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Introduction 
Hydrogen production by electrolysis, using 

electricity from renewables (Sun, Wind, Water) 
could be great input to development of Hydrogen 
Economics. Nevertheless low efficiency of 
electrolysis process by classic steel electrode cell is 
impeding it.  

Gouy-Chapman diffuse double layer model is 
used to describe formation and behavior of 
diffusion layer in the solution [1]. An electrolysis 
process in water based solutions can be 
approximated with diffusion and migration 
currents of H+ (H3O+) and OH- ions, were diffusion 
is preferred at low potentials in double layer region 
at interface, but migration current provides ion 
transport in bulk electrolyte solution and is 
responsible for heat origination as undesirable 
side-effect in Faraday electrolysis [2]. 

Our idea is that classical direct current (DC) 
electrolysis can be improved by using resonance 
circuit with water electrolysis cell as capacitor, 
inductivity and transformer. The pulse current and 
special electronics to harvest reflexive back-side 
discharge pulses in this circuit will help to decrease 
necessary power needed for electrolysis. 
 
Results and discussion 

The resonance circuit with water electrolysis 
cell as capacitor, inductivity and pulse transformer 
is made (Fig. 1). The pulse transformer and bridge 
from blocking diodes allow harvesting kickback 
power. In this circuit with pulse transformer high 
kickback voltage with amplitude more than 
hundred times above that in primary circuit 
(220:0.3) was observed. We used blocking diode to 
filter only kickback voltage and applied it for water 
electrolysis. 

Using only 1.0V applied to electronic circuit, 
the evolution of gases from electrolysis cell was 
observed. We used oscilloscope to control the 
voltage and current in circuit with electrolysis cell. 
It is interesting to mentioned, that current in circuit 
appears only, when kickback voltage pulse is 
applied. We concluded that responsible for 
electrolysis is reactive power, collected from 
pulses of kickback voltage. The reactive power is 
transferred to an active power, ready to perform 

appropriate work (electrolysis). From voltage and 
current oscillograms the power of kickback voltage 
was calculated – 20 μJ (pulse with 0.3 μs). 
Energetic efficiency coefficient for hydrogen 
evolution was calculated, taking into account that 
electrochemical current efficiency is 100%, and 
obtained value is 76% (relation between energy 
from power supply and thermal energy from H2). It 
is interesting, that at different electrolyte 
concentrations, already from 0.2M KOH the 
energetic efficiency coefficient is maximal and 
constant. 

To evaluate electron transfer reactions and mass 
transport during electrolysis, when reaction 
potential is below threshold, an attempt was made 
to visualize an ionic environment in the vicinity of 
the surface of charged electrode. In our 
experiments the concentration of ions and 
hydrogen close to interface metal/solution is 
measured using micro-respiration pH sensor, 
having thin sensitive tail (around 100 m) [3]. We 
used plane steel electrode and deionized water as 
electrolyte. The value of pH is changing, in 
dependence from applied current, and also from 
distance of double layer at interface metal/solution 
(Fig. 2). Next experiments will be performed with 
0.2M KOH electrolyte at different temperatures 
and pulse current. 
 
Conclusions 

Using kickback voltage pulses, efficient water 
electrolysis can be obtained. Conclusion is made 
that responsible for electrolysis is reactive power, 
collected from pulses of kickback voltage and 
being transferred to an active power, ready for 
electrolysis.  

Transition of reactive power to active proceeds 
very quickly (the width of kickback voltage pulse - 
0.3 μs) and only electron charge transfer reaction 
at interface can occur, while ion mass transfer 
can’t fellow and no current dissipation to heat in 
electrolyte is observed. 

Measured power of kickback voltage was 20 μJ 
and energetic efficiency coefficient for hydrogen 
evolution - 76%.    
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Fig. 1. Electric circuit of electrolysis cell tested with cylindrical steel electrodes (the gap between 

electrodes – 1mm, electrolyte – 0.1 M KOH solution).  
 

 
 
Fig. 2. Dependence of acidity (concentration of OH- ions) in the vicinity of plane steel electrode from 

applied current, measured with micro-respiration pH sensor, having thin sensitive tail. (electrolyte – 
deionized water).  
 


