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Formation of Isolated Metal in a Metallic Melter

for vitrification of High-Level Waste

Masamichi OKAMOTOt Muneaki SENQOO, Shingo TASHIRO,
Tsunetaka BANBA, Hisayoshi MITAMURA, Kunio ARAKI

and Hiroshi AMANO

Division of Environmental Safety Research, Tokai Research
Establishment, JAERI |
(Received October 25, 1979)

A metallic melter made of chromium-based alloy used in the
HLW vitrification testing apparatus, which had been in survice
for a total of about 150 hours at 1200°C and 1300°C, was ex-
amined to evaluate its durability.

The reaction mechanism for the isolated metal found at a
freeze valve is described, along with the results of micro-
scope structure observation and of isolated waste components

determination.

The isolated metal formed from the redox reaction between
chromium in the melter and molybdenum / iron in the glass. It
consisted of several different structures. These respective
compositions lay on a line toward a low melting région in the
phase diagram of Fe - Cr - Mo ternary alloy system.

The isolated metal formed by the reaction on the melter

wall solidified at the freeze valve.

Keywords; Metallic Melter, Chromium-based Ally, Isolated Metal,
Redox Reaction, Melting Point, Phase Diagram, Vitrification,

Durability, High-Level Waste, Formation Mechanism.

* On Leave From Japan Steel Works,LTD
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Table 1 Chemical compositon of the melter (wt.%)
Material Cr Fe W S Mn Nb
*
KRIMAX 59. 33.7 5.35 0.95 0.54 0.16
* 3 Information from KRIMOTO IRON WORKS, LTD
Table 2 Recipe of simulated high-level wastes
Oxide . W-1 ~ W-2 W-3 W-b W-5 | W-6
Nan0 i 16.3 , 17.k 15.5 | 33.7 | 1k.9 | 16.1
KoO 0.6 : 0.6 0.5 | k4.8
Ca0 23.6 | 21.5 | 11.6 11.4 1 12.3
RbpO 0.7 §
Cs50 11.8 5.3 | 11.6
Sro 4.5 5.0 L.1 1.8 i S
Ba0 5.1 k.7 L.8 3.7 L.8 + 5.1
1203 } | 1.1 |
Lap03 | : 2.9 |
Ce203 _ L.8 ;
Ndp03 : 5 13.4
ZrQp ' | : 6.9
Mo03 , 17.8 |, 16.1 | 16.4 | 11.8 | 16.1 | 1T.5
Mno3 P2, L2k 2.9 2.k 2.6
Fep03 11.0 | 15.6 | 15.7 6.7 | 15.5 : 16.8
Co0 1.1 {1 1.0 . 1.0 0.5 1.0 1.1
NiO 1.8 2.1, 2.1 2.4 2.1 2.2
Tep0 1.9 1.8 | 1.8 1.3 1.8 1.9
Crp03 | 3.1 2.9 | 1.9 0.6 2.9 3.1
Ti02 11.1 | 10.1 | 10.3 11.2 | 12.1
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Table 3 Recipe of boro-silicate glass

Component = M-1 | M-2 | M-3 M-k C M-5 | M-6

= 7 i i 1 d R

Zeolite  46.8 | k6.0 | P 43,3 k7.1 | 51.3

Nap0 ' 16.4 © 16.2 | 8.6 ' 2b4.0 | 16. 9.1

B203 112.3 | 12.1 ¢ 10.5 ¢ 11.3 | 12.2 | 13.3

Ca0 L 5.3 ¢ 5.2 | L8 k.9 = 5.3 5.8

Si00 : : ©30.7 ! :

Al203 % | ;

Zn0 ; ; L 19.2

Fep03 ; | TR : |

FPoxide  19.1 . 20.5 2.4 | 16.5 | 18.8 | 20.k

Component  M-7 | M-8 M-9 ! M-10  M-11| M-12

Zeolite ! i : ;

NapO b4 oo17.% 0 16.5 | 16.2 | 17.0 . 15.5

Bp03 L.k 7.0 16.6 @ 16.2 | 1T7.0 ' 15.5

Cal : ; i !

si0p 7.9 i 52.3 55.2 ' 53.8 | 356.7 51.6

Al203 L 6L b3

Zn0 ) ‘ : i

Fe203 13.3 - 13.3 . 6.7 | E - 10.0

FPoxide 1¢6.0 © 10.0 °© 5.0 T.5 ¢ 5.0  T.5
U SO S SO

Componment : M-13 NM-1k  M-15  M-16| M-17  M-18

— x e rem b

Zeolite 47.0  48.0 k6.4 , U5,k i UB.1 | L6.S

Kap0 16.0 ¢ 1k.k 0 16.0  15.0 | 16.0 | 15.0

B503 ©12.0 | 10.0 11.0 | 10.0 | 10.9 | 10.0

Cal . 5.0 . 5.0 . 5.0 5.0 5.0 5.0

8i0p : ? | E

Al203 ; . 3.8 1.6 L.6 | 3.5

Zno0- ; | i

Fe203 . | | .

FPoxide :20.0 | 18.8 ' 20.0 | 20.0 | 20.0 | 20.0

Component | M-19 & M-20  M-21

Zeolite ' 47.0 1 37.0 . 27.0
Nao0 ,16.5 | 16.5  16.5
B203 p12.4 | 12k 12.L
- Cal . 5.3 5.3 5.3
8102

Alo03

Zn0

Fep03 ,

si 10.0 | 20.0
FPoxide 18.9 18.9 E 18.9
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Table © Recipe of boro-silicate glass

Components wt.%
Zeolite 47
Na 16

20
B 12
203
Ca0 5
Waste 20

Table 7 Weight percentage of waste component metal
in the glass

Elements wt.%
Na | 4,29
K 0.ub
Cs 1.04
Sr 0.32
Ba 0.70
Mixed rare earth 4.28
elements
ir 1.41
Mo ' 1.64
Fe 1.09
Co 0.08
Ni 0.38
Te ' 0.22
Cr 0.09
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Table 8 Composition of the isolated metal
Sample Cr Fe | Mo Total
MP-1 45.5 43.6 0.3 89.4
CL-6-b 30.0 49.6 11.3 90.9
CL-6-e 27.0 50.2 11.4 88.6
CL-1-c 25.0 50.1 12.8 87.9
CL-6-d 24.4 51.6 15.7 91.7
CL-5-¢ 22.2 52.0 18.8 93.0
CL-5-b 25.3 50.8 20.6 96.7
MP-2 22.5 51.5 20.9 94.9
Table 9 Gibbs’ free energy of the metal elements
in the waste and the melter
' , A G (KRcal)
Reaction at 1200°C
4Fe304 + o2 = 6Fe203 - 18
2Ni + o, = 2Ni0 - 51
2/3 Mo + o, = 2/3 Moo3 ~ 56
2Co + O2 = 2Co0 - 59
6Fe0 + O2 = 2Fe304 - 60
W + 02 = WO2 - 78
2Fe + O2 = 2Fe0 - 80
Mo + 0, = Moo, - 80
4/3 Cr + O2 = 2/3 Cr203 -118
4/5 Nb + 02 = 2/5 Nb205 -122
 omn + o, = 2Mno 133
si + 02 = Sio2 -145
4/3 B + 0, = 2/3B,04 -147
Ti + o, = Ti0, -153
28y + o2 = 25r0 =221
2Ca + 02 = 2Ca0 -232

.,..,1 34“
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Fig. 1 Dimensions of the melter
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Fig.5 Calibration curve of iron.
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Fig.8 Fluorescent X—ray spectrum of CL-1
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Mo

Rase Metal

Weight percentage Chromium

Fig. 10 Distribution of the isolated metal composition in the

phase diagram of Fe - Cr - Mo ternary alloy system
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SBtructure of eclogped metal CL—1

Photo. 3
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Photo, 4 Struecture of clogged metal CL—4
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Structure of cleggped metal CL-5

5

Photo.
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Strueture of clogged metal CL—6

Photo. 6
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I |
0.4 mm
Photo. 7 Structiure of isclated meial! in glass products
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Before heating

After heating
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