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ABSTRACT

ketone) (PEEK), by sulfonation modification, can result in fabricating
polyelectrolyte membranes (PEMs) as the alternatives to Nafion for direct
methanol fuel cell (DMFC) applications. Due to the effective role of nanomaterials
in reducing the permeability in nanocomposites, the addition of natural or organically
modified montmorillonite (OMMT) nanofillers to the sulfonated matrix, with the
optimum degree of sulfonation, can reduce the methanol permeability and increase
the efficiency of the fuel cell.
Methods: PEEK was sulfonated at various degrees in solution state. Based on the
selectivity parameter, the optimal degree of sulfonation (DS) was introduced. In
order to prepare the nanocomposite membranes, using an ultrasonic agitator, different
amounts of MMT and OMMT (Cloisite 15A or chitosan-modified MMT (CMMT))
nanofillers were added to the sulfonated polymer with optimal DS, and the resulting
direct methanol fuel cell, mixtures were cast. In this study, the ion exchange capacities (IEC) of the membranes
were measured. The selectivity parameter (as ratio of proton conductivity to methanol
sulfonated poly(ether permeability) at 25°C, as well as DMFC performance at 25°C and 1M feed of
ether ketone), methanol for different membranes were determined and the results were compared
with those of Nafion 117.
Findings: The optimum DS for sulfonated poly(ether ether ketone) (SPEEK) was
62%. X-ray diffraction (XRD) patterns proved that nanoclays were exfoliated in
methanol permeability the structure of nanocomposites at small loading weight of 1% (by wt). The proton
conductivity and methanol permeability, as well as the performance test, showed
that SPEEK/CMMT-based nanocomposite membranes have the highest maximum
power generation density compared to other nanocomposite membranes or Nafion
117. Accordingly, SPEEK/CMMT polymer electrolyte membranes are promising
candidates for direct methanol fuel cell (DMFC) applications.

l l ypothesis: The modification of aromatic polymers, such as poly(ether ether

montmorillonite,

proton conductivity,
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Fig. 2. (a) Interconnected nanochannels at high degree of
sulfonation, (b) dead end nanochannels at low DS, and (¢)

microstructure of proton exchange nanochannels in SPEEK.

Table 1. The ion exchange capacity (IEC) and the water uptake of SPEEK membranes, versus the reaction time and various degree

of sulfonation (DS).
DS (%) Reaction time (h) IEC (meq/g) SD* (meq/g) Water uptake (%) SD (%)

41 30 1.2 0.031 23.0 0.32
43 35 1.27 0.027 24.5 0.35
49 50 1.42 0.019 28.1 0.42
62 70 1.7 0.022 40.5 0.31
69 90 1.88 0.034 47.0 0.43
70 95 1.93 0.028 48.0 0.54
82 110 2.2 0.038 75.0 0.61
89 120 2.38 0.020 Soluble or gel -

* Standard deviation
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Table 2. The proton conductivity, the methanol permeability, and the selectivity parameter of the SPEEK membranes, versus the

degree of sulfonation (DS).

o Standard Methanol - Membrane

Degree of Proton conductivity o ) Standard deviation .
. deviation permeability selectivity

sulfonation (%) (S/em) %107 (cm?/s)

(S/cm) %107 (cm?/s) (S.s/cm?)

41 0.0110 0.0007 2.68 0.017 34268

43 0.0120 0.0009 2.81 0.022 34783

49 0.0157 0.0006 3.11 0.018 34889

62 0.0194 0.0011 5.5 0.031 35273

69 0.0230 0.0007 6.8 0.024 34074

70 0.0240 0.0010 6.9 0.016 33333

82 0.0320 0.0013 10.7 0.041 31683

89 - - - - -
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Fig. 3. XRD patterns of Cloisite 15A, CMMT, Cloisite Na
and SPEEK/1 wt% Cloisite 15A, SPEEK/1 wt% CMMT, and
SPEEK/1 wt% Cloisite Na membranes.
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* The sample standard deviation (x107 (cm?/s))

Nanofiller (wt%)
Sample
0 0.5 1 2 4 5 10
SPEEK/MMT 0.013 0.011 0.008 0.006 | 0.012 | 0.009 0.007

SPEEK/Closite 15A 0.013 | 0.009 [ 0.012 | 0.014 | 0.015 | 0.011 0.007

SPEEK/CMMT 0.013 | 0.007 | 0.013 | 0.011 | 0.013 | 0.014 | 0.005

—A— SPEEK/MMT
51 —O— SPEEK/Closite 15A
—e— SPEEK/CMMT

Methanol permeabilityx107(cm?/s)
(98]

o 2 4 6 8 10
MMT loading weight (wt%)
5 SPEEK/Cloisite 15A SPEEK/MMT | J sl 14l 50 &
sl gl iU 3 il islie L SPEEK/CMMT
Fig. 5. The methanol permeability of SPEEK/MMT, SPEEK/
Cloisite 15A, and SPEEK/CMMT at different loading weights

of nanoclays.
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Nanofiller (wt%)

Sample
0 0.5 1 2 4 5 10

SPEEK/MMT 0.0007 0.0011 0.0005 0.0012 | 0.0014 0.0009 0.0004

SPEEK/Closite 15A [ 0.0007 0.0014 0.0008 0.0008 [ 0.0017 0.0011 0.0003

SPEEK/CMMT 0.0007 0.0006 0.0012 0.0012 [ 0.0010 0.0015 0.0006

—~ 0.02
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Fig. 4. The proton conductivity of SPEEK/MMT, SPEEK/
Cloisite 15A, and SPEEK/CMMT at different loading

weights of nanoclays.
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Cell potential (V)

0 100 200 300 400
Current density (mA.cm™?)
SPEEK/IWt% OV 0 4is slalie L dly Jobo 55 -V s
SPEEK/Iwt% CMMT s SPEEK/1wt% MMT Cloisite 15A

AM chle b J ke Sl 5 YOC s
Fig. 7. The voltage of a single cell with Nafion 117,
SPEEK/1wt% Cloisite 15A, SPEEK/Iwt% MMT, and
SPEEK/1wt% CMMT at 25°C and 1 M methanol feed.
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Fig. 8. The power density of a single cell with Nafion 117,
SPEEK/1wt% Cloisite 15A, SPEEK/Iwt% MMT, and
SPEEK/1wt% CMMT at 25°C and 1 M methanol feed.
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Fig. 6. The selectivity parameter of SPEEK/MMT, SPEEK/
Cloisite 15A, and SPEEK/CMMT at different loading

weights of nanoclays.
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Table 3. Comparison of some electrochemical properties of the prepared membranes with other nanocomposite membranes based

on SPEEK.
Proton conductivity Methanol Membrane
Row Sample (S/cm) permeability selectivity Ref.

(Room temperature) x107(cm?/s) (S.s/ecm?)

1 SPEEK/1wt%MMT 0.0005 0.008 62500 This work

2 SPEEK/1wt%Cloisite 15A 0.0008 0.012 66667 This work

3 SPEEK/1wt%CMMT 0.0012 0.013 92307 This work

4 SPEEK/0.1wt% PAIN-A-BN 0.0413 3.08 13409 13

5 SPEEK/ZrN 0.0259 1.64 15800 50

6 SPEEK/10wt% HC 0.063 0.15 420000 51

7 SPEEK/fa-PA 0.013 1.29 10100 52

8 SPEEK/5wt% Bentonite Clay 0.121 (70°C) 1.93 62694 53

9 SPEEK/s-GO 0.0084 2.638 3184 54

10 SPEEK/60%NPS 0.01 (85°C) 7.5 1333 55
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