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SUMMARY

Through the Waste Fixation Program, the Pacific Northwest Laboratory is conducting

research on the solidification of high-level radioactive waste. A major goal of this pro-
gram is to develop reliable solidified waste forms and processes for their manufacture.
This progress report describes the research and development activities of the past quarter:

Over 25,500 1b of glass incorporating simulated defense waste was manufactured in a
joule-heated ceramic melter this quarter. In one 86-hr period of continuous opera-
tion, 15,000 1b of glass was manufactured.

The melting rate in the in-can melting process was found to be approximately propor-
tional to the diameter of the canister, being 50, 70 and 90 kg/hr in canisters with
12-, 16-, and 20-in. diameters.

We installed a new, highly instrumented, high-capacity effluent system that serves all
of the calciners and melters in the engineering development laboratory.

Preliminary leach tests of waste glass in salt brine at 250°C and 1000 psi yielded
leach rates of between 2 x 10'4 and 7 x 10_4 g/cmz-day -- about the same as

other similarly tested materials such as granite, alumina, and LWR fuel pellets.

A Pb-10Sn alloy continued to appear superior to plain lead as a metal matrix material
for waste glass marbles, based upon an examination of the interfacial area after heat

treatments.




PREVIOUS REPORTS

Previous reports in this series were BNWL-1699, -1741, -1761, -1788, -1809, -1826,
-1841, -1871, -1893, -1908, -1932, -1949, -1994, -2070, -2242, -2243, -2264, and PNL-2265-1
and -2265-2. ‘
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QUARTERLY PROGRESS REPORT
RESEARCH AND DEVELOPMENT ACTIVITIES
WASTE FIXATION PROGRAM
JULY THROUGH SEPTEMBER 1977

INTRODUCTION

The Waste Fixation Program (WFP) is conducted by the Pacific Northwest Laboratory
(PNL), operated by Battelle Memorial Institute for the Department of Energy (DOE). Under
this program, PNL is conducting research to convert high-Tlevel radjoactive waste to stable,
nondispersible forms. Canididate waste forms include silicate glasses and various
crystalline and multibarrier waste forms. The WFP is designed to be a means through which
the government and users of the technology can cooperate to effectively handle nuclear
waste. Objectives of the comprehensive program include: the development and char-
acterization of glass formulations; equipment and process development; and design, con-
struction, and demonstration of full-scale process equipment. The following sections
describe research and development activities in radiocactive waste fixation for the past
quarterly reporting period.




SECTION 1 - WASTE FIXATION PROCESS DEVELOPMENT

The purpoge of this task is to develop processes and equipment for convert-
ing liquid high-level radicactive waste into a stable, relatively nondispersible
form for storage and, ultimately, disposal. This purpose is generally being
accomplished by the development of a two-step approach--caleination or concentra-
tion followed by melting to form a borosilicate glass.

JOULE-HEATED CERAMIC MELTER - C. C. Chapman and J. L. Buelt

The liquid-fed ceramic melter has been at melting temperature for seven months. This
guarter's activities have involved simulated Hanford and Savannah River wastes and the
direct conversion of liquid waste into glass. Using a simulated calcine waste from the
Hanford radionuclide removal process, we filled four 9-ft canisters with 15,000 1b of
melted glass over an 86-hr period. Other defense waste demonstrations have produced
6500 1b of glass. In liquid feeding tests, 730 & of simulated liquid power reactor wastes
have been successfully processed.

In addition, progress continues on the construction of a ceramic melter that is to be
coupled to the full-scale spray calciner. The design process is also continuing on the
laboratory-scale melter that will be used for small-scale testing purposes.

DEVELOPMENTAL SPRAY CALCINER - W. J. Mikols and L. S. Romero

Progress this quarter was marked by completion of seven developmental spray calciner
runs. These runs successfully demonstrated the spray calciner's ability to dry several
types of liquid feed solutions. Supercalcine, Rockwell Hanford Operations (RHO) defense
waste calcine, and Savannah River Plant (SRP) defense waste calcine are among those pro-
duced. Other significant studies included: 1) a test with an external nozzle using steam
atomization, and 2) continued measurements of ruthenium volatility.

IN-CAN MELTING - H. T. Blair

Melting rates of 50 kg/hr, 70 kg/hr, and 90 kg/hr were demonstrated this quarter in
the full-scale in-can melter (ICM) for 12-in.-, 16-in.-, and 20-in.-dia cans, respec-
tive]y. The full-scale ICM was modified to demonstrate bottom support of the can, location
of the can completely within the furnace, and use of a new can configuration.

A melting rate of 70 kg/hr was sustained for over 5 hr in a 16-in.-dia can containing
eight radial heat transfer fins. The can was suspended in the full-scale, multizone ICM
furnace and maintained at 1070°C for the melting demonstration. Following this demon-
stration, the full-scale ICM system was modified to permit demonstration and evaluation of
several significant new innovations in the ICM concept.

First, the Joad cells and the can suspension system were removed from the top of the
furnace, and the load cells were located beneath the plug in the bottom of the furnace.
This enabled the cans to be supported from the bottom and the load cells to be located
where they would not be overheated. A new can configuration was introduced. These new cans
are right-circular cylinders with flat tops and bottoms. There are no ears or bails on



them. The openings in the top centers of the cans are designed for twistlock closure. The
cans are handled by engaging a plug, which has a bail on it, into the twistlock. The cans
are 7 ft tall; when they are set on the plug in the bottom of the furnace. the top of the
can is 4 in. below the top of the heated chamber -of the furnace. A water-cooled spout that
locks into the mouth of the can was fabricated to convey the batch through the top of the
furnace into the can. v

With this new ICM arrangement, two melting runs were made using cans with radial heat
transfer fins designed to increase heat transfer into each can while occupying no more than
10% of the can's volume. A melting rate of 50 kg/hr was easily sustained, and a 60 kg/hr
rate was demonstrated in a 12-in.-dia can containing 10 fins of equal length. A melting
rate of 90 kg/hr was demonstrated in a 20-in.-dia can containing 16 fins of special con-
figuration. These can designs are being evaluated for defense waste vitrification
applications.

FLUIDIZED-BED CALCINATION - J. C. Hartl

This quarter's progress comprises three significant developments:
e Defense-type wastes have been successfully calcined.

e Feed rates of 72 2/hr have been demonstrated with the present fluidized-bed calciner,
and operation at over 100 g£/hr seems possible. This corresponds to a specific feed
rate of 250 to 300 &/hr-ft> of bed.

e Atomizing air rates have been reduced to one-fourth those previously used, signifi-
cantly reducing the volume of noncondensible off gas. It is even possible that atomiz-
ing air may not be required at all. '

The fluidized-bed calciner is being modified so that it can-operate at approximately
100 £/hr. The modifications include changes to the oxygen and kerosene systems and recali-
bration of some instrumentation. The unit is expected to be in operation by early November.

CANISTER DEVELOPMENT PROGRAM - S. C. Slate

This quarter we began a series of full-scale canister demonstrations using both in-can
melter (ICM) and continuous melter (CM) systems. In a 10-day continuous run of the ICM
system we filled ten 12-in.-dia canisters and two 16-in.-dia (304L stainless steel) canis-
ters. These canisters have a twist-lock closure and were designed for bottom support.
Eight carbon steel canisters were filled by the continuous melter. These canisters, which
were 10 ft tall and ranged in diameter from 16 in. to 36 in., were the first full-sized
canisters to be filled by this process. '

Our analytical work has proceeded very well this quarter. We have developed a new
transient thermal computer model of a canister and have analyzed its thermal performance in
several different environments. We have also used this model to evaluate a variety of
internal fin designs. Nine different fin designs have been fabricated and will be demon-
strated in full-scale canisters.




The scope of the stress analysis work was expanded this quarter. We have also
extended our capabilities to include some new analytical tools. Some of the important
areas of work and accomplishments this quarter are summarized below:

o Wall thicknesses have been established for both ICM and CM canisters.

e The high-temperature creep tests of the 304L stainless steel and Inconel-601 have been
completed.

e A large-scale canister creep test has been performed, and the results ana1yzed.(])

o The subcooling method of reducing residual stress in glass canisters was demonstrated
on Tlab-scale canisters.

e A thermal-structural and fracture mechanics analysis of the twist-lock canister clo-
sure system was made.

o A report entitled "High-Level Radioactive Waste Glass and Storage Canister Design" was
released this quarter.(z) This report describes the design and evaluation activi-
ties at Pacific Northwest Laboratory concerning waste glass and canisters.

EFFLUENT STUDIES - M. S. Hanson

This quarter we completed, tested, and operated a common effluent system for use by
all nonradioactive calciners and melters in the engineering development laboratory. The .
effluent train includes a venturi scrubber, a downdraft tube and shell condenser, a packed-
bed scrubber, a mist eliminator, and a HEPA filter. The system has been successfully oper-
ated at spray calciner feed rates of over 200 2/hr. The system provides for future instal-
lation of fission product adsorption beds and nitrogen oxide control devices.

In addition, we have set up and operated effluent characterization equipment on the
nonradicactive effluent train. This equipment includes a classical aerosol scattering
spectrometer and a gas chromatograph.



SECTION 2 - WASTE FORM CHARACTERIZATION

The purpose of waste form characterization is to measure the properties of
candidate solidified products and containers (solidified waste and canister) as
functions of composition, processing pdarameters, and storage conditions. The
measurements are used to: 1) ensure operability of the vitrification processes
and 2) provide data for safety analyses of high-level waste management. The
ultimate goal of waste characterization is to characterize the physical and chem-
ical properties of the waste forms so thoroughly that when they are placed in
retrievable storage, and later in a final disposal stite, we may be fully confi-
dent that their behavior is understood and that any changes or interactions with
their enviromments are wholly predictable.

GLASS DEVELOPMENT - E. T. Sherman

A waste glass for the PW-7c-1 waste has been developed. We reported last quarter that
melt 77-123 had been selected as the glass best suited for waste PW-7c-1. The composition
of that melt has since been changed to improve resistance and decrease devitrification.

The new waste glass for PW-7c-1 is 77-260. Its composition is:

5102 36 wt% A1203 2 wt%
Na20 8 wt% Ti0, 6 wt¥
8203 9 wt% Cu0 3 wt¥
Ca0 1 wt¥ PW-7c-1 33 wt¥
K20 2 wt%

Melt 77-260 should be easily processed, since its viscosity is 30 poise at 1150°C,
90 poise at 1050°C, and 365 poise at 950°C.

The composition of 77-260 was varied to show the effect of compositional variations
upon the homogeneity and leach rates of the vitreous product. The concentrations of
3203, Nazo, Ca0, KZO’ Cu0, and TiO2 were varied plus or minus a few percent to
simulate possible frit inconsistencies. Figure 1 shows the effects of these compositional
changes on leach losses and homogeneity. The results show that 3203 and Na20 must be

the most carefully controlled, since too much of either can cause high leach ratios, and too
little can cause low viscosity. Variation of other oxides has very little effect upon the

properties of the glass within the ranges tested.

Cadmium may be substituted for Gd as a soluble neutron poison during reprocessing. We
made a glass similar to 77-260 in which Cd was substituted for Gd. This glass was fluid,
homogeneous, and exhibited Tow leach losses of 0.12 wt% at pH 9 (16-hr test at 25°C),

0.18 wt% at pH &4 (19-hr test at 25°C), and 0.45 wt% in a Soxhlet apparatus (24-hr test at
99°¢).

ENVIRONMENTAL REACTIONS OF WASTE GLASS - J. H. Westsik, dJr.

Comparison of Long-Term Leach Rates for Common Materials

Since the long-term, room-temperature leach test is used frequently to evaluate waste
glasses, it was desirable to compare several common materials' durabilities in the same
leach test. Similar comparison testing using the Soxhlet test was reported in previous PNL

documents.(3’4)
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FIGURE 1. Long-Term Leach Rates of Common Materials

Samples of Pyrex glassware, bottle glass and granite were subjected to a modified
TIAEA long-term leach test procedure.(5) Sodium concentration in the deionized water
leachant was monitored to determine the leach rates. Figure 2 shows the results of these
tests along with the leach rate of 72-68 [Pw-4b-6(1:2.8)73-1] glass based on cesium behav-
ior. The waste glass has durability similar to that of granite and Pyrex glass.

Leach Rates of Bulk vs Powdered Glass

Discrepancies between long-term leach rates of bulk and powdered samples of the same
glass composition have been observed.(a)(G) Leach rates for simulated high-level waste
(HLW) glass 72-68 were determined using -42+60 mesh granules; fully radioactive waste
glass Teach rates were measured using a disk of the glass. Full-level leach rates were
about a hundred times higher than simulated glass leach rates. _

This quarter we completed an experiment to determine whether the full-level glass
leached faster because of radiation or because of the sample configuration. As Figure 2
jllustrates, the difference is mainly due to the sample form. Leach rates of 72-68 glass

(a) Comparison of Figures 31 and 32 with Figure 60 in BNWL-2252 reveals this phenomenon.
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FIGURE 2. Long-Term Leach Rates for 72-68 Glasses

are shown for -42+60 mesh samples and core-drilled samples taken from the same piece of
glass. The cored sample leaches faster by two orders of magnitude.

Theoretically, the powder should leach faster because of Targe pH increases in the
interstitial solution. Apparently, some undetermined chemical and physical phenomena are
overriding the expected effect.

LEACH RATES AT HIGH TEMPERATURES AND PRESSURES - J. H. Westsik, Jr.

This quarter we completed Teach tests for various materials in a salt solution at
250°C and 1000 psi. During the 72-hr exposure period we measured weight loss to evaluate
the durability. The data shown in Table 1 reveal that of all materials sampled the three
metals have the highest apparent durability, although the length of exposure was not long
enough to show the true corrosion behavior of the metals. The durabilities of the various
ceramics and glasses fall within a narrow range. Within the 1imits of experimental error,
the simulated HLW glasses and the nonirradiated light-water reactor (LWR) fuel peT]et are
at least as durable in the salt solution as is the National Bureau of Standards (NBS) boro-
silicate glass 717. The soda-lime-silica glass (NBS 710) had the highest leach rates.

We also conducted a series of tests to evaluate time effects on the durability of
waste glasses. Samples of 76-68 glass were submerged in salt brine at 250°C and 1000 psi

for periods of 3, 7, 14, and 21 days. The results, as shown in Figure 3, indicate that the
glass reaches a maximum weight loss with no further losses after two weeks of leaching.




TABLE 1. Autoclave Salt Solution Leach Test Results(a)

Geometric
Initial Surface Weight Loss
Sample Weight, g Area, cm_ Percent g/cmé-day
Soda-lime-silica 3
glass NBS 710 6.1959 10.29 1.56 3.1 x 107
72-68 -2
[Pw-4b-7(1:2.8)73-1] _6.7115 8.93 0.29 7.2 x 10
Granite 3.0511 5.795 0.36 6.4 x ]0'4
Borosilicate glass -4
NBS 717 5.1363 10.12 0.31 5.2 x 10
76-68 ’ -4
[Pw-8a-3(1:2)76-101] 6.9617 9.88 0.07 1.6 x 10
Alumina 2.2770 432 0.088 1.5 x 107%
Nonirradiated LWR - -4
fuel pellet 9.4882 5.44 0.025 1.5 x 10
Carbon steel 17.5736 12.64 0.02 7.4 x 10'5
Inconel1-601 19.0522 12.82 0.01 4.2 x 10'5
304L stainless steel 9.2820 10.57 0.01 4.1 x 10'5
(a) 72-hr tests done at 250°C and 1000 psi.
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FIGURE 3. Chemical Durability of 76-68 Glass in Salt Brine at 2500C and 1000 psi

To date, autoclave testing indicates that higher temperatures accelerate waste glass
corrosion. However, through reabsorption reactions or the achievement of equilibrium, the
HLW glasses appear to achieve a chemical stability in the salt solution.



THERMAL EFFECTS UPON STORED GLASS - J. H. Westsik, Jr.

We have begun long-term anneals for glasses 77-107 [PW-9-3(1:2)77-268] and 77-260
(Pw-7c-3(1:2)77-269]. Waste glass 77-107 was melted at 1150°C before storage. Table 2
gives the compositidn for each of these two glasses; the annealing temperatures and times
are shown in Table 3. After the glass samples have been stored for the times indicated,
they will be air-quenched and tested for density, leach rates, and phase behaviors.

PHASE BEHAVIOR - R. P. Turcotte and J. W. Wald

Studies were performed this quarter to quantify the relationship between cooling rate
and crystallization for the reference glass 72-68 and the glass 76-68. It was found that
the two glasses vary significantly with respect to devitrification upon cooling. While the
76-68 glass can withstand cooling rates as slow as 6°C/hr from the processing temperature
without significant increase in crystallinity, glass 72-68 must be cooled at a rate of
about SOOC/hr or more to prevent crystallization. Thus, from a process standpoint, the
76-68 composition should be more suitable.

In addition, four fully radioactive waste glasses of four different representative
compositions were prepared from full-level calcine, and have been produced in vitreous and
devitrified conditions. To this point, optical examination has indicated that the glasses
behave exactly as their nonradioactive counterparts do under similar conditions.

BULK AND THERMAL PROPERTIES OF WASTE GLASS - G. B. Mellinger

The densities of 76-68 and 77-260 glasses were measured as a function of temperature
for temperatures ranging from 950° to 1300°C. The measurements were made by determin-
ing the bouyant forca exerted on a 2-cm3 platinum cylinder suspended in the molten
glass. Using the density data, we were able to develop coefficients of thermal expansion
(CTE) for these materials in this temperature range. Figure 4 graphs the relationship of
temperature to the densities and CTEs of these glasses.

A preliminary apparatus for measuring the thermal conductivity of molten glass is
being constructed. It will have a maximum temperature limit of 1000°C and will measure
in the radial mode. We have ordered equipment that will measure the thermal conductivity
of glass at temperatures up to 1300°C. We have also ordered instruments for measuring
the electrical resistivity of molten waste glass.

THERMAL AND MECHANICAL SHOCK - L. R. Bunnell

Thermal Expansion

This quarter we completed work on a large number of waste glass samples taken from
several canisters. The thermal expansion measurements were taken in air at a heating rate
of 4°C/min to the softening point. Except as noted, the measurements were made on as-
received, core-drilled specimens 0.4 in. in dia and 0.25 to 0.5 in. long. In all cases the
diametral expansion was measured.




TABLE 2. Compositions of Glass 77-107 and Glass 77-260

Glass 77-107 Glass 77-260
PW-9-3(2:1)77-268 PW-7¢c-3(1:2)77-269
Oxide wt® Oxide wt?
Rb20 0.24 RbZO 0.11
Sr0 0.70 Sr0 0.29
Y203 0.39 Y203 0.17
Zr0, 3.23 ZrO2 ‘ 1.50
MoO3 _ 4,30 MoO3 1.95
RuO2 2,15 RuO2 0.86
Rh203 0.30 Rh203 0.16
Pdo 1.15 Pdo 0.49
A920 0.05 AgZO 0.02
Cdo 0.08 Cdo 0.03
Te0, 0.49 Te0, 0.22
C520 1.94 C520 0.79
Ba0 1.10 Bal 0.55
La203 1.03 La203 0.45
Ce0, 2.33 CeO2 0.9
Pr20]] 1.04 Pr601] 0.44
Ndzo3 3.29 Nd203 1.48
Sm203 0.65 Sm203 0.33
Eu203 0.15 Eu203 0.06
Gd203 0.08 Gd203 10.31
U308 3.72 U308 5.27
Fe203 0.87 Fe203 1.21
Cr203 0.20 Cr203 0.02
NiO 0.08 NiO 0.01
Na20 5.37 Na20 11.13
P205 0.39 P,0g 2.35
S1‘02 37.81 MnO2 0.1
8203 12.93 IZr fines 0.10
Ca0 1.99 SiO2 35.82
T1'02 2.99 8203 8.95
K20 3.98 Ca0 0.99
Zn0 4,97 K20 1.99
A1203 1.99
T1'02 5.97
Cu0 2.99

10



TABLE 3. Waste Glass Sample Storage Matrix —
Thermal Effects Studies

Temperature, Storage Time
oc Z hr T Day T wk 2 mo T yr 5 yr

1200 x(a)
1150
1100
1050
1000
900
850
800
750
700
650
600
550
500
400
300

> > > >

> X > X > XX > X >

> XX > X > X »x > >
X X > X > X > X > > >
X X > > > XX > >

(a) Each X represents one sample stored at the indicated tempera-
ture and time.
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FIGURE 4. Density of 76-68 and 77-260 Waste Glasses as a Function of Temperature
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Table 4 summarizes the data, showing expansion coefficients (25°to400°C), the glass
transition (T ), and the dilatometric softening point (TS). Figures 5a, 5b, and 5¢
compile these parameters as a function of sample locations, and are intended to show trends.

TABLE 4. Thermal Expansion Parameters

Glass Glass
Sample Location, Thermal Expansion Transition Softening
in. from Coefficient (250 to 400°C),  Temperature Point (Ts),

Canister Bottom a x1076/9% (Tg),°C oc
ICM-16 - 2-3 8.27 520 590
6 9.47 517 555

12 8.48 535 570

18 7.92 535 595

25 8.40 (a) 573

28-30 © 8.53 531 565

ICM-18 0 9.33 515 545
1 9.39 515 545

6 8.67 520 552

12 8.93 525 580

18 9.07 515 555

24 9.47 525 560

28 10.53 (a) 550

ICM-21 0 9.33 525 565
. 8.80 525 565

12 9.07 530 563

18 8.85 527 560

24 6.40 525 558

1CM-23 0 9.60 525 625
6 9.06 530 595

12 10.0 533 575

18 10.0 530 580

24 9.47 525 595

ICM-20 0 8.93 545 585
6 8.3% 545 585

12 8.21 545 590

18 8.40 545 585

24 8.53 540 570

(a) Indeterminate
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FIGURE 5a. Thermal Expansion Coefficient (a) for Five Glass Types as a
Function of Distance from Canister Bottom
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FIGURE 5b. Glass Transition Temperature (Tq) for Five Glass Types as a
Function of Distance from Canister Bottom

In the case of In-Can Melter (ICM)-16, the specimens were taken within 0.5 in. of the
canister wall, so the data may be influenced somewhat by thermal history effects. The
expansion coefficient (a) is highest in the specimens taken 6 in. from the bottom of the
canister, and is quite consistent at other locations. The high a is accompanied by
decreases ‘in both Tg and Ts’ indicating a possible compositional shift at this location.

ICM-18 shows a gradual increase in a relating to increased distance from the canister
bottom; Tg is constant within the accuracy of the measurements, and T, peaks sharply 12 in.
from the canister bottom.
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FIGURE 5c. Dilatometric Softening Point (Tg) for Five Glass Types as a
Function of Distance from Canister Bottom

The parameters for ICM-20 were quite consistent throughout the canister, while ICM-21
showed an abnormally low thermal expansion at the top of the can, most 1likely representing
a real composition change. ICM-23 was quite variable and showed a large change in T that
is not reflected in the other two parameters. Since ICM-20,. -21, and -23 were all sampled
at random radial locations, thermal history variations again might be largely responsible
for the changes noted.

Impact Testing

The impact testing done to date has utilized a machine capable of delivering a maximum
of 160 ft-1b. Since the impact borne by the glass in a falling canister is much higher,
and since a damage limit might be expected at high energies, the impact energy was
increased an order of magnitude. This was done by mounting the impact punch, test specimen
and die on the bottom of a 100-1b weight and dropping it onto a steel plate. In order to
establish a tie point with data from the impact machine, the free-fall weight was tested at
an identical drop height and energy. Data are presented in Figure 6 which show that the
particles generated in free-fall impacts are somewhat finer, indicating that the energy is
delivered to the specimen more efficiently in the free-fall apparatus.

The free-fall impactor was used to deliver 1400 ft-1b of energy to six specimens --
three of ICM-11 glass, and three of soda-lime-silica glass. These data are also shown in
Figure 6. They indicate that a saturation 1imit has been reached and that the damage is no
more severe in the higher-energy case. Surface area results are expected shortly, and will
provide a better equation for the relationship between surface area and impact energy. To
the previous limits of the energies used, the relationship has been quite Tinear.

In order to provide comparative impact data on a more recent glass composition than
the ICM-11 used previously, specimens from ICM-23 were impacted recently. Results are
plotted in Figure 7, and include ICM-11 and soda-lime-silica data for comparison. The
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Free-Fall on Soda-Lime-Silica and ICM-11 Glasses
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FIGURE 7. Particle Size Produced by 1600 ft-1b (Machine) Impacts for
Soda-Lime-Sitica, ICM-11, and ICM-23 Glasses

ICM-23 shows a somewhat poorer impact behavior than does ICM-11, especially in regard to
production of fines. This might be attributed to the higher S1'02 content in ICM-23 (38%
vs ~25% for ICM-11). In the past we have found high silica content to correlate with high
jmpact damage; fused silica is the worst performer tested thus far.
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VAPORIZATION STUDIES - W. J. Gray

This quarter we began vaporization studies for 76-68 glass. Figure 8 is an Arrhenius
plot and also shows data for two other glasses for comparison. Glass compositions are
given in Table 5. Additional data for the two other glasses were published ear]ier.(7’8)

Of the waste materials we have studied, glass 76-68 is the first to show a nonlinear
Arrhenius plot. Actually, linear behavior seems unlikely for such complex systems. Per-
haps because cesium is by far the dominant vapor species, it usually overrides everything
else and gives rise to the linear Arrhenius plots. Figure 8 shows that the relative weight
losses of the three glasses follow the same order as do their cesium concentrations, sug-
gesting another manifestation of the dominance of cesium volatility in relation to all

other tested elements.

TEMPERATURE, °C
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FIGURE 8. Weight Loss After 12 hr in Dry Air
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Constituent

Glass frit
B,03
Na,0

2
MgO
A1203
Si0
KZO
Cal
Ti0
Cu0
Zn0
Sr0

Ba0

2

2

Inerts

Na20
P05
Cr‘203
Fe203
NiO
Gd203

Fission products

Rb20
Sr0
Zr‘O2
MoO3
RuO2
Rh203
Pd0
AgZO
Cdo

Bal

Y+RE203

(a) Co substituted for Rh.
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TABLE 5. Waste Glass Compositions
Nominal Concentration, wt%
72-68 76-183 76-68
11.30 9.50 9.47
4,12 8.00 --
1.50 - -
- 1.00 --
27.71 35.50 39.80
4,12 2.0 --
1.50 2.00 2.00
- 6.00 2.97
-- 3.00 --
21.64 - 4,97
1.50 -- --
1.50 -- --
-- 3.64 12.80
0.44 3.36 0.51
0.23 0.19 0.44
1.00 1.60 10.34
0.09 0.56 0.21
-- 5.49 -
0.23 0.19 0.13
0.70 0.56 0.40
3.28 2.62 1.88
4.29 3.38 2.42
1.97 1.57 1.13
0.32 0.16¢2) 0.18
0.98 - 0.56
0.06 0.05 0.03
0.06 0.05 0.04
0.48 0.39 0.28
1.9 1.53 1.09
1.04 0.83 0.59
8.03 6.85 7.76




SECTION 3 - ALTERNATIVE WASTE FIXATION PROCESSES

The goal of this task is to develop alternative waste fization procedures
that will serve as viable backup processes. Cost and safety factors of the
alternative processes and products are to be compared to those of the current
reference process and product--gilicate glass castings in large metal canis-
ters. These altermative processes are being developed on the laboratory scale.
In the concept currently emphasized the waste is formed into small granules or
pellets that are coated with nonradioactive, inert materials to provide contain-
ment and leach registance. The coated waste shapes are then incorporated into a
metal matrix that provides impact resistance and increased thermal conductivity.

GLASS MARBLE DEVELOPMENT - J. M. Rusin

Figure 9a illustrates the reaction zone observed in Pb-encapsulated waste glass mar-
bles that were heat-treated at 300°C for 10 days. Energy dispersive analysis showed that
the zone contained only Pb. As there is a 40 um gap between the marble and the matrix, the

reaction zone is probably an oxide of Pb.

The reaction zone is much more complex for the Pb-encapsulated waste glass marbles
heat-treated at 500°C for 10 days. At least two phases are observed, as shown in Fig-
ure 9b, The needle-like phase has a high Zn and Pb content, along with trace amounts of
rare earths. The lighter areas have a high Pb content (probably lead oxide), whereas the
rest of the reaction zone contains both Pb and elements contained in the glass.

(a) 250X

Reaction Zones in Heat-Treated Pb-Encapsulated

FIGURE 9a,b.
Waste Glass Marbles

The above results have only confirmed why a Pb-10Sn alloy has been selected. Previous
experiments had shown that molten Pb would react with waste glass, but other studies demon-
strated that even while molten at 500°C, a Pb-10Sn alloy will not react with waste glass.
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SUPERCALCINE - G. J. McCarthy, The Pennsylvania State University

The nature of the Penn State participation in the development of alternative waste
forms and the Supercalcine concept has been described in previous reports. Current
objectives of the Supercalcine Task include: 1) refinement of existing formulations for
PW-4b and PW-7 wastes, 2) development of formulations for the high-sodium waste,PW-7a,

3) determination of crystalline phase behavior of cesium, ruthenium, tellurium, palladium,
rhodium, and the actinides in Supercalcine, and 4) consideration of the effects of
radiation ahd transmutation on Supercalcine stability.

Some of the highlights of this quarter's work are listed below:

e We completed a comprehensive study on phase-pure CsA]SiO4 and CsA]S1'206 prepara-
tion. In doing so, we surveyed 18 combinations of starting materials and four firing
temperatures, and found the optimum methods of preparing these phases.

e We completed a thorough literature review of crystal chemical and phase equilibria
data on portions of the system U-Th-Ce-Zr-RE-0 relevant to the Supercalcine phases
FSS and Tss' The articles and reports are now being studied and correlated in

preparation for experimental studies on poorly represented areas of this system vita?l

to defining phase behavior in FSS and Tss‘

e We began a definitive study of ruthenium's role in the thermal stability of Supercal-
cine. Volatilization weight losses normalized to surface area in 10% Ru-loaded SPC-2
and fully loaded SPC-2 are being compared using TGA and static firings of varying

durations.

The balance of this report will focus upon phase behavior in the developmental "dirty"
(high-Na) Supercalcines 77-2 and 77-3 and in the PNL engineering-scale formulation SPC-4.

Phase Behavior in High-Sodium Supercalcines 77-2 and 77-3

Refer to the last report for the crystalline phase formation models of these formula-
tions.(g) The phases observed by x-ray diffraction in the products of the routine air
firings are listed in Table 6 below (in order of decreasing relative intensity in the

diffractograms).

The new and unexpected phase occurring in the products of the 1000°¢C firings was
tentatively identified as Na2U207 (PDF 26-973) by searching the Powder Diffraction
File. We confirmed the identification by synthesizing the pure phase--starting with nit-
rate solutions of Na and U and repeating the Supercalcine experimental conditions.(a)

It is apparent that at lower temperatures Na combines with U to form the NaZUZO7
phase, but at temperatures approaching 1100°C Na has a greater affinity for the alumino-
silicate sodalite phase and U forms in the fluorite phase. Valence change accompanies

(a) Also, a recent paper from ANL (10) reports the routine preparation of NasUs07
in air from NapCO» + Up0 at 8000 to 8500C.
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TABLE 6. Phases Observed by X-ray Diffraction in
Air-Firing Products from High-Sodium

Supercalcines
Air-Firing Supercalcine(2)
Conditions 77-2 77-3
0.5 in.ope11ets S-FSS (5.36K) S-Na2U207
at 1000°C for 2 hr MS—SoSS S-MSS
M-Na2U207 S-SoSS
MW-T : MA-T ]
MW-P MW-FSS (5.37R)
W-P
0.5 in. pellets VS-F (5.36R) S-F s (5.36R)
at 1100°C for 2 hr $-So MS-M
M--MSs M-SoSS
M-Tes M-Ts
W-P VW-Na2U207

(a) Phases rated in order of decreasing relative intensity in the
diffractograms: S = strong, M = medium, W = weak, V = very.
Phases are abbreviated as follows:

Foo = Fluorite [(U,Ce,Zr, Re>"...)0,, ]
So., = Sodalite [(Ca,Sr,Ba),_ [NaA1Si0,],
(MoOg)5 ]
MSS = Monazite [REP04]
TSS = Tetragonal
Zirconia [(Zr,...)02+x]
P = Pollucite [(Cs,Rb,Na)A1Si,04]

these phase changes, since U is hexavalent in Na2U207 but is predominantly tetravalent
in Fss’ We expect that the U (and associated Pu) in this Na2U207 would be more
leachable than U in Fss’ so crystallization of this phase should be avoided by using the
higher firing temperatures.

X-ray analysis of the specimens that were used in the 14-day Soxhlet leaching tests
did not show any changes in phase assemblages or any reduction in the intensities of
reflections that would be expected if a phase or phases were being preferentially leached.
The products of the 21-day, 800°C thermal stability tests showed increased crystallinity,
as would be expected, but no changes in x-ray phase assemblage.

Phase Formational Model for Supercalcine SPC-4

A spray calciner run of a PW-7-based Supercalcine SPC-4 was performed at PNL this
spring. The phase formation model of SPC-4 is shown in Table 7.

CORE AND GLASS FRIT COATING - J. M. Lukacs and C. B. Ruhter

This quarter spray calcined SPC-4 powder was agglomerated by the disc pelletizer into
spherical pellets 4 mm to 15 mm in dia using water as binder. Pellet green strength was
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TABLE 7. Phase Formation Model of SPC-4

PW-7 Ions, Additives,
mmo Desired Phase, mmol mmo 1
257 (RE + Ce)(®) 321 Ca,REG (S10,) 60,5 [A(] 64 Ca

' 193 Si
100 [PO,] 100 REPO,,[M, ] --
100 RE -
106 Zr 106 Tetragonal-ZrOz,[Tss] -
54 Bat+Sr 95 (Sr,Ba)Mooq,[Sss] 41 Sr
95 Mo !
54 Cs 74 (Cs,Rb,Na)A]SiZOG,[P] 128 Si
10 Rb
10 Na
100 Fe (Fe,Cr),03, [(Fey03) ] -=
12 Cr plus --
5 Ni (Ni,Fe)(Fe,Cr)204,[SPSS] --
6 Ru in RuO2 and ASs
2 cd
2 Ag

(a) Some Ce and RE are expected to crystallize with Ir in a Fgg
phase during firings in air. If SPC-4 is fired in an inert
or reducing atmosphere, the Fgg phase may not crystallize.

sufficient to withstand handling and transfer steps with minimal breakage. Sintering at
1230°C for 2 hr produced dense, hard peliets with a bulk packing density of 2.36 to
2.44 kg/9.. Nine kilograms of sintered pellets were processed.

One liter of sintered pellets was manually coated with a glaze slip (Ferro CM-850).
After drying, the coatings were vitrified by placing the pellets in a 1000°C furnace for

5 minutes.

Dusting of the fine Supercalcine powder has been a recurrent problem with
the disc pelletizer. The installation of a hood over a portion of the pelletizer and the
use of a dust collector has greatly reduced process dusting.

CHEMICAL VAPOR DEPOSITED COATINGS - M. F. Browningd)

The application of a 5102 coating was tested as a method of preventing oxidation of
the PyC precoat, as occurs when A1203 coatings are applied because of the C02 reactant
employed. Silicon dioxide coating by the pyrolysis of tetraethyorthosilicate, which
involves an essentially nonoxidizing environment, was successfully accomplished without
Toss to the PyC layer. Unfortunately, the coatings could not be made sufficiently

(a) Battelle, Columbus Laboratories
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protective, even when applied at 1000%C to thicknesses of 90 um. The coatings did not
crack during the oxidation test at 750°C, but appeared to contain some surface-connected

porosity.

The A]ZO3 and SiO2 coating systems were then combined in an attempt to prepare
dual coatings in a drum coater. We developed a procedure for accomplishing the application
of a S1'02/A1203 coating. Particles (SPC-2, 3- to 5-mm, heated for 6 hr at 1125°C

in air) were coated with 40 um of PyC, ~16 um of SiOZ, and finally ~50 um of A1203.
Oxidation of a sample of this material at 750°C in air for 89 hr confirmed that the outer
A1203 coating was impervious, in that weight loss amounted to only 0.02%. Complete

loss of the PyC would give a weight change of “1%.

This quarter we also developed a second successful approach to applying a dense
A1203 coating over PyC by a reaction involving CO, + H,. This was in connection
with the development of Targer-capacity coating systems. We determined that ~10 um of
A]ZO3 applied to the PyC using a water vapor hydrolysis reactant instead of CO2 + H2
would protect the PyC during the application of the remainder of the A1203 coating
using 002 + H2. Although this approach was developed for use in a vibrating bed sys-
tem, it should also be suitable for use with a drum coating system.

Two new larger-capacity coating systems were developed during this report period. The
PyC system consists of a 53-mm quartz fluidized-bed reactor with a typical cone-bottom sup-
port. The system was operated in a fluidized-bed mode using a bed dilutent of ZrO2 (25
to 40 mesh) to ensure that the larger Supercalcined particles were well agitated. PyC
coatings were typically deposited at ~1100°C from a 50:50 acetylene/argon mixture at a
rate of ~1.5 um/min. The capacity of the system is roughly 100 cm3 of product per run
for a coating thickness of 40 to 50 um.

The coating system we have set up for applying A1203 to the PyC-coated particles
also has a production capacity of roughly 100 cm™. A coating reactor of 37-mm quartz
with a hemispherical bed support was used. Aluminum chloride was formed in situ in a sec-
tion below the bed support by the hydrochlorination of aluminum. We introduced carbon
dioxide and hydrogen or water vapor into the system through a centrally positioned tube
extending from the top of the reactor and terminating in the particle bed. A new mechani-
cal vibrator was installed which imparted a vertical vibratory motion to the reactor and
thus to the particles. The resulting particle agitation was strong enough to yield a rea-
sonably uniform coating on each particle without operating in a fluidized-bed mode or using
a bed dilutent. This obviously has the advantages of:1) requiring much less total gas flow,
and 2) providing greater usable product capacity. Dense, smooth A1203 coatings of 30
to 40 um were typically deposited at ~1050°C at a rate of roughly 4 to 5 pm/hr.

METAL MATRIX DEVELOPMENT - R. 0. Lokken, K. R. Sump, and C. B. Ruhter
90

We have conducted sintering studies on small samples of a ““"Cu-10Sn bronze to
determine if this material could satisfy the sintering requirements and Timitations of
glass-coated Supercalcine. Sintering temperatures studied were 500°C, 550°C, 600°C,
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670°C, and 700°C. The lowest three temperatures resulted in limited sintering, with

the outer layers of powder easily removed by light abrasion. Samples sintered at 670°C
and 700°C demonstrated good sintering characteristics. It should be noted, however, that
all samples were sintered for 6 hr in air; thus, the formation of oxides may affect the
overall sintering characteristics. We are currently doing studies to determine sintering
characteristics of bronze in a dynamic vacuum.

The 1-2vcanisters have been received for the waste-form encapsulation demonstrations.
We have encapsulated simulated waste glass marbles and 6-mm glass beads in a Pb-10Sn matrix
by vacuum casting. A vacuum tube is welded to the canister near the bottom. A second,
closed-end tube, welded to the top of the canister, is used for the access of molten
metal. The canister of simulated waste glass marbles was preheated to ~350°C under a
dynamic vacuum, then submerged in a crucible of molten Pb-10Sn at 400°C. The tube on the
top of the canister was broken off and the Pb-10Sn filled the canister. The canister was
then removed from the crucible and allowed to air cool.

While this method of encapsulation provides for good filling of the voids between mar-
bles, it has certain drawbacks. As the canister is removed from the crucible at 400°C,
the supply of molten metal is cut off. As the canister cools and the Pb-10Sn begins to
solidify, shrinkage begins to occur, resulting in a shrinkage cavity at the top of the
canister. Alleviating this problem requires an additional supply of molten metal to fill
the volume of the cavity.

CHARACTERIZATION - J. M. Rusin

Impact Behavior

We have determined surface areas for impacted 3-mm and 6-mm glass beads and 1-mm
alumina beads. Results are plotted in Figure 10 and Tisted in Table 8. The beads were
contained in a 0.5-in.-dia by 0.5-in.-high cavity during impact. The surface area created
as a function of impact energy is also listed in Table 8. It appears that the impact
behavior of alumina beads may differ from that of glass beads. The results are plotted in
Figure 11 for comparison.

Reactions Between Supercalcine and Metal Matrices

No reactions were detected by SEM analysis for uncoated Supercalcine encapsulated in
vacuum-cast Pb-10Sn and A1-12Si and in gravity-sintered Cu. Reactions were observed,
however, for uncoated Supercalcine in gravity-sintered 316 SS.

A second phase was observed in the A1-12Si matrix that contained Al, Si, V, Cr, and
Fe. In the Pb-Sn matrix there were some single-phase Sn regions similar to those pre-
viously observed in Pb-Sn matrices.

The bonding between Cu spheres in the gravity-sintered Cu samﬁ]e was minimal. We
observed very Tittle neck growth, as shown in Figure 12. Flux coating is being investi-
gated to improve the bonding. During encapsulation the fused silica tube containing the Cu
sample developed a white reaction zone next to the Cu. This has been shown to be crito-
balite by thin section microscopy studies.
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FIGURE 10. Surface Area vs Impact Force for Glass and Alumina Beads

TABLE 8. Effect of Impact Force Upon Surface Area

Impact  Surface Increase in Increased Surface
Force, Area, Surface Area, Area/Imparted
Sample ft-1b cmz/gm cmZ/gm Energy, cm?/ joule
3-mm glass beads 0 8 0 -
9.9 250 242 52.97
19.8 670 662 72.45
39.6 840 832 45,52
79.2 1400 1392 38.08
158.4 2100 2092 28.62
6-mm glass beads 0 4 0 -
9.9 340 336 72.22
19.8 490 486 52.23
39.6 820 816 43,84
79.2 1100 1096 29.44
158.4 1900 1896 25.47
1-nmm alumina beads 0 200 0 -
9.9 - 270 70 23.38
39.6 620 420 36.90
79.2 745 545 22.75
158.4 1370 1170 24.23
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FIGURE 12. Uncoated Supercalcine Cores in Gravity-Sintered Copper
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The gravity-sintered 316 SS sample had a reaction zone around the stainless steel
particles, as shown in Figure 13. Dispersive energy analyses of the white area (labeled a)
and the darker crystalline area (labeled b) were conducted. The white area has high Mo, Cr,
and Fe contents, whereas the darker crystalline region surrounding the SS particle is
primarily Cr. Samples of coated Supercalcine encapsulated in gravity-sintered 316 SS do
not contain any of the above observed phases. This, along with vaporization studies which
show that a considerable amount of Mo is vaporized, leads us to conclude that the observed
reaction products may be caused by Supercalcine vaporization. Thus, if Supercalcine is to
be encapsulated at higher temperatures, a coating may be necessary.

FIGURE 13 a,b. Uncoated Supercalcine Cores Encapsulated in Gravity-Sintered 316 SS
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