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Abstract: Infrared (IR) spectra were obtained for the surface layer of heterogenecous membranes — cation-exchange MK-40 and anion-
exchange MA-41P — widely used in electromembrane processes. Spectra were recorded for air-dry, statically water-saturated, and operational
(dynamically water-saturated) membrane samples. Dynamic water saturation was achieved during the electrodeionization purification of a
solution containing cobalt, copper, and cadmium ions. Water saturation was found to increase the intensity and bandwidth of the absorption
band at v = 3000+3700 cm™", corresponding to the OH stretching vibration region. The appearance of an additional peak at v ~ 3287 cm™~! was
attributed to the formation of stronger hydrogen bonds in the membrane pore space. The absence of shifts in the absorption bands corresponding
to the membrane matrix components under air-dry, statically, and dynamically saturated conditions indicates their chemical stability. In the
MA-41P membrane, after use in electrodeionization, changes were observed in both the intensity and position of absorption peaks in the
v = 1220+1000 cm™! region, associated with the functional groups of the anion exchanger. The observed spectral changes were evaluated by
calculating the normalized peak intensities of the absorption bands. It was shown that in the dynamically water-saturated state, both MK-40
and MA-41P membranes exhibit a reduction in the amount of weakly bound (“free”) water and the formation of stronger hydrogen bonds.
The results of optical density calculations for characteristic polyethylene absorption bands — the main component of the membrane matrix —
are presented. Changes in optical density upon water saturation indicate conformational rearrangements of polyethylene macromolecules.
The amounts of chemically unbound solute components retained within the membrane volume were quantified; these species do not affect the
membranes’ chemical stabiliy or operational performance.
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AnHoraums: [TonyueHsl MK-crieKTpbl MOBEPXHOCTHOTO CJIOSI T€TEPOTEHHBIX MeMOpaH: KaTuoHooOMeHHON MK-40 m aHMOHOOOMEH-
Hoit MA-41T1, upoKo MpUMEHSIEMbIX B 2JIEKTpoMeMOpaHHBIX TTpolieccax. CIeKTpbl TpelcTaBIeHbI 1JISI BO3MYIITHO-CYXOT0, CTaTHYe-
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CKM U IMHAaMHUYECKU BOJOHACHIIIEHHOTO 00pa3LoB MeMOpaH. JJMHaMuyecKoe BOJOHACHIILEHUE MPOBOAUIIOCH B MpoLiecce dJIeKTPOAU-
OHU3aIMOHHOW OYMCTKU PacTBOPA, COAepXKaIIero MOHbI KoOaabTa, MeIN U KaaMUsi. BbIsIBIIEHO, YTO M3MEHEHUsI B CIIEKTpax MeMOpaH,
TTPOUCXOSIIIIAE B PE3YJIbTaTe BOAOHACHIIICHUST, TIPUBOMAST K YBEJIMYEHUI0O MHTEHCUBHOCTU U IIUPUHBI TTOJIOCHI morjoteHus v = 3000+
+3700 cm~! B muamasone BaneHTHBIX KoaeGanmit OH-rpyrm. INostBieHMe TOMOMHUTETFHOTO MAKCHMYMa TIPH v ~ 3287 cM~! 06yc10BIeHO
obpazoBaHueM Gosiee MPOYHBIX BOMOPOAHBIX CBSI3eil B TOPOBOM MPOCTpaHCTBe MeMOpaH. OTCYyTCTBME CMEUIEHUSI MOJOC MOTJIOUICHU S,
OMNpeAesIIOUINX COCAMHEHU I, COCTABISIOIMEe MATPULLY MEMOPaH B BO3AYLIHO-CYXOM, CTATUYECKU U TUHAMMYECKHU BOJOHACKIIIEHHBIX
COCTOSTHUSIX, yKa3bIBaeT HA UX XMMUYECKYIO CTAOMIBHOCTb. YCTAHOBJIEHbBI U3MEHEH U1 MHTEHCUBHOCTU M YaCTOTHI IOTJIOLEH s TMKOB B
anarnasoHe v ~1220+1000 cM~!, oTBevaloniem 3a naeHTHbUKALMIO GYHKIIMOHATBHOI IPYIITTBl AHMOHUTA, JUTsi 06pasiia MA-41T1 nocie ero
HCTIONB30BaHUsI B TIpollecce JieKTpoMeMOpaHHo ounctku. Habmonaembie uameHeHus B K-crekTpax MeMOpaH OlIEeHUBATUCh Ha OCHO-
BaHUU pacueTa MPUBEICHHBIX MTMKOBBIX MHTEHCUBHOCTEH T0JIOC MOTJIONIeH . YCTaHOBJIEHO, uTO B MeMOpaHax MK-40 u MA-4111 B nu-
HAaMUUYECKU BOJOHACHIIIEHHOM COCTOSIHMY YMEHBIIAETCSl KOJTMUYECTBO CIa00CBI3aHHON «KMAKON BOABI» U 00pa3yloTcst 6oJiee MpoYHbIe
BOJOpOIHBIE CBSI3U. [IpencTaBiaeHbl pe3yabTaThl pacueTa ONTUYECKON MIOTHOCTU XapaKTepPUCTUYECKUX MOJ0C MOTIOLICHUS MOJUITU-
JIeHa, BXOASIILEro B cocTaB MaTpuLbl MeMOpaH. [Toka3zaHo U3MeHeHMe ONTUYECKOil MIOTHOCTU MPY BOLOHACHILIEHU M, YKa3blBalollee Ha
KOHGMOPMAIMOHHYIO TIEPeCTPONKY B BOJIOKHAX IMOJTUITUICHA. YCTAHOBJIECHO KOJTMYECTBO XUMUUECKU HE CBSI3aHHBIX KOMITOHEHTOB pa3-
NIeJISIEMOTO PAacTBOPA, 3aIePKUBAIOIIUXCS B 0ObeMe MEMOPaH U He 0Ka3bIBAIONINX BIUSIHUE HA MX OKCILIyaTallMOHHBIE XapaKTePUCTUKU.

Karouessie cioBa: MemOpana MK-40, MA-4111, MK-criekTp, BOIOHACHIIIIEHUE, MOHbBI METaJIJIOB.

BaaronapuocTu: PaGoTa BbINOJIHEHA B paMKaX TOCYAapCTBEHHOI0 3alaHusi MUHUCTepCTBA HAYKHU U BbICIIero obpasoBaHust Poccuiickoit
Denepanun, npoekT Ne FEMU-2024-0011.
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npoiiecce 3JeKTPOMEMOPaHHOW OYMCTKM TEXHOJIOTUYECKMX PACTBOPOB OT MOHOB KOOaibTa, Menu 1 KaaMusi. Mzgecmus eyzos. Lleemuas
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Introduction

Electromembrane systems are used for the desali-
nation of solutions and for the removal of electri-
cally conductive contaminants from wastewater.
Cation- and anion-exchange membranes act as se-
lective barriers that allow the passage of cations and
anions, respectively. Based on microstructural dif-
ferences, ion-exchange membranes are classified into
two types: heterogeneous and homogeneous [1]. He-
terogeneous membranes are produced by combining
ion-exchange and polymer resin powders (mainly in-
ert polymers), followed by hot pressing to form a film
[2; 3]. Compared to homogeneous membranes, they
exhibit superior mechanical strength, chemical stabi-
lity, and lower production cost [4], although homoge-
neous membranes provide better electrochemical per-
formance [5].

Studying the structure and properties of membranes
is essential for determining the optimal operating con-
ditions of electrodialysis units, improving membrane
permeability, and enhancing ion selectivity. Research
into membrane performance, including that of the do-
mestically manufactured MK-40 and MA-41P grades —
especially relevant following the cessation of foreign
supplies and the absence of viable alternatives — is
aimed at optimizing the technological parameters of
electromembrane systems.

In [6], the authors presented the chronopotentiogram
and X-ray diffraction pattern of the MA-41P membrane,
both unused and after operation. These techniques were
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employed to investigate scale formation on the mem-
brane surface. In [7], the surface of the MA-41P
membrane was modified using polyelectrolytes, and
the samples were analyzed before and after modifi-
cation using scanning electron microscopy and X-ray
fluorescence spectroscopy. Current-voltage charac-
teristics of the membranes were also obtained. It was
shown that chemical surface modification led to an
increase in the concentration of quaternary ammoni-
um groups and a decrease in secondary and tertiary
amine groups in the conductive surface layer, there-
by enhancing electroconvection and significantly in-
creasing the transport rate of salt counter-ions across
the membrane.

The study in [8] examined the effect of ammonium
nitrate solutions on the structural and kinetic parame-
ters of MK-40 and MA-41 membranes. Membrane
resistance was measured using a contact potential
difference method. In [9], during the separation of
phenylalanine and sodium chloride using MK-40,
MA-40, and MA-41 membranes, it was shown that si-
multaneous use of strongly acidic and strongly basic
membranes was more effective for demineralization
compared to membranes with moderate basicity. Sep-
aration efficiency was assessed via spectrophotometric
methods.

The study of membranes using infrared (IR) spec-
troscopy provides detailed information on the struc-
ture and properties of their surface layers, as well as on
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conformational rearrangements of the bonds within
the polymer chains that make up the membrane. This
method is widely used to identify organic contami-
nants on membrane surfaces after electrodeioniza-
tion [10; 11], as well as to evaluate the effectiveness of
membrane cleaning procedures [12; 13]. In the develop-
ment of new cation- and anion-exchange membranes,
IR spectroscopy is applied to confirm cross-linking
reactions between reagents [14—16] or to assess sur-
face modifications of widely used commercial mem-
branes [17; 18]. This method is also used to determine
the structure and surface properties of membrane sur-
face layers [19; 20].

The aim of the present study was to investigate
the structure of heterogeneous MK-40 and MA-41P
membranes using IR spectroscopy and to determine
the amount of not chemically bound metal ions in the
cation-exchange membrane and sulfate ions in the an-
ion-exchange membrane. The samples examined in-
cluded air-dry, water-saturated, and operational (dy-
namically saturated during electrodeionization-based
purification of aqueous copper, cobalt, and cadmium
sulfate solutions) membranes.

Experimental procedure

The materials studied were industrially manufac-
tured heterogeneous ion-exchange membranes produced
in Russia by Shchekinoazot JSC, according to Tech-
nical Specifications TU 2255-001-95746392-2012: the
strongly acidic cation-exchange membrane MK-40 and
the strongly basic anion-exchange membrane MA-41P.
Their properties are summarized in Table 1. These mo-
nopolar, weakly cross-linked heterogeneous membranes
are intended for water treatment applications. The com-
posite membrane layers are composed of polyethylene
and nylon. The ion-exchange component of MK-40 is
the strongly acidic cation-exchange resin KU-2, synthe-
sized by sulfonation of a styrene copolymer containing

Table. 1. Properties of the studied membranes

Tabauua 1. XapakTepucTuKu UccaeayeMbiXx MeMOpaH

8 % divinylbenzene. In the MA-41P membrane, the
ion-exchange component is the strongly basic anion-
exchange resin AV-17-2, obtained via chloromethyla-
tion of a styrene copolymer with 2 % divinylbenzene,
followed by amination with trimethylamine. The two
membranes are similar in composition and structure,
differing only in the type of functional group and, con-
sequently, in their counter-ions.

Samples were prepared in three states: air-dry,
statically water-saturated, and operational (i.e., dy-
namically saturated during electrodeionization). The
MK-40 and MA-41P membranes in the operational
state were used as part of an electrodeionization mod-
ule in a laboratory setup designed for the separation of
a multicomponent solution containing copper sulfate
(15 mg/dm?), cobalt sulfate (20 mg/dm?), and cadmi-
um sulfate (20 mg/dm3). These concentrations simu-
late industrial electroplating wastewater. The solution
had a pH of 3.2.

Membrane samples were cut from regions with the
most uniform thickness. Water-saturated samples were
equilibrated in deionized water for 2 h, followed by gen-
tle blotting of surface moisture with filter paper. Ope-
rational membrane samples were rinsed with deionized
water and blotted dry in the same manner. All samples
were stored in a desiccator at 20 °C. Infrared (IR) spectra
were collected using a Jasco FT/IR 6700 Fourier-trans-
form infrared spectrometer (JASCO International Co.,
Ltd., Japan) over the range of v = 500+4000 cm—!, with
a resolution of 4 cm~! and 32 scans.

Ion desorption from the membranes was carried out
as follows. Operational membrane samples without any
visible damage, stains, or deposits were used in the ex-
periment. For the desorption procedure, operational
ion-exchange membrane samples with the most uniform
thickness were selected. Each used membrane sample,
previously employed in electrodeionization-based sepa-
ration of copper, cobalt, and cadmium sulfate solutions,
was placed in a 500 cm? vessel filled with distilled wa-

Parameter MK-40

MA-41P

Ton-exchange group

Counter-ion Na*
Moisture content, max, % 40+5
Ton-exchange capacity, mmol/cm? 1.58 £ 0.06
Thickness, um 535+ 10

—SO;H (sulfo group)

—N+(CHj3); (quaternary ammonium base)
ClI~
3121
0.92 £0.02
535+ 10
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ter. Every 24 h, the sample was transferred to a fresh
vessel with distilled water. Desorption was conducted
over a period of four days, which was sufficient for the
complete release of retained substances from the mem-
branes. The concentration of substances transferred in-
to the distilled water was determined daily in the used
solution by photometric methods (for metal cations) and
titrimetric analysis (for sulfates). Based on the obtained
data, the concentrations of substances distributed within
the membrane volume were calculated.

Results and discussion

The results obtained, presented in Figs. 1 and 2, pro-
vide information on the functional groups present in the
studied membranes and their structural features, which
is essential for understanding the processes involved
in electromembrane treatment of solutions containing
non-ferrous metal ions.

Fig. 1 shows the infrared (IR) spectra of MA-41P an-
ion-exchange membrane samples in three states: air-dry,
statically water-saturated, and operational (dynamically
water-saturated). All spectra contain distinct charac-
teristic absorption bands corresponding to functional
groups of the membrane components, including C—H,
O—H, aromatic (C4Hg), and N—C groups [21—23].

Polyethylene, a component of the membrane mat-
rix, is identified by asymmetric (v ~ 2914 cm™') and
symmetric (v ~ 2846 cm~') C—H stretching vibrations.
The doublet at v ~ 1472 and 1470 cm™! corresponds to
asymmetric and symmetric C—H scissoring vibra-
tions. Asymmetric and symmetric rocking vibrations
of crystalline polyethylene are observed at v ~ 717 and
714 cm™L.

%

Minor stretching vibrations in the range of v =
= 3900+3600 cm™! observed in all spectra are attributed
to trace amounts of water. A broad absorption band at
v =3600+3100 cm™~! corresponds to water associates ex-
hibiting various hydrogen bond energies. The minimum
at v ~ 1646 cm™! is associated with the bending vibra-
tions of —OH groups in hydration water.

The absorption band at v ~ 1541 cm™" corresponds
to stretching vibrations of conjugated C=C bonds in the
benzene ring. In-plane deformation vibrations of C—H
and C—C groups of a disubstituted benzene ring are
observed at v ~ 900, 830, and 770 cm™". The increased
intensity of these bands in the water-saturated sample is
explained by the higher water content.

Weak absorption bands in the range of v = 1250+
+950 cm~! (at approximately 1218, 1114, 1040, and
975 cm™") correspond to quaternary trimethylammo-
nium groups, which are the principal functional groups
of the anion-exchange resins used in the membrane.
Additional weak peaks at v ~ 890 and 825 cm™~! are as-
sociated with C—N vibrations adjacent to the benzene
ring.

The weak vibrations detected in the v =~ 2350+
+2255 cm~! range for all membrane samples are due to
the absorption of atmospheric CO during sample prepa-
ration.

The IR spectrum of the cation-exchange mem-
brane (Fig. 2) shows substantial overlap with that of the
MA-41P anion-exchange membrane over a broad spec-
tral range. Differences are observed in the regions of
v~ 1300+800 cm~! and 700+600 cm~!, where the peaks
correspond to vibrations associated with the presence of
sulfonic acid groups in the membrane structure.

The bands at v ~ 1171, 1122, 1036, and 1006 cm™!

120
1004
804
604
— MA-41P (Air-L
40- @b
— MA-41P ( Water-Saturated)
201 — MA-41P (Operational Sample)
{} T T T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500
|
Vv, CM

Fig. 1. IR spectra of MA-41P membrane samples
Puc. 1. UK-cnektporpamma o6pasioB memopan MA-4111
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Fig. 2. IR spectra of MK-40 membrane samples

Puc. 2. UK-criekTporpamma o6pasmoB Mmemopan MK-40

correspond to the asymmetric and symmetric stretching
vibrations of sulfonic acid group atoms. The bands at
v~ 671 and 618 cm ! are attributed to bending vibrations
of C—S bonds attached to benzene rings.

A comparison of the IR spectra in the v = 1500+
+600 cm™! region of the studied samples provides insight
into the chemical stability of the macromolecular struc-
ture in the active layer of the membranes. For MK-40,
the spectra show complete agreement in the frequen-
cies of the absorption bands corresponding to the
structural elements of the functional groups, without
any detectable shifts. In contrast, for MA-41P, a shift
in peaks is observed in the range of v ~ 1220+1000 cm ™!
in the operational membrane compared to the air-dry
and statically water-saturated samples. Both the inten-
sity and frequency of the absorption bands are altered.
This spectral region is characteristic of the quaternary
ammonium groups that serve as the membrane’s ion-
exchange sites.

Changes in the spectrum are characterized by a
shift in peaks, but they do not disappear completely. It
is known [23] that trimethylamine forms water complex-
es with a symmetric top configuration, where the water
molecule is able to rotate freely about the symmetry ax-
is defined by the trimethylamine moiety. The observed
shifts and changes in band intensity in this range are like-
ly related to displacement of the trimethylamine symme-
try axis caused by bond rearrangements under dynamic
exposure.

A comparison of the IR spectra (Figs. 1 and 2) in the
OH stretching vibration region (v ~ 3000+3700 cm™)
for water-saturated and air-dry membranes indicates a
substantial increase in the full width at half maximum
(FWHM) of the absorption band at v ~ 3392 cm™!
(see Table 2), along with asymmetry in the band shape

and the clear appearance of an additional peak at
v ~ 3287 cm™! in the water-saturated membranes. Ad-
ditionally, the intensity and FWHM of the absorption
band at v ~ 1646 cm™!, corresponding to H—O—H
bending vibrations of water molecules, increase as well.
A comparative analysis of OH vibration frequencies
and calculated hydrogen bond energies for MK-40 and
MA-41P membranes is provided in Table 2.

The hydrogen bond energy was calculated using the
equation [24]

1 vo—v

Eon = - :
OH =K Ty,

where vy = 3650 cm™! is the absorption frequency of a
free hydroxyl group, v is the observed absorption fre-
quency of the hydrogen-bonded OH group, and 1/K =
=2.625-10% kJ/mol is the equilibrium constant.

The maximum absorption band for both membranes
is observed at v = 3392 cm™!, with a full width at half
maximum (FWHM) of 403 for MK-40 and 424 for
MA-41P. This frequency is significantly lower than that
of a free OH group (v, = 3650 cm_l), indicating hyd-
rogen bonding. The similar peak intensities across all
membrane types reflect the stability of the membrane
matrix under both static and dynamic water saturation.
The appearance of an additional low-frequency peak in
the water-saturated membranes suggests the formation
of stronger hydrogen bonds

Undoubtedly, these spectral features indicate that
pore-confined water OH groups interact with all com-
ponents of the membranes’ polymer system, forming
energetically diverse hydrogen bonds.

To assess the observed changes in the IR spectra,
normalized peak intensities at v = 1646, 2846, and
3550 cm™! were monitored relative to the C—H bending
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Table. 2. Observed frequencies of OH stretching vibrations in MK-40 and MA-41P membranes at 20 °C

Ta6auua 2. Habmogaembie 4yacToThbl BajleHTHBIX Kosiebanuii OH-rpynn memopan MK-40 u MA-41T1

npu temneparype 20 °C

MK-40 MA-41P
Parameter
Air-dry Water-saturated | Operational Air-dry Water-saturated | Operational

Vi, cm™! 3392 3392 3392 3392 3392 3392

(FWHM) (160) (403) (356) (170) (424) (360)
Eoy, kJ/mol 19.97 19.97 19.97 19.97 19.97 19.97

vy, cm! - 3285 3289 — 3288 3284
Eop, kJ/mol - 29.41 28.81 - 28.9 29.26

V,, cm™! 1646 1646 1635 1646 1646 1646

(FWHM) (48) (64) (58) (56) (73) (71)

Table. 3. Relative absorption band intensities of MK-40 and MA-41P membranes at 20 °C

Tabnuua 3. OTHOCcUTENIbHAsI MHTEHCUBHOCTD MoJioc norionieHus memopan MK-40 u MA-4111

npu temnepartype 20 °C

MK-40 MA-41P
Parameter
Air-dry Water-saturated | Operational Air-dry Water-saturated | Operational
1(1646)/1(1472) 0.33 0.67 0.44 0.32 0.77 0.42
1(2846)/1(1472) 2.53 2.57 2.26 2.48 2.6 2.6
1(3550)/1(1472) 0.07 0.45 0.23 0.03 0.59 0.42

vibration at v = 1472 cm™" (expressed as 1(X)/I(1472)).
The frequency at 3550 cm™! corresponds to weakly
bound or “free” water [25]. The results are presented in
Table 3. These data show that the relative intensity of all
analyzed absorption bands increases in statically wa-
ter-saturated membranes compared to air-dry samples,
while in dynamically saturated membranes it decreases
relative to the statically saturated ones. Based on these
results, it can be concluded that in the pore space of the
active layer, static water saturation leads to an increased
amount of weakly bound (liquid-like) water, where-
as in dynamically saturated membranes, this fraction
decreases and is replaced by more strongly bound wa-
ter. This indicates minor structural changes within the
membrane matrix.

Polyethylene serves as the base material of the
MK-40 and MA-41P membrane matrices. Upon water
saturation, conformational changes occur in its mac-
romolecular structure, as indicated by variations in the
optical density of characteristic absorption bands. The
bands at 1472 cm™! (CH, scissoring vibrations) and
717 cm™! (CH, rocking vibrations) are considered char-
acteristic for polyethylene [26].

24

Optical density was calculated using the formula:
D=1g L)/,

where [, and [ are the intensities of the incident and
transmitted radiation, respectively, determined using
the baseline method. Table 4 presents the calculated va-
lues for these characteristic bands.

Upon water saturation, the optical density of the
membranes decreased and remained unchanged under
dynamic conditions. These results indicate conforma-
tional rearrangements of polyethylene macromolecules
due to water uptake, caused by the redistribution of bonds
involving CH, groups within the polymer structure in
the presence of adsorbed water. The similar optical den-
sity values observed for water-saturated and operational
samples suggest that conformational changes in the po-
lyethylene macromolecules result primarily from water
saturation and are not caused by the potential difference
applied across the membrane.

The electrodeionization process is accompanied
by the sorption of solutes from the solution onto the
membrane surfaces [27; 28]. The obtained results
show that fouling of the membranes by extractable
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Table. 4. Optical density variation in MK-40 and MA-41P membranes at 20 °C

Tabnuua 4. UsmeHeHue ontudeckoii rurotHocty MeMOpaH MK-40 u MA-4111 nipu temmnieparype 20 °C

MK-40 MA-41P
ITokazaTenb
Air-dry Water-saturated | Operational Air-dry Water-saturated Operational
Vi, cm™! 1472 1472 1471 1472 1472 1472
D 0.12 0.11 0.1 0.13 0.09 0.09
Vs, cm™! 717 717 717 717 717 717
D 0.091 0.087 0.077 0.11 0.08 0.08
C,g/L
0.0025 £ 0.0030 G gl
0.0020 Co g 0.00254
i SO,
0.00154 Cd 0.0020 4
0.0015-
0.0010- Cu a
0.00104
0.0005 4 o >
0.0005 T T T 1
0 1 2 3 4
T T T 1 T, days
0 1 2 3 4 Y
T, days

Fig. 3. Desorption of metal ions from the MK-40
cation-exchange membrane into distilled water at 20 °C

Puc. 3. [lecopOuusi MeTajioB M3 KATUOHOOOMEHHOM
memOpaHbl MK-40 B 1MCTHIIMPOBAHHYIO BOLY
npu temneparype 20 °C

components does not affect their structure or che-
mical stability.

To assess desorption, the amounts of copper, cobalt,
and cadmium ions, as well as sulfate ions, that were not
chemically bound to the membrane components but
were retained during electrodeionization and had no ef-
fect on the membranes’ operational characteristics were
determined (Figs. 3 and 4).

The desorption profiles of metal and sulfate ions
from the MK-40 cation-exchange and MA-41P anion-
exchange membranes consistently show a rapid release
during the first 24 h, followed by a gradual decrease over
the next three days. The difference in concentrations of
desorbed Cu2+, Cd2+, and Co*" is attributed to the se-
lectivity of the KU-2 cation-exchange resin used in the
MK-40 membrane. The amounts of unbound metals re-
tained in MK-40 were 0.11 mg/g of copper, 0.17 mg/g of
cadmium, and 0.19 mg/g of cobalt. The amount of sul-
fate retained in the MA-41P membrane was 0.26 mg/g
of membrane mass.

Fig. 4. Desorption of sulfate ions from the MA-41P
anion-exchange membrane into distilled water
at20°C

Puc. 4. Jlecopobuus cyibdar-uoHOB U3 aHMOHOOOMEHHOI
meMOpaHbl MA-41T1 B AUCTUIIMPOBAHHYIO BOLY
mpu remmepatype 20 °C

Conclusion

1. Infrared spectral analysis demonstrated that the
matrices of the MK-40 and MA-41P membranes retain
their chemical stability after the electromembrane pu-
rification of process solutions from cobalt, copper, and
cadmium ions, and do not undergo degradation under
the influence of the applied potential difference or com-
ponents of the treated solution.

2. The macromolecules in the active layer of the
MK-40 membrane remain stable, whereas in the ac-
tive layer of the MA-41P sample, dynamic water sat-
uration leads to a rearrangement of bonds within the
ion-exchange group (quaternary ammonium bases).
These changes indicate that anion-exchange mem-
branes should be replaced more frequently than ca-
tion-exchange membranes in order to maintain the
performance characteristics of the electromembrane
separation process for copper, cadmium, and cobalt
solutions.
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3. Static water saturation of the membranes results
in an increased amount of weakly bound water in the
pore space of the active layer, whereas dynamic satu-
ration is characterized by a decrease in weakly bound
water and the formation of stronger hydrogen bonds,
indicating minor structural changes in the membrane
matrices.

4. In the polyethylene that forms the basis of the
MK-40 and MA-41P membrane matrices, water satu-
ration causes a redistribution of bonds involving CH,
functional groups and, accordingly, a conformation-
al rearrangement of the macromolecules. The similar
calculated optical density values for water-saturated
and operational membrane samples suggest that this
rearrangement is due to water saturation and is not re-
lated to the effect of the applied potential difference or
the presence of metal sulfates from the treated solu-
tion.

5. The amount of chemically unbound metals
sorbed within the volume of the MK-40 cation-ex-
change membrane was 0.11 mg/g for copper, 0.17 mg/g
for cadmium, and 0.19 mg/g for cobalt. The amount
of sulfate retained in the MA-41P membrane was
0.26 mg/g relative to the membrane’s mass. Thus, the
transfer of contaminant components from the treated
solution into the volume of the membranes does not af-
fect their chemical stability.
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