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Assessing mass and charge balance over time in urea electrooxidation reaction on
modified electrodes with Fourier Transform Spectroscopy

Gabriel Acosta®, Emmanuel Cadel”, Alain Ledoux®, Lionel Estel®, Patrick Cognet® e i LSPC
a. INSA Rouen Normandie, Univ Rouen Normandie, Normandie Université, LSPC UR4704, 76801, Rouen, France INSA‘ @ d}fﬂfjg:
ISCRE

b. Univ Rouen normandie, INSA Rouen Normandie, Normandie Université, CNRS, GPM, 76801, Rouen, France
c. Laboratoire de Génie Chimique, Université de Toulouse, CNRS, INPT, UPS, Toulouse, France ' LS ], Sirsadion Ensieng

Graphical Hydrother Characteris

Different Nig.gsMg.o bimetallic electrodes were synthesized by In Figure 2, a and b are the SEM images of a pristine nickel

Gas phase conventional hydrothermal reaction and microwave-assisted foam surface and a modified surface of Nig gCop.2o by mi-
hydrothermal reaction. crowave radiation, respectively. In general, the microwave
synthesized electrodes have shown an increased Double layer

capacitance (Cdl) (and therefore higher ECSA) with respect

’_“ Synthesis conditions: to the electrodes synthesized by conventional heating (Fig.1
H, d). All modified electrodes show good wettability unlike the

e For conventional heating: 120 °C, 10 h. highly hydrophobic nickel foam surface (Fig. 1 c).

Liquid phase

e For microwave heating: 120 °C, 1 h.

Conventional reaction
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Microwave assisted reaction

e¢ Hydrogen (Hs) is a key energy vector for clean mobility =2 Figure 2: a’)ab) SEM images of a pristine and a

and industry decarbonization. modified electrode, ¢) droplet test of a pristine

. nickel foam and Ni(OH)s/NF. d) double layer
capacitance of synthesised electrodes.

Urea-containing wastewater electrolysis for Hs production
requires less energy than water electrolysis|1].

S——

In this work, liquid and gas phase were monitored dur-
ing urea long-term electrolysis in order to assess mass and
charge balance.

An electrochemical H-type cell divided by a proton ex- e Microwave assisted hydrothermal reactions is around 10 times faster than conventional heating.
change membrane was used to unveil the effect of the evo-

lution of OH ~ ions on urea electrooxidation. e The reaction medium and nanoparticles distribution is more homogeneous when performed using microwave heating.

e Higher double layer capacitance (hence, ECSA) was observed for electrodes synthesized by microwave radiation.

Reactions

At the anode: Evolution of the gas anc

Ni(OH)2 + OH~ <> NiOOH 4 H20 + e~ (1) In Figure 3, FTIR spectra provide a visual representation of the liquid phase (C,,eq=0.3M in KOH 1 M electrolyte) at different

CO(NHz)2 + 6NtOOH + HO — No 4+ CO2 + 6N7)(OH82 times during electrolysis at 1500 mV vs RHE over a 25 cm? nickel foam electrode. In general, the spectra show a noticeable

2) change in chemical composition. For the non-separated compartments in Fig. 3, an unexpected OH ~ affected peak reduction
At the cathode: is observed, probably due to the formation of Ni(OH)s at the anode, which has an effect on the efficiency. For the divided

reactor experiment, the OH  affected peak decrease sharply during the reaction, after 48h this peak is not longer detected,

2H20 +2e — Ho +20H (3) at which point the reaction has stopped.

Overall:
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rate of change of pressure in the reactor.
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Figure 3: FTIR spectra of the liquid phase during urea electrolysis.

Figure 4 shows the gas rate during urea electrolysis. In contrast to other articles CO and C'O5 were detected during urea
electrolysis. C'O rate was higher than C'Os in the gas phase, however, is well know that C'O5 reacts in KOH solution forming
KoCO3. The ratio rg, /rN2 decreased with time, probably due to secondary reactions that arise as the urea concentration

decreases in the liquid phase.
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Figure 1: Schematic representation of the set up : o o ® | 0.000

used for long-term electrolysis experiments. 2 3 a 5 6 7
Figure 4: Gas rate during urea electrolysis.
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The gas phase during the electrolysis of a urea solution is mainly composed of Hs, No, CO, COs. The concentration of
hydrogen was found to be about 50%, this value is 10% lower than expected according to the stoichiometry of the reaction.

References The evolution of the liquid phase was followed by FTIR. Both in a divided-reactor and in the undivided-reactor, a reduction
[1] B. K. Boggs, R. L. King, and G. G. Botte, “Urea electrolysis: Di- of the OH™ affected peak area was observed, affecting the reaction rate and conversion.
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rect hydrogen production from urine,” Chem. Commun., no. 32, pp.

4859-4861, 2009, doi: 10.1039/b905974a. A divided-reactor makes it possible to obtain high purity hydrogen at the expense of the resistance provided by the mem-
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