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FORMATION OF THE ORGANIC-INORGANIC
PROTON EXCHANGE MEMBRANE

A.O. Mauizenic, b.1. batipaunuii, I'.I". Tynecokui. ®opMyBaHHS 0PraHO-HeOPraHiyHoI NPOTOH-00MiHHOI MeMOpaHH. 3acTOCyBaHHS
€JIEKTPOITi3epiB HU3bKOTEMIIEPATYPHOTO PO3KIIaaHHs BOAH 3 TBEPJOKO HOIIMEPHOI0 MEMOPAHOIO € MEPCIEKTUBHUM UL OJIEPXKaHHS BOIHIO
3 BUKOPHMCTAaHHSIM BiJHOBIIIOBAJIEHUX JUKepen eHeprii. OfHak BHCOKa BapTiCTh MEMOPaHHMX MaTepialiB IEpelIKo/Kae MacoBOMY BIIPO-
BA/UKCHHIO TAKHUX EJIEKTPOIizepiB. Binblry 4acTuHy D0CIiKEeHb, HAIPSIMICHHX HA PO3po0Ky METOAMK (opMyBaHHS MeMOpaH, albTepHATH-
suux Nafion®, npucstaena opramiunuM Marepianam. Mema: MeToio poGOTH € Po3poOKa METOIMKH GOPMyBAHHS KOHKYPEHTOCIIPOMOYKHOL
IPOTOH-MPOBIAHOT MeMOpaHH Ha ocHOBI momniBiHinoBoro crupty (IIBC) i Heopraniunux rinpatiB. Mamepianu i memoou: Jlns onepikaHHs
MeMOpanu y 2...10 %-uii pozuns [1BC noxaBanu rixparoBaHuid OKCH 0JIOBa, HEPEMIIIyBalIH i OMIAPOBO HAHOCHIIN Ha iIHEPTHY OCHOBY, BiJ
SKOI TOTOBY MEeMOpaHy y IOJANIbIIOMY BiJOKpeMiIIoBaiH. J{yis MOKpaleHHs 1 MeXaHiYHHUX BJIACTHBOCTEH BUKOPHCTOBYBAIIM apMyIOUy CIiTKY.
T'igpaToBaHuii OKCHI OJIOBa OJEPIKYBAJIU B3aEMOJIEI0 PO3YMHIB XJIOPUIY OJIOBA 1 TiAPOKCHAY aMOHi0. Pesynrsmamu: JlocnimKeHO YMOBH
(hopMyBaHHS IPOTOH-OOMIHHOI MeMOpaHH Ha OCHOBI IOJIBIHIZIOBOTO CITHPTY i TpaTOBaHOTO OKCHIY ojoBa. OnepikaHo cepito MeMOpaH 3i
BMICTOM rifpaToBaHoro okcuay oiosa 30, 50, 70, 80 i 90 %. IlokazaHo, 110 CywinbHa MIiBKa MeMOpaHH TOBIIMHOKO HoHa 100 MKM MOXe
OyTH OTpHMaHa, SIKIIO 3MICT HOJIBIHIIOBOTO, 10 AOpiBHIOE abo mepesuirye 30 %. ITokaszano, mo HeoOXixHO npoBoauTH 3umBky IIBC y
ofepxaniii miiBLi. CTpyKTypa ofiep»aHoi IPOTOH-TIPOBiIHOT MeMOpaHu sBIisie co00t0 JaHioru [1BC, 3MuTi aabaerizioM, Mix SKUMH PO3TaIlo-
BaHi I700y/H TipaTOBaHOTO OKCHAY 0JI0Ba. [IpoBifHICTS MeMOpaHH 3a0e3Meuy€eThest SIK PYXOMICTIO TIPOTOHIB rifipokcuibHOI rpymu [1BC, Tak i
3a paxyHOK YacTKOBOI IMCOLIiallii IiJpaToBaHOro OKCH/Ty Ha MOBEPXHi T106YJ1 3 yTBOpeHHaM yrpymysanb HzO*/H,0 i OH/H,0.

Kniouosi crosa: IpoTOH-TIPOBiTHA MeMOpaHa, NOMNIBIHIJIOBUH CITUPT, IiApaTOBaHMUI OKCHI OJI0BA.

A.O. Maizelis, B.I. Bairachniy, G.G. Tul skiy. Formation of the organic-inorganic proton exchange membrane. The use of electro-
lyzers for the low-temperature water electrolysis with the solid polymer membrane is perspective for production of hydrogen using
renewable energy sources. However, the high cost of membrane materials obstructs the mass commissioning of such electrolyzers. Most of
the researches devoted to the technologies of membranes formation, alternative to Nafion®, deal only with organic materials. Aim: The aim
of this research is to develop the method for formation of the competitive proton exchange membrane based on polyvinyl alcohol (PVA) and
inorganic hydrates. Materials and Methods: The hydrated oxide of tin was added to the 2...10 % PVA solution, mixed and applied to inert
base layer by layer for formation of the membrane. Then the membrane was separated from the base. The reinforcing mesh was used to
improve mechanical properties of the membrane. The hydrated tin oxide was prepared by reaction of tin chloride and ammonium hydroxide
solutions. Results: The conditions of formation of proton-exchange membranes based on polyvinyl alcohol and hydrated oxide of tin were
investigated. The series of membranes containing 30, 50, 70, 80 and 90 % of hydrated tin oxide are obtained. It is shown that a solid
membrane film with the thickness over 100 um can be obtained if the content of PVA exceeds 30 %. It is shown that it is necessary to
crosslink the chains of PVA in the resulting film. The structure of the obtained proton exchange membrane consists of PVA chains
crosslinked by aldehyde, between which the globules of hydrated tin oxide are situated. The membrane conductivity is provided by both
proton mobility of hydroxyl group of PVA and H3;O*/H,0 and OH/H,O groups that are formed due to the partial dissociation of hydrated
oxide on the surface of the globules.

Keywords: proton exchange membrane, polyvinyl alcohol, hydrated tin oxide.

Introduction. Recently, high interest is paid to finding the ways to improve the material for
creation of hydrogen electrochemical generators with a solid polymer electrolyte. This generator
(electrochemical cell) consists of two electrodes pressed against the proton exchange membrane
(PEM), forming a membrane-electrode assembly. The distilled water serves as electrolyte.

The main chemical reaction on the anode is water oxidation that leads to formation of the
hydronium ions and oxygen:

3H,0 =% 0, + 28 + 2H;0" (E,=1.229 V).

Oxygen is removed through the gas diffusion layer of the electrode. Hydronium ions pass

through the proton exchange membrane, which is a solid electrolyte in electrochemical cell.

The main chemical reaction on the cathode is the reduction of hydronium that leads to the water
release and hydrogen evaluation:
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H30+ +e =% H,+H,0 (EO =0 V)

Thus, the overall reaction is:

H,O =H, + % O, (E, = 1.229 V).

Due to the formation of protons, the media in the electrochemical cell (which is fed by deionized
water) changes to acidic: the estimated concentration of protons at the standard load is about
1 mol-dm™, i.e. pH is 1. This fact complicates both the selection of electrode materials and membranes.

The most expensive components of the cell with a solid electrolyte are proton exchange
membrane and catalysts of electrode processes. The most used catalysts are platinum-group metals
(platinum, palladium, iridium and ruthenium) in the form of nanoscale particles and their oxides. The
most widely used solid electrolyte membrane is Nafion®. This membrane is a co-polymer of
tetrafluoroethylene and co-monomer with side chains of perfluorinated vinyl ether ending by sulfo-
group, so that proton is transferred from one sulfo-group to another one.

Among the requirements for the proton exchange membrane, that are used in water electrolysis,
are high proton conductivity, low electron conductivity, low permeability of the gases (hydrogen and
oxygen), high chemical stability in the acidic media, providing high speed electrode reactions,
mechanical strength in the dry and humid condition, minor water transport across the membrane by
diffusion and electroosmosis effects, as well as availability of materials and low production cost.

The high cost of Nafion® membranes has led to an active research for more reasonably priced
membrane compositions. The similar perfluorinated membrane called MF-4SK was created in USSR.
The number of another membranes were developed [2], but they are inferior to Nafion® membrane on
the number of important characteristics. One of the developments is membrane based on polyvinyl
alcohol (PVA) with addition of phenol-2,4-disulfonic acid [3]. PVA can conduct protons through a
inherent system of hydrogen bonds. It also has high gas impermeability, which is one of the essential
requirements for membranes (solid electrolytes) in electrochemical cells for hydrogen production and
fuel cells. Additionally, the low cost of PVA led to the interest in practical application. However, the
use of PVA is limited by its solubility in water and its insufficient proton conductivity.

On the other hand, it is known that some of the hydrated metal oxides (inorganic hydrates) of
globular structure have proton conductivity. The composition of the globules inside is close to the
metal oxide and the surface contains many high-active OH-groups and water molecules, which
provide proton conductivity [4]. For example, hydrated oxides of antimony and tin are used in sensors
for hydrogen detection as a layer of a proton-conductive electrolyte. However, these precipitates are
not mechanically stable hydrates and this prevents their use as membranes.

The aim of this research is to develop the method for formation of the competitive proton
exchange membrane based on polyvinyl alcohol (PVA) and inorganic hydrates.

Materials and Methods. The tin chloride, ammonium hydroxide, polyvinyl alcohol and sodium
sulfate (“chemically pure” qualification) were used in the work. The photographs were taken by a
hardness measuring instrument PMT-3 and digital camera Canon PowerShot A11001S. The PVA
solution with concentration of 2...10 % was prepared by dissolving PVA in the heated to 50...70 °C
distilled water during 2 hours and holding at room temperature until solution becomes clear.

The precipitate of hydrated tin oxide was obtained by the reaction between ammonium hydroxide
and tin chloride (IV) solutions. The resulting precipitate was washed until the pH of filtrate becomes
neutral. To prevent the loss of the hydrated water the prepared precipitate was stored in air at
100 % humidity.

Results and Discussion. The proton exchange membrane was formed by the method described in
[5], by “brush” method using layering of PV A solution with addition of certain amount of hydrated tin
oxide on an inert substrate. Free water was removed from each layer using heated (40...60 °C) air,
preventing its complete drying, since the loss of the hydrated water significantly reduces the
conductivity of the obtained membrane.

After applying the half of layers, the reinforcing mesh was stacked, and then the rest of the layers
were applied. The use of reinforcing mesh improves the mechanical strength of the membrane.
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The degree of swelling in hot water (50 °C) of the obtained membrane with PVA content 50 %
was 640 % after 2 hours of exposing. The higher temperatures lead to slow dissolution, due to the
solubility of PVA. To increase the heat resistance of membrane the crosslinking of PVA chains on the
surface of the membrane was performed by treatment with aldehyde in the solution containing
2...5wt. % of aldehyde, 20 wt. % of sulfuric acid and 20...25 wt. % of sodium sulphate at 60...70 °C
during 25...30 minutes. The sulfuric acid acts as a catalyst, sodium sulfate reduces swelling degree of
the membrane.

The series of membranes containing 30, 50, 70, 80 and 90 wt. % of hydrated oxide are marked as
M30, M50, M70, M80 and M90, respectively. Samples containing 30...70 % of SnO, - nH,O have a
uniform structure for both thicknesses of 100 um (Fig. 1, a, b, ¢) and 200 um (Fig. 2, a, b, ¢).

§

Fig. 1. Microphotographs
of membranes with thickness
of 100 um.: a — M30; b — M50;
C—M70; d— M80,; e — M90

With the further increase of SnO, - nH,O content (Fig. 1, d, e, Fig. 2, d, e) the disadvantage of the
PVA binder is critical for the film thickness higher than 100 pm: the cracks in the M80 membrane
sample can be seen using microscope with a 400 times magnification, cracks in M90 membrane
sample are visible with the naked eye.

The probable structure of proposed proton exchange membrane based on polyvinyl alcohol and
addition of hydrated tin oxide is shown in Fig. 3, a. The chains of polyvinyl alcohol are crosslinked by
aldehyde, which makes the polymer insoluble. There are the globular hydrated tin oxide and water
molecules between PVA chains. This leads to the partial dissociation of SnO,.xHx« producing
hydronium ion:

SnO,.iHox + Yy H,O SIlOz.;.XHZX,y Y+ yH3O+.
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Fig. 2. Microphotographs
of membranes with thickness
of 200 um: a — M30; b — M50;
C— M70; d — M80; e — M90

30mm
| e

a b

Fig. 3. Proton exchange membrane of polyvinyl alcohol and a hydrated tin oxide:
a —the structure, b —exterior membrane M50

Thus H30"/H,0 and OH /H,0 proton-containing groups are formed and the proton transfer pro-
cess occurs by Grotthuss mechanism, which consists in proton overshoot between the proton  ex-
change groups and their reorientation. Fig. 3, b shows a photograph of M50 membrane sample with
200 um thickness.

Conclusions. Thus, a method of formation of the proton exchange membrane using reasonable
materials, polyvinyl alcohol and hydrated tin oxide obtained from the tin chloride and ammonium
hydroxide is proposed.
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