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Introduction

The development of robust all-solid pH sensors, which do not necessitate any maintenance, is required for the long-term
monitoring of the pore water of clay-based disposal systems.

Due to their high stability, corrosion resistance and reversible redox properties, iridium oxy-hydroxides (IrOx) are widely
investigated for pH sensing and can be regarded for pH monitoring of underground components of nuclear repositories.

This work aims at investigating and optimizing the IrOx electrodeposition process for accurate pH measurements with the
specific constraints related to on-site conditions.

Materials and methods Results
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Based on the protocol proposed first by Yamanaka [1]  Presence of many electroactive species in the solutions
oM orrClin +37S MEOTIC0, LOSmL kD, | ARerthreeday E,/pH monitoring « Electrodeposition mainly observed in parallel to water

oxidation (E > 0.6 V/SCE)/oxygen reduction (E < 0 V/SCE)

32 . ij: p o . 3000 - 7
0.4-:% 310.2 0.05% 2500 é” 6
N 10.1 50 E 5 o
0 ' : ;;2000 T 40’&
v’ ° 0 1000 tz((r::::g) 3000 4000_0.05 § 1500 ;H 3 %
i i . i = 1000 1 2 §
Il. Investigation of the electrodeposition mechanism oo 1 !
1 0
Use of electrochemical quartz crystal microbalance (EQCM) to 0 bbbt -1
. . . . . . . . . . . -1.2 -1 -08 -06 -04 -0.2 O
determine the variation in mass during experiments D M £ (v/scH)

« Characterization of the blank solution
« Characterization of the IrCl, solutions

* Identification of Ir®/IrtV) (O, /R,) and Ir'™/IrV) (O,/R,) redox
couples on IrOx films during cyclic voltammetry

1.2 5 — 3000 5 = Miy1 —Miyq
11 > . con + Ir(lV) - new 700 Example: 10 mV/s E (V/SCE) E(V/SCE) "7 "ty —tig
RN +  H202 2500
1 L K2C03 < Ir(IV) - aged O 0.17 -0.5
ﬁo,g "\ , ___j___gi‘j‘,ﬂfo &~ 2000 =« |r(1ll) - new : F 100
% 0.8 E_ "-\'\ ‘*-,\\ _____ PtO/Pt g o o 'E 75
%07 - 1500 + - Blank e S
st 31ooo 0, 3. FE0
0c g_ . \.\.\.\. \\\‘ - - : .‘.. | ‘ ‘;; 25 r\i‘m
0.4 - SR >00 gt £p €
03 + "‘~ 0 TEeTTT . 55
] - e
0.2 Frrrrbrrrtrrrrbrrrebrrr bbb 0O 02 04 06 08 1 12 50 -
2 3 4 5 6 7 8 9 10 11 12 £ (V/SCE) -
oH R 75
« Galvanostatic electrodeposition (/ ) - e 100
constant 05 -03 -01 01 03 05 0.7 0 60 120 180 240 0 60 120 180 240
« Potentiostatic electrodeposition (E.,.cant) E (V/SCE) t(s t(s)

« Electrodeposition by cyclic voltammetry * Loss in mass during their oxidation (O, and O,), and gain

. Characterization of the IrOx films in mass during their reduction (R, and R,)

Il. Sensitivity of IrOx films for pH monitoring

Electrochemistry: PARSTAT 4000A + QCM922
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Conclusions and perspectives

1. Electrodeposition by cyclic voltammetry involves several electroactive Ir' and Ir!V species. Mass variations occurs mainly in parallel to
water oxidation and oxygen reduction reactions.

2. Variation during cyclic voltammetry suggests deprotonation during oxidation of IrOx films and (re-)protonation or hydroxylation during their
reduction

3. IrOx films properties (hydration, oxidation state) can be tuned after electrodeposition, irrespective of the method of electrodeposition

4. IrOx films appear stable and can exhibit a high sensitivity (60-70 mV/pH), showing their interest and ability for long-term pH monitoring

Further work is in progress to demonstrate the robustness of IrOx-based sensors in situ over a long period
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