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ABSTRACT

Simulated zirconia type calcined waste is pelletized on a 41-cm diameter

disc pelletizer using 5% bentonite, 2% metakaolin, and 2% boric acid as

a solid binder and 7j^ phosphoric plus 4M nitric acid as a liquid binder.

After heat treatment at 800°C for 2 hours the pellets are impact

resistant and have a leach resistance of 10"4 g/cm2/day, based on

Soxhlet leaching for 100 hours at 95°C with distilled water. An integrated

pilot plant is being fabricated to verify the process.

INTRODUCTION

At the Idaho Chemical Processing Plant (ICPP) defense type nuclear fuels

are reprocessed to recover uranium. The resulting high-level wastes are

solidified by a fluidized-bed calcination process.1 Currently there are

^1700 m3 of calcined high-level wastes stored at the ICPP.2 The composition

of zirconia calcine stored at ICPP is shown in Table 1.

Pelletizing is being considered as an alternative to calcire or vitrif-

cation for storing ICPP high-level wastes.3 Fluidized-bed calcine, a

mixture of bed particles and fines, has an angle of repose greater

than 80°, therefore, the calcine has poor flow characteristics making

it difficult to retreive if retrieval becomes necessary. Fluidized-bed

calcine particles are porous and Teachable for Cs and Sr, but quite leach

-NO- .CE-
TWs report ins prepared as an account of work
sponsored by the United Stales Government. Neither tfie
United States nor the United States Department of
Energy, noi any of their employees, nor any of their
contactors, subcontractors, or their employee! makes
any warranty, e«pret, o r implied, or assume! any legal
liability or responsibility for the accuracy, completenns
or usefulnesi of any Information, ipparatu!, p;odUct or
process disclose*, or represent, m i t , „ „ » w o u M

infringe privately owned rights.

iiii J .'.!Mh



resistant for other elements.•• By pelletizing, a flowable and easily

retrieved product is produced, also Teachability and dispersability are

reduced. Pellets also have a relatively low preparation temperature,

and can be readily converted to another waste form such as a metal matrix.5

Properties of the calcine, pellets and glass are given in Table 2.

The development of a pelleted waste form included extensive pellet

binder studies involving a total of 32 pelletizing experiments to

evaluate different pellet forming binders. Using a 41-cm diameter

disc pelletizer,the zirconia calcine was mixed with binders then

agglomerated into 3-10mm diameter spherical pellets. The pellet

forming binders react with the calcine during pelletizing to form

cement-like material to improve green pellet strength and during

heat treatment to impart leach resistance to the pellet.

DESCRIPTION OF PELLETIZING SYSTEM

A 41-cm diameter disc pelletizer with a throughput of 10-100 kg/h

was used for the developmental work. The pelletizer is operated by

a 0.25 hp motor and the pelletizer disc is the only moving part.

Unlike most othei- agglomerating equipment, the disc pelletizer doe*:

not use high pressure to form pelTets. A mixture of calcine and

solid additives is fed onto the inclined rotating disc. Then a liquid

binder is sprayed onto the mixture. As the disc turns, the solids,

while rolling and tumbling, grow into pellets by a snowballing effect.

The centrifugal action of the turning disc separates the pellets into

three distinct and progressively larger sized streams: a seed stream,



a growth stream, and a polishing stream. The polished pellets move to the

edge of the disc and spill over to be collected. The polished product

pellets are uniform in size and spherical in shape.

The size of the pellets is controlled by the speed and angle of the disc

and the location of the solids feed and liquid spray. Increasing the

disc speed or angle will decrease pellet size. The larger the size of

the particles where the liquid is sprayed or where solids are fed, the

larger the final pellet.

The solids are metered to the pelletizer at up to 60 kg/h using a screw

feeder. The liquid binder is sprayed through a hollow cone nozzle. A

varible speed gear pump delivers the liquid to the nozzle at pressures

up to 0.44 MPa and flows up to 30 L/h.

PELLET BINDER STUDIES

Introduction

Zirconia calcine can be pelletized on the disc pelletizer using only

water as a binder, but it is a poor binder, producing flakey pellets of

limited strength with leach resistance no greater than calcine. By using

various combinations of solids and liquid binders, pellets can be made

with much greater strength. The leach resistance of the pellets is

also improved by the use of binders, because they can react with the

•soluble or Teachable materials in the calcine to form insoluble compounds.

These reactions normally take place during heat treatment at 800-850°C

for two hours.



Liquid Binders

Four different liquid binders were studied, phosphoric acid

(H3P0i»), nitric acid (HN03), colloidal silica (SiO2) and an alumina

slurry. These binders were tested alone and in combination.

Phosphoric acid has been shown to react with most of the metal oxides

in the calcine to form stable and refractory compounds.6 The two

primary reasons for using H3PO1, as a liquid binder are 1) to form

quick setting aluminum (present in the calcine) phosphate cements which

impart green and dried strength to the pellets and 2) to react with

the calcine to form insoluble phosphate compoui.ds during heat treatment

to increase component leach resistance. Nitric acid is used in conjuction

with HaPOtj as a liquid binder. Since the second ionizing proton of

H3P04 is not acidic (pKa2 = 7.21), HN03 is added to increase the binder

acidity to result in better reaction with the basic calcine and to

decrease the liquid binder viscosity.

Liquid binder solutions with HsPO^ concentrations * 9Q are too viscous

to spray in uniform patterns. This results in locally high amounts of

liquid which forms large, odd shaped particles instead of uniform pellets.
i.

Pellets made with liquid binders of less than 7M Î POi, had

poor leach resistance and were often odd shaped (Table 3). Colloidal

silica was also tested as a liquid binder. Silica was added in an attempt

to form pollucite type (CsAlSi2O6) compounds during sintering of the

pellets. Pollucites, if formed are leach resistant. If silica could

replace some or all the H3PO4 used as a pellet binder, the pellets would

also be more easily converted to glass if that was ever necessary.



Four pellet forming runs were made using silica in the liquid binder.

Two of the SiO2 concentrations, 15 wt% and 30 wt%, did not wet the calcine

particles or help them agglomerate. The basic (pH= 9.8) colloidal silica

would not react with the basic metal oxides which make up the calcine.

The colloidal silica, could be mixed with 3M H3P0i, without

gelling for at least 48 hours. As a liquid binder the combined acid-

silica solution was used to form uniform, although rough surfaced pellets.

Since the properties of the silica bound pellets including leach resistance

were comparitively poor, the use of colloidal silica and SiO2-H3POil

solutions as liquid pellet binders was discontinued.

Aluminum oxide slurried with phosphoric acid and aluminum phosphate

solutions were tested as possible liquid binders. If during pelletizing

calcine particles could be coated with aluminum phosphate cement, the

leach resistance and possibly the strength of the pellet would improve.

Alpha A12O3 is practically insoluble in H3P(V A slurry using 255 g/L

of fine U -074 mm) A1203 powder in a solution of 7jM H3PO4

and 1M[ HNO3 tended to plug the liquid binder spray nozzle.

Because of the difficulties in spraying the slurried A1203 binder, another

method of making an aluminum phosphate liquid binder was found. Powdered

aluminum dissolved in H3PO1,, although very viscous, was tried as a liquid

binder. The loach resistance of pellets made using liquid aluminum phosphate

and the slurried A12O3 was low compared to pellets made with the same

solids and just 7M HaPOi* and 2M̂  HNO3 as a liquid binder.

As a result of the liquid binder development experiments, a liquid binder

solution of 7f1 J^PO^ and 4M HN03 was chosen as the binder to be used in

future studies.



Solid Binders

Four different solids: bentonite, metakaolin, boric acid, and calcium

hydroxide were tested as possible pellet binders. Various combinations

of these binders were tested for their effect on pellet properties such

as leach resistance, pellet shape, and both green and dried pellet strength.

When adding solid binders, the object was to use enough binder to react

with the desired calcine components, but not so much as to greatly increase

the total volume of solids. Generally solid binders were kept under 20%

of the pellet weight. Solids containing 20% or more H3BO3 Ca(0H)2, or

metakaolin did not form pellets.

Bentonite was tested as a solid binder to increase Cs leach resistance.

Cesium or Sr are taken into the bentonite structure by ion exchange.7

By heat treating the pelleted calcine, bentonite reacts with the Cs to

chemically fix it in the structure. The stoichiometric amount of bentonite

needed in the pellet to bond all the Cs and Sr is -vl.O wt% of the calcine.

Bentonite amounts above 5 wt% tend to cause the green pellets to become

sticky, and adhere to each other and metal surfaces. The levels of

bentonite used were 3 and 5 wt%. Overall pellet leach resistance increased

about a factor of 3 because of bentonite additions whereas the Cs and Sr

leach resistance increased by a factor of 4 to 5 (Table 4). For 100

hour Soxhlet leaches using distilled water at 95°C, Cs and Sr leach

resistance was highest at bentonite concentrations of 5 wt%.

Metakaolin (calcine kaolin) can react with Cs much like bentonite.

The calcined clay is used because it is generally jnore reactive than the

hydrated clay.8 Metakolin begins reacting with Cs at temperatures as low

as 500°C. In testing, as much as 20 wt% metakaolin was added to the calcine.



Testing indicated that more than 10 wt% metakaolin made the calcine mixture

very difficult to pelletize because metakaolin is not easily wetted resulting

in poor agglomeration.

Metakolin in smaller quantities ( 5 wt% or less) will fill voids between calcine

particles and enhance pelletization. For appearance, strength and Cs leach

resistance, a few percent metakaolin is beneficial. The bulk leach resistance

of pellets containing 2 and 5 wt% metakaolin is similar, with the 2 wt%

pellets possibly having the better Cs leach resistance.

Boric acid was tested as a solid binder over the range of 0-10 wt% for many

of the reasons H3PO4 was tested as a liquid binder. These are potentially

improved pellet strength and leach resistance. Boric acid increases the

pellet green strength by reacting with the basic oxides in the calcine.

Boric acid will lower the sintering temperature of the pellet possibly

decreasing pellet porosity during heat treatment. Boric acid, much like

metakaolin, improves some physical properties of the pellets, however, more

than 2 wt% boric acid does not increase leach resistance.

Calcium hydroxide was tested as a solid pellet binder in four runs.

Calcium hydroxide or calcium oxide will react, similarly to AI2O3, with

H3PO4 and form stable cold setting cements.9 By using Ca(0H)2 in the solids

mixture and a liquid binder containing H3PO1+, the cement forming reaction

was expected to possibly improve pellet strength and leach resistance.

Concentrations as high as 20 wt% Ca(0H)z were tested in pellets. Bulk

leach rates were low, but pelletizing properties were poor. Lime,

being a very strong base, reacts too vigorously with the HSPOI,. The

reaction heats the pellets and causes the evolution of steam. The steam

causes the pellets to swell, and to become porous and friable. Many of the

pellets made, with as low as 5 wt% Ca(0H)2 cracked during pelletizing



or upon drying.

To make pellets with good leach resistance, good green and dried strength,

good shape characteristics, and containing a high waste fraction, it was

determined that 5 wt% bentonite, 2 wt% metakaolin, and 2 wt% boric acid

was a practical solid binder.

PILOT PLANT PROCESS FOR PELLETIZING ICPP CALCINED WASTE

A pelletizing pilot plant has been developed to pelletize the calcined

waste. The pilot plant (Figure 1) is intended to test, in an integrated

continous process, the techniques learned sin laboratory experiments to

produce hard, leach-resistant pellets from calcine.

In the pilot plant process, calcine and a premixed solid binder

(56% bentonite, 22% boric acid, and 22% metakaolin) are fed to a 41 cm

diameter rotating disc pelletizer from separate loss-in-weight feeders.

These feeders give a very accurate and uniform feed rate based on weight

of material. A screw mixer intimately combines the two feeds (91% calcine,

9% binder) and conveys the mixture to the pelletizer. Liquid to solid

ratio is ^1:2.2. Pellets of 3-6mm diameter are formed.

During initial startup and following major changes in operating conditions,

odd-si zed particles can form on the pelletizer. A gyratory screen is used

to remove all particles over 12mm in diameter from the pellet stream. These

pieces can then be broken and recycled.

The pellets are dried at 150-200°C in a microwave heated dryer. Power

is supplied by a 6 kW microwave generator.10 Microwave energy was

chosen because it has the advantage of drying a pellet unformly throughout,

in a short time (̂ 15 min), and with relatively small equipment size.



Drying pellets by conventional radiant energy in the same length of

time dries the outer layer of the pellet first. As the interior heats

and expands, the dry outer shell cracks, destroying the integrity

of the pellet. Also, larger equipment is required.

After drying, the pellets are heat treated at 800-850°C for two hours

to promote a reaction between the calcine and additives. To maintain

a continuous process and yet keep equipment size to a minimum, a heat

treater was designed v/hich consists of eight stacked trays rotating

at about four revolutions per hour inside a kiln. The pellets revolve

and drop from tray to tray through the unit by a set of paddles and slots

in the trays. From the heat treater, the pellets are dropped into a

canister for cooling and storage.

The combined off-gas from the various process stages is cooled in

a quench tower. Particulates and volatiles are then removed in a

venturi scrubber and a filter system before the off-gas is vented to the

atmosphere.

CONCLUSIONS

Pelletizing high-level ICPP zirconia calcine may be a practical alternative

to vitrification or calcine storage. Pelletizing reduces the surface "**

area of calcined waste by a factor of 1000 or more. This greatly reduces

dispersibility and improves leach resistance. Reactions between solids

and liquid pellet binders and calcine further increase leach resistance of

the waste. Pellets have been made with bulk leach resistance nearly as

great as the leach resistance of glass made form the same simulated

calcine5 however the pellet leach resistance of Cs is approximately 10 times

lower. The integrated pellet pilot plant will be used to verify a practical

process." The pilot plant and development work will form



the basis for determining the value of pellets as a waste form for ICPP waste.
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TABLE I

COMPOSITIONS OF ICPP ZIRCONIA CALCINE

Composition (wt%)

A12O3 ZrO2 CaF2 CaO NO3 B2O3 Fission Products

13-17 21-27 50-56 2-4 0.5-2 3-4 0.2-1.5



TABLE II

COMPARISON OF ALTERNATIVE. WASTE FORMS.

Property

density, g/cc

waste content, g/cc

preparation temp, °C

maximum stable temp, °C

bulk leach resistance

g/cm2/day (100 hr Soxhlet)

Calcine

1.2-1.6

1.2-1.6

500-550

700

>10"3

Waste Form

Pellet

1.1-1.5

0.8

800-850

800-850

10--10"5

Glass

2.5-2.75

0.6-1.1

1050-1200

^300

10-5-1Q-6



TABLE III

EFFECTS OF H3PO4 CONCENTRATION ON PELLET PROPERTIES

H3PO4

u

1

2

5

7

9

Shape

characteristics

no pellets formed

no pellets formed

rough, some odd

shapes

spherical smooth

oblong, rough

Soxhlet leach rates

g/cm2/d

.Bulk .Cs

1.4 x 10~3 2.4 x 10"2

7.3 x 10-" 6.8 x 10-3

1.9 x TO"3 2.3 x 10"1



TABLE IV

EFFECT ON BENTONITE ON PELLET LEACH RESISTANCE

Bentonite Content Soxhlet leach resistance g/cm2/day

wt% Cs Sr Bulk

0 1.02 x 10-2 3 j 5 x TO-4* 7.9 x TO"1

3 4.53 x 10-3 2.8 x 1 0 ^ 9.9 x 10" *

5 1.88 x 10"3 8.0 x 10"5 2.89 x lO"



Figure 1. Continuous pilot plant process for pelletizing simulated zirconia
^ calcine.
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