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Development of All-solid-state Battery for Innovative Large-scaled Usages using Polymer /
Inorganic Hybrid Electrolytes

Shiro Seki, Department of Environmental Chemistry and Chemical Engineering, Kogakuin University
Kazuhiro Suga, Department of Mechanical Engineering, Kogakuin University
Toshinori Okura, Department of Applied Chemistry, Kogakuin University

ABSTRACT : To improve the ionic conductivity and mechanical properties of polymer
electrolytes, addition of inorganic powder has been broadly investigated. However, few
composite electrolytes of a polymer and Na-conductive inorganic electrolyte with a high
content of inorganic electrolyte have been reported. Composite solid electrolytes (CSEs)
of a polyether-based polymer and inorganic NasZr:SiaPOi12 (NZSP) were prepared to
utilize the advantages of both materials. The prepared CSEs exhibited increasing ionic
conductivity with decreasing NZSP ratio (<50 wt%). Differential scanning calorimetry
and Fourier transform infrared spectroscopy analyses indicated that this behavior was
caused by the improved segmental mobility of polyether at low NZSP content, which
promoted dissociation of the NaTFSA salt. Conversely, CSEs with high NZSP ratio
showed decreased ionic conductivity because the aggregation of NZSP particles
increased grain boundary resistance. With an Na metal electrode, the CSE with a high
NZSP content (200 wt%) showed lower interfacial resistance and apparent activation
energy compared with those of the NZSP-free system. The Na+ transference number of
the CSEs was highest for that with a high NZSP content of 200 wt%. Higher NZSP
content is therefore expected to realize faster charge transfer during the
charge—discharge process than a lower NZSP content. All-solid-state Na-NaCoO2 and
Na-—sulfur batteries containing the CSE with 200 wt% NZSP operated at 333 K with
capacities of 115 and 170 mAh g—1, respectively.
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CSE Z¢3 mm (ZfTHfkE, BHALTHER VL LT,

2. 5 SRS

RN =—TF VHREDF-NZSP 1 L U NaTFSA-NZSP O
oy AR BHAEH 2 A3 5 72912 Fourier transformation
infrared spectroscopy (FT-IR ; H A%, FT/IR-4700) &
Raman spectroscopy (Raman ; HZA53 3% NRS-3100) DI &
Z{To72, FT-IR TIX, BIERPE:650~7000 cm™, FEH[E]
$:256 RIOSEMHFTITV, BEEHOY 7L Attenuated
total reflection (ATR)%E (& % H\WCTHIE L7z, ZDEE, N
I TT T RT =Sk Ar FAL L, WET—4»b
ZLBlW, YU ATF—=ZOREICENT, YLt
=T B INEE LT AT M vER L%, JE B
WMLtz FNTIEAARG D AR Mrv32—Y % — % H
T, CO: BEVH0 HH, _—AF A HfiiE. ATR #fi
E, W—T 74T AT &{Tolm, =774 vT«
¥ 7. 1000~1250 cm™ O TITV, FRE A
0.005 LATFIZ72 5 £ TR L7, Raman JBIE TIX, #X
Ff:120 s, FEEEIEL:20 B, HEHIFA:100~1500 cm™,
P E:650 emt, B 532 nm DS TIT o 72, F
HOLRFIN Y T RROER A — T L ER SO Y
TV O 7R A AV E I B — ATREE A Rl ek
L7, IRIET — Z JEYEFEL D polypropylene v — k & ¥
WE - B L. ZO®%AET —Z okt L-CR#hAf £ 217
ST, MEDOE, H51E®H CCD I AT T — ARE
NEZRD, BERBEDOT L E 2 —F—F NG5 T
2B YIE Z B LT,

2. 6 LSV/CV BIE

CSE OESALFAL ENE & AT 572012, MR b
Bk & LT Linear sweep voltammetry (LSV), MiHiE ot
B3 OV Na OF#R/HTHFER & LT Cyclic voltammetry
(CVHHIE % ZFNENAT > 72, HIEIL working electrode T
Ni #£(¢13 mm), counter electrode 33 £ U reference electrode
{2 Na & (¢13 mm), CSE 7 4 /LA (¢ 12 mm, t 0.1 mm)%
Ar FIRKEPAE VCTE A LIT 72, BIESRMFL LSV T
BJEHPH : 0 V (OCV)~6 V, #F5EE:0.1 mV/s & L7z,
CV Tlx., FBJEFPH0V (OCV)~-0.5V~1.0V, fF5HE:1
mV/min T{T-> 7=,



2. 7 AFME=E

A F IR (o)TERIFTA =¥ AHE
(EIS ; Bio-Logic, VSP)IZ & ¥ 1§ & 4172 Nyquist plot 2> H 2
(HZEHAWTEHEE L7, EIS ZHIMNELE % 100 mV, JEH%E
% 200 kHz~10 mHz & L CHIE L7z, AREIE Ar 28
T, BEMRO SUS, Y27 /LD CSE 7 /bb (JEE:500
um)% A\ 7o,

.

s-ﬁ: (§ ¥}

Z 2T, SIXEBMmAE, RIZERNSE LT
L XM, B, CSEDEATH B, £, HE
OEHLS 2 H T HHEAICEEMEBET VB LT 1«
YT 47 Y7k (EC-Lab, ZFityZ VTR Z2HEH L7=,
F 7=, NZSP pellet (¢ 12 mm, t 1 mm)% & T 2D EIZIL,
pellet M %~ A% > 27 L, Au % 100 nm FREERE &4,
TG L OBEAEOR E2M -7, EBMRICIIPtEEL ) 7
ooy ¥ 7 EMmE UTHY JEE 32 MHZ~10 mHz, F
JNFEE:300 mV, IEFEEFIPH:25 °C~150 °C D/ THlE L
72

2. 8 EWRRMEEHE

Na & B A M/CSE O R{ % EMEIL 60°C BT D
[Na|CSE|Na]xt#it& /L(CSE DJE X :100 um)IZ %92 EIS #Hl
ENBRLN D FmEdt (R) T L7z, EIS % 5 K§fH
Z L ICHIINEE % 200 mV, JEEE % 200 kHz~10 mHz @
FHTHEZITV Ri ORRE(LEBIZE LTZ, Na @/
/CSE DR HENEEN LI, R OIREKRFMELZRE L.
Z OMFEE 235 Arthenius KQ)EB I OK 3)& AWV iRt
b= ¥— (E)EHH L%,

i g/ @
m;&-m.&-{ixli‘ i2)
RIT

T I T, KIS ES, A THEER T RITREE
B, TIHRETHD, o, KRBV Tk=1/R&
LCRE LTz, £72. R DA —ElA2F Lz%, FL Na
% FRE A% LT 200 kHz~10 pHz OAKE Wi & TlE
3 HZ LT, CSE OV 7 HEHT (Ro) & HEBUEDT (Zd)
iz, ol eE @I ATHZ & T, CSE @

Na A A VB (tnas) % FH L Na A A > Ok ket 2 7F
fili L7z,

By ™ g::.e...trz A )

2. 9 BWibiHE

CSE % ] L 7= Na R4 A o Pfe 2 764 25 7=
DI 2K Na-S FE 3 L OVE[E K Na A FRL L 7,
AFE A Na-S BEHICBW T, #HAEEMROERITISYE
@ Sulfurized-polyacrylonitrile (SPAN), EEB)#|D Ketjen
black (KB). /NA ¥ & —@ 53 T EAEIL 75:5:20 L 72D
XolzLi, "M ¥ —®45 T2k P (EO/MEEGE) &

WA 7 1Y = 7 Ml E (R2)

NaBFs % Acetonitrile 1 C¥fi S8, i L7, SPAN &
KB # A/ UHSTRSLL, "M ¥ —@mnTEMAk
BB, N—ARNIFH—CHITIZETHEGEMAT Y
—%f{lc, TOATY —% AIEERIZIES 50 um TH
TL. ¢l6 mm [T Bk & | EEHICEZE#EE (12 h)IT X
LHKEY c RO EERITOVIEMS — P 2ER L, 556
NIZIEMmS — b+, CSE 7 4 /L2 (¢19 mm)., Na &8 &
(916 mm) % == A > & /L (CR2032) i & A L .
[Na|CSE|SPAN]&E#L & L7z, Z DML 90°C T 1 i I #h
PR %45 = & C, BAB/CSE Fim oA PER & E A
2o TD%, 33V~1.0V, C/20, 60°C DM CTEBRS
HERBR A FEE L, £EA Na Bt TiX, HHED
NaCoO: (NCO), #EEB)HID Acethylene black, /XA v &
—ETRERETENRLEN 82:5:13 Led L O, &
E{& Na-S il & FEEO FIETHEHE EMOFREE LU=
A oA ~OE A, BB AT 572, Z O, NCO XK
KEEEDEN 2O TOERTREEZ Ar FAK O/
0 —7 Ry 7 ANTIT o7, {FE L 72[Na|CSENCO] !
1% 4.0 V~2.0 V, C/20, 60°C DM CTEEBRFTHEICLY
P S T,

2. 10 EHOLILEEDFE

2.9 T & [FEERIC 2R Na B A ERL L, 600C THE
REEA MERF L7 RBE T — @R[ R T EIS 21T\, &
ONEBIRPLZRE LTz, FEIL 40 V, C/50 DEMFTE
it U72, EIS 1% 4.0 V O EBEALKAE T, J8 %k : 200 kHz~10
mHz., FIANEEE:200 mV O THIE LT,

2. 11 8IRILIT—XEBEEITAE

CSE PN O & BB S RS L O EAER 2 e 3 5
7212, SPring-8 ® BL04B2 T A I TET % /L¥ —X
PREIPTEER A2 1T > 72, CSERIEZ 3 mm DH T A¥ ¥ &
FV—0ra—T7Ry 7 APTHEEL, =RF HARIC
FOVHEHALL, ZhZE UVIBHICEY IV LVESSE
HZET, WEENLE L, £, MERRENZSP)DY;
AlXd2mm OF ¥ 7 UV —%H L7z, BLO4B2 |2\
T X BRIREED 61.4 keV DIREEZE AV, Vo T ALE O
X HRB IOy 22 2 LT, RbBOEILEEZ R
HL7EZATHEERIToTZ, E—AL T4 DERAY
v MIERB L &S FEREY 7L T-12.8 mm, HE
P TNT-68 mm DLDOEEZNENHEH L, I=4
A—=H—(XHDOELEMAEE 0.02~9.001 deg.. interval %
0.02deg. & L CHIEZIT o7, B L7 XRD /R¥ — 0%
igor # VTHT 21T o 72, ZOBE, & OME, R
FroxnX— WETZr7ANL, TT7IT—4T74
W, BT NVICEEND B IR ORFEFEB LU,
P TNVEE Xy BT ) —OERE, TV OMR
SRR T % txt TBRODA Ty v 77 A0 E LTHERR L
oo TNOOMATIZE D FEEMIZBIT S rixtd 58
BB Q) BB T=e = DEVEAAR %A FIV T CSE
WO 51O JE IR X OF BEAEH OHEE 21T - 72,



3. WRREEE
3. 1 NZSP#KRDF ¥ S0 R )—F— 3>

CSE ICHW/= NZSP Y RDF ¥ T 7 F V¥ —va %
179729, SEM BL UK XRD IZ LV 22, kit
FERE DL KOS & OHEE 21T 5 72, XRD KD
SEM 4% Fig. 1 {Z/”7, /] &7z NZSP ¥y KIZEFE &
BRIZ Ko TH LN SV 7 IR E L, RifR% 10 pm LA
TIZHIE « SR ENTWD T, Z ORI T Ok
RENElER S /=, NZSP IZRETHITMmTHHr EE XD
N5, SEM BIZEB W TEH D PITHR ORL T3 B
ZDTIE, ZOMERERBL TS EHEIND, &
t\i&hkmNBP TR UL EORER L LTHE
ET D ENRENTZ, b OBEITRRilOFE
BAICHK L, @y f~ U v 7 AH|Z NZSP ki1 % &
Fb S 7B, Bk RBIZE D D L& 2 b b, Fig. 2
120 =0-140° 12351 5 NZSP D ¥y XRD H|E D XRD [A]
P —2&md, BPT/XF— 13 ICCD 7 — 4% _— A
X U PDF %&5#202143 CTRIEZITV, i), ©— 2758
EhBXOEITAN—FH L2 b, AIFZECTHVE
NZSP @ £ 72 fEdb i1 NasZrSixPO A T 5 2 & AR
STz, LovL, 28108 KO 31.5° Uiz NZSP (27 )&@
SNRNFHNE =T BN S, Zhix, NZSP OBt
FRIBFE TR SN ZrO2 B3 L TWAH EE X b, 7
— X _— 2 LV ZrO, (Baddeleyite ; #89426) & LD 1al
RY—UPHERSINIZZ EDD L, ZOMEOIFIEN/RE
A D, NZSP 38 LN ZrOr D 2 HAEET D L RE L T,
Rietveld BT L D EMTAE R 24T 272, 2D & Z D Ry fHE
XS fEixEnEN, 1475%L 3.8071 THH1=, ZD
Rietveld VEIZ L DT L D o T icE £ 5 NZSP #H
& ZIO AR ENZEI, 95wt% & 5wt TH D Z L AURE
N7z, LIzho T, AR TH = NZSP BrRIZ—E D
FHETRH & LT ZrO WIFEELTZ, S 512, NZSP ¥
RKOBWMEARAET 2720, DSC HIEEIT- - fER %
Fig. 3 127”7, #9400°C ¥ TRERBMEEIFBEIN
ol Z . NZSP IX=RIED S 400°C 2 O &R
WECTRELLMEL LD ERBEINT, LML, §
137°C fHTIZBWT, b RREOR TWMHALY —7)
NI BN, TOE—27 X NZSP 23R 50 S 221§ i
FEAREE N ERET 5 2 LI ERT 5 £ B 2 b D NZSP

Fig. 1 SEM image of NZSP powder.

WA 7 e Y = 7 MRS R2)

Intensity (a. u.)

60 80 100 120 140
20/ deg. (CuKa)

Fig. 2 Diffracted pattern of NZSP powder obtained by

XRD measurement.

Fig. 3 DSC thermogram of NZSP powder.

DFEEAIEZANIT, NamBEIc KRESED . ZOiREE
AEEZHIE L Arrthenius 72 v FZHEHA L7284
FNMEERDOEE N L DD ZENRBINTND, iEo
T.NZSP % & TeBEME(CSE 72 &) % 130°C % #li 2 % ik
WTEM LG E. EMEREOA 4 gt b 2k

AREMEN B R IN D,

3. 2 CSE OXEr:E

Fig. 4 ([Z1EHL L7z CSE 7 4 /L A (NZSP Owt.%. 30wt. %,
300wt.%)DFMEL, Wi D SEM 43 L T8 30wt.%I2 81 5
Zr, CIZxI4 % EDX O~ v v J i 8 %79, CSE 131
Wt X IEaFERNSBRICEL LI L b, &y

WCRLFMME L TWD Z ENRBEINT, £72.
30wt.%? CSE “Ci SPE X V) @V F#tEZ4 LTy,
300wt.% Tl CSE 7 /L 2% i 72 BRIl A3 80 L 7=,
Fig. 4 (2). ()DOWim EDX ~ v ¥ 7 L0 B L LCH
BEINTRLTIT Zr LR, I C TENELLAFET D
2%, ZNEINZSP i & SPEICHK T LD E%E
Z b5, Fig. 4 (d~OIZBNT, EHF~ MU v 7 R
NZSP Ri {230 L, EHEHEMNT 51220 T NZSP
B F DRI FHE SN TN DHEMNG D, Fig. 5 1C NZSP
30wt. %283 1F B CSE OYLK L7z Wriki SEM # % k9, J&
KENT-WiE SEM 405, 2 < O NZSP ki 1 I1ZEEEER D
FERDTY MY v 7 APSEEL I T DERF 23



Fig. 4 Appearances of CSE (a)~(c), SEM images of
cross-sectional CSE (d)~(f) and EDX mapping of 30wt.%
(&)~().

Fig. 5 Enlarged cross-sectional SEM image of 30wt.%
NZSP.
WBTED, Z0O SEM @6, BEHELATOMmAIREE TEE
HEL TR TRIEE, F v 2 MARTISEA LIRS
BREET D720 T, — Wi 71272 &3 BEER O £ £ CSE
WICTEET 2 2 & 0353025, 1> C, NZSP % Na*MriE
THHAE, THORTRE TLROEMEREICERT S
FWERRN TR END, £, Fig. 5 B W THRAT
ﬁfﬁé}uﬁ%f%inA%kéM%Mﬁ%LTmét
18153 F-/NZSP K1 D EFH FUE N 35 1T 2 HRET DO AR A
%ﬁéﬂéomm% TIE NZSP b7 723 LLs ) — 1243
éiLTw\é"kﬁﬁﬁg“G%ﬁ; L2 L. 300wt.%DHA%
W2 TIE NZSP K+ DEHEER 4y 235 < 38 b, NZSP
BT X D3EfgEFE (percolation) N S TWD &£ & %
b, o T, BHEND 2\ W#FH Tld NZSP K173
LR — 72 38R LT BT, (ERDERET «+ T —
ERERIZ, TS FIHN A S a5 I O 0 50 B2 703 14
mLz= k#&%‘? ENnb, — T TEER PR ISND EE
FHEL D CSE 1L NZSP BAEICHE I, @i~ Y v 7
AOEEIEO B HENMET L, B2 E sk L=
LHEETE D, 5T, NZSP T DEE TR /b R
i T L 72 572, CSE DAL 7 IEFIEAH RS E S
’&#%ﬁéh51@46inﬂ FZx4 % NZSP #4R
FBIZxtT B CSE 7 4 L ADBEEREMEEZ TR LTV,
0~300wt.% DFPHIC I\ T, B EILEMRICHEMT 5 2
ENFAEN B, - T, CSE IZIFEAHIAR T, NZSP Hi
F ORI LY REEROEEITHML THL< 2 & PIRE

WA 7 e Y = 7 MRS R2)

Fig. 6 Relationship between NZSP composition and

density of CSEs.
SNz, £7o, SEM BIEHE R b b NZSP AR NI
FEVRL IS T SN DA SRR CE 7272, BE
TS T D LBERIND,

3. 3 CSE v

Fig. 7 (@I DSCHIEN B/ NI —F 7 T 2 ER-T,
BTOCSEIZEAER—R T A BT 5 i 245 K
ITICBZE ST, 2@y T OMERER (77 AIRRE
PO IR D H T AR (Tl L HETE 5,
Te AR OIRE TR ITHER SN Do Toiedd, Tk
SROABIRBITAE LRV TR EN D, £, TR
TORAEE(LD 71T NZSP OBEABENHINT 512D
DI LR E vz, ik, ALY CSE

DEDFOEEMEFT LT Z &G T5EE2D
5, Fig.7 (b)?> NZSP HAHEIZX 42 Ty LY. SPE
(0Wt.%) TIX Te 2340 246 K IZHLAL, 100wt.%OEFEE T
35KﬁT¢é@ﬁ#%ﬁéﬂtoE@ﬁ?imA%@

BEKG R FE DK T PE A S DA Ic L AR ELTOHMH
EREOEIMIEIET 5, Na #2001 % 7= —#&A978 PEO IZ
MR~ ¢ F— D Si02 72 & % (5~10wt.%) S0 L 7= SPE Tl
T4 T—OFIMILEY T MEF T2 HRITMER ST,
LA, T, O ERZFIEEITZENZVEADH S
TWo, ZhE. @H T~ b v 7 Z2CBIERL % 8
HMeEsEp T, v/ AV MBI EGEL, HHAERE
BETFT 20 LELLND, —FH T, RIFRIZET
% CSE OIXAEARIE(<100wt.%) Tlx, T MET L7272

RV =—F NVFRESTH L < I NaTFSA (2%} L T, NZSP
#WEW%%@wTwéTb@%m@ﬁék%ignéc
NZSP B RIETHEMEAO AR E LT, BIfE, i
DOFEZLND, 1 DHIZ, TFSA-& NZSP O AIEH TH
%, PEO-NaClO4|Z SiO2 & 5~15wt. %A L7284, SiOz
DA AFEPERCIR D 2\, ClOs-1ZhEA T A b &2 f2ftT
52T, BT SiO-Clos-fsA KT D 2 L AR
BN TNB(T ITRTEFRITL TR, ARIFRIC
BUWTILNZSP Z 53 5 (Si/P)0s D Si b L < 1T P A3,



Fig. 7 DSC thermograms (a) and NZSP composition

dependence of Tgs.

TFSA-IZxF L THE & %12 L, TFSA % NZSP hi 1125 & %
HTWDAREMENE X b D, TOBRIZLY ., EHT
HOFEHO AHERL LA BEEREML, T,oR I
NS Z ENERD 1 oL LTET BN D TREMER &
5,2 DHIZ, NZSP & Na"OHASEANE 2 Hivb, PEO
IZHBWT Na' T —7 Vg &R B v Tn 5,
Na'lZFBERI L7t 7 A b e | DORE T4
ERE LTESE, 2V BEIZoBLTns 3525
N5, E£72. NZSP OFEEMEIINE RO ZrOs, VU (4
D(Si/PY0s MBI EN D720, 2 b DOEERTIZ X
S CHREBHITHOTICAIFH - TN D ERE L THE
EEHTWL, 20O NZSP ki 7B {KHEFHE D CSE
(<100Wt.%)H Tl IR L TWDIRETHIET 2D
o, w7 B, BRI S L7z Nat & NZSP Rififf] <
FEFIZHOS NN T D AREEREZ DD, ZD
FIEERIZ B A 2284650 Nat e O OFEA 259D, &
TA NEEHERELS RD ZEMERTE D, /o T,

SPE O EELLRIZRAE S O FEIK IS AV H B IRRE 2SN L

T DIETICHET 5 Z ERFREMED 1 D122 b5,
T DETERE LTI, EREICA T, BEEAREEZ S
T OWEG T BBy T~ bV w7 APICAERE N2
FLiZB#+2Z L)chkT2E LA LR T OND,

WA 7 1Y = 7 Ml E (R2)

PERDMERE 7 4 T —hi T LV HRKEU NZSP K T(Fe K
BLT2:10 pm FBRERS & THICEASND Z & TR T
MHEEN TV 2 KM TEIN SR I N D L5 %
HiLh, [>T, B AL NEEIORIEPEAL 72D
FERMIC, HREAEON LB X O T, OE TR &l X
N EWIHIRRETEx 5, Lok, AETHDL
Nz T IR T3 2@ mIE, LiRod NZSP oMbz & -
TATIHEERICRNT D LRI, £ORE
MIZRBMEICIETE > TR, E2 A A UREIZEB W T,
HHEEBOMMIE S FO® 7 Ay NEB 2R L,
Na B BNV A 7y — /L TR Z 5720, BEIEENH
FU AT ARBEENEINT D Z ERWIFCE D, —F
T, EEMER (>100wt.%)D CSE Ti., T, DK T2

Dol Told Owt% & AREE IO LA T2
fHm %2R LTz, 23X NZSP R - MEIC RS ND 2 &
T, BT E 7 Ay NEBEEEL L, MR, BRIAE
BEENEEINT % Z & CHBERME T Lz alaetEn 2 r
bBND, #o T, NZSP MBI CIZTEHEIC L D Tg~
DEBILEH NI NWE B BN D,

3. 4 SIRILIT—XEEF

BT RLF — BT LD ARA (< ) DR F —
725 CSE 3 L OV NZSP ¥y K 0 #hi /A B S & 15 7=, FE8R
WXV E oz X BRET SN2 — % Fig. 8, 7— VU &
B AW THRE L EEMICB T 28RO % Fig.
9IzFNENTT, Fig. 8 LV, ¥ D Lab-scale XRD T
VIR AR E S N DRETE RV, T U LR
BEOESFITRT BETE— 27 RBNTWD Z &R0
5, ZTOZENS, BTZRAX—EIIFIEE S FHE~D
HWHNFARETH D Z LR Sz, SR EE
9" Fig. 9 (a) Ti&, HIEY > 7 ofEic k4 5 e—2
DB 5 25 AECTHFERMAL Lz, o0&, B
SABAEIE L ICNRT 5720, Zhx LKL T35
ZEMRBIND, iz, Owt% & 30wt% DT a7 7 A
Jb & el LT, NZSP powder 1ZEMEMIIC g (r) (FLEMER)
PIENZ R0 5D, T, KT THWZFERT
FENT 7 ART UH LR EEMBIILIZb D TH o
el A LB &SR Y A T REME S R 1 B
bo o T, FEmMEOEOMEHZOW T, BT L
DIEEICL DAL ETHDL EEZEZBND, LL, g
(ODIRT A =2 I IR OFAZ RV X BRHEGEL
BLOEOLEOMFIZREIKFTHEEZLND T
B, BELAVE X B r. T b bk G RO #R I
ATEpiftRans, £/, gON 12825585 7%
E—Z X SALITFICEFLTWAH =D, CSE OffE#ETE
WX ORBEAN L THDLEEZBND, 5 ALLTICE
WTOES T IDE— 7 ([iE% Table. 1 IZE T, 0wt.%
BLO30wt%D 1 DHOE—27 1%, R =—FT LRES
FIZHRT D C-H 22 L A OBV AR & HEE
TE D, WIT, wt%E 30wt.% D 14AFED e — 2 1%,



Fig. 8 Diffracted pattern of Owt.% CSE obtained by high

energy X-ray diffraction measurement.

(a)

(b)

Fig. 9 Radial distribution functions of CSEs and NZSP
25A and (b)0 - SA.

C-C, C-N, C-O, C-S7 &, @ TIaE)° Natlgo 41
WICTFET D AR AERKMTH L ZEZ N TN D, =
NHOE—7 1%, IFOMBUITEB W T, 1ZIER— iRk
WL, =7 BB L L TV 5, 30wt.% CSE IZB\
T NZSP OEMET (AFEIA TE X G A Vi
SPE OHFia LS KB L TWb &EEEIND, B— 75
ERHLTNE T LTWDER E LT, NZSP A8tk
EN5HZ & T, SPEICE END LA ORKARE 2K
TEETWDHAEEMENE 2 HivDd, —F T, NZSP powder

T 1L6AMRICELAIERNFHTT B — R —7 BNENn
oo TOY—271L, HERE VI HE =720, NZSP
i dh OB RIS A AR T DR A K D Pl HE
1L8AFHEDTIWE — 7 1%, B 5 222 NZSP powder Tl
BZEXnNARWEH, SPE RO AICRE SN S,
LiTFSA/DMF DR JE R EMIRICIH VT, 1.8A1Z Li
-ODMF OHAAERICHRT 255\ — 27 BB D Z &
K. Fujii 5ICk D5 MD V2 alb—varnbRENT
W5, RBFFRICEIT D NaTFSA/R ) = —F LR @S+ T

powder, (a) 0 -

PER & %,

10

et #(R2)

K7 Y =7 Mg

Table. 1 Peak lists of radial distribution function in r = 0-5A.

1 2 3 4 5 6 7 8
1.01 1.46 1.8 2.51 3.16
1.11 1.46 1.76 2.6 3.21
1.16 1.66 2.56

TA-NaTFSA
NZSP30wt%
NZSP powder

2.8
3.11

3.56
3.56

2.11
2.06

& Z2 1234 . Na-Opolymer OFHEVEAIZHY 3 2 AIREME:
DETFT B D, 30wt.% NZSP TiX, Z O E— 7 BiE MK
e BZFEPBP STz, o T, NZSP OBk &
Y. Na-Opolymer M DOEIFCER T HMREANIED Z
EERBETLEZZOND, ZOZ 0D, NZSP OfF
FEIE NatD = —F VEEHE OB 2 L=/ &<
720, BT A NHORLIEERSG SBE L T BHEE
Flcm Ll EFES LizwetEnEzohiz, 2o L

3.3 TH®D DSC HIERE FAT I T, T AMERE AR (<100wt. %)
OFH TR T T 2HmEXFET b0 LHEIND,

3. 5 CSE OEjpushstt

DMA OfEH & LT, Fig. 10 (a). (b). (ICZNZEH,
BAAALIZIS 1T D CSE D E’ E”, tan (8) DIREMEAFNE %R
J, Fig. 10128V T, T XTOTAZ I —T T Oowt%E
25wt %I FFELLDZEE 2R L, 300wt.% S H7e 5 28 % 7R
FHAEM 2MBEE S A7, SRR OIRE KA T, 240
KR E =27 B8, 20D EZ T D TS LT
HEEZOND, THITIE, #T7AREOEDEZHN
FISAB IOz R X —=NRICEZON, T2z 5 &
TAREEIZRY, TN —DHHENKEL R2D720
E—7 BNBIND, BHRESEX LHERD, T,oE—27 R
3~5 K FREEIRM A~ 7 N LTV DM 2R S iz,
BHLIC E O @ FOBHREFEMET L, 7 FBGR
Aoni-tEZHND, LML, 33E TR L, IKEM
ﬁ"%5@@&?&&W%Lﬁw%%k@otoit\
300wt.% CIIfI280 KLA FIZB W TR b EWE EZ /R LTz,

Fig. 10 Temperature dependences of (a) E’, (b) E” and (¢)
tan (3) obtained by DMA.



ZAUE, NZSP OHHENR %\ & CSE 2K T4y FIEH)
DOHBEENTNY, #ifkzd TR X—=0NHD 7207
EEZOND 32 TR LT EEMED CSEIZRBWT,
WD 0 < 72 D BGUIKHE T 2 EHETE D, fEo
T, ZHOLEWEEETAD, EXAONDIETB LY
IR =NRENTZD, OWt%X° 25wt.% & F7p 25 25 8)
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e AL AREERE LML TN D Z E BRI D,
o EVY CSE Z2[EH K Na BEHLICEH LI-54. &N
ERPLOR I 222030 | IERESL L — NMEEO M
AT E S,

F72., CSE Do T 572 NZSP <L v k& [[ER
WCHIE LTz, ZDfER% | Fig. 12 127”7, Fig. 12 (a)l2k
WT, 27°C B 52°C TRAEEMOLAMMNBEIN
oo THOEMINOEEEMIZDTNCOTATND
O, WH PR 2 DU LFETDH 2 L ﬁﬁﬂfﬂéné NN
ZIREENDIHEIUR DT 4 v T 4 7T War: B
R#ETH 7=, > T, NZSP XL v kD ﬂ;&#%f)ﬂu\
T, cOFEHEATo T, IREDOHMDEN FEMEN K
:b;hﬂ\% FHlh & OB EEEPIE Lz, ERROEK
PURR AT IZ1E. NZSP hiN OHEHL & F ki i (2 5 1 D ke
W@E#%pﬁ“f HEEZLND, £72, 27°C BT D
NZSP D73V 7 HLOFEEH UL 403kHz TH - 7=, Fig. 12
(b)iFo® Arrhenius 712 > FZRLTEY, ZOBE 1D
A FREIZB T HIEHE Lo RV F—(B)E R M LT,
E /X 13kImo! TH Y, SCHME LV HIRWME L 7o o7z,

3. 7 A FNcE#E

15 NZSP HAEFED CSE O A A AR EME L BT 572
. EIS 1T & o T B 4172 Nyquist plot (235 T EEAffi[E] &
TV E RV CIRPU S OSBRI T, IR D5
%& 1378 NZSP #3% CSE & L T 300wt.%, kbt & LT 0wt.%

W2k L 250CIZRBT DT — % ZHWENENIT- 7= (Fig.
13 (a))e OWLY%IT/EAT KRR D IR S 4L, Z ORFE
L 25kHz ThoTre OWL%D T 4 v T 1 2 715D
g S AV

Qu/Rb+Qe 5)

Z 2T, Qo Qeld vy B I OEMSA IO — ENFHE
F# (CPE), RoiINNVIIIITH D, 74 vT 4 IHER
I, ERT —2 2 L<BELTWAD, ()T owt.%
® CSE OFEAMEK AR L TWAH EEX HILE, ﬁéof
Owt.%IZ ainé%#ﬁk IXRy D 1 DEHEETE,
HEHUK ST 1Z1E SPE 1I23851F D Nat8 L O TFSA- @?EE#%) &
FnsEEx %a%é 2. M ORFEBITIEF ITE W=
H—oMile LTHAZEEZ DD, —F T, 300wt.%
@ Nyquist plot {ZZE4FERIFRZ MGl & L TELAL, BRI >
DEBGET D EHEIND, 300wt% 78 & O & FEK
CSE (21X Fig. 4 ()R &N D X 912, NZSP DEEEER Sy
B L percolation N < FET H7®, Na A A2
NZSP #{rET 58546, k75w T4 L5 (bR
PL s R) DN FET D AEENEDS B D, £ 2 TL 300wt %23
FHA L E—FL U ARRT SADT 4 T 4 v 71T
(6)DEAMEEEE T V% AV T2,

12

WEMIEET 7 1 Y = 7 MRFgRHRAE (R2)
Fig. 13 Fitted Nyquist plot (a) and NZSP composition
dependences of Ry and Rgv(b).
Qb/Rp+Qgb/Rep Qe (6)

I Z T, Qu kiR CPE L EF L7-, Fig. 13 (@)IZE
W T AT 4 U TRERIIFERMBE L —HLTWD
it~ T, 300wt.%D CSE |Z1% NZSP i 7 IZ#E A3 % Re
DEETDLZ LR ENE, 72, KOG, O»5ED
NI-FPUE D 273 K, 298 K. 318 K IZEB1F 5 NZSP #
AR TEPE 2 Fig. 13 (b)IZ/R T, Re IIKEEICB VT
30wt.% & BRVTIRIEZ LT —EDOEE R LTz, 30wt.%
X 32THT/RLZZE HIC NZSP DIFINC L MM~ 5

—ICEWBHRICE Y . NafaEMEtE Sz, IRTFL
EEZLND, SIRMIIC, Re 13 NZSP HIHE M 2 5
WZONEMT 2EM DS DTz, Tt NZSP ki1 D%
ENESL, BT REN SR T D ETHMLLEE
BRTE D, 300wt.%IZBVT 25°C @ Ry, Rep IZTNEN
5276 Q¥ LN 14118 Q& 72 Y  NZSP ki1 o b
N7 XD LR 2T FEEWZ ERgholc, o T, &
NZSP #/> CSE (23817 2 IEHTE 57 1E Ry 23 KB 70 B2
ZThHHLEEZ Bhéo o3 100wt.% LA _E DO #IFE & TIK
T AL, ZDOE Ry IR LTV D Z & AURE
ENb, FiZ, Rep OTFEFEIL NZSP 2 Na fmilifh: D 24
T 5720, BITHEEEY NatBMELTNWD 2 EEX
Fi9 5, NZSPIZHBW T, FEdINOPTIL SPE KV b
< Na w8 MR "V, F 72  Na i (tva) i SPE 28 0.30



Fig. 14 Fitted Nyquist plot of polymer / NZSP pellet /
polymer cell at 298 K.
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Fig. 15 Illustration of Na+ conduction path in high NZSP

ratio system.
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Fig. 16 (a) Potential depenced and (b) time depenced CV
profiles of Owt.%, 200wt.%.
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Fig. 17 Electrochemical wiondws of Owt.% and 200wt.%
combined LSV and CV profiles.
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Fig. 18 FT-IR specras of Owt.% and without NaTFSA.

Fig. 19 (a) Curve fitted FT-IR spectra of Owt.% CSE and

(b) comparison of wavenumber for all peaks.
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Fig. 20 Arrhenius plot of Ri (a) and NZSP composition
dependence of Ea (b).
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Fig. 21 DSC thermograms (a) and NZSP composition
dependence of Tgs (b).
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3. 12 NaR2EHAHREMDFTHRESER

Na % S GA 7 2RI V72 SPAN IEAR O VEBIR & 131
EAERP ST, RREMEER TS Z LT,
Na-SPAN Dz@) & FRA L 72, 2 DR % Fig. 22 12777,
KEORBZMB TE 272D, NaRICBWTH SPAN (T
TEEN+ % Z L RN oTz, 0 SPAN & W T L EE
A ERL L7, SPAN % H\ /- &K Na-S i Tt &
MRAKE L HARFED/ONBRNESZ I BN 20,



Fig. 22 Charge-discharge curves of [Na|] IM-NaClO4/PC
|SPANT] cell at 30°C.

Fig. 23 Charge-discharge curves of [Na| Owt.% CSE
[SPAN] cell in3.3 V-0.5V.

BIEHPHAZ 33V~1.0V ELTHEETTo7Z, ZOBIE
HiPHIZ 1T D [Na |0wt.% CSE|SPAN]EHL O FE i ih it %
Fig. 23 |27 9, #IHICEE A ST 550 mAhg! & SPAN O #
IMARICITVWESBII Sz, UL, TO%OFEEH
BCTIE /A ARKEL 72D, 2nd HEREITN 12 £T
KT U7z, PIHIMCEIRTFE CIEMPN I AR & 4072 NaaSx 2%,
BRSBTS T, BENHE L7 aTREMED
Ezohb, £, TREEZ 05 VORETITo 7
O, ZORBEO x 23 112UV NaoSx M ER &, Zhd
EWToH D728, FBRFICRKRZ NaSx BFEE L,
SPAN L7225 Na™ BB & L2V EFOBERNE 2 b5,
ft > T, AWM E VO [Na|CSE[SPAN] & % L4 % 7=
DIZIE, FEIIETT28, FTRELEEZ 1 VL ECTS
ENDH D EBZEZ NS, Fig 24 12 30wt% I L O
200wt.% CSE % V7= 42 [ {4 Na-S Bl o F¢ /i B i fi 4
TR, 2 DO wTSMN%ﬁ@ﬁm%éE%T
L. AR ENHER SN2, 60°C I8 5 £FK
Na-S O (EB ﬁ%bto@%ﬁgﬁii 200wt.%
£V 30wt%DHFNRKEL | A 7 MEIREELL DD
TN Thotz, FROBRMOEE . 30wt.%ILE 5 EMN
DA H =D 10wt %% < | IEm/EME SN OEEM
BEMDSTEFAREENREB X 5N D, 200wt.% D FE é@
P A 7N OBEIMENET D 2 & BB IR,
5#47»?1&#4?»%@KT“6K®\_®%’*
BRREETHEEZDOND, £D7=H, NZSP EH&EIZ
X2 RMBHE~OBEE R EIIMR SN2 Do T,

F7-. —#%H972 Na-S B OBIEIRE X 300°0C TH 5
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Fig. 24 Charge-discharge curves of (a) 30wt.% and (b)
200wt.% in the cell [Na] CSE |SPAN] at 60°C.

728, 200°C LI EORIRIEENCEREY L=, > T, SPE
B E e EIREMEE WD Z LT, B E OBESMENN
LU, 60°C CHEMENAIREIZ /R T2 EEZBNLD,

4. FEDH

Kﬁnfisz—fwﬁm“%ENmP&@WMé
HHTHL Na {8 VEE R EARE 2 Al L 7= Bk
T8 #7480 (<100wt.%) I kPTGGﬁL\m@Wﬁ
(>100wt.%) TZ N DK F AR SNz, oDk T ik
[SUS|CSE|SUS] /v EIS #lliE & ¥ 45 & 4172 Nyquist 7' &2
v MZBWT, S 2 AW TR & 05 2
& CUNZSP R ¥ DUFHEIC L D Ry DI KICKINT D & &
Z bz, F£72. SPE/NZSP FUHIZK T AN FEL
TWHAMREME b R E 7o, o’ B LMWy
Ti&, DSC B L O FT-IR HIE A5 NZSP OEILIZ &
51 H L<IE NaTFSA & OMAEERICHEKT D Z &0
IR STz, FFIC FT-IR 128V T NZSP M kI &
T. NaTFSA DFFBENMELE L TV DM 235 %nto
Na/CSE O FHEFHMEICH T, mEMAE i Na B L o
REFERE L <\ L3 2 HmARE Iz, Na @B
ié&mﬁ@”‘AmmibNmP#ﬁffé LT,

OEPMEISND Z ENEZ bz, Na/CSE Df
ST OIFE AL = R L F—1F 200wt.% Th b 1KV ME 38
Blshie, ZhiE Na @BREICHFIET D NZSP K12
Na" OBEMEZ E L TV D AREENE X Db, £,
[Na]NZSP 200wt.%NCO]# L U [Na|NZSP 200wt.%|SPAN]
DEE L 60°C IZB W TIRIMEZEENITA 722 &£ 225 CSE
WA Na BHITIFEIAFETHD Z &R L
Too BE- T, AWIZEL D Na fmEMEFERERYL O
FHEHIE LN EE XD,
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New development of research discipline on chitin, chitosan and mammalian chitinases in medicine, pharmacy
and engineering

Fumitaka Oyama: Department of Chemistry and Life Science, School of Advanced Engineering, Kogakuin
University
Daisuke Yamanaka: Laboratory for Immunopharmacology of Microbial Products, Tokyo University of
Pharmacy and Life Sciences
Takeaki Wajima: Department of Microbiology, School of Pharmacy, Tokyo University of Pharmacy and Life

Sciences,

ABSTRACT : Chitotriosidase (Chit1) and acidic mammalian chitinase (AMCase) have been
attracting research interest due to their involvement in various pathological conditions
such as Gaucher’s disease or asthma, respectively. Although both enzymes are highly
expressed in mice, the level of AMCase mRNA was low in the human tissues when
compared with those in the mouse. In addition, the chitinolytic activity of the
recombinant human AMCase was significantly lower than that of the mouse counterpart.
Here, we found that human Chitl exhibits substantially higher chitinolytic and
transglycosylation activity against artificial and natural chitin substrates as compared
to the mouse enzyme. We found that the substitution of leucine (L) by tryptophan (W) at
position 218 markedly reduced both activities in human Chitl. Conversely, the L218W
substitution in mouse Chitl increased the activity of the enzyme. These results
suggested that the difference activity between humans and mice may be caused by the
amino acid at position 218.

FHHERF LA AR LARVS, * R U AT H—F

L. LBz (chitotriosidase, Chitl) & FEM:IZFLIEX T —E€ (acidic
& F 1%, N-acetyl-D-glucosamine (GIcNAc) 73 B-1, 4 mammalian chitinase, AMCase) @ 2 D DR F ) —
fEA LT-2iEc, FREOCRBONER, TAERI I o BEHEBEL WD [6-8], M#H &b glycosyl hydrolase 18
747 V7 OREEOMIEED EERERK S TH D (GHI8) 77 I U —IZJ@ L, (LA IRIES LTz T i
[1,2]e FF 0%, BHRBEMILOTEM LA Bl S F 54t #150kDa DHWE LT ETHD [9-12],
RPEORFTHL LEZLNTND [3-5], Chitl & AMCase (%, kEx RIRAE CREDHINT 5 =
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EMMBERENTWD [8], Chitl X, FITEM(LLEY
7a7 7y —UNLaWENn, I—v o HEFOMEET T
EHLTWD (10,13, 14], £7, @HEPAZEMMER [15],
T NA ~—" [16], BIREELIE [17], BEIRIE [18],
SEMVERRAEAE [19] T% Chitl O L UL L TW5,
FZ T, Chitl %, ZNbDFEERDOBH~—h—& LT
FHATHD EEZ LN TS [20-22],

Chitl DOIEMZAET D &, BIREESELT S 2
ENRINTHEY, ZOEEEOIGMEL, BIREELIAE T
L CHENREE 2 S Z L RERTWS [17, 23],
Eijk &%, iz b  Chitl 2%, MKBEICFF o &
£ W) ¢ ¥H %5 Candida albicans ¥ L U8 Cryptococcus
neoformans (Zxt L T in vitro THEREEEEZH TS =
EEREL TS [24], EbHIT, f#ftx e N Chitl i,
Chitl ZXB LD v P HEDHF IR ET L~ T A
DOAEFEREZM EXELZEBHALNILE. 2Ok
EnD, B FBIO~U RO Chitl 1%, ¥FEa2E&T
AR 3 2 B AR E 4 72 L T 5 ATREME 3 7RI
Sz,

AMCase ® mRNA BIOZ v X7 E L~ )VDOFER
HINMX, 7T UAX—MERROFREFE~V AET AT
T, FRME~ TV RAET L THRB SN [3, 25
eilt, AMCase Ml O E & MEMHERFICHEL TRV,
AMCase KB~ 7 R IHfilcxF 2 ER L, Rz 5]
ERIFTZENHS NI o2 [26], AMCase D
mRNA %, vV AOFCMTEIBIL TVDEMR, & MZ
BN, ST 2EMTIHELALTHD [27, 28], F
72, B h® AMCase O X F F—EBIEHIE, v 7 AD
AMCase @ 61 fiDAF A= DRV ITTLF =N
TFET DD, =T AT TIHERFICEY [29, 30], b
MiTIX, AMCase OHRGEMMPFIET 5%, BEEIENE
ERTERVWSTRENPEELL WD [31], LEd-T,
AMCase D7 X/ FREBEZIET 5 Z &1, ELFET
T, EFNRBANOLEETH D [29,30,32],

1FFE GHIR 7 7 X U — O RHMRHT TIX, Chitl 13H¥
REROMI Z £ 5 A D BRBER A2 1T T\ Z LR S
7= [21], ¥ 7 ATIiL, Chitl & AMCase [L[AIFEE DX T
FT—BEEEA L TRBY, AENTOBRIEDE O /RE

ENTWVWDB[33], LovL, ZNET, B b &~ AD Chitl
DFF VR E A B L7 2 i3,

ABFETIE, B F&~DRAD Chitl % Protein A & D
A& e LTKRIBE (Escherichia coli, E.coli)
THRISYE, ZOBRMGEZEK L, TO/RE, ek
Chitl O FFF—BEM & FEERBIEMEIL, ~ T & Chitl
IV b@E<, 218 (DT I VI X - THIFEI TV 5
ZERbhoT, TNHDORERIE, B FE~ T 2D Chitl
BIOEARND AMCase OB EZHM T 2720 D EHE
A RN A

2. EBMEHE Gk
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21 KBEFEBRaART S b

pEZZ18/pre-Protein A-human Chitl-V5-His {ZLAF D &
HIHEZE L7-, & b Chitl cDNA OFFRIZIX, Human
Total RNA Master Panel 1T (Takara Bio) @t Kii RNA %
i L7z, KOD Plus DNA KU X Z —+F (Toyobo) &
EcoRI 3 X T' Xhol D HIRIALIZEE ST T A <
— (Eurofins Genomics) Zffifj L7z PCR (Z& Y, & K
cDNA 725t k Chitl cDNA g L7z, 747U — R
7 A ~ — (5°-
CATGGAATTCGGCAAAACTGGTCTGCTACTTCACC-3%)
i% Xhol FRiAISI &, 25 HEROE I Chitl DRELFIH
%= F o, U N = X 7 I M4 < —
(5’-GTGACCTCGAGCATTCCAGGTGCAGCATTTGCAG
G-3°) 1% EcoRI #&#k#E:4 &, Chitl cDNA O X7 L AT
RICARMIRIRC S & & e, W7D 77 A <=—IZi%, PCR PE
W) O 2K i 1 BRI 58 I & B SR IC BT 3 2 72 D 45
WEEORN X7 VAT ROEFINEENT NS,
PCR ML, Wizard SV Gel and PCR Clean-Up System
(Promega) CTHH L, EcoRI ¥ XU Xhol THIH L 7=,
Gilr 4172 DNA Wil & 1.5% 7 40— 27 0 bk
L, [FEEICYIRF S+7= pEZZ18/pre-Protein A-mouse
Chitl-V5-His (Z¥ 77 vn—=271L7 [34], Boni=7
Z A I N DNA (pcDNA3.1/pre-Chitl-V5-His) X3 —7% >~
v 7 (Eurofins Genomics) {2 & » T O EEELH & FEFR
L7z,

22 T4 ~v—HRIC L MM BFRNREREA
Fexlx, 7TTA ~— BRI X DR R A AR 2 A
Ik v, BN Chitl EEE (W2I8L) B LW~ T R
Chitl (L218W) ZEE KA REE L7 [30],

2.3 Protein A-human Chitl-V5-His & Protein A-mouse
Chitl-V5-His DFFHL

KWGHE 7> 5 @ Protein A-human Chitl-V5-His 35 X OV
Protein A-mouse Chitl-V5-His OFHHIE, FEARMIC, HufF
T THAE LIzi T iE - 72 [33-35], JEEAH L 72K
JBE BL21 (DE3) #%&, 7o BT U > (KIEBE 100
pg/ml) Z&de LB BT 37°C C 18 WRRijLEHE L7z,
EOSBICEVMREZEIRL, YrT T —BHE
(Complete, Roche) % FZ¢ 20m M Tris-HCI (pH 7.6), 0.5 M
NaCl % 20mL (A& L, sk T 10 20, BEk
SLBR L 7=, SRR &= 00 BE L, Ni Sepharose 3L O
HiTrap Q HP 7 7 & (GE Healthcare Bioscience) % >
T, HRO L 5K L7z [33,34],

24 XUV ERE, SDS-PAGE & Ux2XZ T ny
N ToMBZ F T B O

Z N BT, BEREE LT VET VT
> % L, Protein Assay kit (Bio-Rad) & /=7 7 v
N7 4 — Rk [36] TRE L7=, SDS-polyacrylamide gel
electrophoresis (PAGE) 5 X T' Western blotting 1%, LLH(



WMELEZL O IATo 7= [34],

2.5 X FF—BiEHRIE

Protein A-human Chit1-V5-His ® % FF—EiEMIE, A
T X & N,N"-diacetyl-B-D-chitobioside
[4-NP-(GIcNAc)>] (Sigma-Aldrich) %MW\ T, 4 TIZHE
U727t » THRIE L7z [33, 35, 37]), EHEL 7= 4-NP
DOWSEEE % 405 nm THIE L7z, 4-NP OF /VISEREIT
17,700 M em™ L LCz=> k (U) ZFEHE L7, 1 =
=y kF U %, % pH IZBWT 37°C, 1 I
4-NP-(GlcNAc): 7°5 4-NP % 1 umol Wi+ 2EEE&E
LERELE,

4-nitrophenyl

26 XFF—RiCL2FF U EEDNE

LIR, MBFZEEDME L2 FIEICHE [34], 2mA &
NERF PR, moFEEE LTRIBE 2 mg/mL
MW, REICHEBRZMAT, iREWE 37°C T 60
A4 ¥ % 2~ — K L 7%, Fluorophore-Assisted
Carbohydrate Electrophoresis (FACE) {£ [38, 39] (2 & ¥
G PEY) % A= 5t%, 0Bt L 7=, = ®%#, Luminescent Image
Analyzer (ImageQuant LAS 4000;Transillumination at 312
nm) % VT, Analysis Toolbox & LARMZAERK L 7= 4% U
Mz T, BoN=Ar ROERELZIT 7= [38-40],

2.7 FEBBIEEOREIE

PEER IR YE O ML, Chitl & 4-NP-(GIcNAc) 3 &
[6) 4-methylumbelliferyl ~ N-acetyl-B-D-glucosaminide
[4-MU-GIeNAc] (Sigma-Aldrich) % Chitl & A > % =
— 3 I X o TN L 72 [40], 200 pM 4-NP-(GIcNAc)2
& 50 uM 4-MU-GlIeNAc #HEE & L TEA L, pH 5.0
37°C T 0~60 57 DEAFF TR XK Chitl &1 v F o
~N— kL7,

(=T
31 KBETRBELZE bE~<U R Chitl DOREHR
BEIZ pBZZ18 v AT AEHWT, KIFE T~V A
Chitl Z@h& % > 7378 (Protein A-mouse Chitl-V5-His)
ELTHRBEIYE, CHO TRHE I G~V X
Chitl-V5-His & RZEDOENRELNTWD [30, 34, 35],
FO®%, NI 7 7u—AD T LEHHALTHEEL, &6
IZ, HiTrap Q HP 7 7 A TR L7 [34], AL TIE,
RO 7 v b &AL, &~ Chitl ZiR L7 (X
1A), BEEDSHTICIE SDS-PAGE, CBB Yifh L HT V5 T
KefWlrz 22 o TayT 4 o7k Tiro 1=
(K 1B), = OFER, @& > /37 E 1% CBB Y TiEH 70
kDa OH—N2 K& LCTHRIBEN, vZx4& 7 ay b
THOLNEZEEANA RE—FKLE (K 1B), 21 bk
Xtz Chitl ¥ > XU B EARBFFRICHER LT,
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N [

Signal sequence

Human Chitt ——— 4
V5-llis

[ Mouse Chit1 — 1

50  m— 5()  —

CBB staining Western biot

H1. KIBETHBELEEETY
A Chit1 DX L \AER

3.2 WL FACE ¥EZRAWEE b&<= DR Chitl @
FFF— B R

AW TR, F@AZ o EOXFF—PENEL
pH 2.0~8.0 DO#ilH T 4-NP-(GIcNAc) ZFE & L THIE
L7-, B I Chitl X pH 5.0 & pH 6.0 Thd @GN
Zor L, 99HEIEME (pH 8.0) 7= ids@met: (pH 3.0) D5
PETIZIEEANET L, pH 2.0 TIHIEEZRERN- T2
(® 2A), 7 A Chitl @ pH #&1FHIXE b Chitl &I[A]
BCThotz, LU s, B b Chitl OFRIE®IZ~
7 A Chitl OIEPELY B 2 FRE2 o T,

Wiz, B M~ R Chitl #7BIZLbEnTE
XFUEETHDanA ENXTF DI REYE FACE
ETHER L7 (X 2B), WiE#EIE, E£IT (GleNAc)h =4
L, &k Chitl ®FBIDZL OoifiEEDEERLE
(K 2B), ZN 6 DFERIE, 4-NP-(GleNAc), &AWLt
BEEFBORERETH- T2,

B2 FFr—EEERE

33 B b Chitl I~V RXRE0 bEWHEBBELEZ RS
E b Chitl ([ZEWHEERBEEIEHF LT\ D [40], 2
T, #xlIt =T R Chitl Z 2R 7E O BEEBE M



ZHET 27012, DRATNCHSE Sz By,
4-NP-(GlcNAc), B LV 4-MU-GIcNAc % Wifi#EsE & 1
X2 ~X— h L7z [40,41], Chitl |%, 4-NP-(GlcNAc), % %)
fig & 5%, 4-MU-GleNAc 130T 720 (1K 3A, |
EBLUOHEORAX—L), MHFOLEE% Chitl &A1 >
FaX— M LEGAIZOR, PEEBRIGIC L - THIeHk
D 4-MU P&, BT 22E8TED (K 3A,
TED R X — L),

F9, B hE~URD Chitl ¥ 7EH T NEFE
CxF v BEofiEthicid I ocREiREL,
4-NP-(GIcNAc), FE & ix K 60 Sl A v FaX—hL
7= (K 3B), WT I OEEHRE S 4-NP-(GleNAc) #5fiR L,
HaE chDH 4ANP ZIEEEL = (K 3B) 2%,
4-MU-GlIeNAc & 534 2RI~ 7 (K 3C), £z,
WFORE MR LRSS ED &, EHELZ 4MU 5
OEIERBE SN (K 3D), b ORERIT, WEEH
DHEEBIEEE T2 L 2R LTS,

bk Chitl TIZ, 4-NP-(GlcNAc), D4 fiEizisuv T 405
W8T 25 4NP @O WK E O H I AE v,
4-MU-GIcNAc 75 4-MU DSEEEL, @ L-L o en
SN (M3D, &), —F, HFHE~ U A Chitl &
AU Fa— |k LEHE, 4-MU 25 Ol S =80t
WEIEFIZE 2 o 72 (® 3D, F). ZNHORERMD, &
I Chitl O¥EFEEBIEMEIE, ~ 7 & Chitl DFHNL LY HK
100 fEEWWZ ERbhoTz,

nm

B 3. iR E

3.4 ¥R Chitl ® L218 IIEMHETORRTH S

t k Chitl {ZBWT, W31 28 -3 794 F, W218
N2 T A FERERL, EE L OMAEERICED -
TWD [42], Fexix, By, HERFL, B
LEBEOIZIED 31 FHE 218 FEHOT X /#EElt
L7, W3 IZIFHBE CRFEIN TV D Dlcx L, W218

22
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BEREE U AUADOIBHECHREFEIN TV, v
A Chitl ®F Trp 5 Leu ~D7 I JBEEWHNH S
ZERbPoT (K 4, ZOENL, B hEwTR
Chitl O FF —BIEM: & PR IREDOE VI Z O E #
WZEDbDTHD LRI A T,

4.218BB D7 I/ BOLE

WIZ, & h&~=wA Chitl @ 218 7 3/ BREHIZK
%X F I —BIEM & PEEBIE RIS RIE T B A P~
Fexid, B F &~ TR Chitl 28K, b L Chitl W218L
&~ U A Chitl L218W ZHEFE L7 (K SA), @G & o3
JBEOYTFVEEE, vAZ T ay MIXoTH
U LU L7z (X 5B),

iz, kbR, BRERY R E O ESE
MESH L7-, B b Chitl W218L %, & MEATR & 3
I Ll UC, b L2 4-MU OEE L UL A EIC
& o7= (X 5D), —J5, = % Chitl L218W & D&
TiE, 4-MU OEINIR 6Zes-7 (K 5D), b
OFEEMNS, B b Chitl (ZBWTH, 73 /8 218 28
PERRIEME 2 95 2 L R S vz,

INHOREEMND, Chitl ©7 2 B 218 (L, ¥F
F—BIEEIC RE<SHEL, F7=, B b Chitl OB
EMEICH RS L WD ATREMER B 5,

A. B.

B 5 EREDFHLE

L



B8

ABFFET, B b Chitl I%, =7 & Chitl XY HENF
T —BiEE RS E AT D BN LT, £,
thE~AD Chitl @ 218 DT I JBRICHER LT
fEMT L, Z OFEFEOIEHREICRE &R EZ R LT
L2 EEWHLMNCLE,

#¥AZ & b Chitl (% Candida albicans o5 % #1H|
L, Chitl %K L7 PERBDOL P HEET N~
JADEGFRERESEINRBDH DL Z ERHE ST
W5 [24], 2D X9, B hE~ DA Chitl OHAMR
HERIZFI L TH D Z ERBENTWD, RIFFETIL,
bt R Chitl (X, ¥ 7 A Chitl XV bLEWTFF—EEME
ERLE, ZRLOENS, B b Chitl Z4EKNT
7 A Chitl XV iR [E 722 fE LR IEERE & FF > TV B H[
RMEZRBL TS, 20k, BEErSESERS
ETHRT A Z &, ERNTOBRRIZOWT XY FEH
PORERIZZMANE LN DD LIV,

PERBIEMEIEZ < OF FF—E TRE IR TV [40,
41, 43], LL, FFF— B OBEBIEMEIC L - TELE
SNDPEX T EROREIRE L, BARMICITIRFE ST
Wi, Lo T, ZOIEEOAYIEFIEEIZ A
Thd, WEZ T EOREREONBRTIL, T—v =
R EDOREBEBISEZT, Zo kST, FEBITE
RN TEERAEEZRZLTNWDEEZLND, HiEE
WSt 55T 7 7 —2RETDH &L, 4
BOBETH D,

ABFZETIL, ~ D A2~ TE b Chitl (Zid &\ BEls
BISHERRO bivie (K 3), Zhik, $EX R0 B0
JEEIZHIT 5 GleNAc OFFEEBICBE L Ty, £D4&E
AR RRRIC R B E 5 2 DR B 5, v U ATIL,
AMCase BN Z DIEEEFF-TWVD L9 TH D [41],

NCBI 7 —# 2712k % &, B & Chitl 1Zi% 4277
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Chitl @ G102S *NEETIE, 74D 1 Rla—v
T BFICB T HRNEE LD 24% TH Y, G102S
Chitl % S102G B XV HIEWHEMERNZ LA BT
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I/ BEDS Ser(S) THV, ¥ A Chitl i% Gly (G) TH
D, ¥ U A Chitl OFF U 0MEERE B XD Ko
b, o7 2 ) BOAEREEOHIEICE S LT
W5 EHERI L7, B b Chitl @ +2 7% A h& +3 V-
THA MIT )~ —FBRNEERAEEZT L, &V
ERBIEEZ R T2 ERREINTND [45], SRIOMER
MNE, B &= T AD Chitl OFEHOEWNITIE, 218 fif
DT I JEEMPEE LTS Z &R S L,

N E TORALMMENT S, Chitl Bl FIZADHK
BRINEORELZZT, BREENRFIDIEN TV D ERE X
nTns 9, L, EHEIGEWE, #2378 %a
— 92 DNA OZEITERT S Z L RRB I TV
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%, B 5 1R LIZX DI, 218 FED Trp 255 Leu ~
OEHIT, FHAFHOF T ADOHLTHY, ADHKE
WOHER S =, £72, & b Chitl (21X 24bp ODEHE
BoHY, ZOROICERFEEEPERTLTWD Z EBNHL
ATWDER, ZHIUFEREMREESCKZ b < o RYYE 2
EORBIZKT D2 AEMOBWHEELIRT IS [48], 2D
£ 91z, Chitl OIFEMEE T, HRICEFRL WD AR
HWnd s,

INET, B hETTRAOD Chitl OXF L EH o MRRE
BEPEER LT SEIE 720, THVE TORER LA EIORE
BEEEZz, B FE&~T XD Chitl &, EEXKND
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Chitl I CERBELTH Y, BERIGME D IRV [28,31], 2
iz L, B b AMCase 13RI L ~UL & (KO EESR
EEND, RE®ESFIZR D505 5 LB X i [28,
30, 31], Chitl NEFEZRFF ENMROKE Z 5] &k
FAREMEA R S D [31], ¥ 7 AT VT, Chitl &
AMCase IIRIEREOXFFF—EE%Z R L, EENT
BRI DWREAEFFOZ LR EN TV [31], AIFHT,
bt bk Chitl &~ A Chitl XV bEWEREEL -
ZEDIRENTZ, U A AMCase (Zt b AMCase XV
L TS5 RV T —BIEEE A L TRY, LM
TRV 283 [30, 41], SHEOFL TR
=X 512, B b Chitl A7 & Chitl XV &V EEHR
EMEEEFOZ 13, AMCase 73~ 7 A DK\ Chitl %1k
o TWAHREMEZ S HITRIBLTWS, L, b b
2RV TIE, Chitl OFEWEMEL AMCase DOFEREE 1 5
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Non-destructive estimation of three-dimensional residual stresses
for FSW joints using the eigenstrain methodology and X-ray diffraction

TEEBERT WS 2T L TR

/NI K

Z w7 A7 #— RK% Department of Engineering Science Alexander M. Korsunsky

Masaru Ogawa, Department of Mechanical Systems Engineering, Korgakuin University

Alexander M. Korsunsky, Department of Engineering Science, University of Oxford

ABSTRACT : In recent years, friction stir welding (FSW) technique has attracted attention
as a method to joint plates made of aluminum alloy A7075. However, FSW is not used in
the airline industry, because the three-dimensional residual stresses after welding are
unknown. In this study, the eigenstrain reconstruction method was used to evaluate the
three-dimensional residual stress of a friction-stir-welded plate made of A7075. In this
method, three-dimensional residual stress distributions are calculated from eigenstrains
using an inverse analysis. The eigenstrains can be estimated from elastic strains
measured by diffraction methods such as neutron diffraction and high-energy synchrotron
X-ray diffraction. In this study, a portable X-ray diffractometer was used to measure
surface elastic strains. Note that eigenstrains were approximated using the logistic
functions to reduce unknown parameters. To evaluate the estimation accuracy of the
proposed method, the estimated residual stresses on the back surface were compared with
the residual stresses measured by X-ray diffraction. As a result, residual stresses were
estimated with higher accuracy. The results of this study clarify that room exists for
improving the functional approximation of the eigenstrains.
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Fig. 1: Illustration of friction stir welding.

HE ORI IR 3 RITOFR G 155 M IR E &
FHMIiCE TR E W MR D D, B2 I1E, X BRIEYTE
T RIEORRE IS OB LGHIT 5 2 N TER
W R EITEIY 3 RITOFRRIR )53 AT A JER AT
Mg 22 ENTEEN Y, HHERSLEICRDED,



BUGFIANRARETH 5.

22T, FEREEE. BIBFIA. 3 WOT OIS F15540 D
EZD 3 DEAREE T D X BREYTERWZEE O A X
FICEES < 3 BRI O BERHRERIRER ST
W5 (Table | ZHR) @, Z o7k, MR O HEOT
BIND 3RITEDOBEF T HEO-OHEE L. i FEM (B
RELFEVE) ETVICHIMOT AL L TMR D2 &8 -
TEHM B OBREIC N ZHEST 2 HETHD. 22 TR
5 [EA O A (Bigen-strain) & 1%, ¥ —I1C4 U=5E 2N
WG E AL SERWVEAOFEREOTHOZ L TH
V. BT RO I & o W ELY 22 FE R O
Z*(Inherent strain) & 7 L b —8 92 L IXR S 700, HEE
ICHERRTG A= B @M OY o TRERT VDI
THY, BERFED T X — 5 LM T R X%
T AEHENES I 2 L —va b TR D,

Table 1: The advantages of the proposed method.
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Fig. 2: Four kinds of normalized eigenstrains based on logistic

function.
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Table 2: Friction stir welding (FSW) conditions.

Y — L [a] iR 1000 rpm
Tped B 200 mm/min
AT £ 3 deg

Y — AR AR S 4.65 mm
Ta LA @14 mm
7a—7rk 4.5 mm (M5)
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Fig. 3: The electro discharge machining (EDM) cutting

of the test piece.
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Fig. 4: Measurement points on the top surface (z=5mm) by

X-ray diffraction (XRD).
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Table 3: Measurement conditions by XRD.

Fik cosa
BRI Cr
mE 30.00 [kV]
I 1.20 [mA]
(14T £ (290) 139°
A () 25°
R i 2¢ [mm]
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Fig. 5: Residual stress distributions in the welding direction

on the top surface at z=5Smm.
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Fig. 6: Residual stress distributions in the perpendicular to

the welding direction on the top surface at z=5mm.
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Fig. 7: Residual stress distributions in the welding direction
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on the bottom surface at x=160mm and z=0mm.
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Fig. 8: Residual stress distributions in the welding direction

on the bottom surface at x=160mm and z=0mm.
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Fig. 9: Residual stress distributions in the welding direction

on the bottom surface at y=0mm and z=0mm.
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Fig. 10: Residual stress distributions in the welding

direction on the bottom surface at y=0mm and z=0mm.

Fig. 11: Additional measurement points on the base metal.



Fig. 12: Residual stresses measured at y=9mm on the top

surface (z=5mm).

Fig. 13: Residual stress distributions in the welding

direction on the bottom surface at Xx=160mm and z=0mm.

Fig. 14: Residual stress distributions in the welding
direction on the bottom surface at x=160mm and

7=0mm.
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Fig. 15: Residual stress distributions in the welding

direction on the bottom surface at y=0mm and z=0mm.

Fig. 16: Residual stress distributions in the welding

direction on the bottom surface at y=0mm and z=0mm.
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Fig. 17: The response surface to determine the most

probable value of a.
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Fig. 18: Residual stress distributions in the welding

direction on the bottom surface at y=0mm and z=0mm.

Fig. 19: Residual stress distributions in the welding

direction on the bottom surface at y=0mm and z=0mm.
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Fig. 20: Residual norm for the value of g when the value of p
is fixed at -5.0.
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Fig. 21: Residual norm for the value of p when the value of q
is fixed at 0.4.

Fig. 22: Residual stress distributions in the welding

direction on the bottom surface at Xx=160mm and z=0mm.

Fig. 23: Residual stress distributions in the welding

direction on the bottom surface at y=0mm and z=0mm.
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ABSTRACT : Higgs sector is a probe of new physics beyond the Standard Model of
elementary particles. We investigate several new physics models with an extended Higgs
sector, which are well motivated by unsolved problems in the Standard Model, such as a
generation mechanism of neutrino masses, a candidate of the Dark Matter, a mechanism
for the baryon asymmetry of the Universe, and so on. We explore the detail of such models
theoretically and experimentally. For the theoretical studies, we have mainly studied
the following topics: (1) Scenarios with Dark matter in the minimal supersymmetric
(MSSM) their (2 a
phenomenological study of a model with the radiative generation of the neutrino mass, (3)
Dark Matter candidates in the three Higgs doublet model with Z3 symmetry, and (4)
Flavour phenomenology in models with the extended scalar sector. We have also
contributed to the developments of the detector for the International Linear Collider (ILC).
The ILC is expected as a potent tool to explore the Higgs sector of both the Standard Model
and new physics models.

standard model and phenomenological consequences,
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The formation of extracellular microenvironment during angiogenesis

Yongchol Shin and Yasutada Imamura: Department of Chemistry and Life Science, School of Advanced
Engineering, Kogakuin University
Takafumi Watanabe: Department of Veterinary Medicine, Rakuno Gakuen University

Hiroki Inoue: School of Life Science, Tokyo University of Pharmacy and Life Sciences

ABSTRACT : Angiogenesis is a process through which new blood vessels are formed by
sprouting and elongating from existing blood vessels. Several methods have been used to
replicate angiogenesis in vitro, including culturing vascular endothelial cells on Matrigel,
and co-culturing with endothelial cells and fibroblasts. We proposed a new in vitro model
of angiogenesis, suitable for observing vascular elongation, by seeding a spheroid co-
cultured from endothelial cells and fibroblasts into a culture dish. In this model,
endothelial cells formed tubular networks elongated from the spheroid with a lumen
structure and were connected with tight junctions. A basement membrane (BM)-like
structure was observed around the tubular network, similarly to blood vessels in vivo.
Laminin and type IV collagen, main BM components, were highly localized around the
network, along with non-triple helical form of type IV collagen al chain (NTH a1[IV]). In
an ascorbic acid (AA)-depleted condition, laminin and NTH al1(IV) were observed around
the network but not the triple-helical form of type IV collagen, and the network was
unstable. These results suggest that laminin and NTH al1(IV) are involved in the
formation of tubular network, and type IV collagen is necessary to stabilize the network.

In this study, we investigated the effect of AA on the production of NTHa1(IV), to clarify
the regulatory mechanism of secretion and localization of NTHal(IV) in the model of
angiogenesis. Fibroblasts and endothelial cells were cultured alone or co-cultured for 7
days with different concentrations of AA. We examined the secretion of type IV collagen
and NTHal(IV) into the culture medium or localization on the cell membrane or inside
the cell. With AA concentration less than 20uM, NTHa1(IV) was secreted from fibroblasts
or endothelial cells alone, or co-culture system, whereas with AA concentration greater
than 200uM, secretion of NTHa1(IV) could not be detected. Secretion of type IV collagen
did not change regardless of AA concentration. Under monoculture conditions, NTHa1(IV)
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was decreased around or inside the cell as AA concentration was increased. NTHal(IV)
could not be found at AA concentration higher than 200uM. The amount of type IV
collagen around and inside the cell did not change at different concentrations of AA.
Whereas, under co-culture conditions, NTHa1(IV) localized to the periphery and inside of
the network even at 2mM AA concentration, although the amount of NTHal(IV) was
decreased. These results suggest that under monoculture conditions the production of
NTHal(IV) is suppressed when AA concentration increases, but under co-culture
conditions NTHa1(IV) is locally produced and localizes due to heterogeneous cell-cell
interactions even in the presence of AA. Furthermore, we investigated the involvement of
sodium dependent vitamin c transporter (SVCT), an AA-specific transporter, for the
production of NTH. SVCT-2, but not SVCT-1, expressed in endothelial cells and fibroblasts.
Reduction of SVCT-2 mRNA by short interference RNA did not affect the secretion of NTH.

Residual SVCT-2 might be enough to production and secretion of NTH or different

mechanism compensate of lack of SVCT-2.
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LTTTINITA N Heds7 220~ 2> rd 7 A o B RO —s N NTMTT
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SVCT-2 izxt3 % siRNAGKIEE 20 nM & %\ & 200
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HAET Opti-MEM Kiho % )l 2 723545 siRNA O
AHBT 4T arha— L EEALHG LB L L X
siRNA O#EAIZ L > T SVCT-2 OFBNEA L TnD 2
DR T T,
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siRNA@#%#E A L7- HUVEC # 3 Hfiiis&E L, 7714~
—% M T RT-PCR %1757, Opti-MEM §5 10D 7 % il z
7= (Opti) && DOV RES 100 & L, ZhZhof
HHBR L A E L7z,
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@% 20nM » %\ i 200nM HEA L TH NTH al(IV)D N
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A
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k&4F o7,
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Fabrication of visible light power supply and visible light communication systems

to realize indoor—type IoT station

Tomohiro Yamaguchi, Department of Applied Physics, Kogakuin University
Yasuhisa Ushida, IMass, Nagoya University
Mikio Maeda, Department of Electrical and Electronic Engineering, Kogakuin University
Taiju Takahashi, Department of Information and Communications Engineering, Kogakuin University
Yukihiro Kudoh, Department of Information and Communications Engineering, Kogakuin University

Hiroto Hamane, Department of Mechanical Systems Engineering, Kogakuin University

ABSTRACT : The purpose of this project is the construction of visible-light power supply
and visible-light communication systems to realize the indoor-type IoT station, which
includes the function of lighting, display, power supply, communication and monitoring.
In this research report, the results of power conversion efficiency of power transmission
systems using LEDs—solar cells as light sources—light receivers, epitaxial growth of
high-quality GalnN film forward the fabrication of light receiver, response time of
reverse mode light scattering polymer stabilized ferroelectric liquid crystal (RS-PSFLC)
cells, and QR code reading using spatial optical modulator composed of retroreflector
and polymer network liquid crystal (PNLC).
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KHZFEBER R WS AIE 3B LD 50 m £ Tt ltd 2 &
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Development of Wall Biotechnology for biofuel production by photosynthetic microorganisms

Nobuhiro Aburai, Department of Chemistry and Life Science, School of Advanced Engineering,
Kogakuin University

Shoko Fujiwara, Department of Applied Life Science, School of Life Sciences,
Tokyo University of Pharmacy and Life Science

ABSTRACT : Algal biofuels are a promising alternative to fossil fuels, but their

widespread use is hindered by problems with mass production cost. To develop an

efficient lipid production method, it is necessary to induce an increment of the lipid

accumulation with the cell proliferation. In this study, the ratio of carbon and nitrogen

in aerial microalgae Coccomyxa sp. was changed depending on the presence or absence

of a nitrogen source under aerial-phase conditions. The lipid accumulation was analyzed

to produce sugars and proteins as biological components.
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Fluorescence lumps
(40 umol photons m—2 s~1)
I ——

Fig. 1 Culture diagram of the algal biofilm
and the photograph.
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Fig. 2 Time courses of cell number in a Coccomyxa biofilm
cultured with BBM with (+N) or without nitrogen

source (-N).



Fig. 3 Dry weight per a filter (A) and a cell (B) in a
Coccomyxa biofilm cultured with BBM with (+N) or

without nitrogen source (-N).
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Fig. 4 Total organic carbon (TOC) per a filter (A) and a cell
(B) in a Coccomyxa biofilm cultured with BBM with

(+N) or without nitrogen source (-N).
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Fig. 5 Lipid content per a filter (A) and a cell (B) in a
Coccomyxa biofilm cultured with BBM with (+N) or

without nitrogen source (-N).
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7

Fig. 6 Protein content per a filter (A) and a cell (B) in a
Coccomyxa biofilm cultured with BBM with (+N) or

without nitrogen source (-N).
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Fig. 7 Sugar content per a filter (A) and a cell (B) in a
Coccomyxa biofilm cultured with BBM with (+N) or

without nitrogen source (-N).
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A Call Traffic Control Method considering Control Area Cooperation in Emergency Situation

Ken-ichi Baba, Department of Information and Communications Engineering, Kogakuin University

Sumiko Miyata, Dept. of Information and Communications Engineering, Shibaura Institute of Technology

Katsunori Yamaoka, Communications and Computer Engineering, Tokyo Institute of Technology

ABSTRACT : In emergency situations, telecommunication networks become congested due to large

numbers of call requests. In previous work, we proposed a novel call admission control method

which can accept both required emergency calls and more general calls by utilizing trunk

reservation control and holding time limitation control. In this paper, we propose a call traffic

control method considering control area cooperation and we provide the optimal threshold for

priority control. We utilize a mathematical analysis to evaluate our model and we also verify our
model using simulation. As a result, our proposed method decreased the call loss probability for
general calls while keeping the call loss probability for emergency calls low and worked well against

external traffic from neighbor area.
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Fig. 1 Flow chart.
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Fabrication of All-Solid-State Photovoltaic Lithium lon Batteries for photolysis of water (1)

Mitsunobu Sato*, Hiroki Nagai, Tohru Honda, Takeyoshi Onuma, Department of Applied Physics
Li Lu, Department of Mechanical Engineering, National University of Singapore

ABSTRACT : Hydrogen production using solar energy is being widely studied for the realization of a sustainable society. The
device was assembled by using two active materials, Titania and Li2MnO3; (LMO), for the anode and cathode on conductive
transparent glass electrode respectively, and a LiPF¢ organically electrolytic solution. The thin films were fabricated by the
molecular precursor method developed by the present authors. Precursor films of Titania and LMO on the FTO pre-coated glass
substrate (100 x 100 mm?) were separately formed via a spin-coating method. Then, the precursor films were heat-treated in air for
30 min at 500°C, respectively. The device provided the power conversion efficiency () of 0.11 %, short-circuit current density
(Jsc) of 2.6 x 107> A em™2, and open-circuit voltage (Voc) of 1.46 V. The devices were connected to SUS304 electrodes immersed
in a 30 % NaOH aqueous solution. The hydrogen gas generated on the SUS304 electrode linked to the anode of the device,
occurred with no electric power supply, during irradiation with ultraviolet light (365 nm, 16 mW cm?) from the anode side of the
device. Several modules assembled with other photovoltaic lithium ion batteries having the above prepared active materials and a

novel electrolytic solid were also useful for water photolysis to produce H2 and Oz gases separately.
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EEASETHET2PBEBHM THD, ZOLIRER
RTCRETELRGEMOWE T 7 ATIE, BEZEEF
AT 208N H Y, Fig. 1TRT LI 2 M@
ERDO—>THD (3),
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Fig. 1 Technology map for water photolysis using various

methods for solar energy conversion. (3)

FIZEZ LI, bENERIEO—DThHE 7LD
——iE (MPM) 2 X BHSREMEBIK O AL s L T &
7= (5, MPMIL, ®EEEEEEHT 57 LI —H —%iK
EAEa— NERETEML, GBREEOT LI —H—
IE5 % AL ER & 7o 13 SR A O BRS L C H A O RS RE MR IR 2
RTE 5, &, MPMZAWT, BREMEE LTT )
HA—BEROF =T KL, EMEDEHRE L LT
LiCoO> (LCO) #f% 7 v 5% K—7 A X7 L 2— k (FTO)
BT AFER EIZERR L, BRI 2200 pm® R % 5%
THPNEDLET, VFU AL I EELHEKBEMRIK
MIBRIZIEAN L7 EM Y F 7 A A A 8l (PV-LIB)
OEMERE L (6), £z, — MR F T LA
BULO EARIEWEIERA SN TWALCOL Y b EELED
AR SN I M EL EMEME LER SN TV
ZFD—->TH HLMn0s (LMO) 1Z, LCO & [FEEIZ @A
OFEREEEZ O 0D, LCORRETAIEME & L
THENRIEWTHD (7)., LMOMEIY, mEwE A/ Sy
H, PV A L — YRR OEEER S VI E T 5
L RIEIC X DRI STz, IEERE, (k%
B IR 21k TR R O - 72 LMOTE X O T2 B & MPM T
AL, LCOMEZ MWD L0 bEWEBERIELND
PV-LIBOE & #E L7z (8),

Pl EORFgETs S & B E 2 TAREEIL, MPM TR LT
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LMO#ifEE L 7 4 — P % EMIEME & 9 5PV-LIB%

ERLL, ZDTFT A A~DOHBEIT L T, K HDK
FRANTREIFARDL Z L HME LT,
FTIT, ZI - REBEZHOIPVLIBE BRI/ &

HEDEE VAT M DKRON S fRERG Lz, B8
T, MPMIZ & = TR O 722 B iz 7o S5 IR BB iR % B %
L, BRI 2 F\7-PV-LIB & OZEH) % ikt L 7=,
ARWFFETIE, T3 ADOP A XL L TEE D20 x 33 mm?
DEMIINZ, MPMS LD R RIS ATREZ2 J7 15T

B DR R ETED L TEWEEN A 100 mm# O H 7 A LMK
J:&:%)ﬂ:/EJZL/ 7J<0)7[|: ﬁ‘#%)uik:y?‘ﬁ_o

2. ZEBRAZE

2. 1 {FEHRER

FTO # 5 A J:bi (AGC #H8) 1%, 20 x 33 mm? & 50 x 50
mm? ({2 LT 2-7 18—/ (IPA) 1T 30 Sy EEH
WS Uiz, = D%, FTO 7 A UL IPA FTHRE L,
RHCBRAANC 22K HF 70°C T 10 M L CERET
B LT BIRIRE AT Lz, £72, 100 x 100 mm2 D
FTO # 7 A HAM b [RIERIZ TPA HC 30 sy ISR S L,
725 W1 70°C T 10 syl S g %IcBm LT, vl
— Y —EREAE a— LT,

2. 2 BAKRRAR

FATRFZE (8) IZHEVY, S0 mL D =7 7 A 3 |ZHER Y
F 7 2 0.27 g (4.0 mmol) , FFfE~ > 4 > 0.35 g(2.0 mmol),
TH = 96g TTFNAT I 18g (24mmol) FEY
Blofe, ZTNAEIRT3 BRI L, L7 LMO
TV —Y—¥EK (Swmo) 1X, &R A A VRERE
Li'Mn* =2 L L, &R A 4 RE% 050 mmol g ! &
L7,

100mL D=fA7F A2 H /) —/N10g, FE0.65g
(14 mmol), 7F V7 I2052g (7.1 mmol), 7/ =
725k V-sec-7 FF¥ T K058 g (2.4 mmol) Z&ED K-
T2 ZORETRRE 3 BREMIINEGEDE L7 his Lz, i
LTI F T —P—¥EE (Saumin) T AP
EE1E, 020 mmol g~ ! Th D, iKY F 7 2 033 g(3.1
mmol) LxT¥ /) —197gxEY -, #MILL L0
7L ——VK (Suimia) O LiT#REEIE, 0.30 mmol g
"1 CH D, Salumina & Srimia B EIL2:1 TIRALTI0 43
MR L7z, AR LZIRE T VI — Y — K Swmix 1,
LiY/ABT =0.75 & L7z,

StmoZ 3 gmVEY =X ) — )2 g LIRA, MIRLT
BEAAVEEZ 030 mmol g7 & LTz, ZOBEKE
S’tmo &9 5,

2. 3 EHEmMK

TEWE D 7 LV — Y — IR, WL 1st @ 500
pm-5s, 2nd : 2000 rpm-30s O 2 FEFEA L a2 — AT
B L CT L —Y—EETER LT,



20 x 33 mm? ® FTO /7 7 A &M%, FTO OF HmEfEN
20 x 20 mm? 1272 % £ 91T, FARE A O Z 10 mm & 3
mmiECTvAX 7 Lz, A% 7 L2 FIO U5 A%
HIZ, Simo & 50 uLii F L CAE 23— | Lz, £ Dk,
FTO N T A RN B~ A T —T 2R BV TZER
H170°C T 10 SrMEEER L, T8 500°C I LT~ v 7
JVIRH ORI T L o — Y — K% 30 SrHEVLEE L, LMO
MW (Fuvo) ZTEEK L7=, £/, AMOT ¥ —B R
X, MROF X =7 7L h——F Rl a—%
— % RS CBAE, WL CEVREE L7s, TR LTI
% Fritnia &3 D,

100 x 100 mm? @ FTO # T A HM A, & HEREA 100 x
90 mm? 2725 L HIZ, FERKOMHEE 7mm & 3 mm iET
~VAXL T LI, v AX LS L FTO 7 A MRS, #
U7 Stmo & 1130 L F L, Bk & FRRICAE 2 —
L7z, b= 7 L —H—EE% 70°C C 10 Sy[wcis
%, 500°C T 30 /wfRFE LT, £D%~ v 7 FERNO
IREEDS 100°C 172 % F THHE L T LMO &% (Fc; Cathode
TIEWERD) 2B Lz, 72, ABHIC, dilkoF#
=TIV A=Y IRE RS CRA, i B
LT7F &% —PHE (Fa; Anode ITEWENR) AR L
oo TNBIER LI Fek Fa% X% (X=2,3) LT,
FNFEIN Fex, Fax & LTz,

50 x 50 mm? ® FTO # T A A%, FTO OFTEHEAEN
50 x 40 mm2 12725 £ 912, EKELO—iE%E 10 mm g
TwAX T Uiz, w~AX 2 F Lz FTO #'7 AT,
T2 Mo & 500 L FL, A vra—hLk, £
D%, FTOH T AR b~ 2AF L I F—T 2 R0 B,
285 70°C T 10 g L=, Bonhi= S vl —%—
% F 6 525°CIC IR L=~ v ZVIFEN T 1 2L
Uiz, ZTOTREE 2 BV L, BUEHEFE 50 X 40 mm?
D LMO @ 2 & (Fumo) %R LTz, F7z, AlBOT
F & —BH TiO: WL, THIROF % =7 7 L —H—[K
Z ARG Y 50 x 40 mm? & 72 B X 5 IS [RIS CHlAn,
Hr L CEVUER U 7o, TERL L 72 E Fotiania & 3 %0

2. 4 HAXDEMSPV-LIB T/31 RDEH
FA4 XD LMO e 7 % —EfEE RO LT v
BTN L TT AL 2E LT, R LTZ LMO R 3 31
RN LR IR 2 0, T —BELERS b
2o T L X, MERIZ 0.2 mm OZERNTE S L DI,
=T TR — R 2 EERTHA L, 96T
U7 EHWTESE (8 mW em 2 at 365 nm) & 30 4T
PR U, SROMVBMEILMERIG 2 00 L S W72, SRR L
g2 &> T\ 17 7aryr—hERY I L,
1 mol L™!' @ LiPFe ¥R (WL R 10 1 ORI
VU EIRBEY AT V) BEALL, EEEEALRE |
N ER MR AR 2 8 > CBMRIR 2 £k L, FTO 4
T AERFWIATE LT BRI X o7z, SRARIE
{EPERTIE 2 48248 T 30 RIS L Tk &8 TT 34
A L LTz, Fimo & Friwnia, Fc & Fa, Fe2 & Faz, Fos & Fas
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DFEMETETIEHK LIZT A AT NEi D, D1, D2,
D3 & L7=, D1, D2, D3 OO FIE% Fig. 2(a)ic
ERR oY e

e 100mm __

FTO glass 90 mm

Masking 1% 10 mm

-

FTO glasa

>

1
I ! :s/ |
Fig. 2(a) Fabrication of thin films with different sizes for
assembling to D1, D2, D3.
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RIZ, Fimo 0 LMO B % AR L TV 2R RSy A T 2R
T—TTwAXT L, T 65°C IZBA LAy b7
— b RiZFEmZ FIZ U TEE, Fuvo (2 Swmix & 2700 pL
WL T30 2M#EE L7z, Fuvo 2 HIEANT — 7 %2 B b
P&, BEERAMAINE D LI END Friania % HA4Q,
FTitania O LN HEY T3 N O S & 0T T 30 SyMEEL
Too BEE LT Fivo & Frrienia 205G L, B:5 L72 43412
OB ERIIE 2 B o 7o tk, AT TRV TEE
St BRESITRTIR & [W—) % 10 MK LT, %RIMR
WAL 2 L S/, ZZCHERLET LI =T A
PEINEME (LR, SEREME L)) ZRWEZT A
A% D4 T D,

Fig. 2(b) IZ D4 AW HIEOE K TFIEE £ & D TK
~LT,
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2. 5 BEOHERBERTELEEINE

Fc & Fa ORI AN —2 % X RIEPHEE SmartLab

(Rigaku) CHIE L7z, X ##i%200kV x 45 mA O3 )L
¥ —THA 7 Cu-Ka #r & A2, Cu-Ka #71%, Hf
HTOsglass JALH L OFAT E— A LT, MRS v+ 20 XRD /<
A=, FEATARGE & RIERIC NS A4 % 0.3°, 20 #iPHZ 10
—80°, A7 v 7% 0.05°, A¥ ¥ @HE% 5° min~! T
BE L7, XRD /X% —0%, MtlgY 7 7 =7 PDXL

(Rigaku) 12KV fiEfT L7z, & —27 D FEJE4 ICDD
J1— R 20 i & Ll UC, oSS & e ia e
L7,

fihgtEX 755 Dektak-3a Z AV T, Fc & Fa DR 21| E
U7z, BIESARE, BIEIERE 3000 pm, HIEHE 15 s,

X
| F— X 58600, HIEL Y 65.5 um THIE L7z,
Fr0 || FTO
glass [ sglass 2. 6 TNAXAD®DI-VBIE
_____ -:m-x T3 2 D &EFFE (ADCMT) (2 L Clalg
I ERASET, -V REERIE Lz, A% — MEEX 1500
FTOo 1| FTO mV, A by 7EEEZ—200mV & L, #HEAEED RS
glass : glass AT L2 E 2 FE O T THIE L 7o, BEHEUR B G
I 100mWem 20 Y —7—3 I 2 L—4 (ASAHI spectra)
oy RLUXEHWTEE L, A7 v 7EEE 1mV,
50 mm IR A 500 mA, FRIFFRER 0.1s & L7z,
T4 2.7 RTULREBERW-EREKARDER
0 mm BEAE
Macking Maskos 1T 10 mm H BBER £V NaOH KiFK (E&E/S—t v M%
£ 30%) HIEE AN, BRIEEER 145em L7 d Ko
AT v L AFEM (SUS203, 5 mm¢, AT, BEHAE @
EW9) EELUIAAL, EBFAERICER L ELER L
FIOANTIVTFRA—H %3@1’71 Lic, EffREm~OEIN
Masking Masking FBEN100V L7325 L5 ICERLELERCHRE L CE
WEAZREL, FNE 10 offiT 7z & & okFERAEE
0d & ZeNAOBRKY CHE L, [REkC, HUNERE (V) %
1.20, 1.40, 1.60, 1.65, 1.70, 1.80, 1.90, 2.00 & L C,
1.00 V &EEFVINRE & B4R, B & KFHRAEEE T
F’Titania F,Tjtania L7,
or or
Framo Fiumo 2. 8 AWMEMBEERAL: PV-LIB IZ&k5KDHk
SR
F,Titanja F,Titanja AIEO HA K gz v oM EMICD 28kt L,
50 - DOT ) —RKUH T ARHEMNLENE (16 mW cm 2 at
F,LMO F,IMO 365 nm) % 90 AR L, EMEAEMm ETRAELEZR
EEAHE L, £/, SREE®RE 90 /ML

OEMHAEMEICH N2 EE L, BIRICESNICEE L
1 Q OEPUTH 2 EEHFH LT,
%72, Fig. 312777 X512 D1 %*ﬁ”*ﬁi WZHEERE L, b
%a&ﬂu%’ﬁﬁ?a)‘é'é%i'ﬁ% D1 (290 Zy[EIMEST L, D & Atk
EEEMEICEHNDEE L, E‘fté‘ THEAINTHERE LT 1
Fig. 2(b) Fabrication of thin films for D4 with using a novel Q @?KEFL THMNDEEZEFIL T,

electrolytic solid consisted of Al complex.
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D1

Fig. 3 Schematic representation of experimental system using
PV-LIB devices.

2o D2, £721F 3O D3 2 FNFHEINHE e L
T, IO EM EMm A L, FERICERAEE 90 o
MRS U CEMAEMICHN 2 EE L, BIKICEINIEE
L7z 1 Q OoRPUcHE»2EEEFHMEI L, 7=, DI

DEENIEIRETTT AL 2D T 7 — NN Bz L 7= B iR
FBERRD B FA U T KUK & i CEME AT LT,

2. 9 HBAEMEERALV: PV-LIB IZX5KDFE
ERPBETINA ADBBEBEREL

D4 D 2~6 {HZWFNF - 1ZEF N LT, Bife L7
TN AR S DI, WHIEITES N B L Cqt 5 f
HHONRET Y 2 — L EIERL L7 (Table 1),

Table 1 Connection modes of the device D4 in each module.
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YN N\
WA

%%V;~w%mg4:i¢;5:%ﬁmﬁw THERT L,

[EFE (IWATSU) & WFNT#ke LTz, AEBRTIX, &
Mﬁﬁﬁ% AT L AEM (SUS203) 726 A4 HEFF

BARIZE 2 7=,
%%v:—W%%Wfé?ﬂ4X@m7@fO%E
L, %7A4x@ JEES 3 R A e BT BRI O 325 i
APE LT, PIEIDIL, AIFERSN 3 e Y6 FE 5 (Shimadzu)
Z A, )77V/Xi§%kbto%®& EVa—
JVIZHIA & A CIREE QAL E FST L, 90 R THRAEL
T REO RIS ERINEE VO BETHE Lz, Z0XK
%%iﬁ%s@ﬁ@%/;—wfﬁmbtoit,t%
FHEBRK THRIZ, HET A ADZHMyHROE
%ﬁ%#?%mtto

Fig. 4 Schematic representation of experimental system

using module.

3. HRBLIUEE

3. 1 BEOHERBELEE

Fc @ XRD /% — > % Fig. 5 |25 L7=, Fc ® XRD /3%
— 1%, ICDD % — K No. 01-084-1634 @ ¥4} 5 LiaMnOs
ICIRIBCE DR 2 KoY — 2 2R LT, £72, Fc
DOEEIX 80 nm + 10 nm 72> 7=,

=
)
=
S —
~ & E
3 o
K] Y LMO
ul 3
e g | SnO2
Y hu)
|
10 20 30 40 50 60 70 80
20 (°, CuXa)

Fig. 5 XRD pattern of Fc thin film.

Fa @ XRD /3% — % Fig. 6 |2/~ L7, Fa D XRD /3%



— 1%, ICDD 71— K No. 01-070-7348 M IE iz 7+ %
—PBIRBTE DT RO~ 2R LTz, £72, FADK
JE1E 120 nm £ 20 nm 72> 7=,
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Fig. 6 XRD pattern of Fa thin film.

Fig. 5 & Fig. 6 {ICB\\ T, FTO EMK % #LT 5 Sn02
DOfE RS (EJF &%) (X, ICDD 7 — K 01-071-0652 %
2R LIz, Thbdbh, BROHHFEIZEST, BHNOE
WEEREZ TR CE T2 &N o T,

3. 2 {EELE=T/N\ARDHE

AHEMIE A A2 D, DI, D2, D3 I8 L O AESR
BEHW D4 DEE% Fig. 1~11 [R L, Wihb
FVERASEE R LT,

UIN UNIVERSITY é

KOGAKUIN UNIVERSIT®

Fig. 8 Photograph of D1
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WAL 7 v Y =7 MFstEEE (R2)

-

Fig. 9 Photograph of D2

=

Fig. 10 Photograph of D3

Fig. 11 Photograph of D4

3. 3 PV-LIB®I-V #it
D IZOWT, WA & 1-sun SRR ERE FIZE S
N7z 1V i &2 2N Fig. 12(a), 12(0b)IZR LT,
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(a) I-V curve of D under dark conditions.
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(b) I-V curve of D during 1-sun light irradiation.

Fig. 12 The I-V curves of the device D, (a) under dark

conditions and (b) during 1-sun light irradiation.

Fig. 12(a) 2 /R3 X 512, BT FTT /31 RIZEE & HI
WLT%%ﬁMﬁhf,ﬁ%ﬁ~F@%ﬁﬁ%%bko
—JT, T AHREIKRG & B35 SE
FEAY 0.26 mA, BAKEEEMN 1.46 V T, ﬁﬁﬁﬁon%%
RLT. 2 @IvﬁﬁilﬁMmVﬁ%INOkaﬂme
LT OEBECEIRMM M E o7, Zhix, KEE
FIINEE (X RS AR & [RIERIC BN (E3 5 — 5 C, mﬁrmm
WriL ) 70 L OBENCHE S REGHBFEFFICEZ 579
EEZLND,

3. 2 NaOH KBBRDSEEBEMATHER

Fig. 1312, 30%NaOH /KSR &% BMREEKE LT, &
fRFAEM TdH 5 SUS BT, (a) ANBEIHEIML -
BILEEBRMOEMRE, (b) EIE & BEHEICDKFER
EEOBEFRE R LT,

12
10 |y=23.775x-38.300 &
8
2 :
Z 6 °
= :
}E@ :
4 :
.
2 :
e
0 e ® 0
0.00 0.50 1.00 1.50 2.00 2.50
EEW

(a) The relationship between current and voltage
observed by using the electrolysis system and an

external power supply.
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(b) The relationship between current and generated
hydrogen volume (mL) by using the electrolysis

system and an external power supply.

Fig. 13 The electrolysis of 30% NaOH aqueous solution on

SUS electrodes by using an external power supply.

KBERSRT 2 BERETIE, 1.2V Thd, 4EO
ki, 1.0V D& mef@m#ﬁMén#w ity
@Fin%azVﬁwﬁrfﬁﬁifmﬁﬁﬁébt_
L3555 (Fig. 13(a). $£72, 1.6V ELEORNIERE
%ﬁmﬁﬁﬁﬁ%mbf,%%%E@ﬁﬁfétztﬁ
B, BENRELBDZZEERLTND 3), £,
Fig. 13(b) & ¥, EIifE & KR ORA RN IELH O BIRIZ
72577 77 —OEANC Al TERSR LT Z &350
é #&b% Kﬁ*?%w%NmHm%ﬁfi @%

ICEFTHIMELED 1.6 V 2B %2 25 EEFIINIC
mﬁmi_”Méné &ﬁ“ﬁotoé%_,&ﬁﬁ
A LA 2 HESUT, KOS R SOUS DNRIR R S vz,
T OREARMMEE L, JERHIZ L > T PV-LIB 233AET

XEEEBETIBICERE T,

3. 4 HAHMEMBZEZRAL: PV-LIB [Tk KD
&
N@H*%W%Aﬂt%%ﬁ$w D Z#ft L7z, D
SRS E BT 2 &, EmOELL, Btk
ﬁ@qnv#%u%vif&?b,%ﬁﬁ%&mm#
5O0mAIZKE T LT, Mk TRMEIIRE L2 T,
[FERIZ D DRV IZ D1 28 L, 90 mHSRAE %
Lz Z A, B oRENRRAE Lz, A LIRS
EMSHT LI 25, KFEEo72, D1 0ROV IZ D2
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Table 2 Voltage, current and the amount of generated

hydrogen during the light irradiation

o EmEELE . = =
FRAR %ﬂaﬁi B (nA) | SERAE L)
D1 1.12 -5 1.03 0.3 —0.1 50
D2 1.20 — 0.95 0.5—0.1 40
D3 1.09 — 0.89 04 —0.1 10

D1, D2 % 2 ff, D3 % 3 {HENENITHEHE LTz

, TN LEEIF 160V UL FEo7z, £72, D2 %2
’DIEE CEEE LR OERIL 1.2 VO, BEINZHEER L C
H 1.6 VUL FEOEBEITEL o7,

ZOEBRIZEBNT, BRFICL > TTANS RIZE X T2
TARAF IR L TRELEAKZoBL LR S AL
FRRAX—F IR L = )X =R AR E L,
W RN F—Eq AL R LT —Ec ZZFNENLUTOD
Lol EET D,

Eo[J]=S[Wem 2] xA[ecm?] xT[s] (1)

Ec[J]=G°[Jmol ']xV[L]/22.4[Lmol '] (2)

Fio, SITARNELIEEIRORE, ALT A AD%
e, TItERE LM TH D, £72, GIIIAD
EHEX T 2 HHT RLX—T, VIERAE LLKZOKRE
Th s,

X (1) £, BAKREPFHAE L DI TOKDNRSE
BRiZBI 5= x ¥ —

Eo[J]=S[Wem™2]xA[cm?] x T [s]
Eo =16 x 1073 x 90 x 5400
Eo=17.8 x 10

wiz, & (2) LV, D1 TOKRDIEHIREERIZINT
KEREBNOIFZRAX—FHNT D &

Ec[J]=G° [I mol 1] x V[L]/22.4 [L mol 1]
Ec=237 x 103 x 50 x 1076/ 22.4
Ec=53x%10""

L7020, Eok EcDlbERD DB &,
Ec/Eo[%]=100x53x1071/7.8 x 103
Ec/Eo=6.8x103

B L7 Ec & Eo OfEFREMND, AEBRTHEMALZ D1
FONA A& BRI MR LT B A DT R ILF
—EHARIT 10 3% 7 - 7=,

Table 2 XV, D1, D2 % 2 DEF| & D3 % 3 DEAF|IC
B L7 A 2 ik T 5 &, WL D2 & 2 DES
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Fig. 14 Time dependence of voltage between both
electrodes using M1 module during light irradiation.
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Fig. 15 Time dependence of voltage between both

electrodes using M3 module during light irradiation.
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Fig. 16 Time dependence of voltage between both

electrodes using M5 module during light irradiation.
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Fig. 17 Appearance change of a device in the M5
module, (a) before and (b) after photolysis.
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(a) Transmittance spectra before and after photolysis.
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Fig. 18 Transmittance changes of the device, M4, after

photolysis.
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Fig. 19 Transmittance changes of the device, M4, after

photolysis.
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Table 3 Amount of generated gas by photolysis and

transmittance change of devices using five modules.
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50
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110
M5 240 55 13
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Evaluation of particle collection performance of
filter media composed of chitosan nanofibers and base support media

Ryoichi Nakayama, Department of Environmental Chemistry and Chemical Engineering
Norikazu Namiki, Department of Environmental Chemistry and Chemical Engineering

ABSTRACT : Nano-fibers with a fiber size less than 100 nm have been gradually applied
to various sorts of industrial fields, especially air filtration as alternative of air filter
media, as the microfabrication technology of polymeric fibers progresses. Chitosan based
nano-fibrous filter media would offer a unique advantages of using physical and
chemical mechanisms. In the present study, we evaluated the pressure drop and the
particle collection performance of chitosan nanofibers media by comparing that of
electret filter. The pressure drop across chitosan nanofiber media decreased with
increasing the amount of chitosan nanofibers on the PET non —woven. In addition, it
was found that chitosan nanofiber media with a high sheet weight (Ws=6.0 g/m?) had

the similar performance index compared to electret filter media.
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WA, HED IR 200k PM2.5 DIRED LI
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Fig. 1

NH:

Structural formula of Chitosan.
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2. ZEEBAZE

2.1 FMHUOF/IT7AN—FHORELBE
KUY ZF LT L7 4 L— MNPET)FR DA AR % bt
L, PTEImEICHK LS M) 7 7 A N—IER
BRI, 0%, RIEI AR ZIRIEERIC
X0 S, B2 R ROCERLAR# ; FDS-1000
) T-90 °C, 3.5~4.0 Pa DLA:T T 24 HER B 75 &
w7,
Table 1 {2, AEBRCTHH Lz 7 4 VX P O Z R,
F Y oF T AN FERITHEERO R D 3D
FMEER L, £72, 28FHME L THRO= L2 K
Ly N7 g v Z ik E v,

Table 1 Specification of test chitosan nanofiber filter media.

. Sheat weight, | Fiber diameter .
Media Ws [gi] [m] Base material
0.5 PET non-woven
Chitosan 3.0 — f'tzi:)r:fr:';
6.0 Wsp=18 g/m?
1900 Polyester fiber
Electret filter 25 Melt blown ) =38 mm,
polyolefin fiber Wap=74 glm?

2. 2 HFHEMGTHEORBREELSSUAE

Fig. 212, R HEMEEOFMERIEE 2R, AL
BRCid, i 30~100 nm D HiPH D EH Ay HD RERRI
5701, EXRFE (350~400C, 7 XU v ;
TMF-330N) PIZA¥AR— K (Bl 7-#48 ; CB-2) 12
ATz 10 g @ ZnCle ¥yK 2 ME L TR AR S &5 2
ET, 8O InClebi T 523 AESHT=, £LT, A&
¥ ZnClohi1-% 241Am FHHRIEIC L 0 Pk
REIZHTE L, B o fkes TH D DMA THfk L7z, RIZ,
YIRS L 241Am (2 XV BR TR EAT o 72 AT E
BT Z2IEE S5 K0 AR L, A u % 0.025, 0.053
BLOVO0.1 m/s 2L &8 T, WBRIFM & BH A —3
ELBICHEE LT 4 VB RLE (Bt 52) ~Z
NHORIFZEA LT, £ LT, HEHEURBRFH B
DN R ESRE CL & IFM N H okl o
Co %, ¥k 73ty (CPC) ZHWTHIEL, WM&
Dkt (Co/Ci) LW EWEP[EHEM LR,
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Bt S - ERESE (MANOSTAR ; WOS81) #fAwv
T, HEEEZZEZ TEZT 70, AFRTIE, 5T/
T 7 A NP ORENR P LIEER AP ZFFECH
BLTC, FMOMEREEZFMT 572olc, MEREiFmiEE 1
[Pa-1]% % H L7z,

I=(-InP)/AP

WA v Y= 7 MIFE#RE (R2)
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Fig. 2 Experimental set up for evaluating particle collection

performance of test filter media.
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HEF R TIL, PET EM A DR FIEED S/
77 A N—JERTERE T,

(b) W=6.0 g/m?

Fig. 3 SEM photographs of nano-fiber filter media and other

high-performance filter media ones.



3. 2 ENEKR¥HE

Fig. 4 [IZF-FMIZBE L C, JEJJ4E2K AP [Pa] & ARG u
[m/s] ORFRERT, 728, g E LT, =17 b
Ly F7 4 V2 FEMOFRRbEE TS, BEY, Fh
P T 7 A N—OHREFERZ VI EENRENE <
ot B, We=6.0g/m2 DX h ) ) 77 A N—iF
MCi, mL2 by hT s L RREOEIRRE
r LT,

Fig. 4 Change in the pressure drop of various sorts of test

filter media with filter face velocity.
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Fig. 5 (S RRERIFA & F O 72 RE O SEAlg A kT - 0D 125 18
Brrt, MLV, PfgaEh 2 o7 &slBrir st o
BEEIL, 0053 m/s IZBWTZLZ by b7 4 VX
M<x b T/ 77 A= FHOIRICEL o7z, F
NFoF ) 7 7 A= FMIE, X R Ty A=
OHEFFENZ < 72 21T EFBFRITIL /2D, Ws=6.0 g/m?
TRAMICIK T Lz,

Fig. 5 Comparison of the fractional penetrations of various

sorts of test filter media.
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Fig. 6 Comparison of the performance indices of various sorts

of test filter media.

4. #

ARHFFETIE, F hY T ) 77 A N—ZHEF LM O

FIRPERR 2RI L7z, ZORER, Hon/miAE I TIC

KT,

1) [FUmBEETH~D EEERIE, ¥ o7
74N~®wﬁ%@ﬁﬁt&%@w.%MLko

2) P R OISR IE, HEFEDS We=6.0 g/m? TR
IR T L7,

3) ¥RV UF T A NRN—OHFFEOHKRIT K DR
FEAMFE A AN i M AR LT,

il

BRICARMTEDOZATICH =V REMNIEFT 7 ey =7 b O
WFZEB R A D £ L2 & 2B <L o FiFET,



AT 7 e ¥ 7 NMFZEHEZ R2)

ERHEMEIC &L D EKBREMHOBHEBILRER M DML

TEEBERY:  BOE HEERERS
RIRTHERT TR

A i TR

R - HEF RE %
fIRAS A —

FORERSER AT ERME TR A R

Establishment of technology to promote reorganization of
biological tissue materials using metal thin film

Kei Oya , Division of Liberal Arts

ABSTRACT : The aim of this study is to promote the reorganization of decellularized tissue, which

is one of the extracellular matrix components, via applying electrical muscle stimulation (EMS).

In this study, titanium was sputter-deposited on the surface of decellularized tissue to impart

electrical conductivity. In addition, EMS was given to myoblasts to investigate the effectiveness of

EMS. Furthermore, myoblasts were injected into decellularized tissue by injection and then

cultured for 2 weeks. As a result, it was observed that cell proliferation was promoted by the EMS.

On the other hand, the promotion of reorganization could not be confirmed. It is considered that

the injected cell number was not sufficient for reorganization.
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&9, BEHiE 3 mL/well THEFEL 7=, Level 1, 5, 9@
EMS & 5- 2 I B & R OBEL TN EN4T = LT DO
B L, 10%T% 7 — /)L CEBREZRE L., BN RIRR
NS, FRFEEEH bR IRER D EMS HRE Level 1, 5,
9 ZAUNEIZ 1 H 3047, 24 FEEIMIRCH %, 4 HRICZEN
ZTHOBEOMIRE A % 7,
2. 4 BRIERRICHEBANOHEIALES
HEEAFIT X o TAEBEHKD THE S -7 2T
ik by St B AR AR LA D & 3Bk 2 12 well 7 1 v ¥ = ITF
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WA 7 1Y = 7 Ml E (R2)

BL, Z0%, BEEMIR LU TIRREL LA %o
— b L72.80% 2 7V Mo 72 C2C12 Z[EIUL L,
MR FE 23 50,000 cells/mL 1272 5 K 9 1 Al g i 4
WENTRR L, BEbEfe T v 260
HL, FAMNCEMREHE L7 6 well 7« v ¥ = [ZBiHA
bz ety hTBLEZ, YAV 7 U UEHSR
(ss-01T2719s, 7 /LE4k) THIMEEIK 0.5 mL % Bifia
LR O # FTICIES Lic, & ¥ = M BRI bRk 232
LEEMETH D 5mL N R 72, Level 9 D EMS % 5 2 72
& RBORE, EHIT, TNEIUTA Ny ZEREEAT
STRFEEITo TV RWEEEAE L, MREEE (~~ b
U AT Yt (HE Yefh)) LERRE T BEmes
(SEM) BZIZH Wz, 70% T & J — /L CEMBEZPHE L,
TG L FEIRAR A RS, BT A SRR O EMS R
BE Level 9 Mz 1 H 30 4352, 2 B[ EE AR H TS
BEIToT,
2. 5 HEERE

7V —OFEHAEY 7 FTHDH R (The R project for
statistical computing) & Remdr (The R project for statistical
computing) % V>, Tukey’s MEIZ L 5L EIKEIT-

Tmo BEKMET S%AR E LT,
3. #R
3. 1 EMSHEREORKHL/ILRAEE

ARAFZE Tl FH L 7= 2518 D Mode 1 (2815 Level 1., 5.
9 DEWE L SNV AELE Tablel I LT, Tz, W
BBRORELZ Fig 1127 T, EboofiRb, Avnm
A a—7 (AD-5142D, =— - 7 K « 5 4 —4) &0
TEHERLEERETH D, EMS BRSO B KIT ED 1L
NTH-THEE 64Hz TH Y, 7OV AEBEDOEHEIT
Level 1 T4.4V, Level 5 T5.2V, Level9 T55V TH o
72o EMS BIEZROWIEIL Level 1, 5, 9 LHEN LR D
KON THEMREL ERMEBELEOT TN KEL 8D /UL R
WTholz,

Tablel EMS JHREAFT 2 I & /L A TEIE
B (Hz)

IILABE (V)

Lv. g T4
4.38-4.56 45
5.11-7.59 6.4 4.94.5 10 5
(BL~RLEB) (DL ~LEE)
5.10-5.26 5.2
54
§sn
B Lv. 9
§45 Lv. 5
v 42+ = = = . . _LV. 1
't 0.5 1.0 15
Time(s)

Fig.1 EMS BB H T 5 /L A D5



3. 2 R/N\wAHREL-BiHEE{LEE 0 FTE
UL OFBL AR U7 RE R, U E A o — T
ZUNBEINTND 2 ERNbro7z (Fig 2), 51T,
HMIERFIRND 7 EOFRTIFBIE I N en -T2, KIZ,
HUREE L 7= AR LAk 2 PBS(-IRHRIZIR T T 4 H iz
THZEILEY ., PR ERRERC T & v B ANy X EE
U 7 MR 0D 385 75 £ 3 i FE W O RS 2 LS i 2 % 2 e
L7z, TR, 4 BT RO/ S 72 1%
HER IR, BV CHANTLEI Lo kX
<, BREERESCEEICHOREBEEETHL Z LD
BN, Fo, PBSOBRMKHGICEALTWVD G
OB ST, MIAEZEEMBICHRRLZEZ A, 15R
WEO LS b O | BRI LARKE D RSy A3 IR H
L7zd @ &l L7,

Fig.2 7% St oo BlAm R LA ik oAk 7

3. 3 mFMEE~D ENS [t 5HER

AN ZERE L7, A5 1 H 304y, 74 AEEE
L= S BEO MR DR (WA ZABAMSEHS) % Fig. 3 1Tm
T SHIC, EBREOSHOBEMEE ELDIcrs T
7% Fig. 4107”9, Fig3 LV, MlixfER<AEFT LT
100% =2 & 7 b b RSV VR BB & CHYAH L 72 Bk 1038
Baht, 5. EHOMBROEFICKRER2EZTIR O
72hrodz, Figd X0, BEEMRESE» - oFIEIC
Level 1, 5,9, REEEETH 7=, AEEITR OGN0
Stz —J7, BRI AT U BEIRMIRRE & bl L
THEE MBS S MEA R A DT,

3.4 HRazEEALBHMEICHEBA~DENS 5

S

AR B FRAEOF I K D B LR O & & Wi
% SEM £ L7-#E % % Fig. 5 2”9 Fig5(a,b) LV,
8y Rk I RE Sl A ONS VAN TR N AR N Y AL
HRROI, BEENE Rbhiz, Figsc.,d) £V, A
Ny AREEATHIZEETIL, F ¥ DB AR %
Bo TV DOERFRER I LT,

WA 1Y = 7 MRS E (R2)

Fig.3 BRHIE%E 4 B G 2 =% C2C12 Ml DRk 1,
(a) RHII%. (b) Levell. (c)Level5, (d) Level9, A/r—/v
/3—:200 pm,

wg 30
g5 20| |
B2 15 i
2510
ED ¢
2%
Non |v1 Iv5 Lv9
stimulation

Fig.4 BEXAINAZ 4 BEG 2 721 D C2C12 Mifa o4
N2

Fig.5 F & BRI % o i Ml B AL AE 8k o> 2 1 & B imi oD
SEM #1214, (a) ARMEE - KM, (b) ARENE - Wi, (o) R
itk - K, (d) WL - Wik, A —/L 38— 50 um,



Fig.6 #fEZEA L C 2 MELTE L% OB LR
DAERBLEEAE R, (a) RANMRE - KRB, (b) RANEHE -
BUBTHE . (o) MITHRE « AR, (d) FIPHE - TpEHE, 27
— /L8 —: 400 pm,

WIZ S & S U 7o BRI LA A O FH AR 22 S %
Fig.6 \o7”d, X COBMTREZETIRONT, M
Jalzig & A BRSNS o tn, £, 37— UHE
DES R bORR LI, FIIZFE ORIETH 5 /N
DRER Sz, MilanonhoZ bbb, Ml
ERME MM LITBE S LR o T,

4. EE

EMS # CHIlREN ZWEM R A Sz —F T, FEE
R S e o Tz, BEERELZERET D &, K
JAW 7V AP D SO 2L THRE ThH o7z &
ExHAbND, —FH, BEEBIIEL TV AR
G, BEBTE N2 L0, BRFNEFE Y 220>
TEEZLND, 5K, SOICEHRBE TORMNELT
W, FORERN S AR BERAEAE RO T L
NUETH 5,

MR TR U 7 B AR LAR R~ D A R Z ZEFE~ DR
BIZOW T, SEM BLESRE > O WM AR A LR 2% 1 |2 HERE
U= T T A HERR Si FEMR IS HERE L 7= i & S 7p
b, MMOZVHWERZA LTV, ZhiEbiiat
MREAHLWER CTh B 7o, REOTRIZIH - THEA
WL THDLEBSZbND, BRI O W m
& D SEM Bi5% & MRBLEAE R O L M PIIE B
L AEERAOFBEZ T, Ay ZHEE LB
LA B R A Ry & O BUFIRC AR & RER OfE S % HERF
Li-éEZ26N5,

Jid A A ARG PR C O MR D BETRIE A B V7R 7> o TR
FIZoWT, MIRIESIBEOEE CRITITHE I 6N
e B AR PN E T oMIaE A 2 < HEGE
[ 2 N B el b Al N Y B (£ 2 [ NS S i RE el
Eiond, TORINE LT, HEA LRI MR
OREEPNE D DIRALIN 2 FTREMESC, & b 2 b Mgk
T ERARENEZ bND, Sk, EAROMQEE
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WA 7 1Y = 7 Ml E (R2)

RVEATEDOKRFH ATV, DA AR IR s & &
FoTWNBZ LEMALIZZIC, O T EMS IZL5FH
HAMEDORKE 2 E 21T FETH D,

5.

AL E T, MR X OB LRI EMS %)
5451008 EEMA Tz, T EHAWVWT EMS %
535 U 7= MR CAHm I B30 M e e S A 28 [ ST
Z LD EMS WAL O B R HE I A 2h T B AT RE
PERR SN T, — . MG & N U 7= i b
DREELALIT, EMS RA Ry ZHREBITB LI o 77,
HIRRE AR OO LA R L AR AR L A 23 2D 2 & & A RIK T
D EFRBENT, 5%, EMS Of 5. RIRIRE 72 & 0
SfEEREE LTV Z & T, EMS OF A2 iHE T 5%
ERDHDLEZZTND,

2 % XM

(1) jFHE&R, W=, THEE BE o DU b
FEOMERIVE L W - ANA AN, Y-z A —H

fit, pp. 1-80, 140-146 (2019)
(2) RE&FE B AEEROBIR &R E

Organ. Biol., Vol. 25, No.1 (2018) pp.27-34.
KRBT, B TR, SHIE: MENRETICE
T D HFMB DO FISE, NA A AT =X LNFR
&5, Vol. 27, No.2 (2003) pp.72-75.

MEFSETE, Kanaujia, R. R., BEALFE, A HIEM,
AT SR, (E AR BRI E R
FETRBIZONT, UNEYT—va VES,
Vol.22, No.1 (1985) pp.25-29.

(3)

(4)

(5) Love, M. R., Palee, S., Chattipakorn, S. C.,
Chattipakorn, N.: Effects of electrical
stimulation on cell proliferation and

apoptosis, J. Cell Physiol., Vol.233 (2017)

pp. 1860-76.
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Synthetic Study of Polyketide—peptide hybrid natural product having

Shinji Nagumo, Kogakuin University, Department of Chemistry and Life Science

Osamu Kitagawa, Shibaura Institute of Technology, Department of Applied Chemistry

ABSTRACT : The proposed structure of torrubiellutin C, which was isolated from
Torrubiella luteorostrata and shows antitumor activity against MCF-7 and KB cells, has

been successfully synthesized based on our reductive Sx2’ reaction of epoxy dienoate
with BHs- THF.

1. L &I fli5. NRP & OREIRIIICAE H 2 R EHEL < &
DR 77 IV =L LRI F RO TWS, Z
WHIXT 2L CoA TR L~ =)L CoARCA T L~wnr =)L
CoA MHEFIRIICHEAT D Z & THEAT S, RUZF K
KO, RFEHEMERICKERT 7 2Bk
HILEWRE (w7 mr T4 K) BEET D, =Y RAa~vA
v (HUEWE) L. BEREMEREAAET D00

FEEIC EEREE AW O X X TBEROR Y XTI F
RIZZHED a—7 I VBRI AR Y — LN TRUKHEA (-~
TF FHEE) LTHEREND, THITK L, MAEDRM
FEAEMO ZWAMEDITIL, FVRY —LXTF K
(non-ribosomal peptide, NRP) EIRE[EiLD U ARY —2Ah
EBIRR S BRI EREIN DT F RBHFIET HNRP

FERRATFIESAET S JBRD —7 3 B 8, L

BETICa— KSRTARNT S 8 (BT I B %

aﬁ D ATF RIS O A L B - L NS (K77 E-RTFENITY 5 ]

L PTHEIRATF RIS, BT EER Y & N L

BT B EE A L, v m 2K v (Sl | o o O

H) DX 5T b DORD B, \w\kagg; Tikj
ﬁ/&oo N HN._O
HN o (o] OH O:\(O \EN

(BR~T7F) /fj&Q%“W”TNW S

Q

\
ojNJLN Odoamide Jasplakinolide
) L~ LI AR, A RT L (FIEBIE) . v 27 Y
@%wy)/ :I AN . XU K (T2 FEAREA) L mpafj&%
RREE LRI 7T R=XTF ’Kong 7Y v Ril<

Cyclosporin Erythromycin
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274K (LLF, "7V y RwraJ4R) Pfix R
HENTW5, Zo0 ¥ A 7OMEERMEE2 R > TR
D, FHLWVABKS —X & L COMR LA RIIZE G IES
WATOITWD, Flo, BEIZIIATF RTHEZRWD,
ALY RTIFARKMLVETLF L CLEWVoT N-4
FN—A-T 2= VT T2 ERY 7T Rinb 75 KERIR
fbEmbmoinTcing, 2056, MEZALF U CiE
B HIRIFCRIRE Torrubiella luteorostrata DNEEAT 5
TR T, # A @ Pittayakhajonwut © 3 BLEERS &
RE L7z, MCF-7 il (i) <0 KB M (R b RHE)
Wt LT 2l sm i 2 542 2 & T
WMEINTND, ! FxIIMEEE, Z obESEEYE
DY —RNEEWE LTHRFFTCEDL ML EZ LT COR
ARUZERD AT,

metacridamide A

torrubiellutin C

MLETAF > C XK TTEOARFRLE LD 15
BRIbEWMTH D, MEN D FEE R o 7o T
ARERLEHE L ZBR-Z2-T Vbbb, LHK
EREWILLE S LBRRICANCH D 2—T 7 i, &
FEMOREIRLSIRIIZE D E=T 7 X0 EZ2E
WARLZETHD, TDH, Akikb E—7 7 ichh
RCHIRN, Fe, I T AT OMBIN AR RFICHE
NrEbD LD L AROHES TR LN D,

Ho M
“B- .
509 2 Lo BHg - THF gco Ho GO
R% Bt O/‘) ‘ 2Bt | o R _
CH,Cl, R =)
A -15°C B (70~80%)

LZATHEINV—T7THE, Z2o0RFHLIZHEN
T2 l—T N7y BETRXVAREMT AT VA NS —E
BETERTE B HEEHBE L TWA, Tt Bl THF %
b RY REGHlE L72EIeRI SN2” RS TH Y [ Z T v
oo, FZTCAKIGEETRELT ALY
TAF U CERBRT HI LT LT,

2. RILETZILFUCDERK

HHRDIEEE T AT A5 6 TIRT1L &L, &561C
b, 2O Wittig RIGEATR ) 2 & TZRF T/
T—h2EZER LTz, 2 DREITH SN2 KIS T, FiFn
BTN DAF TV 38 98% DINET
Bonic, £ UKBEELZBIE, BEELTHZLT
WEREDOT V2 — K Z G, SBIC=ATVETICEY
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WA e Y = 7 MRS EE (R2)

4 ~3E7= Sharpless TR 21k & i < AREENRAEKIC X
HBAFNAALTL,3—VA— b & LIz, &HIC3 TR
ERCTATE K6 ZEM LT, H\T6Iioxt L&
T 2T NOEBN, ZDFCHUNINLE T D 2 fokERiE DL
REROMEZRARY 7 F RIHICHE T 5 7T 268
7o EBWCETERTCN-AFN-I-T 2= VT T=0 %
AN a8 T, IBRIZ8 D~ T s XLk
BiTolzbZAH, PAET AT COREHEI LD
T2 JEBEEICET A B~ —10 & F I 61%, 9%DIL
RTHLIZENTE,

oH OFME o1t 3teps OPME g
K‘/COzMe - . W . WCOzMe
p— —,

BH, PMBO

OH PMP
“iop 3steps O/\O 2
RS 2

E—

proposed structure 10
of torrubiellutin C (9)

ZZTHMET D 9 DRARICEE L7223, Z® NMR
AR MNVERBRM LR LIZEZ A, BEWIRRS
LOTHDLZ ENHHLE, £/, TE~—10 D NMR b
—HE L ole, Fx OGRTIIE L 72 2 PREIZE D
CYRRLBEOBFEEZIT->CTEB Y, 9 OGN IREE L&
ORIEWVRWEREEL TS, BZFHL
Pittayakhajonwut & 1ZKIKY OREEFENTICIBWNT, &
Uo7 F REO EZPOSERLEZHEAR > TNDHD L
HMTEDH, I TE%., M EZALTFUDOEOHKEL
ERALFCHA LML E S EEFEXTNE, L, K
KBTI EFH TTDIOARFRFEZH L TN D, DL
REERIT 2O TR, T2bL128FEBELLN, TbH
BT UALNIERLTED b EZ LT CERTOIT
MHTHD, T TERINVEHLIANLL, 9L L0BLWY
RO HNR Z 3T L& 2 A, FERICEER
ZERALNNI R oT, BE, T BED afiDKFEY
— 71X 5 ppm AIZICEBIND, & ZANKIRMOENITS



WA e Y = 7 MRS EE (R2)

ppm ARATEIZELAL, 10 BEERIZTH -7, LL, =28
g 9 %4 IT 5 — 27 138X %5 ppm IZENT-, KK
MEIO10DRERY T MEIZ,. 7 2= T 7= O
VEBUVBRN e KEO EEE T EEZD, DT
EEIVENRLDIZT D7D, 9BLV10 DT
et B HK S S BRI 21T o T2, T DORER, iz
FNFENOREREIT NMR OB BE s R %2 X5 b
DThHoT, DFV ., ZOBRLEMBHTNEVEEEZET S
NS ThB, 5%, NI T RESOSFELIR M
izxt LT, AT o 1B 21T, 7 ==V T F
=N aKFBEFEME Y T N SED XD R EEREE S
ONRBRMERERRT D, TSI VMO T 2K IA
NTEDBHIZ SERESL LT RIR TEN D ARG KT 5.,
ZHICEY RAETAF L COEDHEELZHLMNIT S
TETHD,

BE, BEBEORER L VI NE TR LA ER
FCThD, B, AFREEZIEFICEITT D2 LN TER
XEMOBPEE TIZENT-OX, REMEFTT R Y =2
FMFEOXIBIZEL DL ZANKEL, ZZICHEEZHL
EiF72uv,

2% XM

(1)Pittayakhajonwut, P., Usuwan, A., Intaraudom,C. .
Khoyaiklang, P., Supothina, S. Tetrahedron
2009, 65, 6069.
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Development of New Conductive Glass-ceramics for All-solid-state Batteries

Toshinori Okura, Department of Applied Chemistry,
School of Advanced Engineering, Kogakuin University

Fumio Munakata, Department of Applied Chemistry,
Faculty of Science and Engineering, Tokyo City University

e vy = 7 MG E (R2)

Shiro Seki, Department of Environmental Chemistry and Chemical Engineering,

School of Advanced Engineering, Kogakuin University

Kimihiro Yamashita, Department of Applied Chemistry,
School of Advanced Engineering, Kogakuin University

ABSTRACT Sodium-ion conductive glass-ceramics of NasFeSisO12 were
successfully synthesized through the crystallization of glasses with the
composition NasFeSi4O12. The optimum crystallization conditions and the kinetics
of the glasses were examined by differential thermal analysis. The
characterization of crystallization and conduction properties were performed on
thus obtained glass-ceramic NasFeSisO12 by a non-isothermal modified Kissinger
and complex impedance methods, respectively. The activation energy for
crystallization was 279 kd mol ! and the sodium-ion conductivity was obtained as
1.3x103 S em at 300°C. To improve the conductivity with a small amount of Si-
substitutes, NasFeSi4O12-isostructural derivatives containing such as B, Al, and Ga
were also prepared according to the same crystallization process of glasses with the
composition Nas1FeMo.1Sis9012 (M=B, Al, Ga). Without phase separation, the ionic
conductivities of glass-ceramics were enhanced up to 1.7x103 at 300°C on
Nas.1FeBo.1Si39012, whereas decreased down to 1.3x103 and 1.1x103 S cm at

300°C on Nas.1FeAlo.1Si39012, and Nas.1FeGao.1S13.9012, respectively.

1. [FLC&IC

FTRID AL A BB YT &T DEIREMR
B, 8"7 2 F (Na0-5-7A1:03) <> NASICON
(NasZrsSisPO12) EWol=k T I v 7 & (BEREAR) 0
ZLMREEINTELEDN, BEHFLOMEI V—7TIX
Na20-R203-Si02 (R=Rare Earth) Z2H 7 AT I v
7 ACER LIZEEIT> T 5, @A 4 st %
B35 NasRSis012 (N5) BAH T AT I v 7 ADIEH
REME L L TORMIIESZ st TE 20, &
BEREME L COBEMBMM & OKIGOT L E R 72
EDOBMFFEDOFTAHITIT > TR, F 2T, KAFZE
TIEHEFEEF MY 7oA A ERAIRICET, BEE
EL LT NS RIT T RAET I v 7 AW CEME
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PEDOFM ATV, BT B Y 7 LA d B E R E
AT HEEBENET D, AR THWDA
T REAX, 7 AZER L THOLEELEIT S &
T AfEbIETH B0, L &< RIREIE b
KET, HIAMEARER £ b4 <, BREELES
WATZ25 AU v R B D,

NG T A% T I v 7 ADHKTHE T 5S040
HRIZER L, 4o SilcxtL, 3ffi, 5 itk T—
MAEET 52 & T, fbFEmERICBN TRy U T
TdH HNatOEPEIMNE SIZE XA DY A RNZEAk
THETA A NI ELRITTEEZ, S1 D
— A, A A RORD B, Al, Ga, P T—
HWEH L7 N5 BTS2 T7 I v 7 A2A L, Si %
B D TREOBN L DB LHE LT,



2. EBAZE

2.1 ASREFITVIRDER

H T ADVEBU T RE AL E AV ie, H38EE
LT NaxCOs, Y203, FexOs, SiO2 BLUN Si & iE#Hid 5
gt & LT H3BOs. ALO;. Gax0s. NH4H.PO4 % V>
77o Si & 3 4litED B, Al, Ga T—HBEHLT 2%kl
T NasssxyYix(B, Al, Ga)ySizyOo . NaswFe(B, Al,
Ga)xSisxO12, Si & 5 it DOP T—HREHET 5 %kl
B NasisxyY1xPySizyO9, NasxFePxSiaxO12 & L. T
nNoO—RHRRICESEHBERELZ BN LT 58
AR L, MBI TR - BRA LT

Z DIRGHRERE Pt OFIC AN, JEEO NHy
ZID RS e lz, BASFH 400°CT 30 43, CO2 1
D ER< 721 900°CC 30 St L7z, {sBeth. XA
ZOFEFHIESET, 1350°CT 1 R L, At
L7, W%, BiEDOA-T= Pt 512 EXIE SN
DL, KRR CAGRD 7 Z 7 74 M (W
I2mm, &S 50mm) ([CHELE L, BmESE T/ LR
HTAEST, LinL, WRIkEEO T I A& amT 5
&L AT ARBHIEERBR B A SN W), F
TREOIREN TN HT AEE AL TFIC25, 20
7o ORME TEMIS I3, P TEI 28RV S 134 LT
BT BRI R OB S EE A L, RO NS
FEICRENIEA, HOVITREIRER2ICEND Z &
DD, Z0OX D IRIETIXFEAMEICEEN KD 121
Th< . EEEREICBVTEWES L KT, —h
EREFNT 2 12 DIZITRGEEE ATV, —E DM XH
NTO-L Y EREEZTTLZENVELEEIND, 2
NoHEHES DT ==Y v T &2fTo7, T=—V
TiE, SV I RO T AREE H O T HEKF TN
BLTBWET I A= L EDOREET VI F521ED
THIEE, FRLH T AEBIRE LD 20~30°CHEW
REICRELTEBRIFICE L, 3 KRR L., Z0%
FERFETHH L, SVIIRT T A%2ET-,

BoNT= T ARB ORI EIT o1z, T ADH
mibid. fEEmE LR & Z DB OB ORED — >0l
BTEZ2, 20, b BRI, —
BY B O LRI T AR Ty @ 30~50CLL E
DIRE. HDWIIFERGIEE Te @ 1000C~150°CLL T
ORETRLBEEIRLZD LI TS, £Z T DTA
HEDOFRER L BARKBE T, BREERE Tv 23%E
L. TNZENOWEE TEWBEZITN, TI7AET Iy
I AERB, BN T AET I v 7 A TAMRE
EEAIC L 282 E <T-dIic, BRIFNORENSE
BRI ETHAELTHLERY L=,

2. 2 i5REFET v RADOFHE

ER L7 07 ZARBOIERERBOME L T T A
tT I v ALK ERET 572910 X #RE
1 (XRD) HIEEIT -7, fEdbbizds T 2 BBk
ERETDHIOIIC, HT7 AGEBIRE(TY . #EabiEE
(7). RR(T) OReRR, F5 AR 2> B A5 SR O1F
Mtz x X —2 R T 57720, 1B LY T 2Rk
DRZEBGHT (DTA) WEEIT -T2, T 7 AOHE L
HEE AL 200, FIREE o 242 C DTA HIE
ATV, W T AEBIRE T kbR E o, #
miboOFRME—7BE Th #RD/-, DTA OFT—4 %
H EIZMEIE Kissinger O (1) ZHWTHME &
FaAkE) OIEM b= 2L X—(E)ZHEE L=,
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WEEHT 7 Y =7 MIR#REE (R2)

| R)— ??IE+ B, (D
n ) > const.

BEERIZ 1000/ 70, #EHHC In(a/TR% &Y, FOMHEX
mE ot (FERERE) ot b x e ¥—%5H
HLl7, 22T no m I3 LOBEIC L - TRR S
EHTH D, ISR EINEL TR Z 2 568 13k
R THY ., REOXRE TEZ AHAIERFEIEK T
HD, FIEOBNFREEIZL > TEIT HEEL
B LWGEERHY, EBI1C 1 RIE, 2 Koo, 3 K
TLDEENRH D,

BRI L7=-H 7 A ®F 2 v 7/ A2 BUEHLER #%
YE NI —%FHNT, JESK 2.0mm (2725 &
NI Lo, YIlrael 2 FEssE  (SBT900) . AFEE
AL #320. 600, 1200) THiKZH N TEmEMEL
72, BKTHE - IRSE T, ) X250 TRE
O~HE (BEfR, BS) 2llo7-, -HEMER OREO
MEICA T 4 o 7T =T &R0 T, ey s
wEHRE LT, Hra—FT7# QUICK COOL
COATER SC-701C-MC Bl A A a—4% —zH\ TR
EHOMEIZ Au & 150nm 7%% S¥72 (Fig. 1),

fZEFERIE 21X, Solartron Analytical % 1260A
Impedance Analyzer . 1296A Dielectric Interface
System &M, R MR L EHFA L E—F
VAME EITo 2, WEHARAEEZ NORECS H
ProboStat HEIRY > 7 /LA K ITHY fTiF, BT
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Fig. 1 Model of the glass-ceramic specimen.

R3 RZ R1
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11 |11
I [N
G G

Fig. 2 Equivalent circuit employed for the
admittance analysis. E-B INT, GB, and G represent
the electrode-bulk interface, grain-boundaries and
grains, respectively, and (&1, C1), (B, (b), and Rs
are their resistances and capacitances.
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Fig. 3 X-ray diffraction patterns for NasFeSisO12 (a),
Nas.1FeBo.1Si3.9012 (b), Nas.1FeAlo.1Sis.9012 (c), and
Nas.1FeGao.1Si3.9012 (d) glasses.

Fig. 5 DTA curves for NasFeSisO12 (a),
Nas.1FeBo.1Si3.9012 (b), Nas1FeAlo.1Sis.9012 (), and
Nas.1FeGao.1Si3.9012 (d) glasses.

Fig. 4 X-ray diffraction patterns for
Na3.7Y0.8B0.1Si2.909 (a), Nas.7Y0.8Al0.1Si2909 (b) and
Nas.7Y0.8Gao.1Si2.909 (c) glasses.

Table 1 DTA thermal properties of NasFeSi4O12 and
Nas.1FeMo.1Sis.9012 (M=B, Al, Ga) glasses.

T/ C Ta/'C Te/C Tuw/C

NasFeSi14012 424 558 727 841
Nas.1FeBo.1Siz 9012 439 589 658 824
Nas.1FeAlo.1Siz 9012 453 638 720 819
Nas.i1FeGao1Siz9012 451 623 684 819

Table 2 DTA thermal properties of
Nas.7Y0.8Mo.1Si2.009 (M=B, Al, Ga) glasses.

TJC TJC  TwlC

Nas.7Y0.8B0.1S12.909 608 694 >1300
Nas.7Y0.8Al0.1512.909 619 743 >1300
Naz.7Y0.8Gao.1512.909 618 728 >1300

Fig. 6 DTA curves for Nas.7Y0.8B0.1Si2.909 (a),
Nas3.7Y0.8A10.15i2.909 (b) and Nas.7Y0.8Ga0.1Si2.909 (c)
glasses.
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Fig. 7 DTA curves with heating rate: 10-40 C
min’! for NasFeSisO12 (a), Nas.1FeBo.1Sis.9012 (b),
Nas.1FeAlo.1Sis5.9012 (c), and Nas1FeGao.1Si3.9012 (d)
glasses.
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Fig. 8 DTA curves with heating rate: 10-40 C
min! for Nas.7Y0.8Bo.1Si2.909 (a), Nas.7Y0.8Al0.1S8i2.9009
(b) and Na3.7Y0.8Gao0.18i2.909 (c) glasses.
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Fig. 9 Modified Kissinger plots for NasFeSi«O12 (a),
Nas1FeBo.1Si3.9012 (b), Nas1FeAlo1Sis.9012 (c), and
Nas.1FeGao.1Si3.9012 (d) glasses.

Table 3 DTA peak temperatures and activation
energies for crystal growth of NasFeSisO12 (a),
Nas.1FeBo.1Si3.9012 (b), Nas.1FeAlo1Sis.9012 (c), and
Nas.1FeGao.1Si3.9012 (d) glasses.

Heating rate DTA peak temperature / C

| C st a b c d

10 727 658 720 684
20 753 669 744 712
30 765 680 753 729
40 774 687 769 741
Ea/kd mol! 363 491 355 279

Fig. 10 Modified Kissinger plots for
Nas.7Y0.8B0.1Si2.909 (a), Nas.7Y0.8Al0.1Si2.909 (b) and
Na37Y0.8Ga0.1812.909 (c) glasses.

Table 4 DTA peak temperatures and activation
energies for crystal growth of Nas7Y0.8Bo.1Si2.909 (a),
Nas.7Y0.8Al0.18i2.909 (b) and Nas.7Y0.8Gao.1Si2.9009 (c)
glasses.

Heating rate DTA peak temperature / “C

| C sl a b c

10 694 743 728
20 715 763 753
30 720 779 765
40 734 787 771
Ea/kd molt 410 392 382
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Fig. 11 Activation energies for crystal growth of
NasFeSisO12 and Nas 1FeMo.1Si3.0012 M=B, Al, Ga)
glasses.

Fig. 12 Activation energies for crystal growth of
Na3.7Y0.8Mo.1Si2.909 (M=B, Al, Ga) glasses.

Fig. 13 X-ray diffraction patterns for NasFeSisO12
(a), Nas.1FeBo.1Si3.9012 (b), Nas.1FeAlo.1Si3.9012 (¢),
and Nas.1FeGao.1Sis.9012 (d) glass-ceramics.

Fig. 14 X-ray diffraction patterns for
Na3.7Y0.8B0.1Si2.909 (a), Nas.7Y0.8Alo.1S12.909 (b) and
Nas.7Y0.8Ga0.1S12.909 (c) glass-ceramics.
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Fig. 15 Lattice constants of NasFeSisO12 and
Nas.1FeMo.1Si3.0012 M=B, Al, Ga) glass-ceramics.

Table 5 Lattice constants of NasFeSi4012 and
Nas.1FeMo.1Si3.9012 M=B, Al, Ga) glass-ceramics.

a=b/nm ¢/ nm
NasFeSisO12 2.1410 1.2284
Nas.1FeBo.1Si3.9012 2.1387 1.2274
Nas.1FeAlo.1S13.9012 2.1418 1.2292
Nas.1FeGao.1S13.9012 2.1419 1.2322

Fig. 16 Lattice constants of Na3.7Y0.8Mo.1Si2.909
(M=B, Al, Ga) glass-ceramics.

Table 6 Lattice constants of Nas.7Y0.8Mo.1512.909
(M=B, Al Ga) glass-ceramics.

a=hb/nm ¢/ nm
Nas.7Y0.8B0.1S12.909 2.2047 1.2623
Nas.7Y0.8Alo.1S12.909 2.2059 1.2631
Nas.7Y0.8Gao.1S12.909 2.2072 1.2645

3. 3 AFREITIIVIADAF AGEHFE
Si % 3ffizckEo B, Al, Ga T—E#T 2MkICE

WC, R¥A T\ ZY ZHWTZRIT NastseryY1-B, Al,
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4 MZ Fe %fﬁb‘t,\ T Nas+Fe(B, Al, Ga)sSis 012
e LT, x=0.1 O T AT I v
2D I TIEIC L DEFA B —F A EE
1To7, NasFeSisO12 35 L ' Nasi1FeMo.1Siz 9012
M=B, Al, GAH T AETFI v I ADEFZA L E—HF
YA vy h& Fig. 19 1T,



Fig. 17 SEM photographs of the microstructures of
NasFeSis012 (a), Nas1FeBo.1Sis.9012 (b),
Nas.1FeAlo.1Si3.9012 (¢), and Nas1FeGao.1Si3.9012 (d)
glass-ceramics.

Fig. 18 SEM photographs of the microstructures of
Na3.7Y0.8B0.1Si2.909 (a), Nas.7Y0.8Al.1S12.909 (b) and
Nas.7Y0.8Ga0.1Si2.900 (c) glass-ceramics.
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Fig. 19 Complex impedance diagrams for
NasFeSisO12 (a), Nas.1FeBo.1Sis.9012 (b),
Nas.1FeAlo1Si39012 (¢), and Nas1FeGao.1Si3.9012 (d)
glass-ceramics.

Table 7 Conduction properties of NasFeSisO12 and
Nas.1FeMo.1Si39012 (M=B, Al, Ga) glass-ceramics.

o/Secmt Ea
25C 150°C 300°C / kdJ mol1!
T 1.07x107 3.75x10 1.33x103
NasFeSisO12 G 2.84x10® 1.56x10* 1.66x103 25.1
GB 1.08x107 4.94x105 6.78%x103 60.6
T 1.41x107 4.83%x10° 1.69%x103
Nas.1FeBo.1Si3.9012 G 3.46x107° 1.70x104 2.30x103 25.6
GB 1.42x107 6.74x105 6.38%x103 59.4
T 8.62x108 3.39x10% 1.30x103
Nas.1FeAlo.1Si3.9012 G 2.59%x10® 1.37x10¢ 1.61x103 25.5
GB 8.65x108 4.50x10% 6.67x103 61.8
T 6.23x108 2.73x10% 1.12x103
Nas.1FeGao.1S13.9012 G 1.13x103 1.24x104 1.57x103 29.0
GB 6.26x108 3.50x10° 3.88%x103 60.8
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Fig. 20 Arrhenius plots for NasFeSisO12 (a),
Nas 1FeBo.1Si39012 (b), Nas.1FeAlo.1Si3.9012 (¢), and
Nas.1FeGao.1Si3.9012 (d) glass-ceramics.

Table 8 Conduction properties of
Nas.7Y0.8Mo.1Si2.009 (M=B, Al, Ga) glass-ceramics.

o/Sem?

150°C 300°C Ea/kd mol!
T 1.55%102 4.32%x102
Nas.7Y0.8B0.1S12.909 G 2.08x102 5.61x102 17.8
GB 6.03x102 22.3
T 1.14x102 3.73x102
Nasz.7Y0.8Alo.1512.909 G 1.88x102 4.03x102 13.9
GB 2.91x102 40.7
T 4.62x103 3.40x102
Nas.7Y0.8Ga0.1S12.909 G 1.23%x102 3.79x102 18.1
GB 7.39x103 71.6
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Fig. 21 Arrhenius plots for Nas.7Y0.8Mo.1S12.909(M=B,
Al, Ga) glass-ceramics.

Fig. 23 Effects of Si-substituting Element on Ionic
conductivities (o) (a, b, e) and the activation
energies (Ea) (¢, d) of NasFeSisO12 and
Nas.1FeMo.1Si39012 M=B, Al, Ga) glass-ceramic,
where the subscripts of T, G, and GB correspond to

Fig. 22 I-V plots in the polarization measurement the total, grains, and grainboundaries.

of Nas.1FeBo.1S13.0012 glass-ceramics at 300°C.

Table 9 Total conductivities and electronic
conductivities and the Na* transference numbers of
NasFeSisO12 and Nas.1FeMo.1Sis.9012 (M=B, Al, Ga)
glass-ceramics.

or/ %103 Scm'? O/ X10® S em! 4
NasFeSi14012 1.33 1.18 0.991
Nas.1FeBo.1Si3.9012 1.69 1.21 0.993
Nas.1FeAlo.1S13.9012 1.30 1.37 0.989
Nas.1FeGao.1S13.9012 1.12 1.08 0.990

or : Total conductivity
o : Electoronic conductivity
t : Na* transference number

Table 10 DTA thermal properties of NasFeSisO1z2,
Nas.2FeBo.2Si3.8012, and Na4.9FePo.1Si3.9012 glasses.

Te/ C T/ C Te/ C o
NasFeSi4012 424 558 727 841
Nas.2FeBo.2Siz 8012 446 617 670 825
Na4.9FePo.1S13.9012 467 627 706 828
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Fig. 24 Effects of Si-substituting Element on Ionic
conductivities (o) (a, b, e) and the activation
energies (Ea) (c, d) of NasFeSisO12 and
Nas.1FeMo.1Si39012 (M=B, Al, Ga) glass-ceramic,
where the subscripts of T, G, and GB correspond to
the total, grains, and grainboundaries.

Fig. 25 Effects of Si-substituting Element on Ionic
conductivities (o) (a, b, e) and the activation
energies (Ea) (c, d) of NasFeSisO12 and
Nas1FeMo.1Si39012 M=B, Al, Ga) glass-ceramic,
where the subscripts of T, G, and GB correspond to
the total, grains, and grainboundaries.

Table 11 Lattice constants of NasFeSi1O12,
Nas+xFeBxSis-x012 (x=0.1-0.3), and
Nas-FeP;Sis012 (5=0.1, 0.2) glass—ceramics.

«

Fig. 26 DTA curves for NasFeSi4O1z2,

WEMZETT 7 7Y =7 MIRREE (R2)

Nas.2FeBo.2Si3.8012, and Nas.9FePo.1Si3.9012 glasses.

Fig. 27 X-ray diffraction patterns for NasFeSisO12,

Nas.2FeBo.2Si3.8012, and Nas.oFePo.1S13.9012

glass-ceramics.

a=b/nm Aa=Ab/nm ¢/ nm Ac/nm
NasFeSi14012 2.1410 0.0006 1.2284 0.0004
Nas.1FeBo.1Si3.9012 2.1387 0.0007 1.2274 0.0004
Nas.2FeBo.2Si38012 2.1373 0.0007 1.2272 0.0004
Nas.3FeBo.3Si3.7012 2.1374 0.0014 1.2262 0.0009
Nas.9FePo.1S13.9012 2.1389 0.0005 1.2292 0.0003
Nas.sFePo.2S13.8012 2.1398 0.0009 1.2288 0.0006
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Fig. 28 SEM photographs of the microstructures of
NasFeSisO12 (a), Nas2FeBo.2Siss012 (b), and
Nas9FePo.1Si3.9012 (c) glass-ceramics.

Fig. 29 Complex impedance diagrams for
NasFeSisO12 (a), Nas2FeBo2Siss012 (b), and
NasoFePo.1Si39012 (¢) glass-ceramics.
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Fig. 30 Arrhenius plots for NasFeSisO12, Fig. 32 I-V plots in the polarization measurement
Nas.2FeBo.2Si3.8012, and Nas.oFePo.1Si3.9012 of Nas.9FePo.1Si3.9012 glass-ceramics at 300°C.
glass-ceramics.

Ea(GB)DfiiX. Si B#icikic L - T NasFeSisO12
® 60.6 kdmol! 7> 5 Nasi1FeBo1Siz9012 @ 59.4
kdmoll, NasiFe Alo1Si39012 @ 61.8 kdJmol ! F TZ
{EL7= (Table 7)., o (GB)& o(D)% o(D/o(GB)ELE L
T 5 L. HER RGB/RMELICHIELTWD
ZEMPNY | BT T DRMBENRRELSFS
LTWbZ ERbmno7z, NasFeSisOi12,Nasi1FeBoa
Si3.9012, Nas.1FeAlo.1Si3.9012, Nas.1FeGao.1Si3.9012 7
TAET I v 7 AZEBWT, 300, 150 BLW 25CT
Hoiiz oM(GB)HIZ, 24 (0.20,0.27, 0.24,
0.29) , (0.76,0.72,0.75,0.78) B XLV (1.0, 1.0, 1.0,
1.0) &eolz, TNHORERIT, @R TR YZED
BIRA~DHFEGNDINZ EERLTEY, 25°C Tl
M 1.0 12720 DREICH L TR MRE N AR T
DT ENTRBIND,

Fig. 31 Effects of Si-substituting element on ionic
conductivities of NasFeSi4O12, Nas+xFeBxSis-xO12
(x=0.1-0.3), and Nas-,FeP;Sis-;012 (3=0.1, 0.2)
glass-ceramics at room temperature and 300°C.

Table 12 Conduction properties of NasFeSisO1s,
Nas.2FeBo.2Si38012, and Nas.9FeP0.1Si3.9012
glass-ceramics.

NasFeSisO12 Nas.2FeBo.2Sis.s012 Nas.sFePo.Siz.9012

c ar oG [oge) Res / Rr ar [ogel [oge:) Res / Rr or [oxel [oget] Res / Rr

/Scm? /Scm? /Scm? (%) /Scm? /Scm? /Scm? (%) /Scm? /Scm? /Scm? (%)
R.T. 1.1x107 - - - 3.2x107 - - 2.4x10° - - -
50 5.0x107 - - - 1.4x10° - - 8.1x10° - - -
100 5.8x10°¢ - - - 1.5x10° - - 5.7x10° - - -
150 3.7x10°® - - - 9.4x10°® - - 2.5x10* - - -
200 1.6x10™* - - - 3.5x10* - - 7.9x10* - - -
250 5.1x10* 1.1x10* 9.6x10™ 53 1.2x10°® 2.2x10* 2.6x107 46 2.0x10°* 3.6x10° 4.4%x107° 45
300 1.3x10° 1.5x10% 1.1x102 12 3.1x10° 3.5x10°% 2.4x1072 13 4.2x107° 4.8x107% 3.6x10? 12
350 2.9x10°° - - - 6.0x10° - - 7.9x10° - - -
Ea 52.1 50.5 42.1

/kJ mol!
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Table 13 Total conductivities and electronic
conductivities and the Na* transference numbers of
NasFeSisO12, Nas+FeBxSis-+012 (x=0.1-0.3), and
Nas ;FeP;Sis ;012 (3=0.1, 0.2) glass-ceramics.

«
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or/x103 Scem't 0./ x10° S cem'? 4
NasFeSi14012 1.33 1.18 0.991
Nas.1FeBo.1Si3.9012 1.69 1.21 0.993
Nas.2FeBo.2Si3.8012 3.05 1.30 0.996
Nas.3FeBo.3Si3.7012 2.27 2.51 0.989
Nas.9FePo.1S13.9012 4.21 1.63 0.996
Nas.gFePo.2Si3.8012 2.79 1.12 0.996

or - Total conductivity
0. - Electoronic conductivity
t. * Nat transference number

4.
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Republic Polytechnic School of Sports, Health & Leisure Shigetada Kudo

Elucidation of Requirements of High Performance and Low Risk of
Pedaling Maneuver Based on Precise Estimation for Joint Loadings

— Joint Motions and Muscle Activity during Fixation of the Ankle Joints —

Yoshimori Kiriyama, Department of Mechanical Systems Engineering
Shigetada Kudo, School of Sports, Health & Leisure, Republic Polytechnic

ABSTRACT : A cycling is the most popular transportation method. To achieve mechanical
effectiveness, pedaling performance has to be improved. Although kinematics of pedaling
maneuvers have been analyzed, pedaling motions with high performance have not been
elucidated because the joint motions and muscle activities during pedaling have many
variations based on the musculoskeletal redundancy for pedaling maneuvers. In this study,
we taped ankle motions of subjects tightly, and then asked the subjects to perform
pedaling motions. The joint motions were measured with muscle activities as
electromyogram (EMG). Our results revealed that the hip joint without fixation flexed
more than ankle fixation. The fixed ankles didn’t change the muscle activities of the
gluteus maximus, the long head of biceps femoris and the rectus femoris muscles. This
means that the fixation of the ankle doesn’t affect the muscle activities around the hip
joint. The taping methods in this study could not necessarily be enough to fix the ankle
joints and result in variational data. Also, the subject involved in this study were not
skillful to keep stable pedaling maneuvers. Such as the limitations are included in this
study, although the study could be useful to evaluate the relationship between pedaling
motions and the ankle fixation angles. In the next step, it is hoped to resolve the limitation
and analyze the pedaling kinematics and kinetics to elucidate mechanical efficient
pedaling performance.
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Fig.1 Bicycle with hybrid roller.
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Fig.2 Ankle fixation.
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Fig.3 Fixed ankle postures.

Fig.4 Camera setting.

Fig.5 Reflective marker placements.
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Table 1 Euler angles and anatomical joint angles.

Euler 0 10) 10)
Axis X y z
Sign + - + - + -
Hip ext flex | abd add | ext int
Knee | flex ext abd add | ext int
Ankle pf df abd add | ext int

flex: flexion, ext: extention, abd: abduction, add:

adduction, df: dorsal flexion, pf: plantar flexion

Fig.6 Coordinate systems of body segments.

Fig.7 EMG transmitter placements.
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Fig.8 Roller loading system.

(a) EMG.

(b) RMS.

Fig.9 EMG signal process to RMS.
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Fig.10 Normalization of pedaling cycle.
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Fig.12 Knee joint motions.
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Fig.13 Hip joint motions.
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Fig.14 Muscle activities.
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INGRIEHEBOEERANEEZEEL-RE-BERERICET MR

B 27 A THR HE
PN

N —Z ORE) - BREFMEE, BE#05o0 b WIRBPLEROLBEHIN T2 D
DThHoM, BHINIEBRBOEHEEASCEFmLITE, BRSO 68 o #MOlIE
AMEICR > TEh., Z2ADHIEE—FZHEHMOMETH LN, 612, £ X—=F7 L
DN, MERSLER 7 L —F R oMM EOMAGELE THERBAKRD b T
WL RKHIEE, MENE LS DEVMIEDN RSN T VRN A X —Z O] 4 1Zk K 3
DEEW R IRIESCHMMIEE L 7Ly F U TERIIC OV T, EBRE MM > TR
Eﬁﬁ%%%ﬂm?é&&%m,ﬁ%@k®mﬁﬁﬂ%r¢_&%5%&¢5

AV NR—FEE T 7 AP RETIHEEY ZFEEERETICOVWT, TE&LEL
HRE LEERBEODREZWHLNICT D0, TETM, BREERIEE N D ORIMNIE
NOHGE, REBIEROEE/ALEZITVY, 77V F—F OWRERERMEIINIE DB &I
KRELSERETHZ LA, 206D EIX, Dynamics and Design Conference
2020 (D&D2020 Mg FE) (2020 4 9 H), #HliE T8 S ifr 2= (2020 4 12 A1), H A
Beb 7 B RSCER S 27 Wi - S (20214 3 A) THERLEZ.

Bt F) 1D o il 52 SR AR G 2 R o RIS R O BB EMMIRE O BRIC OV T, FER L
BEMH CHRIEL . BEHEICX VY EBEO RSB L REINICELSE 2 FREER >/
EL, BIEEOSSD HWTHAET IMMRH 2 EE( L. 512, Bk L 2B
RO MEE TV CEMEMT (BEMIT) 217, BEhESH CRAT 2% B L O~
MEORME, TAHICIVREETIMMIRBOBEGEZH ONICL, RKAEHELZEL
TEE TR L TEEORL. Zbik, RARIC D&D2020 (2020 42 9 H), H KM
S RIEE 2T Mk - HHA ww1$3ﬂ)“ﬁﬁﬁbk.

il ih & E— N AEEGDLINTEHGAICOWVWT, BB 7 L —F & HEBEIC >V T O
n%ﬁot.xTyt/a%—&:ﬁ&ébéhé%@%&7v—%i,#ﬁ%%@%
BOoH - HRIZhTXHEEhET —~F 27 "N TREESNL T VX u—428 4 HH
FEEEIREE T VT, ol 7 & 72D RENCH BT R0 IERI R E R M 2 3w I
BHERIREN B G L 70 D, EBREKMEMITICEY, BTRhOEBREFEEICLY, KTV IES
EHENABI VIR AFEFFICHEET S Z L2 270, BOEK O RBREE T, dhs @k L B SR
DAFDEVICE D BAETLIMEE— RABHEOFHE CLHEET L L2850
L, fEREERKE L TCE LD, Zhbid, BABBFZESBERZME 27 RS -
e (2021 3 H) BLXUOHEBHERNS - KRR ETMEBESOGFEREM (2021 4
3H) LTRELE.
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INMAEETRERMLE:
Bt A2 O LAREEAREFRDSOLTLHEE L

WRET LFR iR
It

KBS B KERE Y v F/3xu e &, M RE RV — AFWMT A A OFEBUINEEIZ A
T, BHEBMEIOEBR L BFHMEO R ERF RSN TND., 2D ZWNT DI EIE RO
B RBEEREMA R KTH D0, BUTMENIA A AR EELCALE S, 2l EoPERE
UERREETH D, —FH, TAITINETOMIET, Blb1 YL (In0s) RiBIHAERIZK
WG, IIIT 2 R4 R— 30 "OA U RN ETBEIE CMHET 2R L TE . 4
FEENNS e D EEGELWI R AN D U, BRI A T2 OB T RBEIE D W LT 5.
ZOEIRMAIICESE, A AL ERONENETE (B) WML IngOs #E (In20s:B)
ZRFE L2, BO/IE WA A 2282 (0,027 nm) [ZHK L7 IneOs 2=~ M EALDIHEER L,
FHUTPED N RE v o T OIENSHER S 4L, BUTHEITO L0 SEWMERm EL7. Ll
TR D, WIHIRRET B PE CE O NI IR OHBTRIZ ITO @ 5 (FFRETH Y, FEH B EE#ERE L
L CTHWAIZIEE SR B PUE DA AR TH D . AFFETIE, 3T (In:0s:B, ITO, In20s)
DOEEDERE A2 T 5 2 LT, B R=7F O 2HERT 5 & L b, &5 5EEHE
R 7R EELZE 2B E L.

AR B SN DO FE SR 3 E S 0F & Bt U7 IO BB 70 % v U TR EIE, S U TEE,
PR LYY ZEEREER 1177, Ine03:B OBEE L, IneOs BLOITO OFN S & EhEg
LTHLNTHI L. ZhiE, F—7L7 B OSSR AT ERORELEZ D LN TE
5. —7J, InsOs:B OF v U 7HEEL ITO OZNLEY HIETFL, BRRF—s0 b E LTHSL
TWARWNWZ Enbholo, £72, In203B OF v U 7EE Ine0s LV b EWVOIE, B OEWVEE
TR AN X —ICHE LZBBEALOERICE DI bOEEZOND. LEEBn-> T, BEF
ITO 12k L CREEIIRMT 23F% v U THEIXRD T2 & W/ A L EPRTBRINC L 5
MG LR EEL 2N TE . Zo/MREETIC, S vay by —KEGEMZRIEL, BEF
® ITO BHHEM & OREII A2 1T o 72, 1ERL L 72 KBGO %2 3 2 1279, BUIR CIEKES
T & L CORMITKRE LTERWS Do, ITO 1Tk L TEMEA2 R L. v U 7 EERD
(CHEES ITRAMEE OB B R EDT= 02 B2 bnD. A%, BMLHE O PR L FEMICTHE L
TWFETHD.

F1 KERORMEE LD
ERE BEX FrUVEE BDE
(Qcm) (%) (cm~—3) (cm2/Vs)
In,0;:B 1.6 x 104 82.3 1.94 x 102! 20.1
ITO 1.4 x 104 80.5 7.18 x 102! 6.2

In,0; 4.1x10% 82.0 1.07x 10%t 14.2

#2 ERL7ZSI a3y bd—KBEmORHMEE

Top electrode Jsc (MA/cm?2) Ve (V) P (MWW/em?2)  FF (%)
In,03:B 1.29 0.33 156.9 36.9
ITO 1.33 0.35 1565.8 33.5
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EREMERIIEEZDORASR

RELTR HE
Ui i)

Bz L CH—MER(=r8M%EZ, ZhERMLUARWVWEBRGHE~EANL TK
WAERMNST S FiEgd, BEAEEES, HRHATEOMILE IR T 525, M
BB /NI NIEFEE, FEoBHEMBERESWIEE, EMICEHMNT 23 LEE &
KT LHREND L. AAEOHIR2 6, BURITIEHEZ FRA 300 nm BE, &
ARV~ —REERIT 2 wt BETHDLH. FFICEE - &40 T, LY/
B CTHRBER I —FARRDOLNDLIZELEHEL, =—XLOMIZF ¥ v 7
WIEAET D, ZOREEMET 2720, AR CiX TEREMBEAL L] &
BREL, MiE2iTo7z. WMMHORNY v~ —REN C THFEEN Df ® W/O
Tl varvERBLENEE, ETERBE Ci(<Cr) ORI~ — KKK
AAb %, MR Dn OBEEZ W TEETITY, WHEAN Di(>Dr) D=
NyarvERET L. BEHICEEMMAENL T a— e &0 EREKEIR
CHEfhsE DL, RBEEZZHE HE L CTHEABOKNSMMEZ I L TBE T
D70, WEPNM LERFEAOKRY v —NRME IS, R ICIE, IUHER
WORBELY 7 v a b HMOREBEENF LS RD X TRMEISEL . RE TR
RBEL —UAET, s BHENICAERSFELZRNT IEICRERFIA LD,

AW TIE, RV ~v—ZT7ArXr@B@rhrIovazlHy, O7LvXr@gr Y
VARE, Q7 va CHORZEERABEORE, QOFAAITHH W D EO ML
BEEESERPLIERBMHEALEZITY, =7 M@Y, /NEHEO &R
ERYV~—58H WO =~ Vyaryzfifld 52 Licl L. $EREIC
L oKkBE 2 ERMICKRI L, L8 O KRS %OBRKOKRE@EEE Dr , &

—BE CHZ B ARERMEFLENETLEHRE L. S 5I102 045 #H
Bifgz~nryarz2H0T, TAXUBAILY Y A FORBMICK L. 4
BIX K MKW % B AN L, Drug Delivery System (DDS) 7 / ki 7 o FH Iz ke .
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BRRERER TRBNSERFEOREL

vV a— 2 RBER HEHR
e M

RENZ ER 715 (Algebraic Multigrid Method) 1%, UK E COFRE &N LEITH A7 —F
TNIRES R RAMETH 503, WLV OITFI OB BEREREMEZATLEI 2 &R EICEY, &
WHIBREE T COMRKTREM SN TVD. RIFETIE, A% ETETEEL 258 KBUEMEZ 512,
DR RHUBERIRE T i) DR EAT - 7.

ARPFIFIKBRN 22U e DIE CEBIIC A DRRETH D708, REEROMEEN 32 v NEEA O KB
BBATSDE, BEAEDY 7 by =T Ry r—UREATER. 2 TORENEZ 64 £y MEEAIC
TH L, WEL—F b Z AU U CERT 5 2 & CRBMBEIC b XS TE D L )12k 508, AEVFIH
B X RHBRIEOW S 2 XA KT 27 AV > M3 5. AREFFETIE 32 By NEFZ HVL 20
5, VEE/NROBATT 64 oy NERRIZH D Z LT, BEATYBITFEAEE L LAVICLPD LT,
32 By MNAMZ 5 AHRECHBE~OMEAZAEEL Lz, RABOBIHLLE LTix 10" FREOHR A E TR
L2 EEMRLTND. ZORMBAMBEICH LTS I E TIREL TE M TENO TFESHIHERE
LTWh ZEbbnole., ZONEZ 2020 4FE 12 BITHIES, oAV T LATEELE

- BERNRZL, HYHERE, KREBWHTE RIS 3T 2 R ERE A O TR TFIE O G MR, 1
WG ENA R T F—~ v AL Ea—F 4% (HPC) , 2020-HPC-177,9, ppl-7.

- BEFHEZZ, Innovative Multigrid methods II 2812 [B] BEIF = —= JHHFOBTUR & ISHICEIT 5>

UART T L (ATTA2020), AT A 2, 2020 4212 A 25 H

LHITZ O RERESE, 3 — FEEZHERKSEIENL 5 THREWEBEICH LT HEINZERK
FEEEATE D AR LTV, BAEMIZIE, 10® BREORMBOEBOMEZ S IGICEA T, Aot
WCOWTHERT D2 L2 AT, ZOMBORMETIE, ERESh2H0 L~y 3 2 8y MEBEHEZEZ
HZ 2%, HWLULT 32 By hORBIFHAE X CHRBEZME Z LN TENUL, B — M x
BRI, 64 By MEEEIOERBFIINSD, PIETHLREVEETLENTE S LM EESR

. ZOXIRFEREITHIINE, KEOHE / — RRRLEIZRY, 5%, KRERA—N—arsa—HF%fH
W A D 720,
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F/Hh—RRIEEEMHOREESREIEY B FmICEDIHIR

ROTESR B
Bl ®

AN LR FHAER e & T 220 A 3 2 a2 B3 2 ME M IR EM: & m vl
ErFHnfzcwscenmkobhd, HE A—KvF /) Fa—7CNDRIT7 7z v
DF ) Hh—Rv e e L-EEMESER—E LTS, 7/ —F Vit KEOHEHELED
AL RBZYET, Mo TECIRELZRT 5, L L, BEIE~D 0Bt X 2, @bt/
BIEREEEEOKIIC XY, ER~OHEL S W, FFic, REHEEICOWTIE, /7 A=KV
LRI DL AAE AIREEDS 77 F & 72 B L3 2 b PRI 72 Rl & %2 & T o E TIREE o i
DBRATH B, REEDOIY MHA I WL, BEAMIC CNT, B ic = F v EiigoE7 15
TEERLJEF AT — L OREETAZHEL REEHEICE T 2EFREBICOWTEEL /2,

WL TId. BB BRI D B REEFHRIC X W BTREE ko 72, ¥ 279 7 HI(7,0)
Ygh—RvF+ /7 F2—-7SWCND 2 @M, ex7=z/ -1 A V7Y vyrz—TL
(DGEBA) s/ TR BHiEET L & LT, MiEPEA L REET A ZEK L7z, CNT iZ2 W T,
Rifpomwerre, dXREAEL, #ECETIMEF2H X TCAELIEERMET LD 2
HEEZHE L%z, CNT, SlEnTo s I aMBERRICO VT, BFOoL2I4LF—BIW
IREE S & T~ Tz

9. Ko7\ CNT &fiETIE. CNT ORFBRTE LI TE2ESFLLE, T4LF
—MICAZEL 7Y, CNT O~ = LEEDZEFRTH 2 SAHIE O FLER IS F3MiE T 5 &
EIFAAVF—DRRILETH o7, Thit. CNT BRFEEF 2 H= 9. R R I RIEN i
HEHDO BB 7670 Th Y, THEY OfEFRch b, —F. CNT ICKFEEA L 7= fEiT
CBEE T 2R AR ICBiE D F AR S 472 L ¥ 2D DB TERET 5 L ) D LE
LB B5ENRH 0T, DL EOEFREEE LI~ L 25 R - TE L 2B HEAI28,
DTEPEEI BT L TRV T BB bh o7z, TNIE. CNT OREAT LN T LD
A& (B X ORKEE)EM 2B L (REH (B X CMliE ) ICREBBE L2720 Th b &
Ezbhd,

AW Cld, HEME OB & LCTHE% R CNT & oK * o5 o i i 72 St 27 i
HHL, BTREZFAN, RO\ CNT Tld 1 & OREEHREEERZIE L A L7
W—J7C, K% EAT % 2 & T CNT/BHERI 0B FIRENZN L, BIED T L ofiearndL 3
AfRerE A R L7z, chick v, 77 =K v a5lbb & 2 AEME o REsE o[ i o7k
5% FBE R M A %1572, 5%, BIIEOR & ik Ak UEN a4 B2 4 8E R L. EiEn %
IC BT 2N G B T 2 A 2 EE T 5,
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BEFFF—ED/N\SOT ORI HEBRROBIRNOD
ERORBEFIHMEDHEE

R B
AN

XFF UL MNTEFAD- It IR B-1,4 fEAELEEET, =8, 1=, Bl E£<
DEMIAFEL TV D, IFHIEIFTF U2 AL TORVR, ZONMEEETHL XTI —E%
FHLTWD, AT, FRAEOMLIIRREZFRICLTEY, MEXFF—E (Addic
chitinase, Chia) B{s - IAFOE L BEBICHD S TWD Z R EnTe, /-, e bE
RIEOMIET, Chia BIZTF DT 073 5 FIHMFET 2 2 AR, Y 31 (Tupaia
chinensis) 1%, /NUTEBMEOEYTH Y, FUAHIRITHEOREZ LELTWDH 2o, 13
HOMEITENEEZ BN TWD, RIFFETIE, Y A 2MRET 5 5 Flo Chia % KGE T
WHLL, TOMEMITAZIT>72, 150 Chia % Protein A L OflG ¥ /37 E L LTKEG
ETH#ILL, IgG Sepharose # 7 AT L7z, KIFHE CTHEFL L7 Chia (X Protein A-Chia-
V5-His bR ofE4 VB Thb, MR LY Vs ik Hnwiey=AxZ 7 ry bk
TfrL7c e 2 A, BZ XV EDOT X BEIINOHEE S NS5 F&RE TH D 67 kDa i
2, ENENEER N REmHTEe, ZoZ s, BO Chia % Protein A & Ofl
BHUNRIEE LTRIBE TR TE B 272, WRIZ, ¥TF—BIEEERE L, V34 D
Chia2 (%, ¥ 7 A Chia £V b&EWEMEEZ R Lz, £72, V34 @ Chial, Chia2, Chia3 |,
pH2.0 TiEMENE <, Chiad & Chiab X pH5.0, pH7.0 TIEMERE T, ZNLHD I L
225, Chia OA /LY v ZIZBHEOENOF, ifi, £ L TH THRE L TW D ATREMENS 2 b7,
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TS3XAITIFAT—ENFET SR/ \VimehtimzFI AL
JEVER 5 0D BE B ) 31 e 1

PEARER TR MR
(=

AT ZEFE OISR 22 TR EHE AN, a7 BB NES FTRE 72 A 3R D H LTV .
Bz, RIS L > CEREY ORI HEES 5 L BEEEIE T L, BEENEAMICELT5.
INZC, BEEORISARZCITEAER O FMEEIC L 7R 5. I, BERICAT v b
7Ty TEOIEE LA T A~ — FREE DG STV D0, B rTERE O S
SROMEOER, 2 A MEOMBEND Y FZEAITIZTE > TV,

—H T, DBD7VT7AYT 7 Fax—XPARNV L ET 47V xy NMED~A 7T 3A
2 Ze AT FIBERI BRI R E READEE > TS, ZNUHDTF AL RIAT v bR T T
v 7D XD TR FTEN 2 R 29, R 2 IR S R AT e BB A REENIC N B Z & T
WMANZEHIET 5. FFIZ, PA XX EOMEMECINE M EOBLEMN D, WIREIET N1 R &
LT AZHEIN TS,

PA %AW FRHIE T, FAOJFENIC PA ZEETHZECEST, MERORLTVIAY =
A= LRREDRN R E R T, RNT A 2 (=G T T2 T I F 2 —H(VG-PA)R, A
PRUFINC—REICRE LI AT S5 X~ T 7 F 22— Z(SP-PA)RER TH 5. BELEHF
72XV, SP-PA TliX PA ORRENE & RIS D FIEESALE O BRI ZD FA D TR E 72
WA B 2 D1 O FEESITEEIC PA ARETHIENEETHLH Z L, MRICEEZ1TH
[ox—2 NEREh ) 2% DEgesksh ) K0 SRR NE < 22 Z ENH LMo TND., —
77, VG-PA Tl PA ORRENE & FIFERAE OB/ E <, FHBESIFIZ PA Z5RET D
BRI E N LNCEN TS, L LZRDS, VG-PA O E-CBEE) 554 3 5 fe i) £
RN E- 2 DT 5120D > THRW.

2019 fEEIE VG-PA DORELE, Rl PA OREAHIEIZIRIZ 5 2 2 8B1T-OV T Large-eddy
simulation(LES)Z FHWN TR, AT O A2 1572.

(1) VG-PA Ok 2 DEOE IR, PR, GHc 5 2 2B %2~ TR, H5if%
BTIXA=0.1¢c, PUIRECTIZ A=0.05¢c, HPbL Tl 1=0.1c D77 — A0 bl F 03 @
ZENbholn. 2T, cliE=—FETHD.

(2) BIREES BRI T DRI OBERATHE R & AR LES OFER LV, VG-PA & H\\ 7z
FIBEHI BBV T, PA ORI Z, XL CAER S5 HiEtimE 1 238 Y 7o A7 & C
2« ARTDEDICRET D EDRHEEEEmDD Z ERbroT.

2020 41 VG-PA % /3 — A NERE) S W72 & & OBRENSRM DR L O PA B S OREC
DUNT LES & W Till~72. 2019 FFRE[FRIER, FHEXIEHE Jukes HIZE>TITH4LZ VG-PA 12
KD KBS I B A X — AL UTe. AREAEFATIIHE - 535008 1 BRRE O KB G R Tho7-9,
A—/XN—a ¥ 2 —# Qakforest-PACS Z VW TI{T-o7-.

AEAEFEATIZ Z D L O ARG LT,

(1) N—R NEREh A V72856 TH O RIBERI D R3S S, N— X NN 513

e MEREDS K v 1A B3 B fE A A R

(2) S—ARNERENZ F - AU 1 TR AR i oD A< 78 PA | & DB EREN D VG-PA | HSETELT=
FEREL72D, N— AR N —ZANE RO EIZLDZEDRRE N R D,

(8) PA OF & &% AN I1F EHBESIEZI RN E < 220, R om EnEEE T
5.

Ofh, N—2 NEEE L N—Z NEDO BB OWT, RIS DO ZEM 2R AT 2 IR AR A 1R
¥, VG-PA/N— A NEEECHEE 72 DT 725R G R T A — X BT 5.
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REERENTYIEEETRIZE DL
R RETEROYMEEIZET HHE

TV A R HEEdE
I &Rk

AAFFEIL, REFRICEVO7 Y 27—V 2R S, ©—EfR I D & I Fe
L CE TR OWT, ZOWEMEZ A0 LTS - I 0 b 0 )5 % | #ii O —FEOIRIFT
BRRLELTHHMILED ET2bD0THD, MEEEEIIED X O ITHEI ., 17t LT=Dr]
NEBAR A A IR TSI ED & O B2 Rz L, € I BABRFR50] D
T TRV Tho, & UTH IR REEZICAE SN L5, EllEELERo
BHFHE LT o 7o, ERIIRO =[IZE LD HND,

—IZRTTOREHITH 2HEOFHAM~—7 v b &RV TIZ oW T, R R T
RO GE & KB DR EEND | O L WU A B O 0N Lz, £ L CRMEE D%
HIFAA S E 2. T OGN ESHF CTHRA T 2ME L BEF D R H R G R b, 20D
TeORGIRERPRIT D7 EEEEDPHBIZEOE THBET 22 L TS TE 22 L 2R
U7zo HERIIHIHEARL - 2KEPBE - S TRITH o440 & dEaie 8re - i~ —2> > b
DEFHT & BT OFRFHA ) [ A ARG LB RE R, 27 % 65 75, 2021 4F, pp. 550-
555, #midb V) & LTHEELI,

AR ISR IR ST BB D W C A EBE CRERFEIRI A HE L, B
IR WEAFER OB A & EEHNE 21T - 7o, BARBIZIZIRE T o0 — 7 ) pd )5, FraEmfio
AN, AT OB ETH LS E U, & <SH— 7)1 55 C I b R 2 Ry 4 0
507 AT IR A AT oI,

THNETH O TR 2B HIR O NERE KR 2 VT B B2 D #HE -

FIEDBIEEEL ZOBBMOEELRA LM Lz, REBVEER [HR0OBE L 20Tl 8§

TRMEFURER S DR T & SR - SO C ORI (TERE L) JERE e, 5 46 B, 2020
9 A, pp.25-46) & LTHEKLI,
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