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Most of the simulated waste glasses used for physical property evaluation are processed into a shape
suitable for the measurement method from glass gob obtained by slowly cooling molten glass to room
temperature. However, the actual vitrified waste glass material is obtained by cooling and being coagulated the
glass drained from the bottom of glass melter into the canister. In this study, Raman spectroscopy was
performed on the coagulated surface of molten simulated waste glass in the depth direction to evaluate the
state of the Si-O bridging structure near the coagulated glass surface.

The Raman spectra measured from the surface to the depth direction near the surface of the glasses
produced by several melting and coagulation conditions of molten simulated waste glass cullet in the air
atmosphere, and it was confirmed that there were changes in these spectra. On the other hand, the raw material
glass cullet and the surface of the glass solidified in argon gas atmosphere showed little change in the
spectrum in the depth direction, and the Si-O bridging structure near the glass surface was similar. It was also
confirmed that the spectrum change in the depth direction measurement was small for the cut surface of the
glass, and that the change in the spectrum for the broken glass fracture surface was also small. For glasses with
a large change in Raman spectra in the depth direction near the coagulated surface, the molten glass was
cooled from the molten state to room temperature in a muffle furnace with air atmosphere. That is, the
magnitude of the spectral change with respect to the depth direction depends on the time from the molten state
to coagulation.

In order to confirm the reason why the number of bridging oxygen in the Si-O bridging structure is small
on the coagulated surface of glass, the XANES spectra of Si-K edge and Ce-Ls edge were measured by XAFS
on the coagulated surface and the cutting face. As a result, the Si-K edge peak on the coagulated surface is
higher than the peak on the cutting face, and it is thought that the concentration of alkali metal oxides
increases on the coagulated surface. In addition, it was confirmed that Ce near the coagulated surface is closer

to the tetravalent state than the cutting face.
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ZEABAHAR O LB TS N=0~4 O Q¥ #i& & Mo—O ikl kDK v — 7 ~ DL, % —27 D5
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F 41 JPREZRZ VTG F L7207 A GREFNo.16. No.17) Ofb2EkRL
AR (Wt%) EVRE (mol%)
HZAH 1w k| Inconel | ALO; Y HIFG2HL v k Inconel ¢ |  ALOs
g BEL =N B R BH
Al B B ey e B R
Si0, 46.70 | 47.97 47.42 47.00 | 52.731 | 53.985 53.337 52.983
B,0;3 1430 | 1395 14.35 1470 | 13.935 | 13.547 13934 | 14304
AlLO; 5.00 5.01 5.04 5.25 3.327 3322 3.340 3.489
CaO 3.00 3.02 3.08 3.22 3.630 3.641 3.718 3.886
Zn0O 3.00 2.84 2.82 291 2.501 2363 2.346 2419
Li,O 3.00 2.98 2.98 3.00 6.812 6.756 6.751 6.792
Na,O 10.00 9.55 9.75 932 | 10.945| 10413 10.638 10.185
P05 0.28 0.30 0.28 0.28 0.134 0.141 0.134 0.134
Fe,03 2.60 2.52 2.59 2.59 1.105 1.067 1.098 1.097
NiO 0.78 0.75 0.78 0.76 0.728 0.698 0.726 0.710
Cr.0s 10.50 0.47 0.49 0.49 0.205 0.193 0200 | 0201
RbO 0.11 0.11 0.10 0.11 0.040 0.039 0.036 0.040
Cs:0 0.73 | 0.730" 0.73 0 0.730] 0.176 | 0.175 %] 0.1751 0.176
SrO 0.29 0.27 0.27 0.27 0.190 0.176 0.176 0.177
BaO 0.51 0.65 0.65 0.64 0.226 0.288 0.287 0.283
710, 1.39 1.39 1.39 1.38 0.765 0.764 0.764 0.760
MoO; 1.38 1.33 131 1.30 0.650 0.625 0.616 0.613
MnO 0.36 0.30 0.27 0.27 0.344 0.290 0.258 0.258
Ag0 0.01 0.01 0.01 0.01 0.003 0.004 0.003 0.003
SnO, 1001 | 0.01 0.011 0.0111 0.005 | 0.004" 0.004 | 0.005""
TeO, 0.14 0.15 0.14 0.14 0.060 0.063 0.059 0.060
La,0; 2.69 2.57 2.50 2.56 0.560 0.534 0.519 0.531
CeO, 1.25 1.23 121 121 0.493 0.485 0.476 0.477
PrO1 0.50 0.47 0.45 0.46 0.033 0.031 0.030 0.031
Nd>0;3 1.27 121 1.18 1.19 0.256 0.244 0.237 0.240
Sm,0s 0.05 0.05 0.06 0.05 0.010 0.010 0.012 0.010
CoO 0.15 0.16 0.14 0.15 0.136 0.142 0.126 0.136
total 100.00 | 100.00 100.00 1000.00 | 100.000 | 100.000 100.000 100.000

(l: Cs0. SnOy. Cs. Sn DOHTEIX, HT A B Ly b ORTEMHZ FEIZHF H,

F 7. Inconel B AT FIERL U 7= 7 AR O S FET GUEF No.16) % 7~ > 40t
LTS (X 4-47), RN HEES 15 pm AT E T Si—O0 2GR D QUM b — 7 M2 1K T3
DIEMAFRD e, ZOK T, BT —/L RORITRLRD OO, VY R CHRAPEAEL
7230k No.3a 3kl No.d4 OfER (K14-9, [X14-12) LFEEITH Y | EREh L7270 T A OB K OV T
BAEIC X DI SN OWENC X DR BG DI FTREEN B 2 b, 7275 L, & QY Mk

v—7 EAmEEES (K4-473) OF T, QUG v — 7 SAmEEIS A
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R (P49, K4-12) LHBL T, WINOESIZBWTHERVFR E 2o T,

W EOBFRIEY T T AD T~ U HIEICBN T, BT ATEENDEEYR T VI U &R
FRAL DRV NE & Si—O 2GR O QUEEDEIG NI HH A 2 MR LT D 2 &b
H T AR DI L DEPBESND, L LR G, £ 4-1 1278 L7= Inconel BB HIE T
L7207 ZMRUTIERIO T Z 27 Ly MR E [FISETH D | Inconel BEALR) HESHEIA Z A~ Fe, Cr,
Ni SN L7RGUIHR CTE T, U7 AMRDOZEMIZ L D Si—O0 AUk ~DOREIT R B 2
bid,

H T AR X 2 EELIAMT Si—0 ZEEHHHRD QUEEDEIG N L LIZFERNE LT, H T AILE
F DS DIRAAMIRIEDZAL AR TE ZdL, @A 7 A3 Inconel BRZRONmIZHEfMT 5 Z & T
Inconel K HINERAY L. — 5 DIEGAT T A b OBEEY ALy & TT T D AL T 72 A A R 033842 LT
ATREMESZ 2 Hvd, Si—O ZREMKEkIX. 7 b U &JEITR LS b A LIE TR O FEEMR S 3B
AL, B L7eotsE M 8EIET 5 & Si—O0 UGB OB BRI, Si—O ZEMEHMk O IEGERE SR
WHE (++-Si—O0—M-++) O—HPUERFRIE (+--Si—0—Si-++) ~REHZ ENTHRIND, Th
(280, Inconel BYRFHUAZRAEFAWTIERIL7-H T AD Si—0 ZUEHMIT. HTAD Ly oy
RERNTHER L7 K 7 20 Si—0 ik & ik L <. Z2EIEED D720 QUIEEDORIG AV
7ol Tl EHEERT B,
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PR U 725808 No.16 & i L TR S b <. ALOs /LY AR TYERL L 72508 No.3a PakEl No.4
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OFER (X149, X 4-12) LRETHY ., T T ARRZOMED Si—0 R ELr 525 &
ZEZHILD,
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5. HE

AHFFE CRIM U 7S5BS 7 7 A%, TR CHRO A T A Ly b % FUBHIER R 15 R OGS
EEZTER UIZH T ATH D0, AERGIHC L > TH T AREIEED Si—0 Gk N R D = &
R LTZ, Si—O ZMBHMICENECTFINE LT, 4B TR LIZ X HCH T ARmIHFICB T 5
TN Y & BRI DU EEIA VR BT DIRFRIRRE DD Si—O SRAEMRKI e84 KT
L7 FREMED S 5 L HEE L T 5,

Z T, 4213 (K4-46) O 3 WILMINZ 7~ U HHIIE Lo EF ALOs /LY AR T 1000°C ¥aEh (1
PRIE) 212V RO F FIRHNER SH7- 47 A BB No.2a & [F%E) O XAFS JIE %177, JIEIE,
7T AEE I &R B CTE) Y L 7Bl 2 5 BT 8ok L IR SR i e SR
ik (KEK-PF) O#R X #E—2AF 1 2 BL2TA IZBWT, Si RV 7 Matgs (SDD) & M=ot
1EIZ X % Si D KR XANES 222 [ VHIGE 2  KEK-PF OFffi X f# £ — 27 A > BL-27B I3 T,
Ge ZF MR Z W2 H#OGEIC L D Ce @ Ly Wl XANES A7 MVHIEZETT -7, Si D K%
I3 XANES A2 kb, JIE AT hLod 1890 eV DFREZE 012, 1850 eV & 2000 eV DIRE % 1
WZHIRE L. Ce @ Ly Wi XANES A7 kUi, JIEAT RLd 570 keV OFRE% 0, 5.85 keV
DR % 1 IR LT,

F7. Si D K Wi XANES A7 hL (% 5-1) (%, HEFEZRE & DIRrmOmiE & 6 1848.6 eV IZ
E— 7 SHBLL . RO RER O B — 7 S H IR T Ui O L B < o T,
ZOE—IHREDET, X RE BT 2@ L 2 TH R RN GO, BEEFRE O Si D K %
WD B — 7 5REEN T 7 ANEICH S T 20O v — 7 ME R $ &< 20 2 & 2GR LT,
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BED X MIEEA 5 RIE R TOBFILED XAFS HIEICBNW T, W7 AT T AD Si D K W
WD & — 7 BRESPE— 7 TR VX —8 T AHDT V7 I SR EIREC K-> TEb3 5 2 L1
AR LTS, AlElT, SDD 2 X 280E7E XAFS MIEIC L ARG THD = L 2R T 57
D, NaxO RENERRDIFEA T A LT N SRt (LiO. NaO) LA EE7R 2 epe gty 77
T AD Si O K Wz HE L (K52, 45-3), £ORER, FET T AHD NaO IR S < 72 %
\ZHE- T Si D K Wi v — 7 SN EF7T5 2 L 2R L, £z, 7Ah V&R Y (Lo,
NayO) DFLEE S =\ EHEFEFEY /T T AT & ST D K I v — 7 BREES 745 = L 2R L=,
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X 5-2 KO 5-3 (R LIoAERN D BEEFEREY B 7 AREEZRE O Si O K WU e — 7 58 (X
5-1 DFRFR) DIMEHRBEIE H 7 A OIS T 50RO E (X 5-1 OFR) L0 @mnEho—
DL LT, TAh Y @R VIREIC K D58 52 T To iR DI bivd, L Lenib, ¥ 5-2
KON 5-3 TR E DT VA ) @RBEIREIC X2 Si O KR E— 27 ZRLF—DT 7 M3,
X 5-1 OREFEZFRE & YIRIEICITRRO BV, ZNHDZ ENG, H T AOEEEZEE & YW T Si
D K BN e — 7 BREEIZENRH Y ZOBRHRO—o L LTT AN Y &R i B H 3 EeE e 1m & LI
A CHRARDAREMENRH D OO, ARIORAERRIZT TZ OV — 7 MEOENT VA Y &JBER
FEC K D5 L IET 2 Z LIXTEZR,

WIT, T T AOEEERKE & I D Ce @ Ly Wi XANES A7 ML X 5-4 [ Zx L, Hige L
T CeO HIRDHERER: (X 5-4 DR ZOFFL LTz, RUF AT T AHFD Ce O Ly WKL XANES
AT MVE, Ce T2 3 MEREEDHE 5.727 keV (CAUE/ 22— HFL L, X 5-4 TSN D
4MRIRAE CRIEEE LD 5.737 keV D E— 7 HHKT 2002 L6 | BEEE T & UIBTHE X V3740 E Ce 23
EE 4 MIRRBIC S D Z L3 otz Eio, BEERERE (X 5-4 OFR#E) 0 5.727 keV B — 27 FREEAN]
Wi (4 5-4 OFH) OB —7RE LD AR, SOHIEEEIRRID 5.737 keV B — 7 FREL T EIWTH
DE—7E LV ETENZ LD, BEEZFREO Ce J7 MU D Ce i & bk L T, S 51
4 fRREBISEV W CE D, ZAUGERER A & UMD Ce OJRFMRREED G TR 7 A D3
MH SN DIBRICIN T, BEERE Y 7 ANES & e U CRME SN W ERBEICH o 7o L5,

7¥5. 4 AMIREER &Ik U 7- e 2R (X 5-4 DFRFR) D Ce D Ls Wellithiis XANES A7 V73 CeO
MRD AT bV (X 5-4 OEMR) L RARDHEEIIRHATH L0, BEEFHK CER L Ce &8
T AR AR MAVEBIEL LT G | T AR 4 RIREE CIRAF L7285 D Ce @ Ly WX
Uit XANES A7 hUiZ, 5.731 keV & 5.737 keV 12 2 DD E— 27 BHILT 2 CeOy DAY kL LB
2%,
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XAFS JIEDFERD B | AFRGAHIZ X o> TH T ARELLFO Si—0 AUGHAMICBIZ S 2T, %
AT T ADSEEES T DIBFRICRB W T A T AR TV H U EBIRICHOREN EH L, WE Sz
RO IHE DB S DRI E BIRR R B, b OREEE 1T T Si—O0 4UEHILD QY
FENET B EEZDND,

AT L 72T F7 AD 5 6, JFEHZHW T Z A Ly b G No.1) <0 Ar T AFRFAK TR
WAL 721 7 2 GUEF No.13) 1%, RED ORI FIxIT 27~ v A7 MAOETNEL, &
LT H T AZ VY R L E FREDEI LI P T 2 GV No.2a, No.14) X, EHENDIES S
XS D AT MAVOZUIIRE VY, T HRED BRI FANIxT 2 AT MAE DR/,
WRRLAT 7 A NGRS 2 F TITEE LI & Z ORFHNOREEE S 2 FAKIC L 2 ERRENWEE
2 HiD,

HZ ATy~ GEREFNol) 1ZA—BUITEB LT T A %2 UCTERL U7z eSS, Ar
AFRPHK CHIAREL L 7= 7 A GUE No.13) 13T RIEMEA: Ar B AFPHR CRERI L T\ 5, — 7, il
T A%V RO EEEEE L7727 A G No.2a, No.14) 1E, HfFVYREHEH L2 L TRRO
RAZH LI=b DD, v ZIUFNTHEILTZ720, Bl E TIZ I~3h OFFHZZE L, Zofich
T AT RKEAKITRE SND, o~ v 7 RN TLY REER L5 5 2%£iH  GUEF No.3a,
No4d, %) SLERIFRUNEERE CIRARE F L= 7 2&Hm GRUE No.16, No.17) 1%, =iEKKERE
TERRL LT 7 A% BERE—/V RN LiAZ, 2 O% BT —/L R &2 TR L I2ARMIFN~IUH L T
IR D72, WY ROEFEEE L2 T A UE No.2a, No.14) &V EEEFEIFE N DD, —iE
S Ee N NS O

F7o. RGBRMGIREZ T 7 AR FICRET 2 2 & T fER L2 7 AMEOIREIG T %1%
FILTWAN, RGBHIIEIEE 2 FIF 7207 Ao EE g GUEF No.8a, No.9a, No.10a) DfifiH
X, BEHER RS CERLL 720 7 ADFER VB No.6a) SfRFEIZETHoT-, FIBmEEELE X
TWAEILT= 7 AMFEOSEEEE (UBF No.1la, No.12a) OFER S, FEERREETIER LT Z
A (B No.7a) OFERLFEETHoTZ, TNHEDOZ LD, BBFIFCE D AT AEHD Si—0 22
R~ OB NS W EE R D,

U bZzELDD L BUHRFEIEY T 7 2 OEER AT O Si—O0 E MO ZEIL, RRIFHK TO
BEERF IR & ARFE L. T OBEESAER T Z ARE DT V1 ) SRR AR EESCWNE L T2 iR DR
TARREIC S D5 LB bND, T 2T, BHEREEM T 7 A Gk No3a) &[F USMFTHERLE
10wt%Na,O & AT 7 A RO g 2 E Lic T~ A7 by (K 3-1) &g d 2 &,
EEEREILEEO Si—O ZUBHMOZITRO b LT, 7h U @BERCIREN T 7 AFKE CTra< 72
DHIRK E LTH T AR L TV D HREMEDR B 2 LD,

Hiflize 7 A e 7 AR (LiO-NaxO-Si0) % BillZ LixSiOs-NaxSiOs-SiOy IRAEXKPI1 2 S5 & | 2
SbHIEA (622, 685°C) DE/VPEEEIL L0 : NaxO : Si0 =10 : 19 : 71 LV 12 : 27.5 : 60.5 TH
V. 10wt%Na,O ZAJEENT T ZHRE (32 5-1) @ (SiOr+LixO+Na,0) H1D LiO & Na,O DE/LEIT
LixO-NayO-SiOz 2t AR & VARV, D F U | BEFEMIAL ) 25 E 720 10wt%NaxO & A TFENT 7 A3,
ZOFENT T AR E D B L0, NaxO MEWRE £ TIEFCTE 5, F72. LixSiOs-NaySiOs-SiOs IR RE
BIUSI DB R A iR 35 & 3edh RSN O OB RN R & RE R ZENGED HIVT | TARRRAE
NS L 72 T AIEERN S — 72 RBE 2 HERF L QWD 2 E BB T 5, — 5, HigEFEEm Y 7
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AU 10wWt%NaO & FEN 7 AREIZ T v H U HHERR <07 THEI L O BESEIR 3 DS RAT L
TRV, SiO BT 5 Si—0 ZHEHRRIEL Z 4L O BEFEMRY DO IRENLT B 728, TRLRRED
SRR 5 IR TAREIL 725 L0, NayO O7 v U &BEACHI AT T A PGS R E~A T4
B ETHET D, B, BERIITHCT VA Y SBRBLBBITT 5 LAE LT-SE. Ar T AR
RCEEE SH72 7 A2 GUBFNo.13, [ 4-41) Kb, KRRIRFAK CREE SE7 7 7 A KM & Rkk7
Si—O ZUBHR O LAEE SN D3, KRERFFFHR CREE S 78 7 A L Big o CTREICITWVIE E Si
—O ZEEH D QU EIEEIADEN 2N DI T DA R Uiz, ZORKE LT, mikEIzR T
% Li,O. NaxO ZD7 )V U &R bR L2720 L& 2 b, EICEM L7- Na,0 2 &1k
BV OEIREERIZIN T, MESRHKD 0, 73 HEDMEL 72 513 £ NayO QR EDEM L, A5
FORE ONH DN ERE CHE L L TERHERKDbID 2 L 2B LT\ 5,

MR, VR T ADEEE T DR A BIEET D L RARICHR SR ED B E S TVEE A EIT 5
ERDLNDZ NS, IRANRIEEZHERF T2 X 0 ICH T ANDOT VA Y BBER LN T T AR
BATT D LME LT, L Lend b, BEEEMIRGY & 3 £ 720 10wt%Na0 B BT 7 2 (K3-1) <°
Ar T AFFPHE TR & i EsEm 1 7 A2 B No. 13, X14-41) DX 51, ZOE THATX
BROERPIFHLN TN D, b T ) SRE L ORI A ERE R 3 5 121%, BEESF0H %
IEZ T-ASHRFESE T T A B EL L CH T AREEE 2 3 HMICRE T 2 LER S 5,

2 5-1  10wt%NayO SR 7 A DSk GREME)

Si0, | B2O; | ALO; | CaO | ZnO | LiO | NaO

HERE (Wi%) 56.07 | 17.10 6.03 3.60 3.60 | 3.60 | 10.00
EVIRE (mol%) 5731 | 1509 | 3.63 394 | 272 7.40 9.91
(SiOr+LiO+Na,0)F DE /LI | 76.80 9.92 | 13.28

I, WHEFEHEW T 7 AN B ENDHICROIRFARREBICE B35 & B{biE okt O BB A ARl
T T ADENENAET UL, T D OF{LIRTTR 23 ek I3 T APIZBW THED Rk
REZ V155 Z LN TE D, Ce D Ly I XANES 227 kL (X 5-4) 75, BRI 7 AT
BEND CelL 3 fli& 4 fOIRAIRAET, BREERE IR 4 MREICHD Z L 2R LTS, 22
T, TABET T AT D Ce*'/Ce® st DEXULTFHEMI R DM FRREIILZEIT D L. Cet'/Ce
it OAIE TR EEAL N BN B OB (O FABNAT) ITHEL TS Z b, Ce 23 4 kB
VZHi D Sl & UCERRLT 7 AHRICHAE O IREREWIRGLIZH D L EZ bd, £, FRREICLE
Tz NayO IREZLEZ T2 T A Ce*/Ce® Rt DM T TEENIE, NaxO AN &V T EHLRI~
7 FL. Ce D 4fliRAEZ TV 15 5 EAN AN D LRI T & 2,

KIRFEDH T AERBREE 2 BB 2 & W7 7 A OETE O IBEIBECEWVIREEICH Y . KR
FHEKND Oy MEBIIH T APNEGET LA REIRW B2 6D, o, BT 7 AN
EE T DR, ERAT T AN SRR & Ao T2 T AT ) SR T AFKE~BIT L, TIH
U BRI EE 3 R < 725 T R IETHEC Ce 78 4 RIRRE TLEE LT L HEER 95,
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HAW 22675 7 AEfbIRE fE3 5 7 a2 A0, IR 2 1 7 A OWRmEEA B L
TR, TR 7 A SEEEIC D IRBUT VY RO £ FEEE L7277 2 (B} No.2a, No.14) &
HNEF 2D, 2O, EEOT T ARG S N BEFW T 7 AL, T AREIZT VY
SR OWEN EH- L. Si—O ARG RE D DRI I L TR L TS LB 2 bivd,
F 7o, PR DN LTV DAEERFEREY T T A O EIHLFH L EMEOFIIL, H T A EFTE ORI
IO L U CR RIS LT D 72D RO 7 RERD H T ARENREE & & T OFH N
ALTWD LRSS, 72720, ZOH T AREEHFO Si—0 ZEEEMEk 27 28I, FIETH
S0 um BRI E D Z s, T AFEUL T Bt A TRIES B T A FULIR OB U R 22 M8
BSHZ LihaneEzons,

BAZNT . ABFFRORE R O VERSRAEC K D BBRBEIEW T 7 A OFEAVRFEICBI L TR &2 &
wEed, 4Bl HERFESE T T ARBERF RS FIANZ T~ R HE L, H T AREITED Si—0
UG LT D Z L R L. £ O— 5 CHIE-COWm O 7~ o ARy MVERETH Y | Si
—O ZEBHARRI I 2D o e, Z ORI O Si—0 2GRN —ETH D Z L1k, HT7 AN
IR R TR L72BR. Si—O ZA@HHAkAN 28 g 2 fEIR & T O R & 72 2 FEI S — BT 2 H D T
372 <, Si—O 4UBHMENZL L TH W T ADOBAFHEIC B L B2 Wk B2 bhvd,
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6. fEs

AWFFEI, VREH T ADNEEE L= T AFKH & H T ABNSUIWIN L U= T AK R OFER 2 TR
T 5728, AR DO RE J%Eﬁ%ﬁ T ATV N BT DS CURRNEEE S, RS HANIH T AFkK
HTEEOIRAE SR T ~ L YHIEIZ X 0 5 L7,

AMFFEDOFERIZ LY | HFONTEREZ L TICHIET 5,
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