours, as well as the dynamic water contact Figure 1. Hydrophobicity and water

angle of the coated membrane remained unchanged after test. flux enhancement by IL coating.
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~ - First Operation of 5 kWCH4 Local Carbon Recycling System:
Product Gas Quality of CO2 Methanation, AIChE Annual Meeting

2020 (2020) 685e.
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Reinforcement Learning-based Non-steady-state Control for Chemical Plants,”
SICE J. Control Meas. Syst. Integr., 15 (1), 10-23 (2022)
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$%EY A k| Yamashita, S., Sudo, T., Kamiya, H., Okada, Y., ChemistrySelect 2021, 6,
2923-2927

RFBEORA <R IT>

HA XH 100 nm (1 nm =107 m) LUTFDOWHF (F/ FF) &, TDH A XD/MESIZH
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