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ABSTRACT

One option for interim waste management at the Savannah
River Plant is in-tank solidification of the liquid waste
solutions. This would reduce the mobility of these highly
radiocactive solutions until techniques for their long-term
immobilization and storage are developed and implemented.
Interim treatments must permit eventual retrieval of waste and
subsequent incorporation into a high-integrity form. This study
demonstrated the solidification of simulated alkaline waste
solutions by reaction with silica, bentonite, and phosphoric
acid., Results show that:

e Alkaline waste can be solidified by reaction with silica
gel, silica flour, or sodium silicate solution. Solidi-
fied products containing waste salt can be retrieved by
slurrying with water.

e Alkaline supernate (solution in equilibrium with alkaline
sludge in SRP waste tanks) can be sclidified by reaction
with bentonite to form cancrinite powder. The solidified
waste can be retrieved by slurrying with water,

e Alkaline supernate can be solidified by partial evaporation
and reaction with phosphoric acid. Water is incorporated
into hydrated complexes of trisodium phosphate. The
product is soluble, but actual plant waste would not
solidify completely because of decay heat.

e Reaction of simulated alkaline waste solutions with silica
gel, silica flour, or bentonite increases the volume by a
factor of w6 over that of evaporated waste; reaction with
phosphoric acid results in a volume 1.5 times that of
evaporated waste,

At present, the best method for in-tank solidification is by

evaporation, a method that contributes no additional solids to the
waste and does not compromise any waste management optioms.
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INTERIM SOLIDIFICATION OF SRP WASTE WITH
SILICA, BENTONITE, OR PHOSPHORIC ACID

INTRODUCTION

Methods of solidification and storage of radicactive Savannah
River Plant (SRP) process wastes are being studied at Savannah
River Laboratory (SRL). The origins and characteristics of SRP
wastes, the criteria for acceptable waste forms, and their po-
tential for fixation of $SRP wastes have been described.' SRP
waste comprises alkaline salt solution, salt cake, and an insoluble
sludge layer containing large amounts of iren, aluminum, manganese,
and other elements. Compositions of waste from various storage
tanks vary considerably. Alternatives considered for long-term
management of SRP waste include its incorporation into a high-
integrity solid form, followed by storage in a retrievable surface
storage facility on the SRP site. The waste could be shipped to
a federal repository later, if desired. Solid waste forms being
considered include concrete,2 glass,3 and aluminosilicate minerals."

In addition to the long-term waste management program, there
is a concurrent program to develop and improve methods for interim
storage of liquid and crystallized waste. Because the long-term
plan could include incorporation of all waste into a high-integrity
form, interim treatments must permit retrieval of all waste for
sclidification. The interim treatments investigated in this werk
were in-tank solidification (ITS) of alkaline wastes by reaction
with silica, bentonite, or phosphoric acid. The bentonite and
phosphoric acid processes were developed as ITS methods by Atlantic
Richfield Hanford Company (ARHCO) for conversion of high-level
tank-stored radioactive waste into solid form.®’’ This report
describes work performed to demonstrate the feasibility of these
three ITS methods for use with SRP wastes,

SOLIDIFICATION OF ALKALINE WASTE WITH SILICA

Reaction of waste supernate and sludge with 5i0, to form
solid products was evaluated as a possible in-tank solidification
nethod. Both silica gel and silica flour were tested. Silica gel
is pregared by solidifying and gelling solutions of soluble sili-
cates. The gel can be depolymerized by alkali to form polysili-
cate ions of different sizes and molecular weights. Ions of greater
molecular weight are produced at higher mole ratios of $Si0; to Na.0,
and silicate ions are highly polymerized at 4 moles of S5i0:; per mole



of Na,0.° Concentration of solutions containing polysilicate ions
increases polymerization and gives solid products. Silica flour

is produced by grinding and sieving 5i0,;; the particle size of flour
is <400 mesh.

In initial tests with only NaOH, silica gel and silica flour
were reacted with 1 to 8M NaOH in sealed polypropylene tubes at 25
to 100°C. Approximately 3 g of silica gel per ml of NaOH or 4 g
of silica flour per ml of NaOH was required for solidification.
Excess liquid prevents solidification; excess silica gel or silica
flour resulted in a powdery layer on the monolithic product. Solid-
ification with silica flour required 2 weeks at 100°C and 4 months
at 25°C. Silica gel required 1 week at 100°C and 4 weeks at 25°C.
Silica flour and silica gel formed monolithic products with >4M
NaOH; less NaOH resulted in powdery forms (not monolithic). In
tests to evaluate retrievability, all forms were easily slurried
with water except the 4M NaOH - silica gel form, which was insoluble.

These results indicate that NaOH and waste supernate must be
in appropriate proportions to form sufficient polysilicate ions to
promcte solidification. At low NaOH concentration, not enough poly-
silicate ions are formed to give a monolithic product upon repolymeri-
zaticn; at high NaOH concentration, the polysilicate ions have lower
molecular weights and are more soluble. More time is required to
partially dissolve silica flour surfaces and form polysilicate ions
because silica flour has a dense crystalline matrix of silicon-
oxygen-silicon tetrahedra; whereas, silica gel is an amorphous por-
ous hydrogel. Silica gel reacted rapidly with »>6M NaOH; the mixture
solidified before all of the silica gel was incorporated.

In an additional test series, equal volumes of. 1 to 8M NaOH
were reacted with 38 wt % sodium silicate solution in vented poly-
propylene tubes at 25 to 100°C., Hard monolithic products resulted
for all solutions that were reacted at 100°C for 2 weeks, At
60°C, the reaction required up to 3 months; at 25°C, samples
containing >5M NaOH became highly viscous but did not solidify
in 5 months. Samples prepared with 7 and 8M NaOH and reacted at
60 and 100°C were hygroscopic and softened upon exposure to the
atmosphere. All forms were soluble in water since the S5i0:/Na»0
ratio for 38 wt % sodium silicate solution is approximately 3.33,
and this ratio was decreased by the addition of NaOH.

Aluminate ion (present in SRP waste supernate in varying
amounts) reacts rapidly with silica gel to form insoluble
aluminosilicates. Aluminate solutions (0.4 to 1.6M) in 3 to 7M
NaOH were reacted with silica gel at 25 to 100°C. All products
were insoluble, as expected, with reaction more rapid at higher
temperatures and higher aluminate and NaOH concentrations.



Simulated concentrated supernate [10,8M Na‘*, 5.4M OH™, 0.75M
Al (OH}s , 2.0M NO3~, and 2.65M NO,~ ] was reacted with silica gel
at 25°C for ) month and at 100°C for 1 week; both forms produced
were insoluble and monolithic. Evaporation of concentrated super-
nate to 75 and 50% of original volume causes salt crystallization
upon cooling. These salt slurries, both with and without iron-
aluminum and iron-manganese sludges, reacted with silica gel to
form monoliths., These monoliths can be slurried with water because
soluble salts leach out, breaking up the monolithic structure into
particles. Thus in the presence of aluminate ion, retrievability
with this method of in-tank solidification would require only
prior evaporation to a salt slurry. A major disadvantage of the
silica gel method is, however, that it would increase the waste
volume by a factor of six compared to simple evaporation of the
waste. Evaporation of concentrated supernate to 40% of original
volume results in a solidified salt cake,

SOLIDIFICATION OF SUPERNATE WITH BENTONITE

Mineralization with clay and NaOH was evaluated by ARHCO
for in-tank solidification of alkaline wastes; reaction of
neutralized simulated Purex waste solutions with bentonite
(primarily montmorillonite, Al,Si,0;71°H20) at 100°C for 3 hours
forms cancrinite, 6 (NaAlSiQ,).5

In SRL tests, simulated concentrated supernate with '3*7Cs
tracer was reacted with bentonite and NaOH at 100°C for 3 hours
to 7 days. Samples reacted >24 hours were completely converted
to cancrinite, provided NaOH was added to a NaOH/bentonite mole
ratio of v2/1. Waste solidification was considered complete.if
no liquid could be removed by pressing at 100 psig. Complete
solidification required 1.2 g of bentonite per ml of waste, The
presence of sludge does not interfere with formation of can-
crinite product. Cancrinite prepared from bentonite was not
monolithic as was cancrinite prepared from kaolinite."

Although low leachability is not a major goal for interim
waste management, it was of interest to determine to what extent
reaction of waste with bentonite would decrease the mobility of
137cs.  Cesium intercalated in cancrinite and some other clay
minerals is tightly bound.'® For this reason, cesium leach tests
were made with the cancrinite product. Cancrinite for these
tests was prepared from diluted supernate, but the ratios of
1.2 g of bentonite per ml of solution and 2 moles of NaOH per
mole of bentonite were maintained. 1-inch sections of moist
compacted product were cut from the l-inch-diameter polypropylene
reaction tubes for leach tests; the samples collapsed in the



leachant (268 ml of distilled water). Leachant was changed daily
for 4 days and weekly thereafter. '*’Cs was determined by gamma
spectroscopy. Results are shown in Table 1.

TABLE 1
Cesium Leached from Cancrinite Product

Bentonite/Salt  Fraction Cs™ leached in 90 days

mole ratio 1.2 g bentonite/ml 1.4 g bentonite%/ml
0.82 .82 0.63
1.57 0.57 0.39
3.15 0.33 0.46
6. 30 0.25 0.30

a. 17% bentonite unreacted.

S

The fraction of '*7Cs leached from cancrinite product de-
creased with dilution of waste salt to 10% of original concentra-
tion; further dilution had little effect. Leachabilities for cesium
were between 2.1 x 10~° and 6.8 x 10~° g/(cm®-day).* 60 to 98% of
the cesium leached was removed during the first week, indicating un-
reacted cesium and salt. Further reduction in leach rate would re-
guire washing and recycling unreacted waste from the cancrinite.

Cancrinite may be recovered by sluicing and centrifuging (it
rapidly plugs filters), but the compacted product slurries rather
slowly and recovery would be time consuming. The volume of the
final product would be 6 times greater than that of evaporated
waste,

SOLIDIFICATIGN OF SUPERNATE WITH PHOSPHORIC ACID
The synthesis and stoichiometry of solid, hydrated sodium

phosphate compounds were studied by Bell.!! He found that tri-
sodium phosphates containing more than 8 moles of H»0 per mole

{fraction of Cs leached){sample wt)
{(time} {(area of menolithic form)

* (s leachability =



of NaiP0O, are not simply hydrates, but are hydrated complexes
that always contain either sodium hydroxide or the sodium salt of
a monobasic acid. The salts of polybasic acids such as sodium
sulfate or sodium carbonate do not form complexes. The general
formula of the hydrated complex is n{Naj;PO,*XH,Q)NaY, where
n=4to7, X=11o0r 12, and Y is a monobasic anion. Crystal-
lization of these complexes from dilute solution by slow
evaporation was less likely to produce a heterogeneous product
because the excess liquor tends to minimize the effect of slight
variations in starting composition. Table 2 lists the order in
which some salts are incorperated intc these complexes. If two
or more salts capable of forming complexes are present, the
highest melting complex forms first rather than a mixture of two
or more complexes, Na/P ratios and thermogravimetric analyses
showed that two complexes formed: 5(NasPO,*12H»0)}NaOH and
7(Na3zP0,+-12H,0)NaOH, referred to as Na-5 and Na-7, respectively.

TABLE 2

Order of Salt Incorporation into Phosphate Complexes'!

Complex-Forming Melting Temperature
Salt of Complex, °C
NaOH 74

NaNO2 72

NaNO3 60

ARHCO evaluated the solidification of concentrated sugernates
by addition of phosphoric acid as part of the ITS program.” The
supernate [10,28M Na*, 4,8IM OH , 2.30M AL(CH)s , 2.06M NO3~, and
1.11M NO,~] approached maximum solidification, nearly 100%, at
Na/P = 3.12/1, which is claser to the theoretical value of 3.14
in Na-7 than to 3,20 in Na-5. ARHCO postulated that initial
reaction of phosphoric acid with NaOH forms trisodium orthophos-
phate. As the heat of reaction raises the temperature to “80°C,
some local precipitation of AI{OH)s; occurs. AsS the slurry cools,
complex hydrates form, taking on additional waters of hydration.

The loss of water into the complex hydrates results in a solution
supersaturated with NaNOs, NaNO,, and NaAl(OH)., which also begin to
crystallize. The remaining small amount of saturated NaNOj3-NaNO;
solution is apparently occluded in the matrix by interfacial tension



and van der Waals forces. The ARHCO product was considered to be
completely solidified if no solution could be removed by pressing
at 28 psig. The product is water-soluble, loses water upon
mechanical agitation, and has a melting range of 55 to 80°C.

Simulated SRP supernate (Table 3) could not be solidified
completely by addition of phosphoric acid: at least 9 volume
water remained. Additional solutions were prepared by evaporating
the original solution. A completely solid phosphate complex was
obtained from a solution evaporated to 65% of original volume;
ratios of available sodium®™ to phosphate for the solid product
varied from 3.12 to 3.25. The results of all tests are shown in
Figure 1.

[
]

TABLE 3

Composition of Simulated Concentrated SRP Supernates
Molar, except H,0 is wt %

Nat OH~ AL(OH) W NOs” NO2~ Ha0
Hanford 10.28 4.81 2.30 2,06 _ 1.1 48
Savannah River 10.8 5.4 0.75 2.0 2.65 53.4

Aluminate affects waste solidification significantly. Simu-
lated concentrated SRP supernate adjusted to 2.0M aluminate can be
solidified without preliminary evaporation. Hanford waste con-
tains 2.3M aluminate and can be solidified without further evap-
oration,

Solidified waste corresponding to Point A in Figure 1 was
tested for radiation and thermal stability. Irradiation to 107,
10%, and 10° rads increased volume by 0, 14, and 25%, but no
liquid was released. In the heating tests, melting began at
40°C and was not complete at 200°C. Because SRP waste could
reach “80°C, even in cooled tanks, phosphate solidification is
impractical for interim storage of SRP waste. The addition of
phosphate would also compromise waste incorporation into glass,
a high-integrity form being considered for eventual storage of
waste; phosphate glasses devitrify at ~400°C with a 1000-fold
increase in leach rate.'?

* Available sodium = sum of hydroxide and aluminate concentrations.
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FIGURE 1. Effect of Waste Concentration on Solidification
with Phosphoric Acid

In-tank solidification of alkaline waste by reaction with
silica and bentonite 1s possible, but the final waste volume
would be 6 times greater than that of salt cake produced by
evaporation. Phosphoric acid reacts with evaporated simulated
supernate to give a solid product, but decay heat in waste would
prevent complete solidification by this method. Also, addition
of phosphate would be deleterious to subsequent waste incorporation
in glass, a high-integrity waste form currently a candidate for
long-term waste management at SRP,

At present, the best method for in-tank solidification is
by evaporation, a method that contributes no additional solids to
the waste and does not compromise any waste management options,
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