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• Cr loaded into glass above a certain 
limit (suggested 1.4%) precipitates as
– spinel sludge 

([Fe,Ni,Mn][Cr,Fe]2O4 )

– eskolaite (Cr2O3) 

• Possible unwanted effects in the 
vitrification process and glass product:
– Shorting of melter
– Clogging melter pour spout

• Chromium has been limited to 0.5% wt in HLW glass to reduce 
processing time and number of high activity waste canisters 
produced by WTP

spinels

Photos: J.D. Vienna, Pacific Northwest National 
Laboratory



CHROMIUM AND ALUMINUM SEPARATION: 
Baseline WTP Pretreatment Process Design
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PROPOSED REFINEMENT OF BASELINE 

PROCESS 

Concurrent Use of Multiple Liquid Oxidants
- Permanganate (MnO4-)
- Ozonated Water (O3-H2O)
- Hydrogen Peroxide (H2O2)
- Peroxynitrite (ONOO-)
- Photocatalyst Titanium Dioxide (TiO2)
- Peroxyacetate – (CH3CO(O)O-)

Possible Benefits
– Reduce Mass Added to High Level Waste
– Reduce Processing Time
– Oxidation of Chromium in Wastes Resistant to 

Permanganate
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Buxton et al. 1988. J. Phys. Chem. 
Ref. Data 17(2)



Preliminary Scoping Experiments: Methodology

Cr(III) = 2.0 mg/L Solution 

–Cr2O3 powder added to 
solution with or without 
NaNO3, pH adjusted to 13

–Simulate g-radiation              
(l = 0.1 nm) with 172 nm UV 
Lamps in some beakers
l = 190 nm threshold for     
H2O � OH• + H•

–Allow reaction with oxidants; 
Ozonated distilled H2O (15 –
60 mg/L)

–Measure pH, ORP, T (
C); 
Cr(VI) using Standard 
Spectrophotometric Method 
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UV Lamps Emission Intensity Check Performed 
Every 1 -2 Weeks Using Indigo Trisulfonate 
Solution
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RESULTS TO-DATE



Irradiated Ozonated H2O is More Effective than the 
O3-H2O/MnO4

- Combination or Peroxone (both with 
or without UV) in the Presence of NO3

-
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Irradiated NO3
- (or ONOO-) Appears to Act 

Synergistically with O3-H2O
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Excess [NO3
-] Suppresses Oxidation/Synergism; 

Also, Synergism Appears to Occur Only with H2O2

or O3, not with MnO4
-
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Low Yield of Cr(VI) (Maximum Observed =  
10-20% of [Cr]TOT) Due to Cr-Oxide Formation 
on UV Lamps and Beakers



Irradiated O3-H2O Effectiveness in 1 L of [Cr]TOT = 
5.0 g/L, NO3

- = 30 mg/L Solution; O3 Dose ~ 8.2 mg, 
Solids Filtered Prior to Analysis
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Further Testing, 2006
• Continue Completion of Data Set 

with Simple Cr(III)/NO3
- Solution 

adding other components (e.g. 
oxalate (C2O4

-))

• Test Oxidant Combinations on Iron-
Rich Natural Chromite (Luzon, 
Philippines) -Bearing Waste 
Simulant (FeCr2O4)
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