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Abstract. The process of a heterogeneous catalytic coating formation on the ion-exchange
membranes surface was studied in this work. It is determined that the use of the chemical
deposition method results in a highly porous coating, but with low strength and durability. A
combined method for obtaining a heterogeneous catalytic coating is proposed, which includes

the formation of adsorption centers by thermal vacuum spraying and the growth of the bulk of
the catalyst by chemical deposition.
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Annoranusa. B pabore ncciaenoBaH npoiecc GopMUpPOBaHUS FETEPOTeHHOTO KaTaJTUTUUECKOTO
MOKPHITUSI HAa TMOBEPXHOCTU MOHOOOMEHHBIX MeMOpaH. OmnpeneseHo, 4TO MCIMOJb30BaHUE
crnocoba XMMHUYECKOTO OCaXIACHUS MPUBOAUT K MOJYYEHUIO BBICOKOIMOPUCTOIO MOKPBITHS,
OIHAaKO 001a1a1011eTO MAJION MTPOYHOCTHIO U JOJITOBEUHOCTHIO. [TpemiokeH KOMOMHUPOBAHHBIN
Cnoco0 TMOJIyYUeHUSI TETEPOT€HHOTO KATAIUTUYECKOTO TMOKPBITUS, BKJIOYAIOIIUKA B ce0s
(opmupoBaHue aaCcOPOIIMOHHBIX LIEHTPOB METOAOM TEPMUUYECKOTO BAKYYMHOTO HAMbUICHUST U
BbIpALLIMBAHUE OCHOBHOI MacChl KaTaJiM3aTopa METOAOM XMMHUYECKOTO OCAXKICHUS.

KnioueBbie ciaoBa: reTeporcHHad CTpPYKTypa, MOHOOOMEHHasI MeM6paHa, QJICKTPOJIN3,
MMOJIy4€HMEC BOOOPOJAa, KAaTaJINn3aTOp, OCAXKIACHUC
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Introduction

Polymer Electrolytic Membrane (PEM), despite more than 50 years of research and development
history, still finds new applications and potential for performance enhancement, which provides
researchers and manufacturers with a field for research and development.

One of the areas where PEM has found wide application is the production of chemically pure
substances by electrolysis, for example, the production of hydrogen of especially high purity.
However, when using PEM in its original form, the process productivity is low, which requires
the use of a catalyst. The degree of the electrolytic process intensification, in turn, significantly
depends on its properties and structure. It was shown in [1, 2] that the implementation of the
catalyst in the form of nanosized particles on the surface of a PEM is the most efficient.

Materials and Methods

An ion-exchange membrane Nafion 324 (DuPont) was used in the experiments.

Table 1
Lists the specifications for the used membrane
Parameter name Value
Thickness, nm 0.15
Equivalent mass, g/mol 1100
Moisture capacity, % 15.1
lonic group Sulfo group (SO,H)
Ionic form — counterion H*
Inert binder Polytetrafluoroethylene
Reinforcement fabric Kevlar

Metals such as platinum and palladium were used as a catalyst.

The membrane with the applied catalyst for performance evaluation is installed in the electrolytic
cell. The cell is mounted on a test bench, with the help of which the initial substance - water - is
fed into the cell, current is supplied and the output of hydrogen is recorded.

The objects under study are catalytic coatings obtained on the membrane surface by the
combined method. At the first stage, adsorption centers are formed by the method of thermal
vacuum spraying of platinum canopies with the use of the UVN-71P-3 installation. At the second
stage, the bulk of the catalyst was increased by chemical deposition of platinum from H2PtCl6
solution.

Results and Discussion

The study of membranes obtained by the combined method showed that the catalytic layer
has a porous structure that does not prevent the protons transport to the membrane surface.
Fig. 1 and 2 show the results of energy dispersive analysis on PEM. According to the obtained
total spectrum of X-ray energy dispersive analysis (Fig. 1), there are pronounced peaks of both
platinum of the active catalyst layer and fluorine of the ion-exchange membrane with a minimum
amount of impurities. Therefore, it can be concluded that the catalytic nanostructured coating did
not completely cover the membrane structure and fully retained the characteristics and functions
performed by it.

© HosuukoB M., I'ypun C.A., HecrepoB C.A., Lllenaxaes [.A., Tleuepckas E.A., Lllenenesa A.D., 2023. Uznatenn:
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Fig. 1. Multilayer spectral map
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Fig. 2. X-ray energy dispersive analysis of an ion-exchange membrane with a catalyst obtained by
thermal evaporation in vacuum followed by chemical precipitation

Fig. 3 shows the performance curves of the pure hydrogen production process when using:

- membranes in their original form;

- membranes obtained by thermal vacuum evaporation in gentle modes;

- membranes obtained by combined technology.

The study of catalytic coatings of ion-exchange membranes coated only by chemical precipitation
based on reduction from solutions of H PtCl, or PdCl, showed its failure due to low adhesion and
washability of the applied coating with a fairly light effect of the supplied substance flow. This
is due to the use of fluorine compounds as the basis of the membrane, which practically do not
create stable bonds with the catalyst material.
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Fig. 3. Performance curves of hydrogen yield in an electrolytic cell with membranes with different
coatings. (/ — original structure of the membrane; 2 — coating in a vacuum evaporator at modes:
1=400 A, T= 300 seconds; 3 — combined coating)
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Analyzing the curves in Fig. 3, it can be estimated that the membrane with the catalytic
layer formed under gentle conditions in vacuum evaporators increased the hydrogen generation
productivity by only 20% compared to the original membrane structure. The stated assumption
is confirmed by a significant increase in the hydrogen yield of about 5 times compared with the
coating obtained in gentle modes by the vacuum evaporation method.

Conclusion

The parameters of the catalytic heterogeneous coating, at which a high efficiency, which is
expressed in an increase in the maximum current strength in the circuit up to 5 A at a voltage of
4 'V were revealed. This is a higher indicator compared to competitive technologies [3—5].

The study of membranes with a heterogeneous coating formed by a combined method
showed the effectiveness of using a coating obtained by thermal vacuum evaporation as the first
fundamental layer. The structure of the first layer makes it possible to form the prerequisites for
creating a multilayer catalytic coating with a high specific area, a developed tree structure, and
high porosity. Such a heterogeneous coating provides an intensification of the water electrolysis
process and an increase in the productivity of hydrogen production by 4—5 times compared to
the process in which PEM is used in its original form. There is also an increase in the strength
of the heterogeneous coating, and, accordingly, the service life of the membrane compared to
membranes coated with a platinum-carbon dispersed catalyst.
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