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ABSTRACT

The effects of noble metal elements such as ruthenium, rhodium and
palladium on the viscosity and electrical resistivity of simulated nuclear
waste glass were studied. The glass enriched with noble metals showed the
viscosity of a non-Newtonian fluid. The viscosity of the waste glass with
10 wt% RuO; was 3 to 7 times higher than that of glass without noble
metals, The RuQ: was mainly responsible for the increase in viscosity for
the glass enriched with noble metals. Electrical resistivity of the glass
with 15 wt% RuO. was one seventh to two orders of magnitude lower than that
of glass without noble metals, The three noble metals contributed to the
decrease in resistivity. The quantitative effects of noble metals on these

properties were obtained.

High-Level Waste Technology Section, Waste Technology Development Division.

This report is based on the content presented in 'Effects of Noble
Metal Elements on Viscosity and Electrical Resistivity of Simulated
Vitrified Products for High-Level Liquid Waste',The XV International
Symposium on the Scientific Basis for Nuclear Waste Management, Material

Research Society,1991 Fall Meeting, Strasbourg, France,November 4-8, 1991,
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1, INTRODUCTICHN

High-level liquid waste (HLLW} separated in the reprocessing of spent
nuclear fuel is immobilized into glass which is a stable form from the
viewpoint of storage, handling and final disposal. The HLLW contains noble
metal elements such as ruthenium, rhodium and palladium. These noble metals
are extremely insoluble in the glass[l] and tend to settle in the glass
melter[2,3]. These elements exist in the glass mainly as RuQ., Ru(Rh)C:,
Pd-Te and Pd-Rh-Te [1,4]. The sediments enriched with noble metals are
formed when these elements are precipitated in higher concentration in the
melter, The sediments are not only more electrically conductive but also
more viscous than the reference glass with the noble metals in standard
concentrations. The changes in these properties affect the electric glass
melting and the pouring of glass into canisters. The engineering approaches
such as melter structural design and operational technique have been
developed so that the melter should be compatible with the effects of noble
metals on the operation of the melter in Japan[5-7], Germany[8] and
U.S.A.[9]. But the effects of noble metals on the properties have not been
studied extensively although understanding them is important to establish
the vitrification technclogy.

In this paper, the effects of noble metals on viscosity and electrical
resistivity are studied as functions of concentrations of noble metal

elements.

2. EXPERIMENTAL
2.1 Glass composition

The simulated waste glasses were studied and varied in concentrations
of noble metal elements. The glass composition of reference glass studied
in this work is shown in Table I. Noble metal elements are expressed in
possible oxide forms, whichever form of oxide or metallic alloy they may be
in glass. Detailed formulation of typical simulated waste glass was shown
elsewhere[2]. When the concentrations of RuO; or three noble metals being
RuQ: , PdO and Rh, O; were varied, all other components were adjusted in
concentrations proportionally. Table II shows the noble metal concentrations

in the glasses., One series of the glasses with variation only in RuQ:
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concentration is referred to as Ru-glass, and the other series with

variation in three noble metals is NMs-glass hereinafter.

Table I. Reference composition of simulated waste glass

{wt %)
glass additives wastes
components contents components contents
8i0; 45.0~ 46.6 Na; O 10.0
B: O 14.2 P: Os 0.3
al, G 3.6~ 5,0 Corrosion products® ~ 3,5
Li, 0 3.0 Fission products 10.0
Ca0O 3.0 RuQ; 0.74
Zn0 | 3.0 [ Rh; O 0.14
PdO 0.35
Actinides ~ 2.4
note*; corrosion products: Fe.0; ,NiO and Cr.0s
Table II. Compositions of noble metal elements in the glasses
(a) For viscosity measurement (wt %)
Ru-glass NMs-glass
assumed (variation only in Ru0; ) {variation in three noble metals)
oxide
0,.9Ru 1 Ru 7 Ru 10¢ Ru ONMs (P0797) *! 4NMs b5NMs 10NMs 13NMs
RuQ; 0.93 1.00 7.00 10.00 — 2.60 3.25 6.50 8.67
Rh!OJ - - — - 0.39 0.49 0.98 1.30
PdoO 0.37 0.37 0.35 0.34 — 0.96 1,20 2.41 3.21
(b} For resistivity measurement (wts)
Ru-glass NMs-glass
assumed {(variation only in RuQ; ) (variation in three noble metals)
oxides ‘
0Ru 5 Ru 10 Ru 15 Ru reference(P0798)** MB °? MULl *2
Ru0; _— 5.0 10.0 15,0 0.74 13 12
Rh: O 0.14 (2) (2}
PAdo G.35 3 (6)

note*; *1:pNC's glass code
*2:The concentration of Rh.0; and PA0 in parentheses were estimated
with assumption that they are proportional to RuO, concentration
obtained from analysis,
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2.2 Glass preparation

The glass additives and wastes were melted in platinum crucibles at
1150 C for 2.5 hours. For the Ru-glass for the viscosity measurement,

- glass fiber additives of 10 g m in diameter were used; the cylindrically
forméd fiber absorbed simulated liguid waste with additiomal RuCl: at
expected concentrations, so that RuC0, should disperse homogenecusly.
Inscluble Rul: crystals were a few g m in their sizes and no significant
sedimentation of a few ¢ m of insoluble RuQ. was observed during about 4
hours of viscosity measurement. Therefore, the Ru-glasses for resistivity
measurement were prepared by melting crushed waste glass smaller than 100 g
m and RuO: powder of 0,43 ¢ m as additional ruthenium at expected ratio for
the ease of preparation. . )

When melting glass with excess noble metal oxides preliminarily to
prepare the glasses with variations in their concentrations, small fractions
of insoluble Rh;O; and PdO particles floated on the surface of the glass
melts. Therefore the NMs-glasses were prepared in different ways from Ru-
glass preparation to avoid the floatation of the noble metals, which would
affect measurement accuracy. The NMs-glasses were made by melting the
mixture of the reference glass with the glasses enriched with noble metals,
which was taken from the melter. Two glasses enriched with noble metals: MB
and MUl were made in melters which had been continuously opérated for a long
time. The glass MB had been held around 900C for several months and MUL
had been held above 1100°C for about one month in the melter. NMs-glass for
viscosity measurement was made from the mixture of the reference glass with
MB glass at various ratios. For resistivity measurement, MB and MUl glasses

were used as NMs-glass,

2.3 Measurement

Viscosity was measured by rotational viscometer shown in Fig.l. A
platinum rotor of 12 mm diameter was rotated in 90 g of molten glass in the
alumina crucible of 27 mm inner diameter. The viscosity was calculated from
the measured torque and rotational speed which was varied from 1 to 32 rpm
equivalent to 0.0043 to 0,140 s™! shear rate, Temperature of glass was
varied from 850 to 1150°C . In calibration of measurement, the known

viscosity of NBS710 at 0.140 s! shear rate and 1050°C was used as a
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standard. The viscosity of NBS710 glass is shown in Appendix A.

Electrical resistivity was measured between two platinum eiectrodes of
6 mm diameter immersed into the molten glass in 50 m¢ alumina crucible as
shown in Fig.2. The immersion depth of the electrodes were about 40 mm
which was close to the bottom, The upper part of each electrode was covered
by an alumina tube; only its lower tip of & mm length was exposed to the
molten glass to prevent electrical shortage via noble metal oxides
potentially floating on the melt surface. The frequency of alternating
current used in the experiment was 1 kHz. Temperature of the glass was
varied from 525 to 1226°C . The measurement was calibrated by using NaCl

solution of known resistivity.

3. RESULTS AND DISCUSSION
3.1 Noble metal phase in glass

The noble metal elements segregated in the glass were observed by
electron probe micro analyzer after viscosity measurement to confirm the
state of the noble metal phases.

In the Ru-glasses for viscosity measurement, the RuQ, particles were
dispersed in the size of a few x m, In the NMs-glass, the sizes of Ru0; and
alloy particles of noble metals were a few tens g m. Sedimentation was
negligible for about 4 hours of the measurement since a significant
difference in dispersion density was not observed between top and bottom
glass in the crucible after measurement,

For the resistivity measurement, the noble metal phases of the Ru-glass
were not observed., But no significant sedimentation was expected during the
resistivity measurement because the 0.43 ¢ m in particle size of RuQ. added
was smaller in resistivity measurement than in viscosity measurement. The
noble metal phases of MB were similar to those of NMs-glass for viscosity
measurement, In the NMs-glass MUl for resistivity measurement, RuQ,
crystals were observed in needle shape of several tens to a hundred ¢ m in
length before measurement. The needle shaped crystals had grown at higher
temperature for long.residence times, and can be paths of electrical
conduction.

The noble metal phases in the glass are shown in Appendix B.
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3.2 Viscosity

The relation between shear stress and shear rate was linear at high
shear rate for the glasses with low noble metals as observed for Newtonian
fluids, Figure 3 shows shear stress vs. shear rate for 1 Ru-glass; its shear
rate dependence of shear stress was quite small and no yield stress was
observed. The shear stress was not available in lower shear rate and at
higher temperature because torque was too low to detect in those
conditions. A similar relation between shear stress and shear rate was
observed also for the ONMs-glass and soda-lime-silicate glass NBS 710. But
the shear rate dependence of shear stress became significant for the glasses
enriched with noble metals such as the 7 and 10 Ru-glass and the 10 and 13
NMs-glasses, As an example, Fig.4 shows the shear stress vs., shear rate for
10 Ru-glass. These glasses indicated pseudo-plastic flow of non-Newtonian
fluid and their flows were subject to the equation:

T — Ty =mD?® _ (1)

yield stress, D = shear rate and m and n =

where © = shear stress, 7y
experimental constants. The m and n depend on the glass composition and
temperature. Although the physical meaning of viscosity of the glasses
enriched with noble metals is different from that defined for Newtonian
fluid, the apparent viscosity obtained from ¢ /D is referred to as viscosity
also for non-Newtonian fluid in this paper.

Figure 5 shows the relation between viscosity and shear rate for the 1
Ru-glass. Its viscosity increased slightly with decrease in shear rate
whereas the effect of.shear rate was negligible in higher shear rate. The
viscosity at 0.0043 s™! was two times higher than that at 0.140 s™', The
shear rate dependence of viscosity became remarkable with the
concentrations of noble metals. Figure & shows the viscosity vs. shear rate
for the 10 Ru-glass. For this glass, the viscosity at 850C increased by a
factor of 5.5 with decrease in shear rate from 0.140 to 0.0043 s ', and
viscosity at 1150C increased by a factor of 20. Tobie et al. reported the
similar shear rate dependence of viscosity for German glass with 14.8 RuO;
and 4.5 Pd in wt % [8]., Plodinec studied rheology of glasses containing
spinel crystals and reported the similar dependence [10],

The effect of RuO: or three noble metals on viscosity are shown as
functions of temperature in Figs 7 and 8, The viscosities of the 10 Ru-glass
and the 13 NMs-glass were 3 to 7 times higher than that of the glass
without noble metal, Figure 9 shows the effect of RuO. concentration on
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viscosity for two series of glass : Ru-glass and NMs-glass. The tendency of
viscosity as a function of RuO. concentration for the NMs-glasses was
similar to that for Ru-glass although the total contents of three elements
in NMs~glasses are 50 % higher than RuO, concentration in Ru-glass. This
result indicates that ruthenium is mainly responsible for the increase in

viscosity of the glass containing noble metals in higher concentration.

3.3 Electrical resistivity

Resistivities of Ru-glasses are shown in Fig.10, The reference glass
with noble metals in standard concentrations was comparable in resistivity
with no noble metal glass. In higher concentration of Ru®, , resistivity
decreased with RuO: concentration; the resistivity of 15 Ru-glass was one
seventh lower around 1200C and two orders of magnitude lower at 700 C
than that of the glass without noble metals. German glass with 14.8 Ru0
and 4.5 Pd in wt% was also about two orders of magnitude lower in
resiétivity than the waste glass with standard concentrations of noble
metals{8].

The data of the NMs-glasses are also shown in Fig.8 for comparison. The
resistivities of the NMs-glasses MB and MUl were lower than that of glass
containing only RuQ: in equivalent concentration. Tt is because rhodium and
palladium contributes to the decrease in resistivity as well as ruthenium,
The other possible reason is the growth of RuO; crystals and noble metal
alloy particles in NMs-glasses since particle size in NMs-glass was much
larger than those in Ru-glasses. Despite NMs-glass MUL and MB were similar
in total concentration of noble metals, the MUl containing needle shaped
RuG, crystals was lower in resistivity below 1100 C than the MB containing
rectangular shape of RuQ, crystals, Therefore the shape of RuO. crystal
could also affect the resistivity.

These results suggest that three noble metal elements contribute to the
decrease in the resistivity of the glass, and their size and shape also

affect the resistivity.

4. CONCLUSION

The results indicated the quantitative effects of noble metal
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concentration on viscosity and resistivity which are important in electric
. glass melter operation.

The glasses enriched with noble metals indicated fhe pseudo-plastic
flow of non-Newtonian fluid which had shear rate dependence of shear stress
subject to power law and yield stress, The viscosities of the waste glasses
with 10 wt% RuO; were 3 to 7 times higher than that of no noble metal
glass. The resistivity of the glass with 15 wt% of RuO; was one seventh to

.two orders of magnitude lower than that of no noble metal glass. The RuQ:;
was mainly responsible for the increase of viscosity of the glass enriched
with noble metals., For the decrease in resistivity, ruthenium, rhodium and
palladium were responsible; additionally their size and shape could affect

the resistivity.
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Appendix A, Viscosity of NBS710 glass



PNC TN8410 91-247

Pa-«s

Apparent viscosity,

10°

10°

L

Illlill

: a | | T
Rotational speed of rotor, rpm

——0 1
——A 2

Shear rate (s71) :__:D 4
W =0.0043 .
--------- v 16

> 32
—— o NBS'

\>/0 0087

i\ | | data

I N A |

Lyttt

[

I
830

|
900

] | | | l
950 1000 1050 1100 1150

Temperature, C

Fig. Al Apparent viscosity of NBS 710 by rotaL1onal viscometer
(calibrated at 1050°C and 0. 1408 - : 32rpie)



PNC TN8410 91-247
‘Appendix B. Noble metal phase in glass

Noble metal phases in the glasses for the measurements of viscosity
and resistiveity are shown here, Noble metal phase in the NMs glass
for resistivity mesurement is similar to that in the NMs glass for
viscosity mesurement because the noble metal rich glass is common for

both.
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crucible ] &S

cross section

(b) bottom

Fig.Bl Noble metal phase in I0Rv glass after viscosity measurement
(wt%:10 RuQz, 0.34 Pd0)
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(b) bottom

Fig. B2 Noble metal phase in 4 NMs glass after viscosity measurement
(wt%:2. 60 RuQ,, 0,39 RhoQ;, 0.96 Pd0)
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Fig.B3 Noble metal phase in 5 NMs glass after viscosity measurement
(wt¥:3.25 RuOs, 0.49 Rh.0s;, 1.20 PdO)
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(c) lower bottom
Fig.B4 Noble metal phase in 10 NMs glass after viscosity measurement
(wt%:6.50 RuQ,, 0.98 Rh,0,, 2.41 Pd0O)
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(c) lower bottom

Fig,B5 Noble metal phase in 13 NMs glass after viscosity measurement
(wt%:8.67 Ru0., 1.30 Rho0s, 38.21 PdO}“
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Fig.B6 Noble metal phase in MUl-glass glass used for resistivity measurement
(Optical micrograph : transmitted and reflected light)




