H A KM PR

b i 1B > i T &

% 53 &
SF0 3410 H

H AR 222 AbiiE S5

FLIE



H AR AR 22 A e e i A
i 53 &

ER/N

< OPAFEFE > 13:10-15:30

1.

3.

6

D] #E 2= GERBiR)

RBEERAZ W T~ CLT &WfEaEottgiils L7 —2 v — b
107 1 3 2 S 1
O ®EIr, 4 B, FHIEE, KEXRME GERUIRER)

HEBREINU N AE CIC W T VR OFRLE o 5

OfR B GEROIMER, bR, GHeinfE —, BiEsss, JIIEE,
RS, FEEH]L mRREL, KGR GERIREERD)
(fRKE  13:40~13:50)
[ER] E=mE— (AEKRPEE)
Kraft lignin-based materials for electric double layer capacitor -« «-«-«-eveveiennns 9
(ONutthira Pakkang, Kengo Shigetomi, Yasumitsu Uraki (4L KBE2)

FIEM M RIGTEE O HIRE  (19-18°C) Z W oA X 7 wERO B R A7 D
520 S 10
OF® m, WiERE (B)I&)

B TR TR ST AKIETEME DPERT covvveeerieenieiieeie e 14

OmERME, #kn 2 JdERPiE), saARfmE (dbRBE, dbKRBi),
HEEHEE, wEXK GEXBE)
(fKE  14:35~14:45)

[FER] HH B

. A TFA DA ERDAREAAREI I 2 K53 5010 LA E R, R OB
2 16
Ofud, = deRbes)

BT VERBEHNE XA R BRI oo 19

Of &R, E=mE—, B 1 LXRBiR)
B 2 O TC BARE O B5 3%
OFMIEIA, EHE—, Fdh B AERPEE) o 20



REERERAW=H1F 7Y CLT £¥iE& B O MHEEFT
BEEUVT—%2 Y— MEDOEREH

O #Edr, SR, FHIEEZ, KEHRE  (ERUIRER)

1. #%5

CLT /"L TiEIE, RCIEL D HRET, THIEMHSOBGEERM D /TiE s i, ALihEN T b 4R
RFEDORRLBEE > TS, &I, @mME - mEERT 7~y CLT Z#UNIIEHT 5 2 & A TENIL,
NRAIAEERGHC, BYOI L5 EBEbE BRI TELMENERH S, —F, CLT /Sx)LLiEofL
2B A ICBWTIE, BAETR TH DO 6.5mm FEE DK/ NMER E A ZHEICHWS L, E
AW LRI /12 9 a3 5 Z LR E ST Y, AEETIE, B RAOK EIEId 5
72O KRR E R %2 WIS A E AEETER DT 7~ CLT &S EIZOWT, ZOMmEMRE
P L 7oA R A T D,

F72, MERERHMM 24T o T2 HEAEHIC W T, EBICBI A BEAMEEICHAT I L E2BE LT —4
U= MR LTz, T—H 2 — MEOED #HAIZOW T H I THE T 5,

2. EEBAE

ABRIRIL, 1 7~ CLT X3V (B S T8 5 77 A, JAS %55k Mx90,
WR)KELEE 501kg/m?®, EEIEKE 9.76% ) Wiz, BEEICHWE
ERE, YRy 7 HRASHR IR Y — N PK8-60 (FFOME 8 mm, #
TR 60mm) 3 XUPK8-90 (FFUME 8mm, B F&E 90mm) O 2 fiifE &
L7-, 8648w, 515EEY, YAWEeY, LAY AWemo 3 FfE s
L7, BMOTIRIT, CLT SRV TIERES S x ~— 7 Foneh
U=, £70, BASMOREEH T L ITHY T2 x~— 7 BREWMORE

}15.7‘

 15.7

TP 1% BARM I & L, b EICHEE L ERERBR YO RE b Lice 1 EXDHE
ARBZRE LTz, 7ok, WL LTz x ~— 7 FRa&Wid, FFOE: 6.5mm (L : PK8-60, T : PK8-90,
D A D %AHJIH:ES L7 I:“Xﬁﬂ% Lo TWNAD fiy), %ﬁ%ﬁﬁﬁ%/ﬁ\(ﬁ#@ BfL . mm)

TIREOME 8mm D B R Z5HG L7 B AR L L7-, EAD(E
AR 1, #EeWottEaR 2, R ERotEE2K 3 121,

100 161 140 70 70

12,650 37.5 4.5 152 4.5 525 60 251§ 4.5 30 2515 525 30
|| l \ |
o r=) =) I
T g et g8 NM— (% ¢ il &
= o
T o4 o e/ EaMoR i I P & L é——?—dJB.Z &
g <] <
T & o 4o — |+ S i R A4
=1 | - e -
517 i EZ— . Vi 14-$8.2 Eo* " "
e o A—
B | g 2 [ S -68.2—h,
= & 3
- — S @
= N ¢ g
e [ ] L 1 s & ® s L* sl
a0 |30] 40 70 30| 70 ey, 2 05)
110 170
Ha 2
#30
o BIREY HABEY L B AKEY

2 SR (BA: mm)



*® mrrm

150 380

M
[ 210 280 ]‘2?0 280 210 | 150
| (o} e} hujj | | ':l
hEseze ﬁrﬁ]
S - (ol o] o “ M
‘:’ E’ ‘EI' E PK8-60 : 6 &
170 110 PK8-60 : 5 & PK8-90 : 5 &
w0 | 10 | PK8-90 : 4 & EAFRR
) RORHEIR 4% ]
5IsR = BRIR BAMEYEHRE

e
L

53R EWHERIA

4 FRERKIR

FEERJTIHEIL, 12016 R CLT Z AW =8 o ik Et i
T~=a 7V IRed O A BRI U7z Y HikE,
SR T — TR LN, B AWEmEB L OVL Bld A
Wr WX EARTEME LI E Ui-, 82880 ENMIE, 5l
B E HWT-RBRICB WIS e L CLT OMXZE
AL L, EAMEYE IO L AW AW % v -ilBric
BUWTIL CLT Dt B0 & Uiz, #k UgRE X, B
2 XD TR TR O NTEBIRENLD 172, 1, 2, 4, 6, 8,
12, 16 {52 1 AT 2L L, KRKMED 80%LL FIZMHE
PMETT 57, ZAAS 30mm (2T 5 F TN &2#T -,
ABRIAEIT 1 kBT 0 5~6 R E Lz, BRI ZE 4
W2,

3. BRPLUBR

R T OB 72RABREES T ORI EZR 5 17
T, 2 TORBRMMEEE (EWHIES L0 AEEH) 2Bn
T, BIBENBIERO B Z2OMWHIIRD T, #E4eW
ARG DT B 25> B XD EHIFITE DR
IZE -7, BB THOEADIE %R 6 12777, PK8-60
IZBWTE, R X DT EORBRIKTERADE
LR S 7o 7273, PK8-90 IZBWTiE, B FE7-IX
T 1 JEOORSIHYTH5E AT M2 5 30mm FRE
DONLEDF 1~2 FHET CHIFEERNELTEY, EARX
DR — NI BE 525 2 LRS-,

|70|70| 310

310

t A BT E WA

LR AKSY

380

360 115 150 115

L0 v
PK8-60 : 6 &
I o ] PKe90: 4K
T 1|].T.I‘ ‘I| }iﬁ{ﬁulﬁj%
oL [ T
L & A MEYERRE

HER AL (H(F PK8-60 DiZE, HAL: mm)

513REY
(PK8-60)

st

(PK8-90)

HTAKEY

5 HBRTRORKRNGESHINE

BIESMDER
(PK8-60)

I5REMDE R
(PK8-90)

6 HEBRETRORRNGERINER




x1FitE—%

= B L T = HETH —
b=oNipi] RN #BEm A EARITE FRER ) BRI R 7 SER(A %(;f;g
EMIESE ERIESE P max 2/3P max F)y Py K Pyﬁ PUU PVO PUU EXAX#EH EXXRH A/B
(kN) (kN) (kN) (KN (KN | =min 2/3P,,, £y KN | (KN (kN) | (d8.0) (d6.5)
N) (A) (B)
THE | 1163 776 680 1082 660 - - - -
PK8-60 | @y = 0.06 006 013 007  0.09 ; ; ; .| 10 18 056
5% 99.0 660 487 917 _ - 917 - 860
513RE THE | 1279 853 720 1188 500 - - - -
PK8-90 | Z&pimsy = 0.08 008 008 008 013 ; ; ; .| 8 18 0.44
50 | 104.3 695 598 958 _ - 95.8 - 860
THE | 1263 842 718 1157 203 - - - -
PK8-60 | ZEpimsy = 0.04 004 006 005 0.0 ; ; ; - 12x2 18x2 | 067
5o | 114.1 761 624 1028 _ 62.4 -| s20 -
HAEEY THE | 1482 988 820 1343 136 n n - n
PK8-90 | ZEpimsy = 0.04 004 005 004 008 ; ; ; .| 10x2  18x2 | 056
5% 135.6 904 737 1214 _ 73.7 -| s20 -
THE | 1334 889 770 1203 316 - - - -
PK8-60 | ZEyiEsy = 0.04 004 003 004 006 ; ; ; -] 12x2  18x2 | 067
5% | 120.9 806 716 107.9 _ 716 -| s40 -
LR A BT THE | 1367 912 725 1156 150 n n - n
PK8-90 | Z&pims = 0.05 005 008 008 017 ; ; ; -] 8x2  18x2 | 044
5% | 118.2 788 575 939 _ 575 -| s40 -

PickPoint? % F VN TR B 27 th#f O 52 RMYANE T 7 AIZ X AR EE O 21T - 7= 3EAl L 7= e PEfi
R 1IORT, ETORBRKRMEETHEMR D Z2HE Lz, WLy ~—7 FREMD v 2AAEIT3T
HRERIAAR DO AR DL, PK8-60 T 0.55~0.67, PK8-90 T 0.44~056 & 721, FEUE 8mm DO
AuFNDZ LT, FEOMR 6.5mm Z W 5856 & ik U T M4%HI T2 2 E RN TE 72, BLEDOREE
L0, CROWMARBETH-T= 0T~ CLT 7SRV ORI A E ZHESITBWT, B2 Z KRBT
52 XD EEHEROM EERIADD EEZOND, T2, SRIOKRIETIE, x ~— 7 BREVOHR
M 77 % HAEI 77 & L ABE B AR OB Z BRI E L2, Bz, FEOEE 8mm OB A% 5 ~— 7 £Rd:
MERUAKHAND Z &C, L@ heERMERNTExLE2605, 5%, KBILLIEGAD
AR L B TEEAVERE L ORI OBIEHESRICHOWT, SOLRIBIENLETHDH EEZDND,

4. T—R— MEDERY $H

EBRCTHELNTH T~ CLT SRV OSBRI ORET — X 12O\ T, EBE TOBEA S CH
MTszLaMBELET—2y— bl Lz, 7—42 3 —bO—Hl2R 7 (TRT, T—% 33— hDE
K0T, 12016 Ef CLT 2 W= BEY O T~ =2 7V | BT — 2 G 5EZ 1 LT 9,
Ve LT=F —Z > — M2ik, TP 28 L7,

- BEAMAEM T HEA (CLT %L, #A4Y, BEE%) oM
- RBRIR, &= XKm
- FRBRE AR O FEEFEAE & SEME - FEYE(R 2= - 5% © BRAESE O R EHE
- fAPEE-ZENEHIBRIS K OHEIE D A S L B B RS R
- AEEOREBRIKE R

ERR LT — & v— M, #ERHESCE A, A48, CLT %0 A — I —% 083 REHRE HE
PE CLT O K % X 5 BEO &R E L CERT 2 PETH D,

F7o, HRERBRBIIINE T, Hr RAEBERESMICOWTEREIT-> CTE i, HlxiE, #ET5
BAS & L ClbE, ERAS, LVL, CLT &, BAHEAL LTI A I E A8EE, l&ERL MES, RV
T NEUVERENRTOND, EHENEEZIKTDIE A RE#EEATOMET — X2V T, &
%, T — MERERIZT 7 B ATE LV AT AOEEICIR DA THETZNEE L TN D,



BAem G195 x4 (x~—2 44T B-150 i:4iiL)
) 233 — R 4HPK8-60 (98mm i FE60mm): 104 [ 5 FH7R /L NM26 (44 )412.9)

BRI |A ek TR S R R B S

BAEWA | BBIRAREAES

B SR AT~V Mx90-5-5, AFEHERL . 11X X OB L, B LY Ay — | BEEem’) | &okaRm)
IR A A - R AR A 75 0.50 10.6
(M%) B’ | &kE®)

AR, S, B2 X% (AL mm)

100 161

e 150 380
e
1) 1)

O
O

1,000
i
<
P
3
=
1.000

L] L ]

|40|30|40‘ | 70 [JOl 70 |
| 110 ‘ | 170

P — —
ol E H =
= T &M@:5- PK8-60
_— 170 Ki@:5- PK8-60 | 499
/331 —148 PK8-60 190 | 190

| R ER 5 vy | | zw [1Eoo| % |
EF )V > 1 2 3 4 5 6 il | W7 | A% | fR%| TIRME | it
(KN)  [114.0 [108.7 [128.6 [109.3 [119.1 [118.3 1163 | 74
m(mm) 14.42 [14.42 [12.38 [11.68 [12.72 [11.48 12.85 | 1.29
2/3P, (kN)| 76.0 | 725 | 85.7 | 729 [ 79.4 | 788 77.6 | 4.9 [0.064 [0.851 | 66.0
3 s um)| 139 | 135 | 155 | 1.50 | 124 | 1.26 138 | 0.13
S 62.6 | 58.6 | 79.6 | 63.0 | 76.7 | 73.1 689 | 86 |0.125 [0.707 | 48.7 | 48.7
R ) 0.87 | 0.81 | 1.31 | 1.09 | 1.06 | 1.10 1.04 | 018
FHEL =2
P (kN) 106.5 [101.3 [119.7 [100.6 [110.3 [110.6 1082 | 7.1 [0.065 [0.847 | 91.7
5 (mm) 149 | 141 196 [ 174 ] 152] 1.67 1.63 | 0.20
o ,mm)  [21.34 [23.94 [20.10 [22.13 [19.14 [21.93 2143 | 1.68 [0.078 [0.817 | 175
KkNmm) | 716 [ 72.1 [ 610 [ 578 ] 726 [ 66.4 669 | 63
i 14.34 [17.02 [10.23 [12.71 12.60 [13.17 13.35 | 2.24
o EE- AV A/ 5 BT TR

SEROE M, AL O L

140
120

100

80

E(KN)

1= 60
40

AL 4R

20

0

7 T—32 —bO—Hl

SE Xk

1) FHIEZED  AWREED 7~ % - CLT OGS &N 2D 4 R CEDBIESY B L O A Krday oPEd
55 64 [0 H AARM PRSI EZE E S, CD-ROM, 2014

2) BEEMED  KBERAEZAWES T~ CLT #AE O¥ ABHERE O, AMMTHRIH S 38 BIER KA EGE,
pp.58-59, 2020.

3)  AWMFENAAREE - KMETE 22— 1 2016 2R CLT % AW - W O 3% T~ = = 7 /L, pp.146-163, 2016

4y  ERERIEE, FEBER, A T EAEHROET L L ZORBESINE DD ORE - FHsmE o BE LY — i
DNT, H AR A A AL C-1 M1, pp.215-216, 2001

5)  AWEENAAREE - R 2% — 1 2016 4Eh CLT %Jﬂb‘f:@%%@mﬁﬁﬁl’?%JTW £t DVD, 2016

{52, AWFZCIE, “Fpk 30 4B HERG A0 BAR H T i B AL SR 36 (i Bh S 2E IR « “Fonk 30 A~ 0 2 4F)
W k0 S L7,



FREINDELCICK WA ST YERMDEME

Ol B GEWROIRER, dERBeR), OMERE— tises, G,
EIRHET, SR, @R, KIEZE GERTREER)

[#=]

BAE, W~ VERMZIZ UL LI EEERM D KR ESEY)
WCHBZHEHEINTEY, NEBLLMEERE LTEREIAHIH 20, L |
DL, ALHEE O X 5 REEMICEB VT, BEICL VATV EINZH |
IR BN D72 OFRE (RH) NMETFL, ZAHOENERENE LWV
HLHEIRRE (RIBEEEREE) 12725V, Z o7, kM oRmICEEE R
NELDHHEZ N (BE),

AR TIE, LRk OBLER & BLEZ O 2 SDORWEEE L, A&l
DONWTIE, 7 I T ORREMEEAEY SR Fm (BLF, Rl ¥ —
V) ETRTAEHIET, BEICOWVWTIZRERLH S EEETER (UL,
FIETEHME) 72 EOREUEL AT H Z & T, IKIBEEREE FICRB W TH L
B UAZ < WER R 3 BLE R REDREE L 72,

G0 NY )

A TlIE, ORLESRFD R HERM, QB DR EIEM 21T -
TR (LLF, RBBRIR) 2ERIL7-, LLF, 220 ER{IKD (E
JFEIZHOWTERET,

O BrEEMD R B ERM ORIk

3OO0 TSR T~V DT I TR % 1

AWy, 7 3% — 2 DA ORER IR 2 /ERL L 72

BEE1 IZRICKDENA
& L=t 0l

RIREH I ~IOME

(BLESRM =3 X T & — =21 §4F) , ik BSIRRM EZIRERY BiESKR" kg
BRIAIZ, 4 75, 18105 mmX/EE 105 mm, (h) (%) (%)
£ & 400 mm T, RBRAEIIALMFICOE 3K (ERRAL 84.5 8—10 10.8
L L7z, T3FTDOY 7T 10~14kN/mm? O  |§2IREH4T 100.5 6—8 8.0
FPHE L, DREOMITER Ui o7z, 737 |(ERKHm 128.5 4-8 6.1

DESRGIER VT E 2573 [~ 3 54k

14354 Y v SEERRRL
144V THOBEREAE-RRNG BESKE
ClERER0T IFLYREERICKY R -EAE

L7, 72T OREFTOSHEIIME 119 mm X
JE X 37mmX £ & 1000mm T, % I2E 108
mmX /= X 30 mm (215 B, £ & 400 mm (25
v ML7z, By MERZ, HiFEORENTE LR FENRNEIICHE L, HBEERNIES % 27 mm
WA BV, BEEE, IR 105 mm X E S 105mm (105 /) (2t B, BEEAIIKERE S F—A4 YT X —
NREEERE VY, BEERIEBAT & 250 g/mi, JEREES) LON/mm®, JERFRER 60 73 DS CHg Lz, #
EEXOHTEZEBE 218, (FRLERBAEOHIZ2EE 3 1R T, AT — 13- 2 12733 O~0O0

2 ERETOREBRADER
(O HEFHDOERL DERM)

FE3 FRLUIHARK

(@ BEXHORLTDEMM)




7=l LTz, 728, ENTIHEAICARENEZmAE 2D LI AbEbNnD Z ENMEZNN
(=D E), BRINHE D TIE, ARRICBITH 32— OB L@ Y — & L THES
NTW5a, mBRIRIIERE, KOEZ =R UBIE CHFE L, 20°C65%RH &5 T T 20~25 HREI#EA,

Fm L7,

[(R@ : A&] [RE : AR+AKE] (@ : A=)
T 7/ 7/
S N XN N
// \\_/ /
) @ ® @ ® ® @

1 AN —2O~DDEKXE

@ -1 BERBIORBEMEIT > RERM OERFE
HLRMTIBC T4 T T4 (T IFE=30mm), 1E 120X /ES
120 mm, & 3650 mm OH 7~V ERMAERIEL, Zh kb
RERIRZ BRI LT, 7 2 OY > 7L 10~13kN/mm?> O#iFH
L, DELMIIMERA Lot BBikE T P~y F s
EHDHZEEBNIC, BRI TDRNo T2, K AVNE y e £
WT I F AR LT, BEEAITAKIEES T —A Y7 X — bR - O
B VT, R DRSO R T B A 1or T, it [ b
MOHAA S = FRNICBT 50B LVEE L, £/85 — N
NTHE 3ABGE Lis, SEAMIIE 2 1257 & 912 500 mm (. . o
2y L, =2 Rv v F SEBRRE 4 7 R L, =2 BEE4 IBTOERMOEE
=V ZFRWTU FIZ R ()~(DDORELEEZIT o7, £
72, 1y NERICERM ORI X0 EARRMEAORBR T AL, SIEIC K > TR AT O LR
DEREZWRE LT, T THELNTEFHEKREIT113% TH- T2,

H 72 VEMM  120X120X3650 mm e g ot
IS8 — DB L UG &3K (~HRHE : BRHEME) g 0 P RRRA r
0 o 0 .% o o i’E
y S maE - B

WEE | mBE | 028 | @BF avio-uleoREES O REER |

< ot NG O N »'a O
M Ll ».« Ll Ll » .« L

500mm ° 500mm ° 500mm ‘ 500mm ° 500mm - 500mm ° 500 mm

<

o
>

2 EE - REEWABRKOERTE

@ -2 B

WAL, REH D L& U EE LBENC L 2 B @~C0B LRV =F L7V a—/ (B, PEG)
60%IAIEDEBAR(ANC L V1T T-, BWEHC XD BEIT 3 FMEE2RE L, @IE LB DI, (b) 1Tk —F
—IZED B Z, (ITEARY=1EOT—T—ICLDH TR Z21To7,
© -3 REEHM

KM NLOR Y N7V R &R, B E 2 BIRICEVERT 5 2 & TITo 7o, MG LW
JEAE (BVE) 131 3230 Uiz, IEVEEIZ(e)180°CE7-I1X()160CE L=, 7L A%, #BR{KIZ 120 7
MIEAAEAT o 7ct%, 2007 T lmm Efg L, ZD% 15 5T Ty M&{Tolc, £70, EME O
A OME LAY ZFE LT, EMATNS 2mm O I LE21T-72, REEMOMEZR 3 1277,

UL IR L2 et (a)~ (D& 5k 2 ITBEHT 5, MBRIKITBES LORBEEMZITo 7212, =2 b
— L EED CROMEEZ TR U CHlE L, 20°0C65%RH 55 FC 10 AL E#A, R Lz,



AAEIBFCEHE

©__._ ) #5hUomEnETS (2 mm)

[ERERE] ()180°C, (£)160°C
@ 1) RORIMEIZRDSD

@ 2) 20#PHNFT1 mm/E4E
3) 152 RIEE

A N tRTErO~@ORCIET O

®
X3 REBEROME

[RE7IE] %2 EmLE-EEOE (2% ZBEH 0—E

VERL L 7238 IR, (B BRI E
L 72 7KK N TR A T o T2, 2 @) | EZODFH (ILY>eEEUER)
FZIX, FLERIELEE 70°C - IR ERIELE 37~40C e () |KES—5—+ 2D (LSRR
i (=13.0%RH~172%RH) TI14 A [T . — tws = . N

B - ©) BRIRY-IEHY—5—+LFD (ILYVEEEUER)

-7, RBERBROETF2EES IOR = "’ =
+. (d) |PEG 60%7KiE&

RFEAE T, HARBIRO AMHIE | e | ©) [MIREE160°C, 1ESED 1 mm/EH
CleENoEIZHE Lz, Bk, & ® |hnZEEEE180°C, 1EHED 1 mmEHE

KHEEAY 0.05mm LLE (7 F A7 —TIZ
EVHE) ObLOEREOGE L, EEHICAEUEENTRIRINAE Lz, 7ok, RBRIKESEE 50 mm (2
A C 7= BIUERE ORI B RS L, BIEFHIXOORERIKIZ OV TIE 300 mm, @DFERIKIZ OV TIE
400 mm & L7z, BlIUZHOWTITEEHND Z L b E o7, K TIEIING L2 REH L CGGHMEiL 7=,
FNOR ZITEm & B S w2 RN g Lic, B4 124 UrElnofls LOREFEEZ =T,
KL, BRSO RGHE

FHEGEES (@4 0AiEST | Wmomhom |
BRL, TEhoE SIS & LTE IREOEN f =
fili L7z, VEE
ETEZ TN
= /
N
N
| Es@EaEn # >i— ——
* p 50 mm AENREE D300 mm, @400 mm 50 mm
BEES REABROEKTF 4 BAMIZHTHENNDF ERBIERE

(R L BE]
O BESMGDRR DERM

TR Z R A RERERZ R 5 12”7, R il T, BEGKELEE GRS T) L0 HIEOICREL
T (AT B L ON) THBESELZLICEY, e RE<MAbnd 2 imaniz, £
o, WTNOEBREEFETH-TH, BAMEORIFZARE RV b X2 —20~0) £352L7T, &l
FUIKIBIZINZ BND Z EWRENTz, 72120, ZOHA, —HoORERIAK CIEIT M Om (RE) I2B8\W T,
HEfIC L DS S ELE (BE6),

ESmEICBITHOHEREAZR 6 12T, BEOFENIZHRD &, BEImoFEhhEnorz, LL,
BRI & &P —EORBRIK TEINA S Lz,



100 100
(REIAR (®@E)]  |DRREEF] N e i
~ 80 AR+AE A ESEI 80 AE+AE ORIEREMH T
g ] ., |o%tes#m g L O¥IREM I
€ 0 O & 60 —
s O o [REIAE S L1 [EElAE
i 40 ! w40 —
S : | S | |
£ 2 ReR £ 2 b C o
PO ¢ 1 0o
0 LO—O0—0——0—TO—TO—O o L8O 0o o=
@ @ ® ® ® ® ® @ @ ® ® ® ® @
BYAbENZ—> B Y ShE/sg—
5 EEOENDOEER 6 ESEDOINDHER
(DBE R DR B ERAHM) (DBE R DR B ERA)

©® BERIURBEMEZIT - I2E/H

MEHFENCB T AMEEREEZR T 1077, WTNOEEIZHBNTY,
2/ OPNENFIN R STz,

JESEHICB T AREREZR 8 (R d, ESHIZBWTIE, B
L DENOIIEZRIT I SN > T8, FEERIZOWTIZEN
EWEN-, 72720, EBEHOFEHZEE LZHE, EXAREA Y b
TVUVANPKEL IS,

KEEAREE LA 0% —2@) 28\ TiE, MiEs HEn

KE(<4£ L BN

o
am

DOFEND 2L, RBITB W IR L OEEEM OB R 2 iR1
HTEWTERNST,
100 100
- oftfH NN E—>D o fHllH /N E—>D
X 80 oK/ G =26 X 80 o KR -6
4 ! : 4n i :
m 60 : : m 60 : s :
[ ! REE ! REBEHE [ ! RIE : RETXH
) 1 ., 8 L] [ - >
w40 » > g 9 A >
e e | : ) : :
£ 20 ' : £ 20 ' ) ® Q |
w : * 5 e = o @ :
0 0 ; c , ! o o 0 _<> 1 O o °
maE @ O © @ © O mgE @ O © @ @ ®
Ar bR SEOEEE avhAmw FEMEE
7 EEOINOEER X8 EEONENDER
(QBES & VRMEMET > 1-EHAM) (QBES S URBEHEE T > 1= RAM)

7%, AWTIE 20%RH % TS EEAREERE ICRHFZE L2ICb b 567, OQWT o
BRIKICIRNT S, EImOFNDOREITD 2 oTc, T, BSFROMEZRWT, HERED T 2
T, TROLE L VBN IALEN SR L, Filh R NSNT I TN L ERAbND, 41k
%, ERY A XORBRKTORFHIIMZ, HHT257 I FTORMEICER LIEREERLETHL LB
2 BHid,

(235 3CHk]
1) 72l i, HRKRERIED ¢ AARRERSHATERESE 24 (58) 1107-1112 (2018)
2) EN 14080: Timber structures -Glued laminated timber and glued solid timber-Requirements (2013)



Kraft lignin-based materials for electric double layer capacitor

(ONutthira Pakkang, Kengo Shigetomi, Yasumitsu Uraki ~ (JLABZE)

[Introduction]

Kraft lignin (KL) can be easily obtained from Kraft pulping process, which is the most popular pulping process
all over the world. KL is mainly burned for energy recovery, which is considered as underutilization. Therefore, the
development of value-added material from lignin is an essential topic for accelerating lignin utilization. This study
aims to use hardwood kraft lignin (HKL) as a main feedstock to produce component parts of electric double layer
capacitor (EDLC). EDLC is an electricity storage device, which is composed of electrode, separator, and electrolyte.
In this study, the electrode and separator of EDLC was attempted to be prepared from HKL. HKL was converted to
activated carbon fibers (ACFs) and used as an electrode material. For the separator, HKL was converted to a fiber
sheet via electrospinning and thermostabilization. The HKL-based electrode and separator were assembled with ionic
liquid (IL) electrolyte to EDLC, and an electrochemical performance of the resultant EDLC was investigated with
respect to electrostatic capacitance, energy and power densities.

[Experimentall

Preparation of electrode from HKL: HKL dope was prepared by blending HKL with polyethylene glycol (PEG)
with 500 kDa in binary solvents of dimethyl formamide and acetic acid solution (6:4). The dope was subjected to
electrospinning to prepare a fiber sheet. Conductive carbon black (CB) suspended in acetone was sprayed during
electrospinning. The prepared fiber sheet was thermostabilized, carbonized, and steam-activated to get ACFs mat.
The resultant ACF mat was ground and mixed with carboxymethyl cellulose as a binder, then casted on aluminum
sheet. The casted sheet was cut as circular shape and use as electrode.

Preparation of separator from HKL: HKL-based separator was prepared from the electrospun fiber sheet as
described above, where the CB spraying step was omitted. The fiber sheet was subjected to thermostabilization. The
thermostabilized sheet was cut into circular shape to use it as a separator.

EDLC assembly: Two pieces of the prepared electrode and the prepared separator were assembled as sandwich-like
structure in EDLC cell, and several drops of IL (1-Ethyl-3-methylimidazolium Tetrafluoroborate) electrolyte were
placed on the top of piled sheets.

Electrochemical analysis: Electrostatic capacitance of the assembled EDLC was obtained from cyclic voltammetry
(CV) and galvanostatic charge discharge (GCD). Intrinsic and charge transfer resistances were measured by means
of Electrochemical Impedance Spectroscopy (EIS). Energy and power densities was calculated from capacitance of
GCD. Cyclic stability was evaluated from the capacitance for 100 cycles of GCD measurement.

[Results and Discussion]

An electrochemical performance of EDLC prepared from HKL-based electrode and separator exhibited be 91 and
114 F g of specific capacitance in CV and GCD, respectively, 49 Wh kg™ of energy density, and 178 kW kg™ of
power density. The electrochemical performance EDLC from HKL-based electrode and commercially available
separator (cellulosic separator) as a positive control was also investigated to compare with the HKL-based separator.
The EDLC with cellulosic separator showed 88 and 105 F g™ of specific capacitance in CV and GCD, respectively,
45 Wh kg' of energy density, and 42 kW kg of power density. Based on these results, EDLC prepared from HKL-
based electrode and separator had higher electrochemical performance, especially in power density. This could be
because electrolyte transportation through the HKL-based fiber sheet was easier than through the cellulosic separator
due to the HKL fiber sheet had bigger vacant gap between fibers than that of cellulose separator. Thus, I successfully
demonstrated EDLC assembly with HKL-based electrode and separator with high energy and power densities.
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BT LEBEFVHLNIINTE L, —H. EWEERLNHZOKEIEEEZ RO L ZEZX LN TNWDNR, £
AUZBIT D BFEBIIRTED 70 < I SR O KIZIEE B DR EIC R - T2 lIE S B2 720 @), RIFFRIE,
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Wi, AR E TR S KBS TE O 258l L7, 2 OXBEIEMEIE 7 v 7 7 — BB
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R E A iék%ﬁ%%-ﬁ T DBLEL R X BB AR B TIEIC LD K Bl % 1T > TE T,
Z LT, BHAREEDICHBRNFEEL, BREEICL T, KEAEHL T DM OMERITFE L <
W5 —HT, AHIOMEIZZ AL L TnieZ & _®%@M%w IEAN R LN D DITH L,
ZWHM M TITEARD RN hoTzZ & BOBRI AR 72 EICREEwmNHEE L, Z OFimit
2 - TS E D%@%ﬁmiﬂ%kﬁ&éhéﬁ%ﬁﬂfﬁbfwt:&%ﬁ%bfwé”o%
DIED, WRROEIEM BRI, NEMOFEE > T2 EE b EHBIE SNz,

AWFZECIEET 7210, RN ER R EFBMEE (FE-SEM) & H W TR HE A DA D LY
PR B AT o 72T, B EEE O TN EY OMIREZFH T2 2 A, LVFELWAEL
DGO, AR ONEFEELARBLWET D,

[EZBRFiE]

BB ¢ AbWEE R PALIR S v N R ST, B LIRS OBHNBEE CTHLA T ALK 2K
MHEIL L, FAA TREE®R ICHRFE L TOWEREREZ W,

FE-SEM B2 : B2 KWL TR I v 7 &2 LIk, BfEAT—VEaRELZEELI 70 F—
AZE > TENENOBILEWE Z VIBICHAEDEI Lz, =% 2 — 1 ) —XTOMKE, R
ZITW . SEM REMBICHEE, & - XTIV v LAa—T T L, BEE T,

BEPR S e - SRR (UV) BESEERE A2 KENL TR I U7 EmB LEITo 2%,
fE (Epon812) CTEM L7z, Vv FF7 I/ 8v h—ATHREDFZUH L, AXET T A7 U EY
VCE AL THIRNAEYD OWSEE DR (& 250~400nm) & UV BEEERKRY (JEK 280nm) % 1T
ST, Fo. OO, R A YT —0 TYf L= MY A 2 LM E TR LT,

[BRBLOEZE]
HOBRJE D DARERAARR - AR - B & BRI KG A O R DO KR N & Ak H E 2 FE-SEM
THEIZ LR, AN L TV SRTFIIEEM A0 TR S, ZEMEMICIIEARIZ
EANEFIEL Do (K1, 2), ZHIEEFEBEBIE TOBISRRR & B L TWnD, FRMHA
TU. MR BE DS 3 g S /\biﬁaﬂb\fb\éi‘%%)?’ FADPNEN GRS FMdz BB L TS
HrbRAboNn/z, —FH T, ZEMBATITMBEEN DI N TV LT IIR bR o7,
RSN T, WEMDOFTE > T UEE NP ZEAFE L, TONEWIIHEIEBLTVD D
D ERLR DE BRI ﬁ%bfb\é%@&bw‘bot (X 3), ZHbid, EAPOEE 2@ -

THEL TS Z L0, EEZHESEIZLEZHMICERBINZWETHI L E
bbb, Lo, Wﬁ%aﬁzfotﬁﬁ DONIEIZHEANZ L BLEIN, AOOFEFEICHHE
RN LT\ Z Enn, HRELICEBIT2EADAOHIRIZ., 2N OEEDOHEICLD LD
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TlER<, MOZEAICE D2 bDOTH D AREEREV, £, ZALMEEONEYIL. LMK
BCHBELGE. GEROMT MK OMNAEY L TESLERELEL L Tz (14 4~6),

15 55 1 D Bl 5 (A AR RR ORI N AW - AN HE R i O i SIS o TS il 5 A F R o MR P
TG TRAICRADNEYDR —H b L FEfFmicEHL T (K5, 6), £, EEDON
KW LRI, HIBNEDIIBICEB LI bOLBOICERBLIZbD RN b oTz, ZNOEEED
il 7 1) AL O AR N B IS S WD T 2 JE L72RER . &6 6 B IR 280nm T (2 W AS K 2
FHRNAXZ FAPEBLTWE (7T 71,2) 2E&hb, FEBLEMTHDLEEZDBND,

s Al > : e I i ‘,::1’;"]3'."5 {21 . " "J.H
1, 2: WA OB R4 (FE-SEM BE). fdr (F) ICIEER (KRHD B3Fw L T\D —
FTEWHME () [QIXEAR Aoy, K1iEAom. K2 i3kBm. B3 : NEMOREE -7
FEE (FE-SEM HEH). WEMIIHICERHML TV AH5HE (L) ERROMENEHOGIZERHML TW5H
& (F) enbs. Anm. B4: NEYMOFE-T-(GEE OLBEEHE) MY, mEHm. E5, 6:
SEME O T Mk OtBTHE) Byt HEH .

17



250 300 350 400
HE (nm)

7771

250 300 350 400
HE (hm)

7772

B7, 8: EEMHOEFMIMIEOEICERMLI-ZNAEY (K. K71 UVEER. X8 I3IHEE
ThA Py 7—0%m,. L5 LARKOME. 9, 10 : EFEMEDH T M AL OB S ICEFE L TV
LAY (RED. 913 UV BHER. {10 13REHEH T A VU7 A—0 Refa. b5 b AN
52 1: X7, 8§ OMaNEY (KH) OWKAL7 hr. 5272149, 10 DMBEAEY (KH)
DO ART Kb,

[51H3C#]
1) &FiEE, EFE= (2021) A F A OEFHERICI T 2 AREMAE O MR 2R R & Ko 504 O
BE ETIRIBRAMERRE MREREFE.

18



HSTYENMERWN =X A Y XXA TEKKIE
OFE#E, =H=E—, EH#H JEKBEE)

(5]

BHX  aOEKRBEE: ClI—RILZEB OB VRO LN, ATF#HEPBREI N TWVWDHZORE
MBI ORF R LETH D, FHEEBITTIEMENE 22 < GO ICE I Ve SN TELR, X
A Y A H /7 (Pholiota adiposa)lZ- DWW CTUI A X TORIEEIN 8 H 7=, AbiEE O EEEHREFEDO—>ThH
DTV HRHATE L EENS D B 2T,

F7o. YT EERAEY E ISR 2 Z & TUA X 7rEOFEENENHEIN LTZ &0 9 #iE<e,
TFARNOSHHE L= ) F =3 A X T EOREREZRET 2008085 & v ) HiE
INBH D EME, INERR D ZERHICIRINT 52 E TX A Y AX X FIZHOWNTH RO E NI S
Bo 2T, ARFETIIN T~ Y BB EHNTEX AU AX X 7B U, ISBERR Y ORISR %
L7,

[ 5iE]

PERERRIZ X A U A4 7 KM-31 S(IIHEE RS &2l o, BHER & LTl 7 <Y B2 (10
mesh pass)Z il L. SRFEM & L T/NET A~ TR L O o B Rk B AR & B THF5E
AT & 0 32 Z MBI IR L 72, 850 mL 4 PP BURHHRIC KM 4 FedE L. & B (121°C, 90 40) %17
ST, B UTo R TRER 285 L, IR 20°COREFTC 60 HIMEE Lz, Z0%, Wil E R OVEKLE
ATV, IR 15°C, W 90%, 8 K HE (2001x) CTAF IH7-, FIHHEBOREM Y HE, FEF K H
BB L OWEZTLE LT,

[#E 5B L OvEE]

T R EHLX CILE RN Y B 2N EIME S 4172 (Tablel), JRESTERC H UL 278 20% B HA X CIIAREHLX &
FZECThHo7=m, LN OBEEX CIIEM Sz, WEIEY T X 30%EMAX TIEREBRX IV b
L7220y, TS OBHX TITEI L2, Y7 F 20%EHX KO >R 30%EH X DU T 7% 30%
EHLX O E & LN THBEICHEMN U, Sl BRI RO FEEIC 272 > 70, M RERX TR
EHRX LD BEBMICEENDRBM DD RN ODIENEIM L2 LD, XA U AX X 7 13EERk
A DHEIETTATYEPEL VS0, FIALZEEZ N, BT~V aEME LY
A DOILEI 50 g FLE TIEd 57235, i%%@m% LSO NRIADDL Z LD H TV EX A
U AX X ORFIERT & U CHE &bt 7=,

Tablel Effect of replacement rate with fine wood powder on cultivation of Pholiota adiposa.

Fine Replacement Spawn running Primordia formation Fruit-body yield
powder rate(%) period(day) period(day) (g/bottle)
— — 30.0+£0.9 9.2+0.9 53.4+3.4 ab
. 20 26.4+0.9 7.4+0.2 62.2+1.5a
Willow
30 27.6x£1.3 6.8+0.6 50.8£2.4 b
. 20 26.6+0.7 8.8+0.7 61.1+2.3 ab
Birch
30 26.2+0.5 8.2+1.6 63.3t1.6a
(518 3R]

S HE EE, L, 43 (2019)

1) R - PGt - filss - AR O ZFRE 23
s 24(2) 213-222 (1983)

2) RO Y F « BFEIESR - TAHFEZE  BA



BERZEZAVEEREOESR

OF MBI, EHE—, EHH LKRBEE)

[ 5]

HRE I OB AR AT LIEHEHTHY , BEBMARICL DI NEROELEDZ REP L LT
W5, BIREDOANTLHEEE~O7 7o —F L LT, BIADEAICHEERE L -HEZ2HEE T IR_ AR RS
NTEY, HREZDEMICERET H272DIC1F, BEBEOREILNARAIRTHD D, BEHITIFEBEOD
UEDRIEME L THLNIBAOBEEMTHY . IEFITREBEMAE V., ZHE TITAMENET
DY 7 X (Pleurotus ostreatus) DEKRFKFZIZEB W T, WEMEHRMT 52 L2 X0 FFEEIED
HEINTLEHREINTEY D, EMITIEEORGREER 72D 55, £ TARMETIZ., EHR
WOMAEERICBITARERE L TOBEMOAEIEIC OV TR Z1T - 7=,

[ 28r 77 1k

EARIZT x> a v na (Rhizopogon pseudoroseolus) O RR ¥EZME A L7z, EAKEFRE  KEK
TLICxF LM 25g, ZR 1Sg#WML, 121CT IS . A— N7 L—TIC XD WE 21T - 7214
70 mm ¥y — VICHE LINHMEREMZHM L, mEAZREMZGRE LT, AR ZEREL,
25°C, MEATCHs Lz, BER MR PIL S HEIC30 HE CHEBERZWE L., HROMERE (mm) &
OSER R E B (mm/day) ZBH L7-, 2R Lo R W AR i © RR B2 2 » A RTAI
BELLE, HmLhzREL L, BEHRED T~V KRB ZMAT5 % PP L SIZH D, 121CT

S, A= 7 V=TI X DWHEEITo o, LT RRIKZIREEH S E R L, EE~0
BRE PR . 7 =Y~ (Picea glehnii) O T ICRIELILZITV, BEERICBVTR 1 » AHK
L7ebDOEKBEEB B L, TOKRBEEZREER LRI, RBAEHA Yy NCBHE LT, #
D 7 %k, EEBEMECEEEORBEBE L, REABEL, RORHICHLDOE (<
VRL) REE LS OERANERE BECM)E 2k L, RERBOLDOEZEHTH YL kL CHRE
REEFEM L, £7-, ECM 2Bk L7252 5 DNA OfhiH 217, tDNA @ ITS 81 % PCR |2
Ko THR L., MRS 217 > 7=,

G PSP 80
T F T ava RR BEOEARKE DR
R % Figl L7z, &P (10-15
days) Tl HEZE R TO R E#HE L 1.2
mm/day T > 7c— 77 B RE HUIZ B0
TIiE 2.3 mm/day & 2 fFiEVWMEEZ R L T
oo D% HIEMBEREH LT RR BRITZ
ELTZEAREZZR L, 30 HHORE#IT
HHI T 64 mm, #HT42mm &7 o7,
RR B Z #2FE L 72 85 H 13, BAMEBEBIEIC &
STHHREDOEANPESE L TWND I &DHER 0
éhtoit\%iﬁ%#gﬁﬁﬁf%% | _
FAHEL CIER S M- BT RR B0 b Days of incubation
DTHDHI ENEERVNS QR INT, Fig.1 Mycelial growth of RR strain on two agar
media (n=4).
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ThHTY <Y EAE~OEALEMEE 7HB OREOEF % Fig.2 127~ L7z, BiiE ECM E ik BB 5
245D % A FIZTRMENT, Z B 2 A 7 DOFNIE % Fig3 1ZR Lo, 580 L7z ECM OFIG 723 16.5%
ThY., BEBEBOLOLED KR RIL 191%ICb kAT, EREMRO ITS HKO > —7 2%
BLAST fEZ O #E 5. FHIEME 99.83% T Rhizopogon pseudoroseolus (Accession no.:MG773823) & —#
L., KEIZ X DEBE PR SN,

Non-ECM Developing ECM (early) Developing ECM (late) ECM (R. pseudoroseolus)

Fig.2 Root tips of Picea glehnii inoculated with Rhizopogon pseudoroseolus (bar = 1 mm).

® Non-ECM
Developing ECM (early)
m Developing ECM (late)

m ECM (R. pseudoroseolus)

Fig.3 ECM formation rate of Picea glehnii.

bE&Y, 7 xvavnm RRIFRIZOWT, EHEIRHFLRAEERTHD Z ENHPA L, HIRE K
WAEH T 2REOEEICOFEMPAR THL Z N RI T, 4% IIMOERER I L CTRRIC
BREEZATV, A A OEZ KT 2 & &I, RGN ELRFTTL2LERD 5,

51 F 3Tk

1) Vuorinen I., Hamberg L., Miller M., Seiskari P., Pennanen T. (2015) Development of growth media

for solid substrate propagation of ectomycorrhizal fungi for inoculation of Norway spruce (Picea
abies) seedlings. Mycorrhiza 25: 311-324

2) FAFFESE - By AR 7 - 2E AL - RINESE - RS- BRI - KEEIL (1996) Pleurotus
ostreatus N THRIEZICB T A2EMOFH. BAELBF LHEEE 43: 333-335
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