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=1 \BUL)VEFEMELT S AR

E{biEsx TVF |R7/717 AVM WVP |PAMELA | DWPF {WVDP
H Si02 46.6 45.1 40.0 46.3 53.60 51.90 | 43.43
21 B2O8 | 14,2 13.9 16.0 16.4 13.24 8.05| 10.28
; ARO3 | 5.0 4.9 3.0 4.9 4.02 4.16 6.55
™ Li20 3.0 2.0 —_ 4.0 3.86 4.44 3.15
};',’E Ca0 3.0 4.0 — —_— 4.69 1.03 0.50
Zn0 3.0 2.5 —_— 0.02
Zs| Na220 [ 10.0 9.8 17.0 8.3 8.62 9.13| 11.44
= *
= FPEME ] 1 0.1 12.8 4.0 11.1 Tio2
0,
& | zom 5.1 5.0 lo.0 9-0 | logs " AR | R
2% b 0.35
(5.0) (5.4) | |zooi (10.91)[K12.12)
' 7.17
*k *“‘NQ L1 LT
Rl gl AR R
Po798 BifCiark | @m BHR | ERAS

F-2 BESREICIIHIARREDOSED

MOy/x . A
[l &) 1Rl DR MOBEE BFauE
MOY/x  xipit— (keay Folidh  (ecalima
& B03/2 356 3 119
B Si02 424 4 106
®_ Al03/2 402-317 4 101-79
B2 po3/2 356 4 89
1t pos /2 442 4 111-88
7002 485 6 81 .
& Zn0 144 2 72
B ALO3/2 317-402 6 53-67
1 Tho2 516 8 64
# 7r02 485 8 6L,
La0372 406 7 58
M Y03/2 399 8 50
8 ThOZ2 516 12 43
# Li01/2 144 4 36
% Zn0 144 4 36
& Cal 257 8 32
{£ Sro0 256 8 32
# Na01l/2 120 6 20
K01/2 115 9 13
Cs01/2 114 12 10
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%3 BEMRHSOH 5 A~OBEE (1150C) ®

Component  Solubility(wt2) g;ﬁf‘g““e
P20 2 (P,Ca)oxide, (P,Ce,Nd)oxide
Fe,0, 16 Fe,0,
NiQ 7 (Ni,Fe,Zn)oxide
Cr,0, 1 (Cr,Fe,Zn)oxide
Zr0, 10 ZrS5i0,, Zr0,
MoO; 3 (Mo,Cr)yellow phase
PdO 0.05 Pd-Te
Ru(Q, <0.1 Ru0,
Gd,0, 20 Ca,Gdy(Si04):0.

F-4 BEEMSHRERN 5 Zh ORISR ©

Waste Content / wt% _
25 30 35 40 45 50 55 60 65

XRD L - I
: Ru02 1 J
CeO2, Apatite
A J H |
EPM Spinel : CeD2 '
I Apatite |
| RuQ2

Pd-Te-(Rh)
Rh Ru Rh  Rh Rh PdRh Rh

K5 BERUESHE OW%H 5 XOBLBRIEIC X B IS S BHROD, ©

Heat R Normalized leach rate *2 / 10-%kgm2d-! Weight
weatmens VSRl X e e 5 Mo loss rate*?
as prepared None 40 101 64 14 22 53 L3 70 24
450°C, 1000h None 27 57 62 25 33 79 1.1 14 24
550°C, 1000h Ap,C 32 63 69 26 50 77 10 05 28
650°C, 1000h Ap,C 3.1 197 208 03 1.8 158 02 160 44
700°C, 1000h Ac,Ap,CS 27 75 84 13 33 82 0.8 130 25
750°C, 1000h AcAp,CS 13 23 33 1.1 13 35 04 74 11
800°C, 1000h Ac,Ap,CS 17 3.0 41 2.0 37 43 15 47 16
200°C, 1000h ApCS 22 38 50 22 48 S50 15 43 20
950°C, 30h CS 25 43 49 09 34 43 10 55 20
1000°C, 30h S 21 34 38 09 38 37 10 34 16
1050°C, 30h S 26 39 47 1.0 40 43 09 53 20
1100°C, 30h S 22 28 37 11 55 33 1.1 34 17

* 1: crystals detected by XRD (Ac: acmite, Ap: apatite, C: cerium oxide, S: spinel)
2. static leach test: 98°C, 1d, distilled water, SA/V=300m"!
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%6 Monofrax K3 dO#fpk o

{LFHERR (wt2%)

AR (vol2%)

A1203  58.0 A1203-Cr203 BB 65
Cr203  27.3 A EXRIViR 34
MgO 6.0 7> A 1
S102 1.5
Fe203 0.0
Naz20 0.5
Cal 0.5
T102 0.1
#-7 Inconel690 O @

Nickel .. e 58.0 min.

ChrOmiUMm, .. i e 27-31

1 7-11

Carbon .........coovvunt et 0.05 max.

R3] £ R 0.50 max.

Manganese . ......corieiii i e 0.50 max.

SUIUr . e s 0.015 max.

0]+ 1 0.50 max.

* Amendments lor nuclear applications: 28-31 Cr, 0.04 max. C, 0.10 max. Co.

%8 FrIATHEEBORRT Y LABORS L

c Si Mn r 5 Ni Cr Te

NFFZISCN24, 13| £0.20 | =1.00 | =2.00 | =0.040 | =0.030 | 11.00~14~00 | 22.00~25.00 FRTS
JIS SUH 309 =0.20 |'£1.00 | =2.00 | =0.040 | =0.030 | 12.00~15.00 | 22.00~24.00 FET
JIS SUS 3098 50.08 | =1.00 | =2.00 | £0.045 | =0.030 | 12.00~15.00 | 22.00~24.00 ELE
JIS SUS 304 =0.08 | £1.00 | =2.00 | =0.045 | =0.030 | $.00~10.50 | 15.00~20.00 13
JIS SUS 3L =0.03 | =1.00 | £2.00 | =0.045 ] =0.030 | 9.00~13.00 | 15.00~20.00 L1
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-9

X-10
X-11
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BJ-13
B-14
B-15
X-16
B-17
F-18
B-19
F-20
B-21
X-22
X-23
B-24
X-25
Bj-26
B-27
X-28

TVF A)NF—@®
WA REOEERE & AT/NY 7 O ©
BEMH S AOHEEESH ©
SYNROC FO#ERMHDREE ©
SIO2BRBICLDEE (25C) O&EL®

BEEY). NazO SFREHI T X
<& 0-40, 10 wit%
V. 15, 0-30 wt%%
A 0. 0-30 wt%
BEZEY). NaxO EFELHHI S AOERIER ©
BEEY. NaxO SFELHIT S ADKE @
FP Bt EDOERBHI R F—@
BEEMESEREH N S ADRKREE (T-T-TX) w
BEMH S AP DOILEDILEHRE @
BEEEMA S A5 DERHSE 2
BEEWH 5 A5 OLEERY LEETI o
BN 5 AP OB R R SR sk oo
WS 5 AR DAY I LT T 09
BREMH 5 A D¥E L &R ERR @
BEENA S ADERMEEKNMBBALRVF—EOEF @
Monofrax K3 OR&EE SiBE & DR @
Monofrax K3 OR&HBREDORE I ERE @
Inconel690 DR EFEE HRE. REEREE L OREF @
Inconel690 DERHBREZBOFEOHTHEE @@
TVF AF vy A O ERFIER ©
BHBREENOREESMGE @
EARRETERT 2 KIE @
BREOERE @
TERER R DWEIE @
AATZA NOEREE @
ZLEESOBETTIN O BB TETINOESR @
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OXYGEN

© SILICON
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OTHER WASTE
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H-3 EEHH I AOBERSR ©

H Spinel
Zirconolite Perovskite Halandite Neone!me | .
ICazr Tig0p) | {CaTiOq) 1Badly TigOygl tNaAISiO, ) (R*0 - Ry***03)
~
PR
. ?,\\
JJ&A"‘_\AI& *2a
‘ﬁpm 4

o

>
A AN N K

e N~
1"@@"
9, JKA )
S AN
2] <A

P
A <
2 /4 A A Si, Al-O ecrahedra
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® Ca.5r, REE O Ba, Cs O Na X Cs

N
- @ R** -0 tetrahedra
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VISCOSITY (Pa-s)

T (°C)
1,200 1,100 1,000 900 800
T T T T I

- Na:O{wt% )|WASTE(wt%) -

v & v 20
- o 10 | o 325 /O .

A 12 | A 39

f/._
100F i
- (o] .
C f/ ]
- ¥ i
B Y/ A/ -
B 0 I~ -
h . / R
\ 1 va
10 3

C A N
: /'V o Fa -

) i
- / .
-l 1 1 1 1 I
6.5 7.0 7.5 8.0 8.5 .0 9.5

/T (10 K™)

M-7 BEEM. Na20 SHZRLBH 5 AOHE ©
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=i0
=20
=30
-40
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o e
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2
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5 !
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o
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3
W
W .00
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130
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-150 22l ) L .
[s] 500 [[e]ole] 1500 2000 2500
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Table IV. Solubility of Waste Components in Glass
Melted at 1,150°C

Component  Solubility({wt2s) Crystalline
Phases —— 1 40wt3 (® : detected, O: not datected)

P.0s 2 (P,Ca)oxide, (P,Ce,Nd)oxide L e -
Fe,0, 16 Fe,0, 1100 ¢ . :

NiO 7 (Ni,Fe,Zn)oxide ilooo- s ..

Cr,05 1 (Cr.Fe,Zn)oxide w 0T A S
Zr0, 10 ZrSi0,, Zr0, g s el
Mo (O, 3 (Mo,Cr)yellow phase & e AN _;__: . ]
PdO 0.05 Pd-Te B osoor ° N
RUO, <0.1 RuQ, so0 ® e
Gd0; 20 C2a:Gda(Si0.):0; P Yoo o1 10 jor 1os

Time / hr
Figure 6. T-T-T diagram of waste glass melts.

Table IL. Crystalline phases detected by XRD and EPMA Tﬁbie I1L. Detected crystals and leach rate of heat treated 40 wt% waste glass

Waste Content / wit% Heat Crystals %1 Normalized leach rate *2/ 10%gm2d!  weight
25 30 35 40 45 50 55 60 65 treatment i Si_ B Li Ca Al Na Sf Mo loss rae*?
XRD ' | as prepared None 40 10.1 64 14 22 53 13 7.0 24
RuO2 " 450°C, 1000h None 27 57 62 25 33 79 L1 14 24
. —1 550°C, 1000h ApC 32 63 69 26 50 77 10 05 28
e0z, Apatite 650°C, 1000h ApC 3.1 197208 03 18 158 02 160 44
EPMA o I 1 | 700°C, 1000h AcAp,CS 27 75 84 13 33 82 08 13.0 25
Spinel v CeO2 | 750°C, 1000h AcAp,CS 13 23 33 11 13 35 04 74 11
Anatite 800°C, 1000h AcAp.CS [7 3.0 41 20 37 43 15 47 16
L P ] 900°C, 1000h Ap.CS 22 38 50 22 48 50 15 43 20
i Ru0O2 | 950°C, 30h CS5 25 43 49 09 34 48 10 55 20
PITeRI) 1000°C, 30h S 21 34 38 09 38 37 10 34 16
Rh R Rh Rh Rh  Pd.Rh Rh 1050°C, 30h S 26 39 47 1.0 40 43 09 53 20
u ' 1100°C, 30h § 22 28 37 11 55 33 1.1 34 L7

* 1: crystals detected by XRD (Ac: acmite, Ap: apatite, C: cerium oxide, S: spinel)
*2: static leach test: 98°C, 1d, distilled water, SA/V=300m"!
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Fig. 10. Free energy of formation of UQ2, PuOz and
18. .high yield fission-product oxides. Melting and
boiling points of the oxides are indicated by M and B.



Host important Candidate Ceramic Radiophases

Possible Radionuclides
and other F.P. incorporated

Structure Type** IVlustrative Compositions Total Major Minor
[Monazite] Ln,An
(Cag, sAng*5)PO,

[Perovskite] (Sr.Ba}(T1,Ir)0, Sr Ru,Tc*t Ti,Cs,An,Ln
[Pollucite]) Cs

[Spinal] (N1, Fe}(A1,Fe),0y Tebt Ru
[Apatite] Sn,Ln Ru
[Scheelite] Sr Tes+ Ln.An,Ru,Te
[Feldspar] sr

[Fluorite] {An,tn,Zr) 04y Ln,An Sr
[2irconolite*] Sr Ru

{ordered fluorite)

[Rutile] Ru,Te

(Fec Metal] Pd
[Hollandite*] Cs

[Mepheline] Cs{?)
[Barium-aluminate* Ba(AlFe),FeqaTi)303 s

{ron titanate]

[Magnetoplumbite*) sr Cs
[Na-Ztrconophosphate NaZrzP,0,; Cs,5r  Ln,An,

= Nzpl ? Tctt,

Ru,Te

Fig. Vil.

tons of different size.
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radiophase structures needed to accommodate the ions.

Zireonalite
ICaZt Tiz0y)

Perovikile
ICaTiOy}

Hollande
1BaAly TigQyg)

*Cs solubil ity in BAIT and hollandite, -First proposed by Ringweod, and in
magnetoplumbite by the Rockwell Science Center group, has not yet heen

quantitatively determined.

**Square brackets in crystal chemical conventfon indicate that it refers to

the structure-type and not the composition.

#5eparate substitutions achieved by Alamo, Vance and Roy (Mat. Rbs. uli.,

in press).

D Zre, U actinides

@ Ti-O octahedra

@& ©Co. 5r, REE

Ti-Q actahedra

FIGURE 12. Structures of the crystalline phases in Synro
Synroc-C is comprised of zirconolite, perovskite, and hollandit
Synroc-D is composed of zirconolite, perovskite, nepheline, an

spinel.
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{Canister)

Fig.1 IMustration of the mechanisms involved (from Ref.5).
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Fig. 1. Arrhenius diagram for diffusion of elements occurring
in the HLW in the waste glass GP 98/12 (or VG 98/12), and
U diffusion in a precursor glass [23-28,33}
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O Trap site ( He bubbie )

° Heatom
D diffusion coefficient

g trapping parameter

b re-solution parameter
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Figure 3. Density change in 244Cm-doped actual waste glass. Error bars attached to the aver-
age indicate each value of two samples.
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Table 1—Limiting Chemical Composition, %, of INCONEL alloy 630 *

Nickel ..o 58.0 min.

TH 101 11T R 27-31

1 7-11

12 1111 0.05 max,
L 1 0.50 max,
Manganese......ovvieienrienineneeareons 0.50 max.
QUL st e e ier it ririieaneneans 0.015 max.
1] 0.50 max.

» Amendmenls for huclear applications: 28-31 Cr, 0.04 max. C, 0.10 max, Co.
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