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The out gassing rate of hydrogen from palladium cathode and anode after exposure to ion current during
electrolysis process in the (H,O+1wt.% NaHCOs) electrolyte was measured in dependence on temperature and the
duration of exposure. The activation energy of the hydrogen out gassing from the cathode was calculated to be
E ~46 kJ/mole (for the anode E =18 kJ/mole). The amount of hydrogen desorbed from the electrodes was
estimated. For the Pd cathode, it was about 650 Normal (N) cm®H, (H/Pd = 0.48). Hydrogen out gassing rate
(hydrogen release) at the maximum temperature of 650 °C was 0.3 Ncm® H,/s. For the Pd anode these values were
much lower (0.21 Ncm?® and 0.05 Ncm?® H,/s, consequently). Mass spectra of the mixtures of gases, generated during
electrolysis mode, and the one, desorbed from electrodes under heating in a vacuum, were measured. Current-
voltage characteristic of the electrolysis process is presented, too. It has been shown, that at electrolytes temperature
of ~50 °C and the pressure in the electrolyze chamber of 1 atm, the generated gas is hydrogen of 92 vol.%.
Hydrogen desorbed in a vacuum from Pd-cathode after electrolysis process is high pure hydrogen (better than
99.99 vol.%). Physical-chemical reasons are analyze to explain hydrogen sorption and out gassing behavior in Pd
electrodes during and after electrolysis.

PACS: 52.40.Hf
of 0.2 mm and a work length of 150 mm, mechanically

INTRODUCTION fixed to anode through fluoroplastic insulators. The
Early [1-3], it has been shown the possibility to distance between electrodes is about 3 mm. The Pd-
produce hydrogen in very simple electrolyzer electrode (Fig. 3), used in the work [3] as the cathode,

exposed to ion current during five hours, but after this
four months was exposure to air atmosphere, was
investigated, too.

construction, which included two Ni or Pd tube-
electrodes placed in the stainless steel chamber filled
with the electrolyte (H,O +1wt.% NaHCO;). The
observed composition of the generated gas (it was
measured with mass-spectrometric  method) was
92...94vol.% hydrogen. Such composition is not
explosive in air and it can use as a fuel, and with
addition of air or oxygen, as explosive.

During electrolysis process, large ion currents,
including hydrogen ions, affect the Pd-electrodes.
Palladium is the specific metal, which can absorb large
amount of hydrogen [4]. Therefore, it is scientific and
practice interest to study the Kkinetics of hydrogen
interaction with Pd electrodes during electrolysis
process (hydrogen absorption), and hydrogen release
(desorption, out gassing) from the Pd electrodes after ———
exposure to electrolysis ion currents. Such researches
can give the useful information for improvement of
electrolysis device construction and modes.

=

Fig. 2. Cathode and anode after one-hour exposure to
electrolysis current

Fig. 3. Pd cathode after five hours exposure to
electrolysis current

1. EXPERIMENTAL AND RESULTS

The installation used in the experiments, was similar
to that in work [3] with the only difference being that
one electrolysis module (Figs. 1,2) installed in the

electrolyze chamber.

The general view of the electrolysis module is
shown in the Figs. 1, 2. Anode in the form of Pd tube,
with a diameter of 3 mm, a thickness of 1 mm and work
length of 150 mm, mechanically fixed to flange through
flange fitting with good electrical contact. The cathode
made of Pd tubes with a diameter of 10 mm, a thickness

The power supply is a rectifier on two V200 diodes
connected through current transformer to the
autotransformer [3]. As an electrolyte, a 1 wt.% sodium
bicarbonate (soda) solution in ordinary filtered water
was used (mineralization measured using the TDS
Meter 3 device was 157 ppm). The electrolysis process
started, by switch on the constant voltage between the
anode and cathode (a positive to flange, and negative,
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through current lead to cathode). The current-voltage
characteristic of the electrolysis process in the E-3
electrolyzer is shown in Fig. 4.
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Fig. 4. The current-voltage characteristic of the

electrolysis process

During the electrolysis time, the current changed in
the region 6.5...7 A, and the voltage between the
electrodes increased from 5.5 to 6 V (see Fig. 3). Gas
pressure in electrolysis chamber was about one
atmosphere. Temperature of electrolyte was about
50 °C. Mass specter of generated gases during
electrolysis (Fig. 5) measured with the method similar
in work [3].
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Fig. 5. Mass specter of generated gases during
electrolysis
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Fig. 6. Pressure time dependence and mass specter,
measured during cathode heating in a vacuum
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After one hour exposure to the electrolysis ion
current both anode and cathode were demounted, dried
out and placed into the GAS installation [3] vacuum
chamber to study hydrogen out gassing behavior.

The samples (cathode or anode) heated by the direct
current up to temperatures of 600...700 °C and, at the
same time, the pressure time dependence and mass-
spectra of desorbed gases measured (Figs. 6-9).
Apparatus curves (see Figs. 6-9) processing gives the
data for estimation of hydrogen amount desorbed from a
sample due to the equation Q-t = (P-Py)-S-t, where Q is

out gassing rate; P — maximum pressure; Py — initial
pressure; S — pumping speed; t — time. It taken into
account, that the sensitivity of the mass spectrometer for
hydrogen is approximately two times lower than for air.
For the pressure measurement with a gauge PMI-10,
this coefficient is four. Using the temperature
dependence (see Fig. 10), the value of activation energy
of hydrogen out gassing rate process was determined.
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Fig. 7. Mass specter of gases, desorbed from Pd
cathode during heating
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Fig. 8. Apparatus curve of pressure change in the
vacuum chamber during cathode heating:
t, — switch on heating, t; — switch off heating
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Fig. 9. Apparatus curve of pressure change in the GAS
vacuum chamber during anode heating:
t, — switch on heating, t; — switch off heating

2. DISCUSSION

Processing of the instrumental curves shown in
Figs. 6-9 and estimations with help of weight loss
method gives the amount of hydrogen desorbed from
the Pd cathode about 650 Ncm® (~10%?H atoms,
H/Pd ~ 0.48). It is very high value, taking into account
low time of hydrogen saturation (1 h). The volume of
metal cathode is ~ 1 cm®, so we get a compression ratio
of 650 times (650 atm). Hydrogen out gassing rate at the
maximum temperature 650 °C was 0.3 Ncm?® Hy/s. For
the Pd anode, this value was much less (0.05 Ncm?® H./s)
and amount of desorbed hydrogen was only
~0.21 Nem®,
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Fig. 10. Temperature dependence of hydrogen out
gassing rate for the Pd electrodes: blue points —
cathode after one hour exposure to electrolysis ion
current, red points — Pd cathode after five hours
exposure in electrolyze mode, green points —Pd anode
after one-hour exposure to electrolysis ion current

For the cathode exposed to electrolysis current about
five hours (see red points in Fig. 10) hydrogen out
gassing rate essentially lower. The reason for this
becomes clear if we take into account the fact that this
cathode after exposure in the electrolysis mode kept in
the air atmosphere for about 4 months. A significant
amount of hydrogen could desorbed, since hydrogen in
palladium has a noticeable mobility even at room
temperature. As for the low activation energy of the
degassing process, additional studies are required to
clarify the reasons for this.

It seen in Fig, 3, that Pd cathode after 5 h exposure
to ion current changed its shape. It became curved. This
effect could be explained by the phase transition o <> 3
in palladium [4-6], when the lattice parameter changes
significantly and, as the result, the gradient of elastic
stresses arise, leading to a change in a shape. It was
observed in works [7, 8], when Pd foils of 0.2 mm
thickness and 20 mm diameter, coated on the one side
by 4u W film, saturated with hydrogen for a long time
(2 atm, 62/150 h, 20°C), to a concentration up to
H/Pd~0.6, shape changed dramatically (see Fig. 11,b,c).

Note, that after one-hour annealing at the
temperature of ~ 650 °C and removing hydrogen from
the Pd cathode, its form remained bent.

The value of activation energy E of out gassing
process was calculated using temperature dependence of
hydrogen out gassing rate (see Fig.10) similarly to that
for hydrogen permeability in works [8, 9]. It assumed
that the process of gas evolution obeys the Fick
diffusion laws, and the temperature dependence obeys
the Arrhenius equation: Q(T)= a-e®". The activation
energy of out gassing is E = E4 + E,, where Eq is the
activation energy of diffusion and E; is the activation
energy of desorption. In our case, the values E were
determined from the slope of curves in Fig. 10 and were
calculated to be ~46 and 18 kJ/mole for Pd cathode and
anode, consequently, after one-hour time of electrolysis
current impact, and 26 kJ/mole for cathode after 5-h
electrolysis current impact. For comparison, the
activation energy of hydrogen permeability for bare Pd,
measured in [9], was = 15.5 kJ/mole. One can explain
this difference by the fact of surface impurities, which
appear after electrodes exposure to electrolysis current

(see look Fig.2). It known that rate of hydrogen
sorption/desorption surface reactions highly dependents
on surface conditions of palladium, especially carbon
presence [10].

Fig. 11. The sample shape change after hydrogen
saturation [8]: a — before saturation;
b — after 62 h saturation; ¢ — after 150 h saturation

Due to the first Faraday law [11]: m=k-I-t, where
m-—mass of generated gas; k - electrochemical
equivalent; I — current; t — time, the mass of generated
gas is proportional to current value. Estimation shows
ions flow to cathode as 2.10" H* ions/s. Summary dose
was about 7.2.10% ions, i.e. about 14% of hydrogen was
absorbed with cathode and after heating was desorbed.

The gas generated during electrolysis consists of
~ 92 vol.% of hydrogen, 4 vol.% oxygen, 1.5 vol.%
each of H,0 and CO,, and 1 vol.% of CO (see Fig. 5). It
seen in Fig. 7 that hydrogen desorbed from the cathode
more pure than generated gas. The water essential signal
(=4 vol.%) in Fig. 7 is explained by the release of water
from the walls of the vacuum chamber. So, after
hydrogen desorption from Pd, we obtain pure (better
than  99.99vol.%) hydrogen. To clarify the
physicochemical reasons for this let us shortly analyze
the processes of hydrogen absorption by palladium in
the electrolyte and its out gassing (release) in a vacuum.

In the electrolysis mode, palladium electrodes
interact with various molecules, atoms, ions, and
electrons. The cathode mainly interacts with hydrogen
molecules, atoms and positive hydrogen ions H*, which
are neutralized on the metal surface and the resulting
atoms recombine into molecules. Molecules accumulate
and form gas bubbles that emerge on the electrolyte
surface. In turn, part of hydrogen molecules on the
cathode surface dissociate into atoms, which with some
probability dissolve in the near surface bulk of metal.
Atoms and ions do not need additional energy to
overcome the potential barrier at the gas-solid boundary
(activation energy of solubility), so the metal under such
conditions can dissolve significant amounts of
hydrogen.

During Pd-electrode heating in a vacuum, hydrogen
atoms, dissolved in metal bulk (these could also be
hydrogen ions H', and the state of the lattice gas in
palladium can be interpreted as plasma [5], or dense
non-ideal plasma [6]), diffuse to surface, recombine into
molecules, and desorbs. This process and surface
impurities influence on it, rather sufficiently described
in literature [10, 12].

Thus, the hydrogen saturation of Pd cathodes during
electrolysis and then its release by heating in a vacuum
can consider, as purification of the generated gas and
obtaining highly pure hydrogen compressed to high
concentration. It well known that after hydrogen
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penetration through Pd membranes (Pd-filters) one can
obtain very pure (better than 99.999 vol.%). Note that
not only palladium and its alloys can use with this point,
but also other diffusion-catalytic metals, e.g., nickel,
metal hydrides and titanium, which chemosorb large
amounts of hydrogen, also seem promising.

CONCLUSIONS

The out gassing rate of hydrogen from palladium
anode and cathode after exposure to ion current during
electrolysis process in the (H,O+NaHCOs) electrolyte
measured in dependence on temperature and the time of
exposure.

The activation energy of the hydrogen out gassing
from the cathode after one-hour exposure to electrolysis
current was calculated to be E = 46 kJ/mole and from
the anode as 18 ki/mole.

The amount of hydrogen desorbed from the
electrodes estimated. For the Pd cathode, it was about
650 Ncm®H, (H/Pd ~ 0.48) and hydrogen out gassing
rate at the maximum temperature 650 °C was
0.3 Ncm®H,/s. For the Pd anode these values were
much lower (0.21 and 0.05 Ncm® H,/s, consequently).

Mass spectra of the mixtures of gases, generated
during electrolysis and out gassing, current-voltage
characteristic of electrolysis process presented.

It has been shown that at electrolytes temperature of
~50 °C and a pressure in the electrolyze chamber of
~ 1 atm, the generated gas is 92 vol.% hydrogen. After
hydrogen absorption by Pd cathode during electrolysis,
and with subsequent heating in a vacuum, we obtain
pure (better than 99.99 vol.%) hydrogen.
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BU/IIJIEHHS BOJIHIO 3 Pd-EJIEKTPO/IIB HICJIA A1l IOHHOT'O CTPYMY
B MPOLECI EJIEKTPOJII3Y

I'.Il1. I'nazynoe, M.M. bonoapenxo, O./1. Konomoncokuii

[IBuAKICTh BUAUICHHS BOJHIO 3 MAJAAi€BOTO KaToa Ta aHOJA IMIC/IA BIUIMBY IOHHOTO CTPYMY IIijl 4ac MpoIecy

enektpodidy B enekrpomiti (H,0+1 wt.% NaHCO;) BumiproBanach y 3aieyKHOCTI Bifl TEMIIEpaTypH Ta TPHUBAIOCTI
BIUIMBY. EHepris akTuBamii BHAUICHHS BOXHIO 3 Karoia po3paxoBaHa sk E =46 xJx/Mons (st aHona
E =~ 18 k/[xx/moinb). OIiHEHO KUIBKICTh BOJHIO, necopOoBaHoro 3 enekrpomiB. Jlns Pd-karoma BoHa craHOBMIIA
6mmspko 650 cm°H, (H/Pd ~0,48), a mBHAKICTS BHIIICHHS BOJHIO NPH MaKCHMalbHii Temmeparypi 650 °C
cranosuia 0,3 New?® H,/c. Inst Pd-anoma mi 3HadeHHs Oynu 3HayHo Hikummu (0,21 CM3H2 i 0,05 Newm?® H,/c
BiAMOBiIHO). HaBeneHo Mac-crieKTp cyMmimed rasiB SIK THX, IO YTBOPIOIOTBbCS IPH €JIEKTPOJIi3i, Tak i THX, 110
JecopOoBaHi IiJi Yyac HArpiBaHHS €JIEKTPOMIB y BaKyyMi, BOJIbT-aMIIEpHI XapakrepucTuku. IlokasaHo, mo mpu
TemriepaTypi enektpoiitie =~ 50 °C 1 THCKY B eJeKTpoJi3Hii kamepi 1 atM yTBoproerbcs ra3 92 06.% BOAHIO.
Bonens, necopboBanmii y Bakyymi 3 Pd-kaTosma micisi mpomecy eNeKTpodi3y, € JyKe YHCTHM BoJHeM (Kpaiue
99,99 06.%). Di3uKo-XiMi4HI NMPUYNHE OOrOBOPIOIOTHCS JUIsl MOSICHEHHS IpoleciB copbuii Ta necopOuii BoxHIO B
Pd-eekTpoaax 1mij yac i micis eeKTpoIti3y.
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