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Fig. 1 Image of loading pressure timing in the BIC molding
process.
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Fig. 2 Schematic drawing of the compression testing
machine.
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Fig. 3 Appearance of BIC with conventional for 22MPa, and 1 time pressurized condition for each loading pressure.
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Fig. 4 Appearance of BIC after the second pressurization
under each pressurized condition and temperature
(ILP: 22 MPa).
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Fig. 5 Appearance of BIC after the second pressurization
under each pressurized condition and temperature (ILP:
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Fig. 6 Appearance of BIC after the second pressurization

under each pressurized condition and temperature
(ILP: 110 MPa).



K
MEXRHOER
MEEE 1 E

Fig. 7~ 912, MUEEEAIINED 1 E. £0EE
737322 MPa. 66 MPa. 110 MPa THZ L 72 & & DAY
TR RS D INES) & B R OBEE R,

X &, WIS 22 MPa & 66 MPa Tlid. B
BEDS - BERICK L CEN B TR TH T2 12,
WHTETETADIZHA L, 0 MPall#ELTWwbH 2
EWbnb, —F. BENEIIMATRETH 2D IZ,
HITETELERDIZHWIL TWAZ E2bh 5, INEL
BoZAME, M SN0 L FEEEC, MESTS
LWL BBBUETRI LD LD TH S,

2T, M O— R TR L2 TR D 423 K ~
463 K OXBEIOIMES) L 2 25 35 &, e
7322 MPa (2. MIEHI 2% 1.0 MPa 30 L. ZEfr &1
FITEDL L v, —T5, MIEIINET 66 MPa (&, A7)
A9 50 MPaft F L7-0 5, fRFEELEDHEIZH 1.0 MPa
EALTWw, ZfiEid, ARFEFLEE TH 04 mm #N
L. RETEOMIZIZIZEDL LV, 2O X1, W

i

o H R OB

TETI 22 MPa, 66 MPa & 12, ZoiRER. H 5w
(LR LRE DM FR O BRI 35 Ly D) & ¥t
HHNEIRFET AT EITLY . BIBEUATEATIZEL %
WIRREL 20 T B, BUBTIAH U2 ERIE, &K
E2bDEEZONL. FRNORFE, IESOE
o R W TIE 373 K AL CRBER E R D Z
DL x| 373 KAFE T, BFR4AAEICIZET) 5.0 MPa 29
MboTHBY ., ZHNEOHEELSFERHISSIER SN
TWA 72D, /N 5 22BN AR A KREEIIES]
DM b EEZ NS, TOMENPESIELY LS 2
XD, —EBDOKRELZDRDIREE GRYHER) 1245
LRI ND, ZOWYFERIL. SHITE - M
HT LI, lREMECI Y o ¥ —¥inEHeld.
A X OB OBAL 7 & KFERES UM A &
CX 2O R R, BUS R E L SR b 0L
%4 %, Takamura” & %\ 3 Furuta® 12, v 7= >~
DAL (X W IRAE IS BT 423 K. &K 20 %
DLEIZBWTH 3B K ETHRT, NIt u— 20k

Molding temperature[K]

Fig. 9 Correlation between molding temperature and loading pressure or dis-placement (ILP: 110 MPa).
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Correlation between molding temperature and loading pressure or dis-placement (ILP: 22 MPa, SLP: 66 MPa at 323 K).
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Correlation between molding temperature and loading pressure or dis-placement (ILP: 22 MPa, SLP: 22 MPa at 373 K).
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Fig. 15 Correlation between molding temperature and loading pressure or dis-placement (ILP: 66 MPa, SLP: 22 MPa at 373 K).
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Fig. 16 Correlation between molding temperature and loading pressure or dis-placement (ILP: 66 MPa, SLP: 66 MPa at 373 K).

(Right)

1200 —m—mom—oo 777" Lc_;ading press_ure[MPa] = 10.0

H Displacement[mm]
100.0 a
/
T 4 8.0
- |
T 80.0 | 'vr : _
S : E
D ! le6o £
‘g 60.0 ""m_,_._‘ £
@ n., §
o . Q
S 40.0 140 8
c Q.
B o
8 200 a
-
420
0.0
-20.0 1 L 0.0
250 300 350 400 450 500

Molding temperature[K]

Fi

Fig. 156 ~ 172 I 8 45 A3 %0 8 1 & B i
373 K \Z B 2 INE DR 2 [, @HINE T %566 MPa.
2[5 H OHBNESI A5 22 MPa, 66 MPa, 110 MPa THJE L
7z & ORIV S 2 IR ) & A O Btk & R
KR

MY, MEATROIMET & ZMEOHERIL. T
TOLMEDMIAINETI 66 MPa & A DIIE G 0 i F
LR TH o7 —J, WHITAETIE, 373K To

REICEJIIZ 5 MPa LT EFTIRT LTWa Z & Aa%hh
bo %212, 22 MPa, 66 MPa, 110 MPa @£/ % %
WENEN L7z & & OZfr& L, 22 MPa 75 1.0 mm.
66 MPa %% 1.7 mm. 110 MPa % 30 mm T > 72,
PERGEME DI D 72012, INET) 22 MPa THRE % &
Yy —ICRE L EOBmSEMRER I L LT

g. 17 Correlation between molding temperature and loading pressure or dis-placement (ILP: 66 MPa, SLP: 110 MPa at 373 K).
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Fig. 18 Correlation between molding temperature and loading pressure or dis-placement (ILP: 110 MPa, SLP: 66 MPa at 373 K).

(Left)

Fig. 19 Correlation between molding temperature and loading pressure or dis-placement (ILP: 110 MPa, SLP: 110 MPa at 373 K).

(Right)

2B\ HDOMETIAH 66 MPa & 110 MPa THIE L 72 & &
DBEIGREE R 2 IIET) & B EORE R,
B, MEATAROMET & Z M moHERIL. 3
TOLEMTHPMET] 110 MPa O AOMESMFEFH L
R TH o7 HHILAEIZOWVWTIE, 373 K TOHE
FEIZHE I3 40 MPa F TR T L CWA 2 &b 05,
Z 212, 66 MPa. 110 MPa T % Z L ZEINL 72
& EDEMEIX. 66 MPa 258 04 mm. 110 MPa 75
15 mm TdH - 720 (ERGEMHTH HMIET) 22 MPa T
OUMMFEBE S AL OEMEICEET L L, £TET
66 MPa #*%7 165 mm. 110 MPa %9 174 mm T& -
722 DS, GERSEMTHIZ L 72 BIC IZHE & T v,
HHVIE, LYVEFEREN R ENTVDLZ Db D,
O lrS, P RETHETOEFEEAEVIREN
T &L BRI & B EEDRL T O B AL T [F] - o H il i
FEEBRT I LICLD, A3V —ADEH, 260
WD = YOS OMITRRT LRI N L, MR L
T, BIC KHEROBEOLPEL TS EHETE 5,

MEZXGERDPTEE

Fig. 20 12, WHMEDO A, & 2 W IZEINE & 2 [
HINE THIE L 72 BIC OFIHIINLE ) & "2 % OB
fRERT, B’ED MEREKALEZSTIZ20E D
(2. AINE )75 22 MPa D 4efh Tla stk i TR L
72BICORMNPIEEZMZ S BIC KT 52 L1k T
Ero e FEIZL MERZAS 1 Bl BIC 1 B2 1) %
JEHT 10 g/em® BE D728, BIC £EIZM/N: ML AHST
. RIS 5 P, SRS BRI, KR

2B BN E. BRFR & ORIRIC & % BbE 1k
{LRIEEFHE L. HOREAB L UHAEANLEE) T
(B0, BHREICIGES 2022, 227220, 0
MESI7522 MPa Tdh - 72 & LT 2 [0 HOWESMEA.
HEE 373 K CTHIETI 110 MPa o541k, BB
138 g/cm3 T 0 §ERSM: BIC @ WA T % Bl
MERDLZENTETND,

WAINE I 2366 MPa O 854 1%, HIE RS 1 | D
BIC ZRMITEEN 132 g/em’ BV, BEEEZH LT
Woo F7o, MEREA1EE 2HICEDLLT, £TO
FMO R THEEIL130 g/em® B2 TBH, WHEZE
B 7 7230 RIIRAF (238 L 72 BIC B 4fF & v 2
bo HEIZ. 2 M HOINESMHS, i 373 K THIET] 66
MPa & % & 110 MPa ¥4 1d. eSO BIC O K
PITEEEZMZ T 5o 2 B HONESMDS, REE 323
K & 348 K THIE 110 MPa O34 b ft k5o BIC
RO THWVEPITEEEZR LT 5b, Tk, f7
BT ICEBEENTWADIZMA T EIME D
66 MPa L EOMETIZEHINT 22 L1280), A3t
U— 22X BBERVPBNTWDE D EEZ LD,

WL 7345 110 MPa D54 1E, & TORMEA R
JERE 140 g/cm’® Z#B 2. 142 ~ 143 g/em® 12K L
TBEY, MOTNAF T ADEBEFEIZLENEZAHET
JEBDSTETWb, BIC NERIZBWTIEHRAIZ F T
LTV EH Tk, FEARLoOESmRKIIRKTH Y.,
PEMEE S IIBMAMEISE L TR LEZOND, &5
2. BEEIOENZ b, ST RLORBEIIRE/NTH
0. 7=y ORIBERM AR 2 &2 & B L

_8_



MERHZEINT A =2 LT/ N\ F 23— XD EHERERF

<& ILP only A SLP:22 MPa at 348 K
o ILP only A SLP:66 MPa at 348 K
& ILP only A SLP: 110 MPa at 348 K
® SLP:22 MPaat323K B SLP:22 MPaat 373K
® S|P:66 MPaat 323 K B SLP:66 MPaat 373K
1.50 - ® SIP:110MPaat323K ® SLP:110MPaat373K |
Convent|onal mo|d|n i
140 - — — —— = — == — 9 - !J-——-n———-m-—n
L] (]
&5
£ !
o &
?3 1.30 - L ——— @ -teemeememeeesesssaeeeo -
Q
>
» 120 |- S -
g °
©
K
g 110 |- T TTTTTTTTTTTTTTTTIITmemneesssonesnsssioeescoooosooo -
® ]
o
1.00 |- e -
A
o
0.90 | | | | ]
0.0 20.0 40.0 60.0 80.0 100 120

Initial loading pressure (ILP) [MPa]

Fig. 20 Correlation between initial loading pressure and particle density.

B T17% 6 N JERV T 18] O 4
b, 2ok,

BIHHED TR E &%
EIIIE S % 110 MPa l2 @& 72

TEZ . BIC N O RATER S Tl T A3 KA 2T
L TWAIREEZIRIBL T\Wb, /2, FTRHEERICES

110 MPa % 1 [N 72 O A DOIMEFAF1E. KE WA
NEAETHROMRILLZEZME LR D,

AP EBEERKERAE

Fig2l \2. SINESMETHIE L 72 BIC @ 23 F
ERKIEMRE L OBRE RS, LD, R2HER
#3143 g/cm®. TRFEHRTRE 134 148 MPa 23 Kl &
o TWhe BRI, HERDEIILEMTHIEL 72 BIC %
22O A EES 140 g/cm’® Vb, K
BREEAY 110 MPa DL b BIC 13, Joik L 2 EHIRFICSH
B72012, T AT LALFR GO RAE L,
FEREDIRE L o TV D LHERT 2, 512, A
JEJ1& LT 110 MPa & En L 724 Cid. 2 Bl H ofiniE
J175110 MPa 0¥, @\ IRE THIE$ 2 & FE A
MERT 2@ SND, —F. 2 HEHOIETIA 66

MPa ¥4 . IMEEOREICE D 53, FEHimE
FIF—FEHE > TWb, TOXHIZ, 2R BDINES

110 MPa CHAMRMMEEIZZEAE L0k, ) 7= v Oikil
WEEMEIORE EPHEL L LEEZLND, Y
7= 0F. EKFET mass¥% Tldf 373 K THALZ 40
208 bbb, HEECIZIBKAE,SY) S
YOI ED . COBBETERNEMA L Z LICX
NIREBOTADPELLODEHEFTE L, T2, HHK
FTHAHYN TR “EJL/D—ZUD@T]_’,%J‘\’I‘/K R ESA
VVIREE TR MR 123 110 MPa OHNE I % N 2
ATk %T%l_ﬁ(ﬁa@ BELZRTOIDEEZ LN D,

2 K5 BB ES IS 5 122N TiRKE
ﬁﬁ?ﬁlﬁ”?)“lﬁﬁﬂm:i@ﬂﬂ?% 1 REGHE > B FR 2% B CTHUAL
%o ZOMREFETEBAAHENITRA L 25

0 =268 p 251
22T, pleg/em®]iE T HELRL,. 0 [MPal
FIRKRIEMTRE 2 £, X512, WPmEDIZ. BT

_9_



Ko H RS
<& ILP: 22 MPa only A |LP:66 MPa SLP: 22 MPa at 348 K
<& ILP: 66 MPa only A |LP:66 MPa SLP: 66 MPa at 348 K
< ILP: 110 MPa only A |LP:66 MPa SLP: 110 MPa at 348 K
e ILP:22 MPa SLP: 22 MPa at 323 K ®  |LP:110 MPa SLP: 66 MPa at 348 K
e |LP:22 MPa SLP: 66 MPa at 323 K ®  |LP:110 MPa SLP: 110 MPa at 348 K
e ILP:22 MPa SLP: 110 MPa at 323 K O ILP:22 MPa SLP: 22 MPa at 373 K
4 ILP:66 MPa SLP: 22 MPa at 323 K O ILP:22 MPa SLP: 66 MPa at 373 K
4+ ILP:66 MPa SLP: 66 MPa at 323 K O ILP:22 MPa SLP: 110 MPa at 373 K
4+ ILP:66 MPa SLP: 110 MPa at 323 K A ILP:66 MPa SLP: 22 MPa at 373 K
= |LP:110 MPa SLP: 66 MPa at 323 K A ILP:66 MPa SLP: 66 MPa at 373 K
= |LP:110 MPa SLP: 110 MPa at 323K 2 ILP:66 MPa SLP: 110 MPa at 373 K
® |LP:22 MPa SLP: 22 MPa at 348 K [0 ILP:110 MPa SLP: 66 MPa at 373 K
® |LP:22 MPa SLP: 66 MPa at 348 K [ ILP:110 MPa SLP: 110 MPa at 373 K
® |LP:22 MPa SLP: 110 MPa at 348 K
160.0 T T T T y
I .
© 1 % /’
B 140.0 oo e
= e
b 0y A1
< 1200 |- x:a' ———————— .
= Conventional molding O
e @ T mm s s s E s s e e e ;e
Q- A I
B 1000 b -
("] ,// A A |
o s <& I
% 800 | - morne s s e s R -
o Experimental correlation .- 2,
= _ ~ 7 =
g— 60.0 | 02080251 A BSOSO ST i
o R Ei
o I w©!
- c
g 400 |- , P g: """"""" n
£ & L0 Bl
x . > !
@ 200 | et A -
= L 8 :
0.0 - 1 1 1 1 i
0.90 1.00 1.10 1.20 1.30 1.40 1.50

Particle density o [g/cm’]

Fig. 21
WD L ORI EE & IEOMBIBRICH B, T
. BOELEFOMEA 2 M E TTHIUL, MEHIDOK 470,
ES,MET 2L EDORETHPITEELZHIEST L L (1)

NTE, EMREOFHATEEL 25 2 ENEZLN
o THIZED, AT EELFICL 7 BIC EEEAR
ATELWREEELRLTBY ., 4%, SOITMESRNG%E
BE$ 6 LIk oTRELME % Ro 72 BIC DK
BEEANEDORITLZ LD TELREEZE LTS,

[#&

il
~

ARWFZETIE. FAETREIANVF—D—DThH LN F
~ A% JFOREE L Cliik - HPER RIS B2 BIC O KA
FERE L72WgE 2475 720 4 DO TR % F52 BIC K
IZBWT, TERDBIZTIIMET % — MR L 22055
B L Cwieiikize ., IR, MEDOKRE S, T

TEIALI VTS IESRGZ/XF XA =512

Correlation between particle density and compressive strength.110 MPa at 373 K).(Right)

et
B MR AR OTUTITRT,
BOE RS EIE O 1 B DA DY, m VAR
22 MPa & 66 MPa (3382 C 0 MPa IZ# L TH
. 22 MPa Tlx A ¥ BIC ZHOEEALIZE L T
BN ENbRoTz. oo RPTHEEIX 22 MPa
10 g/cm®. 66 MPa %5 1.32 g/cm® & $E3k DRI
JEZ & % BIC O B2 % 140 g/em® 12t AT
WRWZ EhSbhro Tz,
WWINE )25 22 MPa, 66 MPa, JIE [ A% 2 [
THE L 72 BIC 1&. 2 [l H OINERE D 55,
MENDPKEL BDIZONTEEPEL R, £
ﬁ@i’éﬂﬂb\ fTLTCWwB 2R bhol, £
- EAINE S35 22 MPa C. 2 [6] H O HIE L E
373 K. MHESI 110 MPa @ §:13. BA B A
138 g/cm® TH V) . HERSEMD BIC O Ao H



RWFFEIE, VT8RP T ARk TR (24 FR)
FPEBIG, IS8R EwWiz2wiz, ZZIZiEL,

MEZRGEINS A —RIC LTz/I\A A 0— 0 ADEfERER T

W35 2 &b iro 7z,

WIAINE T3 A% 22 MPa THUE L 72 A % BIC @ H.2»
R, IER 7 S NS 2 [/ H OBE &AM
DO GEREMETHIE L 72 A F BIC O /T #E
LN QKL BB b roTz,

WEAINE 7175 66 MPa TR L 72 A ¥ BIC @ H.2»
JEEIE 130 g/em® DLETH Y . 2 [0 H OnERE
373 K THIET]I 66 MPa & % 1% 110 MPa @ 41
3. PEREHOBIC ORNITHELZBL S I LA
o7z,

I R AR S 110 MPa @ 1 [0 A O #54
X, AFBIC o£RMmMEESROILL, BT HE
12142 g/cm’®, FKIEMETRE X 148 MPa & itk D
BIC & 0 & Wb %, EMMEL I khs 2
EDbhotze /o0 JIET 110 MPa % FetERF (2
LEMAZ 72O ARDEMED, TRZERILL2D, &
WIEMTRE 2 BT 55KV 5,

WEAANE ST 110 MPa o BIC (&, 2 A H © hnfE $&04
WKELLTESLEALOEENITEDL VT
Ebhrol, RPTEEIETOSRMET 142 ~
143 g/cm® TH - 72
FEMESEMTHEIE L2 AF BIC i&. AT HEIX
#1143 g/cm’s FRFEAMGHRE 124 148 MPa THRk
lEHbIehbrol, $72. APUTEE LR
KRIEAETRE & OBIFRIE. FEERARBI 0 =268 p-251
D1REBTESTZENTELZ LD bR,

[ &l

N&

HE

KT

1

2)

3)

[&E3XK]

T. Toichi, S. Sudo, T. Nogami, N. Akiyama, T. Abiru, R.
Takeishi, N. Hatasa and K. Yanagida: “Japan’'s resource
diplomacy and energy cooperation”, The Japan Institute
of International Affairs, (2016) , 61-104. (in Japanese)

Y. Matsuo, R. Komiyama, Y. Nagatomi, S. Suehiro, Y.
Shibata, N. Doi, M. Ahoshima, Z. Lu, M. Soufukuwaki, T.
Hachiuma, M. Kako, K. Sugii, Y. Morita and K. Ito: “Energy
Supply and Demand Analysis for Asia and the World
up to 2035”, 27th Conference on Energy, Economy, and
Environment, (2011) . (in Japanese)

International Energy Agency, International Renewable

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

Energy Agency, United Nations Department of
Economic and Social Affairs, World Bank, World Health
Organization: “Tracking SDG7: The Energy Progress
Report 20217, (2021) .

United Nations: “Transforming our world: the 2030
Agenda for Sustainable Development”, (2015) .
https://sdgs.un.org/2030agenda

Agency for Natural Resources and Energy: “6th Strategic
Energy Plan”, (2021) . (in Japanese)

Cabinet Office: “Cross-ministerial Strategic Innovation
Promotion Program Energy Carrier Research and
development Plan”, (2018) . (in Japanese)
https://www8.cao.go.jp/cstp/gaiyo/sip/keikaku/4_
enekyaripdf

Ministry of Agriculture, Forestry and Fisheries of Japan:
“Outline of the New Basic Plan for the Promotion of
Biomass Utilization”, (2022) .
https://www.maff.go.jp/j/shokusan/biomass/attach/pdf/
index-23.pdf

AL Osman, ZY. Lai, M. Farghali, CL. Yiin, AM. Elgarahy,
A. Hammad, I. Thara, AS. Al-Fatesh, DW. Rooney and PS.
Yap: “Optimizing biomass pathways to bioenergy and
biochar application in electricity generation, biodiesel
production, and biohydrogen production”, Environmental
Chemistry Letters, 21 (2023) , 2639-2705.

A. Anand, S. Pathak, V. Kumar and P. Kaushal: “Biochar
production from crop residues, its characterization and
utilization for electricity generation in India”, J. Cleaner
Production, 368 (2022) .
https://doi.org/10.1016/j.jclepro.2022.133074

S. Hayashi, Y. Hiraiwa, N. Ooi and S. Murata: “Development
of torrefied pellet: From the study of laboratory scale to
the operation of commercial plant”, J. Japan Institute of
Energy, 101 (2022) 27-37. (in Japanese)

DCC. Ceballos, K. Hawboldt and R. Hellleur: “Effect
of production conditions on self-heating propensity of
torrefied sawmill residues”, Fuel, 160 (2015) , 227-237.

T. Wongthonglueang, P. Rousset, JM. Commandre, L. Van
De Steene and ]. Valette: “Spontaneous combustion of
wheat straw residue at different cooling temperatures:
Combined effect of water sorption and air oxidation”,
Thermochimica Acta, 712 (2022) .
https://doi.org/10.1016/].tca.2022.179216

K. Ohashi, K. Sasauchi, S. Mizuno, T. Ida and M.
Fuchihata:"Thermal Properties of Biocoke for Safety
Storage”, J. Smart Processing, 5-3 (2016) , 198-206. (in
Japanese)

S. Cherdleattikul, Y. Morisawa, N. Tagami-Kanada and
T. Ida: “FTIR and chemometric study of densified solid
biofuel produced under subcritical water conditions
and its compressive strength affected by lignocellulose
substances”, Fuel, 342 (2023) .
https://doi.org/10.1016/j.fuel.2023.127835

NSK. Baharin, N. Tagami-Kanada, S. Cherdkeattikul, H.



16)

17)

18)

19)

20)

7K i

Hara and T. Ida: “Effects of repetitive production on the
mechanical characteristic and chemical structure of green
tea bio-coke”, Renewable Energy, 222 (2024) .
https://doi.org/10.1016/j.renene.2023.119926

S. Mizuno, T. Ida, M. Fuchihata, K. Namba, A. Kakosaka,
and O. Fujita: “Formation characteristics of high-
density and high-hardness new briquette based on herby
biomass”, J. Japan Institute of Energy, 91-1 (2012) 41-47.
(in Japanese)

N. Takamura: “Studies on hot pressing and drying process
in the production of fibreboard. III. Softening of fibre
components in hot pressing of fibre mat”, J. Wood Science,
14-2 (1968) 75-79.

Y. Furuta: “Rheological behavior and thermal properties
of wood”, Materials science and technology, 42-3 (2005)
15-20.

WP. Abasolo, M. Yoshida, H. Yamamo and T. Okuyama:
“Influence of structure and chemical composition on
thermal softening of Palasan canes (Calamus merrillii)”,
26-3 (2005) 363-374.

MY. Chen, B. Coasne, R. Guyer, D. Derome and J.
Carmeliet: “Role of hydrogen bonding in hysteresis
observed in sorption-induced swelling of soft nanoporous

polymers”, Nature Communications, 9 (2018) .

21)

22)

23)

24)

25)

o H R OB

https://doi.org/10.1038/s41467-018-05897-9

A. Mihranyan, AP. Llagostera, R. Karmhag, M. Stromme
and R. Ek: “Moisture sorption by cellulose powders of
varying crystallinity”, Intl J. Pharmaceutics, 269-2 (2004)
433-442.

K. Kulasinski, R. Guyer, D. Derome and ]J. Carmeliet:
“Poroelastic model for adsorption-induced deformation
of biopolymers obtained from molecular simulations”,
Physical review e, 92-2 (2015) .
https://doi.org/10.1103/PhysRevE.92.022605

T. Ida, R. Takagi, S. Mizuno, E. Sanchez Jr. and K. Namba:
“A study on the physical properties as affected by
formation conditions of high density bio-solid fuel made
from green tea”, J. Smart Processing, 2-2 (2013), 83-87. (in
Japanese)

T. Ida: “Next-generation solid bioenergy; combustion
behavior of bio-coke in melting furnaces and movements
in developing new solid bio-fuel for carbon neutral society
formation”, J. Combustion Society of Japan, 64-209 (2022),
237-244. (in Japanese)

M. Ashizawa, M. Otaka, T. Shoji, A. Yamaguchi and H.
Yamamoto: “Study on self-heating behavior of carbonized
woody biomass during storage”, J. Japan Solar Energy
Society, 48-1 (2022) , 69-78. (in Japanese)



B A —R =2 — I IFNDXZ LD
BN A B0 3 122 rg By e 1k

51 e
GE 5 T35S B P58
X CONES] S VS

(GRS A F a2 — 7 AW

% OERRENE, BEER. 2L K L B E Lo
BB & o TRAESILOSEIT§ 2 2 L A%A Rk s
NTWwb, ZOFHIE, FICEREGLRLREZN L ED
LFEBIIBWTERETH), IN5OPHITFEA D
HEAGICEEN 2L 52 5720, ZEERICET
LR ARAARD b b, HERkOBILEHIZ X, UV-
VISV (A TH#4396E) . HPLC? (Biifks u~ k7
F74 =) WILLHWOLNTEZD, BEEOE VT —
8 &G5O IR OMENLETH ). S50
HPIRF I 2 454 3 2 72 0 1213 B T O I ERASAS T X T
Holre FOME, BRTOLEEYFMTLHI121E, &
B S OFMERLEE SNz, TOX ) RFHED
R % mik S 272012, Bt RAEE P2 Y X b —
(TAM)®® Z L&A X b)) —Hila%EH ShT
Voo SRATY A MY —id, {LEME X OYEZEA(L
EEEETHRIETE 29 2. IFEFITEVULHEE IS
BAALABINTIRETH . BRIV R TolllE
DUHETH %o ABFZETIE, SEREA T X M) —OF A
2D L. B0 LS E) & IERECFE L 726 & 3
%o

[B47R5R - BEFREHER O BIZE]

TAM (f#/h#Esl) %2 Hv7z LIRS O BT,
BUCHEEA G DR (F7z13=) 1CIE§ 5720,
BT (HALRER & 72 0 OB @2 L) SR L & b I2HE
BB AT DRSO N S,

LSS Y Tid, BUSHEE UG O iRz LA H )

L. () cRK&EN b,

d[A]

T = —kl [A] (1)

22T b TR RICHEERTH S
TAM DT TH % B R O IEFET 2O HMEE 2T
B4 5720, 1 REUGICBWTIRR () TEENS,

O =k [AJAH 2)

CCTAH BREDENZ Y I NVE—THb, 2O
Ko & BGERDSTUR O [ANI B 2 2 & h3bh
%o
BUSAHESTS B 12040, SUGHY O LA 2SR R a8 12
e 5720, Bl © L IRBBEEICEAS T 5,
CoMfRIER(GB)TREN L,

O (1) = Oyt (3)

T, O I OBRKETH L, ZOXLD,
L IRBUSIC 3BT % B s AT & & b 12 Fa BB R 123
VI D2 EHHERTE B,

TAM 2 & 2 1 RKEEOBENITIE, BiRHO 7T 71
W, FUSHBERZICABICL L D), 20%BEA 12
WA L CRAEMICERIZED S BIRE R T, Z O%E)
. RSO E & & DI RUSHEEDHAT 5 1 KRG
DE# R LT\ b,

TAM % V72 0 REOS OBHAITIE, FUBHEE DS — 5%
Thb7O, FEF TINS5 2w b RIS L
T—EL % b, L7z > T, TAM THIE S 115 Bl
. BUSAET L T A IE—EDMEE R L. KIS
MOMT ETIRITERN LZBGRLD 7T 7 & LTRSS
N5

OGS A E SR L2 CTRISHAR T L, 20
BRI RIZEMICcE OIS, ThCEy ., 75
7 ECIR A e BRI OB A AR S e, 0 REUS O R
M Ty — v LTS SN S,



EA N e, 7k

TAM THIE & 15 BIGRROMERE I, 0 KIS D
FEER by EUST Y ¥ WY=L AH I\ AKF T 50
BESERR T2 Z OV E =B RE VIS, &) SV
WG S, Bl © 1350(4) THE N D,

O =kAH (4)

722U, MBS AR O —EIC & 5T, EBROB
MHEPERII—FBE RO RWVIEEDNH 5 0 RGO
MIET MBI, B IS —E OGRS B S
MDD, BEOULRDAE —Th > 72 ) BILFHAHA T
GTHoI)TEELE, BREIEHNEL L, Z0
A WET— 7 OMPUIEELET 5,

ABEZETIE. TAM % H o 72 B 3l o 3l 2 6 &
LT, ZIEREERE T4 43— 27 ZDMERK R
RHET Do W LNAF a—2 2k, 2% ER
L. A6 mm DERIZ 025 g DM RE L, 42
MPa, 463 K < 110 R OMEMERIZIZ L ), gL
7200,

WoEid, FiRfUNGEE (TAM V) WTHH IR
BEGIA S N 72 B85 1SR 2 BB L. — IR T T o2k
TR ORERIREM AL D 2L 2 B L 72, WEIE, 298 K
75363 K ICBWTEML, FHl2 1 RSB L0 K
B D B K O FER S BHFE I CBII T & /2343 K B LY
303 K @ 2 DDIREDMEFERIZOVWTNA AT —=2 X
1g B72 0 I L7280 @, % Fig 1 1R 7,

100 T T T T T T T T T
"en 50 F .
=
=3
T (A)
S
1] + bl (v*]%):

01 2 3 4 5 6 7 8 9 10
time / day

Fig. 1 Heat flux curve for buckwheat hull bio-coke: (A)

34315 K, (B) ;30315 K/

343 K 12817 2 BRI d, HEBARIE % (2 2k
EREZRL, 2Ok, FEBBEBHIIHD T 55882 R L

A H R OB

7zo COFEBNZ, MBS 1 KKSOBHTH L, 0
o BURAIZERIA L, B#HC—EEN PO 2
CENHER SN ZOFERDPS, WEMBIZ BN T
& N A T =7 AKE TR 1 KBS & L TamIc
HATT 5L L B2, BEELNA T T =7 ANFHANEW 5

CDZEL. NEBIZBWTOMILROE 25 &I LT
HIEDRBENS, SHIT, BITHEAFEMAEE I
—EMIZPRT 5 2 Enb. ZO—EHIZNHOBRIL)
ORBIBE LTHITLTWAEZEERLTWLEEZD
N5,

—77. 303 K IZBIF H B, MIERMARE AR 212
—EMIZPOR L 720 ZDZBE, N 43— 27 AWEE
DEEFZEDIZEIZ L - TE ULl S 720 &
RSN, ORBUSE LTRRT 22 L TE %,

Fig 1TIZRLZBREDOEE S, BiEMT
(343 K) CTRXEMBALRIGAS 1 KBS & L CHHF I
19 5—1T, KRG (303 K) TiEEKHB LW
HOBALBEEICEPE I W EDPTRENTZ, IND
OFERN S, B AITIRE R % IR 3 2 & 2%E
Aahiz,

[RITEEEHDRE]

TAM |2 & & B s 6 & SOSHEEE O BRI, K
BRBUIE U CTRR 2 oD 0BEE 22 29, it
7 a v Tl LI LIRBUGOS &, B - i1
R AR TR BB B kY 2R T 2o, Q) TEREN
%o WIICHRI AT S &, BIBAL S iz (5) 37
BNbo LoT. Ell LZBFHHMELS ¢ — Ind 75
TERERT A2 LT, ZOMEDS 1 IREUSD BUSHE
SEHDHETRETH 5.

In® ()= In®, - kt (5)

—HT ORIISIZBVTIE, BUiilIZ—E Ml %2 R_RT
2o, R4 TEREINDL, 22T Ao AH RIS
YEINVE=THY. 0 RGOS REER %KD B 7z
DIZIE, HOPLOAH ZHIRREL TBLLERD
5o

Il O FILFEF RO NA F 3~ 27 2I2BIF 5 TAM
5 DBGR R & AT & L CHT %o A HE L7241
FEICBUFDNAF a—27 A1 g K720 18 L 78GR
Og % Fig. 2 1IR 7,



BIREA

150

100

-1
@,/ uWg

0 1 2 3 4 5 6 7 8 9 10
time / day

Fig. 2 Heat flux curve for buckwheat hull bio-coke:(A);

363.15 K.(B); 353.15 K,(C): 343.15 K., (D): 323.15 K.
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Table 1 127”36
Table 1 First-order reaction rate constant reflecting the
oxidation reaction on the surface of buckwheat hull
bio-coke.
T/K 10° k/s™!
323.15 0455 = 0.014
343.15 0979 = 0.004
353.15 1401 = 0.001
363.15 2.140 = 0.002
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Fig. 3 Heat flux curve for buckwheat hull bio-coke:(A);
313.15 K, (B); 303.15 K. (C); 298.15 K.
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Table 2 Zero-order reaction rate constant reflecting the
oxidation reaction on the internal of buckwheat

hull bio-coke.

/K 10" k/s™
298.15 0467 = 0.004
303.15 1.172 = 0.003
313.15 6.160 = 0.002
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Table 3 T-1 and In k data of buckwheat husk bio-coke
applied to the Arrhenius plot.

T/K 10°7Y/K™ In %

Zero order reaction
298.15 3.35 238
303.15 3.29 229
313.15 3.19 21.2

First order reaction
323.15 3.09 -14.6
343.15 291 -138
353.15 2.83 -135
363.15 275 -131
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Fig. 7 Relationship between the half-life of the first-order reaction rate and temperature for the surface oxidation of buckwheat

husk bio-coke.
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Fig. 8 Relationship between the half-life of the zero-order reaction rate and temperature for the internal oxidation of buckwheat
husk bio-coke: (a); from 273 K to 373 K, (b); enlarged view from 293 K to 318 K, (c); enlarged view from 308 K to 333 K.

[ VIC]

RFZECTlE. WEOLREEEZFHIT 2 FB L L Tivh
#BEEF (TAM: Thermal Activity Monitor) % M\ 72T
FZOWT, BN ER %L B0 HRE 21T 5 720
TAM #3252 E2FME L LT, DTomssiFon
5
1.

=

i

EIE CRUN R BVEAL A WIE T E D720, IR 2
TR T — & % JHRE I CHUS - T T & %,

O NTT =8 BRI USRI IO i v
WETDLZENTHETH Do

T Ty LRV AINF AR EIREIE T X
iz, @Rk o~ 2574 — (HPLC) %

it

Ex FHW7z B G T ORI O I HER % L5 L
9, HI9 L 5IREICB T A58 % %
T& 5,

REfZECld. BEARECTH 2 2N+ a—2 A
DV, EHB & CWEERILIZ I D S 0258 % 354 12
BrL7zo TAM Z V5 2 & T, B ORI 2K
e n &, IEREERMIC AR RS BREERIZ B
F2BZEALEMETE LI EER LI, ZOEICX
0. AFEIEFEERREOAR L S, BERLLHREZ &L
IR BN E T RECTH 5 2 EARB SNz, 5
12y ZOFHREREERBROSEICHES-3 2 1 REHEA
L BRI HSHRES NS,



BREA—RY 21— b ZIVDXZ EGZER A T IRRORBREFBRFIE

[ &)

RIFFED—EBik, M5 FEEHFEHEMPRKA S — b
7y THEREBEHEE Y X )EA SN M E
it (TAM) ZHWTELNT—FIZEDOWTnwET,
HIER SR OB AL, S R% 5 TR Z W2k
MR T3S YRR OB B DB RE I < BREFH L
FFET, T BERNA T a— 2 AFEE TR
728 o 72l RF NS F O — 7 AWMEFOHERRIZ D L oD
LOEHLB LT ET, 512, RIIERICBIFA2T—%
FEATIC B W CEELR TS Ll E TRtV 272wz
BRFPLEBIROARERIAEIZ, RAEHOBEELEL
Ee

(&3]

1) SNaveed, N.-Waheed and S.Nazeer: “Degradation Study of
Metronidazole in Active and Different Formulation by UV
Spectroscopy” Journal of Bioequivalence & Bioavailability,
6(2014), 124-127.

2) E.Gotou and Y.Okazaki: “Degradation Testing method for
Commercial Polyethylene Terephthalate Vascular Graft”,
Kobunshi Ronbunshu, 65(2008), 381-386. (in Japanese)

3) AEBeezer, GBuckton, and SRussell: “Thermochemical
studies of drug stability”, Thermochimica Acta, 193
(1991), 195-214.

4) M.J.Pikal and K.M Dellerman: “Calorimetric studies of
pharmaceutical formulations”, International Journal of
Pharmaceutics, 50 (1989), 233-252.

5) A.EBeezer, GBuckton, and SRussell: " Microcalorimetry
and its application to the study of chemical reactions and
stability of pharmaceutical substances”, Thermochem.
Acta, 193(1991), 195-214.

6) A.E.Beezer and G.Buckton: “Thermal analysis,
microcalorimetry, and combined techniques for the study
of pharmaceuticals”, Int. J. Pharmaceutics, 72(1991), 181-
191.

7) P.W.Atkins, and de Paula: J. Physical Chemistry. Oxford
University Press, (2014).

8) J.H.Espenson: Chemical Kinetics and Reaction
Mechanisms. McGraw-Hill Science, (1995).

9) K. Ohashi, K. Sasauchi, S. Mizuno, T. Ida, and M.
Fuchihata,: “Thermal Properties of Biocoke for Safety
Storage”, Journal of smart processing, 5-3(2016), 198-206.

(in Japanese)

10) S.Nakamura, T.Ida, and T.Suzuki: “Estimation of long-term
stockpiling characteristics based on Biocoke”, CD-ROM
13th International Symposium on Advanced Science and
Technology in Experimental Mechanics (2018) .

11) SMizuno, T.Ida, M.Fuchihata, K.Namba, A.Kakosaka, and
O.Fujita,; “Formation characteristics of high-density and
high-hardness new briquette based on herby biomass”, J.
Japan Institute of Energy, 91-1(2012)41-47. (in Japanese)

12) C.M.Sorensen and E.Rytter,; “Thermochemical methods
for determining reaction rate constants using isothermal
microcalorimetry”, Thermochimica Acta, 415 (1-2) (2004),
61-70.

13) S.Gaisford and A.E.Beezer: “Applications of isothermal
microcalorimetry in studying drug stability and reaction
kinetics” International Journal of Pharmaceutics, 434 (1-2)
(2011), 112-123.

14) D.D.Perrin, and C.T.Ward: “Reaction kinetics by
isothermal calorimetry: A new approach for measuring
rate constants.” Journal of Chemical Education, 69(5)
(1992), 409.

15) L.Mazzei, and A.Nardi: “Kinetic studies of thermal
decomposition by isothermal calorimetry: Practical
methods and applications”, Thermochimica Acta, 649
(2017), 63-74.

16) K. J.Laidler: “The Development of the Arrhenius
Equation.”, Journal of Chemical Education, 61(6) (1984),
494-498.

17) J. AKampmeier: “The Role of Activation Energy in
Chemical Reactions: Historical Context and Current Use”,
Journal of Chemical Education, 79(4) (2002), 399.

18) J.H.Espenson: “Chemical Kinetics and Reaction
Mechanisms”, McGraw-Hill. (1995).

19) P.Atkins, de Paula and J.Atkins: “Physical Chemistry (11th
ed.)”, Oxford University Press(2018).

20) K.JLaidler: “Chemical Kinetics(3rd ed.)”, Harper Collins
(1987).

21) S.Vyazovkin and C.A.Wight; “Isothermal and
Nonisothermal Reaction Kinetics in Solids: In Search of
Ways Toward Consensus.” Journal of Physical Chemistry
B, 101(42) (1997), 8279-8284.

22) Ministry of Education, Culture, Sports, Science
and Technology, 'Startup Education Environment
Development Project for Colleges of Technology' (2023).
https://www.mext.go.jp/a_menu/koutou/kosen_
koudoka/00001.htm






1)

2)

3)

4)

5)

6)

7)

[ZF e ]

Nami TAGAMI-KANADA, Satoru MIZUNO,
Supitchaya CHERDKEATTIKUL, Tamio IDA,
Estimation of maximum Bio-coke compressive
strength based on chemical composition,
Mechanical Engineering Journal, Vol.8 Issuel,
pages 20-00391 (2021)

Vidya Cundasari Koesoemadinata, Kenki Chou,
N. Baharin, W. J. Yahya, M. A. Yuzir, F. N. M.
Akhir, K. Iwamoto, S. Hata, S. Aid, N. Othman,
T. Ida, Yasukazu Murakami, Hirofumi Hara, The
effectiveness of biological pretreatment of oil palm
empty fruit bunch on its conversion into Bio-Coke,
Bioresource Technology Reports, Vol.15, BITEB-
D-21-00147R 3, 100765, (P.7) (2021)

Nami Tagami-Kanada, Koji Yoshikuni, Satoru
Mizuno, Toru Sawai, Manabu Fuchihata, Tamio
Ida, Combustion characteristics of densified solid
biofuel with different aspect ratios, Renewable
Energy, Volume 197, pp.1174-1182 (2022).
EHsen, BHEA, HHREI, NMta—7 212
X 5 R SR BT B SRR IR A
B, $EETE Vol 95 (1), pp.9-15 (2023).

Nur Syahirah Kamal Baharin; Supitchaya
Cherdkeattikul; Nami Kanada; Hirofumi Hara;
Satoru Mizuno; Toru Sawai; Manabu Fuchihata;
Tamio Ida, Impact and effectiveness of Bio-Coke
conversion from biomass waste as alternative
source of coal in Southeast Asia, Journal of Material
Cycles and Waste Management, 25, pp.17-36
(2023).

Nur Syahirah Kamal Baharin, Hirofumi Hara,
Tamio Ida, Potential of Japanese cedar’s Bio-Coke
as a sustainable solid fuel to replace coal coke,
Biomass Conversion and Biorefinery, DOI:10.1007 /
513399-023-04286-7 (2023).

Supitchaya Cherdkeattikul, Yusuke Morisawa Nami
Tagami-Kanada, Tamio Ida, FTIR and chemometric
study of densified solid biofuel produced under

subcritical water conditions and its compressive

Volume 342, 127835(P.9) (2023).

8) Nami Tagami-Kanada, Chinatsu Kondo, Tsuneyoshi
Matsuoka, Yuji Nakamura, Tamio Ida, Combustion
characteristics of biocoke with added Al powder
in oxygen-enriched atmosphere, Fuel, Volume 350,
15, 128788 (P.10) (2023).

9) Nur Syahirah Kamal Baharin, Tagami-Kanada
Nami, Supitchaya Cherdkeattikul, Hirofumi Hara,
Tamio Ida, Effects of repetitive production on the
mechanical characteristic and chemical structure
of green tea bio-coke, Renewable Energy, Volume
222, 119926 (2024) .

10) MHZ%, HEEE, ME &K SRKEHE, HH
K%, GIS # HW 7N A F < A& o R H T Red
. A~ — b 7ot 25458 Vol 14, No.1, pp.30-
34 (2024) .

[EERI]

ZREMFSESRHY 1 2021 0 13 #2022 4% 10 1
2023 4EHE 10 £ 2024 4FFE 14 1
AT 82 fF

PeirfRiG22i ; 2021 4F52 0 fF 2022 4R 1% 2 1
2023 4FEE 2 F 2024 4FFE 6 F
F110 1

KLC Hefiifie ; 2021 4EHE 9 1F 2022 4205 25 1F
2023 4FFE 12 FF 2024 4FFE 17 F
63 1F

[SERDEE - jEEH]
LBBERT —7FEF AL A I—7 ZORE>

P SEEge 7 0 7 5 A O Y — X\ AR B E IR
fREH (RFD) 12260 <,

W 7 — 7 IR N A Ay 2 — 7 AORRSE E T
Bo BURANA F a—2 21k, B 7 — 7 I CHiBhk
ELTHEASNDHI—27 A (CDQ) LW a—27 2D
W, Wa— 7 A% ERERCI2EEETHT 5. $Ll
GXHEIZBIF L7 — 7 FO&ENI4S %I L, #k8 GX
FEIIBVWTHI— IV AZBERTE LN A Ha—o A
DFAFENT7E & HEHE



GEUE S

KIFXNWF-—BEFEFEZEWTEIMRELELRICHD
(AW ERSESEmFseiT 2023 SEEME 70y = 7 M
FHEICHEoL
LABIFIACD 28 L T )L F— A DL )
NI H, 2R G 7 & o HERHUEE T o BRI HFE Y

b BEEE. LR ERRSNAERA T AV
F—| EMOFETREL AL F— L5225 ATHERIC &
BN F X ARIFORIEZ ERE Tk L T2
A TR F =G S 2 72D (TR TSR & 13
PEw, NEPBRELEL, EESEVD I EHNTE
B2ON? TERVON? OEZIZMDPo T, HIFTRE
EMEAE L Z LRI OES L L. .

[EFEH R 5E)

RHILFERY LR N+ a—27 22T 5
SPC i ANDHh I 7 A RINERBEE LT O Y 1 i
SRR A E IR (TGO) £ DRI TICM 7 LT
MBS 2588

FELRRRS: | EFIgE, JFE =P =7 ¥ 7 L Dl
Bz L . ¥ v HR—)VBUHF NEA: National. Environment
Agency 75D KRIFEEEFEE TSRS

L= 7 HAREBRLIEE LR

gvE ey =Ry LEE

A ¥ A7 RS RFENE

[ISO/TC 238 Solid Bio-fuels]

HAESERE A4 (JISC) OARER ST, 2024 4E 1 &
. ISO/TC238 (Solid Biofuels and Pyrogenic Biocarbon :
BRI N A FIREL B X O A F 71— R V4R 2 BN E#E]
ORI LI ER, ENFROFMER L L TR
B, 2025 4 BE H A B fie 5% B0 2 TG B L R 12 B 5o

[Z Dt iEENIEIR]

(Fraisn =]

1) M, HHES, 27— VT 7 0o H
B4 % —%%, HAER¥PSREE Vol20, Nod,
pp.243-247 (2021)

2) HHERE, ZEFNA L a—27 205 L CO, HI
WEHETE AN OMA, Kb L AV F —F558
Vol.47, No.2, pp.18-25 (2021)

3) HHREE, NAFa—r Ak sh—KRr=a—
MV SEEBA~OBIREBE, AT [ EE
Vol.37, No.1, pp.18-21 (2022)

4) MHEE, HHRE, 7—-Kr=z2—1FI7 V&%
FEHTHLT )= - FX AT 4 Y ITANDT 54 RIS
A, FH, Vol63, No.8, pp.26-31 (2022)

5) HHEE, HIRSNA F 32— ADRIEE & R
Friklk, AR EFIA (HATKERHSIE), Vol46,
No.170, pp.6-11 (2022)

6) HHERT, WHAERNA F AV F— 5 N1 F
a— 7 ADEMIFATOMBERBE 1 — KR =2 — |
TINHEEFEET 572D QKN A F BREEH S E)
M), FAEEEES 45 64 9% 209 %, pp.1-8 (2022)

7) HHRE, EHZIL, KE #, EHEE, h—Kv
Za— PIVHREFEET 70D DOEENA F R
A G a— 7 AOWRHERR, Av— M7t
ASEEE, Vol 12 (1), pp.5-12 (2023)

8) EHI i, HHREH, KIF FW, SHEFE A4
RADFFRAL(N LT 77 v a ) SEB L B,
Bll5E, Vol51, No.2, pp.70-77 (2024)

9) HHRERE, F2RIIIBITEINLFT—27 ADEA
LY, HRZALF %458 (ZRD2ALT),
Vol.103, No.6, pp.705-712 (2024)

10) EH i, FFHRS, KB @, SHEFE, N4
TADFFRAL(N LT 77 v a ) SEB L B,
Bll5E, Vol51, No.2, pp.70-77 (2024)

11) JFFHREB, @I % WAFEZ, DB L
", X BfF WHEZ, FIEE T8 &
JBSA #%37 1 ISO/TC23812 5 1F A HLUIK & i iE, X
¥ — k70t A4 Vol 14, No. 1, pp.4-11(2024)

12) HHRYE, 77— 7 Fmg ER N A F kR o B
REREH, A~— b7 0t A%55 Vol.14, No.1,
pp.19-24 (2024)

13) REAMF, REARENL:, B R, HHRE, NAF
=7 A% HGEBREEOI) s~ [LKE=%
JE] &) BREEMROZFEICT T, Ax =T
+ 25458 Vol.14, No.1, pp.35-38 (2024) . (EA
TH#H)

(% #F]
R 5 7555067 % 2020- 160689
[l AN A oL D 33 12

* AT 00, TEEPRIL, £ OMEEIFHIEIZ O W T,
4 FEHOFEAMEFLT o



TEKZINA F D— 0 AIRFRFRERE
$£235 2025

A FI84E 2 H 1 HEDRY
AAl 8 4F 2 J1 1 H¥EfT

ATE MK ESA A T — 2 A B







ik

KINDAI UNIVERSITY



	表紙1
	第23号 初校
	目次
	p1-12　（水野・井田） 
	p13-20　（鈴木）
	p21-22　（活動報告）
	p23-24　奥付

	表紙4



