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Introduction:
Nitrogen-based fuels (ammonia, hydrazine, urea) are promising candidates for fuel cells technologies. Direct hydrazine (N2H4) fuel
cells promise an impressive theoretical cell voltage of 1.56 V in alkaline solution(1), yet requires a catalyst due to its slow kinetics.
Less attention has been given to hydrazine oxidation in an acidic medium:
N2H5+ → N2 + 5H+ + 4e−
with examples of rare-earth metal based catalysts (e.g., Pd)(2) in order to perform oxidation.
Goal: Investigation of a metal-free nitrogen-doped (N-doped) carbon catalyst for the hydrazine oxidation reaction (HzOR) by cyclic
voltammetry (CV) techniques.

Peak Investigation:

Material:
- Metal-free, N-doped, carbon catalyst (NCBa).
- Hierarchical porosity and high specific surface area (Fig. 1).
- Carbon synthesis from Ba-coordinated polymer pyrolysis:
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CV investigation of unknown oxidation peak discovered
during our first CV (Fig. 3).
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Figure 1. (a) HRSEM, x10K, (b) HRSEM, x100K, (c) HRTEM, x120K

Figure 3. CV plots of (a) first and (b) second cycles. 0.1 M HClO4, 10
mV/s.

Peak is probably due to water oxidation catalyzed on NCBa.
2 H2O → 4 H+ + 4 e− + O2

Hydrazine Oxidation Proof:

The Effect Of Oxidation On HzOR:
(a)

Figure 2. CVs for hydrazine oxidation, 0.1 M HClO4,
10 mM hydrazine, 10 mV/s.

NCBa catalyzes some reaction in the presence of hydrazine!
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Figure 4. CV plots of (a) different pre-HzOR cycles and (b) effect of
different pre-HzOR cycles on HzOR activity. 0.1 M HCLO4, 10 mM
hydrazine, 10 mV/s.

Water oxidation peak affects HzOR performance on NCBa, yet
hydrazine chemically reduces the carbon.
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- Electro-oxidation process occurs in the presence of
hydrazine (Fig. 2).
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- Oxidation of carbon surface forms functional groups that
enhance HzOR (Figs. 3+4)
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- Long immersion of oxidized carbon in hydrazine reduces the
surface back to its original state (Fig. 4).
- Further research is required into the oxidation process of
metal-free carbons in order to study the effect of the
oxidised surface, and its effects when combined with N2H4.

