KNS Spring Meeting Sk uh S A SlE]
May 18, 2023 =) KOREAN NUCLEAR SOCIETY

Low Temperature Sintering for
the Immobilization of Bi%rGO

lodine Wastes
Tien-Shee Chee 2, Ho Jin Ryu &0 *

a Department of Materials Science and Engineering,
KAIST, Korea
b Department of Nuclear and Quantum Engineering,
KAIST, Korea
*Corresponding Author: hojinryu@Xkaist.ac.kr

— Nuclear Fyel
|M M boraaory KAIST

C




@UGINE

Introduction

Objectives

Results & Discussion

Conclusions

K N\S

45 Sh2pAXI2f8t3
KOREAN MUCLEAR SOCIETY

KAIST




. <) o s X=sts

Nuclear energy offers several advantages such as cleanliness, safety, & lower
operating costs
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Source: World Nuclear Association and IAEA Power Reactor Information Service (PAIS)
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1 Solid sorbents

Radioactive & acutely toxic
Half-life: ~16 million years

Negative effects on the human health

High environmental mobility when dissolved in groundwater
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Capture & storage of off-gas iodine are essential !!!

Disadvantages

= Alteration of sorption
properties under the
influence of aging

= High cost

» Possibility of degradation
at high temperatures
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Bismuth-based absorbents have attracted considerable interest because of their

unique properties & low costs
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No leaching resistance of the solidified waste forms was examined
— Nu&:}};ﬁi{ Prog. Nucl. Energy. 135 (2021) 103705
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Designing suitable waste forms:
» Durability

=  Stability

= Resistivity to various physical
& chemical conditions

= Low waste loading capacities
= Long processing times

= High energy consumption

= High processing temperature

Low temperature sintering & easy processing techniques
need to be developed for long term disposal of 1-129
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O Cold sintering Process (CSP):

Extremely low-temperature <300 °C that requires two phases:
= a parent powder from which to form a ceramic body
= atransport phase to facilitate mass transfer to and from the original particles
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>>> CSP does not require heating waste to high temperatures
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Gl - High sorption capacity

=l + low production cost
I ¥ < High affinity to iodine
Bismuth - species

[Xe] 6s*4f" 5d" 6p°

» Hydrophobic

» Low production cost

» Excellent mechanical
properties

Reduced Graphene Oxide (RGO)

Post-Transition Metal

= Bi%—rGO sorption tests
= Simple thermal annealing

» QOptimize the CSP conditions

 Characterization
-~~~ Bi-rGO

-----lodine

= PXRD for phase analysis
= SEM for microstructural changes

» TG-MS for thermal stability

Desiccator

= PCT Leaching tests for chemical durability
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Results = Thermnel stzlollity
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= Bils-containing wastes: cannot be safely disposed

» BiOl-containing wastes: formation of the stable
lodine-containing BiOl phase via stronger chemical
bonding
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= High specific surface area is not always required for efficient iodine sorption
» The post-thermal annealing process is a promising approach for iodine

stabilization
= The normalized iodine leaching rates of A—BiOIl and CS BiOI (~ 1074 g/m? day)

may originate from the extremely low solubility of BiOl in the composite matrix
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Linnlteitlons & futuine wolrks

4 Limitations

= Leaching tests simulate only the short-term exposure to leaching solutions
with controlled pH values and anion concentrations

d Future works

= investigate the effects of complex groundwater chemistry, redox potential,
and microbial activity on the iodine properties

- tectopic
paaie s 'salt-water area

Cangxian Uplift Zone

Huanghua Deprssion Zone
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Conelusions . B BT TS
« Anovel sorbent (Bi°~rGO) was fabricated through solvothermal treatment

» High sorption capacity: 1116 * 49 mqg/g

« A chemically durable iodine phase (BiOl) was obtained by simple thermal annealing
 The CS BIiOIl achieved a relative density of ~98% and Vickers hardness of 1.3 ¥ 0.1 Gpa
 The normalized iodine leaching rates were reduced by ~3 orders of magnitude due to

the stable iodine phases (BiOl)
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