Dynamic Membranes on Polysulfone Support for Fuel Cells
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In the present paper, the authors dealt with the synthesis and characterization of a new type of dynamic
membrane with polysulfone matrix and ionic polymer electrolyte: polysulfone-sulfonated polyetherether-
sulfone (PSf-SPEEK). The PSf-SPEEK composite membranes were formed by ultrafiltration of SPEEK gel on
the polysulfone matrix in a CELFA System installation. The thickness of the PSf porous layer for the different
membranes can be between 50 and 120 um. The variation of SPEEK active layer’s thickness is dependent
both on the concentration of the SPEEK solution in the feed, and on the velocity of the surface flow. The
sulfonated polymer (SPEEK) superficial layer ranges from 35 to 75 nm, being thicker at low flow rates
having a slight increasing related to the increase-of the SPEEK concentration. Increasing the polymer
concentratior; from 0.5 to 2.5%, used in the feed solution leads to-a doubling of the conductivity anda tripling
ofthe ion exchange capacity. The maximum conductivity of the PSf-SPEEK dynamic composite membranes
is 0.234 S/cm and the ion exchange capacity is 1.682 meq/y.
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The synthesis and characterization of new types of
polysulfone-based composite membranes for potential use
in green technologies (fuel cells, accumulators,
ultrafiltration, biomedicine, etc.) are developed, in the
context of increased interest in obtaining polymeric
membranes with improved performance, economically
viable and technologically applicable [1-3]. The membrane
is defined as an interphase barrier that restricts the transport
of different chemical species, in a selective manner [3-5].
A membrane may be homogeneous or heterogeneous,
having either a symmetrical or asymmetrical structure, be
it solid or liquid. It can carry either positive or negative
charges, be neutral or bipolar [6, 7].

Along with positive and / or negative charges an ion
exchange membrane is characterized by: ion exchange
capacity, conductivity, thermal resistance and aggressive
environments [8-10].

The main types of membranes are:

-isotropic membranes, that can further classify in:

- microporous membranes,
- mesoporous dense membranes,
- nanoporous membranes,
-electrically charged membranes,
-non-isotropic membranes, with the following sub-types:
- Loeb-Sourirajan membranes,
- composite membranes,
- liquid supported membranes [11,12].

Composite membranes are membranes that consist of
two materials with different characteristics. One of them
confers physicochemical resistance while the other offers
selectivity [13-15]. One of the least studied types of
composite membranes is the one obtained by micro- or
ultra-filtration [16, 17]. Since 1970’s Kesting noted that due
to the ultrafiltration process of polymer solutions, a fine
selective layer of micron thick is formed on the support
membranes [2, 5, 18, 19].

This new type of composite membrane, also called
dynamic membrane, has found little use in baromembrane
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processes (ultrafiltration, nanofiltration or reverse osmosis)
due to hydrodynamic damages [20,21]. The way
membranes work and are exploited in fuel cells opens a
new road to dynamic membranes [22].

In the present paper the authors deal with the synthesis
and characterization of a new type of dynamic membrane
with polysulfone matrix and ionic polymer electrolyte. This
is the polysulfone-sulfonated polyetherether sulfone (PSf-
SPEEK).

Experimental part
Materials, methods and apparatus

Polysulfone (PSf) Udel type (Aldrich - M = 22000 Da),
was used as basic material for all the variants of
membranes prepared with solvent purchase from Merck:
dimethylformamide (DMF). Poly ether ether ketone (PEEK
- 350P, gray powder, MW=28.000 D) was dried in a vacuum
oven at 100 °C. The water required for solution preparation
was obtained with a Millipore System. All the necessary
solvents were purchased from Merck, namely: acetone,
lower aliphatic alcohols (methanol, ethanol and
isopropanol).

Morphological analysis of samples was performed by
scanning electron microscopy (SEM). It used a high-
resolution microscope, a FEI Instrument with dual beam
being equipped with X-ray (EDX) dispersive detector. The
samples were covered with a thin layer of gold.

PSf-SPEEK dynamic membranes

PEEK pellets (2-8 g) were gradually added to 100 mL
H,SO, (96%) Merck, under vigorously stirring, at room
temperature (approx. 22°C). After the 10-day maturation
period, the sulphonate polymer was recovered by
precipitating the polymeric acid solution in a large amount
of water (ice) under mechanical stirring for a period of
time ranging from one to two hours. The formation of a
white gel - SPEEK was observed.
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The SPEEK gel was left to stabilize overnight. SPEEK
was washed with deionized water by introducing the
polymers into a dialysis tube and the dialysis of the acid
from the polymers until the wash water reached a pH value
between 6 and 7 [21-23].

The PSf-SPEEK composite membranes were formed
by SPEEK gel ultrafiltration in a CELFA System installation
on the polysulfone matrix [24, 25].

Membrane conductivity

Membrane conductivity, km, was measured under
atmospheric pressure and in membrane thickness by the
AC method [26, 27]. The membrane resistance (R) was
determined by subtracting the resistance of the electrolytic
solution (Rs is solution resistance measured without
membrane) from the resistance of the balanced
membrane in the electrolytic solution (R, )

R=R,.-R. @
Proton conductivity was calculated by measuring the

impedance of the membrane R (Ohm) using an RLC

measurement device, using the following relationship:

1

K = —

" SM(RE—M - R.‘.’) (2)
where: kmis proton conductivity [Scm-1], / is the thickness
of the membrane [cm], S_is the area of the membrane
section [cm?] (having 1 cm in diameter) and R is the
impedance [Ohm] measured at the frequency of 1 KHz in
continuous current [24, 28].

lon exchange capacity (CSl)

lon exchange capacity is determined by titration the
composite membrane with potassium hydroxide, while in
an inert atmosphere (1 g polymeric membrane). The ion
exchange capacity is expressed in milliequivalents per
gram of solid polymer (meq/ g) [29, 30].

Hydrodynamic characteristics
The determination of volume fluxes of SPEEK solution
was obtained using equation (3):

/m*h) ®

where: Vis the permeate volume (L), S is the effective
surface area of the membrane (m?) and t is the time
required to collect the permeate volume (h) [31, 34].
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Results and discussions

Ultrafiltration is the separation operation most
commonly used in membrane technology [35-37].
Separations by ultrafiltration are mainly due to a sieving
process, so that the quantitative treatment of the separation
operation can be done by treating the transport
phenomenon as a continuous phase flow process through
a porous membrane material [35, 36]. By ultrafiltration are
separated the ultrafiltrate (permeate) - consisting of the
solvent and the low molecular weight substance which
crosses the membrane and the retentate which represents
the fraction enriched in macromolecular species that are
retained on the membranes (fig. 1)[37].

Dynamic membranes are obtained in situ through
retaining within the support membrane of the colloidal
particles or macromolecules, which caused the formation
of afinely uniform active layer and offered a high selectivity,
determined by the properties of the macromolecules: ion
exchange, complexing, biospecific interaction [37,38].

Ultrafiltration uses membranes with asymmetric
structure, containing a thin active layer (0.1-1 pum) which
allows large hydraulic permeabilities and a thick porous
layer (80-150 pum) which offers the membrane good
mechanical properties [35, 37]. A schematic diagram for
the ultrafiltration process is given in figure 2. The related
devices are depicted in there: the feed pump, the
circulation pump and the turbine.

The variables of the conducted study can be determined
depending upon [39-47]:

-the characteristics of the solution to be separated,

-the operational parameters: flow, pressure differences

and flow velocity.

Dimensional analysis of PSf-SPEEK composite
membranes

The determination of membranes characteristic
dimensions (thickness, diameter, pore length and shape)
is achieved using electronic scan microscopy images
presented in figure 3. It must be emphasized that the
membranes are examined in vacuum, so in dry state. That
is why in the applications in which they are trained they
can often undergo dimensional changes, most often due
to swelling [20, 21].

As it can be seen in figure 3, the thickness of the PSf
porous layer for different membranes ranges from 50 and
120 pm.

Boundary layer

Fig. 1. Ultrafiltration principle
scheme: a-plane membrane;
b-tubular membrane

Fig. 2. The scheme of the ultrafiltration
plant
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Fig. 3. Ways of measuring the thickness of layers of composite
membranes [20, 21]

Figure 4 shows in sight (fig. 4a) sulfonated poly ether
ether ketone gels at concentrations of 0.5; 1.5 and 2.5% as
well as the PSf-SPEEK composite membranes obtained
based on these gels (fig. 4b and c). Membrane
compactness increases with SPEEK concentration used
in ultrafiltration in order to obtain dynamic composite
membranes.

cr &2 €3
Fig. 4. SPEEK gels appearance (al-0.5%; a2-1.5% si a3-2.5%) and SEM
images of the composite membranes obtained on the basis of
SPEEK gels (b-section and c-active layer)

The variation of SPEEK active layer thickness is depicted
in figure 5. The figure shows its dependency both on the
SPEEK solution concentration in the feed and on the surface
flow velocity.

It can be noted that the superficial layer of the sulfonated
polymer (SPEEK) stays between 35 and 75 nm, being
thicker at low flow rates and slightly increasing once the
SPEEK concentration increases.

Permeate flow for PSI-SPEEK composite membranes

Volume flow of permeate depends on working pressure
(between 1 and 9 atm), but also on SPEEK concentration
(between 0.5 and 2.5%) (fig. 6).
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Fig. 6. Permeate flow according to working pressure and SPEEK
concentration in feed

Flow values are specific for ultrafiltration of relatively
concentrated polymeric solutions (gels) ranging from 50
to 72 L/Im2h. Increasing the transmembrane pressure leads
to anincrease in flow up to 5 atm, after which a plateau is
obtained, which occurs more rapidly at higher
concentrations of SPEEK.

lon exchange capacity and conductivity of PSf-SPEEK
composite membranes

The essential characteristic of PSf-SPEEK composite
membranes when using them in the construction of fuel
cells is ionic conductivity, in our case the protonic
conductivity.

PSf-SPEEK dynamic composite membranes subjected
to the tests were obtained under similar working pressure
conditions of 5 atm, flow rate of 2 m/s, surface feed and
polymeric support, 12% polysulfone in DMF.

Practically, increasing the concentration of the polymer
used in the feed solution leads to & doubling of conductivity
and # tripling of ion exchange capacity. The maximum
conductivity of the PSf-SPEEK dynamic composite
membranes is 0.234 S/cm and the ion exchange capacity
is 1.682 meq/g.

Ion Exchange Capacity Conductivity
Membrane type (meq/g) o (S/cm)
PSf-SPEEK 0.5% 0.547 0.122
Table 1
CHARACTERISTICS OF DIFFERENT TYPES PSf-SPEEK 1.0% 0.725 0.145
OF MEMBRANES
PSf-SPEEK 1.5% 0.965 0.183
PSf-SPEEK 2.0% 1.520 0.209
PSf-SPEEK 2.5% 1.682 0.234
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Conclusions

In the present paper, the authors discussed about the
synthesis and characterization of a new type of dynamic
membrane with polysulfone matrix and ionic polymer
electrolyte, namely polysulfone-sulfonated polyetherether
sulfone (PSf-SPEEK). The PSf-SPEEK composite
membranes were formed by ultrafiltration of SPEEK gel on
the polysulfone matrix in a CELFA System installation.

The thickness of the PSf porous layer for different
membranes resides between 50 and 120 um. The variation
of SPEEK active layer thickness is mainly dependent on
the concentration of the SPEEK solution in the feed, but
also depends on the surface flow velocity. The sulfonated
polymer (SPEEK) superficial layer ranges from 35 to 75
nm, being thicker at low flow rates and slightly increasing
with increasing SPEEK concentration. Increasing the
polymer concentration, from 0.5 to 2.5%, used in the feed
solution leads to & doubling of the conductivity and & tripling
of the ion exchange capacity.

Finally, the computations showed a maximum
conductivity of the PSf-SPEEK dynamic composite
membranes of 0.234 S/cm as well as an ion exchange
capacity of 1.682 meq/g.
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