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Pulse electrolysis of water solutions is a highly efficient method of production of hydrogen and
hydrogen/oxygen gas mixtures, sometimes called hydroxygen. When pulse current is applied during electrolysis, the
amount of hydroxygen formed is increased in comparison to the dc current regime. The aim of the present paper is to
investigate the effect of ultra-short current pulses on the rate of hydroxygen gas mixture production as related to
efficiency enhancement of the process by means of the reducing power consumption during electrolysis. Pulse
electrolysis was carried out in a laboratory electrolysis stack consisting of nine cells featuring electrodes of 316L
stainless steel at a spacing of 10 mm. Typically the experiments were carried out for 1min with current amplitudes of 1
— 1.4 A, frequencies of the signal 1 kHz and pulse saturation (duty cycle) between 1 - 5%. The volume of the produced
hydroxygen gas mixture by pulse electrolysis was measured by gas flow meters and compared to the produced gas
volume in the same electrolysis cell under a constant current regime of 1-5 A. On the basis of the results obtained,
preliminary conclusions regarding optimization of the pulse current regime are drawn and a discussion on a possible

mechanism of rate enhancement is given
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INTRODUCTION

The potential of hydrogen for playing an
important role in future energy systems has lead
researchers to investigate methods of reducing
hydrogen production costs to levels that can
compete with petroleum products [1-3]. Nowadays,
only 4-5% [4] of total global production of this
most abundant substance of the universe [5] is
being done by water electrolysis. Water electrolysis
is known to be one of the important assets for
hydrogen production [6-11]. One of these methods
is the application of pulsed current regime to a
practical electrolysis system [1-5]. Electricity
power demand expense constitutes the largest
fraction [12] of hydrogen production costs by using
electrolysis method.

At temperature of 298 K and at pressure of 1
atm, the reversible decomposition voltage for water
is 1.23 V. The required voltage value of an
electrolysis cell is higher than the decomposition
voltage of a water molecule. No gas evolution is
observed in practice until voltages of 1.65 - 1.7 V
are applied [13-17]. Practical cells operate at
voltages of 1.8- 2.6 V, as a result of overvoltage
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and ohmic losses. Overvoltage has mainly two
components: (i) activation overvoltage that results
from the finite rate of the electrode reactions. It
varies with metal used as the electrode and its
surface condition. It is reduced by operating at
elevated temperatures and pressures, and increases
with the current density of the electrode reaction.
(if) The concentration overvoltage arises as a result
of changes in the composition of layers of
electrolyte close to the electrodes. lons are at
discharged the electrode surface and hydrogen and
oxygen are formed. Research results show that
temperature, pressure, electrode material,
electrolyte formulation and concentration, physical
setup of the cell and power supply output waveform
have an influence on the value of the overvoltage.
In particular, when ultra-short pulses with
somewhat longer pause periods between them are
applied (i.e. using high-frequency pulse currents
with low duty cycles), the structure of the double
layer remains perturbed, the process of adsorption
of intermediate products remain in a transient state
and thus the overall rate of the process is expected
to increase.

In that respect, the main objective of the present
study is to quantify the effects of the electrical
parameters of the pulse on the performance of
water electrolysis for hydrogen gas mixture
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generation. First, the pulse electrolysis system
employed is briefly described. Second, results of
the effect of pulse electrolysis parameters on the
efficiency of the process are presented and
discussed. Finally, some thoughts on a possible
mechanism of rate enhancement in the pulse regime
are given and directions for further work are
outlined.

EXPERIMENTAL

To test the influence of electrochemical
parameters on the efficiency of the generator pulse
electrolysis process of water tests was used
generator for HHO gas mixture consists of nine
series connected cells with electrodes of stainless
steel 316L and area of 20 cm? and electrode spacing
of 10 mm. During the tests were used two
electrolytes with different concentration of KOH
(0.1 and 0.4M) to monitor the effects of different
concentrations of electrolyte. The volume of the
KOH solutions used was 2 I. A laboratory made
pulse generator "Electra 06" type VSDC-09/VO,
60V / 15A was used for the pulse current
experiments, see Error! Reference source not
found.. Typically the experiments were carried out
for 1 min with current amplitudes of 1.0 — 1.4 A,
frequencies of the pulse 1 kHz and pulse saturation
(duty cycle) between 1 - 5%. The volume of the
produced hydrogen/oxygen gas mixture by pulse
electrolysis was measured by gas flow meters and
compared to the produced gas volume of the
constant current electrolysis in  the same
electrolyzer and applied current of 1 —5 A, in order
to achieve optimal efficiency, i.e. the highest
amount of gas produced spend at a small amount of
applied electrical energy.

Fig. 1. Experimental setup: 1- electrolysis cell, 2- pulse
generator, 60V/15 A, 3-dc power supply (100 /15 A), 4
— digital oscilloscope, 5 - PC, 6 — flow meter (240 L/h),
7-digit multimeter.

RESULTS AND DISCUSSION
During the test runs conducted to examine the
influence of different process parameters, the
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effects of electrolyte concentration, applied current
and duty cycle are investigated. The constant
current is varied from 1.0 A to 5 A, the applied
current amplitude in pulsed current regime is from
1to 1.4 A at a duty cycle from 1 to 5% for all of the
experiments in 0.1 and 0.4 M KOH. The frequency
of the pulse is kept constant at 1 kHz.

The electrolysis efficiency (Pv) in constant
current regime and the cell potential are shown in
Fig. 2 as depending on the applied current in 0.4 M
KOH electrolyte. The efficiency of the process
increases with the applied current on the
electrolysis cell. However, the cell potential
increases together with the efficiency. For applied
currents higher than | = 3 A, the efficiency of the

process becomes constant.
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Fig. 2. Efficiency of water electrolysis in constant
current regime. Electrolyte: 0.4 M KOH.

A typical test run in electrolyte of 0.1M KOH in
constant current regime is show in Figure 3. The
relatively high Pv efficiency for smaller currents
drastically drops with increasing currents and
reaches stabilization at 4 A.

The efficiency of water electrolysis in the pulse
current regime in 0.4 M KOH as depending on the
duty cycle D in the range 1 — 5 % at a frequency of
1 kHz is displayed in Fig.4. The examination of the
figure reveals that at lower duty cycles (smaller
than D = 2%) the efficiency increases with the
current, whereas a reverse trend is observed above a
duty cycle of 3%. During test run with I = 1 A we
obtain a maximum of Pv at D = 3 % and
stabilization after this value. Test run with | =1.4 A
efficiency is approximately constant which can be
also observed in Figure 5 for experiments in 0.1 M
KOH, the results being comparable. Comparable
results we can observe also in bought curves of | =
1A applied current in the two different electrolytes
we have used.

The efficiency of the electrolysis in pulsed
current regime with duty cycle (D) of 1to 5 % and
frequencies of 1 kHz in 0.1 M KOH and applied
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current of 1 and 1.4 A is shown in Figure 4 . In both
cases the efficiency of the process increase with
applied current. An interesting observation is that at
a lower current (I = 1 A) Pu increases in a
monotonous fashion with duty cycle, whereas with
applied current of 1.4A, Pv exhibits a maximum at
a duty cycle of 3%, slowly decreasing at higher
currents. Another observation is that the Pv have
higher values when compared to the constant
current regime at applied current of 1 A, which
means that at only 5% of power consumption we
have a higher efficiency of the water splitting
process.
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Fig. 3. Efficiency of water electrolysis in constant
current regime. Electrolyte: 0.1M KOH.
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Fig. 4. Efficiency of water electrolysis in the pulsed
current regime as a function of the duty cycle, f=1 kHz,
0.4M KOH.

The interpretation of the phenomena associated
with hydrogen/oxygen mixture (or hydroxygen)
formation and its properties has been recently a
cause of some controversy, invoking a range of
explanations from the formation of new forms of
matter [18-20] to that of charged water gas clusters
[21]. The following mechanism of hydrogen
evolution during electrolysis with inductive
kickback pulses has been proposed: as no hydrogen
adsorption/absorption peaks were detected for non-
noble metal electrodes such as stainless steel,
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Fig. 5. Efficiency of water electrolysis in the pulsed

current regime as a function of the duty cycle, f=1 kHz,
0.1 M KOH.

during the very short pulse the electrons from the
metal directly discharge hydrogen ions and H:
molecules are formed much more intensively than
on Pt on which an adsorbed layer of atomic
hydrogen forms [22-23]. In other words, our
experiments are consistent with a picture in which
the intermediate species of both the reduction and
oxidation reactions of water are unstable and their
rate of decomposition is much higher during pulse
electrolysis when compared to conventional
constant current process. Further investigations of
the exact gas mixture composition are underway to
try to elucidate the intimate mechanism of
efficiency enhancement.

CONCLUSIONS

In conditions of pulse electrolysis of water, the
rate of the process significantly increases in
comparison to the dc regime.

The larges efficiency is obtained using cycles
of low duty (less than 5%) as well as higher
current amplitudes.

Results in the two employed electrolytes are
comparable to each other, i.e. the effect of
electrolyte concentration in the studied range is
small.

A concept of the process featuring much higher
decomposition rates of intermediate species during
both reduction and oxidation of water is advanced,
based on previous ideas in the literature. Further
work is needed to quantify this concept and propose
a mechanism of the process in pulse electrolysis
conditions.
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NMITYJICHA EJIEKTPOJIM3A B AJIKAJIHA BOJHU PA3TBOPU KATO
BUCOKOE®EKTUBEH METO/] 3A TEHEPUPAHE HA OKCHBO/IOPO/IHU 'A30BU
CMECH

. RapacCTosIHOB B. LIBCTKOB
B. K 1’ 2

Xumuxomexnonozuuen u Memanypauuen Ynuueepcumem, 1756 Cogpus, Bvreapus
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IMoctrenuna Ha 1 mapr, 2013 r.; kopurupana Ha 21 mapt, 2013 1.

(Pesrome)

HmmyncHaTa eNeKkTpojn3a BbB BOAHU Pa3TBOPU € BUCOKOE(EKTHBEH METOJ 3a IPOU3BOJICTBO HA BOIOPOI U
BOJIOPOJIHO/KHCIIOPOJHM T'a30BH CMECH, MOHSKOra HapHuaHH OKCHBOJOpoJ. Koraro e mpuioxeH HMIYJICEH TOK IO
BpeMe Ha €JEKTPOJIM3HMS IMPOIEC, KOJIMIECTBOTO MOIYYeH OKCHBOAOPO] HapacTBa B CPaBHEHHE C €JIEKTPOJIH3a IPH
IIPaBOTOKOB pexkuM. Llenrta Ha Tazu pabora e 1a u3cnenBa e(heKTa Ha NPUIOKEHH MHOTO KbCH ITyJICAIIMH HA TOKA BBPXY
KOJINYECTBOTO Ha MPOM3BEAEH ra3, KaTo Ce€ CBhPXKE C yBeln4yaBaHe Ha e()eKTHMBHOCTTA Ha Ipolieca 10 OTHOILIEHHE Ha
HaMaJsBaHe KOHCYMallMsATa Ha EHEePrusl [0 BpeMe Ha eJICKTPOJIN3aTa.

NmmyncHaTa enekTpoinsa € mpoBe/eHa B JabopaTopHa eJICKTPOJIM3HA KIETKa, ChAbPIKAIla JAEBET CEPUH €IEKTPOIN
oT HepbxkaaeMa cromana 316L ¢ pascrostHne Mexay enekrpoante ot 10 MumnMerpa. O6eMbT Ha M3II0JI3BAHHS AJIKAJICH
pastBop (0.5M KOH) e 2 n. ExcriepuMeHTHTE ca TPOBEACHU 3a €JHa MUHYTa C aMIUTUTyAa Ha Toka oT 0.7 mo 1A,
yecrora Ha curHana ot 0.4 1o 1 kHz u HacuteHocT Ha mmmynca ot 2 10 95%. OOeMbT IPOM3BEACH ra3/ra3zoBa cMec
Ype3 UMITYJICHA EJIEKTPOJHM3a € M3MEpBaH 4Ype3 JeOMTOMep M CpaBHABAaH C HPOMU3BEAEHOTO KOJIMYECTBO Ta3 OT
IIPaBOTOKOBATA €JIEKTPOJIN3a, 3BBPILICHA B CHINUS €IEKTPOIU3bOP NPH NMpUiI0keH TOK oT 5 1o 10 A. Ha ocHoBara Ha
MOJyYCHUTE PEe3YJITAaTH ca MPEACTABEHH TPEIBAPUTEIHMA HW3BOIM 32 ONTHUMH3AIMS HAa HUMITYJICHHS PEXHM U €
JUCKYTHPaH BB3MOKHUS MEXaHU3bM 32 yBEIMYaBaHE Ha CKOPOCTTA.
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