JAEA-Research
@ 2025-012

DOI:10.11484/jaea-research-2025-012

BRI U REIREDIRREREREY A 5 AEBiEIC
BEZ5%E

Effects of Melting and Coagulating Conditions on
the Structure of Simulated Waste Glasses

XKHF Rz B M= MEEXFE KA RS
EEE — ot Et 2l EE
Takayuki NAGAI, Yusuke AOYAMA, Yoshihiro OKAMOTO, Takehiko HASEGAWA
Seiichi SATO, Tetsuya KIKUCHI and Kiyoshi HATAKEYAMA

BIRE 7 )L T2 R
TRPEE L BT B FEER

TRP Decommissioning Technology Development Department
Nuclear Fuel Cycle Engineering Laboratories

—
>
FT1
>
A
D
7,
D
Q)
-
®
-

January 2026

Japan Atomic Energy Agency | HARTHIFZTHAREE




AR LA — MIESZAFFEBFEEN A AR AR B AR E NS HAT 9 D RS H T
AKUR—=MIZVZAT 47 « TR FR 40 HE 74 B AD FICRESITOET,
ALUR—FORE (F—%Z2E8) [CEEEPRELRWEETH, FT7 AR LFEEED
TR LT 72 &V, (httpsi//creativecommons.org/licenses/by/4.0/deed.ja)

B, RUR— FORTH AR IFEHFEERE Y = 7% 1~ (https//www.jaea.go.jp)
IoRESNTVET, KLR—MIBE LTI TRETBHAEL EE0,

ENZHFFERRFEEE N HARJR - B FEEA F6 R IFJERA FEHEMESD Bl B i ek
T 319-1112 ISR IREUARHAEAS R FASAL 4 i 49
E-mail: ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency.
This work is licensed under a Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/deed.en).

Even if the results of this report (including data) are not copyrighted, they must be used under

the same terms and conditions as CC-BY.

For inquiries regarding this report, please contact Library, Institutional Repository and INIS Section,
Research and Development Promotion Department, Japan Atomic Energy Agency.

4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken 319-1112, Japan

E-mail: ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2026



https://creativecommons.org/licenses/by/4.0/deed.ja
https://www.jaea.go.jp
https://creativecommons.org/licenses/by/4.0/deed.en

JAEA-Research 2025-012

VSTl K ORGSR DSBS FEM T 7 AMEIE - 2 2 5078

AR IFFCER s BB A 7 LV TS8R TRP BE IR R BB R

K SRz W BESE RA JHET
BRI B0, ek i s i gl e

(2025 4£ 10 H 2 H&F)

18 LSI)VBURPEBEIR D 7 Z A [E LT 1 ARSI T, BUEBEIEY T 7 ANZNAE LT i &
XRDTHEH LTV 723, ATHOIRRE (o, W) 12 K- TXRD/ASZ — AHT i B — 7 238152
SNRWGEDN D D,

AHFGEIX, H T AR OBEEEWR Y OVEIPIRRE R L 0 3R T 5720, IRRSI-OREE SR 2 42
AR U TR T T A RIRIZ, T~ i GIEFIC L T ARE A7l L7z,

XRD N — 2 THT I B — 7 DMBIEE SR Do TEBUR BTN T T A% T~ 43 JEIE LTS AERE, T
7 AN OB B R TE D 2 E Ny ho Tz, £, 7 AMERIZEBW T, IBRBRIED T A
RS 2 2 X0, BRMREED D OMANRE A< §5 Z 21Tk o T, AT AN R Rl i
T D AMREMEDN N Z & A RER LT,

T oy IR A O TCTHERFESE 1 7 A DSi— OZRKGHHAR 2 5 L 72 /55, B3 NTET BT &
B EAE L 72 WEML TSi— O4MBALAR I BV NT R o 7o, 207, T~ tllliE Tt Sz
T Ce0,°CaM004 T2 < | spinel S DLAMRIL TH D LEZ BN D,

B L NI BRI RS O T e BB RR (2 30V VT BRI 5 A NI ORI & Xhd it
FERBIEE LT, BERREE D 7 2 2 28 EIL. 7 ZAMWNICNTES 2 K08 2K 520 4%
DD BN, £72. HT7ATEHEENDMo, Ce, SIOXAFSHIEZIT-T-4ER. WRLKIE TOHHRE:
VEIZA 7 A& EIDMo, Ce, SiOLFARIEIZE L 202 & 2R LT,

FEREI A 7 VT2 ZERAT © T319-1194  ZRBR IR BRETAR BEAT KA Fd-33
+1 R IRENEET WERSE I v 2 —

*1 AR T RSt

¥ HRASHEKET 7/ —E A



JAEA-Research 2025-012

Effects of Melting and Coagulating Conditions on the Structure of Simulated Waste Glasses
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In the vitrification process study of high-level radioactive waste liquids, precipitates present in the simulated
waste glasses are detected by X-ray diffraction (XRD), but due to the state of the precipitates (fine size, extremely
small amount), precipitate peaks cannot be observed in the XRD pattern.

We have evaluated the glass structure of simulated waste glasses prepared under different melting and
coagulated conditions using Raman spectroscopy and other methods, in this study.

The simulated waste glass, which does not show any precipitate peaks in the XRD pattern, was subjected to
Raman spectroscopy, and it was confirmed that precipitate particles in the glass phase could be detected. And it
was confirmed that in glass preparation, stirring the molten glass and increasing the cooling rate from the molten
state are likely to suppress the formation of precipitate particles in the glass phase.

The evaluation of the Si—O bridging structure of the glass revealed no difference in the Si—O bridging
structure between areas with and without precipitates. The precipitates detected by Raman spectroscopy are not
ceria (CeO,) or calcium molybdate (CaMo00Qj), but they are presumed to be compounds such as spinel.

In experiments using synchrotron radiation, X-ray transmission images of the internal state of glasses were
observed, and it was confirmed that stirring molten glass is effective in reducing bubbles present in the glass phase.
The XAFS measurements of Mo K-edge, Ce Ls-edge, and Si K-edge confirmed that stirring the molten glass does

not affect the chemical state of Mo, Ce, and Si contained in the glass.

Keywords: Borosilicate Glass, Simulated Waste Glass, Raman Spectroscopy, XANES, Vitrification
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3. T yotiliE

3.1 BEfAL—Y T~ R

AW N T ~ 53 EEHE, B L — Y T < 3 R NRS-5100 (A A kit i)
DFEARMEE (3 3-1 2IR) D, ERFFERETH L H T AEOIESERRLD D T ~ U HELE DK
T U7~ AT L, L— P RIREROH 1% 500 mW (K 532nm) ([ZHFRL T\ 5, 7
< UOREHTEE 3-1 IR L D IS EARR LA PC S0 AR S, SRt AR I RS
OIEENZ L DA RN T D72, RRE EICRE L T\5, 728, BAREERK (JISC6802

L —F =8OR )) IZ LU, L— IR O ) 500mW (XL —VHEERD 7 7 X 412
BF 503, HFHIERLH U7 RETOR L —FHNEAShDLA V¥ —n v 7 PRREINTE
D NERARIRD IR 2 L—PED 1T 039 mW UL FICIEB S A 720, Mi%T ~ v otit
FL—PRRD 7 T2 1 L7200 A= FEICR > THAT SR ReBORIFITZ T 2w,
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HI1EA PC

=

HE 31 AWRICHWZE L —Y T ~ R

F3-1 B L —Y T~ IR EF NRS-5100 O HEAAR M OAAFZ2 ) E 5o

T~ o RO HAR AR ARG ORNE S
Bapir IZERHERDY = V= H —F—EEE ) /7 a A—H
Mk~ | 600, 1800 gr/mm 1800 gr/mm
PV B AR—/L 25, 50, 100 ume, FEFZ 10~200x1000 pm | B> 7A8—/L 50 pme
T 3—Fx |20, 40, 4000 pme 4000 ume
WL X | x5, %20, x40 (BAE®EL), x50 (FAF#h), x100 x50 (RAFiHh)
HIERE | 50~8000 cm’! 330~1410 cm'!
RO (%65 mW), OD : 0.3~2.0 (#732~0.7mW) (7 65 mW)
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BRI NTa— RRBIRICE T 5, — T, EUR—nA Ry FEERT L& A L—
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L CRIWZERREED AT MARG LIV A, 22RO R RE % 8 D T2 S CHIE L 7=
B, MHSND T~ VEEDEORENMES 720 | BIRIRANRY ML &G D T OICEER 2 & <
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ZIRNWGRRENEE 72 D,
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LR, e LT, BEERFERNCRB W CTERLL 727 7 2 (JFUEHT 7 2 PF798 12 NaxO % 10wt%ifs
) OMFEFE R & %2 2-1 O TVF 2L EFH Ly 65 22 OF T ARE No.2 & FRIEEICHE
B 724 5 A FFEEEE M i 2 TR, B R—b AU w b 25 nme & IV TYEE JrTal 45 s Pap
EEZTE LT~ AT L& 3-1 1TRT,
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B 3-1 OWITAR LT RERT 7 A D86, R HIERS 1000 pm ([ZE AN ELZ G DOETT v 0l
ELTHERE AR AT DABMELND, 2T, JFENT 7 A A eaEs (B L —3 O
TV UHEHEOEE) TRWEREEZA L, B L —HERD» DO T~ U BEDEEEE TR
HERCET D70 TH D, —J, K 3-1 QIR LB N T A D84, rIRERER I &R
MWEEZFOTXENTENTEY, BE L —IROBRICINA TEANLO T~ HEDES R T 5
72, BRI AT MADBELNDESORFIREND S0um FREEE 2 S b, £-, HEEE
FEM AT T A%, EERRIRAED b EEE T 2 e CREEZRE O DTN R D720, BEEZEE) S
TRE 20 um E TIZARZ MABIRRZE(L L, RS 20~50 pm THERA AT MR ZET D,

Z T, AR TT~ U aEICB T 5~ B ZaH i, B L — o SR A £ 6
TRE 20 pm XUE 50 pm TIT o7, v~y B ZRHEICE T 5 7~ A7 FUE, XY [idil 10 pm #
[T X J71A—300~4300 um, Y J571—200~~+200pm DFEEL 600x400 um (61x41=2501 /5) %
EL, BONTE AT MLORIEHREM (330~1410cm™) (2B D/ NREE 0, R KIRE %
LIZHIREIE L, 7 ZAMO X=0um, Y=0pum OHHEILART ML EFAEZT LR E LT,
FRESDOHIEA LA MR & OB A EN LR Le, < v BV 73l FIRIL, ik
% 3.3 HiOFHRE R B HIZEE T

JERET A R ONHEEFEFEN) 7T 7 AR T T AT T ATH Y | K 3-1 1R LIZT~ 2 AT b L
1%, 600 e LIS A B2 7 A0 Si—O0 BRI R D 7~ B — 2B 600~800 cm! (278 7 %
A7 AD B—0 fikH KD T~ B —2761 O 800~1300 cm (47 A BT 7 AD Si—O0 ZEFEHARE
HkD T~ v —r BNHELT D, vk O 7 AERIBEESEIC L 5 Si—O ZRAEHRE ~ DR 8 & Sl
L TR R AMIES FERIZ 800~1300 e ICTHBIT 2 Si—O ZEMkH kD 7~ o v — 7 23
L7c, AMFFE TR L7z TVF 2 LT Ly MEE 2-1 IZFE L2 £ 912 MoOs LY P,0s & 5 A+, 900
cm’! fHTIZ Mo—O FHfkHIkD 7~ > B — 2711 890~950 cm™ IZ Mo—O—P & HKD T~ b —
JENHBLT 5, 723, U B bEY D P—O #MfkH RO R T~ v — 27 1% 950~1000 cm ! [T H
BLLOL JES TR ) S b AR N B S TS, RAICHRET A 2 LR TE D,

Si—O ZEAEAHKkIE, Si—O BRIHARE & [FER 72 SiO4 MU AREE T 575, ZAEIEFEED 4 DD Qi
. 300 Q. 2 o0 QUHEIE, 1 oD QUEIE, &< A QUEIED 5 FEENFEIET AU, QN
EDOA A=V EK 3217 T, £72, RL QVAEE (N=1~3) THIEERET S Si—0 &k~ TT
v U= RN ET R D120, BT D QUREIED N A JFL L T QY M A Mok L THiERD
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(1) Q31 Q32 Q33 (2) Q2]\ Q22\ Q23 (3) Q”\ le\ Q]3
I 3-3 Si—OZUEIRAE (QPHhE, Q*iE, QL) DMk A A—

?vyx&abwwﬁﬁﬁ%@\wﬁx&7%»W®8m~nman ZHEL % Si—O ZRE R
ZAEIEFEIIN = 0~4 O QVHiE & Mo—O MAkH RO B — 7 N HEL . 48— 2 O HATH

ﬁ%*@ TR AR MVZBIT & E—7 O EFRERGOEbEFHE L, 22T, HIEA
A7 VORI, BEREEIE 330~1410 e (281 D T~ U EELIRE Of/IMEE 0, FEEIE
Z1ELTHEEL, B —7 ~OWENEEL, ©— 27 WERY 7 ABBIRETE S L E L., K&

N UC E VA 7 4 v T 07 Uiz, £, K 3-310R L7z Si—O0 2k O Q' M, Q?
M KON QPO B — 7 1, QUOfE, Q'OMIE, QY. QUOME, Q. QORIEL L
T2 A8 LT, BB RIE, 7 AT T A0 QNREE v — 7 sl %2 2512, QU ' —
7 OF D E QO 850 em!, Q'™ : 880 cm'! Q1(2) 920 cm, Q*M : 950 cm', Q*? : 1000 cm!
Q*D : 1050 cm™, Q@ : 1100cm™, Q*: 1200ecm™ IZ[EE L, & Q VG — 7 @T}&fllaakmé%%ﬂjb
7o Mo—O fHik IR D B — 27 1%, IS0 T3 A 900ecm™! & LT, Si—O 2@k D4 QN 14
BE—27 D7 4T 47 RIS, B =7 OFLEE, IRIELXOE S 2ROz, 7235, Mo—0—

PHSAHKD T~ =2 1X, Mo—O Mk kO B — 7 L HBLT I BEEIR A HEE L TR Y, #2-

LICRE L7z TVE BB Ly MR Mo BB 2 bhls L C PIREMEN 2 & h . ARBFZED A
N VARBT CIEEHlA BRI L 72,

T~ AT MVORRRTRER & LT, WESERIRE Ao —ZIRIE L S S0 6 v — 2 B HEE
EREHL, WEY T ARLAT MVIENEIC L 5% B —7 SAHEEES O E il Lz, 72
B, AT CRIE LAY —2 O ARG N, FE—7 OFERIE L —ET 5O TIHAR<,
HEIC L > CI~ UV HELEORIGIENH D Z LICHET D2LERH 5,
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33 TR MUVHBRE v B S
(1) FEEPERIEIC X D 0 7 AEEEFRE O B4 oAtk
T~ AT MVOFBRE~ v B TRl O—fFl & LT, BT 7 IR T O EA A
WTHERL L 7277 7 Z508E No.l O 7 AFAEBE R (K22 21) 2RI, Ml FIEZ LT
W2,
W U — R R & T 7 AFEE No. 1 O FIAEBEESEIE T OR 2 IR S S0 um [/, XY i
10 pm IR T X J71H —300~+300 um, Y J578 —200~ +200um DI 600x400 um (61x41 =2501
R DI AR MVERIE LTz, ZZTC, AT MUK OFBMREZ LT 5 72, sk
OFL (X=0pm, Y=0pm) OHEAT MUIZH T ZMUSND T~ B — 7 BNHBE L7202
LHETOWRLIZET, TNEREEARY MCEE LTz, HIE LT~ AT MUid, K 3-
4 1T KO ITHIE AU K o THELEIRE ICBF N BlEt S d, SEERAAY MUICERGE Lol
X=0pum, Y=0pum) OPEALT MEK 34 HORBTRL, TT7AHLSND T~ E—
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1 |—X=110 um,Y = —40 ym ‘
1 [—X=100 um, Y =180 pm

w

o

(=]
\

—_

7]

Q.

3450

>

=

2

@ 400 _—

£ ¢

. Iiﬂ \’WM

300 - “*/
7 Lindad

sl
1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300

Raman shift (cm™)
3-4 T AFEl No.l HEFFEEZRE LT~ A7 L

3-4 DOREART N VEZRIE A O/ NRE A 0, BRBEL 1 I LIz A~s
MV ZER 3-5 10777, ZOMERS EF (X=0um, Y=0um) O A7 kb (¥ 3-5 100 EHR)
EHEE LT, HES (X= —200pum, Y= —70pum) DAL kb (K3-5 FOHRE) 1, 800~
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AR O FIMEIZHE N, RERDOFEFRBAETIERLI L7247 AFE No.2 DA T A MALFETE I8 & 7
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[FREIC, TERD 3 [EREE DR L= 4 7 A3k No.3 OHF T AMALEHIE R % T ~ > %y
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() REPEIEIC X B T T ANED By oAk
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777 AL No. 1 IE Do 7V ORFEEM: BT R OMLEERT B 2 X512, KEHES 20 pm (2
G TEMAE UL L7 ARY BV 3-13 1R, 2D AT Mm bR L7
R E~y 7T 58 K314 17T LD ITHBREO 5/ I B ORI D72 b DD, X =
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77 ZikEF No.1 JIE Y > 7V OWFEES: BT i OFEEEFT C Z2BINHIE L7 R, X 3-15 D X
N7 MABRELI, K 3-16 (TR AT MVIBIROMBURE DA & 7r o7z, 22T, K 3-16
DX=—130um, Y= —160 um, X=100 um, Y=190 um & X =110 pm, Y =200 pm OH7E s
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Si-ORFMEDS T E—y EHEREIA (2QV=1)
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X=0um,Y =0 pm

0.1 0‘.2 0.‘3 04 0j5 0‘.6 0‘.7 0.‘8 0‘.9 I
Si-OEEMEDIIIE—Y EHEEEA (ZQV=1)
(6) 0.2°C/min ENAT Z A5K}F No.5 Gl OLE T B
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35 AT AMCEENDLRHOFRE

T ZREROFRMIE, £ 2-1 1R LTeH T A AGE TR NG ENRN T LD D, RuO,
DEETLEY & Bl DR DOBWRIF & LTH T AFRNICHRIEL TV EEZLBND, 34 HiTiF
iLiz 6 o T NANDELNTRYBROKRE 22— BHBLLIZJERD T~ AT MV A
RTHD L, X341 12T X H 12 800~1300 cm (2 HHLF 2 Si—O ZEFEMLFRS> Mo—O FHikIZ ik
THE—7 BT HORE SR &b IA U R T 2, —F . B ko v — 7 1 HEk (600
~700cm™) IZEHETORLNR SN, ZOE—7 DXL, WHIBREIZBWTH 7 AR L7z
BUCAEUDBBIENICE D=7 v 7 NR2BITH 5 Z L BHEE SN DA, BT S DB OB LY
HROE—7 L L CE— 2 @S MR Z 205 BB R EROBEAI LY T 5 alRerEN &
v,

5
[ [ \ [ [ [
—No. 1A#EEEE: X = —200 ym, Y= —70 um

—No. 1FFEEt EIFEA: X =—150 um, Y =40 um

1)

47 |—No.4BERE:X=—180 uym, Y= —190 ym
No AtJHFEB: X = —40 um, Y = —190 pm
—No.58ERE: X =30 um,Y =60 um A

3 7 No.5tIBFEB: X =0 um,Y = —50 um
TR
otk

V. o
0 mam— ‘-""’://rd

1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300
Raman shift (cm™)

X 3-41 EPdskov—7  NHBLLIEHERD T~ AT ML

normalized intensity (ave. 330.1410 cm

FEFRBEFEMN T 7 ANTENVEIEIC K > T, H T ZHHIT CaMo0s, CeO, FDEE{LS> FeCr04 @ spinel
LR L, ZAOH RS XRDIZ KV [FE STV LB, £ 2T, iBEIT/FR U7 BEpe s
W77 ADHTI T AT IR DR S e T T Akt 2 S Y- 7 & LT X 3-42 1T
TIv AT MERIE LT,

Z 2. CaMoOs KL F-&H N T AIFEELH T A~ MoO; I5fi#IE (F) 3.0wt%) LLED Zr(MoOs), %
NaxCOs & & BRI A 7 ZNTMZ CTHEL L AN L7207 ZFD BATH L 72 CaMoO4 Rz1-1+4 301 2 1
TE LTz CeOr RIF A AT A% Ce(NOs)s Y % 151 D\ Z R E U T HHRBE IR 22 JFURE T 7 2~ 2 T
L. WENLTZ AT 7 AFE0BATH L7z CeOr b 1-H 2 MIE L=, spinel AW E A 1 T A 130
RARIC & DIERBEIEM ) 7 A~ K3 L 71 (SO T 7 AERMEAED SRR 249 100 hi=9R L,
MANRIZ K3 Vo R R ts TR S At & IE 2 IE Lz, 723, spinel FLEMEH T T A
O spinel FAEIEZ R TH U | apatite FED(LEW & & F 4D ATREMED &V,
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BHTADE—7 LBRPOREEERICBIE SN D, £ 2T, K343 IZEYHR kO v — 7 BElESh
7o AR kL L spinel SALAEMIEHE T T AD ALY ML EERCORT L BYH KO Y — 2 & spinel
FEWERHN T ADE— 7 EHEN B LARNERDH L, ZOMWEABR—FEHLTNWDZ &
M, AT ARSI T D spinel LAY & R OILEMHBINTEL TN D EH#EEZT 5,
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366 TXUHMRHIEDE LD

B LoOUIHEBEIR D 77 Z AEE T 1 ARFFRIC R T, BRI T A2 HAW 53 534
—ICEFT D Z & W H7cD, . B T T A2 AR L T XRD N Z — T
=7 PHBR LW L 2R L TV D, AR T < a0 GE I & 2 Sk o T RENE & ffERE
T D7D, ERGECRRE S 228 2 TUERL U 7R BE I A T A X Gac, JIEA T MV
Si—O ZUBHHA ORI A 30 L 7=,

AlEl, XRD /N2 — THIHI B — 7 D3R SR MRERBE I 7T 7 A % T ~ 43 GIE L7
B XRD TR TERUVUN R B Z T~ U I X D~ vy B ZRHMECRIETE 5 2 L3y
Motz Fio, WBEELREE COREEOH I X D HHRFEEM /T A % LGN U 7= 553, AiepE
JEW) 77 7 A DYRRBRRRE CTOFRFRIEN H T ZFANTORY) O AR A 92 ATREMEDS B 2 & 21
LT, SHIT, R T AT 5 £ TOMEGREE 2728 2 TERL U 7B BEEY 1 5 A % ol
RN L7 SR, AR A< 975 2 & TH T AN TORY DA E I 2 ATREMES B & &
X HiLd,

2B, AT T~ o tRIEIC K0 R L7 22413 XRD TRkl 4172 CeO, X° CaMoO, 7 Tl
72 WAL U T ASBRBESEM T AN K3 Lo AT L HEiR L CAERLT B spinel S LAWK & HEER S
D, Filo, BYOAREITIEFITHMETHY . BEYHko v — 7 BB L7ZRIE RO Si—O0 2846
ML R DAL LR WHIER L A% TH VO | AWFFE TR L 724 B BT 7 7 ARk Chiu, 7
7 A EAR OB TRE S R P L EVE S ~EET 2 Z L3 LT 2,

AWFZE TR LT BRI AT 7 A O RWL, T T ZAEUCIROMRRICE A 52 5 L1 T
< BWHTTT ZABNTHERR LG D PIIB S A e L7c b 0 L HEZE T 5, #E T 4UE, XRD ™%
— 2 CHT I R S 72 R BESEY) 7T 7 A DFFB IS 2 39~ 5 71k L LT, 7~ vl
EOBHALIFEFTE 5,
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4. TGRSR

4.1 FHEPEFW T T A O X S g g2

PARERAEIZ L DIRBEIE T 7 AN OB Z MR T D72, 7 A58 No.1~3 ORlEY >~ 7
v (RS 1 mm) O X FuEmmig 28l Lz, BIEFER, @R X — IR 7es R O 5=
Bftisk (UL, KEK-PF) @ BL27B {28\ T, JIEY > 7 /b~ Mo & K W= /L F—E% D 20.1
keV OFGEA ST LT, B —AF =4 Tl X #REG 2 BlE 50 L7209, #8152 L7 X s
F. BE 41T XD IHEY 7V 3 1B Otk LT,

B 1 B 2 B 3

No.1 (without stirring)

No.2 (with stirring)

No.3 (with much stirring)

HE 4-1 HT AR No.1~3 ? 20.1 keV (Mo ® K WU 5 /L F —E%) X i mig
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X HEEE G CRIBEOZERITA <, Mo BESEWEM A HIUTR FREND, RALRIET
DA B W TIER U727 T A530EE No. 11, FEEFEYEZAT 572 1 7 2388 No.2, 3 & i L CRia
DENZ < T H T AFEF No 1 ITBIERE 3 TR4 & 912 100 ume 2 H 2 2 RaNBlsnrz,
LILORARIKIL, £ 2-1 R LI TVFELEF I Ly M EIERL TH 7 A58 No.1~3 Z{EfL L C
BY. Iy MIWTE LTCBRIZR T AR DRIl E LTAELE O EHRT 5, b, @
ALFTO A Ly MHECT Mo JRENBE TH D Z E0vh |, BH 4-1 (TR L7z Mo @ K W= /L%
—EO X HEEEERIT, KIaOREHTZ R CEFTH ORI TE 20,

BE 4-1 (TR LTz X BB EiE ) S VARREE IC 3 1) DRI EIC L 20 RA B85 L Bk
VEWZIEAT 7 AR e T ARy BRET 2R NS L L TRIND, 72120, 7 ARNICKI%
DZERIBAELE LT A . B HEEEELRB R OB K 5 H T AP OIS 05EM S 5 ATRENE H AR
EINDZEMND, WEWGORIE LRI OMBEZRFT 5 0ERH 5,

,38,



JAEA-Research 2025-012

42 BB /T T A D XAFS JIE
4.1 BiCBIZE L= 7 A3 No I ~3 lEY 70 (RS 1 mm) ZXRIC, T T AHAD Mo D
K WU, Ce @ Ly WelWi, Si D K WD XANES A7 kL% KEK-PF CHllliE L7=,
Mo @ K Wil E 1%, KEK-PF @ BL2TBIZBWTA A F ¥ v " Z W -EmE o712, A
7 AFEF No.1~3 HIEY 7LD Mo @ K Wl XANES A7 L% [X 4-1 ([ZRT, BREIREEIC
B DHAREE N T 2B No.l DAY bV LR L= 5 2308 No.2, 3 DAY L
—F LT\, FEBET I ADONTIE . 20.00keV IZF U 7T UEEA A (MoOs i DY
Ty DU BHBLLIS T ZFHIC Mo 28 6 fIHRIE TR EICHTE L T D T & &R L7z,
23D XRD /34 — R0 3 ED T~ LSNHIEIZB W T H T AFIC Mo LA™ B ST
RN Linb . AT AFREL Nol~3 OFERUTAL L7270 Ly hHTREIZ Mo 23 7 AN TLE 724k
RelZdH o7 LHEERT 5,

14 [ [ [ [
—No.1 (without stirring)
12 fA —No.2 (with stirring) .
/ \ —No.3 (with much stirring)
-~ 1 /\.\_,._ gt
S | | —
« ] 14
& 1
203 1.2 i
7} 1 £ ]
g ] S~ \
1 ] M
E s 1 =Sm— H
3 | ;
N s
‘T 04 1 I
1 0.6
: | /
<]} 4 1 /
So2 0.4 H
] 02 ]
0 q / H
] -
b T T T T T T
1 19.98 19.99| 20 2001 2002 20.03‘ 20.04 20.05 20.06 20.07‘20.08 2009 20
”2e2t——ttt ) Nttt
19.8 19.9 20 20.1 202 203 204 205 206 207 208 209 21
energy (keV)

4-1 H7 A3 E No.1~3 D Mo ® K WuiZzidiE XANES A7 kL

Ce @ Ly WA E 1%, KEK-PF @ BL27B (2B W\ TEEFHeea W 2205 TV, JIEY
VTV OMEEH B HEICHUER A2 B U7, JE Y 7V R OMEHEREL (CeO,, Ce(NOs)s* 6H0 D
Ce @ L3 Wi XANES A~~7 k/v% 421287, —fRICH 7 AFND Ce 1L 3 i & 4 DRI
REICH Y WSRLAT 7 ZARRBIZ 1T D RFAKCIAE T 5 uRFIT K - T Ce JL Al DFISIIEE T2,

AR E mﬁ'#%éwtw7x;ﬁﬂ No.l DAY MV EREE L2 77 A8 No.2, 3 DAY |
IR —E L TR, W3 1li& 44D Ce BVIRIEL. Ce DR HBFEIG HRETHD Z & &ff
RLT,

TERRRE CORHEAEIC Lo T 7 2ADFMRNZEL L T Ce A MEIG~EST L L%
TAELTD, H T Z5EF No.1~3 OIERIZEFTHILE Ce DILFIRIE~G 2 AT L A L2
EEZ LD,
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2.4 T
—CeO, 22 'I' :
------ Ce(NO;);-6H,0 i
——No.1 (without stirring) i 2 i :
4 +—| ! |
- ——No.2 (with stirring) - A/
3 | |—No.3 (with much stirring) f / fﬁ \A
& 19 44
> ]/ \
-‘ﬁ 3 1.4 / \
c i / / \\
2 : 12 +—f
E P ¥ N RN
3 T /] S5
N2 1 P T
© | W
E U /]
S s Q : P
c ’I 1 9.72 ‘--_51725 5.73 5.735 5.74 5.745
1 / N T
o -

5.67 5.68 5.69 57 5.71 5.72 573 5.74 5.75 5.76 5.77 5.78 5.79 58 5.81
energy (keV)

42 HT AFEF No.1~3 K UONEAEZELD Ce @ Ly Wisl J71E XANES A7 kL

Si @ K WWsHAIE X, KEK-PF @ BL27A [ZH\\C Si KU 7 Mgz AW 280tiE Ty, &
25 F ¥ TRy b LTCRIEY 7OV OBHEES: BT ISt 2 B Lz, T A5 No.1~3
EH 7L Si O K WU XANES A7 bV X 4-3 12T, IRRARRREOIRFE 2B W T T Z508
No.l DAY MV EEH L2 T A3k No.2, 3 DAY MVIER—H L TE Y, WIhoHlE
T Tt Si DILFRRENFSETH D 2 & 2GR LT,

3 26 ; : ‘
T T
1 E N
2.5 ] T
2.2 “:‘,&

iy ‘ ] / “‘-‘:
3 2 LS
S, | ! .,
> 1 -8,
= 1.8 1 fl S
g B, e
] 16
E15 A / |
I = 1‘4 1
_g ] 1847 18475 1848 18485 1849 | 18495 1850 18505 1851
— ] .
g 1 TN il i
=
o
c

0.5 —No.1 (without stirring) ||

—No.2 (with stirring)
—No.3 (with much stirring)
1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020

photon energy (eV)
4-3 47 23K No.1~3 D Si @ K Wl ik XANES A2 kL
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43 BHHFIAFBRO E &9

& LV BURYEBRIR O 71 7 A[E{E 7 v ARFFRIZ I8N T BHRBEREY T T A DORER T Ok
RESOJF- [ BEME RS 2 TRl 9~ 2 720 XAFS MIEFOBGCFIERZ FEf L Tk, 77 AH
Dy BHFH L7 RuOy Wi ARRE 2 BB T HERE T & 204, ARMFFRIXIEALIREE ORI 24 2 TIER
LTRGBS T T A e PRI, X BB g 8isE O Mo, Ce & Si @ XAFS HIiEZ#1T o7z, 72
B. Eﬁ{ﬂﬁbf:ﬁixcia(ﬁﬁﬁmyﬁ%aifm\TVF%'EM: vy MEFREHZHW 290, 77 A
RuO BL S 1 3AFTE L7200,

XRD /X% — 2 THI I B — 7 D3 S IV RERBETEM T T A D X #Zns g 2 B4 U 7o L,
WRRALIRIE COBFRBIEZ B N T T RIIPBMEA AT o Io W T A L R LT, T A oKIE0HK
ML, REVWKWADNEE T2 2 L &2 Lic, £7o. ZNHHTAD Mo & Si D K Wi, Ce
D L Wi 2 XAFS JIE U7ofE 3 TARLIRAE C ORI EO A HIZ X 5 XANES A7 hUZZ kb

TRO LR T,

Alal, T U EHE TR LT B AR CTE oo b 0D, X FEmEBRIZE Y 7T A
I LT RIEE RS B TE L 2 Lt BHRBETM T 7 A OIS A I 5 51k E LT, M
FHFNIHEBRDBEN TH D Z & AR LT,
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5. fE

18 LV YEBEIR D 77 7 A [ 7 1 & ARFZEIC I T, Gl AREFEIEY AT T A HRIZHAWRK Y
D) AFT D 2 E 2T 5720, XRDXH — AT E— 7 BWHBL L7202 & 2R LT
W5, AWFTEIL, HAWREC Y OFEEIREEZR K0 SRR 2726, RS IEOREEISR I 2 22 2 CfE
R TR BE T T T A A T~ L EIE U, EERARIEOREE SR L D T T AREE A~ DR R %
A L 72,

AWFFEDOFREIZ LY | DN EE L FICHEET 5,

(1) XRD/NF — THI W DBLEL SNV EERBEIEM T T A 2 /BRI T ~ o0 GIE 24T - T2
B, T URREICL Y T T AFNO B R T 5,

() A7 AMERUCR T DT T AARAE T ORFPERIEIL, AR L7 T 2P S AR
5 2 L AT D TREMED E

(3) TARRIRRED BRI 9 2RI T HWMEEE AR NT E, T AR PERTHZ &%
P35 ATBEMED R,

@) EBNTET DA T AERNLOSI— OZRKERAR X, B ITFAE L 72 T AL O Si— O K&/
LRETH D,

(5) XRDNNZ = THIRENT, 7~ U tllE Tl S 1T ZAFNOZY ORI, Ce0X°
CaMoOs & $72 0 | FeCr,04DspinelZE DAL AMIFL TH 2 FIREMENE 2 b b,

(6) XHRBBEEBRBILEEORET, H 7 AERICI T 2T 7 ZRECOREPERIEIL, WEEERE L7
7T AFRNIZNTET 2 RJ8 2 KT 2 2R 03RD Hiv s,

(7) Mo, Ce, SiOXAFSHIEDFER, H T AERUCEIT DIRAY T ZAIRRETORMERIEIX, T T A
FHDOMo, Ce, SIDLFARBBRIZZE L 720,

AWFFEIZH31F D KEK-PF CO RS R SEER 1%, KEK-PF B YRR A SEBRRE 2023G592 (12
CEHEE L7,
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