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Introduction. In this paper, a nanometer-scale mineralogical study with analytical 
transmission electron microscopy (AEM) of plutonium-bearing incinerator ash from the Rocky 
Flats Environmental Technology Site (RFETS) in Colorado is described. The findings from this 
work may have implications for the present effort to immobilize plutonium waste. 

Around 70% of the plutonium ash in the DOE weapons complex is stored at the RFETS 
(1). The ash was formed from the combustion of contaminated wastes generated from plutonium 
processing. The RFETS incinerator ash composition has been determined by Blum et al.’ The ash 
was formed at temperatures estimated to be between 200°C and 900°C and contains up to 14 wt% 
P u . ~  Ash is a generic term used to describe the by-product of combustion and owing to the 
variability in the inorganic components. 

Results. Samples of ash were examined with a combination of optical, scanning electron 
microscopy, and AEM. The ash exhibited a poikiloblastic texture with all the detectable plutonium 
as aphanitic particles surrounded by larger particles. The ash was crushed to release the Pu- 
bearing regions and thin sections of this material were produced with ultramicrotomy for AEM. 
The combination of microscopy investigations determined the non-Pu-bearing particles to be SiO,, 
K-feldspar (KAlSi,O,), fluorite (CaF,), corrundum (&O,), chromite (FeCr20a diopside 
(CaMg(SiO,),), anorthite (CaAl,SGO,), and amorphous aluminosilicates. Although most of the 
plutonium exists as a reduced plutonium oxide (PuO,), a significant amount of the plutonium is 
present in other forms. Three types of Pu-bearing phases were observed, including a Pu-bearing 
aluminosilicate glass, various crystalline silicotitanate phases, and Pu-Al particles. 

In some regions reaction with silicates has resulted in the formation of Pu-bearing glasses 
(Figure 1). The Pu is spread throughout the particle at about 23-25 wt%, but is enriched to about 
75 wt% in some regions. These levels of Pu in glass have not been achieved in most waste 
glasses. The oxidation state of the Pu in the glass was deterrnined using an electron energy-loss 
spectroscopy (EELS) method developed for rare earths? The Pu oxidation state may be estimated 
from the ratio of the intensity of the Pu-N, to N, absorption edges, which correspond to the “white 
line” transitions 44, o 5j& (N,) and 4d5, o 5f7, (NJ. Samples of known Pu oxidation state 
were used to construct a calibration curve4 for determining the oxidation state of Pu in the ash 
(Figure 2). The oxidation state of the trace level (< 100 ppm) of Ce present in ash particles was 
also obtained with the same method.’ 



The composition of two crystalline Pu-silicotitanates particles was determined to be 

~~ol)(Feo~,,,Cro,)(Tio~,,Alo~JSiO,F]. Electron diffraction indicated that the phases were structurally 
similar to chevkinite [(Ca,REE,Th), (Fe,Mg)(Ti,Mg,Fe),Si,O,]. The F-bearing phase may be 
related to rare-earth-bearing titanite which, in nature, incorporate 0.2-0.6 wt% F. Both chevkinite, 
the rare earth-Fe-Ti silicate, and titanite (ideally CaTiSiO,) are known to occur, along with 
zirconolite polytypes [(Ca, REE,Th)(Zr,Hf)(Ti,Nb)207], in nepheline syenites and peralkaline 
granites.6 These types of actinide-bearing silicotitanates might also occur in some waste forms for 
Pu-scrap immobilization. The Ce oxidation state in the two silicotitanate also varied; however, in 
each case the Pu was slightly oxidized relative to the Ce, which is consistent with cerium’s greater 
oxidizing potential. 

~(pU+3’3,ce0.01+3.1 ,B a d.01)  (Fee. 1 ,Cro.03)(Tio.,,A10.2,)si061 and [(PU+3.7,Ce0.01+3.4,B a 

Discussion. This work demonstrates the utility of microscopy for obtaining information 
about low level contaminants in environmental samples. Furthermore, with EELS, the oxidation 
state of the Pu and Ce in the discrete phases may be estimated. In some cases, incineration of Pu- 
bearing waste has resulted in the formation of phases which are similar to those currently being 
viewed as waste forms intended for Pu immobilization. Although the colloidal-size of the PuO,, 
particles may present some concern regarding their stability over an extended period, the Pu- 
bearing phases observed, titanites and silicates, are known to be resistant to dissol~t ion.~~~ 
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Fig. 1. Transmission electron micrograph of a plutonium-bearing silica glass with -20 wt% 
PLI and a region enriched to about 70 wt% Pu. An aluminum-plutonium particle is also 
visible in the thin section. 

0.35 

0.3 

0.25 

0.2 

0.15 

I ,  i , , , , , f i  I l l  I , ,  - 
- ATS ’glassf 

- - 

- 
- 

- f, - I - *  

- - 
- /€-.-- P’-oxide 

- p:. - . . Pu-Si-Titanate - 

- ,- Pu in glass 
- , . Pu203 - 
- 

Pu-Si-Titanate - - 
I I  0 ,  1 ,  0 ,  , I ,  

Fig. 2. A calibration plot3 using ATS glass‘ as the Pub standard and cubic-WO, (actually 
Pu,O,) as the Pu3.” standard. The ratios of Pu-N,/Ns for several phases found in the ash 
are shown. 


