@ CHEMICAL PROBLEMS 2023 no. 1 (21) ISSN 2221-8688 7

UDC 541.135.2

RESEARCH INTO THE EFFECT OF ETCHING PROCESS OF POROUS
TITANIUM CURRENT COLLECTORS IN HYDROCHLORIC ACID ON THE
PERFORMANCE OF WATER ELECTROLYZERS WITH A PROTON EXCHANGE
MEMBRANE

G.R. Kiselev, V.N. Fateev, |.E. Baranov

NRC «Kurchatov institute», Moscow, Russian Federation
123187, Moscow, Kurchatov Square, 1
e-mail: Kiselev. GR@nrcki.ru

Received 10.09.2022
Accepted 21.11.2022

Annotation. Based on the modern methods of SEM, voltammetry, and gravimetric analysis, samples of
current collectors used in electrolyzers with a solid polymer electrolyte, made of porous titanium with
various degrees of etching in concentrated hydrochloric acid, were studied. A gravimetric study of the
etching process of samples of various sizes from porous titanium showed that throughout the process there is
a loss of mass of the sample, with the exception of two short intervals, presumably due to the for mation of
hydrides (60-80 sec) and oxides (4-5 min), and the samples of smaller volumes were more sensitive to weight
loss and weight growth. The use of the SEM method made it possible to reveal that etching over different
time intervals changes the structure of porous titanium, reducing the average particle size and increasing
their porosity .In this case, the surface inhomogeneity increases due to the formation of cavities in titanium
and deterioration of the contact of the current collector surface with the catalytic layer. The consequence of
this is the difference in the current-voltage characteristics of electrolysis cells with different duration of
etching of the current collectors: there is a decrease in the productivity of electrolysis with an increase in the
duration of etching of the current collectors by ~8% for etching more than 1 minute and ~18% for etching
more than 4 minutes as compared to the simultaneous immersion of the sample in acid to clean the surface.
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Introduction

At present, traditional energy is losing its
relevance due to environmental damage in the
process of extraction and processing of
traditional energy carriers, and its fossil
resources are limited [1]. Also, the energy
carriers of traditional energy are largely
dependent on periodic supplies which make it
difficult to use it in regions with poorly
developed logistics, for example, in the
conditions of the Northern regions [2]. On the
other hand, fluctuations in prices for traditional
fuels in some cases lead to energy crises [3]. In
addition, the scale of disasters in the processes
associated with the extraction and the use of
traditional fuels cannot be overestimated: oil
spills lead to massive and long-term damage to
water areas, damage to gas pipelines leads to

threats of powerful long-term fires [4-5]. Over
the past few years, there have been much more
frequent works devoted to the development of
alternative energy sources [6] (Fig.1).
Alternative (renewable) energy sources
(RES) are the next stage in the development of
energy for several reasons: an unlimited amount
of natural, renewable resource in free access
(wind, light, water). The production of energy
using alternative sources does not involve the
degree of risks that traditional energy sources
face. The prevalence of the necessary resources
allows not only to obtain them for free, but also
resolves the issue of the logistics of such energy
carriers: renewable energy sources can support a
fairly wide range of generation capacity, which
allows them to be used both for home use in
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Fig. 1. Annual number of Web of Science publications mentioning RES in keywords [6].

For energy consumption, processing of
the primary energy source is necessary. Thus, to
obtain high-purity hydrogen, it is possible to use
modern, promising water electrolyzers with a
proton exchange membrane (PEM). Their
scientific popularity is explained as being due to
the fact that they are the safest for the
environment and the user, have the highest
current density and the most favorable ratio of
performance and weight and size characteristics
of power plants on their basis and allow
obtaining high-purity hydrogen from a simple
electrochemical reaction without the release of
foreign compounds (pure oxygen acts as a by-
product of the reaction) in a fairly wide range of
operating conditions, including negative
temperatures [7].

However, water electrolyzers with PEM
are currently not widely used, since during the
practical application they face the following
difficulties: the inclusion of precious metals as
catalysts  for  electrochemical  reactions
(platinum, iridium) and the need to use
bidistilled water together lead to an increase in
the cost of hydrogen produced. Also
electrolyzers can prematurely lose some of their
performance and even fail due to degradation of
the components of the membrane electrode
assembly (MEA), which also leads to an
increase in user costs [8].

To deal with the above problems, it is

necessary to improve the design of the MEA
water electrolyzer with PEM, which allows to
reduce the effect of catalyst degradation without
serious damage to the performance of the power
plant.

In this direction, there are already
scientific works devoted to the modification of
the composition of electro-catalytic materials by
adding tin, molybdenum, etc. [9]. In addition to
electro-catalytic  materials, an important
component of the MEA is the current collector,
which provides a uniform distribution of
reagents, removal of reaction products, and
supply of electric current. Porous titanium is
used as a material for current collectors. For use
in a water electrolyzer, titanium is purified from
impurities in the composition by etching in
hydrochloric acid. On the one hand, the
purification of the material from impurities
makes it possible to increase the service life of
titanium current collectors in the MEA
composition; on the other hand, this procedure
can result in significant changes in the titanium
structure, subsequently leading to early damage
of the material.

The purpose of this work is to determine
the effect of the etching process of current
collectors made of porous titanium on its
structure, as well as to analyze the performance
of water electrolyzers with PEM using current
collectors with various degrees of etching.
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Practical part

Preparation and etching of current
collectors

Titanium sheets of commercial grade VT
1-0 with a porosity of 41-44% and a thickness
of about 0.8-1 mm were selected for the study;
sets of current collectors in the form of a circle
with an area of 7 cm? and 20 cm? were cut out
of titanium sheets. After cutting and grinding,
the current collectors must be washed and
degreased by boiling in isopropyl alcohol; at the
end of the process, titanium must be dried in a
drying cabinet at a temperature of 60 °C for
about 1 hour.

The etching procedure was carried out as
follows: the cleaned and dried current collectors
were weighed on a scale with an accuracy of 10°
% g; the geometric parameters of the samples
were measured using a caliper and a
micrometer. Chemically pure hydrochloric acid
with a measured volume of 100 ml, taken in a
beaker with a wide bottom (volume of about
300-500 ml), was heated on a hot plate with
temperature  control using an alcohol
thermometer placed in a solution fixed on a
tripod until a temperature of 55 °C was reached
with accuracy up to 0.5 °C. This temperature is
used to ensure maximum diffusion and is the
boundary for hydrochloric acid, since when 58-
60 °C is reached, the acid with a concentration
of 36% gradually begins to boil.

After the required conditions were
reached, the current collector was placed into
the solution with stainless steel tweezers, while
a stopwatch was started to record the etching
time. A few seconds before the end of the
required period, titanium was fixed with
tweezers and simultaneously with the end of the
period was removed from hydrochloric acid and
placed in a previously prepared beaker with
bidistilled water taken in an amount of 500 ml
to stop the reaction, after which a similar sample
rinsing procedure was repeated twice. Next, the
sample is subject to boiling in the same amount
of bidistilled water; after boiling, the water is
renewed, and the rinsing is performed three
times in cold bidistilled water. The described
procedure of boiling and rinsing was repeated
three times; at the end of the whole, the sample
was dried in a drying cabinet at a temperature of

60°C for 2 hours. The dried and cooled sample
is subject to re-weighing and measurement of
geometric parameters.

Study of the structure and surface of
titanium by SEM

In order to determine the effect of
etching in hydrochloric acid on the structure and
morphology of the titanium surface, the surfaces
of samples with a surface area of 20 cm2 were
studied using scanning electron microscopy
(SEM). Analysis of the results of the method
makes it possible to determine the size
distribution of particles and pores, qualitatively
evaluate the effect of etching on the structure
over time, and determine and consider
inclusions of foreign elements in the
composition of the sample.

Synthesis of catalytic materials

Electro-catalytic materials used in
commercial samples of PEM electrolyzers
manufactured at the National Research Center
"Kurchatov Institute” were chosen for the study:
a platinum catalyst on carbon black of the
Vulcan trademark with a mass fraction of
platinum of 40% for the cathode and an iridium
catalyst for the anode.

The platinum catalyst was synthesized
from chloroplatinic acid (hydrogen
hexachloroplatinate ~ H,[PtClg],  hereinafter
referred to as platinic acid) and an aqueous
dispersion of Vulcan carbon black. The iridium
catalyst is synthesized in a similar way from
chloroiridic acid (hydrogen hexachloroiridate
Hy[IrClg], hereinafter referred to as iridic acid)
and sodium borohydride.

MEA preparation

The resulting current collectors and
catalyst are used as a part of the MEA of
experimental laboratory cells with a working
surface area of 7 cm?, a set of grids; a rubber
gasket and a Nafion 117 membrane are being
prepared.

The anode and cathode are prepared by
spraying the necessary catalyst onto the current
collectors, while an iridium catalyst was applied
to the anode with a load of 2 mg/cm?, the
cathode load for platinum was 1 mg/cm?, and in
both cases Nafion conductive varnish was added
to the sprayed dispersion in an amount of 5 %
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by mass fraction. The catalyst loading was
controlled by weighing with an accuracy of
0.00001 g.

The laboratory cell with the finished
MEA was placed on a stand prepared for testing
cells of electrolyzers. The cell is connected to
the flasks for hydrogen and oxygen,
respectively, along the inner contour of the cell
and along the outer contour with a thermostat.
Electrically, the cell is connected in series to a
current source through an ammeter and in
parallel to a voltmeter.

VAC study
Measurements of the volt-ampere

characteristics (VAC) of the cells were carried
out in terms of of temperature control of the
samples at temperatures of 40, 60 and 80 °C.
The cells were tested in manual mode, the VAC
measurements were carried out in line with the
following algorithm: the voltage was recorded
according to the voltmeter readings, the
adjustment was carried out manually on the
current source in the range from 1.5 to 2 V; with
a step of 0.5 V, the ammeter readings were
recorded with an accuracy of 0.01 A in terms of
complete stabilization of the readings on both
devices.

Results and discussion

Visual observation of the titanium
etching reaction in hydrochloric acid makes it
possible to specify the key points of the study:
75 s and 5 min. At the junction of these time
intervals, a sharp change in the reaction
conditions is observed: an increase in
temperature, a change in color, and an intense
outgassing.

At the first point t = 75 s, a change in the
color of the solution to blue is observed; over
time, the color saturation changes from the
presence of a blue tint in transparent water up to
a thick dark one. Together with intense gassing
and temperature increase at a given time, these
signs are explained as being due to the onset of
the titanium hydride formation reaction - the
titanium delta phase.

At the second point t = 5 min, it becomes
difficult to observe a change in the color of the
solution, however, when hydrochloric acid is
poured into water after etching for more than 5
min, a pink tint appears, the saturation of which
increases with the duration of the etching

process. Along with this, intense gas evolution
and an increase in temperature at this moment
indirectly confirm the onset of the titanium
oxidation process.

After a qualitative observation of the
reaction for 30 min and the determination of the
key points of the reaction, 12 points of the
duration of the entire study were established,
differing in the duration of the etching process
when other conditions were fixed: the
temperature of the medium, the concentration
and volume of the acid, and the dimensions of
the titanium samples (for each series). A point
was also added, denoted later in the work as t =
0 min, indicating a short-term effect of acid on
the sample, carried out as follows: upon
reaching the  necessary  environmental
conditions, the sample was immersed entirely in
the acid solution using tweezers, after complete
immersion, the sample was immediately
removed and placed in a glass of bidistilled
water to stop the reaction. The set of points is
given in Table 1.

Table 1. A set of conditions for studying the titanium etching process.

6 7 8 9 10 11 12

Study No. 1 2 3 4 5
Etching
duration, 0 1 133 | 2 3
min

4 5 7.5 | 10 15 20 30

When exposed to hydrochloric acid for
more than 5 minutes, titanium samples begin to
change their color, gradually losing their

metallic luster and acquiring a dark shade. This
also indicates the beginning of oxidative
processes, gradually leading to irreversible
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damage to porous titanium. The dynamics of the
appearance of the samples is shown in Fig. 2.
Samples No. 1 - 5, etched for up to 3
minutes, do not clearly change their appearance;
however, starting from No. 6, changes in

appearance becomes visually distinguishable. At
the same time, titanium enters an oxidation
reaction with the formation of a pink tint in an
acid solution, which also confirms the onset of
oxidative processes with titanium degradation.

Fig. 2. Appearance of samples from left to right: No. 1, No. 6 and No. 12.

50%
40%
30%
20%
10%

0%
0 10

Relative weight loss, %

Etching duration, min

20 30 40

Fig. 3. Graph of the dependence of the mass loss, normalized to the initial mass, of samples
No. 1 - 12 with a surface area of 20 cm? on the duration of etching.

The results of weighing samples having
been normalized to the initial mass also confirm
the above statements. A graph of the change in
the mass of each sample is shown in Fig. 3. The
results of weighing samples with different
degrees of etching before and after the
implementation of the process indirectly
confirm the described processes in the form of
inflections and the formation of a plateau in the
graph of the normalized weight loss of the

sample depending on the duration of etching.

Also, from Fig. 3, a sharp loss of mass is
noticeable in the samples, starting from No. 7, at
fixed sample sizes. This confirms the beginning
of the process of titanium degradation in the
composition of the sample, leading to a loss of
strength and a decrease in the volume of
titanium involved in the electrochemical
reaction.
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The study of samples by SEM allows us
to make some key conclusions regarding the
effect of etching in hydrochloric acid on the
structure and surface of porous titanium. One of
them is the reduction in particle size due to the
dissolution of bonds of large particles in
hydrochloric acid and the complete dissolution
of small grains. A characteristic feature is a
strong change in the average particle diameter,
starting from sample 3, when a visually
observed onset of an intense process occurs.

T ! M
= 4

5 {“
‘.
i

'4.;

Before the beginning of the process, the
particles have a distribution in the size range up
to 30 um; after the start of the intensive stage of
etching, the distribution changes to 2-3 um.
Such a sharp drop in particle size can lead to a
decrease in the surface area of the particles
involved in the electrolysis of water. The
structure dynamics of porous titanium and
particle distribution are shown in Figs. 4 and 5,
respectively.

d)

Fig. 4. SEM images of surfaces of porous titanium samples on a large scale: a - No. 1, b - No. 2, ¢ -
No. 6, d - No. 12.
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Fig. 5. Particle distributions in samples with predominantly large (a and b) and small (c) particles
for samples with different etching durations.
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Also, when considering the samples on a
small scale in Fig. 6 reveals an increase in the
specific number of pores on the surface of
titanium particles, as well as an increase in their
diameter. It can be assumed that this is due to
the presence of gas pores in the titanium

#

QL
l’

c)

structure caused by the presence of air at the
time of casting the titanium sheet. As the degree
of etching of titanium increases, more and more
such pores open, and the diameter of the
existing ones increases. The distribution of
pores is shown in Fig. 7.

d)

Fig. 6. SEM images of the surfaces of porous titanium samples on a small scale and the
corresponding pore size distributions: a - No. 1, b - No. 2, ¢ - No. 8, d - No. 12.

An increase in the etching time leads to
an increase in the number and a decrease in the
characteristic size of particles in the images of
samples on an average scale, shown in Fig. 6. It

can be assumed that such changes in the
structure of the current collectors can affect the
performance of the cell. The formation of pores
with a diameter outside the range of mesopores

CHEMICAL PROBLEMS 2023 no. 1 (21)



RESEARCH INTO THE EFFECT OF 15

(macro- and micropores) can lead to incorrect
distribution of the catalyst over the surface of

25%

20%

%

15%

10%

Share

5%

0%

0 1 2 3 4 5 6 7 8 9

the current collector [10].

10 11 12

Particle size, pm

H]l W2 m4

6 M8 W10 m12

Fig. 7. Pore distributions on the surface of particles in samples with different etching durations.

The study of the composition of the
samples by the SEM method, shown in fig. 8
shows the presence of foreign intermetallic
compounds among the titanium particles. It can
be assumed that such compounds inevitably
enter the composition of titanium sheets in
greater or lesser quantities, which must be
considered in the manufacture of current
collectors.

In consideration of the above features of
the titanium etching process with a duration of
more than 5 min, namely, the onset of oxidation,
loss of strength and structure, and titanium
degradation, it was decided to take only the first
6 samples with an etching duration of up to 4
min for study in the MEA composition.

b)
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Fig. 8. The results of the study of the composition of porous titanium samples, images and the
distributions corresponding to them: a-c and b-d, respectively.

When preparing samples for testing as
part of the MEA, it was noted that samples with
smaller dimensions S = 7 cm? are more sensitive
to the etching process at the same material
thickness, which indicates an inverse
relationship between the size of the sample and
the depth of penetration of hydrochloric acid

into the sample. The data are presented in Fig.
9. On this scale, the effect is insignificant;
however, in the manufacture of large current
collectors, the data presented may differ greatly
from those indicated for the experimental
samples of the cells of the electrolyzer, and the
degree of etching may be different.

3,0%
2,5%
2,0%
1,5%
1,0%
0,5%
0,0%

Relative weight loss, %

2

Etching duration, min

-B-S=20cm2 -EB-S=7cm2

3

Fig. 9. Graph of the dependence of the sample mass loss, normalized to the initial mass, on the
etching duration for samples of the same thickness and surface area S = 7 cm? and S = 20 cm?.

To determine the experimental error in
measuring the VAC during testing of cells of
water electrolyzers with PEM, a study of the

VAC was carried out with a set of current
collectors prepared in accordance with the
method of etching in a 10% hydrochloric acid
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solution used in a number of works carried out

The test results are shown in Fig. 10.

at the National Research Center "Kurchatov Thus, the relative error in current density is

Institute”, 2 h at room temperature. To study the

error, 4 sets of current collectors were prepared.

approximately 0.9%.
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Fig. 10. The results of the study of the VAC of cells with standard etching of current collectors.

Considering the measurements carried
out on the assembled stand for testing
electrolysis cells, tests of experimental cells
with etching under the same conditions were
also carried out. The anode and cathode
collectors in the same MEA were etched under
completely identical conditions.

For comparison, the averaged results of

measuring the VAC were selected from the
experiment to determine the measurement error
of the VAC. Thus, the study involved MEAs
with traditionally accepted etching of current
collectors and with experimental etching,
respectively, samples No. 1 - 6 from Tab. 1.
Test results are shown in Fig. 11.

2050
> 1950
£ 1850
& 1750
(18]
= 1650
> 1550
1450

_c”
=l

Al

g

0 0,5 1
Current dencity, A/cm2

f.ﬁ:ﬂﬂ' i

15 2 2,5 3

A 2 43

Fig. 11. The results of the study of the VAC of cells with different durations of etching current
collectors.
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The data of a comparative study of VAC
indicate that with an increase in the duration of
etching of current collectors in hydrochloric
acid, the performance of electrolysis cells with
PEM decreases, and samples No. 1 and No. 6
are out of the general picture, and samples No.
2-5 are barely visible as compared to the
traditional etching of current collectors. As for
the case of “single-stage” etching No. 1, the
VAC measurements have a difference with the
standard etching at the end of the graph for
electrolysis with a voltage of 2 V by 7.8% in
favor of sample No. 1. The sample with the
longest etching from set No. 6, etched for 4 min,
showed a decrease in performance during
electrolysis with a voltage of 2 V by 9.9%.

In total, the obtained research data may
indicate that as the degree of etching increases,
the structure of titanium undergoes significant
changes associated with a decrease in the
proportion of “useful titanium”: the appearance
of pores on the particles and a general decrease
in the number of large titanium particles leads to
an increase in the number of cavities. The
ingress of particles of catalytic materials during
the preparation of electrodes into these cavities

leads to the isolation of a certain portion of the
catalyst from the current collector surface. In
turn, this leads to a decrease in
electrochemically active surface and a drop in
the performance of electrolytic cells with PEM.
Moreover, starting from a certain moment (more
than 4-5 min), etching has a negative effect on
the mechanical parameters of current collectors,
leading to titanium embrittlement. Along with
this, etching leads to an increase in the
geometric inhomogeneity of the surface
(formation of “craters™) and deterioration of the
contact of the current collector with the catalyst
particles of the catalytic layer. At that, the
conducted studies show that the initial porosity
of the current collectors at the level of 41-44%
allows them to be effectively used in the
electrolysis process at current densities up to
several A/cm?. For higher current densities, it is
advisable to increase the porosity not by etching
the current collectors, but by introducing a pore
agent into titanium powder during current
collector sintering and using titanium particles
with sizes in the range of 4 — 10 um to increase
the geometric uniformity of the surface.
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NCCIEJOBAHME BJIUAHUSA ITPOLHECCA TPABJIEHUSA KOJIVIEKTOPOB TOKA U3
MOPUCTOI'O TUTAHA B COJIAHOM KAUCJIOTE HA ITPOU3BOJIUTEJIBHOCTD
AJIEKTPOJIM3EPOB BO/Ibl C TBEPABIM ITOJIUMEPHbBIM 3JIEKTPOJIMTOM

I'.P. Kuceaes, B.H. ®ateeB, U.E. bapanos
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AnHoTtanmuss. C 1noMombl  cOBpeMEHHbIX MeTooB  COM,  BoJgbTaMIepoMeTpun U
IPaBUMETPUUECKOI0 aHajiv3a ObUIM HMCCIEA0BaHbI 00pa3libl KOJJIEKTOPOB TOKA, UCIOJIb3yEMBIE B
AJEKTPOJIM3Epax C TBEPABbIM IMOJIUMEPHBIM 3JEKTPOJIMTOM, W3 MOPUCTOTO TUTAHA C Pa3IUUHOU
CTENIEHBIO TPABJICHUS B KOHIIEHTPUPOBAHHON COJISTHOM KHUCIIOTE. [ paBUMETpUUECKOe UCCIIeJOBaHNE
mpolecca TpaBlIeHUS O0pa3IOB Pa3IUYHOTO pa3Mepa W3 MOPHUCTOTO THTAaHA IMOKAa3ajao, YTO Ha
MPOTSHKEHUH BCEro Ipoliecca MPOUCXOOUT IMOTeps Macchl o0paslia 3a MCKIIOYEHUEM JBYX
KOPOTKHUX MHTEPBAJIOB, MPEANOJIOKHUTEIbHO, M0 MpUYMHE 00pa3zoBaHus TuapunoB (60-80 cex) u
OKCUJOB (4-5 MHH), TprueM 00pa3ibl MEHBIIIET0 00beMa OKa3aJuCh 0OJiee YYBCTBUTEIBHBIMU K
norepe u pocty macchl. [Ipumenenune merona COM mo3BOMWIO OOHAPYKUTH, YTO TPaBICHUE HA
MPOTSHKEHUH PA3JIMYHBIX MO JUIMTEIBHOCTH WHTEPBAJIOB BPEMEHU MEHSIET CTPYKTYpPY MOPHCTOIrO
TUTaHA, YMEHbBIIAs CPEIHUN pa3Mep YacTHUIl U YBEIMYMBAS UX MOPUCTOCTh. [Ipm 3TOM pacter
HEOJIHOPOJAHOCTh TIOBEPXHOCTH, B TOM 4YHCIEe 3a cyYeT oO0pa3oBaHHs YriyOleHUil u3-3a
BBITPABJICHHOTO TUTAHA U YXYIIICHHUS KOHTAKTa TOBEPXHOCTH KOJUIEKTOPA TOKA C KaTATUTUYECKUM
cinoeM. CHeICTBUEM 3TOTO SABISIETCS Pa3u4yUe BOJIbTAMIEPHBIX XapaKTEPUCTHK SJIEKTPOIHU3HBIX
SYEeK C Pa3IMYHOM JIMTENbHOCTBIO TPABJICHUS KOJIJIEKTOPOB TOKa: HAOMIOAAETCS CHUKEHHE
MIPOU3BOIUTENBHOCTH JIEKTPOJIM3a C POCTOM JJIUTEILHOCTH TPaBJICHUSI KOJUIEKTOPOB ToKa Ha ~8%
i TpaBieHus 6onee 1 muHyTHl U ~18% ansa TpaBineHus Oosiee 4 MUHYT 1O CpPaBHEHHIO C
OJTHOMOMEHTHBIM MOTPYKEHUEM 00pa3Iia B KUCIOTY AJIsSI OUUCTKH MOBEPXHOCTH.

KuroueBnbie cioBa: snextposnuszep Boabl ¢ TIID, mopucteii turan, COM, BoJdbTaMIepoOMETpUs,
rpaBUMETPUYECKUI aHATU3
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BORK POLIMER ELEKTROLITLI ELEKTROLIZYORDA MOSAMOLI TiTAN
COROYAN KOLLEKTORUNUN XLORID TURSUSUNDA ASINDIRMA PROSESININ
SUYUN ELEKTROLI1ZI PROSESININ MOHSULDARLIGINA TOSIRININ TODQIQI

Q.R. Kiselyev, V.N. Fateyev, 1.E. Baranov

"Kur¢atov Institutu” ETM, Moskva, Rusiya
123187, Moskva, pl. Akademik Kur¢atov, 1
e-mail: Kiselev. GR@nrcki.ru

Xiilasa: Qatt xlorid tursusunda mosamali titan1 miixtalif dorocods asindirmagla bark polimer
elektrolitli elektrolizyorda coroyan kollektoru olaraq miixtalif miiasir metodlarin komayilo (SEM,
voltampermetriya vo qravimetrik analiz) todqiq edilmisdir. Miixtalif olgiili masamali titan
niimunslarinin aginma prosesinin qravimetrik iisulla todqiqi gosterir ki, biitiin aginma miiddatinds
niimunalorin kiitlo itkisi miisahido edilir ki, bu da 60-80 saniys miiddstinds hidridlorin vo 4-5
dogige miiddstinds oksidlarin amalo galmasi ilo naticalonir. Qeyd etmok lazimdir ki, kigik hacmli
niimunolar kiitlo itkisino vo artimma daha hossasdir. SEM {isulunun tatbigi ilo aginma prosesinin
aparildig1 miixtalif zaman intervallarinda masamali titanin qurulusunun doyismasi, hissaciklorin orta
Olgiisliniin azalmast vo mosamaliliyinin artmasi miisahido edilmisdir. O ciimlodon, titanin
asinmasinda alinan talalarin doarinlosmasi vo carayan kollektorunun sathinin katalitik tobago ilo
kontaktinin pislogsmasi hesabina niimunonin geyri — bircinsliyi artir. Bu sobobdon, miixtolif
miiddatlorde asindirilmis coroyan kollektorlarinin  voltamper xarakteristikalar1 miixtalifdir.
Niimunolorin sathinin tomizlonmosi tiglin ani miiddsto tursuya daxil edilmasi ilo miiqayisada
carayan kollektorlarinin asinma miiddati 1 dagigadon ¢ox olduqda elektrolizin moahsuldarligi ~ 8%,
asinma miiddati 4 dogiqadon ¢ox olduqda iso 18% azalir.

Acgar sozlor: bork polimer elektrolitli elektrolizyor, mosamali titan, SEM, volampermetriya,
gravimetrik analiz.
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