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Abstract

Polymeric membrane technologies demand the synthesis of new polymers to enhance their equilibrium, thermal,
and transport properties. Therefore, the focus of this investigation was the evaluation of the equilibrium and
thermal properties of a sulfonated fluoroblock copolymer blend membrane composed of sulfonated poly(styre-
ne-isobutylene-styrene) (SIBS SO,H) and a novel sulfonated fluoroblock copolymer composed of poly(4-fluo-
rostyrene) (P4FS), poly(styrene) (PS) and poly(isobutylene) (PIB). The fluoroblock copolymer was synthesized
using Atom Transfer Radical Polymerization (ATRP) and cationic polymerization. First, the molecular weight
and the thermal stability of the block copolymer were determined using Gel Permeation Chromatography (GPC)
and Thermogravimetric Analysis (TGA). Second, the chemical composition was monitored utilizing Fourier
Transform Infrared spectroscopy (FTIR) and Nuclear Magnetic Resonance (NMR) spectroscopy. The molecular
weight of P4FS-b-PS was Mn ~ 36,100; this value increased 8% after the cationic polymerization. The equilibrium
properties of the membrane were evaluated using the water uptake and Ion-Exchange Capacity. The degradation
behavior and the thermal transitions were determined using TGA and Differential Scanning Calorimetry (DSC),
respectively. This newly membrane exhibited water uptake higher than 608% related to the improvement of 36%
in the ion-exchange capacity and the increment of 25.31% and 25.24% in the energy required to produce the
thermal transitions induced by the addition of the sulfonated fluoroblock copolymer.

Palabras claves: Ion-Exchanged Capacity, DSC, thermal degradation, ionic domains

Resumen

La tecnologia de membranas poliméricas requiere de la sintesis de nuevos polimeros que mejoren sus pro-
piedades de equilibrio, térmicas y de transporte. Esta investigacion tuvo como objetivo determinar las pro-
piedades de equilibrio y térmicas de una membrana compuesta de poli(estireno-isobutileno-estireno) sulfonado
(SIBS SO,H) y un fluoropolimero en bloque sulfonado compuesto de poli(4-fluorostireno) (P4FS), poli(estireno)
(PS) y poli(isobutileno) (PIB). El fluoropolimero en bloque se sintetizo utilizando la técnica de polimerizacion
radical por transferencia atdbmica (ATRP por sus siglas en inglés) y polimerizacion cationica. El peso molecular
y la estabilidad térmica del fluoropolimero en bloque fueron determinadas por medio de Cromatografia de Per-
meacion en Gel (GPC) y un analisis termogravimétrico (TGA). La composicion quimica se monitorizo utilizando
espectroscopia infrarroja por transformada de Fourier (FTIR) y espectroscopia de Resonancia Magnética Nuclear
(RMN). El peso molecular de PAFS-b-PS fue Mn ~ 36,100; este valor aument6 un 8% después de la polimerizacion
cationica. Las propiedades de equilibrio de la membrana fueron evaluadas por medio de la absorcion de agua y la
capacidad de intercambio i6nico. El comportamiento de degradacion y las transiciones térmicas se determinaron
utilizando TGA y Calorimetria Diferencial de Barrido (DSC). Esta nueva membrana exhibié una absorcion de
agua mayor del 608% relacionada con la mejora del 36% en la capacidad de intercambio i6nico y el incremento
en 25.31% y 25.24% en la energia requerida para producir las transiciones termales inducidas por la adicion del
fluoropolimero sulfonado en bloque.
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@ ® @ @ Ciencia Tecnologia y Salud, es editada por la Universidad de San Carlos de Guatemala, bajo licencia Creative Commons

g Atribucion-NoComercial-Compatir Igual 4.0 (CC BY-NC-SA 4.0). El contenido de esta publicacion es responsabilidad
exclusiva de su(s) autor(es).



Eftect of the block copolymer on equilibrium properties of blend membranes

Introduction

Membrane technologies are characterized by
simultaneous retention of species and product flow
through the semipermeable membrane. Membrane
performance is based on its high selectivity, com-
patibility with the operating environment, good mecha-
nical, chemical, and thermal properties (Singh, 2015).
These technologies possess several advantages over
conventional separation processes: environmentally
safe, easy to operate and produce high-quality products
(Ahmad & Ahmed, 2014). The most widely employed
membrane technologies applications are gas separation
(Ye et al., 2019), water purification (Madaeni et al.,
2015), chemical-biological protecting clothes (Barreto
& Suleiman, 2010), and proton exchanged membranes
(PEMs) fuel cells (Avilés-Barreto & Suleiman, 2013;
Pérez-Pérez & Suleiman, 2016; Xie et al., 2015). PEMs
fuel cells are electrochemical devices that convert che-
mical energy of the reactants directly into electricity
and heat with high efficiency (Alaswad et al., 2016).
This device consists of a cathode, an anode and an
electrolyte membrane (Peighambardoust et al., 2010).
Nafion® is a sulfonated fluoropolymer that is the sta-
te-of-the-art membrane in PEMs applications because
of its high proton conductivity and excellent thermal
and mechanical properties (Mauritz & Moore, 2004).
Nafion® morphology plays an important role because
is modify by the hydration process, which results in
growth and connectivity of the hydrophilic domains
that enable facile proton and water transport (Kusoglu
& Weber, 2017). Unfortunately, this membrane pos-
sesses several disadvantages, such as its high cost to
manufacture and low conductivity under low humidity
conditions (Kraytsberg & Ein-Eli, 2014; Santoro et al.,
2017).

Sulfonated poly(styrene-isobutylene-styrene)
(SIBS SO,H) is a sulfonated thermoplastic elastomer
that has attracted attention as an alternative PEMs
membrane due to its low cost, well-defined morpho-
logy, high ion-exchange capacity (IEC), and proton
conductivity comparable to Nafion® (Avilés-Barreto
& Suleiman, 2013; Elabd et al., 2006). Important para-
meters being investigated to obtain PEMs with higher
proton conductivity and low methanol permeability
depend on the membrane morphology and chemi-
cal-physical interactions (Elabd et al., 2006; Kumari
et al., 2018). Moreover, the water uptake and the IEC

are other parameters that impact the morphology confi-
guration in the membrane (Kusoglu et al., 2020). Sulfo-
nated thermoplastic elastomers morphology has gained
interest because the ionic structure facilitates transport
and enhance the equilibrium properties. However, the
nonionic microdomain provides mechanical support to
the membrane (Elabd & Hickner, 2011). An alternative
to obtaining PEMs with a controlled morphology are
polymer blend membranes. These types of membranes
improve their proton conductivity and reduce methanol
permeability (Huang et al., 2019; Jung et al., 2004).
Sulfonated thermoplastic elastomers blended with
well-ordered fluoroblock copolymers were studied to
modify its morphology, lon-Exchange Capacity, and
water uptake (Guerrero-Gutiérrez et al., 2017). These
advanced well-ordered fluoropolymers with specific
structures and lower polydispersity were synthesized
using Controlled radical polymerization (CRP) (Gue-
rrero-Gutiérrez et al., 2017; Matyjaszewski, 2012).

Atom Transfer Radical Polymerization (ATRP)
is a CRP technique that used an alkyl halide-like ini-
tiator, a transition metal in the lower oxidation state
and a ligand to synthesize different fluoropolymers
like, perfluoroalkyl ethyl methacrylate and fluoropoly-
mers with polyether blocks, for example. Initiators for
ATRP must have a halogen (Br or Cl) and a functional
group that can stabilize the formed radical (Jankova &
Hvilsted, 2005). These active halogen end groups can
be used to extend additional polymeric chains using
cationic polymerization. A pentablock copolymer of
methyl methacrylate, PS, and PIB was obtained using
a combination of both ATRP and cationic polymeri-
zation (Toman et al., 2005).

Fluoroblock copolymers seem to have a strong
influence on the morphology and the equilibrium pro-
perties of blend membranes. Therefore, the first goal
of this investigation was the synthesis of a novel fluo-
roblock copolymer composed of P4FS, PS and, PIB.
The homo and diblock copolymer based on P4FS and
PS were synthesized using ATRP. PIB was attached
to the macroinitiator (P4FS-b-PS) using cationic poly-
merization. Furthermore, the equilibrium and thermal
properties of ionic blend membranes composed of a
sulfonated thermoplastic elastomer called SIBS SO,H
and P4FS-b-PS-PIB SO,H were investigated to deter-
mine the influence of the sulfonated fluoroblock co-
polymer on the lon-Exchange Capacity, water uptake,
degradation behavior, and the thermal transitions.
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Materials and Methods

Materials

Isobutylene (IB) (99.9% purity) was acquired
from Linde Gas Puerto Rico, Inc. Diethylaluminium
chloride (Et,AlCI), IM solution in hexane, AcroSeal®
(Acros-Organics). Zonyl® BA-L Fluorotelomer inter-
mediate (70 wt.%) Mn~443 was acquired from Sig-
ma-Aldrich. Other chemicals used include triethylami-
ne, (Acros Organics, 99%), 4-dimethylamino pyridine,
(Acros Organics, 99%), 2-chloropropionyl chloride,
(Acros-Organics, 95%), 2, 2’-dipyridyl-Bipy - (Acros
Organics, extra pure, 99%), calcium hydride (CaH,)
(Acros Organics, 93%), and copper (I) chloride (Acros
Organics, 99%). All chemicals were employed as re-
ceived. The monomers used included: 4-fluorostyre-
ne (4FS) (Acros Organics 97% stabilized with 0.1%
tert.-butylcatechol) and styrene (S) (Across Organics,
99% inhibited with 4-tert-butyl catechol). Both 4FS
and S were passed through an inhibitor remover (dispo-
sable column from Sigma-Aldrich). After this process,
both monomers and the solvent were stored over CaH,
and then vacuum-distilled before polymerization. SIBS
was purchased from Kaneka® (30 wt.% polystyrene
and Mn~65,000 g/mol). Sulfuric acid (Sigma Aldrich,
95-98%), acetic anhydride (Aldrich Chemical, 99 +%),
hexyl alcohol (Acros Organics, 98%, extra pure), me-
thanol (Fisher Scientific, 99.9%), Toluene ACS reagent
(99%) and dichloromethane (99.9%) were acquired
from Fisher Scientific.

ATRP and cationic polymerization

In a characteristic homo polymerization or co-
polymerization by ATRP, a Schlenk tube was charged
with the initiator (esterified Zonyl® was synthesized
following the procedure of a previous study (Perrier et
al., 2002) or the macroinitiator (P4FS), copper chloride
(CuCl), and the 2, 2’-dipyridyl (bipy). The molar ratio
of initiator:CuCl:bipy was kept 1:1:2 (Jankova & Hvi-
Isted, 2003). The monomer was added, and the system
was degassed three times by freezing and thawing;
then heating to 110°C under a nitrogen atmosphere for
24 h. Upon completion of the experiment, the polyme-
rization mixture was diluted with THF. The solution
was filtered (to remove the catalyst) and then precipi-
tated in methanol, where the polymer appeared as a
fluffy white material that was recovered after vacuum
drying.
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The synthesis of PAFS-B-PS-b-PIB was carried
out in dichloromethane at -41°C for 6 h. The polyme-
rization process is described in more detail elsewhere
(Toman et al., 2005). A Schlenk tube was charged with
the PAFS-b-PS and the IB; then the polymerization re-
action was initialized with diethyl aluminum chloride.
Upon completion of the experiment, the solution was
precipitated in methanol. All the polymerization re-
actions for the homo, di, and triblock copolymers are
presented in scheme 1.

Characterization

The chemical compositions of the polymers were
obtained by FT-IR (Brucker Alpha Platimum-ATR).
The sample was clamped on the ATR cell and all in-
frared spectra were collected using 64 scans, 4 cm'!
resolution, and a range of 600-4,000 cm™. The homo-
polymers and the block copolymers were characte-
rized by '"H NMR, using an NMR Bruker 500 MHz
spectrometer with d-chloroform as a solvent. GPC was
performed on a Waters GPC system equipped with a
mixed column (PLgel Sum MIXED-C, Varian Inc.)
and a differential refractometer (BI-DNDC, Brookha-
ven Instruments). THF HPLC solvent was used as the
mobile phase with a flow rate of 0.5 mL/min. Mole-
cular weight distributions were obtained concerning
polystyrene standards (Varian Inc.). The thermal de-
gradation behavior for each homo, di, and triblock
copolymer and the membranes was determined using
TGA. A Mettler Toledo 851e instrument was used for
this purpose. Polymer samples weighing approximately
5-10 mg were used in each experiment. Degradation
temperatures were determined after heating the poly-
mer samples to 800°C at 10°C/min under a nitrogen at-
mosphere. Thermophysical properties were determined
using a DSC Texas Instrument DSC Q2000. Polymer
samples weighing approximately 5-10 mg were used in
each experiment. Thermal transitions for the samples
were determined after heating the polymer samples
from -80°C to 350°C at 10°C/min under a nitrogen
atmosphere.

Blend Preparation, Ion Exchange Capacity
(IEC) and Water Swelling

Poly(styrene-isobutylene-styrene) (SIBS) and
P4FS-b-PS-b-PIB were sulfonated using acetyl sulfa-
te as the sulfonating agent. The sulfonation process is
described in more detail elsewhere (Barreto & Sulei-
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Scheme 1. Polymerization reaction for PAFS-b-PS-b-PIB and P4FS-b-PS-b-PIB SO,H.

man, 2010). The preparation of physical blends consis-
ted of mixing SIBS SO,H and P4FS-b-PS-b-PIB SO,H.
SIBS SO,H and the sulfonated fluoroblock copolymer
were dissolved in a solution (85/15) (v/v) of toluene and
hexyl alcohol with a polymer concentration of 5 wt%.
SIBS SO,H / PAFS-b-PS-b-PIB SO,H membranes were
solvent cast in Teflon® Petri dlshes for 72 h at room
temperature as the solvent evaporated; then dried at
60°C for 24 h to remove the residual solvent. Elemental
Analysis (EA) was used to determine the exact amount
of mole percent of sulfonated styrene in the membra-
ne. EA was conducted by Atlantic Microlab, Norcross,
Georgia. [EC was measured by immersing a specific
amount of the membrane in a 1.0 M solution of NaCl
for 24 h. After removing the membrane, the solution
was titrated using a 0.1 M solution of NaOH until the
pH was neutral. The IEC was calculated from the mo-
les of ion substituted divided by the initial dry mass
of the membrane (Avilés-Barreto & Suleiman, 2013).
Water absorption or water swelling in the membranes

was measured immersing each membrane in an excess
of deionized water at 25°C. The weight of the sample
initially dried at 60°C for 24 hours in an oven was
originally recorded, as well as the weight of the mem-
brane after immersion in water. The weight of the wet
membranes was measured after different time intervals
until swelling equilibrium was reached (Ortiz-Negron
& Suleiman, 2015).

Results

Polymer characterization: molecular weight
and chemical characterization

The molecular weight of the fluoroblock copoly-
mers was determined using GPC. P4FS was synthesi-
zed using esterified Zonyl® like initiator. The molecu-
lar weight for this polymer was Mn ~ 9,110 g/mol with
a polydispersity (PDI) of 1.48. The molecular weight

Ciencia, Tecnologia y Salud, 8(1) 2021, 000-000
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for PAFS-b-PS and PAFS-b-PS-b-PIB was Mn ~ 36,100
and Mn ~ 39,100 g/mol with a PDI of 1.92 and 1.83
respectively. The molecular weight increased 8% after
the cationic polymerization. The polymer composition
for P4FS-b-PS-b-PIB was 1.6 wt% esterified Zonyl®,
6.3 wt% P4FS, 72.1 wt% PS, and 19.9 wt% PIB.

The chemical composition for the fluoroblock co-
polymers was monitored by FTIR and 'H NMR. Figure
1[A] shows the FTIR spectra of P4FS. Three distinct
regions of bands were observed in this figure. First, a
para-substitution band of P4FS at 820 cm™ (1) corres-
ponds to C-F group attached to the aromatic ring. The
second region (from 2,000 to 1,667 cm™) corresponds
to overtone absorptions induced by the aromatic ring.
The third region appeared between 1,300 and 1,000
cm; this is another characteristic band that corres-
ponds to the C-F group attached to 4FS (2). Figure 1[B]
shows the FTIR spectra of PAFS-b-PS. The addition
of PS to the polymer backbone was confirmed by the
presence of the mono-substitution band corresponding
to the styrene group at 700 cm™ (3). P4FS-b-PS-b-PIB
exhibited the same bands previously observed; add-
itionally, the vibration to the bending absorption of
the CH, group attached to PIB appeared around 1,375
cm™ (4) (Figure 1[C]). Liquid '"H NMR was employed
to confirm the chemical composition of the synthesized
fluoroblock copolymers. Figure 1[D] exhibits the 'H
NMR spectra of P4FS. This polymer presented peaks
at a large chemical shift around 6.5 ppm, assigned to
the typical band of the protons attached to the aroma-
tic ring in 4FS. The peaks at 1.85 and 1.35 ppm were
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assigned to the methylene (-CH,-) and methine (-CH-)
absorptions in 4FS. Figure 1[E] shows the '"H NMR
spectra for PAFS-b-PS; this spectrum presented an
additional absorption around 7 ppm that represents the
protons attached to the aromatic ring in PS. One add-
itional peak appeared in PAFS-b-PS-b-PIB concerning
PAFS-b-PS at 1 ppm (Figure 1[F]). This absorption is
a characteristic chemical shift that corresponds to the
methyl group (-CH,-) attached to PIB. Both FT-IR and
Liquid '"H NMR spectra confirm the chemical compo-
sition of the synthesized polymers using ATRP and
cationic polymerization.

Polymer characterization: thermal behavior

The thermal degradation for the fluoroblock co-
polymers was obtained by TGA. P4FS (Figure 2[A])
presented two different degradations. The first degra-
dation occurred at 177.96°C with a weight loss percent
of 7.35%. The polymer backbone remained constant
until the second degradation range from 375°C to
440°C. The weight loss percent for this degradation
was 92.65%. The thermal stability of P4FS-b-PS is
shown in Figure 2[B]. This polymer exhibited two
degradation temperatures at 178°C and 417°C with a
weight loss of 5% and 95% respectively. Figure 2[C]
exhibits the degradation of P4FS-b-PS-PIB. The add-
ition of PIB into the polymeric chain adversely affec-
ted the thermal stability of P4FS-b-PS. The polymer
suffered thermal degradation below 110°C, and the re-
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Figure 1. FTIR spectra for PAFS [A], PAFS-b-PS [B], and P4FS-b-PS-b-PIB [C]. 'H NMR spectra for P4FS [D], P4FS-

b-PS [E], and P4FS-b-PS-b-PIB [F].
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Figure 2. Thermal stability for PAFS [A], PAFS-b-PS [B] and P4FS-b-PS-b-PIB [C].

maining polymer chain degraded at 417°C. The weight
loss step of PIB was overlapped with all the P4FS-b-PS
polymeric chains.

Polymer blend characterization: sulfonation
level, Ion-Exchange Capacity (IEC), water
uptake and thermal behavior

The sulfonation level was calculated from the
elemental analysis results. The sulfonation level for
SIBS SO,H was 84%. The addition of P4FS-b-PS-b-
PIB SO,H to SIBS SO,H increased the sulfonation
level from 84 to 93%. The addition of the sulfonated
fluoroblock copolymer also affected the IEC. The IEC
indicates the ion-exchangeable sites available per gram
of membrane. The IEC for SIBS SO,H was 1.84 meq/g;
however, the blend membrane increased 36% (2.50 me-
q/g) concerning SIBS SO,H. The water uptake repre-
sents the water absorbed by the membrane. SIBS SO,H
exhibited a water uptake of 608%. The polymeric blend
membrane exhibited different behavior; the membrane
started to dissolve after 5 min submerged in water.

Figure 3[A] shows the thermal behavior for the
SIBS SO,H membrane. This membrane exhibited four
degradation temperatures. The first at 50-100°C; the
second degradation at 245°C, the third degradation
at 419°C, and the last degradation at 525°C. Figure
3[B] shows the degradation curve for the SIBS SO,H
/ PAFS-b-PS-b-PIB SO,H membrane. This membrane
exhibited one region that remained unchanged con-
cerning SIBS SO,H (419°C). Nevertheless, at 203°C

and 274°C were observed two additional weight los-
ses; moreover, the degradation at 524°C exhibited a
different degradation trend. Figure 3[C] exhibits the
DSC curve for SIBS SO,H. This membrane exhibited
two endothermic peaks at 140°C at 177°C. The first
and second endothermic peaks require 1.58 and 305
J/g, respectively. The incorporation of P4AFS-b-PS-PIB
SO, to SIBS SO,H presented a difference in both the
energy and the temperature required to produce the en-
dothermic transitions. The first endothermic transition
shifted to a higher temperature (147°C); however, the
second transitions moved towards lower temperature
(168°C) and requires 1.98 J/g. Interestedly, the energy
required to produce both transitions increased by 25.31
and 25.24% respectively.

Discussion

Polymer characterization: thermal behavior

The thermal behavior for the fluoropolymers was
obtained using TGA. The first degradation of PAFS
at 177.96°C with a weight loss percent of 7.35% co-
rresponds to esterified Zonyl®. PS polymerized using
esterified Zonyl® produces degradation at a similar
temperature (Guerrero-Gutiérrez et al., 2015). The
second degradation range (375-440°C) corresponds
to the polymer backbone. P4PS-b-PS (Figure 2[B])
exhibited similar degradation range temperatures
than P4FS. The degradation range temperature of PS
is located between 375-450°C (Seleem et al., 2017).

Ciencia, Tecnologia y Salud, 8(1) 2021, 000-000
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Consequently, the weight loss of PS was overlapped
with PA4FS degradation. The weight loss step of PIB
also was overlapped with all the PAFS-b-PS chains
(Figure 2[C]). Previous studies report that the weight
loss of block copolymers composed of PS and PIB is
indistinguishable from each other (Avilés-Barreto &
Suleiman, 2013; Suleiman et al., 2007).

Polymer blend characterization: sulfonation
level, Ion-Exchanged Capacity (IEC), water
uptake and thermal behavior

The degradation behavior for the membranes was
obtained using TGA. SIBS SO,H membrane exhibited
four degradation ranges. The first at 50-100°C corres-
ponds to water absorbed in the membrane; the second
degradation region at 245°C represents the sulfonic
group, and the third degradation at 419°C represents
the polymer backbone degradation (Suleiman et al.,
2007). Figure 3[B] shows the degradation curve for the
SIBS SO,H / PAFS-b-PS-b-PIB SO,H membrane. This
membrane exhibited one region that remained unchan-
ged concerning SIBS SO,H at 419°C. Nevertheless, at
203°C and 274°C were observed two additional weight
losses. These results suggest that different sulfonic do-
mains coexist in the same polymer membrane. Additio-
nally, ionic interactions with the sulfonic group suggest
a different trend in weight loss at higher temperatures
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(525°C) in sulfonated SIBS membranes (Avilés-Barreto
& Suleiman, 2013).

Figure 3[C] presents the DSC curve for SIBS
SO,H. This membrane exhibited two endothermic
peaks at 140 at 177°C. The first endothermic peak
(1.58 J/g) is related to the transition for the ionic group
and the second peak (305 J/g) to the transition to the
crystalline regions associated with a new configura-
tion for the ionic domain and the polymeric backbone
(Guerrero-Gutiérrez et al., 2015). The incorporation
of P4FS-b-PS-b-SO,H modified in both the energy
and the temperature required to produce endothermic
transitions. The endothermic transitions for the ionic
group shifted towards a higher temperature (147°C).
However, the endothermic transition for the crystalline
region shifted towards a lower temperature (168°C).
The changes in temperature are related to the energy
needed to overcome the crystalline bonding forces and
changes in the molecular conformation of the chains in
the polymer (Rosen, 1993) and confirm the differences
in the ionic domain configuration shown above with
the thermogravimetric results. SIBS SO,H membranes
with ion exchange capacity above 1 meq/g exhibit a
nonperiodic morphology in the SAXS profile (Elabd
et al., 2006). The addition of homo fluoropolymers
into SIBS SO,H membranes changed its nonperiodic
morphology; therefore, the ionic domain increased by
10.14% (Guerrero-Gutiérrez et al., 2015). This study
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provides valuable insight into the synergistic effects
of the sulfonated trifluoroblock copolymer and the
equilibrium properties of the blend membrane with
an ion exchange capacity of 2.50 meq/g. However, the
ionic domain size quantification induced by the PAFS-
b-PS-b-PIB SO,H addition is out of the scope of this
research.

The capacity of the membrane to absorbed water
is also related to the IEC (Ruiz-Colén et al., 2018).
SIBS SO,H exhibits a water swelling of 608%. Inter-
estingly, SIBS SO,H/P4FS-b-PS-b-PIB SO,H mem-
brane absorbed a high amount of water. The membra-
ne starts to dissolve after five minutes in water. This
behavior was induced by a high sulfonation level and
ion-exchanged capacity. Polymer membranes with si-
milar sulfonation levels and IEC also dissolved in water
(Pérez-Pérez & Suleiman, 2015). Moreover, the poly-
mer composition of the fluoroblock copolymers could
play a significant role in the water uptake and IEC. The
addition of electron-withdrawing hydrophobic group
(i.e., PAFS) to the polymer could affect the water uptake
and IEC in a polymer electrolyte membrane (Shimura
et al., 2008). Furthermore, a non-ionic block (PIB) can
be designed to be a barrier for hydrophilic components
and the block copolymer ionomer (sulfonated PS) to
self-assemble into unique nanostructured morpholo-
gy that may lead to different equilibrium and thermal
properties (Elabd et al., 2003). An additional study
about the effect of the chemical fluoroblock polymer
composition could determine the role of each block
separately on the thermal and equilibrium properties
in the blend membrane.

Conclusion

A novel fluoro triblock copolymer was
successfully synthesized using ATRP and cationic
polymerization. The incorporation of P4FS-b-PS-b-
PIB SO,H into SIBS SO,H possess a significant impact
on the thermal stability of the membrane. Addition-
ally, these modifications induced higher water absorp-
tion into the membrane. A morphological study using
SAXS could confirm the new configuration for the
ionic domain induced by the addition of the sulfonated
fluoroblock copolymer into SIBS SO,H. Additionally,
an AFM and electronic microscope analysis in dry and
wet conditions need to be done to analyze the morpho-
logical changes in the membrane and its impact on the
equilibrium properties. Moreover, proton conductivity
is necessary to understand the transport properties in

PEMs fuel cells; however, a crosslinking study is re-
quired first due to the high solubility of the membrane
in water. Therefore, the addition of the sulfonated fluo-
roblock copolymer modified the crystalline domains,
which influenced the EIC and the water uptake. These
results would have significant implications on the de-
sign of blend membranes for PEMs applications.
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