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SPENT ION EXCHANGE RESINS: AN INCREASINGLY RELEVANT ISSUE

Main problems:

- Complex characterisation (reactor-specific
chemical and radiological inventory)

- Swelling phenomena leading to waste form
cracking

- Organic matter degradation leading to gas
release and internal pressure buildup

- Chemical interferences within the waste form

SIERs production: 10-50 m3/y per reactor - 3
eur-c 2
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THE TWO HISTORICAL WASTE ROUTES

SIERs Incineration

SIERs

Cement

Cement

. Energy-intensive,
Simple, lower Low loading High volume . )
+ pre-disposal cost L] factor + reduction, lower — radiation protection
disposal cost iIssues, more complex
pre-disposal
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FENTON WET OXIDATION OF SPENT ION EXCHANGE RESINS

‘OH + OH-
H,0, —> Fe(II) ~
o :‘ ;E R Fragmentation /
/ N\ Mineralisation
;\ Redox Cycle ) _
S T CO,+H,0
H,0, —>» Fe(III)
— ‘O,H + H*
- Low temperature (<100 °C) and - Need for an external catalyst
ambient pressure - - Acidic, sulphate-, and borate-rich
- High organic reduction (>90% w/w) residue
- High volume reduction - incompatible with
- No airborne dust generation Portland cement! e Ur | 2
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POLIMI’'S EFFORT IN WP STREAM: SOLVING THESE TWO MAIN DRAWBACKS

Need for an external catalyst Acidic, sulphate-, and borate-rich residue

Representative inventory of SIERs (PWR): Two main conditioning routes:

- Fe.is the dominant element in cationic Neutralisation of the residue and conditioning in
resins alkaline binders
- Other contaminants as alloy elements Conditioning of the acidic residue without prior

or activation products (Co, Ni, Mn, Cr), neutralisation into phosphate-based matrices
and Cs and Sr as fission products _
- Boronis the dominant element in anionic

resins

- The catalyst can be provided by SIERs!

Thanks to EURAD-2 partners and EUG
for sharing such vital information!!
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SELF-CATALYSED FENTON WET OXIDATION: IT WORKS!

Up to 100 g of surrogate mixed bed SIERs
(50-50 % w/w CAT-AN) were successfully
treated:

- No external catalyst

- Self-sustainable and easily
controllable reaction

- Almost total organic degradation (total
carbon reduction of about 98%)

- High weight reduction (70 + 80%)

The goal for the near future is to validate
this process up to 1 kg of SIERs!
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WHAT ABOUT THE
FENTON LIQUOR?
o
pH ~7 ) ) !
Neutralisation Concentration Neutralised
by evaporation residue

A

Acidic
Fenton liquor

Concentration Acidic i )
by evaporation residue eu | 2
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INVESTIGATED CONDITIONING ROUTES

Neutralised residue Acidic residue

~70% Weight reduction ratio ~ 80%

Alkaline binder Suitable conditioning matrix Phosphate binder

Waste forms must satisfy Waste Acceptance Criteria (WAC)
established by national regulatory bodies
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WASTE FORM EVALUATION

WAC include requirements in terms of:
- Mechanical strength
- Leaching resistance

- Durability against degradation phenomena (e.g., irradiation, water immersion, freeze-thaw cycles)

Neutralised residue Acidic residue +
+
Waste form type + alkaline binder ohosphate binder Cement + untreated SIERs
Equivalent loading factor 0 o 0
(% w/w of untreated SIERS) Upto 27% Up to 50% Up to 10-15%
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CONCLUSIONS
NaOH
/ § 4§ |
A g Tad Aad /
Neutralisation Concentration Neutralised Alkaline

by evaporation dry residue binder

Fenton wet Concentration Acidic dry Phosphate
i i b ti residue binder
oxidation y evaporation

Matrices will be optimised within WP STREAM to maximise the loading factor

Once WAC compliance is assessed, waste forms long-term durability will be tested .
within WP LOPERA €U,
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- | THANK YOU FOR THE ATTENTION!
FEEL FREE TO ASK QUESTIONS!

Feel curious about my work?
Scan this QR code!

eu - 2
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