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METHOD FOR FORMING MICROSPHERES FOR
ENCAPSULATION OF NUCLEAR WASTE

Background of the Invention

‘This invention was made under a contract with the United States
Department of Energy and relates to a process for making particles in
which nuclear waste is immobilized.

To facilitate its handling and storage, nuclear waste has been
incorporated in small sphefica] particles (referred to hereinafter as
microspheres) which are made by various well-known sol-gel processes.
In the usual manufacturing procedure such microspheres are gelled while
dropping through a liquid and then washed with an aqueous solution
before being dried and hardened by calcination, the washing step being
required to remove from thé microspheres materials such as nitrates and
organic compounds that caﬁse them to deye]op defects (e.g., cracks'and
blisters that reduce structural stability), or even to disintegrate,
during calcination. However, a soluble nuclear waste such as cesium is
dissolved from microspheres by the conventional wash step, thus
defeating the purpose of encapsulating such waste in the microspheres
and broducing a radioactive liquid that is dffficu1t to ‘dispose of.

Summary of the Invention

The object of this invention is to provide a process for forming
nuclear waste immobilizing microspheres which are free of defects even

though they are not washed hefare calcination as required heretofore.
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Becau§e the microspheres are nbt washed in the process of'the.
invention, they retain even so1ub]e species such as cesium.

This object is achieved by drying and calcining unwashed micro-
spheres of the described type under conditions such that volatile
material is removed therefrom at a substantially linear mass loss rate
througﬁdut the period of drying and calcination. The temperature or
humidity that is required to remove volatile components from
microspheres at a uniform rate can be ascertained by providing a fur-
nace with (15 a balance on which a sample of microspheres is held, and
(2) means associated with the balance for. controlling temperature or
humidity in the furnace in a manner which maintains the necessary uni-
form rate of removal of the volatile components. More particularly,"
temperature in the furnace is decreased when the balance senses a non-
uniform rise in the mass loss rate of volatile material from a sample
of microspherés, and furnace temperature is increased when the balance
senses a non-uniform drop in mass loss rate. In a furnace operated
with humidity control of mass loss rate, humidity is increased when the
balance senses a non-ﬁniform rise in mass loss rate and decreased when
the balance senses a non-uniform drop in mass loss rate. The
temperature-time schedule or humidity—time schedule recorded when a
substantially linear mass loss rate has been achieved in the balance-
equipped furnace is‘then programmed into the operation of large scale
furnaces .used for drying and ca]c{ning microsphefes..

Description of the Drawings

Fig. 1 is a graph depicting mass loss rate of unwashed gel-derived

microspheres calcined in accordance with the process of the invention.
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Fig. 2 is a graph depicting mass loss rate of unwashed gel-derived
microspheres calcined in a furnace wherein temperature is increased in
a conventional manner.

Detailed Description of the Invention

Microspheres containing nuclear waste can be made by the internal
gelation process wherein droplets of a chilled feed broth containing
the waste, matrix components, urea and hexamethy1enetetramine (referred
to hereinafter as HMTA) are fed to a heated immiscible gelation liquid,
the droplets being gelled as they sink in the liquid by ammonia pro-
duced from the decomposition of the HMTA.

Waste sludges are partially dissolved in nitric acid and a solu-
tion of matrix elements is added to this mixture to provide the feed
solution. Most'feed so1ut{ons of this type contain some suspended solids
but these can be tolerated by the gelation system. Urea is dissolved
in the feed solution to complex metal ions and prevent premature gela-
tion with HMTA. The adjusted feed is cooled to 0°C or a slightly lower
temperature and then mixed with an HMTA solution precooled to OQC. The
chilled feed broth is fed through a vibrating nozzle into a column of
immiscible gelation liquid maintained at a temperature of 55°C, which

gelation liquid may consist of various hydrocarbons such as a mixture

'cohtaining 45 vol.% 2-ethylhexanol and 55 vol.% trichloroethylene. In

one solution tested in the process of the invention a small concentra-
tion (~0.05 vol.%) of a surfactant (Span-80) was dissolved in the gela-
tion liquid to prevent coalescence of microspheres and attachment of

microspheres to the column holding the gelation 1iquid. Ammonium
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hydroxide is -released by decomposition of HMTA, which is activated by
the elevated temperature of the gelation liquid and accelerated by the
acidity of the feed solution, causing dropiets of the feed broth to gel
within 5 to 15 seconds as they fall through the liquid. At this point,
the collected microspheres are ready for further processing in accor-
dance with the invention, and the aging and washing steps used in con-
ventional microsphere production processes are not required or
performed.

Simulated nuclear waste compositions of two different types were
prepared and tested in the process of the invention, namely, a com-
position representative of the type of waste associated with defense
systems and a composition representative of the type of waste associated
with the production of power for commercial purposes. The composition
of the simulated defense waste used as feed material for product micro-
spheres are shown in the following table, wherein concentrations listed
under "Product Microspheres” represent the weight percent of the named
materials in microspheres obtained by means of the disclosed process
with Zr0y as a matrix material.

Table I
Defense-Type NucTear Waste

Component Concentration (Weight %)
Dry Metal Oxide Basis Waste Matrix Product Microspheres

Feols 49.9
AT203 9.8
Mn0O, 13.7
U30g 4.5
Ca0 3.7
NiQ 6.2

44 .9

8.
12.
4.
3
5

AW &0
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Tableé I
Defense-Type Nuclear Waste
Continued
Component Concentration (Weight %)
Dry Metal Oxide BRasis Waste Matrix Product Microspheres

Si0p 1.2 1.1
Nas0 7.0 6.3
NasS0a 1.3 1.2
Ces03 1.1 0.9
Ndo03 1.1 0.9
Sr0 0.5 0.5
IrQs 100 10.0

The composition of simulated commercial waste tested in the pro-
cess of the invention is shown in the following table.

Table II
Commercial-Type Nuclear Waste

Component Concentration (Weight %)
Dry Metal Oxide Basis Waste Matrix - Product Microspheres
Sr0 13.1 0.26
Nd»>03 15.1 0.30
Mo203 15.4 0.31
Rus03 15.0 0.30
Cso0o 41.3 0.82
Ti09 '60.7 59.5
A1507 11.1 10.8
Ir0y 10.0 9.8
Ra0 4.2 4.2
Ca0 14.0 13.7

Gelation conditions used in the preparation of the simulated

wastes of Tables I and Il are presented in the following table.
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Table III

Waste Form Concentration in Feed Solution :

Waste Loading Metal Metal Free Amount used for

(Weight %) Oxides (moles/ml) Acid Gelation (moles/

(g/m1) ‘ (meq/m1) mole metal)
UREA HMTA
Defense Type 90 0.22 3.0 1.5 2.3 2.0
Not

Commercial Type 2 0.16 - 2.1 Measured 9.9 2.2

Nuclear fuel particles were also prepared and tested. Uranium
oxi;;f;;;;;;;_;;;;‘E:;E;;;g-g; the internal gelation process in a
similar manner as previously described. The uranium feed solution was
at a concentration near 0.4 g U30g/ml1. The final solution was par-
tially denitrated (acid deficient). The urea and HMTA requirements
were somewhat less than the values for nuclear waste materials.
Unwashed spheres were tested. The second type of nuclear fuel particle
which was tested was UCxOy. In this case, the spheres were washed and
dried and were produced by the external gelation process. The objec-
tive in this case was to prevent cracking due to chemical reactions
occurring in narrow temperature regions during the calcination and sin-

tering process.

Test Example 1

Unwashed gel-derived microspheres containing the simulated
defense-type nuclear waste composition tabulated in Table I were suc-

cessfully dried and calcined by means of the following equipment: (1)
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a NuPont Instruments 951 Thermogravimetric Analyzer; (2) a/DuPoﬁt
Instruments 990 Thermal Analyzer; and (3) an Analog Series Macsym 2
Computer. The system was operated in the following manner. A sample
of gelled microspheres was placed in thevthermogkavimetric analyzer,
and an output signal representing the derivative of the mass of the
sample with respect to time was continuously monitored as a function of
time by the computer. The computer compared the actual mass loss deri-
vative with a prescribed value and a difference was calculated. A
signal proportional to this difference was used by the computer to
control the heater power supply of the thermogravimetric analyzer.
This feedback control Toop.resulted in a temperature schedule in the
furnace that assured dfying and calcination of the microspheres in the
desired uniform microsphere mass loss rate shownvin Fig. 1. The left
ordinate in this graph represents the mass loss rate expressed as per-
centage of the initial mass of the sample, the right ordinate repre-
sents the temperature of the sample during the drying and calcining
period, and the abscissa represents time. The sample éonsisted of
19.43 mg of unwashed gel spheres. It will be noted that the mass loss
rate of the sample was substantially linear throughout the drying and
calcining period, this linearity béing achieved by controlling tem-
perature in the furnace as shown on the graph. The volatile material
removed from the microspheres included water, HMTA, urea, ammonia, and
nitrate and chloride compounds. The microspheres obtained by the
described process conditions were of good quality.

Fig. 2 illustrates data obtained when a 12.71 mg sample of the

same type of gel spheres containing simulated defense waste was dried
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and calcined by the conventional method. In this test, furnace tem-
perature was increased at a rate of 5°C/minute throughout the drying
and calcining period. Included in Fig. 2 is a curve illustrating the
derivative of mass with respect to time during the conventional furnace
heating test. This mass derivative curve shows the extremely rapid
decomposition of the test sample which occurred at a temperature of
about 200°C aﬁd which completely ruined the microspheres.

Test Example II

Unwashed gel-derived microspheres containing the simulated commer-
cial nuclear waste composition tabulated in Table II were successfully

processed using the equipment described in Test Example I. The resulting

microspheres had good structural properties and were completely suitable

for further processing. However, to process a larger sample of the
commercial waste microspheres (30 gm), the temperature versus time
schedule followed during the use of the aforesaid equipment and drying
and calcining procedure was recorded and an Astro Model No. 725-S fur-
nace was then programméd by means of a computer to follow the same tem-
perature versus time schedule during the drying and calcining of the
larger sample in the furnace. The microspheres thus obtained again
possessed excellent characteristics which made them well-suited for
further processing.

Test Example III

The removal of volatile material from gel-derived microspheres at
a substantially linear mass l1oss rate in accordance with the process of

the invention provides the additional advantage of shortening the
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drying time of washed gel-derived microspheres. In a test using a BMA
Envrionmental Chamber with a volume of 8 ft.3, an Arbor balance in the
aforesaid chamber for ho]ding a sample and detecting ‘its mass loss, and
an Analog Nevices Macsym 2 Computer for controlling temperature'in the_
chamber to provide a linear mass loss rate, 400 gm of the previously
described simu1ateq commercial nuclear waste microspheres were properly
dried and calcined in 2 hours whereas the normal drying and calcining
procedure requires 24 hours.

Test Example IV

The equipment described in Test Example III was used to control
the drying and calcination of the previously described simulated com-
merical nuclear waste microspheres, with the modification that humidity
in the BMA Environmental Chamber was used to control the rate of remo-
val of volatile components from the microspheres.A That is, the mass
loss rate of the microspheres was maintained substantially linear over
the drying and calcining period by an arrangement which automatically
increased humidity in the chamber when the mass loss rate tended to
vary from the desired linearity by increasing in a non-uniform manner,
and vice versa. The sample of microspheres in this test Weighed
approxiamtely 300 grams, and the resulting product had good structural
characteristics. |

Test Examble vV

“Unwashed gel-derived microspheres of uranium oxide were success-
fu]]y'processed in accordance with the principles of the invention using

the equipment described in Test Example I. The resulting microspheres
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had good structural properties. The sample included 27.15 mg of
unwashed gel spheres. An argon flow of 50 cc/min was passed over the -
spheres and the temperature was permitted to go to 600°C maximum. The
spheres lost 57% of their mass in a 170 minute run. A linear mass loss
rate of 0.3%/min was mainfained during the run. Another experiment
using 24.02 mg sample of the same ge]-derived microspheres was pro-
cessed in a conventional manner with an increase in oven temperature of
2°C per minute up to 650°C and produced cracked, unusable spheres.

Test Example VI

Washed and predried samples of UCO0y (x + y being equal to 2)
nuclear fuel were processed in accordance with the principles of the
invention. A 51.64 mg sample was run in an argon atmosphere. The
spheres had good mechanical and physical properties with very few par-
ticles broken. The sample was dried and calcined so that it exhibited

nearly linear weight loss during a run time of approximately 2 hours.



METHOD FOR FORMING MICROSPHERES FOR
ENCAPSULATION OF NUCLEAR WASTE

Abstract of the Disclosure

Microspheres for nuclear waste storage are formed by geTling
5 droplets containing the waste in a gelation fluid, transferring the
gelled droplets to a furnace without the washing step previously used,
and heating the unwashed gelled droplets in the furnace under tem-
perature or humidity conditions that result in a substantially linear

rate of removal of volatile components therefrom.
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