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The work presents some experimental results obtained in the new module construction of an electrolyzer with
tube electrodes: mass spectra of the mixtures of gases, generated during electrolysis, volt-ampere characteristics, etc.
It has been shown that at electrolytes (H,0 + 1 wt.% NaHCOs, H,0 + 1 wt.% Na,CO3) temperature of ~ 50 °C and a
pressure in the electrolyzer chamber of ~ 2 atm, the generated gas is 92 vol.% consists of hydrogen. Estimations
show from two to four times (in dependence on electrolyte composition) higher effectiveness of converting electri-
cal energy into the amount of electrolysis gas for new electrolysis setup construction compared to the previous ver-

sion.
PACS: 52.40.Hf

INTRODUCTION

The main obstacle to the widespread use of electrol-
ysis hydrogen is its high cost, due to high electricity
consumption during production, and the need to purify
such hydrogen from impurities (mainly, water and oxy-
gen). The latter one can reduce using non-separated
mixture of gases obtained during electrolysis, i.e., to use
it directly as a fuel. Note that in this case gas mixture
can be an explosive (explosion limits for mixtures of
hydrogen with oxygen are 4.1...96 vol.% and with air
4...75 vol.% [1]). Therefore, it is very important to
know composition of gas mixture produced during elec-
trolysis process.

Early, in the work [2], it has been shown that at an
electrolyte temperature of 50 °C and a pressure in the
electrolyzer chamber of 4at the observed composition of
the generated gas was 94 vol.% consists of hydrogen,
3vol.% H,O and 1.5 vol.% each of CO and oxygen.
Such composition is not explosive in air and it can be
used as a fuel. To measure the composition of the
generated gas, a mass-spectrometric method used.

In above-mentioned work the electrolysis setup rep-
resented very simple construction, which included two
Ni tube-electrodes (distance between electrodes was
about 22 mm) placed in the stainless steel chamber
filled with the electrolyte (H,O + 1 wt.% NaHCO3). It
had been shown that the Ni membrane cathodes after
several hours of work did not manifested any signs of
erosion, or other damages. As for the anodes, even with
electrolysis of clean water (14 ppm), noticeable erosion
and surface damage observed [3].

In this work new module construction of electrolyzer
with Pd tube catalytic electrodes had been tested and
mass-spectrometric investigation of generated gas had
been carried out.

1. EXPERIMENTAL AND RESULTS

A schematic diagram of the installation shown in
Fig. 1 consists of the chamber 1 (E-2), made of thick-
walled stainless steel 12Cr18Nil0Ti, four electrolysis
modules 2 (it is seen in the picture only three ones),
placed on the flange 6 through fluoroplastic seal-
insulator 5.
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Fig. 1. Scheme of the experimental electrolysis setup:
1 — electrolysis chamber (E-2); 2 — cathode; 3 — anode;
4 — electrolyte; 5 — fluoroplastic seal-insulator;

6 — flange; 7 — pipe branch; 8 — current lead;

9 — power supply; 10 — valve
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Fig. 2. General view of the E-2 chamber (a); elec-
trolysis module (b): 1 — anode; 2 — cathode; 3 — fluoro-
plastic insulator; 4 — electrolyte; 5 — flange fitting

The general view of the electrolyzer chamber E-2
and the scheme of the one from four modules is given in
the Fig. 2. Anodes 1 in the form of Pd tubes, with a di-
ameter of 3 mm, a thickness of 1 mm and a length of
150 mm, mechanically fixed to flange 6 through flange
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fitting 5 with good electrical contact. The cathodes
(see 2 in the Fig. 2) made of Pd tubes with a diameter of
10 mm, a thickness of 0.2 mm and a length of 150 mm,
mechanically fixed to anodes 1 through fluoroplastic
insulators 3 (see Fig.2). The distance between elec-
trodes is about 3 mm. A constant voltage between the
anode and cathode was switched on a positive to flange
6, and negative, through — current lead 8 (see Fig. 1), to
cathodes.

The power supply (see 9 in Fig. 1) is a rectifier on
two V200 diodes connected through current transformer
to the autotransformer. As an electrolyte, a 1 wt.% sodi-
um bicarbonate (soda) solution in ordinary filtered wa-
ter was used (mineralization measured using the TDS
Meter 3 device was 157 ppm). Also, it was tested the
electrolyte, which produced by long time boiling
(~ 100 °C, 2 h) of soda solution in water. The electroly-
sis chamber (E-2) is connected through a valve (not
shown in the diagram) to the inlet system of the high-
vacuum installation GAS [2, 4, 5] (Fig. 3), which al-
lows, using mass spectrometer, to determine the compo-
sition of the mixture of gases formed during the elec-
trolysis process.
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Fig. 3. Scheme of the GAS experimental setup [2, 4, 5]:
1 — vacuum chamber; 2 — cryogenic pump; 3 — mass
spectrometer MX-7304; 4 — sample; 5 — diffusion pump
M-500; 6 — fore-vacuum pumps 3NVR-1D;

7— fine adjustment valve; 8, 9, 10 — high-vacuum valves;
11 — hydrogen balloon; 12 — helium balloon;

13 —gas reducers; 14, 15, 16 — high pressure valves;
17 — ionization gauge PMI-10; 18, 19 — thermocouple
gauges PMT-2; 20 — ionization gauge PMI-2;

21 — pressure gauge

Hydrogen produced by electrolysis in the E-2 cham-
ber as follows. First, the internal volume of the chamber
1 and the connecting pipes pumped out to a pressure of
about 10° Torr. Then the electrolysis process is started
in chamber 1 (see Fig. 1) by switch on a constant volt-
age between the anode and cathode.

In Fig. 4 the current-voltage characteristics of the
electrolysis process are shown. For comparison, in
Fig. 5 the current-voltage characteristic of the electroly-
sis process in the electrolysis chamber E-1 [2] is pre-
sented.

After gas pressure increasing in the GAS inlet sys-
tem (see manometer 21 in Fig. 3) up to atmosphere
pressure, the GAS inlet system pumped once more
through valve 15. Such procedure (gas “washing”) re-
peated thrice. In this time, the temperature of the elec-
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trolyte monotonically increases, reaching 50 °C after
half hour of operation of the electrolyzer.
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Fig. 4. Current-voltage characteristic under electrolysis
process in the chamber E-2: red points — 1 wt.%
solution of soda (NaHCOs) in water, green points are
for solution of soda ash in water

12

10 L
< | Anode, cathode -Ni P
< 877 H20+ NaHCO3 T8
.
S 61
o
*?
4 T r
2 1 *
@
*
0+ LA T . )
0 5 10 15 20 25
Voltage, V

Fig. 5. Current-voltage characteristic under electrolysis
process in the chamber E-1 [2] of 1 wt.% soda
(NaHCO:y) solution in water

At the same time, the current changed in the region
11...12 A and the voltage between the electrodes de-
creased from 8.5 to -7.5 V. Gas pressure in electrolysis
chamber reached two atmospheres (~ 0.2 1 = 200 cm® of
gas at the normal conditions). It was enough to carry out
measurements of mass spectra.

To determine the composition of the gas mixture
formed during electrolysis, vacuum chamber 1 of the
GAS installation (Fig. 3) pumped out through valves 8,
9, 10 to a pressure of (1...2) -107 Torr. Then, the gas,
generated during the electrolysis process, through
valves 14, 7 (see Fig. 3) was released into vacuum
chamber 1 of the GAS device to a pressure of
(0.1...0.4)-10™ Torr.

The mass spectra measured with MX-7304 mass
spectrometer and recorded, using the WAD-AIK-BUS
analog module and a computer. The Fig. 6,a,b shows the
spectra before and during the puffing of gas, generated
during electrolysis, into the vacuum chamber E-2. In
this case, the pressure in the electrolyzer chamber was
about 2atm, and the electrolyte temperature was
=~ 50 °C. For comparison, the spectra measured during
electrolysis process in E-1 electrolysis chamber (see
Fig. 6,c) [2] and, when pure hydrogen (99.99% by vol.)
was puffed from a balloon to GAS installation (see Fig.
6,d), presented, too.
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Fig. 6. Mass spectra of gases in the GAS chamber: a — before gas inlet; b — during inlet of gas from the
electrolyzer E-2; ¢ — during inlet of gas from electrolyzer E-1[2]; d — hydrogen puffing from hydrogen balloon

2. DISCUSSION

Measurements of the spectral composition of the
generated gas carried out at the temperatures about
~ 50 °C. It caused by the fact that, when the electrolyte
temperature reaches 60 °C, the transformation of Na
bicarbonate into soda ash begins:

2NaHCO3;=Na,CO;+CO,+H,0.

After long time boiling at 100 °C the new electrolyte
is produced with soda ash instead of soda. It is seen in
Fig. 4 that this fact strongly influences on the current
value. The analysis of the data shown in Figs. 4, 5 al-
lows to say that the new electrolyzer construction pro-
vides higher currents at much lower input power
(~55...82 W instead of ~200 W at 10 A current). Ac-
cording the first law of Faraday: m=k-1-t [6], where m —
mass of generated gas; k — electrochemical equivalent;
| — current; t — time, the mass of generated gas is pro-
portional to current value. Therefore, at the same power
input the quantity of generated gas in the new module
electrolyzer, from two to four times higher (in depend-
ence on electrolyte composition), than in the previous
construction [2]. There could be some reasons for this:
new module construction, decreasing of distance be-
tween electrodes, using another material for electrodes
(Pd instead of Ni), different composition of an electro-
Iyte, etc. Additional researches are needed to find out
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the true reasons. Here note only, that long timework in
the electrolyte did not lead to any signs of erosion, or
other damages both for Pd cathodes and for anodes, in
difference from Ni anodes behavior [3].

Processing of the instrumental spectra curves shown
in Fig. 6,b allows saying, that in our case, the gas gener-
ated during electrolysis consists of ~ 92 vol.% of hydro-
gen, 4 vol.% oxygen, 1.5 vol.% each of H,O and CO,,
and 1 vol.% of CO. It was taken into account, that the
sensitivity of the mass spectrometer for hydrogen is
approximately two times lower than for air. The spec-
trum of the generated gas differs from the spectra of
hydrogen produced in the previous electrolyzer [2]:
1.5vol.% of water vapors was observed instead of
~ 3 vol.%, and 4 vol.% oxygen, instead of only 1.5% in
[2]. These results are very different from the literature
data on water electrolysis: reaction equation
2H,0=2H,+0, (66% H,+34% O,). We are inclined to
explain this by the fact of strong differences in the con-
structions of devices for hydrogen generation by elec-
trolysis and compositions of electrolytes. Using differ-
ent electrodes materials may make a big difference. To
clarify the physicochemical reasons for this, additional
researches are necessary, in particular, to study elec-
trode material behavior.
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CONCLUSION

The experimental setup designed, produced, and
tested, to study the processes during electrolysis in the
module electrolyzer with Pd tube electrodes.

The spectra of the generated gas and current-voltage
characteristics of the electrolysis process had been
measured.

It has been shown that at electrolytes (H,O + 1wt.%
NaHCOj3, and solution of soda ash in water) temperature
of ~ 50 °C and a pressure in the electrolyzer chamber of
2 atm, the generated gas is 92 vol.% consists of hydro-
gen, and 4 vol.% of oxygen, 1.5 vol.% each of H,O and
CO,, and 1 vol.% of CO. This mixture is not explosive
in the mixture with air and it can be used as a fuel.
When oxygen or air to add, the mixture becomes explo-
sive.

Estimations showed from two to four times (in de-
pendence on electrolyte composition) higher effective-
ness of converting electrical energy into the amount of
electrolysis gas for new electrolysis setup construction
compared to the previous version [2].
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MAC-CIIHEKTPOMETPUYHI JJOCJIJKEHHSI TEHEPAIIIL BOJHIO ¥ ITPOIIECI
EJIEKTPOJII3Y 3 BUKOPUCTAHHAM TPYBYACTUX KATAJIITUYHUX EJIEKTPO/IIB

I'.Il. I'nazynoe, O.J1. Konomoncokuii, I.€. I'apxywa, /I A. €Enicece

[pencTaBneHo NesKi eKCIepUMEHTANIbHI pe3yJIbTaTy, sIKi OTpUMaHi y HOBiil MOIYJIbHIN KOHCTPYKLIT €J1eKTpo-
Ji3epa: Mac-CHEeKTPU CyMilled rasiB, IO YTBOPIOIOTHCS NPOTATOM €JIEKTPOIIi3y, BOJBT-aMIEPHI XapaKTepPUCTUKH
toro. [Tokasano, 1o mpu Temmneparypi enekrpounitis (H,O + 1 Bar.% NaHCOs;, H,O + 1 Bar.%. Na,COs) ~ 50 °C i
THUCKY B €JICKTPOJIi3epi ~ 2 aTM yTBOPIOEThCA Ta3, sikiit Ha 92 00.% ckinamaeThes 3 BOAHIO. OIIHKK MOKa3YIOTh Bix 2
1o 4 pa3iB (y 3aJIeXKHOCTI Bifl CKJIay €JIEKTPOIITy) OLThITY e(heKTHBHICTD IEePETBOPEHHS EIEKTPHYHOI €Hepril y
KUTBKICTh €JIEKTPOJI3HOTO Ta3y JUIsl HOBOI €JIEKTPOIII3HOT YCTAHOBKH Y TIOPIBHSHHI 3 TIOMIEPEIHBOIO BEPCIETO.
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