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ABSTRACT

there has been a great advancement in the study of fuel cells particularly

hydrogen-methanol types as an important energy alternative. One of the main
components in such fuel cells is an electrolyte membrane whose main function is
to carry protons and capture methanol. The electrolyte membrane must have a high
chemical and electrochemical stability plus mechanical resistance. In addition, high
proton conductivity is required to support better fuel cell performance.
Methods: In this research, novel nanocomposite membranes were prepared as
electrolyte for application in fuel cells. For this purpose, two types of membranes,
including sulfonated polyethersulfone (SPES) and its blend with polyurethane
(PU), were chosen as base membranes. At first, polyethersulfone was sulfonated by
using sulfonic acid and blended with PU. Then, silica nanoparticles with different

percentages (3, 5, and 8 wt%) were added to blend membrane (SPES/PU/SiO,). The

prepared membranes properties were studied by Fourier transform spectroscopy (FT-

l l ypothesis: In recent years, with the shortage of conventional energy resources,

Gyl SEnG IR), X-ray diffraction analysis, thermogravimetry (TGA), water and methanol uptake

direct methanol fuel cell, test, proton conductivity test and scanning electron microscopy (SEM).
sulfonated polyethersulfone, Findings: The results suggested that there was a proper distribution of PU into the
polyurethane prepared membrane through forming hydrogen bonds between polar groups of SEPS

and PU. Hence, by the mechanism of increasing polarity, the conductivity in SPES/PU
silica nanoparticles blend membrane was increased (74%), comparing to its pure samples without intense
increase in water and ethanol uptake. Additionally, by adding the silica nanoparticles to
a SEPS/PU blend membrane and forming SPES/PU/SiO, nanocomposite membrane,
these particles formed a higher adhesion between the phases by forming covalent
bonds with sulfonic acid groups of SPES and forming hydrogen bond with polar
groups of PU and SPES. As a result, the morphology was modified by the mechanism
of decreasing cavities and voidages. Finally, the conductivity of SPEC/PU/SiO,
nanocomposite membrane compared to that of the SPES pure sample increased by
53.13% only by an increase of 11% and 8% in water and methanol uptake, respectively.
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Fig. 1. Sulfonation reaction of polyether sulfone.
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before filtration.
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Fig. 7. Interaction mechanism (hydrogen bonding formation) between polar groups in sulfonated polyethersulfone and polyure-

thane and formation of SPES/PU5% blend membrane.
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Fig. 9. TGA thermographs related to membranes of the pure
SPES, (SPES/PU5%) blend and SPES/PU/SiO, (3,5%) nano-

composite.
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Table 1. T,, T, and char yield data at different temperatures
related to the SPES/PU blend and SPES/PU/SiO, nanocom-

posite membranes.

Temperature (°C) | Char yield
Samples

L [T, | ®
SPES 282 449 38
SPES/PU5% 219 283 30
SPES/PU/Si0O,3% 234 302 37
SPES/PU/SiO,5% 246 303 38
SPES/PU SiO,8% 207 288 37
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Fig. 10. SEM micrographs related to cross-section of the membranes: (al,a2) pure SPES, (b1,b2,b3) SPES/PU5% bleand and

nanocomposite (c) SPES/PU/Si0,3%, (d) SPES/PU/SiO,5% and (e) SPES/PU/SiO,8% in different magnifications.
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Fig. 11. XRD spectra of the SPES, SPES/PU5% and SPES/
PU/Si0,5% membranes.
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Table 2. X-ray diffraction of the pure SPES, SPES/PU blend

and SPES/PU/SiO, nanocomposite membranes.

Peak position, d- FWHM
Samples
20 (°) Spacing ©)
SPES 22.24 4.64 10.30
SPES/PU5% 21.68 4.76 9.31
SPES/PU/Si0,3% 21.50 4.79 5.97
SPES/PU/Si0,5% 21.47 4.80 7.31
SPES/PU/SiO,8% 21.60 477 5.92
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Fig. 12. The water contact angle for: (a) sulfonated polyethersulfone and (b) polyurethane ester.
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Fig. 13. Water uptake of the SPES pure, SPES/PU blend and

SPES/PU/SiO, nanocomposite membranes.

Joibeo s T o
plmil AvOC 5 80 X glos 4w s Jgilee ol Ol slad el
25 s e oles b S 9 J.? 6@45}«.3 039 C)}L&S S A
sblis sl dple 5 Of Ol glajlsgai VF 50T gl S
d’l\ BE el ol ealy OLES dg)},»lsfb 9 6‘4.«"%“.&1 ‘U"JL}-
,;G{ujwuﬂ;i@@wd}m)gi@wup
u.l:— (el u..é)u.?m LY )_})ﬂulﬁ.ﬁ GO0 BPS WP YOS, PR o d),\>
Al e il e Lediags slalis s (Y vVE) Jgke 5 O
3355 4 5o 5 FOL S See Jle Llas bes LI
» b ob D] spde min e ol & ol slad s
SPES/PUS/. (glasew] slic 3 Jsile 5 of o dajls el
(s sl Osasl woax 5 Lol Lalls SPES slie 5l i
Ol sddag glal glis SPES & 06,5 b Olialsl L

SPES/PU/SIO, ;5 5U 5 SPES/PU (glazswsl o )l SPES slalis b sar J slis 5 ol ol E Y s
Table 3. The results of methanol and water uptake by the pure SPES, SPES/PU blend, and SPES/PU/SiO, nanocomposite mem-

branes.

Methanol uptake (wt%) = 0.01 Water uptake (wt%) + 0.01
Sample 25°C 60°C 80°C 25°C 60°C 80°C
SPES 7.02 7.48 7.99 7.30 7.80 7.30
SPES/PU5 8.65 9.30 9.60 9.25 9.90 9.25
SPES/PU/Si0,3% 6.38 7.15 7.65 6.98 7.75 6.98
SPES/PU/SiO,5% 7.60 8.20 8.70 8.20 8.80 8.20
SPES/PU/SiO,8% 9.70 10.05 10.45 10.30 10.65 10.30
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Fig. 15. The conductivity of the SPES pure, SPES/PU blend

and SPES/PU/SiO, nanocomposite membranes.
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Table 5. Proton conductivity results of the pure SPES, SPES/

PU blend, and SPES/PU/SiO, nanocomposite membranes.

Proton conductivity = 0.002 (S/cm)

Sample
25°C | 40°C | 60°C | 80°C

SPES 0.015 | 0.025 | 0.035| 0.040
SPES/PU5% 0.057 | 0.058 | 0.060 | 0.064
SPES/PU/Si0,3% | 0.027 | 0.032 | 0.038 | 0.052
SPES/PU/SiO,5% | 0.032 | 0.038 | 0.042 | 0.053
SPES/PU/SiO,8% | 0.023 | 0.030 | 0.039 | 0.050
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Table 4. Comparing of SPES, SPES/PU5% and SPES/PU/
SiO, membranes in terms of water and methanol uptake and

proton conductivity with Nafion 117 at temperature 25°C.

Sample Uptake (wt%) Conductivity
Water | Methanol (S/cm)
SPES 7.30 7.02 0.015
SPES/PU5% 9.25 8.65 0.057
SPES/PU/SiO,3% 6.98 6.38 0.027
SPES/PU/Si0,5% 8.20 7.60 0.032
SPES/PU/Si0,8% 10.30 9.70 0.023
Nafion 117, - - 0.015
Nafion 117, , 33 - 0.017
Nafion 117, 17 30 0.032
Nafion 117, , - - 0.014
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Fig. 18. The proton conductivity mechanism in SPES/PU/

SiO, nanocomposite membrane.
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