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Functional Design of Metal-Organic Framework Hybrids
Naoki Ogiwara

Center of Advanced Instrumental Analysis, Kyushu University

Abstract

Metal-organic frameworks (MOFs) provide highly tunable porous environments, yet their intrinsic functions remain
limited. To extend their capabilities, the authors developed hybrid materials combining MOFs with metal nanocrystals
(MNCs) or polyoxometalate (POM) clusters. MNC/MOF composites clarified how confined water affects and enhances
water—gas shift catalysis, with pore design and ligand substitution enabling precise control over water activation. POM/
MOF composites exhibited greatly improved adsorption of cationic dyes and Cs* ions through electrostatic interactions,
redox tuning, and pore-environment optimization. These findings demonstrate that integrating functional inorganic

species with MOFs is a powerful strategy for advancing catalysis and ion-sorption performance.

1. ZL®HIC

%54 IR 5K (Metal-Organic Framework ; MOF) (. &8 A 4 > & HHRECAL T2 HREEE S 1L 5 L LM
HBThHh, ZORELMIBEOREMEZL D, 57 A 4 y@lﬂ)&%-ﬁ%-%ﬁ@c‘: Vo 7ZAEREAIS SN 2
SrFEER A R EOREBEMEO BB OL E L THIAKER SN TS (Figure 1) Do #TETIX, 4B
BRELICINE T A2 RM A HEESCEIN BB 2 G0 LB b EAOOH D, fEHK. 9 L7HEEC It filHIX
MOF HAAD 73 Tk it et T %@ U CHED SN T E A% HatkB L OB CORARLIFH S oo
Hbo TOBMNT, FHHLIZIERD MOF Gt TIXEIDE L Ao 72pmeItk 2 HIE L T, &8 )/ £ d
GBI 7 7 A5 — 7% EOMOWEAR L OBEAL TR Lc#7z %7 7a—F 2HEE L7z, K TIEES
SOV L7 [MOF & &8/ filh & OBALIZ £ 2KO KIS HEOBEFE & §l# ] B X O° [MOF & E:t¥ ~
TAY — LA L B A A VI OERERIL] 2OV TRAT %,
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Figure 1. Self-assembly of metal-organic framework (MOFs) from metal ions and organic ligands.
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2. MOF L &g / fidh & OBALIC X 2 KD RS Bl & il

MOF (IR AEE A BT H I EPHISI., KOMFHERL e — MRy T &, KEeiEl 3 28 HER
PR AR ST 5 2D, MOF ORI E LTld, A 4 » EARHEN T OFEIR - BLiEDOLZHEEIZL S
MFLERBE O WEEHES BT B, B 74 b GHERFEOMO LI EH AR TE W R ET O B H
BT Do ZOREMEL A LT, MOF OMMILERSE 2 RIS ZIL UL, KRG FOWMEZEE)., 2512
(& MOF MIALAHRICH S EN7K G FOWBE ZREEICHIHT 2 2 LB TE S, 2@ 2. MOF HOKGF D
FEBEMERIZEIZREACATDILTB ) . MOF 12 SR Fid, 7NV ZREETIXEBI T E 2 W EFR K
7T AY =D R, FEEOKSTOEEEX TR L, ZIUFBEL72m» 70 b AEEORIL D b
MHENTWD, ZTD X9 I MOF IZHE & N7 KD IR 22 WELRY - AL AR OBRIZEA TE TV DA,
MOF H DK FDALFOEMEZ 52 5 B2 OV TIE, RN RE 2 AWEANPHELENTELT, IhE
THOPIZEN TR o72, T TEESIE, BUMBERISELET 28K 7 /EMIcER L. &8/
fidh & MOF 2 AL S /M R E =2 H 720 R %252 L1281 MOF HDIKGF O FUGTHEZ B
TLMAOESEZ HIET L L b2, ZORISHEDOHIHZ M7z,

2. 1. MOF IZB1F 27K etk o PR

MOF H DO K5F O RULEZ IR 2 72012, KOG (OH* ~OfFHENAE) 2YEHE R T 2 KIMEAT A
¥ 7 MG (H20+ CO = Ha+ CO2) 12 H L7290 ZORISDORFER 2D O & DIZH4 (P TH D720,
BEILEEHLEBF /FEmE LTI Pt F S e H oo 720 SUSEERE 7 K0T & 453 5 MOF &
L Cld. EmWKkIEN - ZEE% H T 5 Ui0-66 [ZrsO4(OH)(BDC)s (BDC = 1,4-benzenedicarboxylate)] % 4R
L7275 Ui0-66 1% Zre 7 7 A % — ([Zr604(OH)a(CO)12]) 75 BDC BLA7 7~ Cliih S /-4 S 2 63 5 (Figure 2) o
Al FHEEA LS BET L. Pt/ R ORLE DR 2 5 2 FEOBE Al Pt on Ui0-66 (Pt 7/ #& i 28
Ui0-66 #i71-2%1H _E I2HEE) L Pt@Ui0-66 (Pt 7 / #5574 Ui0-66 THiTE) % & L 72 EAKAYIZ Pt on Ui0O-66 13
FOEW L 72 Ui0-66 B LU Pt F / Fidh% NN- VA F )AL T I K (DMF) HCoiisd, mOoiE%
19 2 LIZE DAL 7. Pt@UiO-66 DA UL, Pt T/ #kh% DMF 250 H S 7212 Ui0-66 D JFUE &
%% ZrCla 3 L ' BDC BLAZF %2 M A 110 °C T 24 I SUS S5 2 EI2 L V1T o 72, BHAEMEED F / fE &
DFZEIL TEM BB X VAT o720 F720 Bk XSGR, KRZESWGEREIC L) . BHELE D Uio-66
DG gL B L OHIILERBR IR SN T2 2 & 2 fERR L 72,

a a0
i ' . B
.
(o]
[Zr,0,(OH),(CO). ] BDC  PtNCs

——

UiO-66 Pt@UiO-66 50 nm

Figure 2. (a) Schematic images of Pt on UiO-66 and Pt@UiO-66. TEM images of (b) Pt on UiO-66 and (c) Pt@UiO-66.
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Rt @A S E % v, IREH A (H20/CO/Ar = 12
11.4/10/50 scem) % Uil L 225, 557z 2 FEH O A i 10 HO+CO—=Hz+ CO,
OAPEH AL 7 NRUGIEM A RFIEL 72 (Figure 3)o PronUi0-66 £ g o py'on Diose ;
X, Pt/ #dhE 2102 \Z3HFE L 72 Pton 2102 £ 1) b ATl § g TomonZo /

) e
HHHE COMRLEE IR L7z Ui0-66 O & TIL i IEME % g ol //‘
RERT LD, U066 MIFLIIIEH SIS THL M g e
FT LI S 7 CO 5T L RMITE L TV 2 L % ‘] /2
R— A N > S 0, - R 0- \5.4\' T T \' \e
R LTWwW5b, 72, Pt@UiO-66 (& 340 °C T 10.9% DEz L 240 260 280 300 320 340
Z7R L. Pton Ui0-66 2T 14 fEEWIEREZIRT 2 & 05D T("C)
Do 726 Ui0-66 fIFLIZ X A KOIEMERNFIZ L 0, o HMEtE Figure 3. Temperature dependence of CO
LTWwatE: 515 conversion on water—gas shift
i ° ) (WGYS) reaction. The flow rate

Pt F / fE S Ot BEVE T EOEIEZ B S 2295 72012, was H,0/CO/Ar = 11/10/50

H0 Ot i % 1142005 57 8 X O 114 scem & BERERY 1221 scem, and the pressure was 0.65

ST, 320 °C TOMBEEYEE F 7 (Figure 4a)0 13K MPa.

i (11.4 scem) (2B W T, P@UiO-66 DiETEIE Pt on Ui0-66 12 -~ TE22 - 7275, 57 scem DK it & Tl
Pt on UiO-66 D P IZALE BT IZ BN L\ Pt@UiO-66 DI I IEHL L 720 & 5 12 KFT &AM (114 scem) T 5 &
WHEBRZF] & L. Pt on Ui0-66 DIEED A E L %o 720 & OKFLRNI AT A flEiG o 7 0 2 4 —
IN—ZEEE, Ui0-66 MILIZ BT HKDiEME B L OB OB AR RICHR T 5 L EZ 515 (Figure 4b) o

Z Z T\ Ui0-66 HIFLAN T DK DB AILEL 2 i/ NRICHI 2 5 7280, £ 1) #iv Ui0-66 ¥ = V225 72 5 Pt@Ui0-66
A L7z (Figure 4c) o HEATRIE DA RS % 24 A5 3 BRI 35 2 £ 12X D .80 nm 2° 54D 40 nm
DE S EHT HEAME (Pt@Ui0-66-40nm) % 572, Figure 4a [27”$ & 9 12, Pt@UiO-66-40nm & Pt@UiO-66
EHBLT, XD EWAKET AL 7 MUMEEE R L7z Z OIS %R Fid, Uio-66 flFLH DK DL
BB OEHICLA2bDEEZ LN, ZORPEIIMOF DEAZ I bO—)L§ 52 LT, MfLHDAD
W S ILER R BB L. B ARG A EIBL L 2o COWMEBITH S Y,

8501 o pt@UIO-66-40nm &
s - -e - Pt@UI0-66 i
€301 --e-PtonUio-66 -~ -°
c e e
5
E |- .
o
O 104
3
AT
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Figure 4. (a) CO conversion versus H,O/CO ratio on WGS reaction over Pt on UiO-66 (red), Pt@UiO-66 (blue), and
Pt@Ui0-66-40nm (green). Reaction conditions: 11.4, 57.0, or 114 scem of H,0, 10 scem of CO, 50 sccm of
Ar, 0.65 MPa and 320°C. (b) Illustration of condensation effect (left) and diffusion effect (right) of H,O in
Ui0-66 pores with Pt NCs. (¢) TEM images of Pt@UiO-66-40nm.
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2.2. MOF c:m%éhfcﬂmﬁmﬁ@fﬁl]fﬁl

RIZ MOF O MIFLERSE 2 @) 123 Ftd 5 2 L I2 X ). MOF K5+ DU A IREEDHIH, S S 1213 AE
ENTK D RO 1 % E:fa L7zs D791, Ui0-66 % K3 % BDC BLfir 12, &tk & L CETK
F12THL 70T Br) &£, BIHGETHL ATV Me) Hx DB A L 2 A& i Pt@UiO-66-Br &
Pt@UiO-66-Mex = Z NNZNAW L 720 MO E X, TEM GBI, B X UK X B Emmc LV ir- 72
(Figure 5)0 55 N7ZEAMBEOKBLAWAEMEXTo728 2 A, WHEDIVH LAY I Pt@UiO-66-Br
< Pt@Ui0-66 < Pt@UiO-66-Mez & 72 ) . Br ZDE AIMFLEZ BKIZEH 5 —F T, Mex ZEDE AL %
BOKMIZZAL S8 2 2 LRI S N7z MFLERBEOZALA K OWAEIREBIZ LT TRR T TAD 72012, K
G S EAMBEOEAR TH NMR llE 2 To728 25, WEK:m%¢%E—7®M%v7F®@ﬁ
Pt@Ui0-66-Br < Pt@Ui0-66 < Pt@UiO-66-
Mez & 72 ) MUSLASBUKIIIZ 22 B & WA
KOEFEREILHA L, MFLABKIIIC a -

(o (o] (o7 (0]
% b EWAEKOEFELZIIHEML, K . .
y a r a
T3 FLERBE % B L T IREE S AL N —»
T2 EHbh o7z (Figure 6a)o _ - He -

Z DI DO W5 KRE D & A3 SUG T
252 BB a il 5 72012, A
WERHOTKET AL 7 NS EFT- 72
&2 A, BrZEA LA Pt@Uio-66
EHAIEMEAT 0.6 fEIZIRF L, Mer A%
A L7236 1305 1% Pt@Uio-66 (2xF L 1.7
iz b5 2 Ehbh o7 (Figure 6b) o
INEYKRET AT T NS E IR S
% 7281213, MOF D BRK Y 7/l fLBR3E %
REEE L. WA SN72KOBFHE BN
SHLIENPHE LD EDIREEINT,

: BDC-Br  BDC-M
Pt@UIO-66 g c-H t °:

b

g 50nm 50nm

Figure 5. (a) Illustration of Pt@Ui0O-66 analogues by
modulating organic ligands. TEM images of (b)

S B2, ROENE & WA KO EAH Pt@Ui0-66-Br and (c) Pt@UiO-66-Me,.
a PtQUIO-B6-H "™ b 60 -| f
—e— Pt@Ui0-66-H
_ AR zom & 50{ —— Pt@UiO-66-Br
3 < —e— Pt@Ui0-66-Me,
& § 40
> Adsorbed ‘0 . §
= H,0 — <
2 _/2/\ R 93 92
s e 5
£ N © 20- :
PtOUIO-66-Me: ..., A%00e “I 3 it
jﬂ xm//“ A Zr OH “ 10 /_//
L — 01 .__-='_’:2:‘f§-f' . | .
12 10 8 6 4 é 0 -2 180 210 240 270 300 330 360
Chemical Shift (ppm) TCC)

Figure 6. (a) 'H ultrafast (70 kHz) MAS NMR spectra (top, solid lines) and the corresponding 'H DQNMR spectra
(bottom, dashed lines) of Pt@UiO-66 analogues at room temperature, where the peaks attributed to adsorbed
H,O are highlighted. (b) CO conversion in the WGS reaction over Pt@UiO-66-H, Pt@UiO-66-Br, and Pt@
Ui0-66-Me,. Reaction conditions: 114 sccm of H,O, 10 scem of CO, 50 scecm of Ar, and 0.65 MPa.
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FE DM & WAL T 5 72012, BUSEM T TO in situ IR HIE % 7\, PR ICWRAE SN 72010 F O3
B RhA7z (Figure 7)o 5 &, 3750 e KA AL 7 N RUSO UG A TH % Pt—OH FEAI12H
K35 ¥ — 7 SE STz O ¥ — 7 BRI Pt@Ui0-66-Br < Pt@Ui0-66 < Pt@Ui0-66-Mex D THR < 72 >
THED. ZONET H0 205 Pt— OH ~NOFFERNEELME#E SN TV D 2 EATRI S N7z, 2D IR DFEFR
tNMR@Mﬁ#%%HiKét HIFLH O H20 OFEFHEESH R L. HoO OFEERIGHELAMEE S, &

KT AT T MU LTS 2 E b o 7ze 2D X912 MOF %R A BT o i i 5 A %
ﬁ@’“ﬁb MIFLBRSE 2 GRS T A v 3 Ud, s S N72KOLEEREL RRIICEb S5 2 &8
T&, ZOMRELTKET AL 7 FUSOFEEZIREIL CHIEITE 2 Z EPHS 2SN,

Zr-0OH

Pt-OH Pt-COOH

Absorbance (a.u.)

3765 3734

3800 3700 3600 3500
Wavenumber (cm™)

Figure 7. In situ IR spectra on the condition of the WGS reaction at 300 °C for Pt@UiO-66-H (blue), Pt@UiO-66-Br
(green), and Pt@UiO-66-Me, (orange) under a mixed gas flow (H,O/CO/N, = 4.5/0.4/15.1 sccm).

3. MOF LAt 7 7 A ¥ — L DPFLIT K B 1 VW O Rk

A4 YAV F B, W RE. KEE L EORIEVW T HCIOH SN2 EE LIS TH L, A
F VMEMEORIEICBIT A2 EARMERLE LT 24U S 50 Z4LEM NI E I o 22/ &
HLTBY, ToREFE LT, TV Ty Th—, 45T 4 b, HlERZEDPZTFTLNS 0D, EiloZ
FLEMRHIE N A o+ CIERRREY BT 205, TOROLNHEMEY X ICHEERIIEITHIC R ) 20 H 5,
ZORMPT, BVkFMEE AT 5 LR L L THER STV D%, MOF THh 5. MOF OFlHE LT

SEA A 2 LEREN T OFR - BEOLIRIEIC L 2MILRBEOBE VIR T o5, TNFE TS
N@F@%%Hﬂ“@ﬁﬁ@@h?%UAMF%%Wt@ﬁ®ﬁXKDL7%%V/%9?%ﬁGMlX9/*
W) L EORHEGTOWEDOWHEIZBVWTHETH S 2P, LaLed 5, MOF OWFERRIZIZED 23
H) ., BREWOAF 2 OWAEIITREDN D 5,

MOF |21 & Y WAERE 53572012, FHEOIEIT7T=F VMO SERBILW 7 9A5 —CTHLR) +x
A% L — } (Polyoxometalate ; POM) (Z7EH L7z Wy POM IIZHTTRELR XS A F 4 v 2 HFLTBY ., HF 4
DR L A G L OWEERTREE T Do F72 POM IIFLRICH G L-ZEDREETH D, EILIZLD
POM ODHUEMEMAKI LI LT, A4 Y WERDOWMLBIFFTEZ S, £2T, FHDS POM & MOF % #
G S 72 POM/MOF ZF5E L. A 4 Y WENDISH & fat L7z,

3. 1. POM/MOF Z M7= F 4 A B R oW

FFWAERE L ChHFF o MBETHLAFL YT — (MB) 12 H LT, POM/MOF % v 7- 75 %
#7720 POMMOF AR Z R T2 POM & LT, BWHEZEEZH T 5 POM Th 5 [a-SiWi2040] 4~
(SiWi2) & H\v>, MOF & L Tl Ui0-66 % #IR L 720 EEKDEHIZ SiWi DFETE T T Ui0-66 DHIBRAT
&% ZrCls & BDC BLAZF% DMF 1T 120 °C T4 S S5 Z EICE D ATo 70 TTEGTICLD . 15
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(b) (c) (d)
Ls.—- e L e |! ;L
1 |
J .
0.3
(e)
16%
0.2
@
2 80%
0.1
0.0 . /\
500 600 700 800

Wavelength / nm

Figure 8. (a) Molecular structure of methylene blue (MB). (b) A photograph of the aqueous solution containing MB
with an initial concentration of 1.0 mg L™~ '. A photograph of the solution after the addition of 10 mg of (c)
SiW,/Ui0-66 and (d) UiO-66, followed by filtration of SiW,/Ui0-66 after 1 h. (¢) The UV—Vis spectra of
the initial solution (red) and the solution after treating with SiW,/Ui0-66 (blue) and UiO-66 (black) for 1h.

5172 SiW12/Ui0-66 12 B\ > T [Zrs04(OH)4(BDC)s] & 72 1) 0.10 555 D SiWo 2 BFAET B Z &b o7z F 72,
SEM-EDX #ll7%£12 £ 1) | SiW12/Ui0-66 (2B T SiWia 23— 253 L T 5 2 L AVRIE S 7z, SiW1/Ui0-66
A WAEH & L THWT, MB ORGSR G L 72 & 2 A, TOBREHRIL80% (1 BififE. 1 mg/L O MB K
Bi) Tdh o7z (Figure 8)o 1 Ui0-66 HifhZ W 726D FEE (16%) 2 KREC ERLZ0DTHY,
RELEBHTEZHETSHSIWR OEAICLVEEKRLZHEEL, MB L OREME/EHZFHEST S LT, MB
DOV A RFE 2 RIFIZM L &5 2 LA TE T,

KIZ. MOF OAIFLELFTAY MB 5 1252 5 B A G L7 (Figure 9)o F 9 AIILY A XORELHTRL
72012, Ui0-66 £ ) /NE 2 #ifL%EH T 5 [ZrsOs(OH)4(fumarate)s] (MOF-801) D SiWia DIEA 2 {To 72 &
AL BEEERIE39% KT L. MB BAEICIER E ML A XERITH L Z LB E o7z, T 72414
REOFE 25T 5729012, Ui0-66 % fERL T 2 HREELAL 12 —NO2 %235 A L 72 SiW12/Ui0-66-NO2 % &
B L TSR A RHME L 72 & 2 A, MB BRZIEEIL 98% &M B L7ze 2. —NO» 2B A EERIET-H
HEMEATSH720, MB 25 I EHE L7202 L RBE NS,

F7o. BEKICBIT S SiWn OEA RO MB WERENORIR G FHE L7z 375 &, SiWn OE A& O#
M2 XD, MB BRZFRIEIEIN L 720 4512, SiWi/Ui0-66-NO2 (28T % SiWia DE A & % SiWia/Zrs = 0.17 ™~
WIS ED L. ZORBRERIE>99% IZFHEL ., RN A4 P PEMETH LD ZSM-5 REF T 1 b Y 12
Vs 2@ ez R L7z 19,

3.2. POM/MOF &7z Cs* 4 * ¥ DWW

KDY =y b bWEREE LT, LDEEOE Cs' A4+ V12 H L. POM/MOF % H\2 72055 % #at
L 72 POM/MOF #E& AT 5 POM & L C. B LETTIENE R B % Keggin L POM T# % [a-PMo12040]> ~
(PMo12) % #EIR L7z £72MOF & LCid, BWHEEH - BELEEEZH L. SHAMEME % [Zn2-mIM))]
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benzene dicarboxylate 0_ o
(BDC)

o pore size x fumarate

- _
N

Q (o] [oN (o]
NH, NO,
pore
environment
BDC-NH, BDC-NO,
(b) 100+ . . o (c) 100
L ]
 80] ® SiW,/Ui0-66 -
s |° P
[ ]
@ 607e o b4
g . SiW,_/MOF-801 T
g 40 00 ® B g
3 ) 8 e SiW,JUIO-66-NO,
20- ° 20- —e— SiW,_/UiO-66-NH,
e * . MOF-801 —e— SIW,,/Ui0-66
0_. T T T T 0_ T T T T T
0 4 8 12 16 0 1 2 3 4
Time /' h Time /h

Figure 9. (a) Schematic illustration of the design of pore size and environment in POM/MOF composites. Time-course
of MB uptake (MB = 1 ppm) of (b) MOF-801, SiW,,/MOF-801, and SiW,,/Ui0-66, (c) SiW,,/Ui0-66-NH,,
SiW,,/Ui0-66-NO,, and SiW,,/UiO-66.

(2-HmIM = 2-methylimidazolate, ZIF-8) % F\ 72 10, _ - [wPMo",, Mo%,0,)*
WA 1k O 4 1% PMon DFFFE T T, ZIF-8 & A R

JEETH D Zn* 4+~ & 2-HmIM % A ¥ ) — S X
VIEERIC CRIR TN E® S Z &£ TITo 72,
LRI LD 55 N7 PMo/ZIF-8 125

W T [Zn(2-mIM)2)] & 72 1) 0.02 55 &= D PMoiz o %@#
#ﬁﬁ?%:tﬁb#otOM@qmpg%? PMo, /ZIF-8

ERE L THWT, Cs" A1 4 v OWAERE % 5T _ 1501 (POMDE5% R
fliL7zE2n, ZOWERIT626mgg ! (2 (o) & ~

BRI, A5 ) — VBT Thor, Th g i

% ZIF-8 EAEOWH R (48 mgg ") kAT @ 100-

W13 HETH Y. PMon DEAIC X ) BAHK % 2 PMo,,/ZIF-8
BETZILT, 5 A4 OBHRIEE R L | -

BIZm &85 2 EHTE7 (Figure 10). & O

FRTEA (T ATNVE VB |S LA ZIF-8

®D PMoix #IC L. Cs' 4 + YW % 7o 7 0- - o

LIh, ZOWAERIE 1322 mgg ! b o7, 0 30 60 90 120
COWAEEITETH EZH VWSO R Time / min

D 2ETH Y. PMon DmicaFfIHT 5 2 Figure 10. Time-course of Cs’ uptake (Cs" = 50 mmol L") of
Lo (4 R AT PHOUTI S (20 ot P TIE
Db o7z, (black).



WIZHEE R Z NS 2 MOF OAMFLEREEDS Cst A 4 Y WA 152 28R 257 L 72 (Figure 11)o £ D729
IZMOF & LT, BUKMZMILE BT 5 ZIF-8 Db ) 12, A ZMILE H 3 5 [CrsO(OH)(H20)2(BDC)s]
(MIL-101) 7 3 X T° Ui0-66 % FH\» T, PMonx & D EEK % G L 720 15 5 172 PMoi/MIL-101 8 X O
PMo12/Ui0-66 @ Cs* A + YWz & (POM O&EICZFIH) T2 228 mgg ' BL U 9.1mgeg ! TH o7z,
Z A PMo12/ZIF-8 DW= (1322 mgg ') Z FREIAMHETH ). Cs™ A 4 VWA IITHKRN ML L 1) B
KE AL T DHRN Td B LR S Tz,

FHEAEHIZBIT S PMonn DEAREN Cs' A & YIFEIZE 2 2 EIZOVWTLEHIG L 720 ZD72912,
PMoi> DA EH D7 WIEER (PMo12/ZIF-8-L, [Zn(2-mIM)2)] & 72 V) 0.01 Z& D PMon) B L 1Y, EARED
Z AR (PMo1o/ZIF-8-H, [Zn(2-mIM)2)] 72 V) 0.07 58D PMoin) Z A L7z, 5N HAEKD Cs* 1
T AR (POM OEItx FIH) OF4511% 98.3 mg g~ ' (PMo12/ZIF-8-L) < 132.2 mg g~ ! (PMo12/ZIF-8) < 291.5
mg g~ ' (PMo12/ZIF-8-H) T V), ZIF-8 ~® PMon, DEA DN E, Cs" A & VAR DHEMT 5 2
ENbD o Tz F72 PMonn DEA RS\ PMoi/ZIF-8-H DR 1x, REMLWEMECTHL TNV T~
TIh— (155mgg™) RYMELFTT A b (1642mgg ") OWERZEET L TH > 720 PMon/ZIF-8-H
HCCT MO T VA &IE A 4 v & OIRETE (Cs', RbY, K, Na', Lit O IVEER) > 5 OB lG %17 -
72l A, CsT AT Y OWFERIERIL 79.6% TH Y. TV Ty 7T h— (165%) RYREYET T4 b (42.0%)
2B D Cs™ A 4 v O EIRFEL LS D TH-72 (Figure 12) o PMon 13/ S B AR HEMEE % H
TV T N7 =4 THY), TVH)ERA T VOFTRO Y 7 M e h T4 ThHbH Cs™ A4 v L A
HAEHT 572012, PMo12/ZIF-8-H 255\ Cst A F ¥ OWERIREL R Lz L RS NLD 19,

Uio-66

100
150 -
- 807 Cs*:Rb*:K*: Na*:Li*
o 2 =1:1:1:1:1
£ 100 3 60- (12.5 mM in MeOH)
3 £
© ©
g 3 401
- o
*p 50
o
201
0- 0-
PMo,/ZIF-8 PMo,/MIL-101 PMo, /Ui0-66 Cs* Rb K* Na*  Li*
Figure 11. Crystal structure of a) MIL-101 and Figure 12. Adsorption of Cs" ions from a mixed
b) Ui0-66. ¢) Reduction-induced Cs” alkali-metal-ion solution by using
uptake (Cs" = 50 mmol L") after 2 h by PMo,,/ZIF-8-H.
using PMo,,/ZIF-8 (black), PMo,,/MIL-
101 (red), and PMo,,/UiO-66 (blue).
4. BbYIZ

ARG TIE, MOF L &g/ #Eikh, SHICE&BMIL 7 9 A8 — 2 HELT 5 2 L TH- ke rAIE T
HEEHESOMEEMHN L7 9. Pt T /i & Ui0-66 Z A G bE 722 Tld, MOF MIFLA SIS L 72K
T OUENE JEEL B TIRREASMAE SO S M T B2 KR O ML, KET AT 7 FRIBIZEBIT S
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Approach for Developing a JAS Method to Evaluate Characteristic Extractives in Dried Solid

Japanese Cedar (Cryptomeria japonica)
Akiko Isa, Kuniyoshi Shimizu

Faculty of Agriculture, Kyushu University

Abstract

The authors are engaged in the development of JAS standards for the aromatic constituents of Japanese cedar
(Cryptomeria japonica) to promote broader utilization of this material both domestically and internationally. This study
reports the outcomes of single-laboratory validation and inter-laboratory collaborative testing conducted to evaluate the
reliability of JAS-compliant analytical methods for cedar wood extractives. The results demonstrate that these methods
provide sufficient precision to discriminate differences among samples within the specified concentration range, ensuring
reproducibility and measurement validity. Nevertheless, several methodological challenges were identified. Systematic
resolution of these issues is expected to further improve the robustness and reproducibility of terpene analysis, thereby
supporting the standardization of testing procedures. In addition, effective implementation within the timber industry
will require careful consideration of appropriate labeling strategies and application formats. Future efforts should

include stakeholder consultations to refine the standardization process and align it with broader industry objectives.

1. IZLt®IZ

FAETIE, [ELZEREE LT, 2050 F0H —KR >y =2 — b FIVERDS X 072030 EDOIRERNE A AH]
B HEOEH AT B RBEOMEE 5> Twh, hTh, BHNOI R VF—HEEOH 3EE 505
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T AL D TH Y, MEBREOBHEME: L AEECIZNT B ELR ATy T TH DL, ARERIE, EFRMIE - 6
FbE#A (IUPAC) @70 hav 17 (ZHEHL L 5206 L 72,

RETIZ, FIHBRTTE JAS OZBUFHMOR R (ENHER, EMILFERE) (2o THhdE§ %,

2. BRI
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JASSRER A ARAB DR A A—=

g ——

d— _ff B

fee ) GRERKSES
REBHEE

4 - T }"_ x.——v
RURS - TR HERE IAS T— 0

HEREMERL Y ORER KD HREMERN S S B OAM & B
oo

HReleitE FoEitE
H Q T

Eme
A I a .-
et | T 02 L §
W 4

Figure 1. Utilization flow of the testing-method JAS.



JASIEOEREOHE =T .
FSORME HREEE -ARE (CnEres) 5 JASREQOI /YA

JASIEOENBORAIL RO ORI
H#E -7 A —F iR, FETOB/PIRSE
| ¥1: Prﬁﬁ&’lﬁimémpw:ﬂ‘-‘)
= = = Eied =P > J
® J 5% ¥ J 1’ Jo| W
By |5 Sa| |am| (23781
GO ; o = S & Slay | g
S = 2 & w3 |2
*E B | 8 -~ 3 =
E = o =z o H 6 ¢
g | % B o= & oy | 2
2 2 (PT) B
= | (P71 (EBEORIES) L
@ Y PILSRFICH I BEERONE
@JAS{EOB# <z>étmmn+nmn-m>
@JASIET SIS EOBME e yo:
QHBECROSN BB o DA WS stz AL
T o e
AFS1— OISO

Figure 2. Procedure for JAS development and approval.
* Figure modified from the JAS draft manual, Ministry of Agriculture, Forestry and Fisheries.

158 (128 x 5 a) e U ARIRO SRR & L7zs BrFetid, [m#x% 25000 rpm. 754 150 mL. <) 134
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2. 2. RE

AR L LT BEBR = v (BRHER3E - PCB BB (JHE 5000) . B 7 AV AHDGHSE T3 (BR)).
BWEMREVER T 5720 ORBIEEDE L L Ca-t Fa—)b (W >98%. HELEK T3 (B)) . NI
HELT7xF v by -dio GHE>97%. HEALE T3 RR)) % Hviz,
2.3. W

FIMIZRE L2 AFMEE 200mg 22D &) FHHHBEBE AN 7T VIZEE2Z# L, 5.0 X 10° mg/L (ZF%
L7227 2F Y ML ¥ -dio B % 40 pLIRINL 7288, A AT V¥ —TEEETF )L 20 mL %2 T, #EADHE
WX )RS TV O R B E R EEEE (MSC-6P. ASONE) % HI\»CHli L 72 (40 kHz. 30 45[H) o
FHEEE | BRI AR L o, LEAE 74V F — A8 (PTFE-HL. 13mm., 02pum, 7L Y h-727 /07—
(%)) L. GC-MS Z#TI2ft L 720 GC-MS (X, #EFE : 7890A/5975C (Agilent Technologies, Inc., Santa Clara, CA,
USA). 719 24 :DB-5ms (30 m X 0.25 mm. df =0.25 pm. Agilent Technologies) = flif L 7zo 34714413 LA
ToO#EY) THhb, AEHEALTE: A7) v MEA (10:1) 5 #ESAILE 250 °C. A » ¥ — 7 = — A 1 300 °C;
FyYTHA AT L (12mL/min) ; FEEM: 40 °C (2 53F-FF) - 20 °C/min- 140 °C- 5 °C/min- 240 °C- 20 °C/
min- 280 °C (1 730/FF) ; A A+ ALk B A 4 4k (ED) ; 4 4 YLEL : 70 eV, 521X SCAN E— F,
G EE m/z 45, # T HEm/z 550 & L7zo MERRIET VRV E L, EEldNEEEEE W, i s
NI7HERN SO EH R a- & FO— VY8 THE L7,
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MEMIERIZ & 72 o Tid, BREEYE B L ONEEEYE & L TR 2 BHOBEmMILEY 2 A s
bETHE L, V7 r¥aryy 4 s (RT) OERBELHBMEZMHR L2 LT, Rl SAAEDEEEE LT,
AMETEORENIEE L Cld, MmEE oM, ittt GC-MS i &t S o TG 2 Eh, il
EEZONDFHERE LT 6 HEOATH P LEONHE T ) ELEELER SHREOS
W8 ALEW R BIENGWE (75 I 4 ) L LTERELZ. ThE 8ILEWD BBk SWT Table 1 12
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Table 1. The measurement variability during repeated testing of the target analytes presents in the ethyl acetate
extract of Cryptomeria japonica sample.

Ret? ntion Eirst SEII:Und Third Fqurth Eiﬂh Standard Cﬂeﬂﬁlciem
Tlme Components Time Time Time Time Time Deviation of Variance
(min) (g/kg) (g/kg}) (g/kg) (g/kg) (g/kg) (%)
11.91 a-Muurolene 214 2.08 2.16 213 226 0.066 31
12.22 d-Cadinene .31 6.17 6.29 6.16 6.51 0.14 27
12.30 cis-Calamenene 271 2.65 2.74 2 283 0.066 2.4
14.12 digpi-Cubenal 263 2.63 263 251 2.60 0.052 2.0
14.39 epi-Cubenol 252 253 253 248 2.55 0.026 11
2578 Sandaracopimarinal 3.37 298 3.10 3.25 3.1 0.15 4.8
26.49 &, 7-Dehydroferrginol 2 66 237 2.54 263 232 0.15 5.2
26.54 Ferruginol 5.39 463 4 85 497 517 0.29 538

3. WM—EREIC K 2 %L MR (BNAR)

FE I, BB OSHERETRICOWT, BRI AL KT 4 P2htv, BB X 57 Y%
FEL 7o REFREHT, 21 THELZAFHRBOE 27 VR GHE FRICHER L. HE0 S5
DIEEDTI 1.0 ~ 8.0 kg DFEIFH L 20 5 L 912, THEOBKFE % 2 ~ 3T OHEA L T 6 DO REGR
BRERB L 7o, FRBHIEMWREL AT AN TIVIZH 250 mg O, TV F LT v N—=%2fFLTT
N 2T LTk, BB E T 5°C TR R L7zo AP B, BEHE, B R, e & TR, M, B ([
ER) KSR (BHTHEE B KO RIAEE) & L7ze DT RIZ. 2.4 TEEL BT VU ETD ) b,
EHEEDLEVEAXFT VR ThHba-L7UL Y, §-NTI AV, cis-NTADYDIEHTEDF, O
wEAHER R & L7z, . BB JAS TIEE ., SRS % 1 5 ICKET 281205% %5, PT T
DWEIZEI D, EAFTFURVED ) LEFEDL VIR 2 RBEE LT RETEIEE LT,

FHMEEH ) BEE (FIEE) &, RO 6- 7 2% ¥ &2V 23RMEDGRER I X - TFHE L 72, sERT
Fo-nTV A ERBIML, ZORPEREZIRIELE Lz, ZO/R, B 90.0 ~ 107.8% DO HEFIZINE 1 .
HARITA VTHESN TS 80 ~ 120% OVEREFHEZ 72 L T\ 5 2 L SRS L7z,

PATSRUTEONOIEOIES DX 25T 2 L 2B E LT, IHMTHEDOHRE 1T - 720 BHTHE
. RIGREORE A L REREOHEF 2 HW T, £ ENEHIZE UarE st 6 47 CHRERBE 05
Mradghls-. PHEAEEIX. BUBA. FEHWT, ZN2NEL L 6 HE, H—a&EICL Y 2 BT THdr
9EHE L. -2, Horwitz O3 '8 & Thompson O3 ' A5 L 72X W CEHli L 720 5N 7—
Z & —TCEE ST TN L. BEATHEEE (S,) BLOHIHEE (S,). MMNBTEERZ (RSDp) BLV
R PR R 2 (RSDyp) % 3K 720 Table 2 (2 IAEEE O RFiAE R 2R T70 RS OZ LI, B AL
WEF oz ENoEE CEFYMHE) 705 Horwitz O A AV CEBHBUREE (PRSD) %5 L. RSDyp 25 1.5
X PRSDip A FTd 5 = & ik b L7220 #H & 172 RSDip. RSDyp 133U A TR ENZEN 1.1%.1.6%.
REF TlE2.7%. 2.8% TH o7z ik AL 3K F @ PRSDyp I EZNZL, 5.6%. 4.1% L EH S, K
EOREHAIIZNZN<83%., <62% &0, WA ABIUPFDRSDH (1.6%. 2.8%) (W3 itd
B & Sz PHTAEEICOWTH, MEBTRFAMRPHEO N, SHICENHEBTIE, =70
SrEEEE. EE TR, B TRICET 27— b PSS, PTIZBIT2BEORKE. 4%l FETH S
LIS N7z,

4. SRR
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Table 2. Results of intermediate precisions.

Total mean
Day 1 2 3 4 5 6 value
Sample A 1.11 1.12 117 1.12 1.09 09
(9/kg) 1.12 1.10 1.14 1.11 1.08 1.10 '
Sample F 8.79 8.37 7.89 8.27 8.01 8.22 816
(9/kg) 8.22 8.02 7.95 8.12 8.15 7.95
Sample A SampleF
Repeatability standard deviation (S, 0.0126 0.218
Repeatability relative standard deviation (RSD,,, %) 1.1 2.7
Intermediate precision standard deviation (5),) 0.0179 0.229
Intermediate precision relative standard deviation (RSD,, %) 1.6 2.8

FHL 720 SRR, JUNRZA TR - /AN iF L7z 6 BBREUEE X 2 (2 BRAT) & M i i S VA & 4

L. FIEEICHE - 2R I L 720 B R IE. JUN RS TR L 72 S B A OB A 2 KIE L. Jui
RETREFERZ L) T L/ RERSHIZ 2SR L7208 TH B A, HAEEIE, ISK 01232 [ZHET
5LDT, FHERICH A N5 T7Rb b A V=T - ARVEEGHTFI R A2 0D b, %
ELTMEREEZRETELb0L Lize BT AETWAHA 5% 72 =)V - AFUARY 2 aFH 2T, 30m X
0.25 mm, df =025 pm & L7z WENRIE, a-2780L Y, §-AI R, cis-NT AR E L, EmIZN
Wi A v, RSN ES RO EEEIT a- £ PO — VY EHE | 208 % xR Gz
i) & L7z MMERERE 2 32 S N7 RIE, BB RIS E % 52 2 8ME LOBED B o 7o R & 2k
i e LCBAM L 721, TUPAC F:[@EER 7 0 b I )L IZHEWV 17| Cochran Hi5E B & OF Single Grubbs #EIZ &
PAERRIE 24T o 720 FMUBZ ZER L 7285 R D 6 IHTIEERAZ (S) . OHTAHOEERZE (RSDy) . =R
BUERERZE (S, B L OEMHEHMSEERZ (RSDr) %R 72, 12 RERE ORI EME % FEHRNT L 724
% Table 3 IR T o FBRE 7 OEE I/ UERERTIZFRYE L . Cochran #5E TIZAMUEIZIRM S e h o 72,
Single Grubbs f7E TILFABRE 11 OFEL A 257M Uil & HE S, EHLE A, S BAL L7z, BEE - 4 s
B 7B ME 2 O BEAT RS FE & 22 B P 3RE BE % S L L Table 3 127K L 725 HorRat 1350k A-B T2 2L #ipH (1.9,
12) 12 FE 57205, B C~FTld23 ~26 &3&E#EE Ll 72,

B\ CTATED SIRMT 2 FER L 720 ZOFER, —FBOMEMIL 95.4% BEXMIZIINE S Lo/ b DD,
99.7% EHEX 21X F - TV 726 Tukey-Kramer 2212 £ 5 Z BB T IIEMHICIZE A EEDRTR SN o
TZREIB & CEBREFEEDSRDO ONIze FHED SN ELERBOGREBRET 2 L. R EIEHE
BOERZBNTELRHELARLTBY . —EOMWEOHHM L Z4 % FFIT T b,

EHILFERBRICHER L - B oREts L O EEIIMEREATH ) v TVREORG LR 5k
Mo lze WEMEDIXSDE DK EZIEE L7245, GC-MS #HED X — 71 —HZERF—RTH 5 LRI N,
CHE, A= =T, DAF AR, BMEE, & — N a—=r 707 )VIT) XA, €=U ER E
DEER T LIRSS D 5. B, REHLFEFHBE I N —F VA4 r70x 754 (TIC) DK%
HOWCTEREZITo7205 SRIGERA A VE=5) 27 (SIM) FEIZX2EENOY N FE 22, BRHRE 2N
U7 MEMOWEEHEO LB L 21T, WIEEBLU0Z0IRXS 0 XI5 2 28845l L T FETH 5,
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Table 3. Statistical analysis results of the interlaboratory study.

Number of valid

laboratory ® Mean value RSD: RSDr Horv_vitz— borRat
Sample S, 28 x S Sr 28 X Sr Predlctedb value ©
ooy @ 0 og T
A 10 (1) 0.841 0.025 0.071 0.094 0.26 3.0 1" 58 1.9
B 11 (0) 1.98 0.040 0.11 0.12 0.34 2.0 6.1 51 1.2
(o 1" (0) 2.00 0.038 0.11 0.24 0.66 1.9 12 51 23
D 1" (0) 3.92 0.13 0.35 0.46 13 3.2 12 4.6 26
E 1" (0) 4.85 0.12 0.35 0.57 1.6 2.6 12 4.5 26
F 1" (0) 8.07 0.25 0.69 0.83 23 3.0 10 41 25

Sr: Repeatability standard deviation, 2.8 x S,: Repeatability limit, Sg: Reproducibility standard deviation,
2.8 x Sg: Reproducibility limit.

RSD:; : Repeatability relative standard deviation, RSDr : Reproducibility relative standard deviation.

a Number of outlier laboratories excluded from the number of laboratories before outlier testing.
b Horwitz-Predicted RSDg (%) = (Mean value x2x 10-3)01505
¢ RSDr/ Predicted RSDr

BROAE R A POl Lo ZAMERFIORBREMET 2 & BB, BE L 7R EHPH T ORI o
HREBNTELEELALCBY ., —Z2OUEDOHBN L ZYWSMHERTE2, —H Ty RABRIZE D W
CONDOMELWPS L o720 TNHOFEIZOW TR ZUEICH) T 2 & Ty T IV VG
OEFEN L BB E S 5120 L &8, MBEOFEIANL O BRIF TV I ENTER LEZONL, T2,
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Acid Mine Drainage at an Open-Pit Gold Mine in Northern Myanmar: Geochemical
Assessment and Mitigation through Backfilling Design
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Department of Earth Resources Engineering, Kyushu University

Abstract

The problem of acid mine drainage (AMD) is a globally recognized environmental issue in which acidic mine water
is generated through the reaction of sulfide minerals in rocks with water and oxygen, leading to the dissolution of high
concentrations of metal ions that adversely affect rivers and surrounding environments. The Kyaukpahto gold mine, the
focus of this study, is an open-pit operation where AMD containing arsenic has been observed to emerge from certain
waste rock dump. It was also revealed that these dumps contain waste rock with potential to generate AMD. In contrast,
the dump where AMD has not been observed were found to contain waste rock with acid-neutralizing capacity. In this
study, we focused on a method to mitigate AMD and metal ion release by covering AMD-generating waste rock with
neutralizing waste rock or layered backfilling scenario. Laboratory column leaching tests were conducted to investigate
optimal backfilling design strategies. The results indicate that applying a backfilling design in which neutralizing
waste rock is placed both as a cover and in the lower layers of arsenic-rich waste rock can effectively suppress arsenic

leaching.
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Fig 1. Classification of AMD countermeasures
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Fig 4. Water sampling location



Table 1. pH and chemical concentrations (mg/L) in water samples from the research area

S ) q Al Fe As
ample p (mg/L) (mg/L) (mg/L)
o " A-1 2.6 370 9519 373.4
pen Pl A2 72 57 232 3.7
B-1 7.6 1 1 0.0
Lake
B-2 7.9 1 1 0.0
C-1 15 1449 5586 132.5
Low grade ore dump
C-2 25 234 539 1.5
D-1 8.6 2 1 0.0
Town water
D-2 8.4 1 0 0.0
E-1 52 34 12 0.1
Waste dump
E-2 8.2 24 13 0.0
F-1 5.0 4 4 0.0
Tailing dam
F-2 4.9 5 2 0.1
Standard® 6-9 - 2 0.1
AL, FIEEILTIEBRTEK ASHERR S 72 BT IS BTl ¢Area-A B Area-C A Area-E
N . N - N N 9 4
HEALD 720 ORI FAN R = AV F —Z i3 A, A
ICEARDFIIC % & o THIBKZ LS 2 ATl & NAF 4 uc
- N = A
Vo Z2KILESF RSB A SN TN D7D TH DL L E R & i
< 4
SNZo LA L&D S, HRE % EMiE D BRI e P ema g,
- ’ 2 4 *
SHROFILFRSEOIAR S . FILILII BV THE & T 1] PAF
L/‘Z) : k %)‘ ﬁ)‘ %#;f‘ﬁﬁgtf AMD Tﬁﬂﬁ?m:fﬁ]” f:%ﬁi(ﬁi‘j‘ -40 220 ¢ 0 20 40 60 80 100
EEBLDLENDD LEZ DN D, NARPR LSO on

Classification of PAF and NAF
PAF = Potential acid forming

2. 3. %E@ﬂ{k%%ﬁ EéF 2 U:;aﬂc;ﬁlforming

AMD S DRITE £ RET 572012, L Y b Fig 5. Geochemical classification of rock samples
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KL, BTHIUTIUEARZ PS8 E2ET 52 L 2R, AL TIX, NAG pH 24,5 LT 22D
NAPP > 0 TH 254, BRMKDFEDIRE SIS PAF 25 S, NAG pH % 4.5 LlE2> D NAPP <0 TH
B Y56, BRMKOFEDTREMEDMEK WV NAF I3 S, 2D oOE UC LS5 ¥, Fig. 5 1ITRT
AL, AHSB L CHIATRIE N EAABOL CIZPAF L3S, EHSCRIE N AR
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Table 2. XRF analysis results of analyzed samples from the Kyaukpahto gold mine area.

Location Sample ID SiO2 AlLO3 FeO MgO CaO S As Geochem
P mass % mass%  mass%  mass%  mass %  mass % ppm Class
OP-1 93.4 2.9 0.9 0.1 0.0 0.39 5,691 PAF
OP-2 78.8 10.1 2.3 0.4 0.0 1.82 852 PAF
Area— A
. OP-3 74.0 9.5 4.6 0.4 0.0 2.59 23,524 PAF
(Open-pit)
oP-4 60.0 17.6 5.7 33 0.8 0.63 95 NAF
OP-5 80.0 9.5 1.9 0.7 0.1 0.87 2,967 PAF
LG-1 87.3 7.0 0.7 0.2 0.0 0.60 169 PAF
LG-2 80.9 7.9 1.7 1.1 0.1 0.91 1,354 PAF
Area —C LG-3 62.5 12.8 6.6 3.5 13 227 612 PAF
(Low grade ore dump)
LG-4 86.0 5.5 2.0 0.4 0.0 1.12 5,941 PAF
LG-5 37.6 53 17.1 3.9 55 9.74 2,839 uc
WD-1 67.2 12.8 4.4 1.4 2.3 2.04 404 ucC
WD-2 67.3 13.5 4.0 2.2 2.7 0.71 90 NAF
Area — E WD-3 57.8 17.5 7.2 53 12 0.13 67  NAF
(Waste dump)
WD-4 85.6 6.4 1.5 0.4 0.1 0.98 356 PAF
WD-5 42.5 9.3 8.2 6.7 12.0 0.85 434 NAF
L REHICHT 2 AL TH D 2 LR NAG privs Paste pH
B Paste pH M NAG pH
fWMENb, 2O—F T, NAF BL U UC &5 10 Area A e— Area £
P
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Mo BRUIKEFET 52 L7 < AMD #i]
DIZHOMORLMEE LTHEHTHL EE
AbNb,

3. BEADOMOE LSRaHIB T % ki)

3. 1. A1 T LliKiklR

AIEE & V). Kyaukpahto &85111Tlid. # v b+ 7 AL LU N O EE2S AMD OREETH D B REHIC
T BRRPLETH L DRI END L & BT, NAF B LU UC & S N7z eHa ik 2 584E 3 %
Z el RERESMNC X DR EER SR SN D 2 Loz £ 2T AEIIZBIT S AMD ]
DIz DBEA DO Lt 2 MEt$ 572012, 717 A KRBz 1T 572,

Fig. 712/ 7 2O EZ R T, £9. 77 L2DKI|OE2AHMME AN, €O LITHEEM & L TEE
F1mmOT I A =X % ATz, OB, &7 T 5121 ~2mm ICHEZRAEL L5038 (Table 3) %
Fig. 8 [I/RTREATSRMECHRIE L 720 WA+ K150 mL 2 %7 7 4 S SK L. BT LKA HiREK



Distilled water a Heatlamp
150 mL/2.5 minutes \ 48 hours

IRERI

Inner diameter
52 mm

Particle size of
rock sample
1~2 mm

Glass beads
1~2mm

= After leachate water collected,
dry with sunlight and lamp.
Collected leachate
water

Fig 7. Outline of column leaching test

Table 3. Geochemical characteristics of waste rock for column leaching test

Total S MPA ANC NAPP MgO CaO As
Sample PastepH  NAG pH mass % kg H2SO4 / ton mass % mass % ppm
PAF 53 2.8 1.1 343 10.7 23.6 0.4 0.0 5941
NAF 8.4 8.3 0.9 26.0 28.1 -2.1 6.7 12.0 434

C-10

Wi Q) Wi G

Fig 8. Design of column leaching test
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Table 4 IZ/RTAHER L V. FREIZNAF 28\ 72 C-10. 11 I2BWT, oH T4 EHED LIV ED
NAF ZHW T WA 22 0hb o, #h, tEDOELLOEEA TV OBEHIH SN T VLI DA 5,
ZZ T, Fig. 10 (a) ~ (c¢) WZ/RT LI, C-3, 10, 11 D FED NAF 123 L T SEM-EDX 55#r %247 - 72 & &
7. Table SIZRT L) ICNAF HETH S C3 LHELTC-10. 11 IZBWTEEDOHK, L RPMER I NI
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Fig 9. Results of the column leaching test
Table 4. Cover efficiency
1 0,
Column No. PAF NAF Cover Efficiency (%)
(mm) (mm) As Fe
7 30 15 69.8 59.6
8 30 30 75.9 78.6
9 30 45 76.6 83.0
10 30 22.5 83.4 88.8
11 30 30 82.9 92.2

w
+——100um

SE +——200um 50x
(a) C-3 (b) C-10 (c) C-11
Fig 10. Results of the SEM-EDX
Table S. Composition of metals in NAF
Mg Al Ca Fe As
(wt %) (wt %) (wt %) (Wt %) (Wt %)
C-3 1.9 13.7 3.4 3.8 0.3
C-10 3.2 7.4 8.7 7.6 0.8
C-11 2.8 9.5 9.8 9.4 1.3
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Removal of the nuclear fuel materials from waste liquid using flocculation and precipitation method
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Abstract

The treatment of uranium-containing liquid waste is an important issue at facilities handling small quantities of
nuclear fuel materials, where long-term on-site storage is often unavoidable. An effective and simple treatment method
is therefore required to reduce the risks associated with liquid waste.
In this study, the applicability of a polysilicate iron coagulant (PSI) for uranium removal was investigated. Cold tests
were conducted using aqueous solutions of cerium acetate and cerium nitrate as non-radioactive surrogates to evaluate
coagulation behavior and pH dependence. Two PSI types with different iron contents were examined. Hot tests were
subsequently performed using actual uranium-containing waste solutions stored at a small-scale nuclear fuel material
handling facility, and residual uranium concentrations were evaluated by o/ scintillation counting.
The results showed that PSI significantly enhanced coagulation and precipitation at lower pH values compared with
pH adjustment alone. In the discharge-relevant pH range of 7-8, effective uranium removal was achieved, and the
residual concentration was reduced below the regulatory limit of 0.02 Bg/cm?®. These results demonstrate that PSI-based

coagulation—precipitation is an effective method for treating uranium-containing liquid waste.

1. ZL®HIC

WA ET AT 7 3, RFIEECB T 2EELRRELE LTSN TV S, 77 IERILA HHE S
N7z, MEZRET, BRELLE LCTHTA720107 7 2 235 DIREL SO L EMLESE NS, 250
TR, FEBRICBREE LT S NRICIE SRGBEEDDEAE T 5. BEDIIEY I 023l
570 F A4 RILERPHEERMICEN G ENL -0 B (NHZ2E&T) ~OWIL L PEBEEDOBII)» 5.
Zom, WEHE, REGITICOW TR RN AR EEI RO LN TV L, L L, METREOH S 0
HoORS Lo 720 EN S BEEEMOME, R, R IIIMRIRE L TE C OREIR I N TV 5,
—h. BT HEBEIEOHETIEIZVWIOD, 7T ZTEBERLT T ARGORE, X5 (23S
BV THILCHHEN TS, Bl21E, BHERBEELR EOHGEFWIEZE. SR 2 & ot



FERE MR BT 2MBOA T T 1 THREL EPETON DL, FEREL NV THEHINL Y Z
YORIIVETH LN, BEYORBIIZHETH ) . KERSLHBEER L L CREDSELIHE L PR v,
HEOARIZBWTIE, 29 LELBOEBEWE % & GREW % 21 AN D S0 7 LR DAL L 22\
728, BEW R EMRBEZE 3 i N O HF ek 12 5 W CRITF R E S B IR VT b,

INHOBEIE. WEN T ARD LV T T ATy 7 BERICER L TRE SN TV LD, HHRORES
ERBHRIC L 0 . MW E 2 & HEEATR A VT 2 HMAIRAET D2 L DD 5o FRICHIRBERY O 2 \»
(. ERBEZEY & AR THGEFHDIAA ) 3 <. RMADERER S &) BRREESHEEL 2 5, F7-.
CTRBEEY O EE D RIRIZEMT 5720, BHEOERGMEE LS, COL) %) AZIIHT 5EM%
SRR DO —205, BERH D7 T » 7% EORSHEDE % 58 - Bl . EfR LT 208 5ETH L, 20
WENZ LY EEEHOBRICMR . FEREHESICEI R WY 27 2 RIFIRE ST 2 2 E25TREE 22 %o

7T v R GRS O Y T VT, —MRISEBIIN R A 4 U RIBES SN TwE, Th
5OFHEEE I HEEREER H 52— T WEFHAEC, ZREEMPLEIHAET L L0 BEFD 5,
ZO70, EBREL NV CHERH S NADROEREME % &1, KEPOREOBRBLEIZIE, 43 LY
TSR/ A EE=INY AR

BEALEE O F & LTk, K E TN AEESEFOANFMM 2 3 5 L L CERERBEDL < Hw
ENTW5, BHIEOKLETIZR)IELT VI =Y 4 (PAC) BERN K THLH, TIVI=ZT ALK
2 BB A CHRE A OXIGATRE & 2 %o F 7z, BRI RIRE R K A R & 2 (12
T 25605 570, IFEESOBEYBIIEES 280205 WA REEAIILT L RE L 135
2\, F 2T, RIFZECIEBBEAM MK BELCRASNSDH 2R V) HkEEH] (PSD 12745
HL7zo PSIIEER (Fe) &3 U F (Si02) % FWm e T 52EMREERTHY ., 77 2 ETERAIIZE
WTh ., MEBOFRARE IR TR AT L L IfE S LA,

TR FAZIRE I B HGRRE Tld. BEICAR Y ) 7 BREESEH & FI 7 FEIR 7 5 = )V KBTI O WL F2BR 35K
S, ZOREEB X OB ® AT EEMEIC OV THEN 2 SNTWw 2 1, KT, hd ok
RAEMETHIERHME LT, ERFHEWE 2 70—V FRERB & OB 7% 2 B EKI S TR % 5
L7z S 52, BEEEY T = VKB Z . DA% ety) BIER i R CHEH S N DR T = VKR %
AR E LR Z T, M2 CHEBOBEHEANRA SN EBR OB 0T 2 BB atsr % i L 72,

2. EBI

R ) A ERESEH] (PS) O T 7 F 7 A Rt 3 2 B4R kR & 374l L ol Stk 2 MGt 3 5 720
FIIEBSMICETH L) VAR gV FREBEER L. ZO%. 7T 2 EURERE Wk
N TORER AT o 70

I—)b R TlE, FEfEE Y 7 4 (Ce(CHsCO0)s) B & UHEE+E Y 7 4 (Ce(NOs)s) DKE % E L.
HER L U720 VIO pH FRABICIZAKERIL T D) 7 2KIEH 2 FV 720 BRERG O O X ) w7 L8RS,
LTt o & — IZRKE S N2 T A OV F — BB EOE X M@ (EDX-7000. HRlatt EiEti) 2 v
WE L7zo MEEERREAMIIL. PRI ORI & BHUH W CUERL L 72 A IE IR IS 35D S MERREIC X V4T 5 720

Ay MBI, v VA SURERY R E L. WERHROBERTORSEEEY., v FL—T 3
vRoa - BHHERRAIES (JDC-5300, HIL7 ok #) % FwvCilsE L7z,

AWETIE, SBLOV ) TOEREENRL 2 2HHOKR) 1) 7 §EHEH]. PSI010 (Fe 4 wt%) B LV
PSI-025 (Fe 6 wt%) %Ml L7-o BB b ER AW EIL T2 BT 2 ToRBREREY ¥ = —
=& 0 24 BERIIRIRIR A L72o 2Ok, FrE= OBER 2RI L pH #EE, #i3E, w0 o %2 1To 72 BT
BB OB T B & OHSTREHIE & L 720



3. FEERIR
3. L a—) v FikBR (&) 7 AKEHR)

ETHMEBZICB 2tz S ICHEHSNDEER Y 7 = VKRERIE. —HICEEBRY 7 =)L
(UO2(CH3COO0):2) F 7213 Z DKM % KIZERR L. 1-5 wt% BREORE CTHE INL, IO OEHITER
rREL, HHEPBO TY D, B mLBEEOERSRMMRE SND 2 8%,

RIFFECld. PSI DESEILBMEREZ IS 5720, 7T v OBEWE & L CHEBELY v 48 XUt Y
T LIKER R T2 v ) T AT T Y OEEGRBMETH L LIRS Vb OD, FEFRITHETHY .,
KB TOEELBRBH OB RE LTRHUTHLEEZEILND,

Fig.1(a) |2, i§ERX V) 7 ZKBEWIC BT 5 pH I L DB ER O T 2R T, & 2 CT—&K/A 1L pH=4.9,
AT L LI pH IR 2 . —FLIEpH =129 THh S, KEEILF M) 7 2 KEE T HVWTpH & L7 S H
B &, pH =70 5KEBILEY 7 A ORI TREABISE SN, BIRIZEEREE 2572, S5I1I2pH
1Rz 5E, LDiRVEGOLBEPER SN,

Fig.1(c) B £ O' Fig.1(d) 1&. TNZNFEREE ) 7 48 X OREEEL ) 7 ZKERICBIT 5 EEAE RO XY
LIEFED pHIRGEEZ R LD DTH D, 22Ty OFNIERER 2RI L TV R WEETOREZRT, §t
FEREZH WG, FERY ) 7 AT pH =11 T, B2 7 ATl pH = 7 2 HEE P O
L)y NEEOKTHAMER I N, pHOLEH L L DIIFIENy 77T FLANLVE TR L7,

WIZ, PSI-010 3 X U8 PSI-025 % ik BRI 1 vol% @i L. pH FHERZIZ T 2B L O LB 17 -
720 Fig1(b) ISR T L 912, pHD L5 (A—4) IZHEWETEO BRE L S L. R OTEBATHERL S L7,
Fig.1(c) B L ' Fig.1(d) I2BWT, BB LA IZZENZN PSI-010 B X U PSI-025 #ffiH L 7286 OfE R 2R
LTWwd, WINOEERNZIBWTH, pH =35 Kl DA b IR A KA E ) | Bkt 7 A TlEpH=10
Db EfRY ) 7 A CTld pH = 7 Kl CHHEE 2 BRZRRDFER S N7zo PEAKIZ#E S 2 & SN D pH = 7-8 T
IZBWTIE, PSI-025 DI SRV EREEREZ IR L 72,

T2, B EN T Oy OB 2 L7282 A, PSI010 & V72354013 PSI-025 12Tk ks
BLUSBICET MRS, SOMMA 70y AR EN TS I EAVRBE NIz, 72720, #lsr
HEXBE T2 28T WINOEERNICB W TH 5 2 KIBICEHCE 5 2 LR SN,

(@ (b)

T - v v p— _— f“l

e 1= v

H= pH=124=12
H=8.0 pH=12.H=12.¢ PSI-025
"

1-025  Bi-025 B iS1-025 | l»'t;'f'-'.?')za PSI1-025
- pH="7.4 P 2 aPH=11.5

SUDxT SR

I51-025
H=8.0

(© (d
15000
6000 - Ce nitrate
] @ go0 10000 (o]

4000 . g ¥ ﬁ
g &, o w/o PSI
g o w/o PSI & 000 ]

2000 m PSI-010

Ce acetate m PSI-010 ' PSL.025
0 Lodne a PSI-025 0 ® LIS ASE
4 9 14 4 9 14
pH pH

Fig 1. Precipitation of cerium nitrate by adjusting pH (a) without PSI and (b) with PSI-025, and the comparison of the
Ce concentration by pH adjustment alone and flocculation precipitation with adding PSI in (c¢) Ce acetate and
(d) Ce nitrate solutions.
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Fig 2. (a) Precipitation of uranyl acetate without PSI by adjusting pH and (b) the pH dependence of the alpha
radionuclide concentration by pH adjustment alone and flocculation precipitation with adding PSI-010 and/or
PSI-025. (c) Precipitation of uranyl nitrate with PSI-025 by adjusting pH and (d) the pH dependence of the alpha
radionuclide concentration by pH adjustment alone and flocculation precipitation with adding PSI-025.
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