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BJIUSIHUE APMHUPOBAHHWSA HA CBOMCTBA TETEPOT'EHHOM BUITIOJISIPHOM MEMBPAHBI

Bunonapusie memopansvt ucnoib3yiomca 6 31eKMmpPOMEMOPAHHBIX MEXHON02UAX, NpU
HOMOWU KOMOPBIX RPOU3EOOAMCA KUCAOMbBL U ZUOPOKCUObL U3 COOMEENICHEYIOUUX COJlIell.
Ceoiicimea OunoAPHOI MEMOPAHDL CYUECMBEHHO 8IUAIOM KAK HA CAM RPOUECC IIeKmpPoouanu-
3a, MaK u Ha KOHCMPYKuuio dnekmpooudanuzamopa. llenvto nacmosauiezo ucciedosanus 261s-
emca cpagHeHue mpex munoe ounonapuslx memopan. llepeas memopana ovina nonoxcena 6 oc-
HOo8Y 0beux nocnedyrwuiux. Ona npedcmaegnsnem co00i IKCMPYOUPOSAHHYIO 2eMEPOEHHYI0 MeM-
opany, u320moeneHHYI0 HA COIKCMPY3UOHHOI Nunuu. Bmopoi oopasey memopanvt noogepzca 6
npecce apmupoeanuIo nPU HOMOWU 08yX NOJIURPORUIEHO8bIX mekcmunel. Tpemuii oopazey 06-
pabampvleanu 6 npecce npu mex xHee CAMbIX YCA0GUAX, KAK ORUCAHO 8bllie, 3A UCKIIOUEeHUEM HO-
20, YUMO APMUPYIOUWHIL Mamepuan He Obll UCHOBL306AH. Y NO020MOBIEHHbIX MEMOPAH CPAGHU-
8ANIUCH PA3MEPHbIE U 8eCO8ble UMEHEHUS 8 npouecce HaAOYXaHus, INeKMpPOXumMuueckKue ceoli-
Cmea u noJiyueHHble RApamempsbl MeXHON02UUecKUX uchnvtmanuii Ha ycmpoiicmee EDBM-Z.
Hcnonv3oeanue apmupyiowieii mKanu 6 OUNOAAPHON MeMOpane 6 3HAUUMmeIbHOll CeneHu 61u-
Aem HaA Hanpaenenue Hadyxanus memopanvl. B mo epema xax neapmuposannvie memopannt
bonbuie Hadyxaom no RAOWAOU, ADMUPOBAHHbIE MEMOPAHbL HAUDOIee HADYXAIOm 8 MOTUUHY.
Imo cywiecmeenno menaem ux mpaHcnopmHbvle CEOICMEa, KOMopwle 61uAI0m KaKk Ha ¢opmy
KpUBOIl 80/1bIMAMNEPHOI XAPAKMEPUCMUKU, MAK U HA PE3YTbMaAmpl MexXHOI02UUECKUX UCNbI-
manuii. Memopansl, apmuposantvle MKAHAMU, ROKA3bIEAIOM NPU UCHLIMAHUAX DoJlee 6blCOKYI0
appexmuenocms u nuzwee nompeodnenue Inepeuu na 23%, uem nooeepzuiuecs nPeccoanHuIo
memopansl. Tpancnopmuposka conu Ha eOUHUYY NAOWAOU MEMOPAHBL 014 00OUX MUNOE MeM-
Opan oounaxosasn. IKCmpyouposannan memopana 6e3 nocieoyiouiezo npeccosanus NOKAa3vleaem
nO 6cem HADNIOAEMbIM RAPAMEMPAM 3HAYUMETbHO XyOuiue e TUYUHDL.

KuarueBsble cjoBa: oumossipaas MmeMOpaHa, KaTHOHHAs CMOJIa, aHUOHHASI CMOJIa, aHOl, KaToJ, NOHBI
COJIEH, MOJIMATHIICH
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INFLUENCE OF REINFORCEMENT ON THE OF HETEROGENEOUS BIPOLAR MEMBRANE

PROPERTIES

Bipolar membranes are used in electromembrane technologies with the help of which ac-
ids and hydroxides are produced from the corresponding salts. Properties of the bipolar membrane
have significant impact as on electrodialysis process itself, so on the structure electrodialysis appa-
ratus. The purpose of this study is to compare three types of bipolar membranes. The first mem-
brane was the basis for the next two. It represents a heterogeneous extruded membrane made in
the co-extrusion line. The second sample of the membrane was exposed to reinforcement in mold-
ing machine with the use of two polypropylene textiles. The third sample was treated in the molding
machine under the same conditions except for using reinforcing material. We prepared membranes
compared The said prepared membranes were thoroughly compared in relation of dimentional and
weight changes during swelling, electrochemical properties and parameters of technological tests
with the use of EDBM-Z device. The use of reinforcing fabric in the bipolar membrane greatly af-
fects the direction of the membrane swelling: membranes without reinforcing swell larger in size;
reinforced membranes — grow in thickness. This significantly change their transport properties,
which affect both the shape of the current-voltage characteristic curve, and the results of techno-
logical tests. Membranes reinforced with fabrics when tested show higher efficiency and 23% lower
energy consumption in comparison with the membranes subjected to compression. Transporting of
salt per area unit of the membrane for the both types of membranes is same. Extruded membrane
without subsequent compaction shows much worse values for all the observed parameters.

Keywords: bipolar membrane, cationic resin, anionic resin, anode, cathode, salt ions, polyethylene

INTRODUCTION

The bipolar membranes (BM) consist of two
layers of ion-exchange material. One layer is a cation
exchanger, and the second one an anion exchanger.
After application of suitable voltage dissociated water
concentrates on a boundary line of this two phases
(Fig. 1). Cation exchange bed produces transporting
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of proton to cathode and anion exchange bed moves
hydroxyl ion to anode. This phenomenon is the basis
of electrodialysis technology with bipolar membrane t
(EDBM) in production of acids and bases for the cor-
responding salts.

Heterogeneous bipolar membranes, manufac-
tured by OOO «MemBrain», have been made without
using of some reinforcing fabric. Prepared in such a
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way membranes have several "inappropriate" proper-
ties. The first is too high brittleness in dry state mak-
ing handling of the membrane and it’s formatting to
be hindered. Absence of some reinforcing fabric also
significantly affects the mechanical properties of the
membranes in their swollen state. Membranes are
very soft. It causes their bending and extrusion. An-
other disadvantage of unreinforced membrane is their
swelling. Membranes without reinforcement change
their size (first of all parameters of their surface area -
length and width of the membrane). This manifests
itself not only in the primary swelling, but also at
changing of the ionic form of the ion exchange parti-
cles in the membrane. Due to the last two disad-
vantages it is especially difficult to use them in
EDBM plants. Membranes in these plants bend, clog
chambers and inlets. This leads to overflowing be-
tween separate circuits. As a result, reduces the effec-
tiveness EDBM process decreases.

Anion selective Cation selective
layer layer

Membrane

Salt ions junction
pas

Anode Cathode

Bipolar membrane

Fig. 1.Diagram of the bipolar membrane [1]
Puc. 1.Cxema ObunonsHoit MmeMOpansl [ 1]

EXPERIMENTAL

Sample preparation

Bipolar membranes are made of finely re-
ground mixture of ion exchange resins and a bound-
ing agent, as a rule it is polyethylene. Washed and
dried ion exchanger was pulverized in a vibratory mill
«Vibrom 428y so that at least about 99% of particles
have a size less than 100 microns. lon-exchange resins
were then blended with the linear polyethylene of low
density at weight ratio of 3:2 in continuous mixer «Xin-
da SJW-45». Manufactured granulated mixture was
then extruded in order to obtain a form of a flat mem-
brane of 0.35 mm thick in co-extrusion line. Mem-
branes were divided into three samples. The first of
these (designated as BM1) was not subjected to any
further processing. Two others were treated on a labora-
tory press «Presshydraulika ZHOT60MT» at 140 °C
during 20 min without pressure, the next 10 min at the
same temperature under the pressure of 50 atm. Cooling
of the sample to a temperature of 50 °C was executed
without pressure reducing. The second sample (marked
as BM1-P) was only extruded under the conditions
mentioned above. In the third sample (designated as
BM1-T) under the above conditions were pressed-in
two polypropylene fabrics «Sefar IEM-05-195/70» of
70 micron [2], one on each side.

BM specifications

Changing of the membrane size after swelling
were performed on the samples of 10x10 cm size,
which were dried at 105 °C and then swollen in de-
mineralized water.

Fig. 2. The electrochemical cell for measuring V-A characteristics. A, B - conical chamber s with solution of 0.5 M KCI; 1 - membrane
sample; 2a, 26 - reference electrodes Ag / AgCl; 3a, 36 - Pt-electrodes; 4a, 46 - thermometers; 5, 6, 7 - connection of potentiostat; 8a, 86
- clamping plates
Puc. 2. DnekTpoXxuMHYecKasi Kamepa Jutst u3MepeHust V-A xapakrepuctuku: A, b — konnueckue kamepsi ¢ pactsopom 0,5M KCI; 1 —
MeMOpaHHBIi o0Opaserr; 2a, 26 — stanoHHbIe anekTpoast Ag/AgCl; 3a, 3 6 — Pt-anexktponst; 4a, 40 — Tepmomerpsr; 5, 6, 7 —
[IO/IKJIFOYEHME MTOTEHIMOCTATa; 82, 80 — 3aKMMHBIE TUIACTUHEL
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Several electrochemical methods are known
to characterize bipolar membranes. We have used
current-voltage characteristic [3] because of its sim-
plicity and ease of interpretation. Firstly the samples
were swollen in deionized water, and then were
soaked in 0.5 M KCI solution in which the mem-
branes were measured. Each membrane was clamped
between two electrochemical chambers of conical shape
(Fig. 2) and then measured with the use of four elec-
trodes method in electro-dynamic mode by potentiostat
«Biologic SP-300». Sample area constituted 0.74 cm?.
The measurements were performed at 25 + 0.5 °C
with the measuring range of 0-60 mA (potentiostat
limited capacity for a total of 10 V) and current in-
crease rate of 100 uA/s. The working electrodes were
platinum, reference electrode — Ag/AgCl (1 M KCI).

Technological tests with the use of EDBM-Z device
Standardized test characterizes the membrane
during the electrodialysis process taking into account
standard conditions in the device. The purpose of this
test is to simulate the conditions of the process on a
large industrial unit and controlling the behavior of
individual membranes depending on these conditions.

BM were tested with the use of EDBM-Z de-
vice. Active area of one membrane constituted 64
cm?. Membranes swelled in demineralized water prior
to being placed in the device. Block diagram of the
device is stated in Figure 3. The cell was drawn tight
in order to avoid any infiltrations. Before testing over-
flows between the individual chambers at half rate of
the flow were determined. If overflow were higher
than 10 ml/min, the cell was folded over and drawn
tight repeatedly. During the test, the desalination of
sodium sulfate takes place. In the acid loop Sulfuric
acid forms in the acid loop, and the base circuit forms
sodium hydroxide.

During testing, voltage, passing current, con-
ductivity and pH of all the four circuits were con-
trolled. The following parameters were determined
from the data obtained:

- weight of the salt flow J (g/(m? h)) is deter-
mined in accordance with the equation (1):

= Am _ Am , 1)

A-At N-w-I|-At
where Am — weight loss of salt in the product; A —
effective area of a membrane; N - the number of

B

—— SALT —— BASE

—— ACID —— ELECTODE

Fig. 3. Connection scheme of three circuit EDBM
Puc. 3.Cxema noakiroueHust TpexkoHTypHOro EDBM

Table 1.

Conditions of the standard three-circuit test of EDBM
Tabnuya 1. Ycj0BUS CTAHAAPTHOIO TPeXKOHTYpHOro Tecta EDBM

Parameter

Parameter value

Composition

-CM_AM_BM_CM_AM_BM_CM_AM BM _CM+

Salt circuit (S)

Inlet of acid circuit (A), base (B)

0.3 | of demineralized water

Electrode circuit (E)

0.3 1 Na,SO, 10 g/l

Stream S, A, B 251/h
Stream E 50 I/h
Voltage 3 V/BM (9 V/ cell without electrodes)
Active area of the BM 192 cm®
Total installed area of membranes 1153.6 cm’
Completion of the test 90% demineralization of S circuit
Separator thickness 0.8 mm
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membrane pairs; w — the effective width of the mem-
brane; | — the effective length of the membrane; At —
time of 95% desalination;

- time t (min) which resulted in decrease of
the product conductivity d of 90%;

- the specific energy consumption E (W'h/kg)
at a ratio forl kg of salt being transferred from the
product:

=29, @)
Am
where U — the applied voltage; Q — used electric
charge; Am — amount of salt being transferred from
the product;

- current efficiency n (%) was determined ac-
cording to the equation:

n= Vi Z FAN G0, (3)

N-Q

where vK — stoichiometric ratio of cations; ZK —
valence of cations; F — Faraday constant; An —
amount of substance transferred salt from the prod-
uct; N — number of bipolar membranes-chambers
(chamber: SM_AM_VM); Q — electric charge having
being used.

RESULTS AND DISCUSSION

The samples were prepared in accordance
with the parameters given above. Sample of the BM1-
T fabric was completely laminated, whereby it was

confirmed that the selected parameters of pressing are
sufficient. Definite complications were brought in
with brittleness of the samples without fabric in a dry
state. These complications were most pronounced at
the determination of dimensional change upon swell-
ing, when dried membrane should be straighten and
measured. Dimensions of the membranes are listed in
Table 2 and fit in with the expected values. Most of
all increases the area of swollen membranes without
processing by pressing. The use of reinforcing fabric
in the bipolar membrane largely affects the direction
of the membrane swelling. While unreinforced mem-
brane swells with increasing its area, reinforced
membrane mostly swell in thickness.

The membrane thickness also affects its elec-
trochemical behavior. Current-voltage specifications
were changed for each sample membrane (Fig. 4).
The diagram shows huge difference between different
types of membranes. The slope of the linear part be-
ginning approximately at voltage of about 2 volts
characterizes the intensity of water decomposition in
the bipolar membrane. In this regard, we can say that
water decomposition proceeded most rapidly on the
sample pressed membrane P-BM1. This is probably
due to the thickness of the membrane, which affects
both ions transporting out of the membrane, and water
transporting the water at the phase boundary.

Table 2.

Changes after the swelling of membranes
Taoauya 2. N3meHenus nocijie HalyxaHusi MeMOpaH

Parameter value in dry and swollen state
Designation (A — percentage increase relative to dry state

Width s, cm Length d, cm Thickness tl, MM Weight m, g
BMI 9.85—11.45 9.95—11.55 0.342—0.433 4.456—7.542

(A=16.2%) (A=16.1%) (A=22.0%) (A=69.3%)
BMI-P 9.90—11.5 9.85—11.40 0.346—0.428 4.613—7.330

(A=16.2%) (A=15.7%) (A=19.2%) (A=58.9%)
BMI-T 9.95—11.35 9.85—11.15 0.349—0.464 3.839—6.289

(A=14.1%) (A=13.2%) (A=33.1%) (A=63.8%)

J. mA/em? BMA-T Behavior of membranes at voltage in the

80 -

60 1

40

20 1

0 2

Ewe, V

Fig. 4. The current-voltage characteristics
Puc. 4. BonpT-amnepHas XapakTepUCcTHKa
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range from 0.2 to 0.8 V, before starting of intensive
water splitting depends on the bipolar membranes
flux. We can see that the bipolar membrane with
T-VML1 fabric lets pass the least quantity of ions in
this voltage range. This phenomenon is consistent
with the results of technological tests (Table 3).

All the values of Table 3, were figured out of
the changes in salt concentration in salt (product) lim-
its. Bipolar membranes without press treatment are
used for desalination approximately two times longer
than the other two samples. Lower flow of salt (J) of
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the product is consistent to it too. As for the current
efficiency and energy consumption, they are roughly
comparable to the pressed version. The bipolar mem-
brane with embedded textile achieve the same salt
flow and time of 90% desalting, but with lower power
consumption.

Table 3.
Results of standardized technologies of testing
Taobnuya 3. Pe3yabTaThl CTAHAAPTU3HPOBAHHBIX
TEXHOJIOTHIi HCIIBITAHUI

Sample | togw, Min| 1, % | E, W-h/kg | J, g/(h'm°gy,)
BMI 1214 | 543 | 21603 165.7

BMI-T | 583 706 | 1604.6 335.2

BMI-P | 604 56.9 | 1992.0 332.5

Membrane methods distinguish by geomet-
rical shape during operation. With a wide range of
mechanical and electrochemical characteristics of
modern ion-exchange membranes, the choice of tech-
nology of their implementation is multi-plane.

The easiest way is membrane electrolysis. At
the initial electrolysis diaphragm is replaced by ion
exchange membrane [4]. Electrolysis of water or oth-
er redox reactions occur successfully at the electrodes
due to selective ion transporting. In membrane elec-
trolysis, each block may consist of only two com-
partments and the two electrodes. This technique re-
quires significant expenditures for specific electrodes
and high demands on their chemical resistance [4, 5].
This method is an effective solution for the base syn-
thesis (when only acid disengage from the salt or only
a base with a high degree of purity).

Electrodialysis is a "transition™ technology be-
tween membrane electrolysis and electrodialysis. [4] In
three-section chamber saline solution is injected be-
tween the membranes. The cations are transported
through the cation exchange membrane to the cathode.
Anions are transported through the anion exchange
towards the anode. The resulting parent solution is de-
salted. The final concentration of the products is lim-
ited by water transport and chemical resistance of the
electrodes. Such shortcomings as leakage of protons
and the rate of ion exchange membranes are success-
fully compensated by the modern membranes.

In the light of foregoing bipolar membranes
in electrodialysis are the most attractive technology
for solutions partitioning. In this work we propose [4,
6-8] options of installation of bipolar membranes in
the cell. The main directions of the membrane ar-
rangement variations depending on the separation task
are stated in table 4.

The selectivity of the bipolar membrane is
strongly dependent on the concentration of salts, acids
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and bases. This fact leads to limitations in the perfor-
mance of the membrane. The main advantage of bipo-
lar membranes is the efficient use of energy. Economi-
cally attractive are bipolar membrane technology for
the simultaneous concentration of acid and alkali.

Table 4.
Methods for efficient installation of membranes
Taonuya 4. Criocoob1 3Q(PeKTUBHON YCTAHOBKH MeMOpaH

Membrane location Purpose of the process Source

Separation relatively concentra-

Three-section cell ted salt solutions to acids and bases [4]

Disengagement acidic or alkaline

Two-section cell component of the solution [4] [4]
Configuration with| increases the ratio of acid (or
two monopolar | alkali) to salt: salt splitting, ac- | [6-8]

membranes id/base restoration [6-8]

Double exchange reactions (metathesis-
electrodialysis) can be carried out only with the cor-
rect configuration of monopolar membranes. Bipolar
membranes alternately placed between the two elec-
trodes. In contrast to the classical metathesis, metath-
esis-electrodialysis is not an equilibrium process,
which allows to allocate (remove) readily soluble
contaminants. Its disadvantage is relatively low con-
centration of the product solution, as far as salts crys-
tallization in the unit can cause damage of the mem-
brane [4]. The concentration of the product is limited
by the speed of water transporting, and degree of puri-
fication of limited with selectivity of the membrane
and the reverse diffusion [9]. Particular influence at
operation shows polymeric binder [11-14].

CONCLUSIONS

There were prepared samples of laminated
heterogeneous bipolar membranes were prepared.
Reinforcing fabric does did not affect the boundary
layer and increases increased the permeability of the
bipolar membranes. Textiles BM improved mechani-
cal properties in the dry state. Membranes with rein-
forcing fabric swelled more considerably in thickness
than the in square. This is largely affected their
transport properties. At voltages, leading to the deg-
radation of water, reinforced diaphragm reached the
lower flows than the extruded pressed membrane
without fabric. At lower voltages reinforced mem-
brane exhibited very low permeability. The combina-
tion of the last two results arising from the current-
voltage characteristics, was demonstrated when tech-
nological tests. Reinforced membranes were desalted
approximately at the same time as the compressed
ones without fabric, with the same mass of salt flow
of salt, but with a higher current efficiency of the cell.
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