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Nuannid Intaraprasit 2008: Preparation and Properties of Sulfonated Poly (ether ether
ketone)/Analcime Composite Membrane for a Proton Exchange Membrane Fuel Cell
(PEMFC). Master of Engineering (Chemical Engineering), Major Field: Chemical
Engineering, Department of Chemical Engineering. Thesis Advisor: Associate

Professor Paisan Kongkachuichay, Ph.D. 105 pages.

This research aims to synthesize Sulfonated Poly(ether ether ketone) (SPEEK)/
Analcime composite membranes for fuel cell application by adding Analcime into the matrix of
SPEEK polymer. SPEEK with degree of sulfonation 0.64 and ion exchange capacity 1.88
mequiv. g-l was prepared by sulfonation of Poly(ether ether ketone) (PEEK). Composite
membranes were fabricated by blending SPEEK with 5, 10, 15, 25 and 35%wt. Analcime
loadings. The obtained membranes were characterized by FTIR and SEM techniques, which
confirmed the well distribution of Analcime particles in the SPEEK polymer. The results
showed that Analcime particles were distributed uniformly in polymer matrix, added with
amount up to 10%. Above 10% it started to agglomerate to form loose cluster. In all cases the
presence of Analcime led to a decrease in the ion exchange capacity (IEC). Water uptake of the
composite membrane decreased by increasing the amount of Analcime, meaning the embedded
Analcime in the polymer matrix prohibited extreme swelling of the composite membranes. The
proton conductivity of the membranes was measured by the Four Points Probe method showing
that the composite membrane conducted proton higher than Nafion” 115 membrane. The highest
proton conductivity value of the SPEEK/Analcime (10%) composite membrane was 0.1347
S/cm that was 4.6 times of Nafion membrane measured at room temperature. A distinct change
in the morphology of the composite membranes could be observed with increased compactness
of the matrix. Due to the presence of compact membrane matrix, these membranes will retard
the hydrogen crossover. These composite membranes are easy to prepare and much less
expensive than the commercial perfluorinated (Nafion) membranes. Hence, they can be used as

a candidate electrolyte material for PEMFC in the future.
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Anode Reaction: 2H,+40H =>4H,0+4e
Cathode Reaction: 0,+2H,0+4e =>40H

Overall Net Reaction: 2 H, +O,=>2 H,0
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#31: FCTec (2008)

Anode Reaction: 2H,+40H =4H,0+4e
Cathode Reaction: 0,+2H,0+4e =>40H

Overall Net Reaction: 2 H, +O,=>2H,0
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#31: FCTec (2008)

Anode Reaction: CO,” +H,=>H,0 + CO, +2¢
Cathode Reaction: CO,+ 120, +2¢ => CO,”

Overall Net Reaction: ~ H, (g) + 40, (g) + CO, (cathode) => H,O (g) + CO, (anode)
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#31: FCTec (2008)

Anode Reaction: 2H,+20 =>2H0+4¢
Cathode Reaction: 0,+4¢=>20"

Overall Net Reaction: 2 H, + O, =>2 H,0
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Anode Reaction: 2H,+20 =>2H0+4¢
Cathode Reaction: 0,+4¢=>20"

Overall Net Reaction: 2 H, + O, =>2 H,0
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while oxidant {oxygen or air) is channeled to the

Hydrogen fuel is channeled through field flow
o plates to the anode on one side of the fuel cell,
cathode on the other side of the cell.

ﬁ_ ‘Backing layers Ozldant

muf‘//\\ Ozidant fov fiekd

Hyd -mjr-n"

The polymer electrolyte
membrane (PEM) allows

At the anode, a o
e platinum catalyst only the positively

causes the charged ions to pass
hydrogen to split through it to the cathode.
into positive The negatively charged

electrons must travel
aleng an external circuit
to the cathode, creating
an eiectricai current.

hydrogen ions
(protons) and
negatively charged
electrons.

At the cathode, the electrons
and positively charged
hydrogen ions combine with
oxygen to form water, which
flows out of the cell,

MNA 10 9971/52n0 VYA Polymer Exchange Membrane Fuel Cell

137: Siuru (2008)
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#1301 Scott and Shukla (2004)
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BipolarPlate with Flow Field

Membrane

Gas Diffusion Layer with Catalyst

End Plate

MW 13 997152N0UVOI PEMFC stack

1311: Ticona Engineering Polymer (2008)
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Water collects
around the clusters
of hvdrophylic
sulphonate side
chains
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#31: Larminie and Dicks (2000)
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ﬂijiJ“ﬁ 1 Perfluorinated 1@tiA
- Perfluorosulfonic acids
- Perfluorocarboxylic acid
- Bis(perfluoroalkylsulfonyl)imide

™
- QGore-select

ﬂij:ﬂJﬁ 2 Partially Fluorinated 1ua
- a, B, B, trifluorostyrene grafted onto poly(tetrafluoroethylene-ethylene) with post
sulfonation

- Styrene grafted and sulfonated poly(vinylidenefluoride) [PVDF-g-PSSA]

ﬂtjiJ“ﬁ 3 Non-Fluorinated 1¢ita
- Naphthalenicpolyimide
- BAMB3G membrane (Ballard Advance Material of 3" Generation membrane)
- Crosslinked or Noncrosslinked Sulfonated poly(etheretherketone)
- Sulfonated poly(4-phenoxybenzoyl-1,4-phenylene) [S-PPBP]
- Methylbenzensulfonated Polybenzimidazoles [MBS-PBI]
- Methylbenzensulfonated-Poly(p-phenyleneterephthalamide) [MBS-PPTA]

- Imidazole doped Sulfonated poly(etheretherketone)

nguh 4 Aon TWda Non-Fluorinated 1ALN
- Acid-doped Polybenzimidazoles

- Base-doped S-Polybenzimidazoles

nqu 5 ouq 1dun
- Poly(2-acrylamido-2-methylpropanesulfonic acid) (Poly-AMPS)

- Supported composite membrane

1 I 9 wa y 1 @
lua1519a 2 WlumsfSeueuTasaasia tazauian 1 emenINALANANA UUD U N-

WISUUALUTLANTAMNUVO UV TULAAZYHA (Smitha et.al., 2005)
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31: Honma et al. (2001)
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2. msswundle lanmudnuazlnsaas1a (Breck, 1974)

o ] o o 4 VW . - . I
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[ aa 9 a $ Y Y 3 4 1 Y
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DQ@

o
SN

anﬁ 24 Secondary Building Units (SBUs) Tulnsearavesdlelad (a) single four ring
(S4R), (b) single six ring (S6R), (¢) single eight ring (S8R), (d) double four ring
(D4R), (e) double six ring (D6R), (f) complex 4-1, (g) complex 5-1 (48 (h) complex
4-4-1

131: Dyer (1988)
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H ° [ 4 ey qe .
3199 4 M3 wUNNguYeasTelaan 1y Secondary Building Units

nau Secondary Building Units (SBUs)
1 Single 4-ring, S4R
2 Single 6-ring, S6R
3 Double 4-ring, D4R
4 Double 6-ring , D6R
5 Complex 4-1, T5S0O10 unit
6 Complex 5-1, T8O16 unit
7 Complex 4-4-1, T10020 unit

31 : Breck (1974)
auiiavead e ladninauuiiosnin 1nsaadna (Breck, 1974)
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5. "ﬁi’]“laﬁ‘ljﬁﬂ Analcime
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V1A 4.15 A Ta59a819909 Analcime tanadanni 25 5To'ladwiia Analcime aunsontiald
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Metamorphic analcime (M-type) (Cruciani and Gualtieri, 1999)
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1n399F1821809 (Analytical balance)

é’auau%’au (Hot air oven)

e ldussemeeandion (m‘wﬁ 26)
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BHUANNILITY &gll’mﬂ'N‘?‘l Resistance (Ohm) °lmwiazﬂ3;’a Average resistance
1 2 3 4 5 (Ohm)
Nafion 115 1 2137 2178 2198 2236 2233 2196
SPEEK 1 1405 1401 1396 1396 1403 1400
SPEEK 2 1513 1517 1513 1511 1508 1512
5 wt% Analcime 1 1465 1469 1464 1459 1467 1465
5 wt% Analcime 2 1384 1388 1397 1386 1384 1388
10 wt% Analcime 1 1336 1334 1336 1342 1340 1338
10 wt% Analcime 2 1308 1309 1308 1307 1303 1307
15 wt% Analcime 1 1603 1603 1599 1605 1602 1602
15 wt% Analcime 2 1340 1342 1334 1340 1335 1338
25 wt% Analcime 1 1343 1346 1345 1344 1346 1345
25 wt% Analcime 2 1524 1519 1520 1521 1523 1521
35 wt% Analcime 1 1827 1822 1824 1821 1822 1823
35 wt% Analcime 2 1489 1488 1497 1497 1496 1493
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msaeanii n2 A ldsaeuvesuuimsuaon ndad LIVEEGN
FHANMDITY fI0819 Average Average Proton Average
ﬁ thickness resistance  conductivity proton
(cm) (Ohm) (S/cm) conductivity
(S/ecm)
Nafion 115 1 0.01300 2196 0.0292 0.0292
SPEEK 1 0.00467 1400 0.1275 0.1309
SPEEK 2 0.00410 1512 0.1344
5 wt% Analcime 1 0.00434 1465 0.1311 0.1318
5 wt% Analcime 2 0.00453 1388 0.1326
10 wt% Analcime 1 0.00463 1338 0.1345 0.1347
10 wt% Analcime 2 0.00473 1307 0.1348
15 wt% Analcime 1 0.00432 1602 0.1204 0.1227
15 wt% Analcime 2 0.00498 1338 0.1250
25 wt% Analcime 1 0.00537 1345 0.1154 0.1129
25 wt% Analcime 2 0.00496 1521 0.1104
35 wt% Analcime 1 0.00529 1823 0.0864 0.0896
35 wt% Analcime 2 0.00602 1493 0.0927
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" 9 [ ) a a 1
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vianouusy  dedha  sminude  dhwiinidlen msgm%’m% m‘iﬁ‘]ﬂ“i‘fﬂﬁ]
i (® (® (® (%)
SPEEK 1 0.125 0.165 0.040 32.00
SPEEK 2 0.138 0.182 0.044 31.88
5 wt% Analcime 1 0.130 0.171 0.041 31.54
5 wt% Analcime 2 0.100 0.132 0.032 32.00
10 wt% Analcime 1 0.103 0.136 0.033 32.04
10 wt% Analcime 2 0.107 0.139 0.032 29.91
15 wt% Analcime 1 0.106 0.135 0.029 27.36
15 wt% Analcime 2 0.103 0.131 0.028 27.18
25 wt% Analcime 1 0.131 0.162 0.031 23.66
25 wt% Analcime 2 0.132 0.165 0.033 25.00
35 wt% Analcime 1 0.140 0.173 0.033 23.57
35 wt% Analcime 2 0.131 0.161 0.030 22.90
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yiamanusy  daeene s 1U5n@3ved 0.1 M NaOH (ml) IEC
i (2 game Gudu  Banasily (meq/g)

SPEEK 1 0.1000 37.00 35.15 1.85 1.85
SPEEK 2 0.0910 29.00 27.30 1.70 1.87
5 wt% Analcime 1 0.1040 27.30 25.40 1.90 1.83
5 wt% Analcime 2 0.0870 30.60 29.00 1.60 1.84
10 wt% Analcime 1 0.0910 28.95 27.30 1.65 1.81
10 wt% Analcime 2 0.0980 40.40 38.65 1.75 1.79
15 wt% Analcime 1 0.1010 4350  41.70 1.80 1.78
15 wt% Analcime 2 0.1090 4130  39.50 1.80 1.65
25 wt% Analcime 1 0.1055 4215  40.40 1.75 1.66
25 wt% Analcime 2 0.1050 4390  42.15 1.75 1.67
35 wt% Analcime 1 0.1350 47.10  45.10 2.00 1.48
35 wt% Analcime 2 0.1400 4120  39.10 2.10 1.50
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vindoyaluasawuIni 03 7 10 wi% Analcime

v
o o Y

HWINUNNWLU T UL
Y

ninwusualen 0.136 N5

0.103 N5

weight, . —weight
% water content = g et - Iy =x100
weig

dry

= (0.136-0.103) x 100 32.04

0.103
2. anuannsalumsuanilaaulosou
MnYoyaluasewuIni n4 muusunen TWda SPEEK/ 10 wi% Analcime

4 o
anuduTuvesmsazas Imasy laason lae 0.1 Tuas

USnasvesmsazars Isdeou laason lydn 14 Inmsea 1.65 Uaaans

9
TN NVDAUNIDTU = 0.091 03y

consumed ml NaOH x molarity NaOH
weighy dried SPEEK

lon exchange capacity

1.65x 0.1 = 1.81

0.091
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