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(1) EFEOFETEE 10em 76 30cm £TOENEND (2] OFORETEREZToTL A, ED
BMIDTTAF v 7 XU R—/LTh, T A EDOEINDS— 4 BT Tz &0 312, U ¥ — L CREDSMANT
MO L TLESTZ, Lo T, 7o U—NNEY HLEERITMEENTIIRTELEE X5,

P
<

& 30cm >

it
15cm

Het
X
l

T U—OROEIIR, B TGO EEAE X THRIZN, 1T EMEBN Mo T,
(2) 2D, VRHAT T2 EEDERNS
FedG DREZ R R A 22T 2 BB B 5 & A
Exlz, (HFRZR)
RE2EF 5L T, T3] OFHOBEDZERH
DI BN KR FEAE L, AR E
RTLKRDBDOTIHEE 2T,
I

TDEZEYL LI, HEEREZIToTME., RAIOBPETRERI LNT 7228, 7°<I2 (1] ORI T X
HIRIRREIC > T LE T2,

EoT, ZO20DHERD RN D %I1E) BEERE LT WEE X5,
I | S

2cm
e



(3) DFZ T, ZFENU X =V L TERSATETLEIDEE T2, EAOBED FANZ /A OB 7= 725
BEAEAES T2,

e
) 15¢cm g
L L, A TRLIEEHDICHRINNAREWE > TLE-STLEWY, UV ORRE 28T &
X Cxpihot,

QBT RRE LI OREZ — AR L, REWME VA TERVEIITLTE,

::@Eé%%%‘d’él k
.

EA ZABOREZ T2 T2 OFRIOREZ AWT, FEERAIT S ok, BEN THREIND IR
BBV TCWOERTRBECTE -, THREY | “AROBERERO U X — T 28X 2HIET 52 LN TE,
“ATFEOBEDORIOE S EZEZXTHIZE A, ZMAEOBEDY A X7 4cm , 6ecm , 8cm DFRFIXALTN L,

10em DRfE, KL LTZ,

SAPIICTH LT REWE
DRTEIILLKRDHDT, 2ERD
TR DML < 720
BEOBRIN LT ooz,

(B8

(2] OEBRFERNG, AAORBBLEZLFZT IR, R HIZITRMN 2Tz, 2D LI
DWTHERT LI ENRTE DTN, HADIER, ROKELEAD T LT, BETHFENIZ2EMH Lk &
DEMRMEZ BT Z LN TE LD TRV E o7,

(3] OEBHERNG, U X —F25KMAHA, D CROBHINTE 7o, ZAROEEOR S %, 10cm
L& 2T CADBIITE Do 72D, FENTZE ZASALEDIE D ENM . BODRRR TN
LTIV EEBLETE D,



Fo, BESFOERTIILBZH L TR T3] OFROBEZFAWT, KPP ClifiaREsEs2en
TEEOIT L, ZXF TR, (1) OFEROK, B ZH L TWRY T3 OFRIOREZ Tl 4 3
ESEDLZENRTERD SO, ZRITEETH 5K VWER OO R’HL, hE bzl &ich
MEFINIFE LT N, —DICFE L FoTHEII <A Y | BT 5N TEIC{ <o TLESL
NHTIEE BT,

4. FEDH
RIHIMT o 1 EBR & S IMT o 2 ERP D, ST CRORETEDFESLETHD 2 ENEXD
N5, Ef, LEFVPHERLIZENT,
St LRATEAT 2851, AR L 5 o

BB o7z, FMANCIEE RN H 5 Z & T,

FERRIE LR U L9 RBEORLEIC/R D . R Tl
DRI FEA LT LE 2T OBE X 5 ERAR
TIMRZEDEE EH L T 72O RETiElewn
MmERS, o, EBRTIE, REWEVETEI
LT HDICZAFOBEN L E ST,
ARDOHSTe UL, #Ene & &R <A
B Thbb, REFWEVITTERVWOT, 5
BRI =ATEDEETIZ /e < WUATEOEETH L

FLTZ BT TR TlE, BEORLE Z i ST URORATERN 2> TE 722, EEITIZO LI TV B
FIchb o0 URARROND Z 8D D, ZNH0 8 UL, b &b EBER ENFET DHATCRAE LD
DO, FTTRIOBER R HNBRE L OLSOST CRORBAESFM) IZE W REAE LTS DROD,
ENTIERNDO T, ZRHDOERIZOWTHHFZE LT, F7, FETHRA X 22t Bld = Z=2M o
TE~ORRMESS, ZAFROBEOE XIZ L 225 UROELOBMRIEIZ SN TEH, AH%AITHE 0,



TFILSZOLEMD/NEE

~ MR E O FE~

WHgeE - iR AR IR K
R - FHRHE

1. AEBMESLVEH

R BITTFR CTEMICOWTFEATEH LI, FAebOAEEEZ XX TWABEBMIZRET VI =T A0FH
SNTW2WnDOhEBoTe, TAWI=ZUANIRBEBETHY, MDA 4 ThhledmEmWEEERAET
LHTENHFFTE D, MATTY A=Y LMI=FHICHRERZVWE TH LD, TV =0 LEMD
B SHAUSELTZ- B OATER X S - LIREIC R 2 O TVt Bolz, Lo T, b7 AI =T L8
HUZDOWTHFFET 572, FMEEEZ TR ERY | RETE D HEZE ST,

1) 7V =v A—REMDEHZFEL ER ®ToRhaEerw

2) T = A—REMD /L,

3) FERERT VI = LEMOVER

UL E®D 3 RN THE A R CERZIT o 72,

2. ERNRE - AEHE
(1) 72 =vs—KEMDEHA
BBIZT VI =0 A EIZZESMm ((BFESTHEDNOBE LB T 272000 T, ZOFEKRT
Wi R R & AW T,) . WIRIZAKERE T N U o LK Z RN CE— A —TT7 VI = A—REMEIES
oo RISKIZTO XY, HEDOKD XS k&7 5,

£ : Al+30H —AI(OH): +3e-  Ffi : 2H.0+0:+4e —40H"

(2) TAI=vLA—KEMLO/NEL

TR = A REMO/NULE LT, AOBEED X S Bz {E-7=, L
ML, ZOREBTOEMTIHHERR LM S Z SITEE LW, Z255MmI2iE 100
Ay aD&BMEER L, X0 ENREMICT 57 0EE, WEEZEX T
EBR L7, ZOMEEORMEMKIZFO®EY T, FLUA SILEMREE LAZE
HTND, e

— /I
F32F TR . LT

UTOTRTOERICHBNT, T—F—F, EEEXD C0.4V~1.5V, EilX 22~40mA O H D%

77

<ER1>HEERTOHRE

& AT VI =T AR, ERRICER R, EREICKE T N U LKESREERA L, REAL
THER « BEAZE LT,

FERLEBE ROKROLI IR, FORETHE—F —I3MEHH LT,




ELERE (mol/L)

2. 0 1. 0 0. 50 0. 25 0. 10
wE (V) 1. 2 1. 2 1. 1 0. 86 0. 82
it (mA) 20 20 20 18 18
T— X —DEH) O O O O O

<EEBR2>ATYLA# (100 Avy>a) TOHE
T BiE TV =0 AR, EREISKERMET R U T ORISR E T L, EfiE AT L ARIZ LT

HE LTz,
RER - B
E/VIRE (mol/L) 2. 0 1. 0 0. 50 0. 25 0. 10
BIE (V) 0. 41 0. 37 0. 34 0. 030 0. 050
it (mA) 17 17 17 10 11
T—Z —DIEH) O O O X X

HERAZMEH LREL Y | B - BRAME T L, 0.26mol/ L LA T TITE—# —»ME#) L e o7z,

ZHUE, MR (28R CTERZRN SIS L TWARWND TRV EE 2, MBERND 5 A8 %

AyFLIEAT L AME WS, ROSOMEE S AVEE 2 LR DTV EE R T,
<EEBRI3>HEAYFINERATULAM (100 Av¥a) TOHRE

FE AlE T VI =0 AR, EBREICKERMET MU U 2OKEREFER L, ElEAS8A v FIhic A
T LA LCHE LTz,
TER - B
E/VIRE (mol/L) 2. 0 1. 0 0. 50 0. 25 0. 10
wE (V) 1. 0 0. 78 0. 67 0. 58 0. 54
it (mA) 19 18 17 17 17
T— 4 —DIEH) O O O O O

H&A Y X INTEAT UV ARDIE ) DNEENEL 2oTz, £72. 0.25mol/L - 0.10 mol/L THE—
F—DMEE) L7z, ZAUTEEA IR LTV TWhW D Dl Ay RV EREmENRKE AR
D, X0 D0 ML= EZ 6D,

REVERMOBAFDOITET, AT UL AMOBEEA v X L0 =y 7F/VlfO & A v F O HBVEREDR VDD &
DPNPSTNZDT, 7= LAEMOEETOMERELKT DDl TFOFEREAZIT- T2,
<ER4>EEAvFEINF-=v7ILE (100 Ay a1) TOHRE

¥ ER L LERRICAMBZ TV =T MR, EREICKEB LT R LR L, ElEAeA X

SNTAT U LAME BEA vF SNTo=y 7AWl ENENE X THIE LT,

TEE - BE .

E/VIRE (mol/L) 2. 0 1.0 0. 50 0. 25 0. 10
wE (V) 0. 92 0. 80 0. 67 0. 60 0. 50
it (mA) 18 18 18 17 17
T— & —DIEH) O O O O O

RKOWMY EE - BIROMEIZI<FER I >DORERLHEVEDLL RN T,




PLEDFEBRIZEBWT, 7AI =T AMRCHWMIED R b oTo, ZHUIKBIET VI =T LA THDH EB X
BND, THNNTIVI =T BRI ETDHZETT VI =0 L EKEET Y D LKA E DRSO
KﬁoTW5®T\E&%%Ct®\Twi:7A4ﬁV6§¢T%é§V72?VM7wi:WA%m
WD ZEIZED . KT VI =0 LOERPIHITE DO TIIRWINEZZ LT DFEERE LT,

ﬂt%ﬁﬁﬁbfwé BEOBMNUILLTDO LB TH D,

(=) Al | Al.(WO.)s; | NaOHagq | air cathode (+) HALWOs- 5 S AT VBTV =T A

air cathode:--ZZ& Hik

<EBSSMRDAVITRATUVBTIVE=9LER) EZ L7 —LIZRYE., BREEZX THEE
FE: A TAT VBT VI =g LR B AT N a— L EREELOEXLAVA T 218 Fih
B EMMANC A CTITo T2, FLTA 7 11213, EME E LK LT MU o 2Kk E LAZ F

BTW5D, £/, HIOEDICRY) BT L a—Okhzex LT A T 2128726 DDEE -
b HE L7z, —— T
IS 2F AR < '.—:(/:Fiziziﬂ
FERLEE e
RYEC=ATIVa—L e XU TATURT IVI =T A
E/VIRE (mol/L) 2. 0 1. 0 0. 50 0. 25 0. 10
wmE (V) 0. 64 0. 60 0. 27 0. 090
it (mA) 16 16 16 1. 0
T——DEH) O O O X
AU E= LT La— LD
E/VIREE (mol/L) 2. 0 1. 0 0. 50 0. 25 0. 10
wE (V) 0. 40 0. 69 0. 28 0. 10
it (mA) 16 17 16 5. 0
E— X —DIEHE) O O O X

kI T2 IS
ESDATLE SICRENFELTIZD
PRIGLTIZEEZBND, LT,
LTLEoTembiEEXT,
BIEZMATZBRORE SNIZHIEIZLL T OER DO L 5

AU E= LT a—LDIx

BIEIXZ OHAEDIT ) BER 3 LIRS Aoz,
NHHEWEMTIR O o7, HELE 5%,
DINESL 20 T—F—OFEIRFH b e o7z, &

. RVERR S, BEEOEE
I & N2 T BE

LorL, 7=

272 o7,

U LZIIKERIET VI = A E B
CEEZIMZ THRE
B KR Z AN TV T,
fRCHRR I KE L BEHR

VX, B & 72 V) BRRE

%7

SEd—1
R

THONE—Z—MEEI LD

EVREN 1.0 (mol/L) @ H D

CENR | b db el EIE /4 EI)) 1 2 3
AR (s) 242 199 187
wHE (V) 1. 7 1. 5 1. 3
it (mA) 20 20 20




RIE=ZATIa—)Le 2 TATUEBET IV =7 L

BIEZ M 7124 ([B) 1 2 3
HAFEREHE (s) 38 112 106
wE (V) 0. 72 1. 5 1. 6
it (mA) 21 22 2 2

Fo, BBARERT VI =0 LBEMAEED ZOKOBRNREH I T2V 8B, WA 2 TEBREIT
-7,
<EER6>BEELEZTOEER
FE e, =52 ) —n, AE =), B, KB e L o2 VTR C3EE TEREY L,
FEREEBE: =% ) —)L, AZ ) —/VTERENE L, BRI VI =0 LOBEEARENT L2350
STz, EBIT, BEOMEHIE CIEIEOBME T T VI =7 AEMICE W CHEAMEOBME X B
PIERNWZ ERDhos TVl ECH T, £, KRB e L U3 F U AL Bl T
WOEMRE CTHLIDT VI = AEMTHEHAL LS E--o7=08, RET v B L AE, KRk Y
U ADMRE LRI T, OB ME LR LR, B2 b0id ol

4. FEOH

BEMITIIHBA v F INT AT U VAR, EREICIIKERET N O A2 WD LT VI =
WA%mkﬁé_kﬁbﬁokoL#L\7w:“?AW®H%%®EW KOERSIRR EDOFREN H
Sf, EIT, XU T AT VBT VI =0 LAOMHEFIZ L D MEHO LRI TE 7z, FATHRICITY v
TAT VBT NI =0 L N7 AV =0 LEMO KRB L TWAEESH LD TEEITL
RS WREMALEBIE LI, U AT UBT LI = AOMERTENDNS T, e EERR L
e, T =V LADOBEZC I LI CTELEN ZRERILIZIZE SR oo, FUT AT VBT VI =
U AOFER T EE SIS T, ZIREMLEZ RS20,

T = NEMO IREME~DEZROFEE LT, X T AT VBRI NVI= UL EETI v A
WZTADITHELNTED, FU T AT VBT AI ST LAETAI ST AMUICHEBE IS 2 EBRETF LN
B, ZTATUBT VI = NIIRTHDT20, RIVE=AT VA=V H S TAT BT VI =0
LERE RS LO2HET LI 2B L TWVAD,

5. &3

Rk 27 FFEERRERTSE (70 R =0 LE RO HIE)
http://www.fuji-pigment.co.jp/pres.pdf
http://www.fuji-pigment.co.jp/Aluminum-Air-Battery.pdf
HIRSeA D TEENS OER & B



2z/—)ILOMEEIZDONT

WRgEE R R BUBs PERUYE AEESEN
g Zem:/hmy) =

1. AEMESLVEH

7 = — VB, ARSI AKEIR & FOS L THEICRAT 5 Z ERRKH BTN D, 7228, BB
DETZORIEH EFSEILRWEERH L LW IHFEEME, TOHBZHREL LD LB -7z, —HIIC
SELOMTHKRZ R > TWZD TR Z MO T2, ZOREINE FesHI AR TH D | KEHRD pH IZHKAT
THZENGoT, Fel ORI DBEREZ SO KEIITIE Fe® " O EREMNIZ T THZE LT,
2. IRANE - BRFGE O-H

|
(1) Z=/—NIELZDOMEIZHOWNT

Tx )=V EIT N UBROREICHESZEE Fu X U ECOR R AR S LT

WEAPEOAEEYED I N—TDZ &, Jx/—)L
<Tx ) —A>ABOEROBRBIEME TH 5, KITIED2EFIZ WV, AR O-H
B L) RAKEND Y B LREE B T, ERLOBSEE E A2 B COOH

< U FUEE > BADFHREROBEME CThH 5, KIZITD 2 EFIc< v, HEA
ROfFEA - BRA O 72D, $UF L
(2) EBR
[8k1] 7=/ — VB~ (D) 24A~0 pH OFE L E6K)SORRKKIE EOHIE
=L E—5—|Z 0.50mol/L 7 = / —/L 150mL, 0.10mol/L ¥i{t#(Il)5.0mL % iz pH A —#
—(SHIMAZU NPH-15DN) D % 5 X &R % 7% & L. 2.0mol/L & - KE{bT + U 7 AWk % 30uL 3
DWWV pH EEDELE L B Te, REMNS TR R Z Ok Z & 0 WS EFH(SHIMAZU
UVmini1240) THHRIL ALY s V& HIE Lz,
[FARIZ Y U FLVEEBAFIKEEIRIZ DWW T b7 o7z, $ U FLEBITKITEEITIZ S Wiz fafngik & LT,
[2822] Fe* IANDERBA AV T =) —v, $UFLBEDEAOFEDOHER
7= ) —/VEOREKISITEE (D) A A 2R RS O EERT D720, 8 () A A LL
NOERA A ZHWCRADF L EVERICHR Lz, BB 41X, AgNOs . AIINO3)s .
Cu(NO3)2. Pb(NOs)2 . KaCrz207. KaoCr204 . Zn(NOs)2 . SnClz . NiSOs . CoClz 4 0.1mol/L 7k
R & A=,
[28r 3] HLg (D BE—ETIZBIT 59 U FILBBEDEARKIG~DEE
0.019 mol/L A k#k(ID KA 0.25mL ([Zf3FnY U F /LK 0~0.90mL % I % # i & 3.0mL & L
T, 480nm (21T B WL & W EERE CHIE L=,
[E8k4] V) FABBKREE—ETICR Y 3HEek(IDREDEBRGE~DEE
AN U FOVERKEEHR 0.50mL (2 0.019 mol/L AL (IDKIE K % 0~1.5mL % Il 2 #ik & 3.0mL &
LT, 480nm (23T 2 WLEE 2 WOt CRIE L7,



3. ERERLER
[EBr1] 7=/ —VE~EE (D) 2R ~0 pH OFE

A 0.5mol/L7x/—)L~2.0mol/LNaOH pHH#R C PHDO 2 &R~ DEE
6 / 0.8
I c
Q > // i
AAAAAA - g 0.6
2 0.4
:‘ 0.2
-300 -200 -100 0] 100 200 300 400
2.0mol/LHCl or NaOH B F & % 150

1. Jz/—IL~E{H(IDHEBRRIE~DpH DEE
AEEH# BE&pH TOEGBRKK C pH3 ADTONLERINBEEIL

7z ) —/L e bEk (D) R aiE, pH 3.6 THERGZ /R L7203 IciiE - FEfl~ pH 238 < 7217 Tilt
L, 26 pH GRS TN D TH D Z &N nhoie, £i- pH 7 Z# 2 8 Tl TldukE ek (M) o
WEEDME U 5 728 ARSI Z 5720,

7238, pH 3.6 [ZBIF D KWK EITH L% 550nm Th-o7= (X 1) ,

—F. VU FABTIET =/ —/L g U T bEk (D & o 2AXEE L TH Y, pH 5 U0 L 0 IREGEHER
SEH T L TCIRR A LT, pH & WO ##R3EBh & Fe RIIE R & 500nm 7> 6 460nm {1327 F L
Tp<, ¥V FNEE~NaOH pH #hfn 5 pH 3T TOREEBIEHNKE W &, F72 480nm H7= Y DA
OSSO 2 B U U FLER &2 FIH L7z Fe OB /EBRMNATREIC 2 5 O Tk & HIlr ¢
7 (X2 .



A BHYYFILEE~2.0mol/L NaOH pHER C PHORBREADER

14
12

10

T -9
6 3
os
4
04
2
02
0
0 50 100 150 200 0
2.0mol/L NaOH 3 F it (ue) =

pH 2.00

B2. UFIEB~ELEHIDEEREADH OFEE
AjEdh#R B#p HToORENRER C pH3 Dl TOXMRILIhHRZL(L

[£8:2] Fe*'USNDEBAA T2/ =N, FVFABRLDEBDHE

Tz ) —)b s YU FILERKIRIR & S FRA R A A & DRI OV TR 2 V= L7z, Hbek ()
DATIREERBZ O, HEE®BRY OREREREWKETH S (KM 3) , 1o TARKIEE Fed3+DERIZfE
2% LY CE,

EERBA A ETIM

3 VYFLBREER
A F v DEADHE

BRERBAFY T )—VEM BERBA Ay VU FABREM



(5282 3] B (IDBE—ETICBIT 59 ) FABBEDRERIE~DFE
ngmeﬁmﬁmmmﬁﬁa%mL*E%Tf,#U%w%% EEHSHE 5L 0.5mL FINE TIRER

EREICHEINT 2 2 & 3000, & 5D BTN #7272 5 O THEIR R o8k (M) A 4 &I
TLTO5mLT%JW3§§5E#%LﬁQ(E4

B4 HUFLEBRELERRE H5 ${t BEQSE~OEE

25

+ I8
mzoH
3ald

K at 480nm
BFEEE at 480nm

0 02 04 06 08 1 0 02 04 06 08 1 12 14 16 18

B F I EEEHENE (mL) Fe mg/ 3mL
X575 —ZLOEZXZRD DL 0.964[Abs at28onm/ (Fe mg/3mL)] 238 5417~
W SEEERIEM Z A L5 L 3mL P O#DES Fe mg/3mL=A,0.964 725,

[EBh4] V) FABEKEE —E TR 3HEMek () BEDEAKE~DE
faFnY U FOBRKIER 0.50mL 22— & L7254, FeCls & & WL W R ERRER E o7, 1
{bgk (D) ¥R 2349 0.25mL (0.26 mg Fe/3 mL) L EWRINT 2 LW EOEMIT A b —EHE & 72>
oo WSS Fe* L RNAEE L CRAT OV FAMENRNETDHZ EDRREBI N,

UL EOEBFER AR E 2, RO XD 28D A A DEBEREFRET S,
RS U FOLERKEEE  0.50mL (2 Fe3* (<0~0.2mg) & To/KIEKZTINL, ik
3.00mL & LT 480nm (Z351F 2 WO 2 Al ERM St & 0 Ik L TV A 8ko&EZ2FHIT 5, 7
B, HODEOKFME T OERA A 1 LhEE TERL L Fedt& L CHlgtE & 45,

4. F&

7 = /) —/VR SRS (D O REAELONE, MoSBEA 4 HICITE CRWREREOEWILTH L Z &,
F7o, BESONMT p HIRTFEHENKE L, BRI ORI CI38kA 4 o Kb & E - TREA L7
TenZ tbbhnotz, U FNBOREANBIEFIR CLEEN®mNZ &, U FLBOREEEHNFIHT
L LMOEHA T OERBELRE LD, FEERDFATHROVO TEEBEF L T, Z0mfis
BT, IVHEORWERE~NEHEEZ LTI,

ZORBKINET = ) — VD Fe* ~ORNIBEA TS LW S, ZORIGDOHFARZ 12O T H 45
ORRFERE & Lz,



AT TORMTHERFEZDITE S

~ i ZEIRF RN PIR O - e & B O LIS HRBE ~

WHZEE « EAE B EORES NSO
FEEZGm - S R

1. IREWM
B FFACERICIE 7 L, BB Ko TRt R IR T e, CORT 4 ETHAT 5720,

FOWZER N ELS R ol E LTE T, 2O TTOMFITHKREZ D, AMIEROBLENS =7 D
Frth & 2 & 2B AT, FTOWZERFRARNE W I REZFE LMD, 2R OR S HRE
DT ONLERZBRAOH T2 6 LITHRD Z LT Lie, £o. ZOZR & iZeiRe ] o Bk 4 B R+
Z LT, HFOMERMNL YRR MEER Z I,

2. IRAE
HARFUC S D =7 OFi 28I L, Wi2E e 2 51 2 A LT,
1) BEEREOIERK
B L= =T OfE 2SS, BroffFz—Ell Lz, BTr3&T—4 ooz, ~—%2 7
2 & o TEl & OFEF DB 21T > 7=,
2) WZEREE OFHHI
Fili 7 % RO St TP F &8, MBI 2 50 U7, &30k 3 [ D3I 21T\,
A W, BROSMTEREIT O 12012, WIDIEE SN2 m 0T 7 UL/
fbe=rfazfvniz, LovL, MoOBERN/NS L, FPRNEEICEZET 5 2 EBE0n
Slztzh, MO S ENEZ BB & A7 LTHERL
oo TOLEHTFSHIHSCMLOMEIIEIC L,
(K1) FHAIOBHARLES & b o FBRIZ W T

3) EAVEE - AR FHH
FNENOFEFITON TN DNOEREFH L7z, BREROFHILEFRKEE AW, fit - ok &
W AR LT ARAE | O L 73R O Eig & W TRRIT 24T o 72, #iE - BRO R ST 701 CPIRE T b
HMEE D RUIR) 2 B & U FRHERIC AT 2207 1 () & B2 M (B) ©T, T Thicb REWES &
Lz, O SIZOWTIE, &b REWEOBRPROTL L 0 BEFAKRMCH D b D, Z DR (Jei
) 2d Db D7 EGFNE—E TR 720, PUBROFL IV LESRMICSH 5 b DOnEh o7,

(X 2) FHBKE A5 ORI TIEIEAER (K A) 12 AT -
WEZFENZBNVTROREVWEFTFER) 2R LTWD,
BHEORIRPBORE S 2 KT,

. O
4) FHAMED 734

FHRI U 7- i Gl ze s - & - B X - Flfd) 2> 5 Excel
7 LR HAWTOTEIT o T,




5) R & T E TR
H AR OFEF- TIEEHAANEE L WIRAR 2 80 B 5473 5,

3. XBRER - BER

HARA O TiE, —EENSERIM LD TH - THENENOH T ORI K Z X5 2 & M
D ERDbMhoT, £, HTOERE, PIROK, RESREL—ETRWVWI ERbholz,

MR OVINT 26 12572, 205 H 3.0 BLL EE o7 DIX &R0 T%REE 72, 728, HHE T
DEFAEIZ0TIZETHE T T D20, BT OMZERRINEWNEDND, 0
FH U 71 O Y E BT 18.4mg T 16~20mg ([ HHEE S O B — 27 N B B
7o Mt HEDE S OFKIEIL 18.7x6.3mm, fit-HDOE I DHIIZER UIE>72, "
Image] ODELOHTZHAWT, BEOELEHEE Lz, ZOMER, (K3 ohrE  ° |
WCHOLDBNFETD Ebhotz, £2, M2 5 TRTHECI > THERLOITE °LLLJmmm@;
For= (K 4), BOOREIZOTHGHTAKL BROEREEC bt (757 1) EROERS i
(X38) FEfOEL BAlZL>oTRLE (M 4) FrOHEL EHROZSETRLE

AR

(X 5) fEFCE<H
HADE—A>

T AR, PUROBE N —HRTE LARET 2 & HOLOALE
XX 8, NR LIrEDH Y | FIZE < TN DN THRD(H
BLICRT ZENTED, NIDOE—A Y MIZEZIEIUZ L
STHELDNTHY, BEAIC & - TEL 550225
RV RELTHHEETHEEADLND,
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A Consideration on a Quadratic Curve on Oblique Coordinates
Researcher: : Sho Igusa

1 Research object and outline:

We were interested in relations between the existing range of a position vector and a quadratic curve when we learned
vectors and quadratic curves in math classes. We found an equation of existing range of a position vector on oblique
coordinates and tried to change it into an equation on orthogonal coordinates. We get a characteristic of the existing
range of a position vector by using the rotation of a point on a complex plane.

2 Research method:
(Lemma) Derive a locus of point-P (p) which satisfy the following conditions when point-A,B, and C form AABC.
ﬁ=ﬁ,ﬁ=sﬁ+tﬁ, s?+t2=1

We tried to derive this locus by analyzing this locus.

3 Research content:
1) Definition
Let x-y coordinates be orthogonal coordinates, x’-y’ coordinate be oblique coordinates. Let a position angle of x-
axis and x'-axis be a, and y’'-axis be S.
( 0<a<2m0<B<2m, sin(a-B)+0 ) AOAB existsonthe x-y cordinate plane. Point-O is origin, Point-Ais on x'-
axis, Point-B is on y'-axis. Let 0A=d, OB=0, and component of d in orthogonal coordinates be (a,,a,),
component of b in that coordinate be (bx, by).

IT') Certification
Let coordinate of a point in x-y plane be (x,y), and coordinate of that point in x'-y" plane be (x',y"), where the

following equation hold.

—xsinf+ycosff _, xsina-ycosa

x=x'cosa+y'cosf,y=x"sina+y'sinf ie x' = inap) Y = s p)

Let us consider component of 4, b. Let coordinates of pointon x'-y’ plane be (x,y), and that point be point-P.

p = (slaltb]) = (oy)=(sldlt|p]) ie. (S't)=(%'%)

X!

2 2
Let us substitute it for the condition of lemma; s2 +t2 = 1. (—) + (y') =1 ..0

\al [5]
This shows the locus is a circle or an ellipse on x’-y" plane, but we can’t decide whether the locus is a circle or an

ellipse on x-y plane. Let us substitute it for formula
2

—xsinf+ycosp 2 xsina-ycosa|

{ |d| sin(a—pB) } +{ |5|sin(u—ﬁ)} =1 @

Let us show this by using component d, b.

ay?+by? X2 a,2+b,? 2 2(ayay+byby) -1 ®
2 2 2 - o
(axby—ayby) (axby—ayby) (axby—ayby)
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Let the point (X,Y) be the point when point (x,y) is rotated counter-clockwise by an angle 6 around origin, then
following equation is hold.

x+yi=X+Yi)(cosf +sinBi)=(Xcosf —Ysinf) + (Xsin6 + Y cos0)i
ie. (x,y)=(XcosO —Ysinf,Xsinf + Y cosH)

Let us substitute it for formula®

24p 2 2 2
T (Xcos@ —Ysinh)? + —2 (Xsin® + Y cos §)?
(axby—aybx) (axby—aybx)

2(axay+byb. . .
—("y—xyz)(Xcose —Ysin8)(Xsinf +Ycosh) =1
(axby—aybx)
i (ax?+by®)sin? 0+(ay2+by?)cos?0 _, | (ax?+by”)cos? 0+(ay,?+by*)sin? o y2

(axby—aybx)2 (a,cby—aybx)2

+ {(ay2+by2)(—2 sin@cos) | (ay®+b,*)(2sinfcos8)  2(axay+byby)(cos? H-sin?6)

(axby—aybx)2 (axby—axby)2 (axby—axby)2

}XY=1

Let us assume that the coefficient of xy-termis 0.
(ay*+by®)(=2sinfcos@) | (ay+by”)(2sin6 cosd)  2(aray+byby)(cos®f—sin’ 6)
2 2 2
(axby—ayby) (axby—ayby) (axby—ayxby)

Z(axay+bxby)
ax%—ay%+by*—by*

=0

. tan 26 =

Therefore, it is found the locus is an ellipse or a circle, which is a rotated figure, which is shown in the following equation

4 Research result:

2

2
The locus is an rotated , which is shown in the equation % + % =1.
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How to extend the flight time of a paper plane
Researchers : Yuta Arakawa / Soichiro Oba / Yuji Kitahara / Masahiko Wakabayashi

1 Purpose of study:
We want to find out what conditions can make paper planes fly longer. So we focus on the shapes of wings, dihedral
angles, aspect ratios and the positions of gravity center.
2 Method:
In each experiment we examine the flight time and the vector of paper planes
<Experiment 1>
We change the shape of a plane wing into that of a bird wing. Birds have a lot of excellent structures for flying in the
sky. We think that the shapes of wings play an important role in flying. We conduct some more experiments by changing
the shapes of wings: pointed wings, round wings, ripped wings.
<Experimental 2>
We change dihedral angles, which we think have a great influence on flying up and down. We change the angles by
degrees: 0°, 10°, 15°, 20°and 30°.
<Experiment 3>
We change an aspect ratio, which is expressed by the following equation.
In general, the higher the aspect ratio is, the longer the flight time is.
We try the following ratios: 11.9, 5.98, 4.03and 3.01. Aaspect Ratio = V\-Iing Span
<Experiment 4> Wing Chord
We change the positions of the gravity center. We think that the position of gravity center is closely related to the flight
time. Then in drawing the design, we set the position of gravity center so that the plane can fly longest. But we want to
examine how the difference in the center of gravity affects the flight time and vector. We conduct the experiments by
changing the center 5 mm back and forth from the reference point.
3 Results:
Experimental results of the vector are omitted.

<Experiment 1>

Pointed wing |Round wing Ripped wing
1th 2.72s 1.77s 1.90s
2th 2.70s 2.37s 1.68s (Average flight time]
3th 2.55s 1.90s| 1.67s
4th 3.00s 2.15s 1.70s Pointed wing+ + -+ 2.89s
5th 3.14s] 2.78s 1.67s .
6th 2.57s 1.91s 1.85s Round wing + -+ 2.16s
7th 3.21s] 2.37s] 1.87s Ripped Wing .+« 1.80s
8th 2.98s 2.30s 1.81s
9th 3.00s 2.10s 1.97s
10th 2.98s 2.11s 1.81s
Average 2.89s] 2.16s] 1.80s

-53-



<Experiment 2>

Dihedral angle & flight time

; b [Average flight time]

: Dihedral angle  0°+ - +2.20s
T " 10°- - -2.28s
i " 15°+ - - 1.61s
T o y 20°- - - 1.95s

0° 107 15° z20° 30°
Dihedral angle (" )
<Experiment3>

Aspect ratio & flight time

00 [Average flight time]

CL Aspect ratio  3.01 - + - 1.84s
' o 150 u 4.03 - + +2.18s
. 100 u 596+ + + 1.60s

11.9 - + +2.43s

0 2 a 6 8 10 12 14
Aspect ratio

(0)o 3 - ~

<Experiment 4>

Center of gravil X Y Z
1th 1.21s 1.38s 2.05s
2th 1.47s 1.35s 1.08s [Average flight time]

3th 2.19s 1.38s 1.17s

4th 1.62s 1.28s 1.77s X+ + +1.60s

5th 2.17s 1.27s 1.44s Y- - +1.30s
6th 2.09s 1.15s 1.67s

7th 1.47s 1.04s 1.61s Z+ - +1.59s
8th 1.05s 1.38s 1.74s
9th 1.25s 1.37s 1.46s
10th 1.45s 1.36s 1.90s
Average 1.60s 1.30s 1.59s

4 Consideration:

The results from <Experimentl>to<Experiment 4>show that the shape of the wings, the dihedral angles, the aspect
ratios and the position of the gravity center affect the flight time and vector respectively. We find out that, when the
wing shape is pointed, the dihedral angle is 10, the aspect ratio is 11.9 and the gravity center is on the reference point,
the flight time becomes longest. We expect that stable and straight forward flight make the flight time longer. On the
contrary, it turn out that rising or turning flight makes the flight time longer.

5 Future:
We want to carry out experiments to find the best combination of conditions that gives the longest flight time from the

results of the previous experiments.
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The Possibility of Generating Electricity from Sound
Reseachers : Kei Yamada / Shoichi Nakamuka / Rio Yamazaki

1 Research Outline and Objectives:

As energy problems become more serious, we thought about new renewable energy sources and learned how to
generate electricity by using the reverse principle of sound from the speaker. We wanted to explore efficient ways to
generate electricity from regular sound power generation. However, using sounds that have not received much
attention for power generation material were our focus. Therefore, we decided to use a piezo-electric element that
can transform small vibrations into electricity. We used piezo-electric elements to convert sound into electric energy
and investigated what condition of sound was suitable for power generation in order to obtain a larger current.

2 Research Content & Method:

First, we attached a paper cup such that the edge of the piezo-electric element was covered by 2mm at the portion
where the bottom of the paper cup is circularly cut. Then, we placed the paper cup with its mouth facing up and
placed it on the desk, fixing the speaker to the height of the desk, and changed the pitch [Hz] and the magnitude[dB]
of the sound.

The current generated when changing the frequency was investigated. Regarding the size of the sound, as an
example of the noise, a sound having a size of 85dB or more was used for experiments from the measurement result of
the noise device at a point 6m away from the train tracks.

[Experiment 3] The same experiment as in Experiment 1 was carried out using a conical device (instead of a paper
cup) like the photograph below. How current changes were obtained was investigated.

3 Experiment Results & Consideration:

[Experiment 1] From the experiment result in 1, the current obtained periodically increased and decreased. A
relatively large current was obtained about every 70 to 80Hz. It is considered that the current obtained at a specific
frequency becomes large due to the resonance (*) of the paper cup. Resonance - The object to be vibrated vibrates
more greatly in sync with the external vibration.

[Experiment 2] The larger the sound, the larger the current gained. This is because the distortion of the piezo-
electric element increases as the amplitude of the sound increases. In the case of 105dB, the current greatly increased
compared with the case of 100dB or less, and a graph like a quadratic curve was obtained. As a cause of this, as
shown below, since the energy of simple vibration is proportional to the square of the amplitude and the square of the
frequency, it is considered that a graph like a quadratic curve was obtained. However, as can be seen from the graph,
as the frequency increases, the current obtained decreases, so it can not be said that it is unconditionally proportional.

4 Summary:

Based on the experiments, even with a light-emitting element such as a light-emitting diode requiring small electric
power, it was impossible to sufficiently emit light with the current obtained by the sound power generated. However,
in this experiment, only the current was measured and the voltage of the piezo-electric element could not be
confirmed. Thus, this confirmation of the calculation showed that light emission was impossible.  This time, the
experiments were conducted changing the condition of the sound and the shape of the aggregating device. However,
in this world where we live it is considered difficult to create environment emitting sounds of a certain height.
Therefore, in the future | would like to pursue materials and structures that can give off great currents focusing on the

devices’ sounds.
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Study about the reductivity of sucrose in the water
~ About pH effect ~

Reseachers : Nanako Kanda / Koyuki Takahashi / Ema Takeuchi / Yuri Chino

Abstract
Sucrose is hardly hydrolyzed to glucose and fructose in basic situation compared to maltose or cellobiose. But in

acidic situation, it’s most easily hydrolyzed.

1 Backgroud and Purpose:

“Tanoshikuwakaru Kagakujikken Jiten (The Encyclopedia for Easy-to-understand Chemistry Experiments)” states that
Sucrose which does not have reduction power is somehow used in practical silver plating which requires reduction
power. To find out why and in what condition Sucrose can show its reducing character, we examined the hydrolysis
event. At the same time we checked the other disaccharides that we have learned at the chemistry class.

2 Material & Methods:

We confirmed reduction power of six kinds of sugar by silver mirror reaction: Glucose, Fructose, Sucrose, Maltose,
Cellobiose and Lactose. We prepared the water solution of disaccharides and changed its pH and temperature, checking
the hydrolysates of each case by paper chromatography. We tried to visualize the molecular action of hydrolyzation
using a HGS molecular model.

3 Result:

As the textbook says, all the sugars except
Sucrose showed reduction power in the normal
silver mirror reaction protocol, but in pH13
Sucrose also reduced Ag* (Fig.1&2). In paper
chromatography, Sucrose, Maltose and
Cellobiose were hydrolyzed over pH13, but in
acidic solution, Sucrose was more easily
hydrolyzed than the other disaccharides
(Fig.3). Reduction sugar, Maltose and
Cellobiose were hydrolyzed about 50 C
condition at pH 13(Fig.3 Mal). And, almost all
of maltose was hydrolyzed at about ~ 80°C.

As the temperature became high, hydrolysis

progressed fast. However, we could not gain a

_

clear result with Sucrose’s hydrolysis(Fig.3

Suc). Reduction sugar, both Maltose and 3 5- 7 q \\ \3

Cellobiose were fully hydrolyzed in 60 min
(pH13, 60°C). While, Sucrose was hydrolyzed

only a little in the same condition (the data is not shown).

Fig.2 Results of silver mirror reaction of sucrose in various pH
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4 Consideration:

We made models of Sucrose,Maltose,and Cellobiose and thought about the stability in molecular level(Fig.4).
Although we can’t see the reaction mechanism in the invisible world of atom, molecule and ion, we were able to notice
(from the comparison with the experimental results) that Sucrose is more likely to be hydrolyzed in acidity but less in
basicity. On the other hand, it is harder for Maltose or Cellobiose to be hydrolized in acidity but easier in basicity. We
tried building an image of H* or OH- attacking Glycosidic bond and hydrolyzing it.

7 The circled parts in Fig.4 are oxygen atoms which are the

m. front B .
centers of Glycosidic bond. Sucrose must be hydrolyzed b

0000000 b ' e o S o

v . . - LR . the attack of H* or OH- on the Glycosidic bond. So we paid

S Tomp, Effoct Mal attention to oxygen atoms of hydroxyl group that are

(pH13 for 10min)

sterically near to the circled oxygen atoms becouse whose

S« 0°C 15 300 505 60 80 0°C  +0°C 15 30 50 60 80 0°C
electronegativity is the largest of all constituent elements. As

. A é a result, we found 5 oxygen atoms exist around the oxygen
w atom(~) of Sucrose, when only 4 of them exist in Maltose
Suc pH Effect Mal and Cellobiose.
(60°C for 10min) ..
pH3 5 7 9 11 13 14 .. pH3 5 7 9 11 13 14 " In addition, we found that the oxygen atoms(-) of the

Fig. 3 Paper—chromatogram of Suc & Mal Hydrolysates  Glycosidic bond of Maltose and Cellobiose have less steric

Data of cellobiose in not shown hindrance than those of Sucrose, and the oxygen atoms of
Maltose and Cellobiose tended to appear clearly on molecular surface. Sucrose has many oxygen atoms, so H* that has
a positive charge may attack easily, but OH- that
has a negative charge may not attack easily.
Compared to Sucrose, Maltose and Cellobiose
have less oxygen atoms, so the attack of H* is a
little inferior to the attack on Sucrose, and the
attack of OH- is superior to the attack on
Sucrose. All thing above considered, we seem to

be able to explain the results of the experiment.

Sucrose R
Hydroxy|

Hydroxyl (Iﬂ:(m . /0§ Hydroxyl W O CH.OH
. o .

5 Conclusion: ! W GO w L0 5 Moyl N\ o
S i d i il i i OH CH,0H ou’c\-o" ,,/C\ /C\P“ ’?/c‘cu H N O N
ucrose is used in silver mirror reaction g E ot 107 Vo o T

. L . H o0 W Glycoside Band
because it is hydrolyzed in intense alkaline Glycosids Bond Glycaside Bond FrosEEen
solution. In addition, we assume that

Fig.4 Structure of Sucrose + Maltose * Cellobiose

hydrolysis of Glycosidic bond is affected by :Center "Oxygen” of Glycoside Bond
highly electronegative oxygens around the

bond.
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Fuel Cell Research
Reseachers : Seiya Koyama / Kousei Fukai / Ren Urayama / Tomoya Hanyuu

1 Abstract:

The fuel cell, which generates electricity from hydrogen and oxygen, is particularly efficient and eco-friendly.It has
now become an energy source noted by many people. We directed our attention to the mechanism of the fuel cell and
we are now carrying out numerous experiments for the purpose of finding out the way in which we can stably
maintain a high voltage for a long period of time.  Furthermore, seeing that very expensive metals such as platinum
or palladium are now used as the catalysis of the fuel cell, we will also research for cheaper materials and verify their
utility.

2 Experimentation Method:
Firstly, we plated the electric poles with palladium and platinum.  Secondly, we researched a combination of electric
poles (stainless steel, nickel), mesh (100, 200), plating (palladium, platinum) and electrolytes (phosphoric acid,
sodium hydroxide). Finally, we observed the surface of the poles by using an electron microscope.

3 Results and Findings:

Concerning the electric poles, nickel was better than stainless steel.  On the other hand, 100 Mesh was better than
200 Mesh. W thought the reason was 100 Mesh has more metal per unit area than 200 Mesh.  Finally, platinum
was far more exceptional than palladium. We could find the difference of the electric poles with mesh, and plating.
However, we could not find the difference between phosphoric acid and sodium hydroxide. Furthermore, we could
get a better result by using cation-exchange film.  As a result of our observation, platinum was plated finer on the
surface of electric poles than palladium. Moreover, nickel had more platinum fire grain than stainless steel.

Nickel Stainless steel  (when metal is 100 mesh and covered by platinum)

4 Future Prospects:
We would like to research to use carbon papers, which are plated with platinum instead of using the metals we used.
We could research only platinum and palladium as catalysis, so we want to research other catalysis. Furthermore, in
this research we used Chloroplatinic acid for plating. But, we received some advice from Professor Arai that it
would be more effective to plate with diamino nitrite platinum in place of Chloroplatinic acid and it would be better to

change the amount of platinum in order to spread surface area. Therefore we want to try those methods.
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Methane Fermentation and Quantification of Methane
Reseachers: Yuusuke Kutsukake / Tsukino Sato / Manaka Aoki

We started this research to find more effective way to get energy

from wastes.

We used raw garbage in order to know if they can produce
methane gas. So, we preserved the following substances in plastic
bottles for one month at normal temperature. The following
graph shows what materials we used and how much unidentified

gas was produced.
Next, we tried to devise a simple and effective
quantification method for methane gas by the next

two experiment.

|1. Measuring the water weight|

500
400
[0)e]
o 300
(¢}
2 9200
~
\B,j 100 I
o ] ]
ONONONONORONGEONONDRENT)
Z | raw garbage olololo o ololo
o
wn
g cattle manure olo olololo o
o
& | soil from rice fields ololololo ° o
materials of peach, eggplant, sprout, cabbage, carrot, green
Chinese cabbage, pepper, yellowtail dried
raw garbage g Deraimon

banana ,mackerel

When methane is burned (CHz + 202 — COz2 +2 H20),water is produced in proportion to the amount of methane. We thought
by comparing the mass of a container before and after the combustion. We can measure the amount of water generated from

the burning.

Result: From the experiment, 71% of theoretical amount was actually recovered on average, but the variation range

was big and reproducibility was low.

|2. Measuring using the temperature change by the flame|

When burning a constant amount of methane, we measured the temperature rise of a copper plate at a constant

distance. Then, we made a graph showing the correlation between the amount of methane and temperature change.

We found experiment 2 is comparatively more reproducible.

Finally, we quantified the amount of methane made from raw garbage using

the method of experiment 2. We also asked Shinshu University to analyze the

gas by gas chromatography technology , and compared to our results.

Although our quantification was far from accuracy, it was successful to

distinguish ~ whether a gas contained

considerable amount of methane or not.

10
=E
L
R e 4
-
CE
20 4
the amount of methane(ml)
test tube ® ©) atmosphere
gas chromatography 0.16ml 2ml | 1ml | 0.049ml 0.0080ml
our quantification impossible | 8.8ml | 24ml | impossible
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How to Make a Bubble Ring That is Less Likely to Break

~ Breakability varies dependent on water temperature!? ~

Researchers : Genta Sakato / Atsushi Sakamoto / Ryota Seki / Hikaru Tajima

Do you know what a bubble ring is? A bubble ring is a ring of air that is made underwater by dolphins. This can

also be man-made. We questioned how we can make a bubble ring that is less likely to break and lasts long, and
started our research.

1 How to create a bubble ring:

We created a device for experiments, which was cylinder-shaped and had a hole(2.8cm across) on the front and 1/2-
cut balloon on the back.(fig.1,fig.2) When the device is submerged underwater, the posterior balloon is pulled and
released, and then water is pushed out of the frontal hole.  This creates a stream of water that is shaped like a circle.
At this time, an underwater pump is placed in front of the device which generates air bubbles. Then the air bubbles
flow in the stream of water and a bubble ring is formed.(fig.3)

fig.1 <front> fig.2 <back>
2 The way to conduct experiments:

We thought that we had to create a bubble ring which floated not so fast and reduce its buoyancy. We realized that
when water temperature rose, the bubble ring's buoyancy was reduced and the bubble ring traveled longer distance, so

we decided to research the change in traveling distance of a bubble ring in varied temperatures(2 to 30°C).

3 The results of the experiments:

©
(=)

We found two things about the relations between o 1 ()
the water temperature and traveling distance of a o
. Y o0
bubble ring.(fig.4) E1s o
1. The lower the water temperature is, the longer %70 ®
distance a bubble ring travels. 265 ® °
oo,
2. The traveling distance of a bubble ring does not ~ .£5° ® ° ® o0
- o
monotonously shorten due to a rise in temperature. §55
50
45
40 >
0 5 10 15 20 25 30 35

water temperature (C)

fig.4
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4 A consideration of the reasons of the results:
1. Why is it that the lower the water temperature is, the longer distance the bubble ring travels?

Firstly we thought of what changed when we changed the water temperature. We focused on the water viscosity.
We realized that the water viscosity and the traveling distance of a bubble ring changed in an almost identical
pattern.(fig.5) We believe that when the water temperature goes down, the water viscosity gets greater, and that it
increases the sustainability of the air bubbles and allows the bubble ring to travel a longer distance, even if the bubble
ring's buoyancy is increased.

2. Why does the traveling distance bubble ring not shorten monotonously due to a rise in temperature?

Actually we carried out the experiments at different times. That is, the room temperature and the temperature of
air bubbles at one experiment were different from those at another one. Thus, the pressure on the air bubbles were
different and the traveling distance of a bubble ring did not monotonously shorten.

5 The conclusion:

To create a bubble ring that travels longer 2
distances, a lower water temperature is “» 1:?
necessary. Also we found that the traveling & 14
distance of a bubble ring is related to the D1z
room temperature, in other words, related to = O;
the pressure on air bubbles, so we would like é’ 0.6
to research the correlation between the room % 8';
temperature and the traveling distance of a g .0
bubble ring in the future. g 0 10 20 30 40

water temperature [‘C]

fig.b
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The Biology of Scenedesmus
~ How do they form coenobia by the effects of Daphnia and sugar? ~

Reseachers : Kazama Yugo / Ishikawa Takanori / Tanaka Yusuke / Horiuchi Hiroto
1 Abstract:

Ikadamo is a kind of green algae living in freshwater. It is classified as a
Scenedesmus or Desmodesumus genus. It forms a coenobium of 27(1.2.4.8) cells
like a raft and the Japanese name Ikadamo is after this characteristic shape. It is
known for its ability to produce and contain hydrocarbons in its body.

Thanks to preceding studies, we understood that Scenedesmus species response to
odor substances given off by Daphnia, its predators, and they increase the number
of connected cells in order to make self-defensive forms. We also understood that Figurel Scenedesmus
they increase the number of cells in the presence of glucose as well. Then we examined whether Daphnia or its odor
substances and glucose would actually affect the formation of coenobia and whether disaccharide sucrose also would

act like monosaccharide glucose. Moreover, we investigated variations in their size due to sugar, which was not
mentioned in preceding papers.

2 Method:
<Scenedesmus Culture>

We purchased some Scenedesmus algae for the use of our experiments and cultured them in an incubator at 25°C to
increase their population. The broth we used was Hyponex (5000 times dilution.) We subcultured them under various
conditions in order to obtain ones that did not form a colony.

<Experiments>

We carried out the following experiments and took photos of the Scenedesmus in a culture fluid.

(D Effects of Daphnia(odor substances)

First, we put two types of Daphnia into each Scenedesmus culture fluid.We classified them according to how many

cells were connected to form a coenobium. Then we counted the population of the Scenedesmus in each case and
examined how the rate of each number varied.

@ Effects of Glucose and Sucrose

We added glucose and sucrose to each Scenedesmus culture fluid. Then we counted the population in each case
and examined how the ratio varied in the same way as in Experiment (D.

Moreover we measured the body length of the 4-celled coenobia in the photos by using image editing software

“GIMP.”
100% HE R E ;3!5; E;?rj
- 4 - &
3 Results: 80% 1 H B E H g BN
(D Effects of Daphnia(odor substances) 60%
As you can see, compared with the “control,” in which 40%
. 20%
the rate was almost constant, especially 4-celled
0%
coenobia  increased by 17% from 1st Day to 6th Day 228228 2TLERI S ESSE
T 8 I K > T 8 & © & > T S T I T >
) ) ) fARRAARE RARARAE RARARAEZ
in the presence of Daphnia pulex and also increased by
control pulex geleata

19% from 1st Day to 10th Day in the presence of BS-celled Od-celled BE2-celled Di-celled

Daphnia geleata. However, we could not find any 8-

celled coenobia. Graph 1: The rate of the connected-cell number in the presence of Daphnia
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@ Effects of Glucose and Sucrose
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Graph 2: The rate of the connected-cell number in the presence of sucrose or glucose
Graph 3: The variation of the size of the coenobia in the presence of sugar

Although we couldn’t find any 8-celled coenobia in the “control”, their presence was confirmed in the case where
sucrose or glucose were added. And the body length of the coenobia grew longer by a maximum of 3.58um in the
case where sucrose were added, and also by 5.17um at most in the case of glucose. On the other hand, it became
shorter by a maximum of 6.36um in the “control.”

4 Discussion:

(DAs we had expected, the rate of 4-celled Scenedesmus increased a little in the presence of Daphnia.  Against our
expectation, however, we could not find any Scenedesmus which had 8 or more than 8 cells. We could not conclude
this time that it was odor substances that caused such a result, partly because the number of Daphnia we obtained was
so small that we could neither get enough odor substances.

@According to our expectation, we actually verified that the rate of 8-celled Scenedesmus increased in sucrose or
glucose culture fluids, although no remarkable difference was recognized between the two. On the other hand, the
photos showed the total number of Scenedesmus was smaller in both of the sugar fluids than in the “control.” And
the number became smaller and smaller day by day.

We may need to take a following fact into consideration as well as a direct effect of sugar when referring to the cause
of such a result. In the sugar fluids appeared many bacteria, which we think might have restricted propagation of the
Scenedesmus but have encouraged them to form colonies. Judging comprehensively from a series of the results, sugar
must have influenced either the Scenedesmus coenobia directly or the environment surrounding the Scenedesmus, to
some degree.

We also investigated the size of the Scenedesmus in our experiment. We had expected that their size in a sugar fluid
would become larger and stop the growth at a certain size, and that their size would not change in the “control.”
According to our expectation, the Scenedesmus in the sucrose and glucose fluids once grew larger but didn’t show any
certain tendency afterward. On the other hand, those in the “control” got smaller against our expectation. It is
considered that the concentration may have increased when we moved the Scenedesmus from an Erlenmeyer flask in
which we had taken care of them to each fluid, which might have caused the shortening of their size. But
considering the fact that their size in both of the sugar fluids got larger even in the same condition, we can say the
sugar must have influenced the size of the Scenedesmus.

Finally, judging from the series of experiments we carried out, some reactions of Scenedesmus surely have
something to do with Daphnia and sugar. We have yet to confirm how these two factors work on Scenedesmus in

detail. We would like to discover the precise mechanism in the future.
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On the Germination-Controlling Effects of Oats on Other plants
~ To find out the time and space scope of a herbicidal effect ~
Reseachers : 1to Akari,/ lhara Ayumi,/ Imai Mutsuki
1 Purpose:

We can see a biological phenomenon called allelopathy in some plants. They influence the biology of other plants
around them by producing and giving off chemical substances, and this function is called allelopathy. For example
some prevent the growth of other plants around them, and others attract or keep off creatures and microorganisms, and
so on. Oats(Avena sativa) are known for having some influences on the plants around them and the microorganisms
under the ground as allelopathic plants, but many of the specific effects have not been explained yet. So we examined
how oats would actually influence the growth and sprouting of radishes(Raphanus sativus var. longipinnatus).

2 Method:
First we planted oats in a straight line on agar mediums without any nutrients. Next we planted radishes in three
patterns beside the oats; (D 2cm away from them, @ 4cm away, (3 6¢cm away.
10 days after we planted the radishes, we measured their roots and checked the germination rate.

<Experiment 1> Both the radishes and the oats were planted at the same time.

<Experiment 2> The radishes were planted 10 days after the oats were planted. ...(A)
The radishes were planted 20 days after the oats were planted. ...(B)

<Experiment 3> We picked up the radish seeds that did not sprout in <Experiment 2> and then replanted them on another
agar medium where no oats were planted. And we observed whether they would sprout or not.

<Experiment 4> Both the radishes and the oats were planted at the same time. ...(C)
The radishes were planted 10 days after the oats were planted. ...(D)

This time we planted them on a well-crushed agar medium.

3 Results:

<Experiment 1> We had expected that the closer the radishes were planted to the oats, the lower the germination rate of
the radishes was and the worse their growth. But in fact there was only a little noticeable tendency like
that.

<Experiment 2> Results of (A): The radishes showed the same results as <Experiment 1>.
Results of (B): There was a stronger tendency than in <Experiment 1> and the closer the radishes were
to the oats, the lower the rate of sprouting.

<Experiment 3> The radishes sprouted. This result shows that the oats influenced the radishes.

<Experiment 4> Both (C) and (D) showed that the closer the radishes were to the oats, the lower the germination rate was.

And the rate in the case (D) was lower than that in (C).

4 Consideration:
The results show that oats have some effects to prevent germination. \We can see from the experiments that the longer
the oats grow and the closer the oats are to the radishes, the lower the germination rate of the radishes is. And we can
also see that the oats grown on well-crushed agar mediums have stronger effects of preventing germination than those

grown on normal agar mediums. That must be due to fine space or gaps in the well-crushed agar mediums. The
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biochemicals spread faster when there was some water in the gaps of the mediums. This suggests that the preventing
substances from oats are highly water-soluble.

On the other hand, we couldn’t find any noticeable effects of preventing growth of other plants this time, which are
widely known.

It is necessary to do some chemical analyses of the substances which have the germination inhibition effects and
verify the growth-suppressive effects of oats in the future. And to develop practical uses of these functions is also our

future subject.
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Producing Bioethanol
Reseachers : Kubota Shun / Takeuchi Suzunosuke / Miyairi Kota

1 Consideration:

Although it was possible to extract ethanol from common plants that are regarded as useless and exposed, it was not
efficient because the concentration of produced ethanol was very small and it took a long time to produce. However,
if the amount of plants used in our experiment increased, the production of ethanol will increase. Therefore, we
found the possibility of extracting bioethanol from those plants.

The reason we could produce ethanol in our experiment is that, we think glucose is formed by a reaction of digestive
medicine and starch which are included in crushed plants and thus the glucose reacts with yeast.  Assuming so, it is
doubtful that cellulose, which accounts for a large portion of the plants body, is broken down and produces ethanol.

We found that it was essential to determine the conditions that are better for producing bioethanol. We examined the

ways of production which are easier in order to develop techniques produce bioethanol more efficiently and cheaply.

2 Result:
See graphs below from Experiment 1.

Graphs in here

<Barley Straw>

Barley straw pretreated with NaOH generated CO2 very well. However, the one pretreated with H20 didn’t
generate much COz2.

<Leaves of Water Chestnuts>

Leaves of water chestnuts pretreated with H20 or by pressurization generated CO2 the best. However, the ones
pretreated with H2504 or NaOH didn’t generate much CO2.

<Shells of Water Chestnuts>

Shells of water chestnuts pretreated with H2Oor by pressurization generated CO2 the best.  The one pretreated with
H2S04 didn’t generate much, but the one pretreated with NaOH started to generate CO2 gradually after seven days had
passed.

<Western Waterweed>

Unlike other plants, western waterweed pretreated with H2SO4 generated CO2 very well, and the one pretreated by

pressurization didn’t generate so much.

From Experiment 1, we found that the leaves of water chestnuts pretreated with H20, leaves of water chestnuts

pretreated by pressurization, and shells of water chestnuts pretreated by pressurization are suitable for Experiment 2.
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Species (How to Pretreat) Amount of Concentration of Number of Days for

Generated CO2 Generated Ethanol Experiment 2

8.0(ml) | 0.450 (g/L) 4 (days)

Leaves of Water
chestnuts (H20)

Leaves of Water
Chestnuts(pressurization) 90 (ml) 0426 (g/ L) 6 (days)
Shells of Water Chestnuts

(pressurization)

11.0 (ml) | 0.476 (g/L) 5 (days)

Judging from this chart, it is clear that the subject also generated ethanol if it generated CO2.

Experiment Summary:

Experiment 1: We checked the quantity gas emitted by 16 kinds of patterns every 1% for 16 days and think that it is a

condition suitable for bioethanol generation.

Experiment 2: A large quantity of gas emitted by 5 patterns that measured the quantity of gas emitted again. We
checked the ethanol production using an absorptivity altimeter.

Experiment 3: We tested it in the condition that we thought was most suitable for bioethanol generation. Then, we

divided the time finely , observed it, and considered the quantity of gas emitted and the relationship
with bioethanol production.
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On Conditions under which Liquefaction is Likely to Happen
Researchers : Moe Sakano / Nene Naito / Misaki Masuzawa / Tsubura Miyasaka

1 Purpose and Overview:

When an earthquake occurs, liquefaction can cause damage to the area.  Liquefaction refers to the temporary
disturbance of balance between the particles forming the ground due to the impact or vibration of the earthquake, and
to the ground becoming liquid because water contained in the underground rises through the gaps between the
particles. Liquefaction includes sand boiling, which means that sand and water contained in the layer rises and spurt
out on the ground, and the ground subsidence, which occurs when particles are once pulled apart and piled up again.
We focused on sand boiling because it is easy to visualize in an experiment and decided to study the conditions under
which liquefaction is likely to occur.

As factors causing the liquefaction, the environment in which accumulation was occurring, the size of particles
forming sediment and how they are combined, the amount of water, and water pressure are listed. In our study, we
focused on how different sizes of particles are combined and their mass ratio, water pressure at the time of occurrence
of sand boiling, and the level of groundwater when sand boiling and ground subsidence occur and considered the
causes of liquefaction after an earthquake occurs.

2 Experiment, Its Result and Consideration:
(1) Aconsideration on the combinations of different sizes of particles and their mass ratio
@ Inapreliminary experiment, we found that the combination of particles with 125 um in diameter and those with
500 um out of 9 types is most likely to sand boiling.
#From now on, we refer to sand particles with 500 um diameter as coarse sand and those with 125 ym

diameter as fine grain sand.

@  We prepared four screw tubes with different volumes that are filled with water inside and they are called A,B,C

and D according to the volume(A is the longest and has the largest volume). And we investigated the change in

frequency of sand
N _ o 100%
boiling when impact 2
)
is given to each S 80%
Q
container as we S 60%
o
changed the mass >
_ . 2 a0%
ratio by adding g
) o
different amounts of @ 20%
=
fine grain sand with 0%
Y D D> » Vo D> Ao NP I
Q Q Q Q Q
the amount of 3 9 S X aS w D G G G G 5 5 MssTatio
coarse sand the Graph 1
same.

{Result and Consideration))
+ From graph 1, in any of the containers, the frequency is high when the ratio is 2:11 to 2:13 and it is low when the

ratio is less than 2:7, 2:17 or more.
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—When the frequency is low, it is apparent that fine grain sand is too thick or too thin compared with the amount of

coarse sand. In contrast, we can see a clearly graded structure when the frequency is high.

 From graph 1, the frequency is different in each container and it is highest in A, which has the largest volume.
—The smaller the container is, the shorter the distance the sand sinks into the bottom is and the shorter the duration it
takes to be piled again after stirring.  This leads to the difficulty in forming a graded structure. And the water
pressure on the layer also decreases. We can consider that these are affecting the frequency of occurrence of sand
boiling.

Hypothesis 1 on sand boiling: It is related to the amount of water contained in the layer and the water pressure on its surface.|

(2) Inspection of Hypothesis 1
+ Using a plastic bottle of 500ml with a tube, we examined whether sand boiling will occur or not according to the
change in the amount of water. We put 20g of fine grain sand and 120g of coarse sand in the container and filled it
with water. Then we reduced the water by 0.5 cm each time and changed the distance between the water surface and
the top of the sand, hence changed the water pressure. In doing so, we investigated whether sand boiling will occur or
not and how far the ground sinks.
< Result and consideration>>
+ Table 1 shows the presence or absence of sand boiling according to the change in water pressure. Graph2 shows
the distance of ground subsidence.

Table 1
The height of the water from the surface of the sand (cm) container full | 10.5 10 9.5 9 8.5 8 15
Presence or absence of spray sand @] o] 0] @] @] @] @] 0]
7 6.5 f 55 5 45 4 a5 3 25 2 1.5 1 05 0
0 0] 0] Q Q 0] 0] 0] Q Q Q 0] 0 0] Q

1.20

+ From Tablel it can be seen that sand boiling occurred in every case.

- =The occurrence of sand boiling and water pressure are not related .

+ From graph2 it can be seen that

Distance of ground subsidence (cm) distance of ground subsidence is very

0.80

0.20

1.00 large when the container is full. In
0.60 addition, the distance increases when
0.40 water is decreased to 1.0 c¢m to 0.0 cm.
0.00 —The greater the water pressure on
K10 Q10 © 10 © 18 © 18 O 19 Q19 O 1 O 18 Qe O g .
2 S S P P W W6 ©as s ¥ ool ol 4~ oS oS the layer is, the greater the water
B . . .
{5 pressure on the particles in the layer is

The height of the water from the top of the sand (cm) and the more likely the water is to rise.

As the amount of water transferred during stirring and the amount of water at the time of deposition increased, it is
considered that the amount of settlement increased by that amount.

Hypothesis 2 on sand boiling and ground subsidence : They are related to the groundwater level |

(3)Inspection of Hypothesis 2
+ Using a transparent pipe with a uniform cross section, the groundwater level was gradually lowered by 5mm each,
and the water level was changed to Omm by draining water. We investigated whether sand boiling occurred or not and
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how far the ground sank with each groundwater level.
{Result and Consideration))

« Table2 shows the presence or absence of spray sand at each groundwater level, and graph3 shows the amount of
ground subsidence.

Table 2
Ratio of height to ground level 20:20 |20:19.5 [20:19 [20:18.5(20:18 |20:17.5 |20:17 |20:16.5 |20:16 |20:15.5
Presence or absence of spray sand (First time) |O (@] (@] (@] (@] (@] (@] (@] (@] (@]
(Second time) (@] (@] (@] (@] (@] (@] (@] (@] (@] (@]
(Third yime) (@] o o o o O O O
(Forth time) (@] (@] (@] o o o o o
(Fifth time) (@] (@] (@] o o o o o
20:15 |20:14.5(20:14 [20:13.5 |[20:13 [20:12.5 |20:12|20:11.5 [20:11  [20:10.5 |20:10 |20:95 |20:9 |20.85 |20:8 (20795
(@] (@] (@] (@] (@] (@] (@] (@] (@] x (@] x x x x x
(@] (@] (@] (@] (@] x (@] x x x x x x x x x
O O O O x x x x x * * *
(@] (@] (@] (@] (@] (@] x x x x x x
(@] (@] (@] x (@] (@] x x x x x x
20:7 20:6.5 |20:6 20:5.5 (205 2045 |20:4 20:3.5 [20:3 20:25 [20:2 |20:1.5 |20:1 |20:05 (200
x x x x x x x x x x x x x x x
x x x x x x x x x x x x x x x
x x x x x x x x x x x
x x x x x x x x x x x
x x x x x x x x x x x

+ From table2, you can see that sand boiling does not occur when the water level is less than 20:9.5.

—when the height of the groundwater level reaches about one-half of the layer, it becomes difficult for sand boiling
to occur. Graph 3

+ From Graph3, the distance of ground
The distance of ground subsidence (cm) .
35 subsidence became the largest when the

height ratio was 1:1, and even if sand boiling

1.5 did not occur, ground subsidence occurred.
0.5 —If the layer contains a lot of water, the gap
-0.5 g@ooh@xowcomv—«omoot\wnowmmﬂo

i R L B between the particles is larger and the water

The groundwater level (cm) between them serves as lubricant. So the

amount of water blown out increases. However, if the groundwater level is low compared to the height of the layer,

water cannot rise to the surface of the ground and there is no sand boiling.

|Conditions under which sand boiling occurs 3: The height of groundwater needs to be more than one-half of the height of the Iayer..|

3 Conclusion and Future challenges:

In this study, it can be inferred that the following four conditions are those under which sand boiling and ground
subsidence occur.

(1)The graded structure and the fine grain sand have a certain thickness.
(2)The ratio of the amount of sand to that of water is less than a certain figure.
(3)The container is highly filled with.

(4)The groundwater level is at least half of the sand layer.
It is predictable that the frequency of occurrence of liquefaction is high in the areas satisfying the above conditions
such as land reclaimed from the sea and those with high groundwater level, so you should be careful.

In the future, we would like to conduct experiments in a state closer to the real fields by using a seismometer or a
container with a large cross section, and want to make the above conditions more accurate.
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