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Polyol electro-oxidation suitable for paired electrolysis in industry

Next steps

➢ Electrolysis at constant potential.

➢ Electrolysis at a lower current density.

Context

CO2 emissions have increased by 90% since 1970, contributing to
climate change.[1] Currently, the total CO2 emissions are more than 38
Gt per year. To improve circularity and sustainability, carbon dioxide
can be used as a feedstock.[2] In our case we want to use the CO2 in
an electrochemical cell. To motivate industry to start seeing their
carbon dioxide waste as a resource, the product produced at the
anode needs to be of high value. Pairing CO2 reduction with polyol
oxidation has many advantages. Polyols can be derived from plant
material and can be selectively oxidised to their corresponding
hydroxycarboxylic acid species (figure 1). These hydroxycarboxylic
acids are used as high value building blocks in biodegradable
polymers.[3]

Method

Our electrodes are prepared by electrodepositing of first-row transition
metals (Cu, Ni, Co, Fe, Mn, Cr) on nickel foam. We stay away from
precious metals as they are expensive and we want to develop an
affordable electrode. First-row transition metals have a favourable
electronic structure and are otherwise known as the cheaper
alternative to precious metals. A maximum total of 1 mg/cm2 of
transition metal is deposited on a 1 x 1 cm piece of nickel foam. The
synthesis was performed at 50 °C with a plating rate of -6 mA/cm2. In
figure 2, optical microscope photos of an electrode before and after
deposition is shown. In figure 2A we see the bare nickel foam, before
plating at 50x magnification and in figure 2B the nickel foam is coated
with copper.

Results

All oxygen evolution reactions (OER) were carried out
in 1 M KOH. Polyol oxidation reactions and
electrolysis were performed in 0.5 M ethylene glycol +
1 M KOH. For electrolysis an anion exchange
membrane was used and product analysis was done
by HPLC.

➢ Ni(OH)2 → NiOOH observed for all electrodes in
OER (figure 3A).[4]

➢ Polyol oxidation occurs before OER for all
electrodes (figure 3B).

➢ Addition of TM has a large influence on the total
current reached for both OER and polyol oxidation.

➢ After electrolysis, metal migration is observed
(figure 2C and 2D).

➢ All electrodes show nickel behaviour in polyol
electrolysis as C-C bond cleavage is observed by
HPLC analysis of the electrolyte.
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Figure 1 Selective electro-oxidation of
polyols to their hydroxycarboxylic acids
at the cells anode.

Figure 2 Optical microscope photos of (A) nickel foam at 50x magnification, (B) electrodeposited Cu /
nickel foam at 50x magnification, (C) Cu / nickel foam after polyol electrolysis at 50x magnification and (D)
Cu / nickel foam after polyol electrolysis at 500x magnification .

Figure 3 Cyclic voltammetry of 1 mg/cm2 electrodeposited first-row transition metals on nickel foam at scan rate 20 mV/s for (A) the
oxygen evolution reaction and (B) polyol oxidation. All OER experiments were performed in 1 M KOH. All polyol oxidation experiments
were performed in 0.5 M polyol + 1 M KOH. A saturated calomel reference electrode and Pt gauze counter electrode were used as well as
a Nafion™ 117 membrane.

Table 1 Product yield by HPLC analysis after polyol electrolysis at 300
mA/cm2 for 1 hour.
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