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Introduction: This presentation describes the current 
methods utilized at Los Alamos National Laboratory 
for the aqueous processing and purification of HS-
PuO2. Aqueous processing is the first step in the prepa-
ration of reclaimed HS-PuO2 for use in newly assem-
bled heat sources. Our current supply of HS-PuO2 is 
limited to Russian-sourced material and PuO2 re-
claimed from domestic sources. Before the reclaimed 
HS-PuO2 can be assembled into a fuel pellet for subse-
quent use, the material is subjected to aqueous purifi-
cation to reduce the quantity of ingrown 234U from α-
decay of 238Pu, and to reduce the quantity of minor 
anionic and cationic impurities.  
Discussion: The purification of reclaimed HS-PuO2 is 
a multi-step process that involves the following steps 
as depicted in the process flow sheet in Figure 1: initial 
size reduction of the impure PuO2 material with a cus-
tom mortar and pestle, dissolution in concentrated 
HNO3/HF solution, filtration to collect the undissolved 
heel, solution molarity adjustment, and precipitation of 
plutonium in the +3 valence state as an oxalate com-
plex, Pu2(C2O4)3�xH2O, through the combination of a 
reducing agent, valence stabilizer, and oxalic acid. 
This Pu-oxalate species is subsequently calcined to 
produce the HS-PuO2 material that is then sent to fuel 
fabrication for further processing. Our current pro-
cessing protocol and associated equipment allow us to 
produce purified PuO2 in large enough quantities to 
sustain production-level heat source fabrication. This 
level of production is typically on the order of approx-
imately 200 grams per week, which is loosely dictated 
by the maximum throughput of the fuel fabrication 
team and customer driven timelines. 

 

 
Figure 1. Flow Sheet for HS-PuO2 Aqueous Processing. 

 
While the general aspects of our aqueous pu-

rification process are relatively straightforward and 
have been utilized as part of 239Pu purification schemes 
for decades, minor changes, for example nitric and 
oxalic acid concentrations, can lead to differences in 

the yield of purified product recovered after filtration. 
Additionally, the enhanced decay rate of 238Pu com-
pared to 239Pu leads to higher temperatures and a more 
oxidative environment within the precipitation solution 
resulting in oxidation of Pu(III) to Pu(IV) and in-
creased solubility of the associated Pu-oxalate com-
plexes. The increased solubility can lead to loss of 
product during the filtration step. These nuances of 
working with 238Pu as opposed to 239Pu must be taken 
into consideration when designing an effective pro-
cessing scheme. 

Other variables currently under investigation 
include the nature of the reducing agent (currently hy-
droxylamine nitrate – HAN), and the method of oxalic 
acid addition to the Pu-HNO3 solution (direct-strike, 
reverse-strike, solid addition, etc.), which can influ-
ence particle size during precipitation. Particle size is 
an important aspect of the precipitation step since it 
directly influences the efficiency of the filtration pro-
cess for collection of the Pu(III)-oxalate complex. We 
are currently exploring how these and other minor 
changes can help us achieve higher yields of purified 
product and possibly reduce neutron dose to glove-box 
workers. Our results to date in this regard will be dis-
cussed.  

Finally we will discuss the use of our new 
tantalum-coated stainless steel precipitation vessel and 
filtration apparatus. Our need for concentrated HNO3 
and HF during processing dictates the use of a non-
corrosive material that is also stable in a high-radiation 
environment. Classically we have performed our pro-
cessing operations in solid tantalum vessels, which can 
be quite heavy, difficult to weld, and not ergonomical-
ly favorable for glove-box work. To aid in overcoming 
some of these drawbacks, we custom designed and 
fabricated stainless steel equipment, which was subse-
quently coated with a layer of tantalum metal through a 
proprietary process pioneered by Tantaline Inc. 
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