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Výroba vodíka

§ V súčasnosti hlavne reformáciou
zemného plynu (>95%) – šedý vodík

§ V budúcnosti chceme zelený a 
modrý vodík :
§ elektrolýza vody z prebytočnou

elektrickou energiou (slnko,jadrová
energia,vietor)

§ Biomasa či baktérie (malý potenciál)

Zdroj: certifhy.ca



Nekonvečná výroba vodíka na FEIT UNIZA

§ Solárný článok vyrábajúci priamo
vodík

§ Elektrolýza vody oddelená
priestorovo a časovo

§ Spolupráca s renomovanými
pracoviskami vo svete (Nemecko, 
Švajčiarsko, Veľká Británia)

§ Financovanie v rámci DSV projektu 
pre Dopravné prostriedky pre 
21.storočie, Partner: UPJS Kosice

Záznam z laboratória FEIT.
S



Elektrolýza integrovaná do solárneho článku

§ Zatiaľ účinnosť 10% a 
životnosť týždne
§ Výroba a modelovanie
§ Výskum katalyzátorov

Koncept nasadenia a zloženia článku
Zdroj: Pinaud, Energy Environ. Sci., 2013, 6, 1983–2002 



rechargeable cycle that produces H2 with the charge (that is,
electrolysis in Step 1) and delivers energy with the discharge of
the NiOOH-Zn battery.

In this work, nickel hydroxide, which is the conventional
electrode material for commercial rechargeable Ni-MH or Ni-Cd
batteries, was used as a redox mediator to split the conventional
alkaline water electrolysis process into two steps. Before the
fabrication of this alkaline water electrolytic cell, the electro-
chemical profile of Ni(OH)2 in an alkaline electrolyte (1M KOH)
was investigated using a cyclic voltammogram (CV) with a typical
three-electrode system, which used a Pt plate and a Hg/HgO
electrode as the counter and reference electrodes, respectively.
Carbon-nanotube-supported Ni(OH)2 particles were used as
the active material to prepare the Ni(OH)2-based film electrode
(see the Methods and Supplementary Fig. 2 for details) for the
CV measurement, where the carbon nanotube support with
high electronic conductivity was only used to alleviate the
polarization that arose from the electrode impedance. The CV
curve of Ni(OH)2 at a scan rate of 5mV s! 1 is shown in Fig. 1b
(black line). The OER and HER potentials of the commercial
RuO2/IrO2-coated Ti-mesh electrode and Pt-coated Ti-mesh

electrode were also investigated using the three-electrode method
for comparison (see the red and blue lines in Fig. 1b). As shown
in Fig. 1b, a couple of redox peaks are clearly observed at 0.43
and 0.49V (versus Hg/HgO) in the CV curve of the Ni(OH)2
electrode because of the reversible cycling between Ni(OH)2 and
NiOOH. Obviously, the special potential window for the
Ni(OH)2/NiOOH redox couple is located between the onset
potential for the OER and the onset potential for the HER. The
result indicates that Ni(OH)2 can be used as a redox mediator to
split the conventional alkaline water electrolysis process into two
steps according to Fig. 1a. The galvanostatic charge-discharge
curve of the Ni(OH)2 electrode at a current density of 0.2 A g! 1

is shown in Supplementary Fig. 3 to clarify the specific capacity of
Ni(OH)2 (see the corresponding discussion about Supplementary
Fig. 3).

Performance of the two-step alkaline water electrolysis. To test
the hypothesis in Fig. 1a, an alkaline water electrolytic cell was
constructed with a commercial Pt-coated Ti-mesh electrode
(Supplementary Fig. 4) for the HER, a commercial RuO2/IrO2-
coated Ti-mesh electrode for the OER (Supplementary Fig. 5) and
a commercial Ni(OH)2 electrode of conventional Ni-MH or
Ni-Cd batteries (Supplementary Fig. 6). The photo profile of the
cell is shown in Supplementary Fig. 7, which shows that the
Ni(OH)2 electrode (2.5" 4 cm2) is located between the HER
electrode (2.5" 4 cm2) and the OER electrode (2.5" 4 cm2).
The water electrolysis of the cell was investigated by chrono-
potentiometry measurements with different applied currents of
100–500mA. The chronopotentiometry curve (cell voltage versus
time) of the electrolytic cell at a constant applied current of
200mA is shown in Fig. 2a. The chronopotentiometry data of the
anode (anodic potential versus time) and cathode (cathodic
potential versus time) were also investigated during the electro-
lysis process and are provided in Fig. 2a. The electrolysis process
includes two steps (Steps 1 and 2) with different cell voltages. As
shown in Fig. 2a, Step 1 (that is, the H2-production process)
exhibits a cell voltage of B1.6 V, which arises from the difference
between the anodic potential of 0.5 V (versus Hg/HgO) of the
Ni(OH)2 oxidation (Ni(OH)2-NiOOH) and the cathodic
potential of ! 1.1V (versus Hg/HgO) of the H2O reduction
(H2O-H2). In Step 2 (that is, the O2-production process), the
cell voltage is 0.4 V, which is equal to the potential difference
(0.7–0.3 V versus Hg/HgO) between the anodic oxidation of
OH! (OH!-O2) and the cathodic reduction of NiOOH
(NiOOH- Ni(OH)2). In Step 2, the cell voltage sharply increases
sharply at the end of electrolysis (Fig. 2a), which indicates that all
of the NiOOH has been reduced to Ni(OH)2. In other words,
the electrolysis in Step 2 automatically finished after 600 s
(¼ 1,200–600 s), which is equal to the electrolysis time in Step 1
at the identical current of 200mA. The equal electrolysis time
clearly indicates a Coulombic efficiency ofB100%. Photo profiles
of the H2 generation in Step 1 and O2 generation in Step 2 are
shown in Fig. 2b,c to further characterize the separated steps.
In addition, the video evidence also clearly demonstrates the
separate H2/O2 generation directly (Supplementary Movies 1
and 2). To clarify the operation flexibility of this electrolyser, the
water electrolysis was also investigated at a lower current of
100mA and a higher current of 500mA (Supplementary Fig. 8).
It should be noted that as a notably mature electrode material,
Ni(OH)2 exhibits high efficiency and a long cycle life.
These characteristics are also notably important to facilitate the
cycle of H2 generation (Step 1) and O2 generation (Step 2).
To demonstrate this point, the H2/O2 generation cycle perfor-
mance was investigated with an applied current of 200mA.
As shown in Fig. 2d, this alkaline electrolytic cell exhibits stable
H2 and O2 generation over 20 consecutive cycles. Furthermore,
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NiOOH + H2O + e– → Ni(OH)2 + OH–

2OH– – 2e–→ 1/2O2 + H2O

H2O + e– → 1/2H2 + OH–

Ni(OH)2 + OH– – e– → NiOOH + H2O

Figure 1 | Mechanism of the two-step alkaline water electrolysis.
(a) A schematic of the operation mechanism of the cell, where Step 1
(H2 production; switching to K1) involves the cathodic reduction of H2O on
the HER electrode (H2Oþ e!-1/2H2þOH! ) and anodic oxidization in
the Ni(OH)2 electrode (Ni(OH)2þOH!—e!- NiOOHþH2O). Step 2
(O2 production; switching to K2) includes the cathodic reduction of the
NiOOH electrode (NiOOHþH2Oþ e!-Ni(OH)2þOH! ) and anodic
OH! oxidization on the OER electrode (2OH!—2e!- 1/2O2þH2O).
(b) CV curve of the Ni(OH)2 film electrode at a scan rate of 5mVs! 1 in
1M KOH (black line), the linear sweep voltammetric (LSV) data of the
commercial RuO2/IrO2-coated Ti-mesh electrode for the OER at a scan rate
of 5mVs! 1 in 1M KOH (red line) and the LSV data of the commercial
Pt-coated Ti-mesh electrode for the HER in 1M KOH with a sweep
rate of 5mVs! 1 (blue line).
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§ V prvom kroku výroba H2 a nabíjanie
pomocnej ’baterkovej’ elektródy

§ V druhom kroku výroba O2 a vybíjanie
pomocnej ’baterkovej’ elektródy

§ Malé riziko výbuchu (zmiešavania H2-
O2)

§ Jednoduchá produkcia H2 pod veľkými
tlakmi

Elektrolýza vody oddelená priestorovo a časovo

Zdroj: Chen et al, 10.1038/ncomms11741, 2016


