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Borosilicate glass waste form is considered to be the most suitable
material for the immobilization of high-level nuclear waste (HLW). How-
ever when the salt-free process on Purex method is adopted and the group
partitioning technique of HLW is completely developed, ceramic waste
forms which are excellent in thermal stability seem better for the im-
mobilization of hazardous TRU elements.

This work is a fundamental study on the solidification of TRU with
Y,03~-stabilized ZrO;.

In this work, Ce and Nd were used as substitutes for Pu and‘Am or
Cm. TZ-8Y (submicron powder) and degigned Ce(NOj)j3 or Nd(NO3) 3 solution
were mixed into paste. After dried, the paste was pelletized by the
rubber press, and then sintered at 1400°C for 16h.

Densities of the sintered pellets were measured and their micro-
structure was observed by X-ray diffraction and scanning electron micro-
scopy. The results showed that (1) the relative density of ceramic
pellet sample was as high as 96.4%, (2) each element was distributed
homogeneously and only cubic phase existed. From leach tests in nitric
acid and distilled water at 150°C, those ceramic pellet samples showed
aqueous corrosion rates which were about 102 to 10° times lower than

that of a glass waste form(P0500).

* (Osaka University
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Table 1.1 Composition of POS00

Element Contents (wWth)
matrix 71
Sl[]z 43
B.0 14
(1.0 3
Na,0 1
K20 2
Cal 2
Znl 2
Al20s 3.5
wastes 29
Na.0 7.4
corrosion 8.4
products
fission 13.2
products
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Table 1.2 Physical characteristics of P0O500 and
LIP glass(lowt% waste content)

Evaluation P 0500 LIP (lowth)
Leach rates (g ouf > d) 9.7 X10°° 4.6 x10°7
Dinsity (g ab) 2.78 4.70
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T. (O 600
T, O 184 415
Tae: (O 850
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Table 1.8 Chemical characteristics of Zr, Y, Ce, Nd '¥-'%
Element lonic radius Crystal type Stable | Electro-
of oxide valence | negativity
Zr 0.072 Fluorite type 4+ 1.4
with nomoclinic
Y 0. 090 A type structure 3t 1.2
with cubic

Ce 0.087.70.101 | A type structure | 4+/3t 1.1
with hexagonal

Nd 0. 098 A type structure 3t 1.1
with hexagonal

Ni-E40OB055, AFETIZHC@IIOVLTOEHELTY 0. KEEZr 0, £t 53
v 2 B OTREMIC DU TN, BEMAD N I 27 EBBRRKROBEEER) S, REMAINV I
STFRTIF A FRUS VI FABREETERTEEE, TANIRUTAN RS
B, HeEoBRBRII/NIL, E2A2ITELBL IR TNEY 2P, /Y. 0,
WALRENRZ T O, WO TEHBRHMTH S LR ONTLEY o

1.3 FEMOHoXL

Hir, FEBEEREEABTE, SHIH Z 02 H L WHIZiL35~40w t % OFERHEN a ivg
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PurexiEcd TIN DY ~T oL 20FANRATNTED, HoBoRERNEICE
Bihid, HLWO—BHENNABLGENTREELD, ZORERGEOLS 1 v 7EED
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Table 1.3 Chemical characteristics of Zr, Y, Ce, Ng **-'¥
Element fonic radius Crystal type Stable Electro-
of oxide valence | negativity
Zr 0.072 Fluorite type 4+ 1.4
with nomoclinic
Y . 090 A type structure 3t 1.2
with cubic

Ce 0.087,70.101 | A type structure = 4+3t 1.1
with hexagonal

Nd 0. 098 A type structure 3+ 1.1
with hexagonal

n-&r OBEOS 5, KRR TEHEC@IZOWLTOBRHELTY . OKERZr 0, £33
v 7B OTRERIC U TR, BRI N IZT SBBEEROBEEERD S, KEAI LI
STRTIFIA FRUS VY= FARBRES TRBTEE L, TANIRUT AR LEE
B, OekoBEEBRIINE, BB LBV I EMHoNTWSY Y, £#/2Y.0;
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PureXECEBLWTI/N N7 —7oe20BRSARAENTED, M oBRSBEHINEIE
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5 2E b THR E7 B0 /b5, KoL Ur—h, - %) VBESCEZY5 X
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2.1.1 Bl I REREORE

TH:Y ASEID, BATAE-NOR kol NERE RELEM DEEEELZRELS
T LERIIE00 M TH 72O THE—-IL 2WERAV, K (10me) 154 B /b (3mme) 66fE
AR U7z, F1o, [EEET120rmm B AZERET]  2H0ERTHZ Z &ML
BA (B BEAEEL:, FROR WML IZT7RETZ-0Y (Y.0. 28401
TIrE L OBE) +12.5 ml%Y .0 BAREORREDS EMERAFig 2 L IZTRY. B
LTSRN SRR LA it s b DI P IC BB A N TV B D0 hin B, BE-TH—IU
INRAEMES 5 BEICHE L7,

2.1.2 MHSEEECRMORE

T ML TRETZ-8Y (Y.:0.%28 ml%&HT 247 I 70 08K 28
U TR E B A 1300°C £ 1400°CHT, MEESER A O ~1685RY T 10 2O IR r S TR S E T
F£RTable 2. 1 DX UHBRER

Table 2.1 Relation between sintering temperature and time and density

Sintering | Sintering | Density/Relative

Sample temperature time density
© (h) (g/cxd) / (B
1 1300 0 4.17 / 69.88
2 1300 l 5.43 / 90.95
3 1300 4 5.65 / 94.61
4 1300 16 5.68 / 95.11
5 1400 0 5.69 / 95.38
6 1400 l 5.56 / 93.08
7 1400 4 5.57 / 93.22
8 1400 16 5.72 / 95.88

X it O XBET Y~ ORENL LOAFiIL 2 2177, 2TOEMTcubicH
ZRA LT, U EOBEX DEEFHA1400°C — 168 LIRE LT,

2.1.8 UNa=T7TOREHE

Y,0:0Zr1 Q, ~OEBEHOBEARNI7:BITZ- 0 YIKHEORDY (NO;s) %19
—ITIRAA L 1400°C - 16BSTSEEE Lz, FENURHOBE : o LHUEE : 0., %ZTable 2.2
2, X®ROH <y - oRENL b DEFig 2. 3ITRT,
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Tabel 2.2 Relation between Y:0; content and densify

Sample | Y:0: content o Ocot.
(mol1%> (g/cal) &3,
1 8.0 - b.TT 96.7
2 10.0 5. 65 95. 3
3 15.0 5. 37 92.0
4 18.0 5. 27 91.1
5 20.0 4.83 84.0
6 22.0 4,76 83.4

p”Lﬁ%J~%A(%)&ﬁﬁb@ﬁﬁ&%ﬂ,ﬁﬂbtif@ﬁﬁ?cubicﬁﬁﬁ%
XN R SR TR D - 120 o TY0:DZ r O, ~OEERIZ22 mol %LLET
B LA ot 2170, ~OEMBEIBETY 0:2FAT, AEBRTIIT M » 7
Z (8 mol% Y:0,+Zr1 0y WHLTLnEHEAES.0 ~12.5 nol%ild 5 I LIt Ll

2.2 FEE

2.2.1 XUy FRBE/ER

TRUDS 5, AHTE4£CeT, SWMIEANITHEBELZLnERYL, Y0, TKELK

710, Nlw MNEAMAEROFETHE 7o £0F +— FEAEFig 2. 1ITTFT. EEBERIC

HEHRE SO 2AERL, HI PRREABEEAVENI Eicl.

D TZ-8Yi, FEOBOCe (NOy) 5 Nd (NOJ) JKEREBGEREICALED
LD ICERELANROE—ITRE LTS

@ FORMEE+SICERS T,

@ BohfBEET L FAMRTHHICRRLH, T00 C (FREE 200 °C/ h) T
FogE (R €7

@ zofEkE LI TEE—L I VERVTHS S FMEXES L, SRERLI. O
DL ZBRAHHG TV LS, Fig 2 4 OBUTY—BATHRTLE I OTERET 5,

® ZOREOH4gEYY VYR BTHRBEICL D0 ke cdf THEL, EE20m,
Ex#5mDNL vy FEERLE (Z0LEOBEIRIMN2LL g/l Th-T) 6 D%, H
WT AT BATI =T L AB%E R #1000ke /cd TRABME L2 (O ESOEEL
#4.0 g/ TH-12) o

@ BEEAETLIFLYHECANT v ZUFNTIL0C, 1BMMBRES, FRICTER

ﬂ?% L*ﬁ:a
2.9 2 X@EHTIC X 2cubicORESE LB TEROAE
Mk DEE BN ORERE L IR T EMOME D7 X BB 21T - 72,
Xﬁﬁﬂ&bfu,ﬂ%ﬁKbeb—&bvFﬁﬁéhmwvﬁﬁ&vykﬂ®ﬁ§%%¢-
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2, FROOEIZARL » FEFBROBEEL v b LIt OEBHEEEIR L TR
BEEMOERITES | NBEEEARL, XOICBHRELOHBGIT o TORERETE
¥ (d..:mm JORTEINS.

(L P«McARWO

dmﬁA {Rz:+Ro+ } ) (1}3“
100+ EM, (Pe— 12

i
[+
i

&Rk:RK_RZT

Rz : Zr VOA4 ¥E (mm)

Ro : OO+ ¥E (o)

M, : K..tEOEHE (mol%)

P, : K. B{tH5> THROETEOK

A EEEMEO BT ORMFENRE
R, : K..tEDA A ¥&E (m)

ML D Ce, NdOBRBTEMIZLTO 31045,

0. 018Y-+0. 006C

dc.=2. 3094 (0.221 + ) (2)
100+Y

0.018Y +0. 034N

dne=2.3094 (0.221 + ) (3)
100+ YN

- =TY, C, NIZERENY:0s CeO:, Nd,O:;DELBRETH S,
BREE (0., g a) HORTEIND,

ZpkMk {AAk+ [POk/Pk_zj AD}
100+ AM¢ (Py—1)

St

pon= (Az, +2 Ao+

X (Z7107% Nd ™) (4

Az Zr ORTR (91.22)
A, : 00RETE (15999

AM, K. tg:Zr ORFROE
N . 7HF Fofl (6.02x10%°mol™")
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d th - %%Eﬁ (ﬂm)
R EnCe, NdOBHBRERERXILUTOL 31T 5,

-20. 64Y+48. 90C
pc.—6.64 (123.22 + } /d o (5}
100-+Y

. -20. 64Y+90. 04N
ONd=6.64 (128.22 + ) S d (6)
100+Y+N

22.3 SEMBR (REHZ:FENENE

BEEEOAHRE L EERE, HENTO.D, RBOSEMBEET -7
EFEBIICA Ly AR UBE A -7 & 5, RMOREBREORS, YAYEYF
By HEEGTAL y FREEEARICE D £ OUMEES > FR—rS—, V0B, 74
ey RR-2 MEARVTHEL, £hEhES EMBEE Lice BERY L I=T (88K
DI, — K AR B S TR L

2.2.4 WEME

BEEHRONRL v PRBOBERZEORREERD SKDT,

7o, & O ERNEEMEDIDROFRIC LI -> THE L

D REEREARTH2EMERL, HRATOEIET~THR LIS

® TERITEELTH:Ob, KPER (W) LHERHER (W) BBV —¥
TRHORTAR R TRD, BEOEVREROBVLEOER) 2MET 5,
@ 120 CTUNMSE®RL:-0b, HRER (W) 2L/

@ (7 8, QRicEh, ENFRE (p, : g /ad), HEKE (o, @ g ad) K
F (P,: %) #HHEU

W

p.= ———— %0

W, — W,
W

0y = ———— (8)
W2 —Wl
W, — W, :

Py = ————nm (9)
W2 _W1
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2.2.5 SaEhRHRBHIE
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3. HWRLEE

31 B H
EERTHENL-HBOEMRETable 3. 1 LFT,

Table 8.1 Composition of C-, N-series samples

Composition (mol%)
Sample
TZ-8Y CeO:. NdO. s

C —series
—5.0 95.0 5.0 -
C—-7.5 92.5 7.5 -
—10.0 90.0 10.0 —
Cc-—-12.5 87.5 12.% R

N —series
N—-5.0 95.0 - 5.0
N-7.5 92.5 - 7.9
N-10.0 ag. 0 - 10.0
N-12.5 87.5 e 12.5

3.2 X#REHTT

Vel U2 o Xl 3 7 — 0 5 BREWL O EFig. 3. 172 5TcFig. 8. 21T,

Fig. 3.1k, fERL7-288Tcubicll ({ luorit e rREsh/L 3o
IFig. 8.2 £ 0, L nOFEMBAWEE 212 Lichi- T8y — W AEREMCBEH LTV 5054
. CHRTHTOZ Y, Y kb A+ #EOKRFNCe', Nd“OERIC L DEM
BNKECH T BTHTHbB, - 3HBRERFER L OBMEEF 3. 3 o, chk D,
C-, N-v1J-XT,

d.»s. = 5.139 + 0.0028 C
dobs. = 5- 140 + 0.0032 N
(C,N:Ce, NAdOEINEBE

THLE P 51, F1-N- VY —ZD12.5 mol%EAT0~10.0 mol 3 DEM EIZF - TV
VOl COSEMETNIO,. » OEEERLEEL - LEbhd, XRDPTE-778%
CohAVL O, E2ENATCKRETH - LEDND,

C—-uY) —~ZOBFEYR EEBEOWEHEETable 3. 215, N~ U —X%Table 8. 32T,
TIToe (AHENEEOFHETH 5.

Table 3.2, 3 3XkWN-V ) —ZLkhHC— ) ~XHEBOFH o, OEAFBNI &0
e £to, B/ —XREEECe, NAOBSHERPMEIBIILIA->To o OERECK
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Table 3.2 Relation between Ce0; content and density,

lattice parameter (C-series)

Ce Lattice parameter Density

ContEHt obs. th .Ouhs. Qih pre].

(mol%) (nm) (nm) (g/cm) (g/cnd) &3]
0.0 0.5140 0.5135 5,72 5.97 95.9
5.0 0.5135 0.5140 5. 80 6.02 96. 4
7.5 0.5160 0.5142 5. 80 6. 05 95.9
10.0 0.5169  0.5145 5. 80 6. 08 95. 4
i2.5 0.5174 0.5147 5.79 8. 12 34. 6

Table 3.3 Relation between Ce0, content and density.

lattice parameter (N-series)

Nd Lattice parameter Density

content dess. d:n Lobs. 2 1th Orel.

(mol%) (nm) (nm) (g/caf) (g/caf) 63)
0.0 0.5140 0.5135 5.72 5. 97 95.9
5.0 0.5156 0.5151 5.72 6. 00 a5.2
7.5 0.5164 0.5160 5. 72 6. 03 94. 9
10.0 0.5172 0.5168 5. 69 6. 05 94,1
12.5 0.5171 0.5177 5. 56 6. 11 91.0

’J-Cll\%o —ﬁ’ N—‘.‘/U—XCDD”:Z'?"&L‘(D@. Nd (3+) &7}"} w7 7;(@2]- (4+)
LOEFEOBR D1 OMEEILS LB ER LD EEDNS,

3.3 SEMBR®R

C— v —-X@RBofENLEDXABRZFIE. 3. 4187,

Fig. 34 k0Zr, Y, CeDLTNORRLEIAH LT 200bh 5. N-YU—X
CHRBTH 1m0 E7o, WERER, TovF 2 FAEIEETH - /O ERICIITLE -
to%@E::?Hﬁg&5®£5ﬁﬁﬁimfﬁ$%ﬁh,HmmiMwmmmﬂMdiDi

B, FOFRERFEFST umTH-7
3.4 BTN

i) WEPRHE
150 CTFF - 1-BHBOKR£Table 3.4, Fig. 3. 6T,
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0.8)

Leach rates of (-, N-series in nitric acid(pH

Table 3.4
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Table 3.5 Leach rates of ceramic and glass samples
in distilled water (pH=5. 8)

leach rates (g “ef « d)

Sample

Zr Y CeorNd
C—-17.5 < 7E-9 < 4B-7 < 4E-7
C-—-12.5 < TE-9 < 4E-7 < 4E-7
N-7.5 < 7E-9 < 4E-T < 4E-7
N—12.5 < TE-9 < 4BE-7 < 4E-7

Si Na (s Ba Sr
Glass 1.88-4 3.3B-4 2.3E-5 6.5E-5 9.9E-8
(POS0D)

Table 3. 5 T<EEi2 1 CPAIEDRER, SRO-ERBRHERELESRT S, C—, N
— Y —ZNENORBOLR 1 bi2FELL F1H 7 AEED L DICHE~T 3~ 4 HiLl L&
NI ERE- T

L% W

EFEICEORO LSRR EER

@ FEOLSHEAEERV100C, 16HMORET, HIEEORHMES. 456Dt T 3
7 BRI ENT 5 Z EAHRS

@ X®EF, SEMBENSZORBIZE—CREINTVA I LEEEIN, BdHiZf
luorite®dcubiclHDATH-T,

® Wb, XRkFSHBER,OH T 2B (PO500) kLT, 2~3HLILEY
ERAKEOCBEDOEROTTEEFE S &N D, FHHOBNEER TS/,

i

o &

EHEREERT BICH10, KEAFLERRFAIEHOLEERERITIEY O JiEE
AFE LI, CCERLTEMOBERLETD,
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Table 3.5 Leach rates of ceramic and glass samples
in distilled water (pH=5. 8)

leach rates (g ef « d)

Sample

Zr Y CeorNd
C—-1.5 < 7E-9 < 4E-7 < 4E-7
C-—-12.5 < TE-9 < 4E-7 < 4E-7
N-7.5 < TE-9 < 4E-T < 4E-7
N—12.5 < TE-9 < 4E-7 < 4E-7

§i Na Cs Ba Sr
Glass 1.88-4 3.8E-4 2.3E-5 6.5E-5 9.9E-8
(POS00)

Table 3. 5 T<EEi2 1 CPAIEOKRER, SRO-BRRHERELESRT S, C—, N
— Y= ZNENORBOLR 1 bI3FELL F1-H 7 ABELED b DICHE~<T 3~ 4 HiLl L&
NI EDE- T

L % W

EFEICELODRO LS UHRERI

@ FROLSLRAEEEV1400C, 16REORET, HIEEORHMES. 436Dt T 3
7 BRI ENT 5 I EA RS

© X#H O, SEMEZEH,SE£0FEEIE~CREINTVS I LEEREEIN, Hdelid f
luorite®dcubicHDATH-1,

@ Wb, XYAkFRHEM,SH T 2Bk (PO500) iTHLT, 2~3HLERL
ERAEOBLEOEROTTEENIEOEND, FHHOBNEER TS/,

i

o 32

EHMEREERT BI0H10, KEAFLERRFAIEHOLAEREIICIIE, O TiER
AFE LI, CCERLTEMOBERLED,
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Table 8.5 Leach rates of ceramic and glass samples
in distilled water (pH=5. 8)

Leach rates (g e+ d)

Sample

Zr Y CeorNd
C-7.5 < TE-9 < 4B-7 < 4E-T
C-—12.5 < TE-9 < 4E-T < 4E-T
N-7.5 < 7E-9 < 4E-T < 4E-T7
N-12.5 < 7E-9 < 4E-7 < 4E-7

Si Na s Ba Sr
lass 1.88-4 3.3B-4 2.3E-5 6.5E-5 $.9E-6
(POSOD)

Table 3.5 T<Ei3 I CPAIEORER SRO-BRBRHBERAELERT S, C—-, N
— U —ZNTNORBOLR 1 bI2FEL N5 REED E DITHANT 3~ 4 HLLER
WIEH T,

1. &% #

EFRICLOERO L S HEREE _

@ FROLS3HRAEAR1400C, 16HEEORET, HXBEEORTMES. 4%60E 7
7 BULRH e T 5 2 LR,

@ X#EHT, SEMEE,»SZORBIZE—CREINTV A LEEEIN, a1
luorite®ocubicHOATH-,

® %HMh, ZRAKFBERARSSY S RELE (PO500) ITHLT, 2~3HLUEREL
@RKEOCBEOENOTEMIBE O END, FRBOENEERTET,

Fxz

v

A 33

EHERAERT ZICH0D, ARKELESFRFHIEROLAERER I O JHE
%]E% Flr, 22 G:aabfﬁﬁofﬁi%% L i—gpo
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Fig. 1.1

Phase diagram for the system ZrQO.-Y.Os. In subsolidus region,
open and half-filled circles indicate the presence of 1 and 2 pha-

ses, respectively:filled circies show results obtained by precise

measurements of ce 11 dimensions:open squares those found by using

a high-temperatureX-ray furnace;and open triangles thcse obtained

with a strip furnace.
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{a}) 0Oh running {b} 8.5h running

(¢} 5.0h running {d) 7.0h running

Fig. 2.1 Sacanning electron micrographs of TZ-0Y + 12 Smel% Yo0, calcined powder.
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1-4

4 The fault sample in the step of 2

P2

Fig
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Fig. 3.3 Ce0, or Nd0,. s conient and lattice parameter.
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(a) crushed surface (b} EDXA of Zr

{c) EDXA of Y (d) EDXA of Ce

Fig. 3.4 Major EDXA photographs of ceramic samples.
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Fig. 3.5 Scanning electron micrographs of as-fired surface.
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Leach time and leach rates at 150°C in nitric acid.
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Fig. 3. 6 Leach time and leach rates at 150°C in nitric acid.
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Fig. 3.6 Leach time and leach rates at 150°C in nitric acid.
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Fig. 8.8 Leach time and leach rates at 150°C in nitric acid.




