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Task Description 
In this task, high-temperature vacuum distillation 
separation is being developed for residue sodium 
chloride-potassium chloride salts resulting from past 
pyrochemical processing of plutonium. This process 
has the potential of providing clean separation of the 
salt and the actinides with minimal amounts of sec-
ondary waste generation. The process could produce 
chloride salt that could be discarded as low-level 
waste (LLW) or low actinide content transuranic 
(TRU) waste, and a concentrated actinide oxide 
powder that would meet long-term storage standards 
(DOE-DTD-3013-94) until a final disposition option 
for all surplus plutonium is chosen. 

Other methods are being examined for separating cal-
cium chloride residue salts. These alternatives include 
vacuum distillation at higher temperatures than 
sodium chloride-potassium chloride salts, molten salt 
filtration, recovery of actinides as metal alloys, and a 
combined aqueous-pyrochemical separation process. 

Technology Needs 
There are 16 metric tons of salts at Rocky Flats Plant 
containing ~1 metric ton of plutonium. Most of these 
salts (11 tons) are composed of a sodium chloride-
potassium chloride matrix. The remainder consists of 
a calcium chloride, matrix. These salt residues are the 
product of past plutonium processing operations. The 
Defense Nuclear Facilities Safety Board has expressed 
concern (in Recommendation 94-1) about possibly 
unstable residues resulting from suspension of . 
weapons-related activities in the DOE complex. These 
.concerns included residue salts stored at Rocky Flats. 

DOE responded with commitments to mitigate the 
hazards associated with these residues. Among these 
were commitments to mitigate the problems associated 
with 6000 kg of high-hazard pyrochemical salts at 
Rocky Flats by May 1997, and an additional 4000 kg 
by December 1997. The high-hazard salts are stored 
in drums in buildings where workers need routine 
access. These residues may pose a safety risk if the 
reactive metals in the residues come into contact 
with water, creating hydrogen gas that could cause 
container pressurization. 

The full 16-ton inventory is to be made safe by 
May 2002. In addition to mitigation of hazards, these 
residues must also be made acceptable for eventual 
disposal. An additional 2 tons of these salt residues 
exist at Los Alamos National Laboratory (LANL) 
and require stabilization by May 2002. 

Scientific Background 
Distillation separation is based on the large differ-
ence in vapor pressures at high temperature between 
most chloride salts that constitute pyrochemical resi-
dues and the actinide oxides. However, the plutonium 
content in these salts is usually a form of plutonium 
trichloride. Vapor pressure differences between alkali 
and alkaline earth chlorides and plutonium trichloride 
are too small to effect a good separation, therefore 
PuClj must be converted to an oxide through an oxi-
dation process. A process developed at LANL that 
uses carbonate salts to act as. an oxidant has proven 
effective in converting all plutonium species into plu-
tonium dioxide and can be ultimately combined with 
a distillation separation process. 

The vapor pressure of sodium chloride and potassium 
chloride at 850°C is about 1 torr. The vapor pressure 
of plutonium dioxide at this same temperature is 
10"16 torr. This large difference in physical properties 
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forms the basis for a very efficient physical separation. 
Simple modeling results indicate that the plutonium 
concentration in sodium chloride-potassium chloride 
salts can be reduced to 10"10 ppm. The criterion for 
LLW of 100 nCi/g can be met by salts with a pluto-
nium content of <1 ppm. Therefore, it should be 
possible to separate sodium chloride-potassium chlo-
ride salts from the plutonium content and dispose of 
the salts as LLW. Calcium chloride salts are also 
amenable to high-temperature vacuum distillation 
separation, but because of their much lower vapor 
pressure, temperatures >1200°C would be required. 

Technical Approach 
Uncontaminated salts have been used to verify the 
feasibility of the salt distillation process. These tests 
used existing equipment and have determined distil-
lation rates as a function of temperature. A target rate 
of 3 kg per unit per day had been established, and 
results for sodium chloride-potassium chloride indi-
cated that this was easily achievable. Distillation 
rates for calcium chloride were found to be too slow 
at temperatures below 11,000°C. These tests with 
uncontaminated salts have also been used to provide 
input for equipment designed expressly for the salt 
distillation process. This equipment is being fabri-
cated and will be tested to verify expected performance, 
then transferred to a DOE/EM-60-funded project that 
will process LANL residues to serve as a pilot dem-
onstration for processing at Rocky Flats. 

The high temperatures needed for calcium chloride 
distillation require extensive modification and rede-
sign of equipment that could be used for sodium 
chloride-potassium chloride processing. The high 
temperatures and resulting complications make 
vacuum distillation of calcium chloride salts a less 
attractive process than that for the alkali metal chlo-
ride salts. Other physical processes, such as filtering 
solid plutonium dioxide from either the molten salt or 
aqueous salt solution will also be explored. Chemical 
conversion .of plutonium species into a liquid metal 
alloy will also allow physical separation of the 
immiscible phases. 

Existing pyrochemical processing equipment at 
LANL is being used with plutonium-contaminated 

. salts to test the separation achievable by the salt 
distillation process. A variety of feed sources and 
pretreatments are being used. These tests also estab-
lish the ability to carry out the process in a plutonium 
glovebox environment. 

Accomplishments 
Experiments with both uncontaminated and plutonium-
contaminated salts have .unequivocally established 
that kilogram quantities of alkali metal chloride salts 
can be distilled per unit operation per day. This meets 
an established performance requirement. No problem 
was encountered with condensation of the salt in a 
limited area and in a form easily recovered. Excellent 
mass balance has been achieved with both distilled 
salt (>99.5%) and distillation heel (>99.9%). 

Tests with -50 kg of salts containing plutonium suc-
cessfully separated alkali metal chloride salts from 
the actinide content of the residue. The plutonium 
concentration of the salts was reduced from the tens 
of percent level to the parts per million level. Experi-
ments were carried out that established that the pluto-
nium contamination of the distillate salt was the 
result of the background contamination level of the 
processing environment and not from an inherent 
limitation of the distillation process. Even though the 
salts were in most cases still TRTJ waste, the pluto-
nium content was less than 100 ppm, and significant 
benefit could be realized by this as discussed in the 
benefits section. Salts pretreated by a molten carbonate 
oxidation process were found to be excellent feed 
for the distillation separation process. These results 
led to funding by DOE/EM-60 to design and pro-
cure full-scale, production-capable equipment. We 
expect to begin processing salt residues at LANL in 
March 1996. The processing campaign will serve as 
a pilot-scale demonstration for Rocky Flats. 
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Benefits 
Separation of the plutonium from the waste salts will 
lead to a large reduction in the cost of disposal even 
if the salts do not meet LLW disposal criteria. Current 
Waste Isolation Pilot Plant (WIPP) Waste Acceptance 
Criteria (WAC) would result in a maximum pluto-
nium loading per 55-gallon drum of 23 g. In the best 
possible circumstance, this would lead to more than 
50,000 drums. Efforts are under way to modify the 
WIPP WAC to allow 200 g of plutonium per drum. 
This would still result in 8000 drums. 

If the plutonium in the salts can be reduced to below 
100 ppm, a drum could be filled with salt without 
impacting even the present 25 g of plutonium limit. 
In this case, about 200 drums would be generated for 
WPP disposal. At a cost of $10K per drum, the cost 
savings realized could total several tens of millions 
of dollars. The separated plutonium, consisting of 
1 metric ton of plutonium dioxide, could be packaged 
for long-term storage per DOE-STD-3013-94. Pluto-
nium oxide storage costs would be greatly offset by 
savings realized from WIPP disposal. Recent estimates 
of the total costs of processing by distillation the salt 
inventory at Rocky Flats are $71 million, compared 
to $103 million for disposal at WIPP with modified^ 
WIPP WAC, and $534 million with the current 
WIPP WAC. 

Technology Transfer/Collaborations 
After receipt and testing of new full-scale equipment, 
the technology and equipment will be transferred to 
supported by DOE/EM-60 personnel to conduct a 
processing campaign with residue salts at LANL. 
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