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"CHROMIUM PRECIPITATION LIMITS HIGH LEVEL
WASTE (HLW) GLASS PROCESSING IN THE HANFORD
WASTE TREATMENT PLANT (WTP) FLOWSHEET
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 Crloaded into glass above a certain
limit (suggested 1.4%) precipitates as

— spinel sludge
([Fe,Ni,Mn][Cr,FelO, )

— eskolaite (GJO,)

e Possible unwanted effects in the
vitrification process and glass produCuEsusase St
— Shorting of melter '

| —Clogglng melter pour spout s ¢ »

e Chromium has been limited to O 5% wt in HLW glésseduce
processing time and number of high activity wasteisters
produced by WTP

| —— . .
Photos: J'D. v'e,pna Pacific Northwest Nq-gonal ®
Laboratoer Eskolaite in Glass —— 0.010 mm
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CHROMIUM AND ALUMINUM SEPARATION:
Baseline WTP Pretreatment Process Design

Liquid Fraction (to Ultrafiltration)
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PROPOSEDREFINEMENT OFBASELINE
PROCESS

Concurrent Use of Multiple Liguid Oxidants
- Permanganate (MngQ
- Ozonated Water ($£H,0)
- Hydrogen Peroxide (}©,)
- Peroxynitrite (ONOQ
- Photocatalyst Titanium Dioxide (Tip
- Peroxyacetate — (C}{£O(0)O)

Possible Benefits
— Reduce Mass Added to High Level Waste
— Reduce Processing Time

— Oxidation of Chromium in Wastes Resistant to
Permanganate



Cs-137gradiation Promoted Oxidation

Reactions In Tank Waste

grradiation driven reactions

Tank Waste, pH =13

HO+m O-+H,or HO'+e

OH+hn O +H (OH O"+H+ pK =
11.57)

NO; +hn  ONOO

0,+h  O(D) + OFP)

H,0, Added

H,0, HO, +H* (pK,= 11.65)

HO, +hn O, (

TiO,, Added

>TiO,+hn  TiO," + e-

>TiO++20H O+ >TiO, + H,0

0, Added

0,+h  0O,+0(D)

MnO , Added

MnO, +hn  ? (Swordsma, Tumosa et al. 1971)

Ho =Ml v ™ 1078y

H/

48H 0" + 480H 107 %5

48e, 107"s

spur expansion and reaction

=

26€,, +06H + 270H

+ 0.45H, + 0.7H,0, + 26 H,0* 107 s

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



Preliminary Scoping Experiments: Methodology

Cr(11) = 2.0 mg/L Solution

—Cr,O,; powder added to
solution with or without
NaNQ,, pH adjusted to 13

—Simulateg-radiation
(I =0.1 nm) with 172 nm UV
Lamps in some beakers

| =190 nm threshold for
HO OH+H
—Allow reaction with oxidants;

Ozonated distilled kD (15 —
60 mg/L)

—Measure pH, ORP, TQ@);
Cr(VI) using Standard
Spectrophotometric Method



1,5-Diphenylcarbazide Reagent Calibration with @y (V
Standard Solutions
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UV Lamps Emission Intensity Check Performed
Every 1 -2 Weeks Using Indigo Trisulfonate
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RESULTS TO-DATE



Irrac

O,

lated Ozonated J@ Is More Effective than the
,O/MnQO, Combination or Peroxone (both with

or without UV) in the Presence of NO
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Irradiated N@Q (or ONOOQO) Appears to Act

Synergistically with @Q-H,O
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Excess [NQ] Suppresses Oxidation/Synergism;
Also, Synergism Appears to Occur Only with®]
or Q;, not with MnQy;

0.080 ¢ 30 mg/L NO3- & H202 B 0mg/L NO3- & H202 ---A-- 300 mg/L NO3- & H202
' 8- 0 mg/L NO3- ¢ 30 mg/L NO3- A-- 300 mg/L NO3-
0,070 - MnO4- & 0 mg/lLNO3 ¢ MnO4- & 30 mg/lLNO3 A MnO4- & 300 mg/L NO:3




Low Yield of Cr(VI) (Maximum Observed =
10-20% of [Cr}o7) Due to Cr-Oxide Formation
on UV Lamps and Beakers



Irradiated Q-H,O Effectiveness in 1 L of [Cy}+ =
5.0 g/L, NO = 30 mg/L Solution; QDose ~ 8.2 mg,
Solids Filtered Prior to Analysis
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Further Testing, 2006

Continue Completion of Data Set
with Simple Cr(II1)/NO; Solution
adding other components (e.qg.
oxalate (CO,))

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



ACKNOWLEDGEMENTS

Research Assistants

Graduate Students: Undergraduate Students:
Adrien Thélin Vanessa Mastren
MSPH Candidate, EHS Senior, Chemical Engineering
Brian J. Deskin Katherine Powell
MSPH Candidate, ESH Junior, Chemical Engineering

Nedal AI'Nawaiseh, M.D.

MSPH Candidate/Doctoral Student, EHS
Brady K. Skaggs, Jr., M.S.

MSPH Candidate/Doctoral Student, EHS

Laboratory Use
EHS: Robert S. Reimers, Ph.D., FAIC; Andrew J. BndEk, Ph.D., PE;
Physics Department: Zhiging Mao, Ph.D.

USDOE,

Program Management: Office of River Protection,
Donald H. Alexander, Ph.D. and Langdon K. Holtan, J
Funded by: Office of Environmental Management




REFERENCES

(1998). 3500-Cr CHROMIUM B. Colorimetric Method.
Standard Methods for the Examination of Water and
WastewaterA. D. Eaton, L. S. Clesceri, A. E. Greenberg and
M. A. H. Franson. Washington D.C., American Pubigalth
Association, American Water Works Association, Wate
Environment Federation.

Buxton, G. V., C. L. Greenstock, et al. (1988).itiCal Review
of Rate Constants for Reactions of Hydrated Elestro
Hydrogen Atoms and Hydroxyl Radicals (OH/O-) in Agus
Solution." J Phys Chem Ref D&at#(2): 513 - 886.

Swordsma, H. B., C. S. Tumosa, et al. (1971). 'E&fed Gamma-
Irradiation on Oxidation State of Manganese in Bsitan
Permanganate." Radiochimica Adi&2): 112-&.




