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Introduction — Pyro-processing

MA: Minor Actinide
FP : Fission Product

Pyro-processing

Spent Fuel TRU : TRans Uranic wastes
(Pu + MA)
. To recover U and TRU from spent fuels
of pressurized water reactors RE waste
................ Composition
AU (93%) :
// LasssssssmmEEEs Reuse MOI%
/ P—
m U+ Pu+ MA - 94.4% Nd,O, 39.22
:’l .................. CeO, 22.69
{ AMA(0.2%) | La,O, 11.72
| [ — Disposal
’," / ,m I,Tc + Cs,Sr + FP(RE) Pro, 10.86
174 - > 5.4% Sm,0, 8.13
TP Cs.Sr(0.5%) I
.................. : ,Tc |Cs,Sr] RE [Total Y204 4.80
-----  FP(5%) 3.18 | 9.36 {87.8%F100% Eu,0, 1.30
Gd,O0, 1.28

> The composition is different from radioactive mixed wastes

—> needs for development of new specified wasteforms



Introduction : Cold Crucible Induction Melter (CCIM)

| p— 3) Crucible %
| o 100 F =

QRL =
> MI7|MEE :0.1~1 S/cm

— # L& :10~100 poise
— E%(r) g Zg/m2 S

2| spec.

1) KH. Yang, et. al, NETEC-KHNP , 2001, win kored g T 2 H



Introduction — Previous researches for rare-earth wastes

 Leached values of RE ions from glasses are very low.
465i0, - 12Na,O - 12B,0, - 24Ca0 - 3CeO, - 3Nd,0, (mol%)

Normalized released value, r (g - m-2).

Element
Ce Nd B Si Na Ca

(a) PCT-A
(7days)

1300 °C / 30 min MCC1 LoD LoD
23.5 wi% loading (35days) | < 0.1 ppb | <0.1 ppb

3.30 - 10¢| 3.58 - 10| 0.072 | 0.039 | 0.167 | 0.028

156 | 8.38 | 18.6

LoD :Limit of detection

« This glass contained only 6 mol% of RE
« We focused on high loadings of RE wastes

M. Kim, et al. /. Nucl. Mat. 467 (2015): 224-228. IPOISTIE2LCH



Objectives

> Fabricate glasses wasteform
to immobilize Nd,0, wastes

from pyro-processing

1. with high waste loading
2. with acceptance to CCIM
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/8 €4 9 £7%8 — Borate glasses 1300=/3082 &£ 8= ¢

Borate glasses are known for high RE solubility !

Two candidates of RE-rich borate composition

RO-B,0, glass 2 (R=Ca,Cd.Ba.Zn..) Alumino-borate glass
B,O, Mol% Ca_l%t EuO Mol% | AI_IXt | Al_2xt
9 Nd,0, 20 Nd,0, | 30 20
e Cao 30 ALO, | 30 35
B,O, 50 B,O, 40 45
Total 100 Total 100 100
CaO0 La,0, M85 AlLO, B,0, Zys | 1HY
Chemical durability (PCT) test
Ca_1xt& 2l Nd Ca B Al_2%t 52| Nd Al B
C; [ppml loD | 36.72 | 16.99 C, [ppml LoD 0.02 6.36
> diwel B8 2888 S > 2totH Ugt/gol ~3u F3 (Al FF)
Nd &HXIZF 2 FX5tE, & f2l2 CHEES Bestil Xt

AL 2 X|85to], | FEXN MY

Ca_1xl 7 2loll M (Ca+B|Y F E
- OSTECH

[1] K. Terashima et al. J. Am. Ceram. Soc., 80 [11] 2903-909 (1997)



Experimental procedures

> Final batch composition (mol%)

< Experimental procedure >

(100-x) (0.25 CaO - 0.19 Al,O,; - 0.56 B,0;) - x Nd,O,

\7Veighing
(x=0, 10, 20, 30)

Mol % — .
Mixing for 3hrs
CaO 25.0 22.5 20.0 17.5 - -

ALO, | 18.8 | 169 | 150 | 13.1
B,O, | 562 | 506 | 450 | 394
Nd,O; | 0 10 20 30

Total | 100 100 100 100 Quenching and Annealing

Melting at 1300°C for 30 min

changing Nd,O, concentration : 0 - 30 mol%

Characterization

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY



Resulis- appearance of glasses

(100-x) (0.25 CaO - 0.19 ALO, - 0.56 B,0,) - x Nd,O,
(x=0, 10, 20, 30)

> Appearance » Characteristics

20 % 2l

Density 2.124 g/cm?

T, 679 °C

0% 10%

Hardness 5.72 Gpa

Homogeneous glasses

Formation of crystalline phases in
the glasses containing

RE > (20+A) mol% [ 0<.AKI0)



Results- maximum RE loading

Evaluation of Nd,O, loading between 20 -30 mol%

Condition: 1300 °C/ 30min (at atmosphere),

air quenching , 15 grams-batch

RE addition
(mol%)

Homogeneous glass
with no crystals

20

22

25

28

30

X[|X|[X]|]O|O

Between 22~25mol%

We succeeded fabrication of the glass containing 22mol% (56.8wit%)

without crystallization

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY



Waste loading & composition analyses - ICP-AES

» Compositions of Nd,O, and other components in specimens
(80) (0.25 CaO - 0.19 Al,O, - 0.56 B,0, ) — 20 Nd,O,

60
53.8

49.4
50

25 25.45

15.9
12.2
10 9 9.25 D I
, L1
CaO Al,O, B,O, Nd,O,
ONominal composition  ®mMeasured composition

> Most components in the specimens are similar to nominal composition

> Change between nominal and real Nd,O, concentration is within 4 wt%



Glass phase stability — crystallization

(80) (0.25 CaO - 0.19 Al,0, - 0.56 B,O,) — 20 Nd,0,

)| @ NdBO,
x CaAl,B,0,
x 0 [] CaB,0,

XRD Intensity [a.u.]

WD 7.0mm

R T e (c) la] HT:800C / 5h
10 20 30 40 50 60 (b) HT :700C / 5h
Diffraction Angle [2 thetal] c/] HT:600C /5h

- Crystallization doesn’t occur at the temp. below 700°C.
- HMER 2 (F2AME M 20=) 0l HId Fo, 2 f2= EH2R AdhsrerH

'OF



Results- Electrical conductivity

(80) (0.25 CaO - 0.19 ALO, - 0.56 B,0,) — 20 Nd,0, logo=A-B/T(K)

o (Q1-cm?t) vs Temp (°C)
1.8 1.5946

— 2

1000 1100 1200 1300 1400

« CCIMol| H&st7] flall sl == M7 =% (0.1~1 S/cm)
oo ti §sote 2= Hl= 2F 1200~1350 =



Chemical durability test - Product Consistency Test (PCT)

(100-x) (0.25 CaO - 0.19 AL,O, - 0.56 B,0,) - x Nd,O, (powder, 905, 7¢!)
(x=0, 10, 20, 30)

FE) ot E Argotd & g3 7t&52 /7 21z Boh/Hld J1=0l B
(PCT 2 AY) TS T2 DIW Lol 72 (905 )7t B3 & Efo]@ 40| £ 55 0|2 =&
5% ) C,
z Normalized concentrations, r, [g/m?] r(g/m°) = f(AIV)
r [g/m’] Ca B Al Nd

0% 0.469 0.677 0.002 -

10% 0.473 0.406 0.016 Lod (< 5.00 - 107)

20% 0.073 0.067 0.009 Lod (< 3.62 - 107)

> 2= F2l°lA Nd 2 Released concentrations : < 0.1 ppm
> 25 HAL7FUS Z2IF (r < 2g/m?) BFH=
wel T FHU B FET2 Nd 37tell Tek 1710 = g
-> RE 7} Al matrix 28 23t

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY



Chemical durability test — Materials characterization center (MCC)

(x=0, 10, 20, 30)

MCC1 test (bulk, 90%=, 20 ) (MCC1 2 A &)
Bulk Al 2 DIW WOl 20 (90%=) & &
Bulk AITH S A8 5t AHAIH J2|4+X -Eo|2xo =EH Ol2 T 5%
O YTFZ 11 (ex, surface) - ™ morphology &t &

Normalized concentrations, r, [g/m?]
r [g/mzl Ca B Al Nd
0% | 20.25 | 25.91 | 1.57 -
20% | 0.83 | 0.19 | 0.16 Lod

> &= F2lellA Nd & Released concentrations : < 0.1 ppm

> S ER H7tF F7F Al 1710~ 17100 =2 Lo



Elemental distribution at surface after dissolution
Bulk & 24 (MCC) & EMHY FEEFNAMY HALEEX 7

25 CaO - 19 Al,0, - 56 B,O,) — 0 Nd,O, ( EDS : Line scanning )

> AL O EH &3 &
=2 -> Caol HI&l &
£°0| XA (AIZ &
2| ¥/ Al)

> BS EDSE =% £7t

Ca

0 2 4 6 '8 "loum

2
>CaS SN MM HE/ S2TX PO osts YA HERA

Ll M, ,s 1

ofeo o a o A
> Silicate 52|12 S Af ———



Elemental distribution at surface after dissolution

Bulk & 24 (202d) & EHO HALHE &4 (EDS : Line scanning )

(80) (0.25 CaO - 0.19 Al,0, - 0.56 B,0,) — 20 Nd,0,

A
400

3 4 um
> ALO(EMHE =), Ca(EHZAE) 2 Nd 76X 2 borate 2l AT S At
> Nd& Call S Af.
: Nd & &2l A A (modifier |2 =X 5t0{ matrix 2 CF UM L& J7I5 4
L EE T NdO EH RS E R A= T POSTECH



Summary

> Borate glasses containing 0 - 30 mol% Nd,O, were fabricated.

> at 1300 ©C for 30 min.

> Maximum loading was 56.8wi% (22mol%)

> The suitability as a wasteform was evaluated.

> Crystallization didn’t occur at the temperature below 700 ©C

> The released concentration of Nd were < 0.1 ppm.

> After dissolution, Al, O were enriched at surface and Ca, Nd were

depleted at surface.

> Nd may exist as modifier in borate glasses and dissolve in a

similar way with other modifiers.

POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY



