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Preparation of electrocatalyst suspension for
forming electrochemically measurable electrode in alkaline media

Naoki MATSUNAGA, Kousei WASEDA, Masato KUROKI, Kouki NOMURA, Go SAKAI

Abstract

Preparation of electrocatalyst (Pt/C) suspension was conducted for forming electrode which is measureable in
alkaline media. A well dispersed Pt/C suspension was obtained by mixing Pt/C powder with anionic polyelectrolyte
AS-4 in advance, and then poured into a mixed solution of 1-propanol and ultrapure water. A mixed solution of 90
vol% 1-propanol and 10 vol% ultrapure water was suitable for preparation of Pt/C suspension and forming of Pt/C
electrode on glassy carbon. Benzyltrimethylammonium hydroxide was also examined as an alternative

polyelectrolyte material for AS-4.
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Validation of a model for predicting salt leaching from chelate-
treated fly ash

Yutaka DOTE?, Tomoo SEKITOY

Abstract

To verify the applicability of the one-dimensional model to chelate-treated fly, tank leaching tests and serial batch
leaching tests were conducted. Regarding the parameter search, the R? values between observed and calculated
fractional leaching amounts were greater than 0.98 for both Na and K, and the good agreement, indicating that the
model would be applicable to the prediction of leaching of salts from chelated specimens. Comparing the parameters
for Na and K, §(m) and D(m?/s) for Na was greater than those for K, and k(1/s) for K was greater than those for Na.
Compared to the cement solidified specimens, 3(m) and D(m?/s) for the chelated specimens were smaller, and k(1/s)
for the chelated specimens was larger that for the cement solidified specimens.

Keywords: Chelate-treated fly ash solidification, Cement solidification, Model parameters validation

for leaching of salts, Tank leaching
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Prediction of Temporal Change in Calcium Concentration in
Leachate Using Calcium Leaching Scenarios

Yutaka DOTE®, Tomoo SEKITO

Abstract

The objective was to predict changes in Ca concentration in leachate over time based on the amount of Ca leached
from incineration residue and the volume of leachate. Different leaching tests were performed on bottom ash and
chelate-treated fly ash. Scenarios for predicting changes in Ca concentration in leachate over time were developed
using data from existing final disposal sites. The results showed that the measured and calculated Ca concentrations
in the leachate from 2005 to 2022 showed relatively good agreement (R?, 0.731). The leaching scenarios developed
in this study would have the possibility to predict Ca concentrations in leachate. Assuming that the landfill is
completed in the year 2023, the Ca concentration in the leachate was calculated using this leaching scenario, and the
obtained result showed that it would take 29 years until the Ca concentration in the leachate reduced to the level where

no Ca removal treatment reduced to required.

Keywords: Bottom ash, Chelate-treated fly ash, Calcium leaching scenario, Ca concentration

prediction, Leachate

1. [ZL®IC

— R BEHE) D B HEAL ST T R\ T BERIALEL S K 0 Rk
ﬁéiﬁsfﬂi&:iﬁi WA EOFR 8 HEITH DV, BEHIFRE
TIFEL< O Ca BEFESNTEY, FKFITIE 32,000~
150, 000mg/kg-wet . #HE 4 A 4L JK 12 1% 54, 000 ~
280, 000mg/kg-wet . ¥ L — b A B g JK |2
160, 000mg/kg-wet, & A b [E(LALBIAEIKIZIT 83, 000~
200, 000mg/kg—wet DEAENMESHLTWDE 2, TIKE
Pl U CHEY A MUIRTRIK O Ca S ENLWERHIE, BEA
Jiti 5% T OHALKFEX RIZHN BB FANS Ca (LEWNE
FNEAKRBELL B L THENLTHD A SDK
B ALK -C D HE T A MLER A D FEFE & 5 e 5% A R ARG
28D & e A OFEEIL S RISAIR, Fraak, &
WY =X ThY | I T AEISIXENLENR
43%, 22%, 5%, 25% & . HEH AKBLDHKY 65%1Z A KR HKA D
b Tn?, DLEX Y 7 A A KR E WD
BAENLNO T, EKE R U THET ALK D Ca &
HFEPL o TND
BERENFRIELC Ca 753%77< GEENTNABZD, BHAKTO Ca
B S E <, 54~1,900mg/L DEENHESHTND Y,
BHKFHOE Ca BEOUREL LTX, IV T LART—

a) FABET 0S5 LB
o) 1ARBEI T 1 /T Al

JVRAENZ K DR HKDIFUKEEE B8 e & OfdE PHIE
SN §iE AR AR SR [~ D A 7 — )V D52 K D AW ALBEPE
BEOBRTINRTOND Y, ZDi=h, A —L3AEIED
TobIZ, A — Loy A, pH AR MURERIE, (RIE Y —
X 2 NN D ERHTIE DN IR K AL PR i Tﬁﬁb\%ﬂ@ﬂé
ZIHOXKE LR L AT I 72DIZiE, BHIKE Ca
WREZ THT20ERH L, LoL, ?%Hvkﬂfﬂ@ Ca JRE
Pl LRI S 72 570,

ARFIE T, MR ETHEEHRE L LT, ERB IO
MWD S5 HX b — MANZ X DAEN TR E > TV D
ZEMD VX L— MLBIRIK ARG L LT, # 1 ICEIR,
Pt ZMBREIK . % L— N LEE LB O Ca (LB %
R, ZOXIIT, FIKPD Ca fLEMTONTOREIL
LD, BRI R K OWRARYE Ca OF A mEIA-OWEH
RSB 20198130 72 <L BHAKH O Ca #EETIIZE
T HMFFRIT RS 72 5720,

HINOBFZE Dk, TR EF L— FMLBRIK & %51
SYERIRME R K OV RE Ca DOEIBIZ DWW TEIKF D Ca
D 5% LS VEMEE TH Y . L— NMLBERIKITH 50%
DRI Ch 5 Z L &R LTz, £/, Ca {LAWIC
DOWTIE, FJRP O Ca [ XFEIC CaCOs & LTHEMEL, F L
— MLERTREIK D Ca X321 CaCOs, CaS04, Ca(OH), & LT
FAETDZ LRSIz, LU G, BEEIFRIEIEST#%
DIZHHIK D Ca P T RNIAT DAL TR0,

T ZTCARFE T, K & F b— MUK % 6t R
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F 1. PEARIET O Ca LB,

Cafba®

Ca (OH) 29> N CasA12F82012C03 (OH) 92 ° 22H209)
CasAl,04C1y » 10H,0”, CasAl (A1Si0;)¥
Caz (Alo 92Mg0. 08) (Alo 92811. 08) 079) N

BN CaC0;" & 7

CasAl (OH) 4 (C1, OH) - 2H,0¥

T ZALBFEIK

Ca, (Si0y) (OH), '@, CaCOy ™ ™ 120
CaS0, » H.0'? |

Ca(OH), ™ ™ CaS0, ™ ™

Ca0'V, CaClOH 'V | CajpAl,055 'V

¥ L— MLECALBEARK

CaSO47’ 12, 13)\
CaS0, + 2,0 ¥ 3Ca0 + Al,0; *

CaCo” 2 13)

CaS0, + H,0™ ™ Ca (OH),”
3Cas0, » 32H.0 '2

IZHAKD Ca JREDORFEE(LZ FERFRIED Ca IEHE LR
HKENDL PHIT D2 L2 HE Lz, 20D, BiE
TRPERL S DR BEAR D 572010 L/S 24 2 TR
EiTolo, Eio, HEHAMEIERY D Ca IR EZ KD D72
V2. BhRIRIE RSy 2 Peid bR U7-sBHa s LT pl & L/S
EEZTIRERBREIT 72, & 612, BAE DIy 850
D DAV BERRIE N &, B HK pH, BHIKEE D &
IR K Ca JEE ORI E RO FEER DR HIK Ca JIE
&R U IR B O BENT L T 10 O IR K AL R B
2D ETOFHIZOWTHRFT LT,

2. EREBAE

2.1 FUL=RIK

FEBRNC T W L B IR 7T O — M BESEM SE e sk 7> 2023
A5 A 29 HITERE L 7 BEEI IR 38 K OWE S R ALERFEIR |2
X L— MAIE D CLE(LLBE 21T o 72 % L — M ALBERFE
JR (L%, WLERRIK & RS & iz, ST O &
BUY 23 BP0 ARUERI A S A7z PR AN 3K ER (B v
T LNETEEREREA LD X L— MNNXT v 2
Ak S803 (FEH A&t BNEhZhfEAshTn
o AWEXF L — NIV ZTF AT A IR RF L —
FEICH Y | K PEEEAS 121, 000mg/L & W2 &6 KIH &
LT L TWD &5 2 vl faA A D0 TUEhiiE
A A2 D3 45,800mg/L & Z < HENTWE, CLITEEN
TVWARNWZ ERDIP-> TS D, FRIZONWTIET T 7
RS b (B~ L1 MIC-189-0-11) TR Z 4T - 7=,
TR IZ DN TIE Y a—27 T v v — (f~A MIC-
198-0-02 &) CHUIFLE%, 2 H W S H 72tk TEIK & [FEE
W LTz, 7eds. o iett o EHT IR I oW T
2mm LR, IR ICHOWTIE Iim LLFCTh o 7=,

2.2 HERAE
2.2.1 ER=EHE

B 1g, ZZHEUK 26ml, JRAHEE Sml & Z ONEFETa =7
VB —H—IZINZ, B CEA LT 240 CIZRE LTk
v N L—hTH BB L, MAEILT, 0%, 7 A
WEHMERRAS (Whatman, GF/B. 47mm, "7 VA X1 um) %
FANWTEEESAEB L, 100ml (ZA AT v 7 Lz, AT
AU TT LT, A ERBROKEREIT 3H & Lz,

K 2. GEMERREH T IR O 720 OB E &

*
ZREE K.

L/s AEHE A (g) ZRRR K A (ml.)
10 30 300
5 40 200
3 70 210

# 3. FERARIEVR H EBR I D A B O TR I T
(mol/L).

TIK JVERTRE R
TR IR D L/S L/S L/S
L ol L/S3|L/S5|L/S 10 5 s I
71 0.8 0.5 0.2 2 1.5 0.5

9] 0.5 0.35 0.25 1.5 0.7 0.08
11 0.1 0.1 0. 05 0.1 0. 05 0. 05

2.2.2 SARRMERS OBEHFIRIER

2.1 THIE L7z FIK I L OWLEEFRIR & 228K & v
TL/S=10, 5, 3 D3 FHETHEHHBREZITo72, HneR
BHE & & ARBKEE R 2 1R, FTERORE & A KE
500ml D LI AT, 200rpm T 6 HERIE & 5 %1,
5000G “C 10 4y Dy BEA 1T o 72, D%, REA% 0. 45
um DA T T T 4 H—EHWNTAE L, oradEl 2
57z, otz LR pH & EC Z2HIE LT, RO
Bl 3E e L,

2.2.3 AR, OBHFIRIEER

FEAPERR Y OV T HIEBRICHW A ZHIC EKB LW
WLBRFEIR D 5y ERMRIERL 5y D Vi A 4T - T2 Peif i 500ml
A OEIZRE 10g, 7KK 300mL A B Y . 200rpm T 2 IR
IRL 5 %IT-72. 5000G T 10 4yEELyBERZTTV., EE
FrYR % 45 C I P PR AR A K 300mL % 1z 0 12 AL, 200rpm
T2MEMIE & 5 21TV ). 5000G T 10 5 MEE O BEZ TN,
FeoToiga 0.4bum DALV T T 7 4 NH—%HNT
AHiE L, [ L 72 5%H# %2 100mL R U A5l L, 105°C
TWREE U2, HRIE. 1 B BB 0.5%0L FiZ
72 % F THkE LT, RO T 52, FRIEZ FLEKIC TR LI
<EELT-bOEPRRHREE LT,

Vel 2 VT, L/S & 10, 5, 3 & L, M O%H
WP 23 7, 9, 11 &7 D X 91, £ 3 IR T HHEEIRE DA
BEAZAWT, 2.2.2 L RO S CREROEHRBR 217>
Too BRI B BRI, E72, I pl 2
FE pHE0.1 & 72 o723l 255 & L XRD o4 %47 5 7=
W, Y RE O OEICFR A 300mL 2%, 200rpm T
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# 4. HOEREOEH Z (ng/ke) .

Na K Ca

Mg S0,~S Cl

FIK 29,300 | 12,600

110, 000

12,000 | 1,700 | 22,000

SRR | 39, 100 | 37,900

134, 000

9,200 | 18,100 | 142, 000

P EIK | 16,300 | 6,900

89, 200

13,000 | 1,600 1, 100

YEETEIK | 9,600 | 4,900

121, 000

14, 300 | 20, 700 6, 700

1450 & 9. 50006 T 10 SWELYBEZITV., L
HERETINE 2 B IR L, m0EOKEZ 100mL R Y
BB L, 105°C TR L, B OEE & O RN
0.5%272 572 b D& R VIR Lz,

2.3 SWAE

Na, K, Ca, Mg OJEEILT L — LB IECERE (WA
SENAT T 772000 ) W T o AT o 72, E72 CL
SOS EA A ra~ 777 (HREAFFT A
(FR) ICS-1100, 77 2 AS4A-SC, TABERE Na,COs 1. Smmol/L/
NaHCO; 1.7mmol/L) 12XV 43#r L7z, £72%& pH TEILL
TRREOALEWNZ DN TR, X BREYTEEE (PANalytical
X’ Pert-Pro MRD) TH#T L 7=,

3. HRLEBRE

3.1 ALWV-EHHDEER=E

F A ICHAWERBOEERIZOWTRT, FEIKHP T
Ca 7% 110, 000mg/kg & H %<\ WIT Na 2% Ca D 1/4 2
BE. CL 23 1/5, K, Mg 2% 1/9, SO+~S 23 1/64 & 72 o7~ AL
HISREPK Tl C1 28 142, 000mg/kg & i b2 < . RNT Ca A
134, 000mg/kg & 72577, Na, K& Ca @ 1/3 FLEE, SO-S A3
/7, Mg 1% 1/14 & 72 o7z, ABEFIR D Cl N WBEH & L
T, HETAH D HCL BHFIAITH D Ca(OH), &S LT
CaCl, DM b & U CTHEN AMBERIKIZE Enii=b &
EZ N, £, KBAEMLUEEEHEE LTHF L— M
KENEENTWDI0 EE 2 b, PRI XS
LHNa, K, C1 28 1/2, 1/2, 1/20 & KIEIZHEA L, Ca
I 4/5 123, S0-S & Mg iHiF & A EEAL L 2o Tz,
VeI & Peidran & lb~< Na, K, Cl 2% 1/4, 1/3, 1/20 &
RIEIZHA L Ca iF 9/10 1234 S0,-S & Mg (T L7z,
IO ENLER, RBERIK & I GRS & LT
NaCl, KC1 WEENTWD LB X Hivl,

3.2 KRikFHAMDCaBHE

LICRPEF R T L/S EEIIRD pH OB % 7T,
K1 L/S3 T pHIS. 65 725 7= DIk L L/S20 T pHI3. 19
Lo TEY, L/S OEME & HIT pH AT 2 &R
Dot MBERIKIZ OV TIE L/S 2381 LT % pH12. 40
FRETIRIE—E L o7z,

2 A ZABFRIKNZ DWW T D L/S & Na, Ca DIFHE, %
HWREE D BAfR & 7R3, ALPRTRIK O Ca 1X G USFRIERL ST D Na
CREEL/S ICEBPEHEN—ETH Y, Ca IBFHBEED
Na E[RIEEIC L/S OofnE & i LT 0 | ABRYK

-O-Fk +NIBRIK

14

1370\0\0\O
n |l -

1
10

pH

7 | | | |
0 5 10 15 20 25

L/s

L RUHHEIO L/S &R pH ORI,

—{1+Ca -O-Na
40,000 {1 ——}
~ o 60
2 30000 }
S~
£
Z 20,000 }
0
3 10,000 [
Ko
O 1 1 1 1
0 5 10 15 20 2
L/S
) NEBRIXDAEE
—{+Ca -O-Na
12,000
3 10,000 |
S
oo
£ 8000 |
6,000 |
i
gl 4,000 [
{?3 2,000 |
N 0 ! ! ! !
0 5 10 15 20 25
L/S

b)ALEBFR K A R E

2. HALBEFIK D L/S & Na, CaEHE, BEHIRED
BE1%.

DHBEHT D Ca IZBIEMNED Ca R DIEMICL D H D
LEZ BT,

SIZEIRIZOWTDL/S & Na, Ca DIRHE, R
FEOBRE RT, FIKD Na | ZALBREK & BRI H R
L/SIZEBTF—ETH W IENREILL/S OHNE & b2



D UTe, —HTCalLL/S DML & HIT Ca vEHE S HIN
LTEY, CawHIBES L/S oBghne &bz 7=,
ZAUE, pH 2 L/S e & BTk oo TNDH Z & e
5. —EIEME L7z Ca 23 pH D721 Ca (OH) o ML) %% %
ERLIZEBEZ 50, pH OIKTF & & HIT BT BEHER
R LB 2T,

3.3 HAEHD CaZHE

5 ITUE B ER O L/S & pll 27T, 13 A
EOREICIEEIKO pH BEEL Lz pH IZT 5 2 LN TE
Too X4 & B IZENEIVBESFRIK & BEHFEIKD L/S &
Ca OVEHE. IWHIREORBHRE R L, K6 ICEHIEH T
DY, TR DL A =9, WeERIKTIX, B
2 pH7 TIRIHEIF—ETH Y, BEpH BRI 251D

16 R OK ¥ LR E EE
—+Ca -O-Na -0-Ca -O-Na
20,000 5,000
¥ 15000 | S 400 |
o £
g E 300 |
Z 10,000 |
’ M I
I ok 2,000
H 5000 - H 1,000
K X
0 ! ! ! ! s 0
0 5 10 15 20 25 0 10 15 20 25
L/s L/S
aAERDAHE b)EX DAY ERE
3. FIKDL/S & Na, Caiatia:, IAHIIEEOBIR.
F 5. WEERBIO L/S EIEHED pH.
L/S H A% pH7 H A% pH9 HFE pH11 H 2 pH7 H A% pHI9 H A% pHI1
3 6.85 9. 00 11.22 6. 96 8.71 11.00
5 6. 92 8. 92 11.08 6.93 9.09 11.19
10 7.80 7.43 11.31 7.29 9.58 10. 91
—0-BiZpH7 -0 BiZpH9 —A— BiZpH11 —o—KFHE —-O- BffpH7 —O-B1RpH9 ——BiFpH1L —-KRFE
1,000,000 100,000
) s <
~ 100,000 E b I
> : £ 10000 E
IS L ~ E
= 10000 i
I g O\—Q—//O % 1000 L
a1 | @ | Q\\O———————o
XS E K s
100 L - - - - 100 - | | .
2 4 6 8 10 12 2 4 6 8 10 12
L/S L/S
BRIk D BAHE b)IERIK DB HRE
4. PEFITRIK D Ca IEHIFHE.

ATEHEHETKTL, M— B pH TOEBHREL oo
7o BHBEIZEOBRE pH T L/S K& 2B IoN
T L, B pHI LLF Tk, L/S5 & L/S10 TOIRHSE
JEDEWNI/NEL Ipodz, BEEpH OIR T & & HITHHIR
FEVIEEIN Uz, VAHIREE O Rl — B A% pH TOZEBIREITR
&<, BEPH DK T & & HICEMREITIRE L oot

Ve IR, BAZ pH7, 9 THEHEII—ETHY . BIE
pH WK EL R DT ONTHEHEIFME N L, [W— B pH T
OEFEF B REL Ipolz, BWHIREIZEDOHE pH TH L/S
MRELRDIZONTHEA L, BAE pHI LLFClE, L/S3 &
L/S10 TOWMHIRE OIS Ieodz, HAE pH DI
TE L HITEHBE I U, WHIREOR—HIE pl
TOEIFEIIRE <, HIEEpH DIRT & & HICEERE
TREL otz
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—-0- BiEpH7 O BEpH9 A BiEpH11 —o— KX

100,000

s | p—8——0
w 10,000 |
E g
I _
ﬂ 1,000
i : /o/o

100 1 1 1 1

2 4 6 8 10 12
L/S
A FEIRDOBFHE

—o—B1ZpH7 - B1ZpH9 —— BiZpH11 —o—KFAE

10,000
)
S~
oo

£ 1,000
o
T

3 100
H
o

10 1 1 1 1
2 4 6 8 10 12

L/S
b)¥Ei% IR DA HIRE

5. Ve EIKD Ca ¥ HIFFME.

6. YERElO% pl TOBEHE, EHIEREOLEMRE.

Do 2K RGN
B pH pH7 pH9 [ pHIl | A7F8% | pHT pH9 | pHIl | R
B (k) |V 32,100 | 25,500 | 7, 280 434 | 97,200 | 56,000 | 8,490 | 2,200
RIS TR ) 17 21| 29 67 12 14| 58 24
. B 6,870 | 4,960 | 1,430 65 | 21,900 | 14,100 | 1, 430 433
VA I (mg /L. -
IR (ng/L) ZEEHERE () 45 32 37 26 54 72 27 39

3.4 CaiZHiiFUA L CaiaHEETFRIGER
3.4.1 HBZUDIZOME

AHFSET Ca YSHIREE TN AAT o 7o L5385 T HIT AR
D4 APOHEN ZBG L CRY, HNTHIZ A B, C, DD
4 X253 VKB FE X2 240 9, 000m?, 12, 500m?,
8,000m*, 11,500m* Tk %, BEHRIEIZ DV T H24 AR
FCERIRIR & FIK AL L 7o RE e, H25 AREED
LIABILEL A2 L0 72 2 LI2 L0 EEEIE R v Ic T
JRORSEASBERE S -, RN M R & L C R L
O, BHAKEZIZ D720, T—— kLW &
—h LB NH U — R ERRR) 7o 8 THNEEDOITDIL
TWR WX E 278 > Tz, BN P oo Xl T H N E %
ToTWRWE G Z Y — R CHE-> TV ERbo T,

3.4.2 BRHKERESLIUVEILIIF A
BRI AEREIL, BT DRt s =S 4 4E4 A
25 9 HOEREOBAKREICHT DRHKEDHE LT
B L2039 & L7z, iUk, —EOXETIEY— M2
K DWEIITHOIN TNl RIEEEORE WEETH
5, B BRIEENTZT —F 13 L OFokE, AT
B (TR, ERIK ) HESEEXE, — Mok D
BRI Td 5, HNIMEZEOIT O TO AR WK HEIZ DN T
I, V= M XM T O COTURR KR AR E %
0& L, WEMTONTWARWEAIE L & L, MSIEE
PITHOIN TN D XHET— > — MI LD HENR T T
WAL AETH o THIRHAREREIL 1 & Lz, 1ERO

RHKEITA T & KE 2 & SRR L ST R K TR
RHAKRFEAEREE R CRAEREZRD, AL, HZE
OISR FAFIIR . TIK OHLSIEZE A 1T - TV B K ik
TER L CARIEIZE D R 72, 5l 2 1E =20 Kl CHLN{E
EELTCOVLENRMYEEL 1/3 FOFK KM T
L& Lie, ERELD S O Ca IBHITAET2nE L
7=

3.4.3 CamsHiFrUA

RBEE B D IMBRIK D HVEH T2 Ca IZHEMRME Ca
EEZONDZENL HMONTOENDEEBICERT
WHT 2 & A0E L T2 O EISR T 30RO 3 HH 3R
BT A EHEHE L Uiz, ReEoO FIKIZOW T,
ONLTCHNTT SO pHIIEWEEZLND Z ENnD, =
JR7~ B ARVEAHA IR The b pH D@ h o T AR BEH EIK D
R L% B IRIRYE Ca DYSHR L LT,

FIRHAKD pH N 7TRRETH DO T, BEigaElo pH7 T
WH Lo 72 b D& ARNREME Ca EFEDY, Peigilklh &4
Ca 725 pH7 TOWHIEA T < Z & CUEEHURHT O Rtk
Ca G REA RO, Ve OAREENE Ca 578 IR
HrakBhh Ca (2T 2 Peirak bbb Ca HIA (Wil Ca
T Rk PR R EN SR AR R Ca A &) AR U
52 & TRIEERBI T ORENE Ca GHEE A ROz, Ve
FRBHET SR 1| Pai SEBRASL B> & KT 95. 6%, FRIK T 64,
& Lz, RUEEHHAEI ORI Ca GH EITREH &
D BB O ARVENE Ca A EE 2 LI 2 L TR,
RTICEER D EHEOMEEZRT, SEEfEME Ca @ 1 4
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7.

DR A o SEEMEYECa D VRO EL B & L,
LA O Ca JREE (X 4 XE D 1 RO Ca IO S
FHE 1 EMORBHAKRETH - 72 ETRO 72, RHIKIRE
FPME L FHRBOREARID R/ ERD LI &
DI NR—=Ta & BEWRE LT, | FR ORI X
T LIk, 4 KEOEHEEZGE LTGRO, &XEO
WIHEIL, SV Ca, ERAMM: Ca &b, ThThod
AREICE R L 2O OERZERG (1FERD Y By
— MZEAWEMTON TWARWHEOEG) 2/ L5 2
L TROT, BBIRIE Ca, HEEMYE Ca & BT, TNLEN
O BRI HED 01272 o R TR T & LT,

3.4.4 TFRKER

=K Ca W O FHIME & FHRAE DTS F R /)N

18 A N=
T RUEEREHP Oy Ca HF & (ng/kg) .
WMy A R | HRRRIE Ry S AR | RefR RS S R EEARE
TR 6, 020 59, 000 44, 500 111, 000
ALEEFEK 37, 400 82, 500 14, 100 134, 000
—o—FAE —O-iFEE
6,000
= 5,000
oo
£ 4,000
b
ﬁamo
H 2,000
K
3 1,000
0
6. JRHIKD Ca A DOFEAE & FERIE.
—o—FHfE —O—FtEE
7,000
QG,OOO [TITTTITTTTITTITITT
£ 5,000
i 4,000
883000
H
g 2,000
8 1,000
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
l\m\—imml\m":mml\m\—cmmr\m\—umml\mﬁm
HHNNNNNmmth!Qﬁ\—IHHH\—INNNNNmm
IIIIIIII X X £ C X (X (X (X X (X
=
o
FE

R5 4R THISE 248 T L723A D Ca O Tl EE.

Wb al BEZIELDINANR—TERLI-EZA, o
=0.0365, B=0 BNEF LIz, ZDZ EIXRHAKTO Ca i
FER T TR T O By BRIy DRI KD b D
ThHhHIEHEHRLTND,

X 6 [ZAEIOFHEIZE S Ca R THIFER & EEEORH
KTD Ca Y2 s, FRME L FHEEORERB A FHAE
Liz& 25 0.731 & 7po iz, M LOVMERED b4 R
Uity U A eRed Bz st R ERME IS5 L
HOLRBE—HL WD EBX LN, ROP TR 20 4
JE SRR 24 R SRR 28 ARIE . RN 3 ARIE CRHRME & 32
HHEA R E < B2 M. THUIBEERE O Ca IEHFFEIC
DWTELEHLMNTR > TWARWERND D Z & NFA
T D AREMED R SN, FAMICT 2720 08ER L
LC. BHPEHREBR R & 2T WBERFRED Ca HIE O
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REELIC O THRFTT 2 2 L ERET on D,

T A BIOEH T T U A% vy, Rb TN & #&
T L& Lo Ca O TR A2 79, W80 54
ELTC, BTOREZ#&FE L, BEREILEIL 5 FOEL)E
RN A Uiz, ZOfEE, 29 ££1% OS5 F0 33 127 HKLL
FRR M2 < 22 DIRHKD Ca R TH % 500mg/L I
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Characteristics of Static Dissolution of Calcium from Bottom Ash
and Chelate-treated Fly ash treated with Calcium Neutralizer

Yutaka DOTE?, Tomoo SEKITOY

Abstract

To clarify the characteristics of static dissolution of calcium from bottom ash and chelate-treated fly ash, various
leaching tests and XRD analysis of samples were conducted. Twenty-five percent of calcium in the bottom ash and
fifty percent of calcium in the chelate-treated fly ash were easily soluble substances. Contribution ratio to landfilled
calcium by bottom ash and chelate-treated fly ash at pH 6-8, which were similar to the pH of the actual leachate, was
approximately fifty percent. This result suggested that the calcium dissolution potential of the bottom ash into leachate
was almost equivalent to that of the chelate-treated fly ash. Contribution ratio to landfilled calcium by chelate-treated
fly ash based on the Japanese Leaching Test (JLT13) was eighty-one percent, suggesting that calcium concentration
in leachate would be affected by dissolution of calcium of chelate-treated fly ash while landfilling operation continues.
The results of XRD analysis indicated that calcium existed as CaCOs3 in bottom ash, and as CaCOs, CaSO4, and

Ca(OH): in chelate-treated fly ash.

Keywords: Bottom ash, Chelate-treated fly ash, Calcium, Dissolution, Leachate

1. IFLC®HIZ

—JRBEIEW) DB A2 I\ T BERIALER I X 0 s A
T D BEHEIE TR BRI 7T BITHD Ve
HIZIEZ <D Ca BDEBINTEY ., ERFITITFEY
160, 000mg/kg? . HEA A MK 1T 280, 000mg/kg? .
L— MALBEAEPR 1113 160, 000mg/kg® . 270, 000mg/kg” .
A 2 MEAVALERTRIR 1L 83, 000~200, 000mg/ke® F& D
BHBENRE SN TND, K & Ll U CHED A LBRRIK
D Ca BHENL VBRI, BEAIMERR COMAKFERRIC
WS NDIANC Ca (bEMDREENTNDENHTH D,
il F1 5 O KB T OHEN 2 ALBEAI OFEEE & {5 F sk B
ATEERIC L B & T A BRI S KOS AR L R
K, mE, Y —ATHhY, RIS TWAEIAT
TN 43%, 22%, 5%, 25%& . HEH AMFLDK) 65%I12 47
JRAREERIB N BTN 2 P, BLE X0 HE 2L A K
FREHOCDEAENREZ DT, EIK & g U CHEA R ALERAR
JRD Ca GHENEL 2o TV B,

BEHVREIZ Ca NEL EEN TV AT, ZRHATO Ca
BELEL, BKT L 900mg/L? 75 3, 000mg/L FLE ” &
RENRE STV, BHKHOR Ca lREOE L L
T, v DA — VAT K DR KO JRKEE

a) TR T v T LR
o) TAREE T v 7T hifEHER

HBEE R EOREMIE, 27— OfMEIC LY [EliEH
RRE TN R & 7 0 il | [B00E SV 7 230 L AfT
ICE LR EDBEERETOND Y, DT, A—
IVHEAERGIE DT DI, A — L or A, pH i, Doz,
IRIR Y — & & TIN5 LS O A 4 25 Haftis ' 23 F
WHNTND, ZIHDORER A L0 23 L <AT 9 7212,
RHKT Ca JREZ THIT A2 LR H A M, RHAT O Ca
TP 2 T U7 RI L S 72 B 720,

& VITFIR, HE RALBRIK . & L— N EALILEETR K
H o CafbB., 212 Ca{bAMDIRIRIE Z~d, 70k,
Z O TIXEME 1g/100g DL %GR \b G & LT
W5, BET ARBRIRIRIZ X, BHEfEE & LT CaCl, (20K
i) BEE I TR FEEARYETIX CaC0s 23T DK
WZHEE L THRE SN TV D, £70, FIR & PET A FTRIR
(21 Ca (OH) » A3, HEAT AR & % L— N Z2E L ALEEAE
JRITIX CasS0, (MEAKFn, —KFndy, KR HEEh
TWaZeRngEIRL WD, £z, ERITIE
CagAl,Fes015005 (OH), + 22H,0 . CajAl,06C1, - 10H,0 .
CasAl (A15107) Cay (Alo, 92Mg0, 08) (Alo, 92511, 08) 07
Ca,Al (OH) 6 (C1, OH) = 2H,0 23, HEA AALERTRIKIZIL, CaO,
CaClOH 23& £ T 5, CaClOH 1%, FRIKH D Ca(OH), &
HC1 2350 LC, CaOHCl ZAERk T2 nlREMED e b v &5
265 W, F L— MEECLERIKIZIL 3Ca0 + ALO; -
3CaS0; * 32H,0, CapAl,SiOr BAEFENTND Z ENHE X
TWb, ZDOEIT, FKPD Ca (LB DONT DI
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# 1. BEAFEES O Ca LAY
SR L &Y HERMEE L S IR
- CaC0,'V> @ + CagAl,Fes0,5005 (OH) 5 + 22H,0™
« Ca (OH)," + CasAl,04C1, » 10H,01
FIK - Ca,Al (A1Si07) 'V
* Cay (A10.92Mg0. 08) (Alo, 92311.08) 0712)
. _ - Ca,Al (OH) ¢ (C1, OH) - 2H,0'"”
- CaCl, + 2H,0"> - CaC0y'> 1
- Ca (OH))ZM))’ 15)
N . + CaS0,'? 16
BES A ALEEFREK . casoz C 1,0
. C 014)
- CaCLOH™" 9
. Cacogiz’l:; - 3Ca0 * Alz(l)%- 3Cas0, + 32H,0 ' 17
=t % ° CaSO4 ! ' CagAlzsiO7
* Fﬁm{t%@ﬂé}j\‘ . CaSo, + H2016)
- CaS0, + 2H,0'®
=AY \jﬁ\ %‘Zﬁﬁ’%ﬁ Ca k%ﬁﬁ;ﬁ’if Ca @%;é.;ﬂ%a“é%&%; %92, Calb OOV,

B VN, F 7 FEAMR DIESFEE D ] Sy — -
IERYE 7= 5720, £z, HEAMRYE Ca OUAES7 pHARAES =, PRI ST
WZOWTHHREITRAET 5720, Ca (OH) 0.16g/100g | 19 oq

T TABIETIE, RHKTO Ca IETRELT 5 20 T (201C0) :
1o, EIRE Ca BAFEHIE A F L— MUBRROR | caso, (2-239(35;3/ 100g | 1
Ca WHIFHEZ G NIC LT, 2D, AR RS CaS0, * H,0 —

KON pH ERFVERER 21T 9 & & HITEEIO XRD 08T 21T c 0.21 g/100g
asS0; + 2H,0 (30°C) 20
ST, MA T, A~ Ca iaH & L TOEKE CocTan
N - g NAd - a _
J:Ug? l/ }\ﬂﬁﬁﬁ}j\‘@%&:ﬁ‘%% %z) L\— L/fuo C38A12F92012C03 (OH)Z . 22H20 .
Ca4A1205C12 M IOHZO -
2- %Eﬁﬁ;ﬁ Cay (AloA 92Mg0, 08) (Alu 925114)8) 07 | —
0.91g/100g
21 ALERR - e L7
: - CaClz M 2H2 -
FEBRI VLB IR L B IR T O — R BETEM SR AR 2~ 5 2022 3Ca0 - Al,0; » 3CaS0, - 32,0 | —
5 H 31 BICEI U7 BERI IR, IR, PRI MR & CanAl (A1S10;) —
HRNF & L C IR 2 K 2 GA A CALER L 7= HE 1 R JLFRAR CapAl (OH) 6 (C1, OF) - 2H;0 —

PR HEH A BB 3 L— b FIZ AW CRE(CALEE 21T
o723 L— MAEEFRR (3 L— NS 4wt%) , HFn] (&
~ V7 —NC, BEEET RN 2 iz, Eikifin
5O EEY 255 PRIANSITKE L L 27 b & iE R
PRAELELODEENTND, FL— T v 2T
A b S803 (BEM T3 AH) 2L,

2.2 HERAE
2.2.1 BHEHR
Wl 1g (FL— FANT Iml) . ZZBE7K 26ml, JEASEE Sml
(C1 Z3Mr L IehfifE 2. 5ml) 2 Z DIEFKE Ca=h Lt —7
—lZnz, BEEFILC#E % LT 240CICRE LA v h 7L
— hTHOMEM L., MAEAI LT, TD%, H T AMGHERRR
(Whatman, GF/B) &M\ CAa&W5] AiE L, 100ml (2 A A
T w7 LTz, AIRIEAR VHICRTE Uiz, G &R0 XIE
FEUX 3EE LT,

2.2.2 13 5AFHHR
BREEIT A7 13 B\ CHEL L CHS IR & 1T - T, 7272 L

AEHT 40g & L. 2K

7K 400ml % 1L DR VIEIZ AL TIT

o7, FlL— FANZHOWTIE, F 1 — FAl 10ml & 100ml
WCARAT v LIEb D% W, 200rpm T 6 FEEIEE 95

%K 543

SEIEE L, BB LE 0.45um DA LT T T 4
B =N TAIE L, ekl 157, Eo7e b

D

pH & EC ZJI7E U 7= ¥ BB T4 b L 7o AR 1ROt

BRI IS

ZMATHRAFEL. C1 I

50ml £ L TR VIS AN, RS 0. 25m]
26ml FREL L, fIH Iz

PRI LT, IWHERBROMERBIL 3 EIE Lz, FL— Rl
IZOWTIE, IBMIRE Nz 25 & AW L 7=, pl, EC &4

HrLiz,

2.2.3 )
A 10g.

MERIZ

TILiNy FiaHEER

FREEIK 300ml A& 500ml DiE LM
200rpm C 6 FEfilE & 5 %1
1Tole TDH%, AR & —|

. 5000G T 10 %

SIS
ZEELER LTRSS
CEEALTHD, 0.45umDAL T T T )b

ZANT,
THEZ

Z—ZHNTAIE L, otk 2157, 7% - 72 EEA O pH
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23

= 3. HRIHIOAL R
Na K Ca Mg S0,-S cl
&4 & (mg/ke) 1,770 98 | 477, 000 2,500 966 0
13 R %) 87 21 1 0 51 0
TSy FEHER (%) 91 43 17 0 81 0

& BC ZE Uiz, AIRITITBOE, HiER /4T FILC 50ml £
HBL TR Y RIS AL, SRR 0. 25m] & 0% CTHRfEL., Cl
SYHTANZ 26ml FREL L, ([MH Nz FIcRFE Lz, 2 AL
Beid, FRIEDS A o Tt DV 1228 B 7K 300ml 2 0 %, [FIERD
FINETITo 72, ZOTHEE 4 ATV, BB O RaEmLE
WO 22T EERRE LTERRLZ, YU T ARy F
RO RAEREIE 3 H & LT,

2.2.4  pH{kFMHEER

B R 1g (PFRIFIOEEIL 10g) & 787K 100m] % & —
B =\ Z ., FEEHE Metrohm) T 6M A S L < 1% 0.6M
% Nz pH ZFTEDECT—EIC Lo £ £ 3 R L
7o, b EfE L, LA E 0.45um DA T T T 4
N —Z N T At L, ekl 24572, AR %ok,
f BT 50ml £RHX L CAR U I AZL, SRR 0. 25ml
ZIMZTERAE L, CL MRS 25ml £ L, (b 371
BRAF LT,

2.2.5 ZinfEtE. HARRESBAER

BEHIFEIK, F L — MUEFRKIZOWT, 3k 10g, 788
7K 300ml %0z 7= 500ml Om V& % 3 AU L, 2.2.3 D
U T ANy FUIRBEEEIT o T, 7272 L, IR T 2
|l & L7z, 2 8B OB HEREC LB AR A BN L2, =
LNE PN DOFERT 2 7K TRV L. GE/B DIE#R A W T
W5 ATV, EDE N O &2 SRR L7, [
105C T M S M A G ERZWE L, EEE/LR
0. 5%LL T TlE7e Ao 723 A RE O FNEA MR L | B0
i L AN TEBZD 0.5% A TS/ 5 E Tl L7,
EEZEN 0. 5%, P27z~ 726 Myl LA 2 [FIIL L 7=,
2 B OVEHBMECIR I L= B % Bisfetig &, =nlist
TR E R L Lz,

2.3 oWAE

Na. K. Ca Mg OPEFEIL 7 L — AJE Y6 EEYE (HITACHT .

7-2000 #1) & FHWNTHOHrT&21T o7, £72Cl, SO~SFA A
vruaw 757 (ARXEA A7 AR HE 10S-1100,

T I ASAA-SC. YABE R Na,COy 1.8mmol/L/  NaHCOs
L. Tmmol/L) 12XV o3Hr Lz, [EEFED XRD 4347 id X ##
[ HT3E1E (PANalytical X’ Pert-Pro MRD) TfT-7-.2.2.4

THERE L7z C1 T HORRBHTIMHI N G E N TN D T2,

ZHH ORBHC OWTIL, F A4 7 B AKERIAIR TR AR
VE&RAT > 121, WOGEEREF (HITACHI) <TCl1 24387 L7=,

3. HBREEE

B

5 10 15 20 25 30 35 40 45 50 55 60 65
2 6 (degree)

L. oAl XRD AR (@ @ Ca(0l),) .
F4. FL— FEIOILHERE (ng/L).
Na K Ca Mg S0,-S Cl
797 | 121, 000 39 2 | 45, 800 0

3.1 AWM eZ4it

3.1.1 &hFnHl

F 3 PRI DAL SRR PRI W TR, 13 SRR
BRTO pH 1% 13. 03, U 7y FsHERERD 1 [[BHD
AR O pH X 13. 10, 4 [B1H O RO pH X 13. 00 TH
Slz, GHBENDFF ORI % Ca BEHD TN, Cl
IIEFERET. SO-S OEFEIINa ERIEE TH -T2, K1
(ZHFIAIOD XRD s BAC O W TRT A, 1T & AEN
Ca(OH), D E—2 TH Y | FFIAI O F gk 53 236 A K

(Ca(Ol)2) TH D Z EMMER STz, £z, Ca ZHEND
Ca(OH) , DEH 1T 88% T o7,

3.1.2 FL—FkH

# 4 12F% L— MIOITLREIREIZ OV TR A, Ca 1EZ
EAEEEN TR o, AnizFL— MNIv=TF LY
FA NI HRFL— MEITHY | KREREHNT En
LKL LTHEML WD EEZ BN BEA A 12D
T, WA U BELEEN TV, CL IFEENR T
pinoto, Filo, FL— MO pH 1L 10. 00 ThH -7z,

3.1.3 EX

F 5 I EIRDACEEHEICOWTRT, 13 BiEia B
TO pH X 13.00, U T ANy FIRHEBRO 1 B HO®E
HI D pH 12 13. 00, 4 [BIH OEH#ED pH 1% 11.90 TH -
7o Ca DEHENPKHZ <, Na, K, Mg, C1 OEHEIT Ca
D 1/4 5 1/10 Th o7z, TSI K B FIRD Ca G4
1% 160, 000mg/kg® . 220, 000mg/kg®’ DHAZH I 0 | AHF
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# 5. FIROALZEE.
Na K Ca Mg S0,~S Cl
&4 5 (mg/kg) 25, 100 10, 200 109, 000 10, 600 842 8, 240
13 SAHIEREE (ng/L) 1,070 359 540 0.02 0 752
13 TP () 43 35 5 0.002 0 91
U TRy FIRHEFEO%) 50 38 25 | - 53 98
6. FRIKOEHE (mg/ke).
Na K Ca Mg S04-S Cl
FEIK 24, 100 19, 800 94, 800 14, 100 7, 550 43, 800
HE T 2 LRI 43,700 49, 500 160, 000 7, 690 7, 800 238, 000
& L— MLHEARIR 39, 100 47, 000 154, 000 8, 200 8, 890 206, 000
FRTHWETIKD Ca GEAEITINLD 1/2~2/3 1FED
ETZD ARBFIE CTORPEERIC L 2 b D TH D HEEBE
T 5 EMRRBREDOGHRTH o7, SO-S I Ca &~ %0
T 1/100 Thot-, Na & KD 13 BIAEHRITH 0% ThH 80 |
D, U T AR FIRHERIT 13 SEHERL D00 kEL 70
2oz, Mg, S0, D 13 BIIHRITIILAL 0 ThoTk g0
23, S0,=S DY TNy FYRHRITHK 50% 2 L7z, *%* jg :
Cl @ 13 BEEHARL 2 U 7 oy FEHISRIT 90hLL 1T, B g |
Na K ERIER 13 BIEHEL D v U 7 ANy FIRHEEN 20 |
ORRKREL 2oz, —J7, Ca i, 13 BIRHZEIX 5% ThH 10
D NaRK &EEA_RTIRWDA, U T ANy FIRHIERIT 13 & 0 . ) ; S . ;
{§m$@51¥‘k fcﬁoflo 7’3.‘;{:’,@#{
2 1S U T koS FURHBABRC DU RIS & Yt ’
DR ZTRT D, Na, K O 1 [ HOEHFT 13 SR 2. EIRDOUY T AN FEHEER GO Y R &

RFERREC, 2 [ HOWHEIE 1 EHOBEHED 1/7
WA L. 3, 4 EIH OB HFIE 1A H OO 1/30 LA
T CEAHIES 3 B H LI TIiE s A SR Loz, 2
nonn, KeEtNa BIOKILEHDOIZEALEN 2RO
RN EE CILE T 2 B0k Th D LB 2
Bz, —Ji, Ca ® 1 [H HOWEHEHIL 14% T 13 SIEHH
DR 3 fEThoTz, 2 [FIHOEHEIE 1 [FIHOEHED
1/2 THv, 1 [FHOEHELY I TT 52, Na, K &
DIFK N L7202z, 3[EIH, 4 EHOEHETWTILE
LEIHOEHED 1/TRETHY, Na, K &350 KR
JE TS 2 SR 22 R B BTz, Ca @ 1 [EIHOD
AL 581mg/L ThH Y 13 SIaHEE L IZIZR L Th
ST, VU TNy FEEHERERO L/S 1330 T 13 SEWH
AR L/S=10 £ 0 L@z b B & IR IR A AR
Tholz, ZORERND Calz oW TIE 13 BIHRERS L
O TSy FEHERD 1 0] H OF R EE TR
REIZH Y, FIRHFOKEM Ca (LA ITIAREE O ME
RIRYEDILEM b EEND LB Z Bz, S0,-S X HE
AN 2 D IZHEVIEHHERITEE N L 4 [B]H O HERIE 24%
Tho7-, ClLIiE, 2 [BIH E TR 9%AH L, 38 H LK
5%LL T ORI TH 7=,

3.1.4  FRIR, BEH RMERK, F L— MLEFRK
# 6 WCHEMIROEGHEZRT, WIKPTIX Ca M

W= (O :Na, A:K, O:Ca, @:50,~S, W :Cl) .

94, 800mg/kg & H 2 < . WIZ CL A3 Ca D 1/2, Na, K, Mg
23 Ca D 1/5, SO,~S 1% Ca D 1/10 Th 7=, HFIHlA2 X
IANTEHETT ZAERFRIR Tl Ca A BIITRIK D 1. 5 fi512 1
IMUT=28, ZAUEFFaAl D Ca (OH) . 23FEA A FF D HCL %
LU CAERT 2 CaCly ORGP HFIFI N EHEN TN DT
HEEZ LN, —J7i, Na, K OEGHRIIIKOEGHED
22720, ClOFEAREIINSHEE/R o7, S0-S OF
FEITIFEAEE(L L oTz, C1L BENMU7=BHR & L
T, YEFT A HCl 3 FI#ITH S Ca(0H), & Bhis LT
CaCl, DAL & U CTHEN ABERYKIZ & Tzl &
Bz b, ¥ L— MURTRIKOEH&ITE Disk by
ARERTRIK L FFRETH Y | F L— MLEOFEEITR b
otz B, TRIKOD Ca &4 &IX 75, 000mg/ke® %2
170, 000mg/kg®” . HE H 2 ML B JK O Ca & A &I
130, 000mg/kg® <2170, 000mg/kg? | F L— MLERIFEIK D Ca
GBI 170, 000mg/kg? & DIRERH Y | AW THWE
HBD Ca A RIZINS EMAFETH -T2,

K TICHTRIKD 13 B HFEEZ RS, RIK, P 208
K, 3 L— NLBRFEIK D pll 1T FNZFH, 12,51, 12,52,
12.01 Tholo, HEWALBIIKD pH L0 % L— FLEE
FRIK D pH ZMEF L7z # 1L, & L— FAIO pH A3 10. 00 T
Holeled B2 b, RIKTIE Na, K OVELFE L
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(B D AFSE 25

E7. BHRIKD 13 2R HEEG).

#£8. HMKDOL Y T ANy FIEHR,

Na | K [ CalMg S0,-S | C1 Na [K [Ca [Mg ] S0~S |CIl
IR 55|77 61 0.005 32 | 26 TRIK 50 [ 77| 8- 81| 35
HEA 2 RLERTRIK 92 192]39] 0.01 30 | 32 HEW X ALBRAEIR 91| 96| 60| - 79 | 33
FL— MBI | 85 [ 92 | 32| 0.02 14 | 41 F L— MILEERK | 88 | 95 | 48 | — 51 | 48
#9. Ca DHNIF G (%).
GAHE | I3EBEE | YUT AT | pHATAH | pH6 YA pHS Y& H | pHI10 P& H
HiE H R AT TR H R AL L L LY L
BRI 61 19 45 59 52 48 50
X L— NIVERTRK 39 81 55 41 48 52 50
T CafAEHHIT 6B LK<, Mg iHIT L A EEH Leho Tz,
S0,~S.C1 DIEHZRITKI 30% TNa KIEEITEm L o 72, 100
HEH Z ALK TlE, Na, K OBEHERIZ 029 TH 0 . HEA 9 |
ZANERTRIK P CIX B IR & CIRET D & 5 272, 80 |
S0,-S, Cl DIFHFIITRIRDOUHFE LI1E L A L L ThH- g ol
77 —J5. Ca DIEHERIT 39% THEIK DIE R & H~_T 6 % % 50 |
FREEHIN U 7225, Na R° K OEHIROK 1/2 ([T E-72, g 401
% L MR T K OEHIRITHEN < UHAIR & 7 ol
UG, Na DEHRITHK 10%E Lz, Ca OIEHRITHES 10
ZHLBIRIR D 0% I L=, S0,~S DIEHRITHEN A ML 00 : . . j .
BRFRIR D 1/2 128 Lz, Cl DIRHFRII Na D 1/2 FREEIC o E

ML 7=,

ZBIZHETRIKD > U T ANy FUEHE R~ RIK, Pk
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Fundamental Study on Corrosion Characteristics of Functional
Anti-Corrosion Coatings Using a Combined Cycle Tester

Ayame MORIMOTO, Chihiro MORITA, Atsuhi NAKANO, Eitaro HORISAWA

Abstract

The purpose of this study was to evaluate the corrosion characteristics of various coating systems. To
investigate the durability of the coating systems after application in repainting using the equivalent of three types of
cleanings, we focused on the rust thickness of black rust formed on the steel surface and the salinity of the black rust
adhered to the surface. Test specimens were subjected to accelerated corrosion tests using five different functional
anti-corrosion coating systems and the conventional coating Rc-I, and the corrosion characteristics of each coating
system were evaluated. As a result, blistering and spot rusting were observed on the test specimens except for the
thick-film fluoropolymer paint and Rec-I. It was also found that point rusting and swelling were more likely to occur
in the weakly soluble fluorine paint, where the residual rust thickness was greater and the adhered salt concentration
was higher. The coating thickness measurement results showed that the weakly soluble fluorine paint,
organic-inorganic composite coatings, and thick-film fluoropolymer paint showed a decrease in coating thickness
when the residual rust thickness was large and the adhered salinity was high, while the Rc-I method showed a
decrease in coating thickness only when the residual rust thickness was large and the adhered salinity was moderate.
The cross-sectional analysis results showed the presence of black rust FesOs and an increase in residual rust
thickness after the accelerated corrosion test.

Keywords: Functional anti-corrosion coating, corrosion, XRD, SEM, EDX
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Defect distribution mapping due to bulk micro defect in p-type Si

Takahiro IWAKIRI, Tomoki HARADA, Tetsuo IKARI, Atsuhiko FUKUYAMA

Abstract

The purpose of this study is to confirm the usefulness of laser heterodyne photothermal displacement (LH-PD)
mapping measurements for investigating bulk micro defects (BMD) and the cracks formed by these defects. It was
found that the larger BMD density resulted in the larger LH-PD displacement. This is due to the smaller thermal
conductivity of SiO» in the BMD and the formation of interface levels between SiO, and Si, enhancing non-radiative
recombination. Three mapping measurements were carried out and compared to study the formation of cracks. They
are LH-PD, Raman, and photoluminescence (PL) mapping. Although the Raman mapping could not observe signals
from the cracks, the LH-PD and the PL mapping revealed clear images. A comparison of the PL and the LH-PD mapping
shows a trade-off relationship. Although the observed PL integrated intensity at the cracks was larger than the matrix
areas, the LH-PD displacement was smaller. It was also found that the time required for the LH-PD measurements was
about one-fifth shorter than that for the PL mapping measurements. The results are understood by considering that the
non-radiative recombination was enhanced in the BMD area. We found that the LH-PD mapping measurement can

observe the BMD density faster than the PL mapping.

Keywords: bulk micro defect, silicon, PL. mapping, LH-PD mapping
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Evaluation of Thermophysical Properties of Micro-Holes and Micro- Pillars
by Laser Heterodyne Photothermal Displacement Method

Takahiro IWAKIRI, Tomoki HARADA, Satoshi ISHII, Tetsuo IKARI, Atsuhiko FUKUYAMA

Abstract

Fabricating high photothermal heating efficiency microstructures will contribute significantly to solving energy
problems. The temperature increase due to photothermal heating depends on the optical absorption and thermal
conductivity of the material. Our previous studies have focused on increasing optical absorption using microstructures,
but it is also important to reduce thermal conductivity to increase photothermal heating efficiency. In this study, hole-
array (Holes) and pillar-array (Pillars) were fabricated to control optical absorption and thermal conductivity
simultaneously, and their structural effects on photothermal heating efficiency were investigated using a laser
heterodyne photothermal displacement (LH-PD) method. The observed displacements of the Holes and the Pillars were
larger than that of Si. Furthermore, the maximum displacement of the Holes was larger than that of the Pillars. This is
because the effective thermal conductivity and the effective optical absorption are larger for the Holes. The fabrication
of our proposed microstructures can provide higher photothermal heating performance.

Keywords: photothermal heating, silicon, microstructure, LH-PD method
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Carrier Recombination in Si-Nanopillar/SiGe Composite Films
by Laser Heterodyne Photothermal Displacement Measurements
under Applied Voltage

Yoshito UNO, Tomoki HARADA, Daisuke OHORI, Kazuhiko ENDO, Seiji SAMUKAWA, Tetsuo IKARI,
Atsuhiko FUKUYAMA

Abstract

Thermal control of semiconductor devices is becoming more important as the number of integrated elements
increases. Temperature rise in the channel region of metal-oxide-semiconductor field-effect transistor (MOSFET)
reduces the electron mobility (i) and adversely affects the reliability of semiconductor devices. The silicon-nanopillar
(Si-NP) array structure can suppress phonon diffusion without hindering electron transport because of its nano-
structural peculiarity. However, carrier mobility in Si-NP/SiGe composite films was difficult to measure using
conventional electrical. We established a laser heterodyne photothermal displacement (LH-PD) method and observed
the effect of carrier behavior on the LH-PD signals with the applied voltage. The amount of displacement increased
when voltage was applied, and the ratio of increase was smaller for the distance between the sidewalls of each NP (NP
spacing) was of 27, 13, and 47 nm in that order. The reason for the smallest rate of displacement increases when the
NP spacing of the Si-NP/SiGe composite film is 27 was presumed to be due to the low frequency of recombination,
due to the long carrier lifetime, which causes carriers to move more easily and contribute less to nonradiative

recombination.

Keywords: Carrier Recombination, Si-nanopillar, Non-contact method, Non-destructive method
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RN DR T 2 TR EL oz, £TZTE
FRBE LR T 572012, Biiclsx v U7 09710
W > TRBHZEEZ I L7228 & LH-PD HIE % Elii
L7z, Y SNz v U 7IXBRIC XV B2 -
TRYZ b9 570, ETBEEIDEC TS E
PLENZE AR 5 2 2AREMEN SV | HEFRFTH & O i)
SEFBIELR T D AHEMENE WV, £ 2 TARIFSE
TiE, BIEEVN L7 LH-PD JIEIZ X Y Si-NP/SiGe A
5> NP MMEIZ L D% U T DIEDLE|NETMMT 52 &
ZAMET S,

2. HHEME I UERBRAE

2.1 BHEME

Si-NP/SiGe A 5%, SOI A% L CLL Fistakd
HAA FT T L— MERRICHEAN 2 VT Si-NP Z1{E
L7, HE L7 SOl L SiSioy/Si @ZnEh /&
X2%0.1, 0.14, 725um TH-o7z, FIHIZ, SOl FM D Si
FRHEOBR LB Z . B2 O THELZBICHEFE—
LAt A FOC SO Wi A FERL L7z, iz, AU =F L

(a) NP ][ 13 nm

(b) NP [#]f# 27 nm

(c) NP [Hl# 47 nm

X 2. SiGe THELDIATLHOD Si-NP O 1TSS
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v 7 ) m—)L (PEG) ICLoCEMisnNz7 =) F %
Sio; W FIc A vy a— MZ k> TH T8 Lz, 7
= UFUNTEE 10 nm BEDOEENDT A X LRI ET
HY B LIZPEGICLY 7 =V FURTORIEITY—
W72 h, BRI K-> T 72V F U aRETHIETH
AIE L B L2 gkDO BB IED, Zhd~A T L LTH
W PRI E— ATy F U IT L5 T NP AERLL 72,
PEG Oy fflIZ L » T7 = U F U RIOERENELT 57
¥ NP IR A H18 L CTRERLC & 5, PEG D43 T- 4% 2000,
10000, 5 T8 20000 D&, NP O FEEE b O BRREX
13.27. 8 L0 47nm Th v NP [FLoH LR 25,
40 SOV 60nm CTholz, Dk, v~ A7 & L THWZ8
TR IZ K > ThRZE L7z, ABFZE T, E£E 13nm T NP
Wﬁﬁw 27, BLO47 nm O NP RE 2 {ER L7, X

\ERFETIMENIC L o> CEll SNz NP O BB E
m# %I NP [ 2 R EAL P R AR R AT £ - T SiGe
THR®IATe Z & T Si-NP/SiGe AR A 1Bk LT-, #EM
DIEX1L100nm Tho7=, LT, ZiLbOEEEEE NP-
13, 27, BL4T ¥ 5,

2.2 EEBAHE

LH-PD & %E & OB X 2 (X 3 12~ d, THEHHOR
HYEIZ He-Ne L —+— (632.8 nm) % V7=, #EREGE
— AR v X TR E 2 DIZ0E LT RIc B2
FrICL o TAEREENENL Y7 ST, AHIEE
B f, oBRETHY b O —HITEEK £, OWE
ELTREBIRE XA &5, 2RIEEBENERD
BOZETHAEEK f, (=1 LD OE— MEEZFKL,
R T 2B HGE CEXEFICAm SN D, b
EYEIC IR L —H — (808 nm) & V>, Wikl <&
CHUBHZ RS U7z, bR RIS X o TRl R 23 R
LR AR VIR T 72D LD AENEL L, £ D
MR — MEOMMABNELT D, 2o — MEOMMHE

NBS 632.8 nm

.| nomM1 || aomz |,

FES

Sample | ppiaue Gé{}

<] 3. LH-PD | & %5 B A X

b AN AR T L, Bt &Rt ERiEen
78 L 54um Th o7, R TOREILEIR TITo 7,

%%%#@%%H%H4:f# *x U7 D0
THRAIT I 27212, Al iR & L CRUBHR i o s 12 7%
%L\mﬁV@@F%mmLtot%t%&)?izﬁ
IZE>TRYZ 35, RUZRMLEZXxY U T OIS
HREAICL 0 AT IR OSMmIT, HINEROKE &
WIRIFT D, LiR- T, BEHMMIE > TEEIS D
BALNEALT D ATREME N S 5, ARHFFECIXE RIS
WK T TOF ¥ U7 OWRDBENIET D IHREHD
ZEAHERE LT, hE RSO E 2R IS EE L
FRHSERRE I E A 7/ — RERMNT 15 pm BEh 72,
F72Ank L7z L 912, Si-NP/SiGe HABD/E &1 SiO2,
&&m«r%w ZFD7-%. Si-NP/SiGe A EDWyIED
T E1T 212D, RO Wit /8 2 f,, 13 7000 Hz 1T
“*L%#ﬁﬁiswn&f&%ﬂbt Wrifi SEM 12 &
S TEIE SN Al EROE S 150 um TH o7,

3. nFH] n‘l’%:

Bk L7 LH-PD EIZ L o THEIM S 4L 52507 4 T8
T 52012, LTFOBER, F+v U 7oE g R s
HHREAL B LOBGE TR E H\ie,

(OHRUZEBEAIMZ L > TR SN D ERORS 23T,

E=VV (2)

ZC, XU MUVEFEROE S, VIHINELETH 5,

Z @E@,ﬁ(?) ML, Bk 2% v U7 ok FRERIC
[EREDIAS A Lo
X v U7 o A ()R,
on n
Fr D(V?n) — 2~ Usgn + uE-Vn
(2)
aly(x,y,t)
+Texp(—az)
90 pm
45 um
15 pm
i< “
Excitation Probe bear‘é1
Al beam = @ Al l 150 nm
h
LT TR e
.l: Si0,:140 nm :[
1 1
I Si sub. :725 um I

X 4. S AHABEE X
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ZIZC, niEd ey U TEE, DIEX v U T OERER. Tl
X U T HM, alEWRIERER. Io(x, y, O)ITREREIZ b & 7

T AG3AT e B e R R T R S B b YR EE L hix T
T U, vIXRT ORI, vep (TR IR AHE,
XYV TRBEIETH D, B, nldn(x,y,z ) ZEM L
TERELZBDOTHD, HLE 1 HITF v U T OJLHL,
F2HIF Y U7 OBKS, B3I, REEES. #
4IHTBERCEDX Y VT DORY 7 b, 5 EITOEWIN
WL DXV 7 OAERERBERT H, BT L IELICD
WTH v U 7ok AL 2L TERENDO X ¥
U T DA R,

B RAE, v U T oERO TR THE SO
T U TEBEONARIC S BEEQ AR & LT
Wiz, BV S FRAE )RR T,

T «k
E:EV2T+% (3)

ZIT. TIRIRE, klFEMREE pl 3B, Xt T
HD, B TEQEENENT(x,y,2,t) L Q(x, v, 2z, ) 24
ML CTRLLIZDLDTH D, QITiE, LT D/ RNFARS

B LD HREQy. v RIEIOIERIEHAE A IZ L D R
Qurrs R ORHFHBEIC L DREQrD 3 ONEEN S,
Qnrr X D Qsp X TE T & EALZNZEN D T 5% 5 8 L FEL
BERE L, 70, AR LQpEE O T X TOEHED
fadsaQ & L CaMrE iR A iz,

Q = 0Qp + Qngrr + Qsr (4)
Qp. Qurr M RQspiXLL TOXTEREND,
—E
Qp = WIO (x,y,t) exp(—az) (5)

ZIT, B3NV KXY v 7 ThHD, Qpld. Egk Vv
T VX —RABIC . & U7 S 1AM T~
Ny RNFERIT DBRIC AT 2 BUR TH 5,

E
Qnrr = 7gn (6)

QnrrlE. BT DB L2 T-H R OEFL & IEFR
AT 2BRICRAET 2B TH S, k. AR T
S EAOFMSEA TS COIERIEHEATHDL & LTE
BT,

Qsg = Egvsgn (7)

Qspl. KEEN 2/ L CTHAA T 2RISR AT 28R T
HY . ERGEMEL U TREIORE CORGHR Lz, RE
A%ﬁ%%ﬂﬂ?’ﬁ TR E R Z & OB EA R L
7. HFmFHR X COMSOL Multiphysics® 9% T 3 KT
L@Eﬁ%fﬁ%ﬁ L7z, BEAENICHIET D NP OJFIR

BTHERE LR R R AR A PRI NS 72D
{téht PEEZF> 1 SOEARE LTH-7, Si-

NP/SiGe HEATEDWHEAEIL SiGe O SCEME D& W=, =
N, BEEDEFEDIFE A LD SiGe DT ThHh 5,

3. RBBERBIUEE

X 5 (B SREVINT {7 > 7= LH-PD I EfE A2 71 v b
TR, MElT B S e ZE A R, RS RER 2R T,
B NP-13, 2828 NP-27, #k2S NP-47 OEfr&E%w&£ LT
W5, &2TONPREHZB W T, BEEAHMLIZEE O
AL, ER AL 220G OB E D b RE ol
BROAHEC X BN OHINEIE 1L, NP-47, NP-13, NP-
27 DIFIZKE L e oz,

X 6 ICEROFEIC L DEFEESAMOFEERZ T
T BRABEENGA . B IIENE R D> 5 X FR Y
WZHmLTnsd (¥6(), — 4T, &EEL1IVHIMLE
L. BTOEEITINA~BEHT 2T MEE S (K
6(b)), ZaE, EBRICEIV XX U TN RIZ M 5729
Thon, BRAPRKEWVZELL ORI F ¥ U 72
JRRELE F CBET 5, X5 OBREINT L DA &
DML, BRI L DR OLE AT £ TRE) L7
TN F v VT OIEFIHRAIC LD EBRTFE L T
L ENRHEREND,

X 512, %%@%@Wﬁ%%kﬁ&—zﬁuﬂﬁ~ﬁ
TH IR EE 7 0 v T 4 S SR R
FEH & R CR T, FEBRAE R & ARSI A2 K & <
T HIF EEMITEINT D 2 AR S Lz, BRENIC

X BN OBINEA 1L NP-13, NP-27, NP-47 TEhLTHh

1, 02, 72 % ThH-olz, LnL, ZNLORRNLF
?UT@%E%%E#&:&@E%T@OtOE7K%
91 91T Al EM A 7855 Uiz NP EHIZ 2= 21 1V ik
WEIP BT, S L ICERGERNR LD 2 ENT
MEND, Tt BEIC L > TR S Al ERME Si-
mwme@Aﬁﬁ®%%%t%wf%i¢éﬁmﬂ1%

ThHIEILLDBELEEND, TOD, FEREIZ Si-

0.6

. C Excitation ON  |oFF

£ os]

"GC_-; 0.4

IS §

3 i

®© 0.3 N

o |

0 -

T 02}

P i

S i

T o01f

) i
0.0k

0 5 10 15 20 25 30
Time (us)

X 5. BREAMOA M X A BN BEORF AL
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Excitation

1'[ beam —

Symmetrical distribution
(a) BEOV

6. BROFEIZLLE [

1000

500 |

I (uA)

-500

1000 L—
5

X 7. 4 NP #EHZ

BT D -V Rtk

NP/SiGe AR SN HBEROBI N AW TH L7
O, ¥v U TEBEEOHEIINECTH -,
ZINETOWETNP27 (X, ¥+ U7 HEGRKRLEWD
EHELTND I NP2T BREWS v U 7 FHma T Bh
2055, 1 DHIL, BFOEIRITEFOFE H B TR
F 0 BEVERCRE S NP ICX> T bR 2
LThD, 20H1E. Si & SiGe DI EHDENT LD
EOFIETH D, SiGe IFHLDIAT KR Si-NP Ol
NHEET 5, NP BEAAVIE Y, EAFBICET R L F
—NERL, Y VT HFMPELS R EEZILND,
F 72, SiGe IIZAEMITUIEWFERIETH Y | IR A E
&f*aa PER SRR, v VT HMBEL MR- 727
MR & 5, NP-27 1%, EFOFELHBITREI Y BV NP
%%f&@&h%%éi*w# DOERH NP-47 L v/
SV, ¥y UTHMBENTZEZ BN, A
eI, BEFINC L 2B #&OINEIA X NP-27 Tl
b/ANE D o7, BB X 912 NP-27 1% v V 7 Hm A ik
bEV, ¥ U THFGREWVE, ¥ U T OERENE
<. FREEHEENMENZ L E2RT, Lo T NP-27 1393
HHREEICFGTHX Y U T 07w, Liz2-> T, LH-

=108

(,,.wo) Aysusp uonoepe

-

Electrons drift to the right
(b) BE1V

oKl

PD JHIE CHEUA S 7= NP-27 OEFEEINC X 2B &0
BB SR b/ NS Rolo bBRIND,

AWFIECIE, BTBIE 2 E < MR L7 E 2RO
Z T DR 2 BT D 7B ES Uiz Si-NP/SiGe
BAMICEEZFM L7225 LH-PD &2 W THEA IR
HOX v U7 ORDEENZFHE L7z, AN 58BEE K
&< T5&, LH-PDIETHI SN D EMEITRE /oo
Too THUE, BRIZEDRY VT ORI 7 NBBENE L

LB, EBRADPRENVIZELZ ORFEF v VU
TR E TBE LSS E B L2 & T Bl
DEMNBPEEIM LB 27,

ARFFECIE, BEAIMNC X DA EOBINEI ST NP-
27 Theb/hEDoTo, ETOFEHMBITRE NP HEO
BIfR. Si & SiGe O EHDE NI L D EDOLEEND
NP-27 ¥ ¥ V7 HMPEN ENTHRENS, LR
T, NP-27 OZEr & DOHMEIG 23/ NS OB, NP-27
FEEWE v U7 EMICLY v U 7HBHE LT < B
BHEMRNZO, ERNTFERITHETHF Y U7 H
DI LR SN D,

HiET

AMFFEIE ISPS EFFE: JP20H05649 & JP21J22312 DB
KEZTT-bDTH D,
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BEFH P REGEMRIEIHEAINT
InGaAs/GaAs/GaAsP [EME BB FIZRBIT 5
XYV THRINBIUCRYHUBEROY I 2 L— g VT
RE Zeav . ®E OBIAY L EMO-BHE O MEY - fE B - w0

Simulation Analysis of Carrier Recombination Processes in
InGaAs/GaAs/GaAsP Compressively Strained Superlattice

Inserted in Quantum Well Solar Cell Absorbing Layer
Nana TAKETA, Meita ASAMI, Masakazu SUGIYAMA,
Tomoki HARADA, Tetsuo IKARI, Atsuhiko FUKUYAMA

Abstract

InGaAs/GaAs/GaAsP strain-balanced superlattice (SB-SL) is a superlattice structure with high
CCE (carrier collection efficiency) due to the relaxation of lattice mismatch. Based on this structure,
InGaAs/GaAs/GaAsP compressively strained superlattice (CS-SL) was fabricated by combining the
concepts of strain relaxation and compressive strain. This structure has three InGaAs well layers
per period, resulting in a high density per unit length. In addition, the structure can maintain
sufficient optical absorption even with a thin SL layer thickness, while minimizing the effect of
compressive strain on crystal quality. In this study, we calculated the band structure of the CS-SL
sample using nextnano, a software program that can simulate samples with quantum structures. As
a result, different transition energies were calculated for each of the three wells. The distribution of
electrons in the three quantum wells was also biased. Photoluminescence (PL) measurements were
also performed on the CS-SL sample to calculate the transition energies. Two different peaks were
identified and attributed to the transition energies calculated by theoretical calculations. In addition,
the distributions of electrons and holes in the quantum wells were calculated for different numbers
of wells in a period, and the validity of the number of wells in the CS-SL structure was discussed.

Keywords:

1. [FLC®IZ

ZH 0 K EMIL R KGEM TH D Z L N5
NTW5, #iC InGaP/GaAs/Ge 3 #24 KB HITHK 364 %
ESCENIVERC WAL R 41.6% 2532/ L TR V. A TR
LEOFHHAKREEMRE L TERMLILTWD, ZOKEE
MO E LT, EBRAESHENDH D, InGaP/GaAs/Ge
3 BEAKBEMOBE. GaAs I R/t L ORI R
WAL XD HPNTZD TS ARKO B
kb/hEne i s EDOMNERS /NS 72D, Z

NAEUWET 51213 GaAs X RLB O YEGIRGEE & JEIE L.

T RTOEANOR UM IIEREGFDLLERNH D ZFDF
#& LT GaAs X R/t /L~ InGaAs/GaAsP £ & T-H
77 (multiple quantum well: MQW) #§i& O AN HER S
T2 Y, T LD KRB OPLIRDS FRE L 72 D, —
T A RE TOXRMCE TN TOREES v U T

a) LM RV X —FR a— 2 REpE
b) BRI B A HA gt o ¥ —Bh
o) HAURFIeB SR E 2 v & — 2%
d) JICHBEL TR 7 0 7T LR

o) ICHMBL T Y7 n /T N

) JISHAEL TR 7 0 7T N iz

superlattice, quantum-well solar cells, compressively strain

DOFEFEAICE > T, F v U TUEEZ (carrier collection
efficiency: CCE) WMETLTLE I LW HOENRH 5,

TOfFRK L LT, g2 nm FR/EE TH L, B
¥&7- (superlattice: SL) {32 HF1ER3 & 53, Z OHEETIL,
WER S ORAH LIC KLV Rk Sz X =3 RINE )
SNy U TR b rARICEvmEIns Z L
T.SLNTOHKEAEAD L CCENSFESND, LL,
FBE g & fiieD T 2 LB BOR T ERZEICERT 5
EOFERIZ LY . KEEMICLERZELAREEE 725,

% Z T GaAsP [EEERE & InGaAs H 7 & D MIC GaAs EFE
FnJg 245 A L7- SL (strained balanced superlattice: SB-
SL) fEiENBERENTZ Y, ZOMETIHRESRR Ty U T
ik & BIF2 S B O ML B T & 5, BREME &I
PRk g & OO ER A b DM Bt iR S
JETH Y AL DOTERCE IHI 5 2 & TREGEMIZHER
100 FELL EOFEE S AIBE & 72 o Tz, & BICEREEOfA
IZR Y BEBRO BT TR S, I = RN LD E
W LB S LD T2, R % ¥ U 713+
FORABH L9 < 225, EEMBEAHA L SL Tl
MQW %3k SL IZkH~"T CCE D) EAHER ST
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., L, BTHCADSTEOREIC
CCE 2MEW,

BETHUADEDOEEISL DES 4 T4 LT
PHICTE  Fx U TEESEON AR TE S, — T,
SL JBERHE &+ eI E RS b, £ 2T,

B EXH720 O InGaAs HTTHEEEZ @D H 2 & T,
WA+ IR TE D, Lo L, InGaAs/GaAs DEAETE D
BRI L DB ~ORENREIND D BEENT
LWEDRD D,

F ZTERINIZON, EffEE#EE T (compressively
strained superlattice: CS-CL) T& 2 9, & T2 TH
o b FT, ERFELD D> TNDH T2 CS-SL & A T
L3, ORI T SB-SL & MliFR7R [EHE R S T AR A
BOEIHETH D, Mk X 512, SL DELZHEL L
TH a7 eI AR TE 2 X O ERLETH D,
SL % & e THiE TONWIUL, InGaAs F & OHCIE
WL TkED, TDi=, SB-SL O GaAsP [HEEfE D%
EHOTZE THMESHIEZYORTIHFEELZEHD D
ZEMTE, LVELONERINTEZ EAMEEIND,
— 7 C., InGaAs JEDJEHEEDH @ﬁ“ﬁ*/\éﬂé 7T
JEAGEFBHS T DESRZFEFNT B T2DIZ SB-SL & EfEFIE
ELTHATA, 20k Hiz2 omﬁ%%mﬂifé\bﬁf
HNR S HT720 O nGaAs HFHEEZ EHSH 2 & T SLIE

WZHIBR B 2 Ch | a7t EZ R H2D, flidhih
HADOE A FE/NRCINZ D Z LN TE D,

ARFGETIE, CS-SL &S MEEEE LC SB-SL 1Zxf LT
74 FJLI % vt A (photoluminescence: PL) & % 3
B L SREHEGE DI L 0 BN 2 BB R L F —DENWE
AT, FTo, GRS 2 ED N FRIERHR D AR
VIalb—vgr Y7 b7 nextnano®% VT, AR
DNy RIEESCIER SN TV DM EZ R L, SL |
KDOPL E—7OERZRE L, SHIZ, & 7HFHO

BT EIELOSMER T L, AWFETHVWE CS-SL #iE
DORBIERIE & L TOZEEICONTHEE L,

Lok LT

2. EE

ARFFECTIE, p B GaAs Hut EICH AR SR EET
i X7 i-GaAs JENIC SLAEIE Z i A L n i GaAs J&§ %
T L7=sE D& B Le, SL 23 28 EHE, 2.0nm
@ InGaAs FFE & 1.5 nm @ GaAsP [EEEfE . 2.8 nm O
GaAs EiEfjETd 5, SB-SL & CS-S @ 1 FAizehn=
N1 DX ISR AR L TH Y, SB-SL i 20
FL, CS-SL 13 10 fLFE/E LT 5, B IZIE, SB-SL 1% 212
nm @ SL F1Z 20 D H7, CS-SL 1% 212 nm @ SL H1i
R2EOHFEH D, ZDOXHIHETHZ LT CS-SL D
FFEET 0.149 well/nm & 720 . SB-SL O H L 0.094
wellnm £V &< 725,

PL & TiE, BhRLYEIR & LR phk B R L ——
(532nm, 30mW) % 7=, Fa v 3—TWrkefb L 72 ibitd

n-GaAs InGaAs : 2.0 nm
(650°C, 200 nm) Sansanm ;
i-GaAs . .
(550°C, 50 nm) : GaAs
InGaAs
SB-SL (212 nm) GaAs GaAs
or InGaAs InGaAs
CS-SL (212 nm) GahAs GaAs
InGaAs
i-GaAs . GaAs
(550°C, 50 nm) aAsP
(a) SB-SLi:ED iR B
p-GaAs .
(650°C, 1028 nm) (b) CS-SLINED HIE

1. PL JITE (2 A 72 Bk DM & [

FeaREER I IR L7z & 2 ICE LA % ST 7+
h 7 A F— KT L7z, JIERKEIE 1050750 nm T, |
EIREIL 300K ThHho7-,

3. nHH n-l'%:

AWFFETIX, N RiE &L B2 L X — OO0
23D TR A I al—yar VT ]\ nextnano %
i/ U7z, nextnano 138K 7 / #iE(C LHEA T
FRPEZ A L PR L(D%Wﬁ%%mfé‘ 5 Ial—v
a7 NThDH, DG E VT, SERAMNSE
PoRT A= 5T T VIR ARIAIL, 1 IRITEND 3 kanf/;
VT o= RO A EEZ B RRESIEIC L > TR
DLk o CTRTHETORTHEMNEZFRETLZ &N
TE 5,

CS-SL O/ FHEEIZ DWW TR 5, X 2 12 CS-SL

OFFFERER, K3 ICHEN LG LNV G Z R,
3 D0 InGaAs HJTEZ £ LENEN QW L, QW _C,
QW R LG9 5, X2 R T & oI, mEHFICBW
Tel 1320 InGaAs HFAEZEL L) IR INTE

1A O 3 DDOFFOHNA~OIRBHEIEL D Y LI
ﬁ%aﬁéﬂfm)o 7o €2 1203, BR D JE H~D 3 B B S D Y 7
HLRHD, I="U RBEREIN TNV, £z, B0
TR AFE LI A KT v L ENEER O
BIZX D, QW R & QW _C T2 - Tz, i
ATV T, hhl OFEBIEEEIL 3 SOKFHTIZB N
TR D= RNV —YEMZTEA L TNz, DFE D, CS-SL
TIE 3 SO FTHEARS el-hhl BER T 3L X =03 FH
ST, Z22C K3 ITRTEIIZQW_L, QW_C, QW_R
® el-hhl HEB = x ¥ —%Z L el-hhl L.el-hhl C,
el-hhl R & 7EFT 5, hh2 1L B~ Eh BT 5 D Y in
HLRHY, I =" FBRERENTWD, £ ELDOS
AN DWTIX, B D &350 25 F 77 TH7e 5 hhl H#EALAE
HENled, TENEFNOIHTICBEL THOMmM LTS &

EZTW5hH, Nz T, SB-SL IZ% el °hhl N7, €2 I =



N %#ﬁﬂ%?é* WU IR A St
InGaAs/GaAs/GaAsP [EMEEBE A ICB T 2%y U 7RINB X OEY H LD > 2 o L—3 g Uiy 55
BRiE & BGRRH R OB —BUIE S e 0y - 7243, Peak
Cs-SL D % el-hhl fili##, Peak A % el-hhl_C [#i#E#, Peak B %
i 300 K el-hhl R &M TH D &1 L7,
P m [ —]
M e
= # 1.PL B— 7 T 3L F — L G O Hhie
%‘ i CS-SL SB-SL
= Peak
. A B D
C
L
PL 1.275 1.314 1.322
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Photoluminescence analysis of deep defect levels induced by
electron-beam irradiation and subsequent thermal annealing
in n-Si substrate

Yuto HARAGUCHI, Shun SASAKI, Noritomo MITSUGI, Tomoki HARADA,
Tetsuo IKARI, Atsuhiko FUKUYAMA

Abstract

Defects induced by electron-beam irradiation and subsequent thermal annealing are used to improve
the switching performance of silicon power devices. However, the properties of the defects formed by
the irradiation have never been fully clarified. Furthermore, it is believed that defects originating from
interstitial carbon generated by irradiation reduce the carrier lifetime, but its carrier transition
mechanism is still under discussion. In this study, the relationship between defects induced in n-Si
substrates after electron-beam irradiation and subsequent thermal annealing and the interstitial carbon
was investigated using photoluminescence method. Emission from Si can be detected with high
sensitivity by cooling the sample chamber down to 4.3 K. A new peak was detected at 0.761 eV, which
is even lower energy than the P-line (0.767 eV), the sample annealed at 550°C and 600°C for 20
minutes after electron irradiation. We defined this peak as S-line. From the measurement results of
samples with different carbon concentrations, it was found that the S-line is correlated with the carbon
concentration. In the C-line (0.789 eV), P-line, and S-line observed near energy, they appeared with
increasing annealing temperature in the order of higher energy. This trend predicts that the S-line has
the same origin as the C-line and P-line. Carbon and oxygen complexes are involved in the C-line and
P-line. The newly discovered S-lines in the heat treatments at 550°C and 600°C after electron

irradiation may be attributed to carbon and oxygen complex.

Keywords: Si, Power devices, Electron irradiation, Defects, Anneal, Photoluminescence
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Investigation of Introducing Thermal Energy Storage
into Food Drying Chamber

Raditya Helmi Fakhruddin®, Mochamad Bagus Hermanto”, La Choviya Hawa®),
Yoshinori Nagase®, Osamu Ohnishi®, Ken Masuya®, Ryuusuke Kawamura?

Abstract

The food and agriculture section is one of the most significant sectors in all countries including Indonesia and
Japan. But this sector faces several challenges such as uncertain demands, food production decreases, and distribution
issue. Despite these challenges, the food sector has to make some efforts to improve and ensure quality of food
production. One of the most advanced technologies in this sector is drying. Drying is food preservation process to
remove the moisture from a food and inhibit the growth of bacteria and extend shelf life. Thermal energy storage (TES)
is a new innovation for maintaining the heat of a drying process. Phase change materials (PCMs) as energy storage
medium of TES in dryers enables the efficient drying of food products as it enables the efficient use of energy. Recent
research has continued to explore the use of PCMs in solar dryers, with a focus on optimizing their performance and
efficiency, development of new PCMs materials, and the design of more efficient thermal storage systems. The main
focus in this research is to observe the effect of three different melting temperatures of the PCMs in the drying chamber.
This allows us to obtain physical properties of the drying chamber to optimize the drying process on food products.
Currently, this research is at the design stage for the drying chamber. Furthermore, the machine will be made according
to the design and the material in the form of PCM with three different temperatures will be studied, and the food

ingredients will be dried for research.

Keywords: Food Drying, Thermal Energy Storage, Phase Change Material (PCM)

1. INTRODUCTION

Drying is the oldest method of food
preservation and has been proven to extend the
shelf life of many types of food. This is closely
related to world food security so that many of the
best drying methods are developed over time.
Drying using natural energy sources is a cheap and
easy choice of drying methods and meets the green
energy targets that are being carried out throughout
the world. Solar dryer is one type of drying with
natural energy that is widely used and continues to
be developed to meet the specific needs of each
type of food. However, solar drying has the
disadvantage that it can only run during the day.
Therefore, an energy storage system was
developed that can take excess energy to be used
when energy is lacking, namely the Thermal
Energy Storage (TES) system.

TES can increase the efficiency of using solar
dryers as well as energy. One type of TES that is
developing is Phase Change Material (PCM),
which is a type of latent heat storage that can store
heat energy by changing the phase of the material.
The development of PCM in solar dryers continues
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to grow, including the type of PCM that is most
suitable for use depending on the type of chamber
in the solar dryer, so further research is needed
regarding chamber design and various types of
PCM for drying food ingredients.

2. LITERATURE REVIEW

2.1 Food drying

Drying food is an effort to extend the shelf
life of the material by providing heat to the food so
that the water content in the food comes out to the
surrounding environment. This will cause the
water in the material to decrease so that it can
inhibit physical and biochemical activities and
inhibit the growth of bacteria that can damage the
structure of the material”. The process of drying
food is mostly done by convection, where heat
from the heat source flows to the food, causing
evaporation of water in the material by conduction
and diffusion. However, this drying process can
reduce the quality of food ingredients characterized
by loss of nutrients, discoloration. Loss of flavor,
vitamin damage, and so on?. The drying rate is
influenced by several factors such as airflow
velocity, temperature, type of material being dried,
thickness, material moisture content, material
diffusivity, porosity, surface area, and humidity> .
The choice of dryer type can affect the quality of
the dried product, because each type of dryer has
certain characteristics depending on the type of
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product”. Uniform airflow and thorough
temperature distribution are crucial factors that
determine the quality of the dried product, while
the main parameters of a dryer are that it can
regulate airflow speed, temperature, drying rate,
drying time, and humidity®. In food drying,
another challenge is to regulate energy
consumption so as to keep the nutrients in the food
from being lost, which is caused by non-uniform
airflow and drying parameters not matching the
optimal drying conditions”. Current food dryers
have many advantages and disadvantages. Some
types of conventional food dryers are solar dryers
that are environmentally friendly and cheap but
weather-dependent so that drying is slow, and
cabinet dryers that can regulate temperature,
performance, and can dry quickly and uniformly
but have the potential to damage the nutritional
content of the material because the temperature
used is quite high®.

2.2 Solar dryer

Solar dryer is a technology used to dry many
types of materials including food. This dryer is an
environmentally friendly dryer because it uses
energy from the sun so it does not leave waste that
harms the surrounding”. The use of solar dryers
can reduce food waste, extend product shelf life,
and maintain product quality characterized by the
preservation of nutrients in the ingredients. This
drying is also a very potential use of renewable
energy because it can maximize storage, reduce
costs, and facilitate distribution by utilizing energy
available from nature'”. Drying food is usually
carried out at temperatures between 45°C - 60°C so
that drying is efficient and maintains the content in
the material, and in this temperature range solar
dryer is the most suitable type of dryer for drying
food 'V,
Solar dryer has several types. The first is a direct
solar dryer (DSD), where the product is arrayed on
a tray with a transparent cover that solar energy is
directly transferred to products. The second is
Indirect Solar Dryer (ISD), where the product is set
on trays in a drying cabinet, which is attached to a
solar air collector that heats the air. Moisture
removal is facilitated by a chimney situated at the
summit. Third is the Mixed Solar Dryer (MSD)
which integrates DSD and ISD into a system
composed of a solar air collector, drying cabinet
with translucent coverings, and chimney. Direct
solar radiation and heated air from solar air
collectors evaporate the moisture of the food
products. The fourth is the Hybrid Solar Dryer
(HSD) which utilizes auxiliary energy sources,
including biomass, electricity, and residual heat, in
addition to solar energy, to dissipate the moisture
of food products. Each type of solar dryer is
divided into forced drying and non-forced drying,
where forced drying usually uses the help of other

tools such as blowers to accelerate the flow of hot

air'?.

© @
Fig. 1.  Solar dryer type (a) DSD, (b) ISD, (c)
MSD, (d) HSD

Solar dryers use a solar collector to extract
energy from sunlight. This part is designed to take
as much heat energy as possible and then flow it
into the chamber where the material to be dried is
placed. The solar collector is made of double-
glazing glass, collector chamber, and absorber that
will take as much heat as possible while the sun is
shining. The collector chamber is an empty part so
that heat will be stored and not lost or absorbed by
other materials'?.

Fig. 2. Schematic representation of collector
with sensor points

The most obvious weakness in the use of
solar dryers is that solar energy is only available
during the day, so drying will stop at night which
causes drying time using solar dryers to be
relatively long and potentially damaging to the
dried material, especially food ingredients that
cannot withstand sudden and significant
temperature changes. The solution that is being
developed as a solution to this weakness is to add
energy storage in the solar dryer so that the excess
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heat obtained during the day can be stored and used
at night'¥.

2.3 Thermal energy storage

Thermal Energy Storage (TES) is a
technology developed to store thermal energy from
heat sources for use when heat demand increases
but heat availability decreases. The working
principle of TES is the absorption and release of
heat through temperature or phase changes. TES
can store energy as well as distribute energy so as
to increase the efficiency of energy use in a system.
In storing energy, TES uses certain materials as
heat storage media such as water, salt, sand, or
paraffin. The use of TES is currently being
developed rapidly because it can reduce carbon
emissions so as to create environmentally friendly
energy that is more effective in its use'>. TES is
divided into three types based on its heat storage
method. The first is Sensible Heat Storage (SHS)
which stores heat by increasing the temperature of
the material without changing the phase of the
material. energy will be stored when the media
temperature increases and released when the media
temperature decreases. The advantage of SHS is
that it is simple and inexpensive, but it requires a
very large volume of material to store large
amounts of energy. Some materials that are widely
used for SHS are water, rocks, or sand. The second
is Latent Heat Storage (LHS) which stores energy
through the phase change of a material. When the
material melts, energy is absorbed and when it
freezes, energy is released. The advantage of LHS
is that a small volume of material can store large
energy with a relatively stable temperature. Some
LHS materials are wax, paraffin, or salt hydrate.
Third is Thermo Chemical Storage (TCS) which
stores energy through reversible chemical
reactions. Energy will be stored during an
endothermic reaction and will be released during
an exothermic reaction. The advantage of TCS is
that the energy stored is very high and suitable for
long-term storage, but the disadvantage is that the
technology 1is still complex so the price is
expensive. An example of a chemical reaction in
TCS is the reaction of hydrated salt and water
vapo'®. One type of LHS that is widely used is
PCM or Phase Change Material, which can provide
a wide temperature range, relatively low cost, and
easily available!”.

2.4  Phase change material

Phase Change Material (PCM) is one type
of TES usage in LHS. PCM is a material that is
capable of storing and releasing heat energy
through a phase change process. PCM stores
energy when the material is in a gel or liquid phase
and releases energy when the material is in a solid
phase. This process takes place at a relatively
constant temperature, so the use of PCM is

effective for processes that require specific
temperatures. According to phase transition that
takes place during thermal energy storage (TES)
and discharged, PCM can be classified as Solid-
Liquid (SL-PCM) and Solid-Solid (SS-PCM). SL-
PCM state commonly act as latent heat storage
materials which occurs during phase solid to liquid.
SS-PCM state commonly act as stored energy
process, which a transition from a crystalline state
semi-solid polycrystalline structure to amorphous
state. The effective thermal conductivity of PCM
can be improve by using metal foams and heat
pipe’s capacity to transport the heat to the PCM,
which has low thermal conductivity'®. PCMs
exhibit high volumetric heat storage density and
their ability to supply heat at near-isothermal
operation is attributed to the fact that the phase
transition occurs at a specified temperature.
Additionally, a wide range of PCMs
available with different phase change temperatures,
makes them suitable for numerous applications
including, domestic water heating, thermal
management of electrical components, steam
generation, power generation, etc!”. One type of
PCM that is widely used is paraffin. Development
of the use of paraffin as a PCM is being carried out,
one of which is the microencapsulation technique.
PCM will be encapsulated using micro capsules
made of polymer or silicon. Microencapsulation of
PCM can improve thermal stability, expand the
surface arca of heat transfer, and facilitate the
placement of PCM in various places, as well as
prevent leakage and chemical degradation®”.

2.5  Drying chamber

This research is conducted to acquire some
difference between using PCM and non-PCM.
Then experimenting on food products that need to
be dried. Therefore, drying chamber is necessary
for any type of drying to be succeed. Drying as a
post-harvest activity is the most attractive method
for conditioning food grains by removing moisture
to a safe moisture level. This is because the drying
process has proven reliable and flexible for
removing moisture from food grains.

3. EVALUATION METHOD

This research would need three main steps to
begin with, which is literature review, Designing
and material testing. Before making a design, a
literature studying needs to be conducted. This
stage, required the researcher to look some source
of information about Thermal Energy Storage,
Phase Change Materials, Food Drying Process or
anything that is related to acquire the purpose of
this study.

In order to make this PCM as a Thermal
Energy Storage in drying process functional, it
would need a space and circulation so that the heat
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from the blower or inlet could spread around the
food products. The circular drying chamber was
designed. After consider some reference, we
decided to make this as a conventional dryer as it
could applied to all kind of drying technology.

After designing the chamber, the next step
would be designing the heater model and
determine the parameter for the experiment. The
parameters for this step are time and the PCMs. In
this study, we calibrate 2 types of thermocouples
which is K-Type and T-Type with data logger as it
would detects the temperature changes within the
chamber. Then, the materials for the PCMs were
already prepared. Three types of melting
temperature (40, 58 and 70° C) Paraffin-wax is
used as a PCMs material in this step. These
materials are required to distinguish which one is
the most suitable for food drying. This step would
take approximately 2 weeks including if there is
any error.

After the drying machine was set, the drying
process of food ingredient sample is held. This step
is supposed to acquire some data about food color
and water content as it holds the parameter for this
step. Generally, water content can be obtained by
weighing the food product before and after the
drying process.

4. RESULTS

In the meantime, this research has reached for
a designing process. The design of the drying
chamber has been made using AutoCAD. The
current design is a cylindrical drying chamber with
a diameter of 59.7 cm and a height of 70.9 cm with
a chamber wall thickness of 0.6 cm. The chamber
has several parts, namely a drying tray with a
diameter of 50 cm and inlet and outlet parts with a
diameter of 10 cm.

r——" §
1 1
1 1
i i .
L] 1
i i
| I —— |
50 A
(b)
Fig. 3. Cylindrical drying chamber design (a)

Full design, (b) Inside rear view, (c)
Drying tray design

This chamber heater uses an electric blower
engine with a PHS09 type heater which is used as
a source of hot air flow. This heater is connected to
the inlet and the hot air will be flowed through the
PCM at the bottom of the chamber. Then proceed
through the food that is dried on the drying tray.
After that, it is flowed towards the outlet.

The design process will be followed by the
design of the entire drying machine, including the
connection of the hot air flow pipe and the dryer
heater. This stage will still be investigated further
before the construction of the dryer. Three PCMs
with the melting point at a different temperature
will be observed after the dryer is constructed.
After these steps are completed, the food
ingredients will be dried to be investigated and
observed for differences in the sample with the
parameters of moisture content and food color.

5. CONCLUSION

This research is conducted to obtain the effect
of three different kinds of melting temp from
PCMs as it holds the most suitable material in TES
in food drying. The research contains three
different main steps to begin with. First, by
studying some literature about anything that related
to this study. Secondly after doing some review, it
will be a designing process about the drying
machine. Currently, the design has reached a
depiction of the drying chamber that has shaped in
the form of a cylinder which has a height of 70.9
cm and a diameter of 59.7 cm with a chamber wall
thickness of 0.6 cm. Finally after the drying
machine was constructed, the study about PCMs
and dried food ingredients was going to be held.
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Implementation of MixVRT
Which Is a Visual Regression Testing Tool
That Highlights Layout Defects in Web Pages
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Abstract

As a method for detecting layout defects in web pages, image-based visual regression testing is proposed. It
makes it easier to spot differences in layout by displaying web pages before and after any changes side by side and
highlighting the differences in layout. However, it has the problem that it takes time to find unintended differences
in layout that are not based on HTML code. Therefore, this paper implements MixVRT which is a visual regression
testing tool that highlights layout defects in web pages. It detects differences by comparing images and detects
changes due to HTML codes changes on the web pages before and after changes and compares them to detect layout
defects. From evaluation experiments, the time find to layout defects can be reduced.

Keywords: MixVRT, web page, layout defects, visual regression testing, HTML code
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Implementation of a Tool for Automatic Fill-in Fields Detection
and for Labels Assignment to Generate Electronic Forms

Yuya KIMURA, Tetsuro KATAYAMA

Abstract

The digitalization of forms is being promoted, but approximately half of companies still rely on
paper-based management systems. The digitalization of forms can be achieved by capturing them using a
scanner or camera. While this method offers the advantage of easy digitization, it also has the drawback that
the contents filled in on the forms must be manually checked by a person. One of the effective ways to
manage contents filled in fields is using electronic forms. Several tools have been developed to generate them
automatically. However, when you use a paper form, the layout of the original form may change, and it takes
time to generate electronic one because it is necessary to place fill-in fields on an electronic form by dragging
with a mouse. This paper implements a tool for automatic fill-in fields detection and labels assignment to
reduce time required to place fill-in fields without changing the layout. The tool can reduce the time to place

fill-in fields.
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Develoll:ment of a Shrine Festival Support A]pglication
with Editing Function for Non-Technical Users

Masatomo IDE, Makoto SAKAMOTO
Abstracts

Festivals and events held in a region bring various benefits, such as stimulating the flow of people and the economy,
creating opportunities for interaction among local residents, and passing on traditional culture rooted in that region or
spot. Therefore, it is important and significant to increase the level of interest and tourism value in festivals. However,
local area festivals face challenges in that it is difficult to raise awareness and interest in them due to their small
population and low name recognition. To solve this issue, previous studies and case studies such as Nagao et al.'s
tourism support system development [1] and red seal AR [2] have been undertaken. In this study, we targeted local
shrines and festivals, which face similar issues, in order to increase the level of interest and improve their value as
tourism resources. The means of realization was the development and release of an official website and explanatory
videos using original characters. In addition to achieving the objectives of the previous study, we also focused on the
development of a succession function for non-technical personnel in anticipation of the long-term operation of the
support contents. As a result, the number of festival participants increased approximately 2.5 times compared to last
year, when there was no official website, and it is believed that this helped to attract many new participants. Video
content contributed particularly to the increase in awareness of and interest in mythology, and the results are expected
to continue to increase the value of the site as a tourism resource. Furthermore, the inclusion of a editing function made
it possible for local residents without programming knowledge to easily update information, suggesting the possibility

of carrying on this initiative and developing it into sustainable support content.

Keywords : Contents, Shrine, Sightseeing, Tourism support system, Website
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Prediction of cryptocurrency prices using Bi-LSTM

Hyuma KAI, Makoto SAKAMOTO

Abstract

The term cryptocurrency is now a familiar word, but the reality is that it is still something that the general public
cannot easily access. While it is possible to make profits if things go well, the risks of significant losses are also high,
and the media's reporting of such information is likely one of the causes. Cryptocurrencies exhibit high price
volatility and show characteristics that differ from traditional financial markets. Therefore, accurately predicting price
fluctuation patterns is an important challenge for investors and traders. Currently, many researchers are conducting
studies on price prediction systems using deep learning. However, a perfect prediction system has yet to be
completed. The question remains whether to use algorithms such as the traditionally used LSTM or RNN, or the
recently announced and popular Transformar. Is there an optimal combination of program parameters? How to handle
the CPU is still largely unknown in the research of price prediction systems. If risks can be mitigated and more profits
sought through price prediction, even more people will likely come into contact with cryptocurrencies. This research

aims to continue the theme of Mr. Koudai Hasebe, who graduated in the 5th year of Reiwa, and to deepen the

research further[1].

Keywords: ADA, Bi-LSTM, BTC, ETH, LTC, MAPE, RMSE
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A Study on an Autonomous English Learning Support System
through Collaboration of Engineering Universities
Focusing on the Development of a Student Group

Noriko KAWASAKI

Abstract

For engineering universities in rural areas in Japan that do not have a solid organizational support for
autonomous English language learners like self-access learning centers, producing engineers with both
English language skills and international mindset is extremely challenging. However, it is true that
development of global engineers who can work in both Japan and abroad are in high demand these days. From
FY 2022 to FY 2024, an attempt was made to create a system to support autonomous English language
learners in the Faculty of Engineering of the Universtiy of Miyazaki in cooperation with two other
engineering universities in Hokkaido. This study describes the process to create the system and discusses the
results obtained in the process focusing on the development of a student group to lead Enlglish activities.

Keywords: Autonomous English learning, Learning support, Engineering universities, Self-access

learning center, Student group
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Proposed Method for Developing
an Automated Shiitake Mushroom Identification System

Leona KIMURA, Makoto SAKAMOTO

Abstract

This study proposes an image-based anomaly detection method for automatic sorting of dried shiitake mushrooms.
A Variational Autoencoder (VAE) was trained using only normal images to detect defects based on reconstruction
errors and image blur metrics. Although data augmentation and training adjustments were applied, the model showed
limited accuracy—35% for normal and 73% for defective samples. Results suggest that VAE alone cannot capture
subtle patterns in shiitake surfaces. Future work will explore combining VAE with CNN or One-Class SVM to

improve detection performance.

Keywords : Anomaly detection, Automatic sorting, CNN, Dried shiitake mushroom, SVM, VAE
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Visualization of 3DCG Hula Dancer for the Development of Hula
Costume Design CAD

Leona KIMURA, Makoto SAKAMOTO

Abstract
This study presents the enhancement of a 3DCG-based design support tool for Hula costumes, aiming to aid

efficient and creative costume creation rooted in Miyazaki Prefecture's local culture. Building upon previous tools for

2D and 3D costume visualization, this research introduces two key additions: (1) dynamic environmental lighting to

simulate various times of day and performance venues, and (2) implementation of upper-body clothing such as T-

shirts using real-time cloth simulation in Unity. These improvements provide a more realistic visualization of Hula

performances, allowing users to better evaluate design and movement. Future work will focus on refining model

scaling based on body measurements, expanding costume types, and improving simulation accuracy and

performance.

Keywords : 3DCG, Blender, CAD, Cloth simulation, C#, Hula costume design, Unity

1. IIC»IC

HIFRD 7 7t %#58E L LT, 3DCG HffizimA L
7o 7 ZREEGHH 2 v v 2 — 2 EEGF (CAD) ofiJ % H
fELTWw 3, AT, HUEREG o3t & Bifff oihé % 5
HI2RATHY, 79 REDFHFA vick T 28R
Al&EMER 2B E LT3, EIRIR I, fEEe s
TAHEULTCWE207 79XV AREATHE, L1 L,
FEYKRESFETH Y T A v OREE B SRR 7
FEDPBE L TN Tz, KiffFETid, 3DCG %iGHA L.
I—F—=BREDTHF A vttt B3 Y ZEENICHER T
¥pkoicdse o, EEoRBEEIRL, 22 ML
#R5, i, HIHOMEECHAR L D> X 2 HEL /-
THFA v EARRIC L BUCIRIALC HUBTE LI b Bk 2
ek HET,

2. BHEY — 1A oRsRE

ZOE T, B[] X O [2] S L7 BERY)
ICOWTHFRRS 5,

a) LoERLESel = — AR
b) THERET Y ¥ —Hi%

21. 2DTHFALvY—1

R D—> & LT, 2DCG (2-Dimensional Computer
Graphics) DETHR (K1) 235K 2 o 2DCG 7
TRETHA VY =AM Z2TZ 5 X5FFEET> T2,

1. 2D 7¥4 vV — L OETHR

X2 2DFHAvY—n



110 0 NI= S = =< A - SV A

22. ADTHFAVvY—N

AEICIE.3D THA v — L OEEEIC D W TTIEST 5,

2.2.1. FARBRE

FAFIREIIIR 1 DY TH 2,

F1l vIzl—vavoHRERE

oS Windows 11
AE)Y 16GB
Tuk vy Intel® Core™ i7-11800H 2.3GHz

GPU RTX3050 Ti

eIV IEE C#

v — VEF Unity

CG=5Y)vZYV 7%+ | Blender

222. NEETFNLVOER

BEAFDTECld. B RoEEEZ A3 5 2 &¢. AJfE
WHDEANEET VDKM B AT —) v rEdhd L)
WCHFEZ T > T b, flziX. N. Metaaphanon < P.
Kanongchaiyos[3]1., B A D BIEMICIHE W T H SR % 4
L. AL 72 Ei kit oiifl 3 2 c L o AMEET
NRERL T 225, KX T4 2D DR T DHIE
L7 OO O K & OMIEE L HPEM A 3 DA
N7+ =L AT 52 & TUIEL72ARN LR UL
MNEETFAZEBRT 2L 51 LTwE,

3. MIEED AT 7 4 — 4

2.2.3. 2A— DWREHE

AN — 1+ OWOZEEIZH 4 OFHORE v E 7Y v o
T lickh, EHIND,

A5 OMR

-
[ 4. REERZ B O [

224. RI—bPORIDEH

AN — DRI OEE I GEROUEMDO AR 5
Tt 227V vrdse, KpbAh—FOEOREX
B 25cm I b Lo, AF—V Vv rINng, 77Tk,
K5 2 — b DHEDE X2 20cm 205 25cm 25D - & b
MRBICRZ 22— b L TH B[4l 5 2 & T 25cm %
BrsoteLe (M5),

Ah—bEoORE

“1cm
BITHL

+1cm

77.4

ARETIZ, KL TEIML =8B IC > W TEHi- T 5,
2% 2 ficihR7 3D T2 A—v 3 VCEFEREL Y
FARALCHNTEZY—LIZE6 LKT DL Iy
REPELLTCT vV aliilz, HERET ¥V %
BMT22LICkoTC . EBD 7 FoECRT— DOk
T CEREZ KX 85 2 LB TE B, b, AEOHE
TBREIEER L LR—CTdh 3,



7 T REFT A L CAD BAFEIZIAIT 72 3DCC 7 T X v — D E 111

6. 3D FH A vV — L DETHRE

7. 3D FH¥A v — L OFETHER

31. BRoOEE

7 FE—MENICREE ORI L AT ICHIfI S s T b
7, ELPARVY P, LY RV, X T =2 VR E
THibND, 2D, 77 TH LN RRECEATIZA
RY FPBLWEBO AT Y 2 —VICkIET b, F72. —
RINIC 7 SDRT7 3 —< v ZARNHO L v 2 VIZRER
HHATOND T D% 0D, WIS Rl 74 = b
a—D—BRELTEONEZERH D, 2 LT, i+
—VTITDONDE T ENE L, BOXT 2 AT 4 V2,
A% ThbNE T 0%\, 22T, XVEEDTZS
DOIRG#FXINT 2720l & ¥, &=V TORR % HE
I L7,

3.1.1. HEff

F 7Y =7 MBS Unity b CHIBROYBEZE[E % 5%
E 3 5 Global Volume & i & 4 /% KHF 5 Directional
Light # 2 D& 9 % (I 8), Directional Light (1) I3,
Directional Light (2)134 /5 &3 5 [5] .

Global Volume & Unity EicHiEko 2RK % 5 2
Physically Based Sky %8B L (K9) . HiBk & [FZfFic 3
% 7= iR Om % KB 5 720 IR D 4 -6378100m
Zydic A3 5 (K10),

&) Global Volume

&0 Directional Light (1)

8. Global Volume Directional Light

9. Physically Based Sky Z5E3& L 72 & ¥ O FRIR

10. -6378100m % vy Hiffic AJ)

3.1.2. KBOAERE
3.1.2.1. KEG2#EET 2 L COHELBE
K% ELEST 272D I THROFIEA 1T 72,

1. Unity L TORBGOEELRBIT, x IKREEEZE LT
Jt—T4. IoX5icy ZH-F—UE, z ZH-PEE R
RT3,

2. BlEoLeT oA L. 6z HoH, 182 HD
AbE$3,

3. PR % 10 ke, & ORI % 17 KRic 3 2,
4. BFTIERELE 35,

5. ZHIIETH 5,

11. yi#he zho unity LcoRH

3.1.2.2. EEOMHERE
JERED AEERRE & TRCD FIEZ 1T - 72,



112 = N S D=

LR E R

1. x@hoMEIZ, 13 49.6 . 47513 309 ¥Tdh 3,
2. yihomEix, K12 08Y TH 5, K12 <12:00 %
0L KBT 2L, HoAhbbiZIE0FRE, trbHD
ADViZEORBICARD, 1 KEY2)olE0E) %1%
90/6=15FL %5, X-oT, #iZ15x(10-6)=60 i, ¥
JiiE-15% (17-12) =-75E & 72 5,

=l

v

Bao A D

18:0

12. yiho#) %
3. zoMEX HHE2LEBL 282 %2 L w3 (X13),
y il & [FIBEICHET I Bl (12:00) % 0 & LTHREL T
52729, yiheHEEIFALTH B,

B oo

13. Z#ho®) %
4. LoftHEZEE 25 &, §lid x=49.6, y=60, z=
60, #7713 x=18.4, y=-75. z=-75t 7%,
5. HKEL-fEZX 14 £[¥ 15 ® X 5 1T Rotation 1Tt A
T2,

Transform

& v Light

<& v Light

15. 4 5 D KR D 3 E

3.1.3. EITHER

FEITHEZX 16 55X 18 ITRT,

NPT Y

17. Y7 DETHIE

p-rx e | i [Taw] ew | o=

18. EHNDETHR

3.2 LEHDEE

Aficid, BREoREDFEZ HIFL 72, BEFEWIE T
ERE N/ A A=+ TlE, 7792 T ¥V ED
MHAEDLDETHDLDNE Z ERLVRATFLLTIPAT
FTERCaR T 2E250IET v vOEELZHIEL /-,
321, Ty *vVoEFTIYI VY

T & %% Blender TIEK L. 7 %A v 2 WG E ¥ 5 72
» UV R % T - 72 (X1 19),

19. Blender FTcox®7Y v 7



7 T REFT A L CAD BAFEIZIAIT 72 3DCC 7 T X v — D E 113

3.2.2. HROMERER

RDOAARBI <X, Unity ®“Cloth” % > 7z, Unity IRD
* 7Y CHARBEBEIGT 2720 LFOFIEEZ{T -
7zo

1. oA+ 7Y 22 roavE—+v i 56 Cloth 3B
(K20), 256 %175 2T ROFA TV 27 P B3R F v
Ay valb vy X7 —LHE) L CHREL . PIRER % vz
sux (fi) ¥ Ialb—vav&{Fw, Unity L CRD
ATV VRO THE L TERT S Z EAREIC A
5,

2. TR OFENERET 5, Cloth DBHNKFIC X
Y= VHDTRCOMWRICIGT 5 DT TREL T — 4
A7V 7 b~ ERBRIIR T DT Th v, Cloth CI3E
HNOFEZHMZONTWEEFTHY, Zofhd ) ¥y
FART 4 (A7 V27 MICYBEE) 2 HICT 5720 D A
AvavF—fv L TRIGET, EEE2525C
ED\, Lo T, FEITr—24A7Y 270
Cloth icxfL, fiZMEEL, f2EE2MA % E£TlE, AW
WET I B TIKEL T, £/, Cloth
KA cE 2@EHEIX 3 D AT, Capsule
Collider ., Sphere Collider . %7z 2 2 ® Sphere Collider
TR I N M H 7era o4 X —Th 5, LLEDHI
[Rix$ T, Unity Lo ~7 3 —< v 2D 720103
bhTwa,

Pllic kb, EHICEELLR W XS doth edit
constraints THi DEEMEZKET 2. /fic~—27 3
TV b OREEMETHZ (K21),

L BZeflE % X4 % Capsule Collider & Sphere
Collider Zfigi& L (X[ 22), body bone D+ 7' = 7 b i
F L5, 7, Capsule Collider & Sphere Collider @ &4
TRT7=A—vavickBInzwizd 2 iz AOET
A TH % Hula dancer ICfEJ@ X4 5 (X 23), F7=. {14
HELTREOEIICEDELHEHELHDOA v v a
DRI ZMA T2 [6],

Fuku (Mesh Filter)

<
W, v Cloth

tiffr

Add Component

20. cloth BEREEBMERDIRD A 7Y = 7 + w7 4

o ot

21. cloth edit constraints @ [ E {7 &

22. Capsule Collider - Sphere Collider % F\» 7= & 5



114 A = S = (U Y 2

— T—

52

|
EEsmrm

B

26, #HdHY vy DETHE

23. Hula_dancer

3.23. T¥ %Y OWKHE X 27. fEHh o (25T

AWgE<Tlid, T ¥ Y DET L% Blender TIER L,
UV BB EH (M24) ZVTEERLE, T
VDTHEA VIZHEHDODL DL T VRV EDL DRH
2[6], Sz, HAOZHERT220C7 7% Hi>oTw3
L1 EEHWSZ Lic L (K25),

HA S OGE

Xl 28. MDA

X 24. JRo UV JER

P29, WHo@BEHE

4, BDYIC

25. f5H
M PR AW I B 7 52 v 2 — I Ko E o 3

3.2.4. EfTRER E%Fﬁ“?:%%@%%&j:gﬁ@iﬁm%ffo7:0 ‘
SrOFEE LTl BIRO ANEAKE W AkET NV

ROMREIUTOHBY THL, T v+ VOWOEE 2 rfplasr shipicsF CRRICERS &5 BicER%

(B4 26) X UVEORE (K27 226K 29) DT TH  f754L 74 F%MEL 7 4RO TR E AN L 72
5, ok, CLOLHEFHIHOFM Z AL T3, BB AR 5 7T 0 72 C L B B b WS B ATRIC



7 T REFT A L CAD BAFEIZIAIT 72 3DCC 7 T X v — D E

115

A=V VI TEL L RTFEEBENT 20EL D S, &
Tow RNUZRA—FE T o r Y OBEEL TR, K
R AT —VRETDOV TAREIE, SRITF ¥ 7 7 X~
DRARDE N T i DHEM OE DRI, L Y FE D
BFHE O IR FHEEX L VAT AT ) X L DBFE
HRECHEHLTCWE W, 51T, SEFKEICES %
W22, LA R E/NoRE b IMZ 5 LT, L hFERK
[F7% 7 7 4% CAD BH[EEIC AR 2 TH A 9,

BN

[1] FEEEL, ARV, IWREA, “2eF 7 v Xy ACHERE
NAKIERASLFTHFA v 70 77 LORME,” SR T4
OB 48 %, 2019, pp.155-158

[2] &9UE N, EARRKIAREN,"3DCG I X 287 21—+ %
HICEF 27 79— Lol oRI) ETHEREBEYAEREY
¥4 7 4 KEiERmCE(CD-ROM), No.A-15-3, 2021.

[3] Napaporn Metaaphanon, Pizzanu Kanongchaiyos. “Real-time
Cloth Simulation for Garment CAD,” GRAPHITE ‘05:
Proceedings of the 3rd international conference on Computer
graphics and interactive techniques in Australasia and South East

Asia, pp.83-89, 2005.

[4] "o 2h =1 BR7 7 X v 2A&EHuUul a Xy gy
[Moani], “CABRASNUAA—F2EALELVLD?”
[Online].

http://pau-moani.com/?mode=f7

[5]Unity Learning Materials, “physicallyBasedSky # {ii > 7= 43
~ - 2 0 %E - HDRP Tips #3” [Online].
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=w
eb&cd=&cad=rja&uact=8&ved=2ahUKEwi-4K3-
_pyCAxUSVN4KHVsZBmoQwqsBegQICBAB&url=https%3A%
2F%2Fwww.youtube.com%2Fwatch%3Fv%3DOpcMTDAONO
M&usg=AOvVaw28NoJNJNiPLQGe-yBgDAzu&opi=89978449

[6] Unity ~ = = 7 A , “Cloth” [Online].
https://docs.unity3d.com/ja/2021.3/Manual/class-Cloth.html



116 A = S = (U Y 2




T=A—2a OB T LI ZNZE DAY T 7 X —OHEEIV 117

FoA—2avohE) FPrad) XLictkdFy T 7 2—DEIV

oy

ZH0 - R BEAD

Description of the Character

by the Inbetweening Algorithm for Animation IV

Shizuki NOKURA, Makoto SAKAMOTO

Abstract

Japanese manga and animations are diverse in genre, with high quality pictures and background music,

and can be enjoyed by people of all ages. Some manga have educational benefits, such as incorporating

manga into difficult specialized books to deepen understanding of the content. In addition, pilgrimages to

sacred sites of manga and animations, comic markets, costume plays, and other events are being introduced

one after another, mainly on the Internet, and the number of foreign tourists who love Japanese manga and

animation and visit Japan also continues to increase year by year. Therefore, each local government is

making various efforts to revive it as a tourist destination. As part of this, animations such as tourist

characters are being produced, but this requires a lot of time and effort. Therefore, in this study, we

conducted basic research on themes that were unresolved in previous research using an algorithm created

based on Miura's algorithm, a representative mid-sectioning algorithm.

Keywords : Hula costume design, 3DCG, Unity, CAD, cloth simulation, Miyazaki, cultural computing
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Simplification of Rip Current Detection by Image Averaging Based on
the Number of Wave Breaks

Ota HAMASUNA, Leona KIMURA, Makoto SAKAMOTO

Abstract

This study proposes a method to detect rip currents using image averaging based on the number of wave breaks in
smartphone videos. By analyzing videos recorded at Hitotsuba Surf Point, it was confirmed that rip currents could be

detected even from hand-held footage. The optimal duration for image averaging was found to be around 23 seconds,

determined by SSIM and MSE values. This reduces the conventional analysis time from 1 minute. Future challenges

include developing an automatic system to detect wave breaks and generate analysis-ready videos, ultimately aiming

for fully automated rip current detection with AR visualization.
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Development of a VR-Based Plant Growing Experience Application

for Physically Challenged

hildren

Masatoshi BEPPU, Makoto SAKAMOTO

Abstract

This study will focus on limb-challenged children and develop a VR application that allows them to experience
plant growing. We believe that this will solve the problems that have been a concern for children with physical
disabilities, such as the inability to perform exercises using soil and the lack of opportunities for trial-and-error. In

this study, we also asked men and women in their teens to 40s to experience the apps we developed and obtained their

evaluations through questionnaires. Within the survey, we received certain evaluations in areas such as trial and error.
As for future issues, the application will be improved based on the feedback received from the survey. In addition, we
believe it is necessary to evaluate the long-term effects of the application by having children with physical disabilities

use it.
Keywords : CG, ICT, Physically challenged children, Unity, VR
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