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Verification of Damage Assessment for Steel Structural Members
Using Photogrammetry

Ko IMAMURA, Chihiro MORITA, Eitaro HORISAWA

Abstract

In recent years, the deterioration of road bridges has become a serious problem in Japan, necessitating mandatory
close-up visual inspections every five years. However, due to challenges such as a shortage of engineers and budget
constraints, there is a demand for inspection technologies that are inexpensive, efficient, and offer accuracy equivalent
to close-up visual inspections. Therefore, this study aimed to clarify changes in model accuracy due to different
shooting methods using 3D models created with Structute from Motion and to accurately calculate damaged areas,
such as paint peeling and corrosion. Accuracy verification was performed on test specimens and actual bridges.
Verification using test specimens showed that high accuracy results for both dimensional accuracy and damaged areas
could be obtained by ensuring a shooting distance of 0.5 m and an overlap rate of 80% or higher. Furthermore, the

verification on actual bridges demonstrated the ability to faithfully reproduce the shape of damaged areas.
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Prediction of chlorine leaching from cement-solidified fly ash
using column leaching tests

Yutaka DOTE®, Tomoo SEKITO

Abstract

The objective of this study was to propose a method for predicting a chlorine leaching from cubic cement-
solidified specimens in column experiments based on the chlorine leaching model. For this purpose, tank leaching
tests using cylindrical specimens, and column and tank leaching tests using 4 cm-length cubic specimens were
conducted. From the results of the tank leaching tests using cylindrical specimens, the parameters of a one-dimensional
model were obtained. The cumulative leaching amount of chlorine in the tank leaching tests using cubic specimens
was calculated using the obtained leaching model parameters. And the calculated values were in good agreement with
the observed values. Furthermore, by applying a correction factor of 0.13 to the diffusion coefficient, the calculated
and observed cumulative leaching amount of chlorine in the column leaching tests showed close agreement. These
results demonstrated that the chlorine leaching in column leaching tests could be predicted using the leaching model

of cubic specimens with corrected diffusion coefficient.

Keywords: Cement-solidified fly ash, Chlorine leaching model, Model parameters, diffusion

correction factor, Tank leaching test, Column leaching test
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Three-dimensional leaching model of easily soluble substances
from cement-solidified fly ash

Yutaka DOTE®, Tomoo SEKITO

Abstract

The purpose of this study was to examine the applicability of a one-dimensional model for chlorine leaching from
cement-solidified fly ash and the applicability of the one-dimensional model to the three-dimension for sodium,
potassium, and chlorine. For chlorine, the observed and calculated fractional leaching amounts from cylindrical
specimens showed good agreement. This indicated that the one-dimensional model could represent the chlorine
leaching phenomenon. For sodium, potassium, and chlorine, no correlation was observed between the void ratio of
the cubic specimens and model parameters of the thickness of the surface dissolution zone and the surface dissolution
rate constant. The diffusion coefficient of sodium showed a strong positive correlation with the void ratio, and those
of potassium and chlorine showed weak positive correlations. The fractional leaching amounts for cubic specimens
of cement-solidified fly ash showed good agreement between the observed and calculated values, indicating that the
one-dimensional model could be applied to a three-dimensional model.

Keywords: Easily soluble substances, Cement-solidified fly ash, Model parameters, Three-

dimensional model, Tank leaching test
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T 52 L THBEOEHEZMT 22 2R LT,
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TRTB7-D0ET VT EC, IEEE T AR X D
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—IRTEET NV ZIRTTITHENR U723 SE I REEAR D 5
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Z. Bl FROBIEER T2, T EMRVIRL TARF4
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2.1.3 A0 )—F T8
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MW | ¢ 5emX 10cm FAE 40 40
%M | 130 4,6,8cm RVAVZUN 40 40
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R | ¢ 5emX 10em (ZZB=R 35%) | MAE 30 40
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WITBE AT & (kg) . QolX FIVATES A i (mg/ke) « kIFZK
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(m*/s) . LIFBEFUAR & (m) . ColIWIINRE (mg/m’) (AI¥ME
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PIER H EMy (mg/kg) 133 VMR HH B M & JEH0A
EMpDERITEREND, Fio, Kl 725t £ TOM D
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DR EFRE R
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32?‘ [EXE &S %%15 Na K cl
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s 5 43.6 1 0.9820 | 0.9982 | 0.9825
. 1 0.9939 | 0.9968 | 0.9926
72 10 41.1
2 0.9378 | 0.9457 | 0.9631
1 0.9887 | 0.9633 | 0.9911
28.8 2 0.9978 | 0.9780 | 0.9894
3 0.9978 | 0.9851 | 0.9971
1 0.9782 | 0.9892 | 0.9955
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—O—Na —{+—K —A—CL
~O0-Na -0-K —4-CL ~O0-Na -[FK —4-CL ——— #&H (Na) ——— #&% (O - #&# (CL)
2.5E-03 3.5E-03 6.0E-10
20E-03 | 8008 ¢ S0E-10 RZ:0-92/8/
25E-03 . 40E-10 14179
2 1.56-03 % 20608 | £ I
© oe-03 | = 1560 | EE 20E-10 i
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" " 0.0E+00
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f==3 N, NS E=N 2/ L n‘
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Applicability of easily soluble substance leaching model to chelate-
treated fly ash

Yutaka DOTE?, Tomoo SEKITOY

Abstract

This study aimed to investigate the applicability of a one-dimensional leaching model to easily soluble substances
(sodium, potassium, calcium and chlorine) from chelate-treated fly ash and the extension of the one-dimensional
model to three-dimensional model. Tank leaching tests were conducted using cylindrical and cubic specimens. For
the cylindrical specimens, the coefficients of determination between the observed and calculated fractional leaching
amounts of sodium, potassium, calcium and chlorine were greater than 0.95, indicating that the one-dimensional
model adequately represents the leaching behavior. Furthermore, for sodium, potassium and chlorine, the coefficients
of determination for the cubic specimens were greater than 0.86, indicating that the three-dimensional model could
roughly represent the leaching behavior from the cubic specimens. This result indicated that the one-dimensional
model could be extended to three dimensions. In contrast, for calcium, a disagreement between the observed and
calculated fractional leaching amounts in the cubic specimens was observed and this disagreement might be attributed

to factors other than pH.

Keywords: Easily soluble substances, Chelate-solidified fly ash, Model parameters, Three-

dimensional model, Tank leaching test

1. [FC®HIZ

B 5 ETO R DRSS EIE 319 F R T
B, FD ) HEEAIFEERIT 250 5 hATE L., ALy
B2 D BEHEE OB IR 19%ICb kATND Y,
B, BERIEE TP OHEN 2 BRARR (L ELALBRRT) (21X
VRN EN 2 < G ENTEY | Na: 19~40g/kg-wet,
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270g/kg-wet DEHFREDHFEINTND *Y, ZD=iZ
HK OO R EEALASEELT U MR E O m R HK % ik
T 2 & e CofEn 2 EolEEFI R T
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HEALPRIZ S o TR S U5 RIS O G 72 uBR | A H 7
IEDHENL S TE LT, BURITEE L (RS F 7= 131
LS TS TN D P,

RGBS D% & L CHN O R 2 K& LT
MNP E RN - 0 ORBHEZ KT ST HERDHD 9,
BEHIRIK 1 X A8 DT HNH O 7= D\ B S h O
FEACEE FED 5 b A v MEAL & % L — MMLBLTZ
EACENI I ORFE 2 L ST D Z ENARETH D, I HHIK
D S VAR R A MM AV ER AN B 7R I B DL T LS

a) EARBIET B 75 LB
b) EARBREE T 1 /T KU

2 L EUER DK & S B RFTT D 72 DI L EACALPEREK 7
OGRS A TR A MR B D, B AL b
B S OEHEE TR 5720 0T AT —51
(2, JEHCE T VY & VR G AN E LR PN OO ATV RE
DEA BRI 5 REERET VY DOAFHY TRDb &
NTWDER, ZO%HORHEHRIXELIEOE A &% M
ZTCLEVHEIEA ENR, £ 2 TAE IR
RN BB TOREL D L LTESS (m) ORI
AN 2 FRE L, A MR CIRIEHUC L DR &2 IR L
FIAIAMERE D O GBI Hp] U CIRfd 2 KB L, #
TR BEI LAAMC & E 40 2 B IE MBI L v B
T LT RILETNERE L, A5, 20 WiT—
WILET V& BB O e 5 M RIcER L, 2o
BWEER Uiz, I DI3ZERRER 0 B B PR &
FAVWT Na & KIZDOWTZERRE L ET 137 A —Z ORfR
R LT BE IR ICET V& =R ICITHIRIE L= 28,
ST RHERED S O EE BB CTE edvo Tz, — G, &
AL D 78% 'Y % 5 5 % L — MLETRIK ISV T
KRG PR F L— MUBLEAT o IR xE L C— kot
FOAOWEM AT LR, 2o U—F o 7R Bk 12 Fif
T L— MLUBIRAEE L T LE - 72720, T idn
T&ERMoT,

2 CARBIZETIL, & L — MLEM S O BIRRIEYE
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IR - TR

(Na. K. Ca, C1) OEHIZHOWT, —RICET /L7356 ]
TEDLMEIMERONCTHIEEBANE Lic, D1z
I, R DSMIBE AL & 1T o 72 AR R 2 V2 &
V7Y —=F K e~ O AR A T o 7, &
LT RESORE DR E W27 ) —F
N R ZRoe A~ AR A 1T o 72,

2. ERERAE

2.1 BUVEFRIR

FEBRI VLB IR TH O — R FETEM BEHEI % 7> & 2025 4 5 A
21 RICERIR U 72 e A MLBRIRIK &2 Ve, 2 Ok Tl
P A BRI IR IR S WEA IR Z ] LT D BRI L 72 7R
PRI, BEA AMERTS CREMEFIOMIK TH D, AFL
oK 240 5 ke T OIZHRY 31T Wil S w72 U i &
AR 2 NI CTIRTE LT,

2.2 HEARERAE

BEERRIITRIR I KT 5% L — MO BRI 4%, TRIK
WP 2 KOEBD 30% & 70 b X HITEk Lz, FHiE
BEEAAERRIZIZER 5 em, & S 10 emDHFEE—V K& A
W SRR AR ERIZIZ 130 4 em, 6cm. 8 em®D T 7 U
NEE—L RV, I R FIC s ilikaz 27 ) —
T2 7B 3 E, AT I AR AR 2 18, 4 el
AR 3 (A, 6 emHEARIT 2 {#, 8 emMERAIT 1 E1ER L
Too BLA GMEICHE - TR FORERITHRYIK & K L %
U— MAI(BR) SEH T3, 7 v ¥ a1k S-803) ZHLY |
HENER D B2 HOWTRG AT Tod &L E—/L NICHE
LT v 7o, |iR25°CTLEMEE L%, BAL
77

A U 7z AR O EERER ., ¥ v 7 U —F v 7R
B 9 2450, R4z Rl & 35720, &
i LS OME & RIS IEE R Y V2 —F 2 b ()
T A AL SM451) BB TEHIKEIT- T2,

B U 72 0 IR O MU e 2 ATV 7 BRI LT
EAREEME LI BITmf L, A ERR, ~ U 7N
v FRER, A HERBRICH W,

2.3 A2 )—FUUHER

FIREBEEAR Tl 2L O AR VRIS ZR A 7K 1. 751, 134 4em 57
FFIRPERIRCIE 0. 9L DA 2% 7 IZHEE KA 0.6L, 130
6 em DL IRPEEAIR TIE 1. TL DA 28y 7 ITHRE K E
1.2L, 134 8cm O FFIRBFRTIEL 3L DA /8y 712K
K 2.3L BN A T, SEHRHERRIT SR AN s &
2B XD BORICEE Lz, FrE. ITE QR 2 R
L7e6, H LWZRRIK A AT A VISR B LT,
FRER K DA HARFEIE 0. 0417, 0.0833, 0. 125, 0.25, 0.5,
1,2, 4,8, 16, 32 HEB & L7z, MK EZID H L72%D
B O—H% 0.45um AT L7 4 )H—TALT
AN, [RREEE & AUITHT LT 0. 5% 2 TH VIHIZ A,

BRIFLIZ, 2o 27V —F 7@ BoKERST 3 B &L
776

2.4 BERARTER

2.4.1 EFERAR

SR ESRIL, BB 1g, ZKRAUK 26ml, RANEE 2. 6ml &
I=H =B =&, KEHILTHEA LT 240°CIZRRGE
L7=Ay R — R TChaMERL, BELT, D%,
H T AHERRAR (GF/B) Z W TEERS AL, 100ml
WCART w7 L, RIUSIRAFE LTz, BA ERlBRoO g R
Baixs3mE L,

2.4.2 )T Iy FRER

Tat Ay BEE L EEE 10g & KK & 300ml BV . 200rpm
T 6 BEfEE L 9 %%, 50006 T 10 4y LA 1T - 72,
1EOE O AR A R L BRI U 72 BV A O 2558 & I E
L7 0.45um AT L7 4V E—HANTAHE L,
R % A3 LC 0. 5% %2 THR UIHIZ A L, /77 L7z,
B DI > TN B 0EIC 1 A E & REOEEKEN
Z. LR ERBROBIEERIT -T2, T aEHYIRL TARH4
FIOEHEREEIT S 72, 2V TNy FiREBR O KB R0
3MmEE LTz,

2.4.3 BAHAER

VRHIERBRIZ, L/S=10, 200, 300, 400 O4fETH VRIS
B AR KZHRY . 200rpm T 6 FEEIE L 9 IS 5 49
MEE L, LERE 045 um DAL T T 7 4 LB —%H
WTAE L, STkt 21572, o7 LiEA O pl & EC %
HE L7z, BiEE Ak LT 0.5%00 % CTA UIJRICA
. REL, BWHRABROEREIT 3 E & Lz,

2.4.3 A E

Na, K, Ca ODIEEIX 7 L— AT EE () A
NEANA T T 772000 B B VT R T o 72, Cl IR
XA 4> v~ k257 ¢— (Thermo Fisher SCIENTIFIC
Inuvion 250351090, 7% T A AS4A-SC. VM NayCOy
1. 8mol/L / NaHCO; 1. 7mol/L) % HNTHHr L7z, ZEBRsg
VHUE L7200t D 9 BT Lem BEDO L D& +431C
L S CKERAR v A —% (BERET, A — FA7T
1V9500) THIE U7z, 2Bl E O KB RIEE 3 [l & L7z,

3. BHEETIL

3.1 —RETLBHEETIL

— W IED SN T REEMRBLER Y & 72 DGR D K H
VT (DA%, e HIVASRAEIN & M55 1236 W CIA S 23 2 o
BEI C OB A R I B R IEIEEE T L LB O
EFAEMBEDELEOET L V-, FHHik
firer A RF () TREND, T2 T, M, (ng/ke) 1F 4t
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RIRE RN 72 ) O RRERmEAA L &, 513 mia ek
JEE (m) | pl IR FE (ke/m®) | AUTHEEAR BB R (n?) |
WISHERIR T 5 (ke) . Qo X FIVAMEE A7 i (mg/ke) | kIXFim
W 5 (1/s) Th 5,
M, = 2202 (1 — e7H0) (1)
PERCET T (2) 2 LU F ORISR, B St% %0
FIZE VRN, 2 2 CCIRIRIE (mg/m) . DITIEHFREL
(m?/s), LITHEAMRE & (), ColXWIHABEE (mg/m*) (RIVAME
G BICHRAEIE 2R U CRERER TR LEZME Tb 5,
X=pZ< (2
at ox
WS t=0,0<sx<L—6;C=C,
t=0,L-6<x<L;C=0
B i x=L;C=0

dac
x=0,—=0
dx

RE, BT ARG A= RO DGBEIEL. RS FHDO
FEAx = 1x 107*(m) & L7z, RREEHEEHEEFXG) T
KT, 727200 AIIRER D EIE, ol FREZIAE - T Ok
AIAEI, Cyoq I THERAEL T D 1 SEIRTORETH 2,

My = % % ;:1 {—DX(CnA,jx—Cn—1,j) x At} 3)

PAREYE S My (mg/ke) 12 T AR VA HH B Mg & R0 HY
EMpDEFITEREND, Elo. Bl 64 £ TORO
WHEZEEEEm S L, K@) TET,

my = (Mg, j) = Ms(e,j-1)) + Mpejy = Mpej-ny)  (4)

3.2 ZRTBFEHETIL

N7 71 T 0D 2 T P AR 0 (R (3 VAR LI (A ) &
VETDHE, SHEREREO—DOES% L), FHEE
fRFEIE X % 8 (n) & LT TRITE 5,

V=1 (L-26)>3 (5)
XoT, IHERO W IR TEREND,
MS=9%&(1—e—“) (6)

WEET LI, K1 DOEIITSEFEDOTLNS x, v, 2
BTN ENEN 2 B L Ao /8 SRR LT
ST TR TH () # UL T OIS, B
A CESEE AT, 22T CIXiRE (ng/m) | D
VIYE RS (m?/s) TH D,

Z—f:Df—:+Df—yC+Da;—ZC %
@%%ﬁnt=Q03xs§—&c=%

t=0%-s<x<tc=0
2 2

UHEUO 1 AORE : L)

X 1. 1/8 NifEDIK

_ o 4 _
:x_O'dx_
y=%C=0

ac
:y_O,E_O
Lz=%C=0
2

_ o 4

;Z—O, dz_O

TR ET, /8o 3Hd 2 REHDO O H
1 2w ((x, v, L/2) 1) 1B D EHEA M COBHT 7 v
I ADER BN EOREMEFRLDHZ L THATE
%, (x,y,L/2) H COBEHEIT 2 7 7 O E 2D T,
LR ORI T j TOREZITN(B) TRELIh 5,

CixiyN,; ~ Cixiy,N,-1,j ®)

T Tix, iy iE x HBEE v RO F R, Nz (3 2=L/2
TOMAFRAERT, ILHREE LR M (ng/ke) 1XR TR
OHZ ENTED,

j { A (Cix,iy,zvz,j = Cixiyn,-1,5)
A0 (N +1)2
M, = X X A
b w la]| Z Ax t
=1 |_Lx=1,ty=1 J

J

- (9)

I TANTEHF RO ERE ) . 0 13ZEREG) . N, N,
IEx= L/2, y= L/2 TOMTRERT, £z, Nidx, v,
z WM OZEREETHY | 1 ZFBEHODIEF R THD
(N+D)2TBRT 2 Z & T LT RUT Y OB T T v
I AERLTCND, B, L/2, v, L/2), (x, L/2, L/2)
Off GO E) THECIX0 BERGM) L7200 CRE.
L0 &7 s, £, MOSLHEEHT 5 Lo R,
ZONTR T RERGT DT, 7T v A Tib
BT 1/2 Le s, &5, (0, 0, L/2) DAy
HADODNIHFRELXFTHZLILRIDTT T v 7 AT
RObLIRETEIL /4 & 725,

4 HREER

4.1 AL R DR

4.1.1 HEADYER S
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45,000 45,000
40,000 O\Q_.,n. 40000 Po=me e ooy
e U O T T YT
35000 F 35000 |
30000 | @ 30000 |
N N
& 25000 | £ 25000 |
08 20000 | 04 20000 |
H H
@ 15000 | i 15000 |
10000 | 10000 |
5000 5000 |
0 ' ' ' ' 0 ' ' ' '
0 100 200 300 400 500 0 100 200 300 400 500
L/s L/s
a) Na b) K
80,000 160,000
70000 | /O/O\O 140000 b __________ e
60000 120000 [P== T ]
%: 50,000 O/ %100,000 .
g g
% 40000 | % 80,000 |
3 30000 2 00000 |
20000 | 40000 |
10000 | 20,000 |
0 ' ' ' ' 0 s s s s
0 100 200 300 400 500 0 100 200 300 400 500
L/S L/S
c) Ca d) Cl
B 2. MFHEAERRORE & L L/S OBtk
HEERIR O W ERREE (2528, B, &KE) 2R IR 1. TR OYE
o TrARERITONT 8 en 3 RERAIR D E K TRIE T & JERREE (%) T SRR
7235 72O TR, 4 e ARG, 6 ey A (g/cm®) (%)
BEEREOTIE NS 2 & & L, WTROLBIRE D FHEEBE 5.0 L5 2L
6%LLTFTHY ., ERICHW B OW B EIC K & 2201E 4 em ST IR PR 33.7 2.10 20.8
LOXFRWVWENZT, 6 cm 77 R 35. 1 1.86 20.7
8 om T R 32.5 1.86 20. 9
4.1.2 HEEDILEEE R 34.6 1.91 20.9
FIREALEAR D Na, K, Ca, C1 IZDWTL/S L{EHEDRM T ff 1.7 0.11 0.2
&M 2 127”7, Na, K OWHIEIZL/S O#INE & 610 JEEMR L (%) 4.9 5.8 0.8

AL, L/S200 LLETIHIEIE—E LR, YU TRy T
BHELIZER U Th-o7z, Cl OFEHEIL, L/SiIcLbT
FE—EDOHEHEEZ R L, U 7Ny FIRHE & IFIEFE
LThotz, Ca O¥MEIL. L/S 0L ILTEML
L/S=200 LIREIXIZIZ—E L 720 . U T ANy FEEHE X
DHREDoTZ, BLENBRT A — 2 PRI D alElE
GAEE LT, Na, K, CLIZOWTIEY U 7y Fis
&AW, Ca l[2OWTIE L/S=200 LI Lo HEEE %
Wb Z k& Uiz, 72, ScHFREERICH O =3B S [
FERERAA & 7] C26Eh A2 78 L7200 C L i IR B R A
MWL AEMEEAEEDS Na, K, CLIZOWTIZT U T ARy

) 8 em ML IBRMEIA D EIKFEITIE Y D 3 DD

FIRHEZ AV, Ca (25T L/S=200 LL_EDOEHET
BEERWD Z L Lz, 72720, 8 em© FIRHERIKR D K
[ZOWTIE 3 (R THEIC L/S=200 LA L TIRIE—E & 72
D VU TNy FRIHELY HRED 70T, L/S=200
P oo s E A E A Tz,

4.1.3 KD AIBEEERE
AIEEE A iR B 4 1R, B O = T — S — T
EERT, BRAEOENIC L b AR E A BRI R R
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45,000
40,000
35,000

’gﬂ 30,000

£ 25000

18 20,000

& 15,000
10,000

5,000
0

200 300 400
L/S

0 100 50

X 3. Sem 32K K OIRHE LS L/S OREGR

O RS ® 4om 3L 75 (R HEE 1K
8 6om3L 5 R IK @ 8em3L A A HEE K

160,000
140,000
120,000
100,000

80,000 r

60,000 r

EHE (mg/ke)

40,000

20,000

0

Na K Ca Cl

B4, AAtEEAT R

K2 FONCETNNRT A—2 L EJIE L& FHRIEORERE (R

Na K
A F5k 6 (m) k(1/s) D (m?/s) R? 6 (m) k(1/s) D(m*/s) R?
1 1.1E-03 | 2.05E-04 | 4.14E-10 | 0.9901 1.0E-03 | 2.99E-04 | 3.84E-10 0.9914
2 1.0E-03 | 2.17E-04 | 3.68E-10 | 0.9848 1. 1E-03 | 2.81E-04 | 4.03E-10 0. 9934
3 9E-04 2.38E-04 | 3.05E-10 | 0.9816 1.0E-03 | 3.12E-04 | 3.44E-10 0. 9941
RIS 5] 1.0E-03 | 2.20E-04 | 3.62E-10 - 1.0E-03 | 2.97E-04 | 3.77E-10 -
IR 7= 8E-05 1. 36B-05 | 4.47E-11 - 5E-05 1. 25E-05 | 2.46E-11 -
Ca Cl
RAgF15k 6 (m) k(1/s) D (m?/s) R? 6 (m) k(1/s) D(m*/s) R?
1 6E—-04 1.31E-04 | 1.16E-10 | 0.9703 6E-04 5.50E-04 | 3.32E-10 | 0.9802
2 3E-04 1.37E-04 | 9.10E-11 | 0.9523 9E-04 1.39E-04 | 4.82E-10 | 0.9800
3 5E-04 1.43E-04 | 1.03E-10 | 0.9517 5E-04 3.08E-04 | 3.23E-10 | 0.9697
RS 5E-04 1. 37E-04 | 1.03E-10 - TE-04 3.32E-04 | 3.79E-10 -
IR 7= 1E-04 4. T7TE-06 | 1.02E-11 - 28-04 1. 69E-04 | 7.29E-11 -

ETH o7/, CLIZOWTIE 8 em 3 T IAMEERIA D E A3
D 3B DOFLIED 84% & RN E Do T,

4.2 N5 A—RIFRER
BRIVELNZRT A =28 LU BoEH RO
B &R OUERE R #FEK 21077, 7B, JEBA
HAZS B9 2 BRI AR (B4 0. 25d LARE) (2T, ik
WAL T2 < 72 2 FEHHER (log (¢—t; 1) /1og (Ji—Ji 1)
>-0.356 LD FERRER, . LT TR EHOR
KEEME, WRH T 7 v 7 2) "IRBICH R D 5T, Na,
K&EONCl DR X0.97 L ETHHT, Na, K, Cl Thd R
RE- 2RISR 3 BIHO K Efed R2 MK - 725K

Bl 3 EIH O CL OFENE & FHREMEAZR 512737, &b R
DR T G EH 3 BIH o €1 T 6 F2HIME & FHEEIT L
<—FHLTWe, Ca D RIIMMOITHRE LY b0 - 72,
Ca D R* DI KAE & e/ IME D FRIE & FHEE A R 6 12777,
Ca 22T 16d DOFEANE & FHHEEOEV R KE D3 o7
ZEM R ENESLSESETCWIREEEZ N, DEX
Y Na, K, Ca, CLIZDWT, —RICET /MIEF L — Mgl
Wh b OHEEH A RBITE LW T,

4.3 I AREEEDE S AL E DT BIFHE
BRI VEGELNTZNT A—H DOIEHIE % DT TR
BEERIR O S va H B A Tl U7z, T OFERIE & HREME O
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H 2000 |
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a) [ERIE3EH K (RP=0.9941)

—o- RlfE o-FHEE

14,000
12,000 |
10,000 |

8,000

6,000 [

B2 AHE (mg/ke)

4,000

2,000 [

0.01 0.1 1 10 100
@5 (d)

b) KAERE3EH C1 (R%=0.9697)

5. Na, K, Cl OFERD 9 HEISVEHEOFEHE & FHRMEO R KK & /b o Lk

—o— RflfE o-FHEHE
3,000

2500 |

2,000 |

1500 r

BN AEHE (mg/ke)
5
3

(<4
o
o

o

@R (d)

a) ML 1 [AE (R*=0.9703)

0.01 0.1 1 10 100

—o— RiflfE —o-FHEE

3,000

2,500

2,000 r

UB 1500

AHE (mg/ke)

i
xR 1,000 r

500

001 0.1 1 10 100
B (d)

b) AWK 3 [\ H (R*=0. 9517)

6. Ca ORERD O HESTIAH RO FHE & FHEAED R ek & /O Hei

3. MR O m v H RS HINE L G R EORE

¥ (R?)

Na K Ca Cl
dem SEJTRALER/AR | 0.9368 | 0.9475 | 0. 1315 | 0.9801
6em ST ARHLERAR | 0.9073 | 0.8676 | 0.0677 | 0. 9459
8cm 3.7 ARHLER{AR | 0.9283 | 0.8605 | 0.2706 | 0.9360
Sy 0.9241 | 0.8919 | 0. 1566 | 0. 9540

TR 7= 0.01 0. 04 0.08 0.02
ZEBERHE (%) 1 6 15 2

gz 702, FEE L FHEEO R 2K 3R, 2B,

R U ToRE R 4 enEOFRIEERIR O A 13 R AL 3 [ H
6 em > T IARIA DL A T 2 A1 H . 8 em >z FIRHERIKR D
1AL DTHD, Na, K, CLIZEDOKE SO
B BERRGRINER 8 H F Tk, EHNE X v & EED A
INEL T | FLARE IR IEAME & FIRREE IS 2R o 72, FEIC

BE 1. PR 5 R
(6em S RBEE SIERI%K 2 [IR)

L RfE) B CEPME L 0 bEMRMO R ootz OB
Hé LT, BREE BT HERICEE LR TRRICHER
RO—ENET—)L RITAE Lz, BFEm A 72
HCIE7e < MR CTE Tz, 20728, HRFE R & F A
TEIMOERENRREL RoT2 2 LB L & FEHNE
DHFWREL o= mREENE Z BN, 2. ROE
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Zi@EFRE (d) @ (d) #ZBE5R (d)
d-1) Cl 4cm d-2) Cl 6cm d-3) Cl Scm
= N = L . N e
X 7. SRR O W43 oo SERME & FHEME o ik (O - SEE, O )

BREIE 6% LT L/ E R EORE IIC LA KRE R
WMo T,

Ca 3> 3 SDDIrd & ¥ 2 & EE i EOIR T
FHEMO S AERE L Y BB TAE Uiz, ZHUTEREO ]
WHEEARELY LFRTHWETRESAREN RSN

EEIRIE LTV D, FHRICH W VAN S A B 3vE H R BR
DOEHEE W2 &0 D FHRICHW - AlEtE S ﬁ;zﬁx
EEEOfE & g o oAl EEEN B 2 b vz, FRIC S
Ca (OH) @?ﬁ&%(% DT, pH OHIIN & IIZ Ca i;;%ﬁ? [Eeiis
T3, 22T, AHRICAWEZ NEEE A REE L%
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HEERIR D K Z S OEHRERO pH (L/S200~400 D) &
Ao ) —=F TR O S pH B K> b0 %F 4
RTINS, WHREBRE Z oo ) —F o IR O pll ITKE
TR NIRRT, o T, pH IZL D HE~DE
BT I EDDFRINNSE 2 b,

PLEX Y Na, K, CLIZOWTIZAED IRITET L& —
WICITHEIE S 5 Z E N TE 228, Ca IOV TITIEIEMNKN
HThoT,

5 F&H

AMFFETIE, F L— NMAED DD OB VEfEWE (Na,
K, Ca, Cl) OEHIZONWT, 4EDO—RITET VDN H
TELMEIMEROENICT HZ LB LV, =Rtk
TELDPMFT A2 HBNE LIz, oz ERmA %z
PLFIZRT,

(1) Na, K, Ca, CLUZ2WT, MR Z 7 E50%
HAF O M & FHEEORYX0. 95 ETH Y . —KTT
BT VIEHBREZRITE L W T,

(2) Na, K, CHZ2WT, S HRMEEKE F 7l
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Prediction of calcium concentrations in leachate

Yutaka DOTE®, Tomoo SEKITO

Abstract

This study aimed to evaluate the effects of an aging treatment of chelate-treated fly ash before landfilling
and the landfilling of 1m-length cube of chelate-treated fly ash with sodium carbonate on the temporal change in
calcium concentration in leachate. The aging treatment was applied to chelate-treated fly ash, and then leaching
tests were conducted using the aging-treated fly ash. And tank leaching tests were conducted using the cubic
specimens. In addition, the temporal change in calcium concentration in leachate was investigated under
conditions with and without leachate volume control. A two-week aging treatment reduced calcium leaching
from the chelate-treated fly ash by 27%. The aging treatment might be more economical than insolubilization
treatment using sodium carbonate. Calcium concentration in leachate could be predicted using the leaching rates
from chelate-treated fly ash and flexible container packed fly ash, and operational data such as the landfilled amount
of chelated fly ash and flexible container packed fly ash, and the coverage of the surface area of landfill compartment.
Under conditions without leachate volume control, the calcium concentration in the leachate was lower than
that under conditions with leachate volume control, and the period from the completion of landfilling to meeting
the calcium leachate concentration level (CCL) without calcium removal was shortened. These results indicated
that no leachate volume control would be preferable to leachate volume control. Although the two-week aging
treatment could reduce calcium concentration in leachate, it had no effect on a shortening of the period from
the completion of landfilling to meeting CCL. Although landfilling 1m-length cube of chelate-treated fly ash could
reduce calcium concentration lower than that with no aging and two-weed aging treatment, it had no effect on a
shortening of the period from the completion of landfilling to meeting CCL.

Keywords: Chelate-treated fly ash, Calcium concentrations, Leachate, Prediction
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Prediction of chlorine concentrations in leachate

Yutaka DOTE?, Tomoo SEKITOY

Abstract

The objective of this study was to predict the temporal change in chlorine concentrations in leachate generated
from the landfill site, Eco Clean Plaza Miyazaki. Leaching tests and serial batch tests were conducted using bottom
ash and chelate-treated fly ash, and tank leaching tests using cubic specimens. Chlorine concentration in leachate
could be predicted using the leaching rates from bottom ash, chelate-treated fly ash, and flexible container packed fly
ash, and operational data such as the landfilled amount of bottom ash, chelated fly ash, and flexible container packed
fly ash, and the coverage of the surface area of landfill compartment. It was found that without leachate volume control,
it took 19 years after landfill completion to meeting the chlorine concentration level (CCL) in leachate that allowed
the leachate to be discharged into the sewer system without dilution of leachate. Furthermore, no leachate volume
control could shorten the time to meet CCL by 24 years compared to leachate volume control. Although landfilling
Im-length cube of chelate-treated fly ash could shorten the time to meet CCL, treating chelated fly ash outside the
landfill site would be more effective to shorten the time to meet CCL.

Keywords: Bottom ash, Chelate-treated fly ash, Chlorin concentrations, Leachate, Prediction
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SEXE OYPBRIRAED T — & s BIZ KT Ca i D FREFZE
{baRBLLTZ,

F EIEETOHMEZRS T2 L bHEFFEREa X R
DIRFEOBAENHEE Th D, 2 KR OMREZ KT X
WHHEE LT NI oEEE K& LT, v ER
Wiz ) ORHIEE 2 KT S5 FEND 5, BERRIKITE
4B DOV M O 72 DIZ L EACALBE S U D 23, ZEALAL
BHED S b Ay MMEfb & % L — MUEIZ E b



42 = N S D=

IR - TR

WOEEE MRS 2 Z EBAEETH D, i O3k A
FEMEE DR EE A /NS <2 2 L THEOWE N A M
flcExnrzbamRLE, 2T WIEHEAEHRET VA& A
W b— ML IR 2 & O R R4 THITE 5 2
xR LT,

ZIT AMETIEZ 27 ) = T T PFLOI& x4
L LT, mHKT CLIREORKZEETHTHZ L4
& Uiz, F7o, MIKE 0 Im ONLHIRIZHEE L THE®D
MTCTz & & DR HKIREA~DRE LR Lz,

2. REBAE

2.1 AW=RIK

Cl ORHAKTFHET M HE R ERKIEHEEZRD D7
I, BRSOV T L O 25 © T b IE AR
% Cl DIV, TRIKICOWTIE, 7 (LD 85T
B L 7= 2 EBRICH W, LTFICZE OB 274, %
BRICIT B I LI T OPE N 2 O FIALEL L L C Ca(OH) , &
R EIAL TN D —BETEY A% A & 2024 455 A 17 H
IR S 7% b — MUK (LI | ALERTRIK & F.53) %
Bl L B L C B = — VB A — L i TRT LT,
E=— VRO 1 EE & 2 BB OBRIICT U B 570 - 0,
INHI DAL N Y LA AT, E=— /RO 0 & fd - TRIEL
Too AWFETIR, ZORBZEL THW, 72, 7
LFEBRITIT, 20254E5 A 21 Alcma s J—0 FITHPRR
S & TERIL 7= RIR & W =,

2.2 W5 LEE

2.2.1 HERKRERAZE

HEFRAVERICIZ—3 4 cm. 6 cm, 8 cmDFE—/L K& V>,
MR E 7 7 D FEBRH R X OIS AERL L7z, A
IR 5 L— FEIOERLEA 4%, TRIKIZKT 5 K
DEELIN 30% & 70D XD IIRM Y HORZHIHRIK & 7
BIKEFL— hAI () BT, 7> =) 4 b S-803)
ZED ., HENEE D EEZHWCTRAZITo b &, T—/L
RIZFEEL T v 7 & R\ 25°CT 1EREA L%,
B U=, b LR IR I S T, B L - SR oo 4
MEEAT, 105°CTC 7 HHLEE L CEKREZNE LT,
Bz % OFURO — 5 & 22 B E AR U CIRIE L B
D OFEL IR L, SA ERER, IHERBR, U 7T
v FRERICHW,

2.2.2 A5 LEBRAZE

1T BNEBRCIEHUK S —ERILE U (2 O Wi 2 3%
FRHIH & MES) . BUKZAT 5 FC MR R 1 s (IR >
HIEH L7z Ol Z[EIN L7z, MEICHWED T 2 %K 11
A, AT AET 7 VAT, WRSHERIKOR &4 on
DESOEFBTHD, BT LEN T LAK, KK, ik
AL T TR SN TS, ER2mDOH T AE—X% 2

24 X g2 B
— 0T
weae—% M 2
i X X+12
£ N S—
2 2
J gv ______ 1 .
=] 1t
... I [ SN S

U Tom)

L. 5T AFEBRIEE O GHEDHENL : cm)

mDIE SN2 D K ISR O FIzHE . A& RE L,
BT A =R AEO Bl 2 cnE TCE— X2 IE
Too JEARICIZER 1 en® XBEEBHNTE D | B — XD
W E DIl E 7o, BUKFEE, dom HEEAIZ 190
mL. 6 confftZAIZ 310mL, 8em fHEEAAIZ 460mL (W9
I L= T A B — RJg D ZEEF Y ) DR K % ik
KOE NS DS EMA T, ZREEKD B D FRFEHEK S
N2 & R LIROBUK ATV ZOMEEE G 3 [E1T
ST BT DI EOPIRN IR 70D & (B | FERFLE) |
PERD AN TR Y HZEER L, T A EE T v 7 CEBO,
BT L TFEOPEKT 2 —T 2 F a2y 7 Tilkdiz, #Hk
BT R 1A 2 AOEEE TIN5 F )ik (e R 1
5H) L. 37T AEETITo7z, HUKHIFNZ 1 A B OBUKIZ
PRI 2SR A KK Tl 2 L2 A E L, 2L
FEDBKIL, ZEBRICI E o T B IR EE O @O % PR
& &b ICHERARE L D 22 B N D ER IR % 7K K ZS 4
HZEEHME LTS, A URICENZ L7ZdEKIL 0.45
pum DAL T T 07 4 VE—& T Al Lairatel %
37, BRI D EC B X UpHZJIE Lz, AHRICHH
I % 0. 5% 2 CTHRAT L7,

2.3 AEBRAE

2.3.1 EFEHER

AR, BB 1g, 788K 25ml, JRANES 2. 5ml &
I= =B, BEHIL T4 LT 240°CIZREE
Lichy h7L—RThHpMERL, AL, Z0%,
W T AEHERAR (GF/B) Z W Ca&R5 AL, 100ml
[CART v 7 L, RYUBUCTERAT LTz, &8 &R KER
Bix3mEE L,

2.3.2 BHHER
VRIEER L, L/S=10, 200, 300, 400 OEAETHE Y RIS
AR E KA ELY | 200rpm T 6 KRR & 2 %I 5 4
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RIEE L, FBAE 0.45um DALY TS5 7 4V E—%5H
WAL, e AT, Fo 7z RSO pH & EC %
TE LT, BRNEEZ A% LT 0. 5% % TR UIkiC
. RAF LTz, WO RERFEIL 3 A & Lz,

2.3.3 T UYTIsNy FERER

L BEE I CREE 10g & KK A 300ml BV . 200rpm
T 6 BFIE L 9. 50006 T 10 4y i Loy Bt a2 4T - 7=,

DA O R R A BN L [ L 72 BB A D 4578 4 I

L7 0.45um AT Ly 7 4 VA —%ANTAE L, B
Tl & AHHLIZ%E LT 0. 5%00 % TR VI AR, {RIF L7,
B D5% > TW A OIS 1 [EE & REOREKEZMN
Z. bR EFEREOBEE T2, ThERVIEL TA 4
[ OV EE AT o 7o, WHRBRO KB SE 3 [lE L
77

2.3.4 A

Cl BEXA 427 a~ 7 F 7 ¢— (Thermo Fisher
SCIENTIFIC Inuvion 250351090, 7 T 2 AS4A-SC, ¥AREHK
Na,C0s 1.8mol/L / NaHCO; 1. Tmol/L) Z AVNTHHT L7=,
ZERRE T L7230 5 B lem BEDO L O+
IR S TRERR 0 o A — 42 (BHSERT, 4 — hR7
1V9500) CTHIE L 7z, ZZB =il o KA [ B0 3 | & L7z,

3. AARBHETIL

FRIRSCELTS y & 72 Dtk o R T s (LAt Fil
WIRFEI & P50 I B W TR E R Z O COEH =
W ERBIT 2 R VAR E 7 L &l OYLEE TV A A S
bE4E PoETF AW, SR TOREERE
O RAE GRIEEFRTEITATE) 2V & 775 & SRR

—ORS % L), REEFERE S 4 6 () & LT

X THRBTE D,
V=1~ (L-26)3 (5)
FoT, EHEOMATHRATREIND,
My =222 (1 — e7k) (6)

T ZC, Mo(mg/ke) 1T BERRIRE &M 72 1) 0 BRAESR HVAARIE
&, o (THERIREE (kg/m®) . WITHERIAE & (ke) . Q1
"YEMES A & (ng/ke) |
PEET VX, K2 DL IS HFEROFLNS x, v
#hrmcEN TR 2 pEI L o 1/8 SRR LT
SRTEOIEF R TH B () Z LT O, 5ER
S CENEE TN, 22T CIERE (ng/m’) . D

IIEEARE (*/s) ¢ Co lTANHIIR L (mg/m’) (RITEMES A RIC
PRI 2 3 U CZERER TR L 72 ME) Th 2.
ac a%c 9%C a%c

IR t=0,0<x<3-8C=C

k 3R EA MR E (1/s) TH D,

UAED1:A0KE : Lim)

% 2. 1/8 SLHEDX

t=00<y<Z-§C=0

L L
;t—O,E—6SySE,C—O

~

=00<z<--6,C=C,

(.,
Il
=
Nl
I
)
IN
N
IN

BESARA: -

R
Il

R
Il

;C =
ac _
dy_
;=0

<R R
NIt o NN © NI G

N
Il

dc
;—=0
dz

TEBCRREE T, /8 R0 3 b 2 REmD H b
1 2Fm ((x, v, L/2) H) 2B T 25K R TOBRE 7 7 v
JADEFHEI T EOREHEZE LD & THHEAETE
%o (x,y,L/2) i COBEHEIL 2z M ORE RO T,
LR ORI 7§ TOREZIIXQ®) TEIHEIND,

= CixiyN,-1,j (8)

N
Il
(=}

CixiyN,;

T T ix, iy iE x AR, y BEEOR TR, Nz X z=L/2

TOMTRAERT, PLHEARTA B My (ng/kg) ITRATR
OHLIEBRTED,

j [ Nx,Ny _ lX Jiy.Nzj — Cix,iy,Nz—l,j) ]
A 6 2
LA W+1) X Atl
w l Ax J
1]ix:

=1,iy=1 }

j=

- (9)

::f&@ﬁﬁ%@éﬁ%mﬂ\em%@%«LNMM
1 x= L/2, y= L/2 TOKRFREET, £7-.
z BT OZEF EETH Y | 1&%@®£%%£T%5
(D2 THRTHZET, BRSO T T
JAERLTWD, 7B, (L/2, v, L/2). (x, L/2, L/2)
OfE GO L) TIECIEO0 BERSEM) L7250 ClEE
0 LD, Fio, MOSTHRERET 20 O A
ZONTREFREILGTHDOT, 77 v 7 A Thb
HIREEIT /2 705, &6I2, (0, 0, L/2) oaidsEd
HA40DNHRELFTHZLICRAEDTT T v I AT
ROLIREIL /4 L7025,



JR. IR E S 92%LL BT, &N TWD CL IFIEFICESN
Lo WERETH -T2,

4.2 BFHHABRER
SIZEIK ETRIK D CLIRHE & L/S OEfRE 7”9,
FOEBILS U T AN FIRHE %757, j‘jmi L/S A3k

EL D LIRHEREIN L, L/S=200 LAKEIX i“~ﬁt 7
77 (L/S=200 LI D SEHER & 8, O60mg/g) JRIZ L/S

DREL 2D EHEHEITEA L, L/S=200 ul& E—E &7
o7z 12 KB HRE TR H W 2 /IatEE A sld, FIR

DAL L/S=200 LABEOSFEEMEN U 7 b\ FERH &
I R&EWwWZ b, EROAIEEGAEREE LT
8,060mg/kg ZH\\HZ & & LTz, ¥, RIKIZHOWTIEY
U7y FIRHEBED ST BIRIE D L/S=10~400 DD
PR (133, 000mg/kg) KV HREZ N LD FRIK D A

GHEE LT T ANy FEEIEE 1563, 000mg/kg %
WwWnHZ kL,

4.3 ZHKREFRETILO/INT A —ZDRE

4.3.1 Mﬁj\i’a‘o)*ﬂigtmﬂﬂkdﬁrn‘f%ﬁ/ﬂ

44 (= B NS D=1 O R I 2 2
9,000 180,000
8,000 | /O/Q\O 160,000 D
. 7,000 _ 140,000 | M
2 6000 | 120000 |
g 5000 L g 100,000 |
08 4,000 | I 80,000 |
Ejl 3,000 33 60,000 |
" 2000 | " 40000 |
1,000 | 20,000 |
0 0
0 100 200 300 400 0 100 200 300 400 500
L/S L/S
a) FEJK b)  FRIK
3. FRETRIKRDEEHE E L/S ORR (Gt : > U 7"y FE &)
F 2. MIKDO 7 L= U HRe) - BIFRO R KON X[
AR H18 H19 H20 H21 H22 H23
A TJLa N | 7L a BN | 7L a ST A= A V= A
—H27T IZA X | —H27 (2 AB X | —H27 |2 B X | —H27 |Z B X | —H27 (Z B X[
CHHAR 1 CRHAR CHAAR CHHAR CHAMH
TJLa S | 7 v a N | 7L a US| 7 L3 ST
B DX —H26 12 B X | —H26 |2 B+D [X | —H26 |2 D X | —H25 |2 D X
CHAAH 1 CRAE CHHAR CHAMH
F 1. FREMRIKD Cl OFHE, U7y FEREH
i, YU TNy FIRHE
4. HFREER " TR
= . N R EA 1Ly ) A
41 SHE. VUTLNYyFREBEHE f 72 fri 22
XDy k 7,700 961 164, 000 2,820
F TR LIRIRO CLEATR, ¥ ) 7S FUSHIR, SR
U TRy FUEHE
U T ARy FENEREZRT, RIKO Cl GAHEIL, EKX (mg/kg) 7,250 67 | 153,000 | 6,030
DEFRED 21 ETh o7z, YU T ANy FEHERE, E SUTNANyFEHEGR | 942 | - 92.9 -

AW TRIGEE LIy (ma s ) — 0 T TP H0E
) TIX HIT AR 4 A BN ZBAA L, RIT LI
OSNTERT T TETH D, HISLHIIZ A, B, ¢, DD 4
P4 2 VK B A FE 1L v 9,000m” 12, 500m®
8,000m*, 11, 500m* T 5, H24 FEJE £ TEIK 2 IR L7-I8
ﬁ]ﬂ.ﬂﬁ%k@fiﬂar%iﬂﬁ)if“(b‘tﬁ\ H25 AL B IR
ALV 20 72 2 LI X 0 EEE e ORI 0 I EIRD
ST ASBRIG S Tz, fﬁ.@i[: K ORI E L CHEELD
Ml GRHKEZMZ D7 DI REAREDO T —— F R
W o—h QGBI NS T — FEFRS) 7o & CTHNAEED
PO TWRWXKE 2B > TWBLHENRH - 7=, S Hh o
XETHHNAEEEZITo TRV S Z2 Y — N THE-T
WD R oT, Fio, YEHNIHITIE CL R
RERFHME L D b Liz72), # 2 1R T LB HIS R
MNH H23AEEORIT T L3y (In®) IR AL LT
SEC, H25 4R D H27 AEFEIS /T TR L 7=, CL 22\
TIE, H27 FJE DA ISR 3T T3, IR K 212 HK
T TR L C 9, 500mg/L LA 2 LT FAKE IR L
T3,

AR AR, BT DRESNE RL 4 A0S
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---EARE -o-FHHEHRE -o EEE\y=0)
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25,000
20,000

15,000

R EE (mefL)
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5,000

3. R6 FEE TORHIKS C1 e D FRAME & FHEHE

9 AOAKEORKEIZKT 2R HKED E L THEM
L720.39 & L7z, ZHE, —HOXBETIEI— MIED
BTN TV led, REEFMEOREWEMETH L,
HRH» SRS AT =213 Z L oS R (FK, 4L
BRI Z &) . HNTAEEXE, v— M XA HERM., 12
HIKH CLIRE, BIOERAETH D,

EHK CL 2T 512 dh =0 . HAEEOIThR
TWARWXEIZOWTIE, ¥ — M X 28BN ThbhTn
FURIZ A AEREZ 0 & LB ThNL TR WnWiGS
130.39 & Uiz, HENEEMTHOI TV A XE Ty —
MZEDHEBEIITONTNDHETH - THRIHARE
23505 0.39 & L7z, LLFORTXHE I & OFERMIZ K3
ERERD,

X & & AR R K8 AR & (m®) =AF K & (m) X X
T (m?*) X X Z & ORN/KIZE A HIE X032 HK R AR

B, WAKREARSIE 12 20H 0 9 HRIAK D HLNE X
IiRET H A (T bbb, KEREN— FCHEIh
TWeWAE) OFIEGTH D, 1 FHORHIKFE AR,
X = & AERNR KA BEDOEXE O ETRD I, H
T & DN EITAEERYIK , EIKOINAEEZ T TV DX
AL TR LA XSS SE 0 4R > 7o IWRLE i &
ClIAHITA LA E L,

ABFFE I, WS L O SRR LT SRS IS DN T D
NI FEIK - RIKO WIS &N G —EREO Cl BNEHT
L EDEZIFICANY . FERDDLOEHERE o, RIKND
DAY B & LT, FRKEOFEMMNLEIC (1-57KE)
CAEMEE AR ERHEEZRELD 2 & TH LN A X HE
TORHEOGHELY 1 FHOEHEREE Lz, 1-5/KF)
AR L LML, EEEERITVBRERE Y-V THY |
PN BTN E R TH D720 N B & il S AT 5
O Th D, GRFIIBEAMR? BPEH S 2 EBEO E
JR « RIKOEE W Te, £z, 7 L a UHRARIE N B OB
HWHRE ¢y & Lz, B S RIE, BRSNS £ Tl

T L a NI LTe CL &AM S v 72 K2 6O 7 C
LlmE LCTIEHE 3 #lVWTEHEERD 7, 14ERM
DR KR T 1 AR OEHEE 1ER O HKE
TR 5 2 & TRDIZ, 8T A—Z (TREORNME & FHE
EOKFZER RPN D LI BAD Y Lr3—
ZHWTRDZ,

4.3.2 AHEDRE & FRIAEDOFHE

X 3 (ZHESTASBHAR S 7= HIT ARFED S R6 RS £ T2
HIZK R CLIRE O FEIMIE & SR A 7T, WEShRT
A—HE, «=0.119, B=0.043, y=0.053 TH-o>7=, FEHll
il & FFEORERECR 12 0.82 TH Y, R & FH5HE
FEBW—Ea R Lz, 7L a U HRATRIKREELEE 0% L
T a, B EZRODHELLRELKIRTN, 702 4#
A O HI8 NS H24 FEOFH RN EREL L b
K< 720, 7 L a U AMRARIK S O 2 EBT 5 Z L1
FEH LNz T, 7 L3 CHRETRIK D B OV IO I NFRIK
EHRLIY /NS D EPRINER ERELTT
a UHREFIKIE RO ST BETKE L IeoT, ZOJA &
LT, ARG EREE RMAEOIKZE O TROTNDED
T HRSTBHAR YA O FIERPE S B & B o T D ATREMERS,
PESZ FTTRIR 3 L T M < 2R o T FTREE S 5
Z BTz,

PLEMG TR, MBI LT b3 UAREARIK D D
D Cl ODHEHOAHREZFE LT, Cl WHFEEHNDHZ & T,
FEIR, LB & PN X O PR ILO T — H I 5
R OFEY) CL R 2 RBLTE T,

4.4 RHKRETRRER
4.4.1 REIFAAE

IR CIE, AR L7=EB0 Cl oW TITiEHKE
9,500mg/L LA FIZHHEE M THIR L C FAGERITE L T\ 2D
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4. RTAREELIRED C1 i DRI AL (BEAF OHENE ST 1E)

2. K3 ICART LBV RHAKD C1JEEEIE H30 45 R LR
IHERNZ & 0 IR E4T 5 A RO R E MBS SN T
W5, & 2T, RTFEELIEOIRHAKRRE PRI E LT, 12
AKFEAER 22 L OBE & R HKFEAEMRIO 2 DDA
DT DR KR E T 21T - 7=, 12 HARFE AR H D O
Y. RTAEENGHON TN T35 RIT AR F G
SRS PN & o — N OB L, RIBFEEELIREIT 2 X
1y FA-BXHE&EC-DXH) & LT 2FEBEITY—
FTHET b0 L Uiz, 2 HKRIEAEMR 2 LoSaE,
RT 4EFELIME Y — MC X D 21 Th 7 & LT,

4.4.2 REKFEEMF G LDOEE

4 \Z RT A BE LA 0= KRS8 A BN 72 L 0Dz HH KR FE
FRFERZ R~ BHASEERNGZ2 LOSE, Cl REX
HENIAE T9°5 RIT AR THIN L, 38, 800mg/L 125 L
7o %D Uil R36 4R FEIC 1T T /K Bis £ 4#60> 9, 500mg/L %
TElD o 72, RN FAEIC A T & 2RI I
DHETHNKTHRI9FLETHDLZ EBbhoT,

4.4.3 RHEKFEENMFHY DEHE

— 7. BHAKIEAENEID Y DBED Cl PEIZOVTE
AR, RITHEE T 72,900 mg/L & 7o 7=, 24F
BETHINE WD 2400 W U2 128 L, R60 FEFEIZ 1T
TOKBREAED 9, 500mg/L % FElD 5 7o, AR 712 Tk
BT 2 FTHVE TR ABFELETHDLZ Envb
Mmool

IR HKFEAEIHI S O DA CLIREED RIT L TRE <
72 BIRRIE, R16 AR & R1T AR DR K & & RO E
WIZH D, RI6 FEFEORHIKRIL 9,230m° T RI7 4T
6,610 m®* TH VY, 0.67 [FHL LTS, T, B#FELT
VN D X AEAS R16 AEEEAR 12, 500m® T R17 4EEE23 9, 000m
PTHDHTZD, RIT FEFEDIE ) BDIRHEKENNESL 25T
W5, RI6 DAL 3.2X 10 mg TRIT £E134.9
X10'mg THh Y, L5 ML TS, K- T, RI16 4
DD RITAEFEIZ)NT CTIEHEDS 1.5 SN L, = HAKEN
0.57 fFIA LT\ H 72, WHE/IZHIKETHE SN D

CLUREEDS 2 5N L TV 5,

2RI AEIEI D O OB6 . RIS FFEE~RE6 FFEEE TT
EVVME & ARVME TR 2 (502N & 5, IR & &R H
KETHE S U, RHAEIT R18 48 ~R56 - DR
14, 400m*~ 15, 900m* T 0 L@ D72, —JFF, W&
B ZIE, R20 AEE & R21AEJEA C« D IXE T 4. 3X 10" mg &
HI L, R22 4R & R23AEJE(L A - B X[ C 8. 3X 10" mg ¥R H
LCBY, 2{HEMLTWD, ZOXIIZA-B XKEOHE
HIHEAY 2 (EFREE © 7o IR KIREE G 2 5572 5,

12 KA INH L7205 A5 0 i) L 72358 1S~ TTRK
TR IENE 2 R 5 £ COREMD 24 FAHE S, B HIK
DFERIEFE LI L2 5A 0 1/2 B2l T 52 & h
DK EZMH LW R RV E WA T,

4.4 4 RIRZIHHLELI-15E

IR AKIEAINHE 22 L OBAIC RT 4R X 0 ILPRIRIR 2 55
SMLER L7256 2R 6 IR T, BB DT 4123 L
HEAEPNH 7R L OBEF OIS IR ORER & ox 9, TRIK & 541
PR % Z & T, R24 ARRE (BN T4 7 4R) 12 9, 500mg/L
ZFEY  BEFOHNL L & T 12 RSN, £
7o R KB EE 1A OS5 I OB OB L 0 1K<
ol

[FERICIR HKFEAEIH H 0 OBE OB EEZX 6 (RT,
JR 2 S AMLBR 2 = & T, R46 4T (BINZHE T 1% 29 4F) 12
9,500mg/L % Flal 0 | BEFOMNL Sk & T 14 N
STz, Fio, BHUKFAEMEA Y 086 & RERICIRHK
REEIREAF OB T EOR A ORE LY Ik 2otz

4.5 AIAKRTEDITISE

4.5.1 JRERHMOME

FA kDL BT AEROPRIEMRITS 7Y
— TV IRBROBE L0 bR BT T L ORI A
WIET DL TN T LERORAH LRI TES 2
LSRG SNTO D, B T AEROESVA M RA oM
B &5 IR ORERRSL « 2R T, 2B, ET LS
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4 5. R7 G LARRICTIK % S AL 8> 2 W MISLITARTERREENL 24T o T2 3558 0 C1 R EE DR L
(R HZKFEEMHI 72 L)

— BEOEATAE  —RIVERIGSANE —THE D 1m
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— wo — wo~ — wo
F 2 g gsi g s gEE s
£

B4 6. R7 42 LURRICTEIK 2 Yo AL B &> 2 W MFSLHARTERREESL 24T - T2 458 O C1 R EE DR L
(RHKFELEMHH )

® 4cmEAE  —demEEE B 6cm3ERHE
—6cmEHHEE A BemZERE  ——8cmEEE

R R (g kg-diry)

0 5 10 15 20 25 30 35 40
38 ()

B 7. 71T KHEBRO BEEHEOZAE & FHRE

TA=ZTHDL0, k. DIEETL W OMEMEEY v 7
UV —F 7B TR LN ED PEEZ AWz (& 3),
B 712H 7 HFEERO R RO SEHIE & G EEE, X8
WA TEAR S & iR K & SO BR 2R T, den i {ED %
T & FHEAE O — BB TRV A, 6cm HERA & Som HERRA
WZOWTIE L —FH LTz, F72 6em LK & Sem fiEER
RO IEARIILRFEE DB TH 1= 2 &b REIRHIC
DOV TOMIEFREIE 6em A E Sem MK DT IELREL

0.16
014
012 |
010 |
-."‘"; 008 |
006 |
004
002 |
0.00

0 0.02 0.04 0.06 0.08 01
L{m)

X 8. fERIKD K& X LILBUREHT EARER « OEIMR
#3. WHET N ART A—H

6 (m) k(1/s) D (m*/s)
7E-04 3. 32E-04 3. 79E-10
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H & TIESLA RO MR O BN, FIEOE R LY
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Rk a2 T 7=, £, RFREEDDICH0 | a5
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Effect of operating conditions for N, P, and K recovery from swine
wastewater on treatment performance and fertilizer components

Yutaka DOTE®, Tomoo SEKITOY

Abstract

This study aimed to clarify the effect of operating conditions for N, P, and K recovery from swine wastewater with
batch-type reactors on treatment performance and fertilizer components. Batch experiments were conducted under
nine operating conditions (agitation intensity (AI) and agitation time (AT)), each in triplicate. For treatment
performance, the effect of operating conditions was not significant for the yield of air-dried matter (ADM) and yield
of raw water for biological treatment (RWBT): the sedimentation ratio decreased with increase in Al. For element
recovery rate from raw water to ADM, the effect of operating conditions was not significant for N and P. The recovery
rate of K increased with increase in Al. The effect of operating conditions was not significant for total concentration
in RWBT of N, P, and K. For citric acid-soluble content in ADM, the effect of operating conditions was not significant
for P. Although citric acid-soluble content of N and K increased with increase in Al the variance of mean values was
much small so that the effect of Al would be small. Material balance result indicated that the loss of ammonium in
reaction/settlement process and air-dry process by evaporation of ammonia would be negligible. Total N concentration
in RWBT could meet the effluent standard for N. The load of P in RWBT to biological treatment was light. Thus, it
was expected that biological treatment could reduce P concentration in effluent to meet the effluent standard for P.
Furthermore, the citric acid-soluble contents of N, P, and K in ADM satisfied the official standards for fertilizers,
demonstrating that the obtained matter could be utilized as a fertilizer.

Keywords: Batch-type operating conditions, Ammonium, Phosphorus, Potassium, Swine wastewater,

Fertilizer components

EMNTHY . U, B U WAL 7B

TERRSEEPEIC L > TN Py K OFEDHMT 5 2 L 130

R A 8)

ARNTN

ENTWB, —FHT, ARIZY >, B U T LEEANEHS

NEENTEY | FHTNIRED 500~6000mg/L, K
2% 400~2000mg/LY, P #REEAS 18~425mg/L? & DN H
D, INBIXERFE IO THIK &R D720, KEH
RG IEIEIC X 0 ATEBRBETE BB\ T NTB IS 145 % 18
U CHEARA AT 2 -2 AR A N« P O kHENEL LT —
AR IEHE (2255 1 120mg/L, U > 16mg/L) BNED B
TWb, LU, BERESEDZENFE LI NHEERO LN
LEPERESE D EOEMICK LTI, WEdkMEE (%
% 130mg/L, U :22mg/L) NERESN TR Y, —fk
IRIEHEZG e S D ETIEORENEHE TH D, —~ 5T
N, P, K EZ2IERHEREE L CHWS R TW DAY, HRE
RN BEESINSe, HTELE R . IRk ED R RIZ KDY
BREEOHEMPRAENTVS Y, AD OB E L

a) LABREE Y v 7T L 80%
b) TARBRE T v 7T AR

N, ThoHERDIZIFTEEZTHAIEH > TS >9,
Fio, BARTIE, BEEARMAGEED S O OEHRC Y 2
TATIEBOREEI LY MRS Y 27 BNEEE L
TW5E LT, 2022 4 12 AlzAR SN TEEHIIR D%
TEMAGHEIR A X D 72D OELY M A S8 ) 12BN T Y VT
VRS UAPIERNG LT A RN E S 2, L
7o T, HARENTP, K&RZHERLT 2 L8N H
L, LEDZ Enb | BERFEK2 BN, P, KZEIT S
Z S AKER R A g K OVIERHE RO B ARE N T O & RAE
BREENLOBLENOEETH D,

BIRBEKR NG N, P, K 2T 2 HIEIC ) v EEHEE D
VERT = L= 7R A (MgNHPOY) & L TR
D MAPEE VYT LEY BNV LT R T
2 (MgKPO,) & L CEIILE 2 MPP {ERHET S TN A 5
10 A B 2R pH 2372 B 2 L 26 MAP 38 KON MPP 0
RIRFEIRICTE H LAFZEI e, B8 S0, P AR FIRE
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B 1. BOSHE T # OFEHLEE 7 v 2 2
L. BOGERHE, 2. #iEth LBk, 3. HrEBitEy,
4. gm0 EEOK, 5. mORILES, 6. BEY)

ZHRKIEELL TR S, 1%L EO@EWENRETP & K &
N Z [FFREIZ RN T & 5 58 (pH=10.5 P/ (N+K)=1. 3,
Mg/P=1.2) ZRE LW, L, EEOEINT 1¥ 2%
FHE L7 BRI W TR STy,

AWFZE T, EEEOFEIN T 11 2 & LT, FARKGT
at A, EHESEET 0 A RO R Y v A & AE
U (8153 ZUB A o SERHR G4 7 [ 73 B oD P FE 0 JR Rz
WIOEILER OIS 72 E~DEREEZ A ST H 2 L &
HigE L7z,

2. ERBAEK

2.1 EFBREKE LK UVRERKDFE

FBRIC W= R IRFE AR, BN ORIKE 6 &+
BHEH (Y —F—x—Vx o i— ~LRATH v (-
808L) ZfiJH L. Mt/ BEIC & 5 RSy BlE: DIEIRBEK &
PRI U 7o, VAT RE R FE I E I 28 IR BE K & 0. 45 um D A >
TIUT 4 NE—TAHME LT, RN IREE K
50mL (Z R AEEE 2ml & 1 X T JRJE CRRATE L. % H . 0. 45um
DALT T 207 4 B —% FAWTWS] Al LTz, ISR
DI=HDFUKIL, JFUKFH D P/(N+K)  (NH-N & K OAFHC
%95 P O, LI NH-N &2 N &EFRELT5,) 28 1.3,
Mg/P 728 1.2 L7825 X 512 HsPOL YR (45, 000mg/L) , MgCl»
TR (25, 000mg/L) Z FIKBEKIZIN 2 CHSE L7 th . v
TIRAE LTo, EIRBEK & A U 5715 CIROK O 23 EE /3 A Rt
BF & ERAEREIR L Tkl & 157,

2.2 [EYREER

2.2.1 BETOLRERBREE

AERCTHET D 7ot A% K 1 IR, JFKZ RIS
SRS G pH &2 — IR B 722 0SB U ETE O BOGRER
BB L (U5 - il rt 2 LFESR), EiE%. BBk
ZIEIR L., FEo iz ihed im0l Lz e B vt
AEMEE), BRI BEOKA B L, 5% o
wEELL (R 7' -t R LPES) | B & 5, fiEk
Pk L E LS EEKIZE T T A TIIEWLER SRS
DT AL TIEZO oD LEKESDETZLDEEY

B 2. ERRAEEM X
L. pH FR#ERS , 2. pHEIEAAR Y7, 3. FIAIAR

U, A BiERER, 5. BIHRIE, 6. pH E, 7.
5M @ NaOH, 8. 1E220, 9. Sk

LPRJFOK & RS, PLTIC, BAR R BRI <9, B4
SOGEEE OB 2 X 2 1R, ROS#ICIE 2L B0 —
AV, BRI & B A v e, pH AR
FEHTO LGS~ NaOH FINTIRIAR > 7 3 2, K
JEREOD pH = ks — L X pH FHHERR & 5M D NaOH il £
R 72 A=, INLT= 5M @ NaOH 2 l7E - §idkd
BHI2DIZT VHIND R, e 2 HESEE (G
ETHET) O 3 504 (G E 31. 4sec™ ' (FHFREE 50rpm, X
JERFE1.BL) . G filfl Tlsec ™' (FEHREHJE :75rpm, KGR
FE:1L) (G i 109sec™ " (FEFRIHEE 1 100rpm, SO ARFE 1. 0L))
TRAZEIER 3 BID B AR TR AT > 7o FTE O JHAK
% 100rpm CTHHER L7235 5M @ NaOH Z ¥R L pH %49 10
\ZFREE U 7= % RRE pH & 10. 5 THIAE 2 BIRA L . pH 23 10. 45
2B LT ATERH (0.5, 1, 2 W) fdp 2 fikfe L7z,
Z O pH 23 10. 45 IZEE L T B O L TV D R A 451
R LRSS Z & &35, BRI T4 1 RFRIRRE L2, W
A7 F o TRISHE D BB R O 10mm EFECE
TR A ALK Z IR LTz, E72, [ L7z BBk E
B RIGHEZ R - it o E &% JE L,

FRE % BT ORERRIR L AT I BN L7z R3Ok
Z 0.45um DALT VLT 4NN EZ—TAHBL, AHIEK
100mL (2 2R EE % 0. 5mL AN % T THE THRE Lz, HiEk
KR O AR EFENE, [FUIN U7 BEKE LR L
DR VI HL > 7215 . BIKBEK DO JEFR} & [7] UL
ZATIRN T FHEREE 2 1572 SE 2 DB 0D i B I i )
W EUSHE TR O TR 30g HL Y | ZREK 449 20mL %,
TEIRBEAR P O AR EREL & (7 CALBEZ AT - 7, L O &
KEBEZPET DD, KIENOWLEME L IRE L.
B — 7 —IZH) 30g FREEHL Y . 105°CC 48 MRz S w7,

SUSAE 2 > TW A ILE & L <IRA L T O IR
400 g BtV | 5,000G “C 5 Syl Loy BE2 4T - 7ot LK
EE—N—ZB L, EBKOER L ELEICE - L REE
EANE LT, 3 0% B OFIFRERRIE ST, =
W L7z B¥#EKE 0.45um DAL T LT 4 )L X —TAhHil
L. AR 100mL [ ZERER & 0. 5ml 2 CHBHE THRE L



FIRBEARODON | P | K BEIMGERRSAFOLEEMERETS K OBy ~D 58

51

# 2. #IKBEAKIB K OFUKD s R (ng/L)

pH K Mg P | NH,~N | P/ (N+K)* | Mg/P*
— ENd 8.33 689 | 28.4| 42.7] 890 = -
A Uorzneme | - |694| 17.9] 35.4] 815 - —
ik YR 2.96 | 587 | 2,120 | 2,510 | 612 - -
. VSTERERERE | - | 581 [ 2,210 | 2,490 | 576 L2] 1.1
Lkl
F 2. ERPEREFRIE
GEDERARE | FLERRE D=5 = .
¥, MZPA N
L P WEopt | T | RN RX
TERE=R (%) 0. 0590 0. 0234 0. 4639 60. 7 55.8 70. 2
JREZIN S (g/L-JFK) 0.9961 0. 9302 0.9979 20.9 20. 4 22.1
AEW VER TR Y 28
(/LK) 0. 4865 0. 2963 0.5691 | 0.944 | 0.912| 0.958

oo BE— A —HOER Y X <IREAE L TRRENERICK
50g BV | BIKPEK ORI & [ TR 21T 572, i
D53 e O DA ERE K 20g B D | ZKB K %
30mL FREEIMN X, IKBEK D EPRFERE & 7 LB AT -
77

BT, MR 2SS -0, mLENOILEBY A &
HRE L., WMWK 40g 77 AF v 73y MY | =
MECH i (R L7z, MERIEmoE &I 2D E
HEAY 0. 65%LL NIZ7e D F Cfllfc L7e, EEZEUEEZ KA L .
JREZEE O 2 E A BT O 72 0 I BEZEEHY 0. 5g 22 =
FVE— A —IZHY | ZEEEK 10mL, JRAEEE 1. OmL 20 %,
KB LI 0.45im DAL T T 0T 4V F —%
G AIMBEAT, ST ARE A 1372, BRI D5 IKFRIZ D0
TP LR e 4 105°CT 1 HEj S8 TRlEL
770

2.2.2 pAE

JAFE) 1.00g % 500mL. OR VIEIZMZ,  2%7 =
150mL Z ANz AR V& %%, 30°CIZRRE LI fHIRIR &
IHET 40rpm T 1RFRMEE 9 L7, IEE S & TH. R UK
WA K% 100mL Nz CTE<IRA LTz, 0.45pm DA 7
TUTA4NE—FHNTABL T, RNYMRIZAHKZ 50mL
B0 JERSER 0. 25mL & N2 726 O & ofrakel & Lz,
FriEth EEOKEIREE B X OVATFREIR I | S stk L
O EEOKARRE . B JOVATFRERRIE, = 0B ILEY.
RO EHER L EHEE A REICOWT P & ICP

AES (SIMADZU, ICPS 8100) T. K & Mg % 7 L — AJE 11k
SRR (AN, 72000) Tt L7z, £72NIZA > K7 =

) =R CHT LT,
3. MBRLEEE

3.1 EBEBEKE & VEK

BIRFEARI L OBFARDO IR EE 11277, N, P, K
DYRFREIE R T L IRE B L TR #HEKT T
IXEICIEFIE CIAE LT, JEK D pH 1 2. 96 & FIKBE
AKEY BRW, UL P/ (NHK) b Z2 G 27201 U
MRVESIRZ N A T2 T2 T D, JFARP DN, P, K DE(FRER
BEH AR S FE L TH Y, N, P, KIFFUKFTiEE
ICEAFRECTEE L Tz, P/(NHK) | Mg/P X HAE & L7l
1.3, L2V bENENO. 1 TOENST,

3.2 JniEitRe

#2187 3 DOMERIEREFRIEIZ DWW TR L7z, ThRE
RIS OERFEIC R 2 E L LB IRREO b (R IE
WP LG e —— 0 B ZBIIL THEZ) . i
PRI TALPR K BT B A O & LTz, A4
WAL ER R ORI SR IR 8 14 LT8Ok &m0t Lok Btk ik
[y % A g i LAy BE L TN RN O T % O BV KA
SR (3L BEAVER 1T B R (9 D g D Ay Bl PR TR K D )
ZERESTCBIC TR U TS) oA EEKE LT, Bk
RERC KT 2 A A0 BRI R (RFE (UK, AR UK &
IhE 1 & L CEEZHRERE) o L,

RIS 2 B0 L L, GIERB L O
PRI Z B2 L L7255 A ORI HTRE R 2 " LT
B, AREKUE0.05 TR L2 S, Bes & A
FFKILEE D F AW, [BEUFRICIEERD 2 < (F D

BEKHE) | G i L ORI B L 5 2 - L 1T 5 %
PR T, PERERIZ OV TIE G IE D BIRARER D p A H 5
KELTTH Y, FURBREBPATH-722 00, GED
HME & BITIEREE DN T DA L STz, TERER I
SEHITHRI60% TH Y, IEREIEIZH F D < ot
BRI OGKER (CEY 96, 4%, FlH : 95. 6%~97. 0%)
bREWZ EBEBET D & FHE TIXERS SR TH
0. BOSBEENRMETHD EF 2T, MR |
JEK IL 23 5T 20g DREZ A BT E D 2 &35y
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5. Kt » #8710 2 TOWEIL K

note, HEWELFKINER S . JF/K 1L @ 9 B 0. 951
DA SN D Z E RN o T,

3.3 MEIX

3.3.1 7Ot AMMEINE

N, P, KIZ2WT, JFAKHOILHE I 2 AL
JRkE X OREHICBE Lt EREOAFOE T 1
T ABKROWEN L LT 3ITRT, BT 713K 3
FEIOFEIEEZ R L, =T — N— | HEHEFEE RS, PIZO
WL 9 o IEED R 100% T & o 7223 (FEPH : 94%
~104%) . N {ZOWTIE 9 S0 FH R RO 1%
118% (F#FH : 110%~127%) . K 122\ Tid 112% (i : 109%
~117%) CTHULHFUK P OFE&EIZK LT 10~20%i 2 [A]42
STz,

B - §fE ., w0, RO T 72 A TOEITLHED

FIYRZ X 4 ~K 612779, P, K lIZonTidEoretk
A2 THEA 100%DFILR T H - 72, NIZ DWW TS *
&7 1 AT 110% (GEPE - 96%~132%) . LB~ =
T AT 107% (FiPH : 89%~143%) . iz 7 1 & A T
105% (FEPH : 80%~133%) TH v . FHENIRIFT ED T vk
ATHER 1005 TH DN, MOILHE L AN TIEL DX N
KEDoTz, NIZHOWTIE, Kt « #7172 236 L OVE
W7 mEATY VBT QBRI ENER
DT A TOWIN 100%% K& TREID Z ENRNT
L T UEST OEBICL BRIV EEZLNR
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B 8. WAL PRIFK T AR

SR T 95%, 99%. 46%73EEZA & L TR E 7z, N, PIC
* L TCK DAY E L TORINEESMEWELR L, AFEHRT
@ pH 10.5 Ti MAP [ZEE~T MPP D730k Lic < W&
HCHDHI=D, FKFDON, P DL A MAP & Tl S
W, KSMPP & LTl &N 5 EEMELS AR E LT
o TWDIND Th b, & 3INTBEZY~D BN A HIZE
e Lz oBEmmariELa R~ 23, N PIZOWTIEF

DA EKHE L Y K& < EYRAUTERIT e < | EERS R
JFOKH N, P OREY~ORILRICEEL 5272 L35

272D T2, KIZOWTIE F AR KX OV G MOEIFRERD p
EAAEAREL D /NS £ G EOEIFRENETH -
722 & D RRT GED R EZ) ~ DRI ERIZIE D8 % b
2D ES AT, KIZOWTIRTFENZ WO T, BPihE
ETDHZEITE D WP O Z 72720, GIEDTED
WENR LN EEZ BN,

% 3. JRE~ORIEREZ AL Liz & & DREGRY

it
F i GEDmlEER | Bt ol
B p fE JEPRELD p fiE
N 0. 4799 0.9915 0. 2446
P 0. 2675 0.1571 0. 4350
K 0. 0453 0. 0492 0.0711

PR ;A ERHE (0. 05) BATF
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Electrochemical Characteristics of Lithium-Ion Battery
Separators with Protective Layers by MAO Spray Coating

Daiki Uto, Kenji Yoshino

Abstract

Lithium-ion batteries (LIBs) were widely used in mobile devices and electric vehicles; however, improving their
safety remains a critical issue. In this study, a polyethylene (PE) separator was modified by spray-coating a
methylaluminoxane (MAO)/N-methylpyrrolidone (NMP) precursor solution to form a thin Al-Os-based protective
layer. The MAO/PE separator exhibited significantly suppressed thermal shrinkage during annealing, indicating
improved thermal stability. Electrochemical impedance spectroscopy revealed a slight increase in separator resistance,
which had a negligible impact on charge—discharge behavior. Full-cell tests demonstrated stable operation up to 4.5
V. At high cutoff voltages (4.35—4.5 V), the MAO/PE separator showed reduced irreversible capacity, higher
coulombic efficiency, and suppressed interfacial resistance growth after cycling. These results indicated that MAO
spray coating is an effective approach to enhance the thermal stability and high-voltage durability of PE separators.
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MAO Spray-Deposited Films and the Influence of Annealing
Treatment

Daiki Uto, Kenji Yoshino

Abstract

Methylaluminoxane (MAO) films were deposited on Si substrates by a spray-coating method and subsequently
annealed at temperatures ranging from 500 to 1200 °C to investigate their crystallization behavior. X-ray diffraction
revealed that amorphous or metastable alumina phases were formed below 900 °C, while thermodynamically stable
0-Al:Os was clearly obtained after annealing above 1000 °C. The lattice parameters of the a-Al.Os phase were
consistent with reported values, and the crystallite size slightly increased with annealing temperature. Raman
spectroscopy detected weak Al.Os-related peaks only for the 1000 °C sample, whereas higher-temperature samples
showed reduced film signals due to surface roughening and morphological inhomogeneity. SEM and surface
profilometry indicated crack formation and island-like structures, accompanied by increased surface roughness at

higher annealing temperatures..
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Construction of Ground Information Prediction Method
Using Public Data
— Application of Machine Learning and Gaussian Process
According to Regional Characteristics —

Hideomi HORITA, Hiroki TAMURA, Yukihiko UCHI

Abstract

While obtaining geotechnical information is indispensable for safe urban development, practitioners face two
major challenges. First, the density of physical boring surveys is limited by cost and environmental constraints. Second,
although a vast amount of public geotechnical data has been released by the government, its use in construction
practice remains limited to visual inspection, and data-driven utilization has not yet progressed. To address these issues,
this study constructed a system to predict “’soil classification” and ”N-values™ at unsurveyed locations, using public
boring survey data as training data. A comparative verification using “Machine Learning” and ”Gaussian Processes”
as prediction models revealed distinct regional characteristics: Gaussian Processes are suitable for regions with stable
strata, whereas Machine Learning is suitable for “uneven regions’characterized by significant ground undulations.
Based on these findings, an ”Unevenness Score” was proposed as an index to quantify ground complexity. The results
demonstrated that adaptively switching prediction models based on this score (with a threshold of 3.0) improves
prediction accuracy compared to the uniform application of a single model.
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Investigation of Thermoelectric Power Generation
Using Heat from Window-Integrated Photovoltaics for
ZEB Applications

Mao MORI, Yasuyuki OTA, Kensuke NISHIOKA, Akira NAGAOKA

Abstract

In Zero Energy Buildings (ZEBs), the effective use of renewable energy technologies is essential for reducing
building energy consumption and achieving carbon neutrality. Photovoltaic (PV) modules are increasingly being
installed not only on rooftops, but also on fagades and window areas as building-integrated photovoltaic systems.
Window-integrated PV modules are attractive because they can generate electricity while maintaining the function of
windows in buildings. However, PV modules absorb a large amount of solar radiation during operation, and their
surface temperature can rise significantly. Since the power generation efficiency of PV modules generally decreases
as temperature increases, thermal management is an important issue for improving their performance and reliability.
At the same time, the heat generated by PV modules can be regarded as a useful thermal energy source rather than
wasted energy. The temperature range of window-integrated PV modules can reach approximately 50-80 °C under
solar irradiation, which is suitable for low-temperature heat utilization. This study focuses on the combined use of
window-integrated PV modules and thermoelectric generators. Thermoelectric generators can directly convert a
temperature difference into electrical energy, and therefore they have the potential to recover unused heat from PV
modules. By utilizing both the electrical output and the thermal energy of PV modules, this system may contribute to
improving the overall energy performance of ZEBs. Therefore, this study investigates the feasibility of thermal
energy harvesting from window-integrated PV modules for thermoelectric power generation.

Keywords: Zero Energy Buildings, Photovoltaic, Thermoelectric

[ZL®HIC FENPTEIUT, KB ELRET D720

Liﬁﬂ%%’ﬁﬁﬁlﬁf

EAH S TH Y ZOREOKEBSTRACEEL T SHTRS. RS

FERR 22 BUR L RYE A D &\ EET%I?w
BHTH D, BENTHEOWITELIC

PEASHED T, % HUBIC W TH 3O RFHEAREEZ A L TEY,

BURMSRAEND

PN L U CHE AN E L

VLB 7 L
RO A 15 5 72 8 D AR & 2 &I T T RE
R ~OKIGEE AT, B L — KL
ET® 2 miD HARHTER T O e 3 1 FE
Bl D KGR EOBEE A RITE~
L TR Y MRANC R THRBELHE S AT LDEA
WEIER 2R T D, HARIE 2023 4R ICT U7 K
SHhb S
o*ﬁf AARIHERT AU
B ATHE 72 A HC 1R A

b

FBEPLE LEZARARMT R L — 27 AN EEH
INTWD, ZEB L., @70 CRBElE £ &
LI-AZHEZITV. TOMR LIZENEHWT, &Y
WCTEZEHET 5 L CENHREZFZEE 02T &
Thd, mEEVORMPEEMR %L ZEB(LT 25 Z LIk
ST, HEYOEITWHEZKBEEDLZLNAETHD

D, EBIIEINETHEDPNT I Aed o R A—2

THEEN TENE, KRB L RET D200 LE el
%ﬂ%$%%ﬁ@tb®mﬁ&&£%ﬁfmﬁﬁﬂ%@
LY, FRCEmA~OKGEMEAIL, EFIMEE —K
L LN SIENAHETH D i BH T A =2 T

a) LAgeRbeimlE i =2 — A KFped:
b) BREF AT LT 0T T LUEHFE
OBRETVAT LT 0T T LR

%5O:@t%\aﬁf®i*w%%%M%%@¢é_

INFECTHSIIERENT I 20> 72 ZE W OA SR 2
H—ARr=a— FIZNVERIZMITCTEEL D,
KIS BRI 12 50~80 °C % TIRE LH- L. F0hs

RELTREDENMETI DV #EEZINZ S 3, L
T35 T, BAKBGEMICZ T B8~ 3 ¥ A > M
ZEB FEBUZMT CEERMIRE L 2o T0DH Y, —F
T, ZOREEFIIRAMABROGAEZERLTRBY, &
FETRHZORDEATIEL L AR EEERICAB T
DEVEARENEH STV 5, BVER BT f B2 FF 27
INRMVIREE G Tl V) EGESNEA~ DB EICE LTV D
ZEnD, ZEB L O@EWEFWEER AT D, AW TIX
ERIRPEMZEYRE U CFH L, BVEER T O E 7§ fé
WZDW TR LT,



74 (00 NI S N I S O TR

2. EEBRAE 312202548 H 14 H (1o-oo~17-00) DOIERAICE
I F 5 KByEMAREEORE ., 2 TG HAEE, Bk
2.1 BEAHE BEORMRERT,
B 1R E MRS B S K A SR

kbfﬂmb T OREREIREAM L, [1 L0, 40 ‘ : :

KB HREE OB B L 78> TW B = L 25T @ -

%gma,ﬁ%a¢5 AR R LR ) & R S T o —x--k—bvy

B0 EREE U TEERHEZFOTVEREICH S, %3

AHFSE T AR EIM ORI & 1 2 U B IRIE QR % g

BEIE BRI = &%E%&LT:t%E@ D g

B KO — ALY 2 KIBERRREE DT g % ’

ZHUZ, 40mm X 40 mm X 4 mm OFE %%? (TG) = MMWNW‘WWW

AR U, Eo. KBEMRERE L ORRBERICET

LA ELEER KOG TG @%EEEE&@EQ{-% oW *0:00 12:00 __ 14:00 16:00

THES L7m, BRI A RS KOV B EHR L Time

THIE L7z, ,_\20 ] (b) I o anns

B, Gl

Els I W:&% . Ka;é,.g% B
E" _ a %;?@éx* 4 W?%
%10 G T 1
% . MWM
S

fo:00 12:00 12:00 16:00

0 Time
"
2.2 AHAE =
A CEs 1S B IR TREERHESS & OB % 3 < 300
W7, BERE CIHRESORRARERICKE S E 2
B 5 7200, BEFROENC L B BEROLIINT . 200
BRE L, ABFETIE, KEe o BEREER, E—h S
S KBRAR (02) 0 3 FREOBHE SR -, glm
B b U7 BHENC X BAIL KR ASRIET T —% ZIN . ‘ .
p— - . 10:00 12:00 -14:00 16:00
HNCKERERS®S - L CARILE, - Time

(@)

300

(]
(=}
(=]

| omem———
o —
e
e
A
| -
o
i

—
(=}
o

2. BmEFIEO R EX]
(a) |AHOD TG, )k —h 7, CKGHEE

Heat ﬂux(mW/m2)

(=]

L 1 L L PR 'Y L L 1
10:00 12:00 . 14:00 16:00
Time

3. ERERPIUBER
[X3.2025 48 A 14 BIZH T D KEGHERFE RO

3.1 KIBAFBERICH T HABHM N7 A =S —(@FRE, (b)#FHIEE
()H HE., (HEER



ZEBARIZ A 7= Z ORI R LD BRI N & 5 BB R FE O,

75

WEEREDOREZENKI0 COLEE, TG OHEE
i%ﬁ%SmV?%oko#ﬁ t~%vyy%mbﬁ
TSGR, R X VRN R L, HIEIE
Wﬁﬁwmvifﬁkbtoiﬁﬂﬂ®ﬁﬁ@ @%ﬁ
EAFEOEE XS L TR B— F 7 IR
NEENRRERHAANCHRRORRE ST, 2Th b
DOFERING . HFHREOZEEN TG O 1EIEICH A2 5 %
TWHEBZDND, b, BURROME LY | BANE
MNHBANBE LTV D 2 & DR S AL, SR A M ENR &
LCHIHMEETH D 2 DR XNz,

3.2 BEKBGHEMICH(TLHFRHME

X 412 mx&mﬂ14aaom~nm»mﬁfﬁ’%
(D ERKIGEMOME, FRE TG H)EE, BWidis X
OCHHN&Z 7R, BREERLOEEAEPKI COLE X,
TG DHAFEITRKFI SmV Thotz, Ziid, BAK
Wit O R ERENS I Y EH L BRZEGSIETIC
BWTH TG Ml mf#ﬁ%ﬁéht:&%%bfwé
—H. = MU R AT G A TR RIS
DIREEZEN R L, HEE iﬁﬁﬁmmvifﬁib
2o BT, KV AT LEHWEEAICIE, HAEE
%k%mmv_ib3*#®¢Tﬁ%mm%$@
Lto&ﬁﬁfi%ﬂﬁﬁ k%<mﬁbfkb\m@%

CIXHJEE OB A BE B S, T, K
mwt%7—#éﬁﬁﬁtéﬁék@ﬂ%ﬁbﬁﬁ%ﬁ
WCEDbLDEEZLND, ABIEEWHAEEEZ RS
TENEMHET D720 MEFIECONTITSH% S HR D
MR METH 5, LLEORERNG | AR EMI 51T
é*ﬂ%ﬁ%ﬁ* TEIZ X VR TE 2 A REE R S,
ZEBIZBIFAB~ K A M & L COISHD IR X
néo

3.3 BEFLAXFORERELR
Eﬁ(mmﬁsﬂsa)%iwﬂ*(mm&nzﬂg
H) OIER B2 KPR ERO TG HEE
m&%ﬁﬁ‘TG@mﬁﬁ \géwﬁﬂﬁéiw%m
wm&mbto—ﬁ_3$®ﬁﬁ5%%uk%mﬂ\k%
MR ICHE STV D 720, KB OEW S
~OANF AR BEICRE ST D, Thbb, EFITRY

N E < o BRI IS L TRDIC AR T 2 D12k L,

AZRIT KRG EDME S | ABEISK LT H D IERITITV A A
TAHT D, 2072, AFEOHPEEICAS T2 B &
PHIML, 2 OfERE L TRWHADEER GO EE X
CY (e

45—

=y
[==]

7%
[==)

o EE xk—-b¥vy
+ B -+ KpERE
— TG

Temperature(°C)

25 [ . T T
10:00 12:00 _ 14:00 16:00
Time

25

(b) R .
Tl 24
e AARRE

el

(=]
=
T

—
L
T

—
(=]
T

Output Voltage (mV)

un
T

Mrwc e "4 w Lo,
!
5 4 0"

“‘W ey
0

10:00 12:00 . 14:00 16:00
Time

"
]

N
g

W
8

¥
8

Solar radiation(Wh/m®)

D
(=]

co
[==]

[=2]
(=]

Heat ﬂux(mW/mz)

001200 1200 16:00
Time
Xl 4.2025 4 8 H 14 BIZH1) 5 BELKMER O
BT A—H —()FIRE, (b)&HIIEE
(), (d)BWIHR



76

L EEL

60 F L B LI
9 (a)
s0f
g — A
;/ 40 R Gl T
g
s0f
S
+~ 20 |
§ x
> R S
SIM”JG oot e, ]
0l 44—ty +4
10: 12:00 14:00 16:00
Time
60 " ————r—r T
(b)
950_ @ X
3 by, 588 ¢ sl
. Sl
-g 30
§ I
220t e,
E- | S, "
6 10
0 1 1
10:00 12:00 14:00 16:00
Time
1000 - . .
NE ()
§ 800 ]
= 600k ]
g
;_g 400 [ ]
8 L T
5 200 ]
.6. L \
m : ||||| | I TR W S WY | T T W W T 1 ]
10:00 12:00 14:00 16:00
Time
1000 F——— e T
o - d |
§ 800 AN |
2 600 ]
g \
ld ]
-g 400 ]
g
S 200 ]
v
0 L L
10:00 12:00 14:00 16:00
Time

X 5. HZEB L OAFEOMERELL(2)2024 4 8
A5 HOHAEE (0)2024 12 A 8 HOHHE
[E(c) 2024 4 8 H 5 HD HEF(d)2024 412 A 8 H

DA K&

3.4 AHEAAEDEE

AWFFETIE, ARGH, e— v, KEHEED 3
@%@%ﬂﬁﬁé%uW?%ﬂﬁt®kwﬂﬁ$%$&a

@zé%%%ﬁﬁbto%méﬁ K &R A ek &
t ITG D NEEN R B RE 2D, %ﬂ@@mf
%ﬁ?éﬁé & MENEE R MR @WL CHZHTHDZ
EDMER S NI, T, Bl BT R RAA & ARIR
MR E = T k%<%%¢5tw1%0ﬁﬁﬂ
PERED A FIZ L0 TGRESHOMREZENER LIzl LB 2
oY

— ¢, KRG FTRIEEWEHMEEET b OD, FT
—RR TN K DKMERZ LB L T 5 T O INEBET) %
BT D, 20D, HBONLHEBEEICK L THANCETS 2
TR —RNRT D AREMENR H Y | ZEB ~D i O
R DHIEMT L b R e mHFE L TS 2720, £ 2 TAR
BFE T, 72 72 BB O NI 1 0 i HN OB R
i Lsw, BEEROSLRDM EE2KD,
HAARMIZE, MEIxi4 & LT Metal-organic framework
(MOF) 2% H L7, MOF [3/kDOWAE - BB 5 20
AFMMT 2 2 & THNBENZ NI LS LW nH RS
L COISHR IR S 5, RFSOIRIR « i B B BT Tk
Sy L. B OEE RIS RSB T 5, 2
D BBERRIZ BV CEDNEE SN DT DA R 8L
THAHEMER D D,

FATHIZEIC B TIL, K TRE A 100 %[ E9 5 2
ERMERENTWD, L Laanb, KOs - Btk
FOFERNITEEY B H A B = X D2 ON TR IR &
TR, Z T TARIFRETIE, K7 IR T L9102
MOF 2 L7-T LI L EWERy 7L — |k
40 C) RIZF&@E L7-BGidt o9 RIghE L, Uil %
HIE L7z 9, T, BB XK OWER - Bl
WZOWTHIMEEIT -T2,

ARG TIX, MOF-801-P % f\ 7z, MOF-801-P |£7~
JUIE 5.8 g & ZrOCl, » 8H20 16 g & DMF/FERHIZiEN L
130°CC 6 BN L C Atk 24572,

BB H)

MOF

Bk v

[ 7. MOF D #5714



ZEBALIZ AT 7= R KIS B D BRI N K D BUB S FE O RR A 7

#F 1. K LERIZBIT S MOF OH &

KR
MRk 452,67 mg
e ) 573.64 mg
BRRERIE R 546,70 mg
# 2. MOF {235 KO EE N OIS

KD &
120.97 mg

KO i e &
26.94 mg

i (F19)
79.5%

FIRA—EDFRMATIZIN T, BRI 250~300 W/m2
Tholz, ZTOFEMNDL, MOF &5 Z & TN
BHPA~OBBENE L T, —EDOBHANREEZHT D
AIREVEDNVRIR S e, E72. KOS EIZHR L CIBERE N
INEWZ ENS BAE LTAKG O —FRO B0 A LTz &5
265 (F 1-2), Bio, BEXEGERL~OEHZHE
L7356, BRI EM R EIRE O FFIZ X VKGO
BEAMIEE S, RN A RIEOER TR L ONRE D EHC
&V MOF RWHUUKGEZWRAET HZ LAIFSnD, LTz
25T, MOF ZHWI=mEAIFEICB N TIE, BRI OBLHE
WCEABHEKBOWEIC L HFEREEY KT, %
Ao REEY A 7 VOMNINEETH L 0, 51X, MOF
OFEFA, HEFE, B, RENLE R L O Lo
Gl fcfb U, BRSO RS FICB W TLE L
TR HNRDBE DN D R RETT D RNER D D,

AWFFE TR L7z MOF 1%, KO - Bz FImH L
WHIM B LT BRI & VB ER T2 MG b
BV AT A~OEA RN E AT 5, 5%, MOF 12X
LWHNFE TGO NEE L OBMREH L MNZTH 2 L
T, ZEB |2 72 B BUKGEMOBFIH > 2T LD E )
NI ND,

4. fEER

ATl BIRUKIGFEM A SR & LT EAERE L AT
DZHEHE L GHIG OBV RREEMGEIC G 2 5 B8 &5
42 & & b RFHED A ZhIEH O ATEEMEIC DWW TR
L7, TOMER, MAMERED R FIZ XY TG MmO
FENER L, BAEENM ET D2 2GR L, FFC,
KREFRITB WD TR S & WO AEERE S, BEUGE
DRI FEIERED R EICAE I THD Z ENHL N E
ol —HT, KGHTAIISMNBEN LB LT 5720,
ZEB ~DJu A& EZET 2 LIRS,

ZHZEALOFE L LT BIISHT 5 HEOASAOE

& AFZBNTRWHABENGOND Z & 2R L,

BRI B OFR B S DN EVEIS I RE I K & < BT
LT EEW BN L,

SRE A A2 VB L LSy 7B HIFE L LT MOF
WEH L, 2O - BBECLE S BB ENC L 0 mEIzh R R

BONDATREMEZ R LT, FERERHII O R, MOF 1 3—iF
OBGHRE R L, WEMELE L TOREBIENRE ST,
At%1E, MOF Ol SO mitls LOERESR T L O
G DRI K D PERERH &2 D 5 = & T BRI
(BT D RFNFEDEIN & ZEB (I8 7= i h SR 72 2G|
VAT LOEBERHIFEND,

HiEE

AWFgeiL, BHEEFEEBI4 (23K26603) , ALREARTA
NEETLAMM 2024 FEMIEB KR (GEBEFZE No.
23-006) DB Tz ThoiT,

SE Xk

Dhttps://www.isep.or.jp/archives/library/15325,
(accessed 2026.04.21)

2) https://www.env.go.jp/earth/earth/ondanka/zeb/03.pdf,
(accessed 2026.04.21)

3) Emeka H et al., Thermal control of crystalline silicon

photovoltaic (c-Si PV) module using Docosane phase change
material (PCM) for improved performance. Solar Energy.,
Vol.234, p203-221, (2022).

4) Jehad Adeeb et al., Journal of Ecological Engineering, Vol.
20, p249, (2019).

5) A.A. Glinay et al. Metal-organic framework coated porous
structures for enhanced thermoelectric performance Vol.
255, (2022).

6) H. Liu et al., Passive thermal management of electronic
devices using metal-organic framework, Cell Reports
Physical Science, Vol. 4, (2023).

7) H. Kim et al., Adsorption-based atmospheric water
harvesting device for arid climates, Nature Communications,
Vol. 9, (2018).



78

T % %k % 55 5




E— b5 AR & 2 KB BGE T BT 2 158 79

E—AX T R KRBENEE

RE E- B OBERY - Kk

2R DARKRBEE BT 55

Hufg ©

Research on Hydrogen Production by Beam - down Solar
Concentrator

Hirohito OJIMA, Yoshinori NAGASE,

Shigeki TOMOMATU

Abstract

In recent years, energy resource depletion and environmental issues, including global warming
associated with greenhouse gas emissions, have become increasingly serious. Clean hydrogen
production through a two-step water-splitting cycle using cerium oxide particles has attracted
attention as a potential solution to these problems. To promote uniform heating of the particles, a
double-cylinder hydrogen production reactor equipped with two piston-driven stirring mechanisms
was designed and fabricated. Heating experiments were carried out using a beam-down solar
concentrator at University of Miyazaki. Furthermore, the particle agitation behavior inside the reactor
was analyzed through a comparison between experimental results and simulations conducted using

YADE.

Keywords: Hydrogen, Two-step water splitting cycle, Beam-down solar concentrator
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Extension of ASLA as an Electronic Document Region Detection

and Labeling Tool for More Context-Aware Label Generation
Chihaya TAKUMA, Tetsuro KATAYAMA

Abstract

Electronic documents are increasingly used because they reduce paper consumption and management costs,
but in many cases they still remain only substitutes for paper documents. To promote richer use of electronic
documents, we have developed ASLA (Automatic Segmentation and Labeling tool using Al), which segments a
document into regions and automatically generates labels representing the content of each region. However, the
existing ASLA mainly generates labels from information contained in each region itself or from limited text near
figures and tables, and therefore cannot sufficiently generate context-aware labels by using heading, caption, and
annotation information related to each region. In particular, it cannot assign heading information to body-text
regions or auxiliary information such as captions and annotations to figure and table regions. In this study, we
extend ASLA to generate more context-aware labels for body-text, figure, and table regions. Specifically, we
redesign the detection classes of the layout detection model, construct parent-child relationships among detected
regions, and extend the labeling module to use heading, caption, and annotation information. Application examples
and evaluation results confirm that the extended ASLA works correctly on actual document images and can generate
more context-aware labels than the existing ASLA.

Keywords: document layout analysis, labeling, region dividing, parent-child relationship
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Potential and Evaluation of Mixed Reality Painting Experiences for
Addressing the Experience Gap
Takumi ISHIMARU, Makoto SAKAMOTO

Abstract

Access to arts experiences often varies by socioeconomic factors and locality, creating a significant "experience
gap." This research presents a low-barrier Mixed Reality (MR) 3D-painting system on Meta Quest 3, enabling intuitive
spatial drawing in everyday environments. We conducted two studies: a field experiment with children at a public
festival and a controlled study with university students comparing 2D and 3D creative tasks. Results indicate that MR
3D painting significantly enhances immersion, perceived creativity, and self-efficacy compared to traditional 2D
drawing. While the system effectively expands access to creative experiences in domestic and educational spaces,
findings suggest that further scaffolding is required to facilitate depth-oriented expression and seamless spatial
collaboration.

Keywords: Mixed Reality (MR), 3D Painting, Human-Computer Interaction (HCI), Experience Gap,

Creativity Support
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Verification of the Effectiveness of Interior Layout Support Using MR

Takurou Ehara, Makoto SAKAMOTO

Abstract

This study aimed to clarify the differences in psychological impact on the decision-making process when
considering redecorating, by comparing cases where redecorating is done solely through imagination with those
where mixed reality (MR) is used. Participants were divided into two groups, and a comparative experiment was
conducted using conceptualization time and subjective evaluations via questionnaires. Psychological burden, decision
confidence, satisfaction, and spatial evaluation were established as evaluation indices, and an overall evaluation score
was calculated using subscales and weighting. The results showed that while conceptualization time increased under
the MR condition, a reduction in psychological burden and improvements in decision confidence and satisfaction
were observed. Furthermore, the relationship between psychological burden and decision confidence may change.
Therefore, it is considered that using MR to support redecorating is an effective method for improving the quality of

decision-making.

Keywords: MR, interior layout support, decision-making, psychological burden
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Proposal of a Squat Training Method Combining Muscle Load Visualization

Using EMG with Gamification Elements via Gauge Display

Yu Oshikawa * Makoto Sakamoto

Abstract

Strength training is essential for maintaining health and building an attractive physique, yet

many people struggle to stick with it. One reason for this is that they fail to feel the effects of

strength training. To maximize the effects of strength training, mastering proper form is

essential. Therefore, I embarked on this research to reduce the number of people who quit

strength training by visualizing muscle load in real time during workouts.We are developing

a system that uses machine learning to visualize muscle load from user form, enabling

muscle load visualization without requiring electromyography. At present, it is possible to

estimate muscle load, but the accuracy of this estimation is low. Therefore, we are currently

experimenting to improve the accuracy of muscle load estimation.

Keywords: Image processing, Long Short-Term Memory(LSTM), Machine Learning(ML),

Muscle training
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Proposal for

“kick-form—analyzer”

Kick form Instruction Support System

Kanata HIRANUMA, Makoto SAKAMOTO

Abstract

In recent years, human pose estimation has gained considerable attention in fields such as education, healthcare, and
sports science because of its potential for quantitative motion analysis. In sports instruction, objective evaluation of
athletic movements is essential for improving performance and providing effective feedback. However, conventional motion
analysis methods often depend on specialized equipment, such as motion capture systems or multiple depth cameras, which
require high costs and controlled environments. These limitations make their application difficult in school education
and amateur sports setting. In addition, many educational sports environments face challenges such as a shortage of
experienced instructors and limited technical knowledge among coaches. Therefore, there is a strong demand for accessible
and low—cost technologies that can support motion analysis and skill acquisition. This study focuses on the use of
monocular vision—based pose estimation to address these issues. By representing human motion as time—series joint
coordinate data, it becomes possible to analyze and compare athletic forms objectively, contributing to more effective

sports instruction support.

Keywords: MediaPipe, Pose Estimation
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