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Abstract. In this study, the hydrosilylation reaction of
tetrahydrotetramethylcyclotetrasiloxane with allyl
trifluoroacetate proceeded in the presence of catalysts
(platinum, hydrochloric acid, Karstedt's catalysts, and Pt/C
(10%) at 323K was investigated. The expected D*R adduct
was obtained. The D*R sample was analyzed by FTIR, H,
13C, and %°Si NMR spectroscopy. A polymerization
reaction of D*R-type fluoroorganocyclotetrasiloxane was
carried out in the presence of a tetramethylammonium
fluoride catalyst. The resultant reaction produced comb-
type fluoro-organosiloxanes. Sol-gel reactions of fluoro
organosiloxanes doped with lithium
trifluoromethylsulfonate (triflate) or lithium
bis(trifluoromethanesulfonyl)imide and tetraethoxysilane
have been the subject of study, and solid polymer
electrolyte membranes have been obtained. The ionic
conductivities of these membranes have been determined
using the technique of electrical impedance spectroscopy.
It has been found that the electric conductivity of the
polymer electrolyte membranes at room temperature
changes in the range from 7.8x107 to 3.2x10°¢ S/cm. This
compound is an interesting product because, in addition to
ester groups, it also contains fluorine host donor groups
and, via sol-gel reactions, directly gives us thin films.

Keywords: hydrosilylation, sol-gel reactions, spectroscopy,
polymer electrolyte membranes, ionic conductivity.
Introduction

Polymer electrolytes (PEs) play an important role in

electrochemical devices such as batteries and fuel cells. To
achieve optimal performance, the PEs must maintain a high

ionic conductivity and mechanical stability at both high and
low relative humidity. PEs also need to have excellent
chemical stability for long product life and robustness.!

According to the prevailing theory, ionic conduction
in any polymer electrolyte is facilitated by the large-scale
segmental motion of the polymer backbone and primarily
occurs in the amorphous regions of the polymer electrolyte.
Crystallinity restricts polymer backbone segmental motion
and significantly reduces conductivity. Consequently,
polymer electrolytes with high conductivity at room
temperature have been sought through polymers that have
highly flexible backbones and have largely amorphous
morphology. The interest in polymer electrolytes is
increasing because of potential applications of solid
electrolytes in high-energy-density solid-state batteries, gas
sensors, and electrochromic windows.

An electric conductivity of 10 S/cm is commonly
regarded as a necessary minimum value for practical
applications in batteries.* Polyethene oxide (PEO)-based
systems are particularly thoroughly investigated. They
reach room temperature conductivities of 10 S/cm in some
cross-linked salts in polymer systems based on amorphous
PEO-polypropylene  oxide  copolymers.  However,
conductivity with such a value is unfortunately insufficient;
it results from the semi-crystalline character of the polymer
as well as from an increase in the glass transition
temperature region of the system. It is widely accepted that
for amorphous polymers with low glass transition
temperature T, regions and high segmental mobility, the
presence of halogens, especially fluorine groups, is
important for achieving high ionic conductivities.
Formation of the grid-like structures improves the
mechanical properties of polymeric electrolytes.>”
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It is also well established that coordination of
lithium ions takes place predominantly in the amorphous
domains. Literature shows that PEO-based amorphous
electrolytes can be obtained by the synthesis of comb-like
polymers, namely by attaching short ethylene oxide unit
sequences to existing amorphous polymer backbones.

The properties of organosilicon polymers depend on
the structure of macromolecular chains and the nature of
organic groups surrounding the silicon atoms.® Comb-type
copolymers contain organic substituent groups of various
sizes and natures bonded to hydrophobic methylsiloxane
matrices. A wide range of variation of these substituent
groups is possible. Some organosilicon copolymers contain
donor groups and exhibit complexing properties.810 A
variety of organic donor groups can be bound to the silicon,
including fluorine host groups in the side chain of the
siloxane matrix, which gives us the possibility to change
the ion-conducting properties of polymer electrolyte
membranes.

Our work has several stages: 1) synthesis of D4R-
type methylorganocyclotetra-siloxane with propyl-2,2,2-
trifluoroacetate side group at silicon atoms; 2)
determination of their structure by FTIR and NMR
spectroscopy; 3) investigation of polymerization reaction

R . .

of D, -type fluoroorganocyclotetrasiloxane in the presence
of catalyst tetramethylamonium fluoride and obtaining of
comb type methylsiloxane polymers; 4) obtaining solid
polymer electrolyte membranes via sol-gel reactions of
such comb-type polymers doped with lithium
trifluoromethyl-  sulfonate  (triflate) or  lithium
bis(trifluoromethanelsulfonyl)imide and tetraethoxysilane;
5) determination of ionic conductivity of those membranes
via electrical impedance spectroscopy.

2. Experimental

2.1. Materials

All synthetic procedures were performed under a
dry dinitrogen gas atmosphere via standard vacuum line
Schlenk techniques. Before use, solvents underwent
degassing and purification using well-established
procedures in the literature: toluene, hexane, and
tetrahydrofuran were distilled via sodium/benzophenone
ketyl. Aldrich reagents were used as received or distilled
before use. 2,4,6,8-tetrahydro-2,4,6,8-
tetramethylcyclotetrasiloxane (D), vinyltriethoxysilane,
Karstedt's catalyst — platinum (0)-1,3-divinyl-1,1,3,3-
tetramethyldisiloxane complex (2% solution in xylene),
platinum hydrochloric acid (Aldrich), Pt/C (10%), and
lithium trifluoromethyl sulfonate (triflate) and lithium
bis(triflourosulphonyl)imide were purchased from Aldrich

and used as received. Toluene was dried and distilled from
sodium under an atmosphere of dry nitrogen.
Tetrahydrofuran (THF) was dried over and distilled from
K-Na alloy under an atmosphere of dry nitrogen.*

2.2. Methods

Fourier transform infrared spectroscopy (FTIR)
spectra studies were conducted on a Nicolet Nexus 470
machine with an MCTB detector.

IH, 3C, and °Si NMR spectra were recorded on a
Bruker ARX400 NMR spectrometer at the 400 MHz
operating frequency with CDCI; as the solvent and an
internal standard.

Scanning electron microscopy (SEM) and
Energy Dispersive Micro X-Ray Analysis (EDS) were
performed on SEM- Hitachi TM3030 Plus devices.

Differential scanning calorimetric (DSC)
investigations were performed on a Netzsch DSC 200 F3
Maia apparatus. The measurement was carried out in an
inert gas atmosphere under a nitrogen flow of 40 mL/min.
The samples were heated from 173 K to 333 K.*?

2.3. Hydrosilylation reaction of D4
with allyl trifluoroacetate

D4 2.6040 g (0.01083 mol) were transferred into a
100 mL flask under nitrogen using standard Schlenk
techniques. High vacuum was applied to the flask for half
an hour before the addition of 6.978 g (0.0453 mol) allyl
trifluoroacetate in 5 mL dry toluene and Karstedt's
precatalyst solution (20 uL). The homogeneous mixture
was degassed and placed into an oil bath, which was
previously set to 60°C and the reaction continued at that
temperature.

The reaction pathway was controlled by a decrease
in the intensity of active =Si-H groups.'® After completion
of the reaction, 0.1 wt. % of activated carbon was added
and refluxed for 2 h for deactivation of the catalysts. All
volatiles were removed by rotary evaporation at 50-60°C
and further evacuated under high vacuum for 10 h to isolate
8.3 g (93.0%) of the colorless viscous compound | —
2,4,6,8-tetramethyl- 2,4,6,8-tetrapropyl trifluoroacetate)

cyclotetrasiloxane (D4R).

2.4. Ring-opening polymerisation of D4}

The 1.137 g (1.1498 mmol) of the D,R compound
was transferred into a 50 mL flask under nitrogen. High
vacuum was applied to the flask for half an hour.
Afterwards, the compound was dissolved in 1.8 mL dry
toluene. 0.01% of the total mass of tetramethylammonium
fluoride was added. The mixture was degassed, placed in
an oil bath that was previously set to 333 K, and
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polymerised under nitrogen for 25 h. Then 7 mL of toluene
was added to the reaction mixture, and the product was
washed with water. The crude product was stirred with
MgSOs for 6 hours, filtered and evaporated. Then the
product was precipitated at least three times into pentane to
remove side products. Finally, all volatiles were removed
under vacuum up to a constant mass. Thus, 1.0 g (85%) of
colorless viscous polymer (II) with ng, = 0.12 has been
isolated.

2.5. General Procedure for Preparation
of Cross-Linked Polymer Electrolytes

We dissolved 1.0 g of the base compound in 4 mL
of dry THF and thoroughly mixed it, then poured it onto a
Teflon mold with a diameter of 4.0 cm. Then, a few drops
of tetraethoxysilane and a catalytic amount of acid (one
drop of 0.1N HCI solution in ethyl alcohol were added to
initiate the cross-linking process. The solvent was allowed
to evaporate slowly overnight. Each membrane was
allowed to evaporate slowly overnight. Finally, each
membrane was dried in an oven at 343 K for 3 days and at
373 K for 1 h. This way we have obtained homogeneous
and transparent films with an average thickness of 200 pm.
Our films were insoluble in water, while in THF, swelling
was seen.

2.6 AC Impedance Measurements

The total ionic conductivities of our samples were
determined by placing an electrolyte disk between two 10
mm diameter brass electrodes. The electrode/electrolyte

assembly was secured in an appropriate constant volume
support, which allowed reproducible measurements of
conductivity in repeated healing-cooling cycles. The cell
support was placed in an oven; the sample temperature was
measured by a thermocouple positioned close to the
electrolyte disk. The bulk conductivities of electrolytes
during each heating cycle using the impedance techniques
have been measured using a BM 507 Tesla impedance
meter for frequencies from 50 Hz to 500 kHz over a
temperature range from 30 to 90 °C.

3. Results and Discussion

For the synthesis of methylsiloxane polymers with
propyl trifluoroacetate groups in the side chains, we have
performed the reaction of the 2.4.6.8-tetrahydro compound
in toluene solution. Under these conditions, the
hydrosilylation reaction of D,H with allyl trifluoroacetate
proceeds vigorously in the first 3-7 minutes.

We are interested in mitigating side reactions as well
as in creating fully substituted cyclotetrasiloxanes.
Therefore, we have investigated the temperature range.
During the hydride addition reaction, changes in
concentration of active =Si-H bonds with time are seen in
reactions of D,H with allyl trifluoroacetate in absolute
toluene solution (50-60%) in the 303-323 K temperature
range. The catalysts used show comparable reaction
abilities. Apparently, in the hydrosilylation reactions, the
Karstedt's catalysts used show higher reactivity than in the
case of platinum on the carbon. The reaction proceeds
according to the following Scheme 1:

A oS
Il
H—Sli—O—Si—H o) F3C-C-0-C3H6—S|i—O—Si—C3H6-0-C-CF3
I
t
0 o +nCH=CH-CH,-0-C-CF—2L > o o
| In Toluene | |
I

Scheme 1. Hydrosilylation reaction of D4 with allyl trifluoroacetate

The organocyclotetrasiloxanes so obtained are
transparent, viscous products; they are well soluble in
ordinary organic solvents. The structures and compositions
of those compounds were studied by determination of
molecular masses, 'H, 1°C, and #Si NMR spectroscopy.
Some  physical and  chemical properties of
organocyclotetrasiloxanes are presented in Table 1

In the FTIR spectra of compounds I (Fig. 1), one can
observe absorption bands characteristic of asymmetric

valence oscillation of linear =Si-O-Si= bonds at 1051 cm™.

One can observe absorption bands at 795-800, 1188, 1265,
1735-1743, and 2800-3100 cm-1, characteristic of valence
oscillation of Si-CHs, CO-O, Si-C, C=0, and C-H bonds,
respectively. One can observe absorption bands for carbon-
fluorine bonds.'>¢ The absorption bands characteristic of
Si-H bonds disappear.

29Si NMR spectra of compound 1 (Fig. 2) showed
resonance signals with chemical shifts = -19 ppm and -27
ppm characteristic for RR'SIO (D) units in a cyclic
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fragment, signals & = -57.0 ppm can be assigned to the  corresponding to the presence of RR'SiO (D), as well as a
DOR  moieties. The triplet reflects stereochemical resonance signal with chemical shift & = -65 ppm that can
resolution due to isotactic and atactic resonance, be assigned to T moieties in the triethoxysilyl group.

Table 1. Some physical chemical properties of organocyclotetrasiloxane

# Compound np?° d,%° M*rp M*
1\|’[e
Si—o0 153.20 820
| 1.39570 1.3457 152.72 856
C3He—OCOCF; |4

* numerator — calculated values; denominator — found values
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Fig. 2. 2Si NMR spectra of compound 1
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1. By 2°Si NMR investigation, it was shown that
in toluene solution proceeds only hydrosilylation reactions
take place. In °Si NMR spectra of compounds 1, one can
see a resonance signal with a chemical shift 6 = -20 ppm,
which corresponds to the presence of RR'SiO (D) units.’

In 'H NMR spectra of compound I (Fig. 3), one can
observe m-signals with a center of chemical shift at 6=3,5
ppm for methylene protons in the fragment O-CH,-CHa.
The signals at 0.6, 1,6 ppm for =CH-CH3 and =CH-CH3
(Markovnikov addition of vinyltriethoxysilane) overlap
with the chemical shift of a-addition of allyl groups.

In the 1*C-NMR spectra of compound I (Fig. 4) one
can observe signals characteristic for =Si-CH3 groups with
chemical shift at 5=-0.2 ppm and signals, for carbon atoms
with chemical shifts at 6=12.5, 16.1, 17.2, 68.1, 112,5, 157
ppm coresponds to carbon atoms in the groups =CH-CHs,
SiCH,, SiCHCHj, =CH-CHs, SiCH,; CH,CH>, CF; and
C=0 groups accordingly. Additionally, in the spectra one
can observe chemical shifts for carbon atoms at 18.5 and
57,2 ppm, characteristic for carbon in the fragments
OCH,CH3 and OCH,CHjs, respectively.®

| _ [ I}' |
L.k. . .._nl\y v(_.. . — lxh_.—-.._zJ I‘J-i\_ N __."II bn A U\_-.
A i ] Bty 5 &
Fig. 3. '"H NMR spectra of compound I
VT
| J\ Jum o et o\

Fig. 4 3C NMR spectra of compound |
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The hydrosilylation reaction of Ds" with allyl
trifluoroacetate proceeds (Fig. 5) very actively at a
temperature range of 343-353 K, and the content of active
Si—H groups after 10 minutes does not exceed 5-8%. The
hydrosilylation reaction proceeds at approximately the
same rate in the presence of platinum hydrochloric acid (0.1
M solution in THF) and Karstedt's catalyst
(Ptz (VinSiMe, )3 in xylene), but with less activity in the
presence of platinum on carbon. Figure 4 shows that the
depth of the hydrosilylation reaction increases with
temperature. The activity of catalysts for the
hydrosilylation reaction of D4sH with allyl trifluoroacetate
was found to decrease in the following order: Karstedt's
catalyst = H, PtCls > Pt/C.

0 20 40 60 80 100 120
t, min

Fig. 5. Dependence of changes of concentration of active =Si-H

groups on the time, during hydrosilylation reaction of D4 with

allyl trifluoroacetate, where curve 1 corresponds to the reaction,

which was carried out at 323K- Pt/C, curve 2 —at 303 K, 3 - at

313K and curve 4 — at 323K — Karstedt's catalyst and curve 3 at
313K — platinum hydrochloric acid

3600 3400 3200 3000 2800 2600 2400 2200

2000 1800
W nm|

From the dependence of the reverse reactant
concentration on time, it was shown that, in the initial
stages, hydrosilylation is a second-order reaction. The
optimal conditions for the hydrosilylation reaction of D*H
with allyl trifluoroacetate and vinyl triethoxysilane were
determined to be a temperature of 323K, a dilute solution
in a dry solvent (toluene), and Karstedt's catalyst.'®

The polymerization reactions of D,H were carried
out in the presence of tetramethylammonium fluoride,
which was taken as 0.1 wt. % of the total mass of cyclic
compound at 353 K.

The reaction proceeds according to the Scheme 2:

I\I/Ie Me
. |
Si—O0 ' Si—o H

C3HgOCOCF;] 4 I

Catalx_s,t HO

C;HgOCOCFy 4| T°C

Scheme 2. Polymerization reaction of D4}

The polymers so obtained were viscous, transparent
systems well soluble in ordinary organic solvents, with n =
0.09 - 0.12. Their compositions and structures were
determined via FTIR, 'H, $3C and #°Si NMR spectroscopy.

In the FTIR spectra of polymer Il (Figure 6), one can
observe an absorption band for asymmetric valence
oscillation characteristic of =Si-O-Si= bonds in linear
polydimethylsiloxane at 1025 cm™. In the spectra, it is
observed absorption bands at 795-800, 1188, 1265, 1735-
1743, and 2800-3100 cm™* which characterize valence
oscillation of Si-CHs, CO-O, =Si-C=, C=0, and =C-H
bonds, see Figures 9 and 10. In the spectra of the polymer
also observe absorption bands at 3200-3400 cm?,
characterized by Si-OH bonds, which proves that
polymerization proceeds via a ring-opening method.

Fig. 6. FTIR spectra of polymer II
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Based on polymer I, polymer electrolyte
membranes have been obtained using triflate: 111 (1) — 5%;
11 (2) — 10%, 111 (3) — 15%; 111 (4) — 20%. Based on lithium
bis (trifluorosulfonyl) imide, we have obtained PE

Me OC,H;

membranes: Il (5) — 5%; I11 (6) — 10%, 111 (7) — 15%; 111
(8) — 20%.

Sol-gel reaction of polymer Il proceeds according to
the Scheme 3:

| . L .
v 0—Si—OH + C,H;0—Si—0C,H; —»mO—Sl—O—SI—o—sll—OW

CsHg OC,H,

|
OCOCF,

Me (é) Me
(|j3H6 (0} C;Hg
I
OCOCF; % OCOCF;
III Membrane

Scheme 3. Sol-gel processes for the preparation of Membrane 111

The present study investigates the electrophysical
properties and temperature-dependent  conductivity
characteristics of polyethene (PE) membranes, focusing on
the molecular and supramolecular structure of PE. The
study utilised a range of electrophysical methods, including
EPR, optical microscopy, and SEM, to achieve its
objectives.

2. By  wide-angle X-ray diffraction
investigation (Fig. 7), it was shown that the obtained
membranes are also amorphous systems. As it is seen from
Figure 6, one can observe a maximum at the 17.5 - 2 ©°
region.

3

—3

P il ||

il

XRD Intensity, cps

20, Degrees

Fig. 7. Wide-angle X-Ray analysis Il (2)

3. The electronic-microscopic examination of
NMM-800RF / TRF on polymer electrolyte membrane 111
(2) has been conducted. As shown in Fig. 8, the images are
exposed to amorphous inserts of lithium salts that promote
the durability of ions.

A differential scanning calorimetric investigation
has been conducted on a sample of polymer electrolyte
membrane I11. As demonstrated in Fig. 9, the DSC curves
illustrate that membrane 111 is distinguished by a lower
glass transition temperature of -31.00°C.%°

The morphology of the surface of the membrane IlI
(3) (15% -CF3SOsLi salt) has been examined via scanning
electron microscopy and X-ray energy-dispersive
microscopy. In Fig. 10, we show SEM micrographs of PE
membranes I11(3) at two different locations. The figure
clearly shows a fairly smooth and uniform surface
morphology. This morphology confirms the fully
amorphous nature of the PE membranes and also the
complete dissolution of the lithium salt, which agrees with
the XRD results. The image shows the dispersion of the
fillers; it also shows a small pore entrapping the ionic
liquid, which allows fast ionic motions. The well-visible
amorphous layers of lithium salts provide high ionic
conductivity.?!-2

Fig. 8. Electron-microscopic images of membranes III (2) (10% - Lithium triflate) at 100 (1) and 200 (2) magnifications
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Fig. 9. DSC curves of the membrane III (4) (Lithium triflate 20%)

We have determined the specific volumetric
electroconducting properties at room temperature, their
temperature dependences, and also their voltamperic
characteristics; see now Figs. 12-14.

We show in Fig. 11 energy dispersive X-ray patterns
of the polymer electrolyte membrane 111 (3). We can see a
relatively homogeneous distribution of the lithium salt in
the polymeric matrix.

M Spectrum 4
Wit
44

8.8
9
a2

HEGH R > o0 300 e T B N R N N R R R
X pm  — a > . g a\

Fig. 11. Energy dispersive X-ray microanalysis
of membrane III (3), spectrum 4

Fig. 10. SEM micrographs of membrane III (3)
(15% -CF3SOsLi salt)

In Table 2, we provide values of the ionic  Continuation of Table 2.

conductivity of polymer electrolyte membranes 111,303 1 5 3
Table 2. Initial ion conductivity of the polymer 8 CFsSOsLi (15) 7-2X1O":
membranes |11 at room temperature 4 CFsSOsLi (20) 1.0x10°
5 (CF3S02),NLi (5) 8.4x107
# Salt (Wt.% 25°C), S/ -
- 2 (2 ) 0 (25 3)’ cm 6 (CF»S0,):NLi (10) 3.2X10°
1 CF3SOsLi (5) 7.8x107 7 (CF3502)2NLi (15) 7.3x10%
2 CF3SOsLi (10) 8.5x10°® 8 (CFsS0.).NLi (20) 7.8x107
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From Table 2, we infer that the specific
volumetric electrical conductivities of the membranes
vary in the range from 7.8:107 to 3.2:10° S/cm. The
most appropriate values of the conductivity are for the
interval between 10 and 15 wt.%, while outside of that
range, we see relatively low conductivity values. The

-3

1
SN
-

Ig 5, Sm/cm
<

1
»
1

-7 T T T T T
28 29 30 31 32 33 34 35

1000/T, 1/K

Fig. 12. Temperature dependence of specific
electrical conductivity of membranes based on polymer II
and triflate salt. Curve 1 corresponds
to PE membrane 111 (1), 2 to III (2),
3to III (3), and 4 to I1I (4)

We show in Fig. 14 the voltammograms of polymer
electrolyte  membranes with high values of ionic
conductivity. We see that the ionic conductivity of the
membranes is much higher than their specific conductivity.
A convincing explanation of the mechanism of ionic
conduction would require more experiments.

30+
251 3
20 2
15 -

<
=
101

0 T T T T
0 4 8 12 16

uv
Fig. 14. Voltammograms of polymer electrolyte membranes.

Curve 1 corresponds to membrane 1- IIT (2), curve 2 to III (2),
and curve 3 to 111 (7)

reasons for this are fairly low densities of ions (thus
low conducting charge densities) from one side and, in
accordance with a popular opinion, the creation of ionic
pairs at relatively high concentrations of salts in the
membranes because of the low mobility of the charges
from the other side.

-3-

Ig 5, Sm/cm

-7 T T T T
2,8 2,9 3,0 3,1 3,2 3,3 3,4

1000/T, 1/K

Fig. 13. Temperature dependence of specific electrical
conductivity of membranes based on polymer II and lithium
bis(trifluoromethanesulfonyl)imide salt. The curve 1
corresponds to PE membrane I1I (5), 2 to III (6), 3 to III (7),
and 4 to I1I (8)

We have also created membranes containing AlOs.
It is known that even a small amount of this substance leads
to an increase in the membrane conductivity to some extent.
The conductivities of membranes containing this substance
are presented in Table 3. The values in the brackets pertain
to samples that do not contain AlOs.

Table 3. Electrical conductivities of membranes

0,

N | Membrane | Salt (Wt%) (C\I/%c(z/i) G(Szlf; ng?),
-5

1| M@ | CRSOsLi(10)| 5 (18-?:(1186)
5

2 N1(2) | CFSOsLi(10) | 10 \(25'2111%-6)
CFsSO,),NLi 9,8 x10°

3 11 (7) (15) 10 730109

*In the brackets, the numerical data of conductivities of
the corresponding membranes without Al,O3
4. Conclusions

Hydrosilylation reaction of 2,4,6,8-tetrahydro-
2,4,6,8-tetramethylcyclotetrasiloxane  (D4") with allyl
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trifluoroacetate, in the presence of platinum catalysts, has
been studied, and expected adducts have been obtained.

By ring-opening copolymerization reaction of D4R
in the presence of tetramethylammonium fluoride at 343 K|
comb-type polymers have been obtained.

The structure and composition of the obtained D4R
type compound (I) and polymer (1) have been determined
via molecular mass determination, also by molecular
refraction determination, FTIR, H, 3C, and ?°Si NMR
spectral data.

We have studied the sol-gel reaction of polymer Il
doped with lithium trifluoromethanesulfonate (triflate) and
lithium bis (trifluoromethanesulfonyl)imide; solid polymer
electrolyte membranes have thus been obtained. Via
electrical impedance spectroscopy, ion-conductivities of
solid polymer electrolyte membranes depending on the salt
concentration have been determined in the range from
8.4x107 to 3.2x10 S/cm. Inclusion of corundum (Al.Os)
at concentrations of 5-10% leads to an increase in the
membrane ionic conductivity to some extent.
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IMPOBIJJHI MEMBPAHU, OTPUMAHI
3 ®TOPOPI'AHOCHUJIOKCAHIB 'PEBEHEBOI'O
TUITY TA ®TOPOPIAHIYHUX COJIEM

Anomayin. Y yiti  pobomi 6yn0  00CniONHceHO  pearyiio
2I0POCUNIIOBANHSL  MEempaziopomempamemuIyuKiomempacuiokcany 3
aniampugpmopayemamom y NPUCymHOCmi Kamanizamopie (naamumu,
conanoi kucnomu, xamanizamopie Kapcmeoma ma PHC (10 %)) npu

memnepamypi 323 K. Byio ompumaHo ouikyeanuii a0oykm D4R . 3pazox

R . .
D4" 6yno npoananisosano sa donomozor FTIR, H, BC ma »Si NMR
cnekmpockonii. Peakyito nonimepuszayii pmopopeaniunoeo yukiomempa-

CUNOKCAHY Muny D4R 6y710 npoGedeHo 8 NPUCYMHOCI Kamanizamopa
mempamemunamonilo ¢mopudy. B pesynomami peaxyii ymeopunucs
epebinuacmi  gpmopopeaniuni  cunoxkcanu. Bymu 0ocniodxceni 301b-ennb
peaxyii  hpmopopeaHiuHuX  CUNOKCAHIB, N1e208AHUX  MPUGmopmemun-
cynvghonamom  aimito  (mpughnamom) abo  6ic(mpugpmopmemancyio-
Gouin)imioom nimiro ma mempaemoKCUCUIAHOM, | OMPUMAHO MmEepoi
noaimepHi enekmponimui memopanu. lonna nposionicme yux membpar 6yna
BUSHAUEHA 3a OONOMO20K) MemoQy eleKmMpOIMNeOAHCHOI CReKMPOCKONIL.
byno ecmanosenero, wjo enekmponpogioHicms NOAIMEPHUX eAeKMPOIMHUX
MeMmOpan npu KiMHamuiti memnepamypi 3MIHIOEMbCA 8 OianasoHi 6i0
7,8x107 00 3,2x10® Cm/cm. Lia cnonyka € yikasum npooykmom, oCKinbKu,
KpiM eqhipHUX 2pyn, 60HA MAKOJC MICMums (ymopHi OOHOPHI 2pynu i 3a
00NOMO2010 301b-2€/b peakyiti 6e3nocepeorbo 0a€e HamM MOHKI NII6KU.

Knrouosi  cnoea:  cidpocuninioganhns, — 301b-2enb  peaxyii,
CNEeKMpOCKONis, NONIMepHi eneKmponimui MemoOpanu, ioHHa nPOGIOHICMb.
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