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Context

Phenomenon Risk Challenge
Generation of expansive broducts , . Experimentally reproduce and model the hydro-
due to c%rrosionp Degradation of the mechanical chemo-mechanical interactions between the
properties of the waste package

metal and its binder to ensure storage safety

State of the art on Magnesium Corrosion and its monitoring in nuclear
waste conditioning matrices

Experimental Study of Magnesium Corrosion in Geopolymer Matrices

Development of a First, Simplified Hydro-Chemo-Mechanical Model Based
on Experimental Results

Numerical StUdy Conclusion e U 2 Dublin, Ireland

Context Key Concepts Experimental Study
@ e

8-10 September 2026
Annual Event n°2



Magnesium Corrosion: Key Concepts
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Magnesium Corrosion: Key Concepts
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ApH < 115: Mg + 2H* - Mg?** + H,

=

m) ApH>115:Mg+2H,0 > Mg(OH), + H,

Galvanic Corrosion of Magnesium

Mg+2H,0 = M¢** + Hy +2HO™ —>+ H,

Formation of expansive corrosion products

Why The Geopolymer?

* ph>11 - Passivation domain

* NaF - More protective layers than Mg(OH),

dissolved silica
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Experimental Study

Study of Mg—graphite or Mg—stainless steel galvanic couples in geopolymers for future electrochemical testing

More Significant Corrosion — Easier To Measure

Electrodes Choice Of Geometry
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numerical simulations
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Experimental Study

Study of Mg—graphite or Mg—stainless steel galvanic couples in geopolymers for future electrochemical testing

More Significant Corrosion — Easier To Measure

Electrodes Choice Of Geometry
1. Galvanic Corrosion at each magnesium-inox interface
Inox Mg
Threaded Threaded steel :
steel rod e rod ~—— =
ooo = ooo ooo
Hedt N Heqt
Shrinkable b o shrinkable — et
Sleeve 3 Sleeve - g Corrosion Layer
I Each Mg-Inox interface corrodes -> Local material degradation & displacement
3 TI— " Araldite — E
~ a ™
o - 2. Multiplication of interfaces - Larger Overall Displacement
2cm C-“o,,\n —
1em
Stainless Steel . .
Mesh Graphite Magnesium =
1 ] ooo =
\ 1 ,
|
Cathode Anode
Corrosion at multiple interfaces accumulates — Larger displacement
Cumulative expansion
— c10ss many interfaces
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Experimental Study

Methodology for all configurations

Custom-designed standardized molds
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Ball
Potentiostat-
linked connectors
Reference Specimens Specimen placement in a custom-designed frame for electrochemical
(Mg_Mn covered with varnish) tests and displacement measurements
Context Key Concepts Experimental Study Numerical Study Conclusion e l_I 2 Dublin, Ireland
@ O ® S 8-10 September 2026

Annual Event n°2



Experimental Study

Electrochemical Method:
Zero Resistance Ammeter (ZRA)

Potential A PotentialB
A A
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Experimental Study

contigurationt = W I M -

Zero Resistance Ammeter (ZRA) 10°
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Time (months) Time (months)
Calculated quantities GP O NaF ©P1,25 NaF
9 Samplel [Sample2 [Sample3 [Samplel [Sample2 |[Sample3
Charge ( Coulombs) 222 295 236 10,5 3,75 2,57
Mass of corrosion products (mg) 27,9 37,2 29,7 1,3 0,47 0,32
Equivalent thickness of corroded metal (um) 10 13,4 10,7 0,48 0,17 0,12 For 7 months
||Averoge corrosion rate (um/year) 16 21,4 17,1 0,81 0,29 0,2 ||
—> NaF shows corrosion-inhibiting behavior
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Experimental Study

10

Log Current Density (MA/cm2)

Configuration2 } I

Log Current Density (WA/cm2)

—
o

—
(=]

I H

o
T —TTT

: _ |
MM

U

Sample 1
Sample 2

Sample 3| ;

VY ¥ _‘ \_"._ '.l N

\m '. ; 'l

: ]\" .‘\'.-i.
1072 F
103 Sample 1] | 10
Sample 2 i
Sample 3
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0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (days) Time (days)
Calculated quantities GP O NaF OP1,25 NaF
9 Samplel [Sample2 [Sample3 [Samplel [Sample2 |[Sample3
Charge ( Coulombs) 244 36,84 342,37 20,19 78,15 18,13
Mass of corrosion products (mg) 3,07 0,46 4,31 0,25 0,98 0,23
Equivalent thickness of corroded metal (um) 110 0,17 155 0,09 0,35 0,08 For2 monthS|
||Averoge corrosion rate (um/year) 6,79 I 1,02 I 9,52 0,56 215 0,50 ||

— NaF shows corrosion-inhibiting behavior (Further monitoring is required, as corrosion is a slow process)

Context Key Concepts Experimental Study
@ @ o

Numerical Study

Conclusion

e —

eu

Annual Event n°2

2

Dublin, Ireland 12
8-10 September 2026



Experimental Study Configuratin;

Without NaF : Specimen Fractured in two pieces Visible
- ' : Cracks
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Corroded magnesium surface in GP without NaF - optical microscopy
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Numerical Study

Loading: Evolution of corrosionlayer

thickness
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1: Generate the mesh of the study domain

2: Create interface elements between magnesium and matrix
: Assign an elastic model|and mechanical properties'to each element

: Apply boundary conditions related to symmetry

3
4
5: Model corrosion by equivalent expansion at the interface
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Numerical Study configurationt ——1-§ W -
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Conclusion

- Different experimental configurations were investigated to improve corrosion monitoring.
- NaF addition significantly reduces Mg corrosion in the geopolymer matrix.

- The coupling between experimental measurements and numerical modelling is key to better
understanding and predicting Mg corrosion and the resuilting material response.

Future Work

- Incorporate drying shrinkage, creep, and a damage variable into the numerical model.

- Use Portland cement as the encapsulation matrix to achieve a greater corrosion layer
thickness.

- Characterize the corrosion products using nanoindentation measurements.
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Loading: Evolution of corrosionlayer
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15 : 1: Generate the mesh of the study domain

2: Create interface elements between magnesium and matrix
: Assign an elastic model|and mechanical properties|to each element

: Model corrosion by equivalent expansion at the interface

3
4: Apply boundary conditions related to symmetry
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Numerical Study

Numerical optimization of the configuration to improve LVDT measurements (Cast3M)
(For the same applied load)

Displacement Ux

Displacement Ux

AY;T (unit: mm) AY;T (unit. mm)
X X

~ 80 um after 2 months ~ 40 um after 2 months
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