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The objective of this thesis was to synthesize nafion/zeolite composite membrane for fuel cell by
adding zeolite into nafion 117 polymer solution in order to improve the performance at high temperature. Three
kinds of zeolites, ZSM-5, mordenite and sodalite octahydrate, were selected. They were synthesized by a
hydrothermal process using china clay and rice husk ash as raw materials. The composite nafion/zeolite
membranes were fabricated by adding zeolite into nafion with the amount of 5, 10 and 15 % weight. However,
only for nafion/ZSM-5 the amount up to 45 % weight was added. The obtained composite membranes were
evaluated the following properties: zeolite particle distribution, ion exchange capacity, water uptake, hydrogen
permeation, and proton conductivity. The results showed that zeolite particle was distributed uniformly when
was added with amount up to 10 %. Above 10 % it started to agglomerate. [ts ion exchange capacity was in the
range of 1.2-1.6 and it was not related directly to added zeolite type and amount. While its water uptake was
increased with increasing amount of zeolite added. Among the fabricated membranes, nafion/mordenite (15 %)
showed the highest water uptake at 86.66 %. For hydrogen permeation all composite membranes exhibited
lower values than that of nafion membrane. At room temperature and 99.9 % relative humidity nafion/ZSM-5
(25 %) yielded the highest proton conductivity of 0.173 S/cm that was 1.8 times of that of nafion membrane. At
elevated temperature of 30-100 °C the proton conductivity of each membrane was increased and reached the
maximum value at 85-90 °C, then it dropped drastically especially nafion membrane (from 0.179 S/cm at 90°
C t0 0.056 S/cm at 100 °C). For nafion/ ZSM-5 and nafion/mordenite the conductivities were dropped from
0.243 S/cm and 0.185 S/cm at 90 °C to 0.199 S/em and 0.152 S/em at 100 °C, respectively. The
nafion/sodalite octahydrate revealed the lowest proton conductivity of 0.090 S/cm at 70 °C and 0.013 S/cm at
100 °C. Conclusively, the nafion membrane can be improved its properties especially proton conductivity by

adding selected zeolites.
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PEFC AFC PAFC MCFC SOFC
Mobilized or | Immobilized | Immobilized
“a . | Ton Exchange | Immobilized Liquid Liquid .
oianlas lag Ceramic
Membrane Potassium Phosphoric Molten
Hydroxide Acid Carbonate
Operating o o o o o
80°C 65-220°C 205°C 650°C 600-1000"C
Temperature
Charge . ) . . )
H OH H CO, o
Carrier
External
Reformer for yes yes yes no no
CH, (below)
Prime cell Graphite- Stainless-
Carbon-based | Carbon-based Ceramic
Components based based
Gaseous
catalyst Platinum Platinum Platinum Nickel
Product
Product water Gaseous Gaseous
Evaporative Evaporative Evaporative
management Product Product
Process Gas+ Process Gas+
Process Gas+ International | International
Product Heat | Independent Independent
electrolyte Reforming + | Reforming +
Management cooling cooling
Circulation Process Gas Process Gas
Medium Medium

#1311: 910 Fuel Cell Handbook 6" edition (National Energy Technology Laboratory)
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Type Capacity Application
1.5kW | Apollo Program
AFC
12 kW Space Shuttle Orbiter
200 kW | Power Plant (40,000 hours at 40%LHYV electric eff., 80% cogeneration)
PATE 11 MW | Power Plant
1 kW Gemini Program
200 kW | Transport bus in Canada
PEMFC | 250kW | Power Plant
2 MW Power Plant (8 stacks of 125 kW each, 58 %LHYV electric eff.)
<24 W | Mobile applications (mobile phone, laptop computer, PDA)
MCFC 2 MW Power Plant (44% LHYV eff.)
100 kW | Power Plant (4000 hours at 45%LHV electric eff.)
SOFC 220 kW | Power Plant (combined cycle with micro turbine generator 75kW, 55%

(180kW) | eff.)
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. £ Y Aa 9 1 Y o o A
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(electrode kinetic rate of oxygen reduction) ( Mukerjee and Srinivasan, 1993)
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backbone, which can be

modified

FiA Taseadng LI Uszansnm
Perfluorinated | Fluorinated backbone like | * Membranes are strong | * Membrane is durable
membranes PTFE and stable in both upto 60,000 h

* Fluorocarbon side chain | oxidative and reductive | ¢ Proton conductivities in
* Jonic clusters consisting | environments well humidified
of sulfonic acid ions membranes are 0.2 S/cm
attached to the side chains at PEMFC operating
temperatures
* Cell resistance of
0.05C2cm2 for 100 Lm
thick membrane with
voltage loss of only
50mV at 1 A/cm?2 is
achievable
* Fluorocarbon base * Membranes are
Partially * Hydrocarbon or relatively strong in * Less durable than
fluorinated aromatic side chain comparison to pf, but perfluorinated ones
membrane grafted onto the degrade fast * Low performance

* On suitable
modification, yield
membranes with
comparable proton

conductivities
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WA Taseadng AaANTR Uszansnm
Non- * Hydrocarbon base, * Membranes posses * Poor conductors of
fluorinated | typically good protons
hydrocarbon | modified with polar mechanical strength * Exhibit low durability
membranes | groups * Poor chemical and on account of swelling

thermal stability obtained by incorporation
of polar groups into the
polymer matrix
Non- » Aromatic base, typically | * Good mechanical * Good water absorption
fluorinated | modified strength * Relatively high proton
aromatic with polar/sulfonic acid * Chemically and conductivity is attainable
membranes | groups thermally stable * Conductance of SPPBP
even at elevated at 65 mol% of sulfonation
temperatures is 102 S/cm that is
retained at temperatures
above 100 °C
* Incorporation of acid + Stable in oxidizing, * Good dimensional
component, reducing and stability
into an alkaline polymer acidic environments + Exhibit proton
base * High thermal stability | conductivity
comparableto Nafion®
Acid-base * Durability of the
blend membranes is still to be
membranes proven
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0.0065 N5Y

4. Fosazmsgaduii

1nYoyalua1s1ei 8 WeuHY Nafion + 5% wt. ZSM-5 (1atm)

vmindeuru = 0.031 N3N
vindourwidon = 0.037 N3N
%Swelling = (Weight ,, — Weight ,  )x100
Weight ;.
= (0.037-0.031) x100 = 19.35
0.037

5. anvannialumsuaniagilosan

MnYoyamsnaaoalua1s1an 7 Bouru Nafion + 5% wt. ZSM-5 (1atm)

anudutuvesasazane Twden laason lua - 0.005 uBuBA
AnuTuTuveIssazaienialalasnanin = 0.005 uD3UA
YFesvesnsazane Taden lansonlad = 25 Hanans
YSasvesansazanensalalasnassn = 6.0  danans

Ysinasvesasazanelmdonlaasonlaangam Inmsaduasazaronsalalasnanin

= 10 Uaanns

Vv
[val _(Vi]szzJ

m

0.053 nN5Y

Y 1
hmiinvotouny

Ion exchange capacity =



91

N, = anuuTuvesasazareImdeylsasonlua (Losuoa)
Y 9 a 4
N, = ANUITNTUYRITTazaenTA lalasnassn (Hosuoa)
\2 = YSuasvesasazarelmdenlansonles  (adans)
v, = S1esvesasazaronsalalasnansn  (Uadans)
a =3 A [
v, = PsmasvesmsazaeImdeon laason laangau lnmsany
msazaensalalasnasin (Naaans)
v [
m = Winvevdoury (ATY)
25
Ion exchange capacity = 0.005(25) - 10 x0.005(6.0) =1.4623 meq/g
0.053
\ = \ [
6. MMIFUFIUVRRA ITTATIOU
#70819NTATUIN
893103 Iaruige = 0.0075 Sces
ANUAUA = 105.6 cmHg
ANUNUIVBUTDUHY = 0.0014 cm
dy ~ d' ] 2
WUNVDUTDUNY = 8.0457 cm
L
p_ QL
APA
1 = 1 (%) 3 2
= aMsFuRIuvena lalasau (cm (STP)*cm)/(s*cm *cmHg)
% 1 A‘ 1
— 9a31M3 IMaruELHY  (Sces)
L — ANUHUIVBUTDLHY  (cm)
AP = anuAuAN (cmHg)
Y ] )
A = NuNVoUTOUNY (cm)
P = 0.0075x 0.0014 = 1.27x 10" (cm’(STP)*cm)/(s*cm’*cmHg)

105.6 x 8.0457

126.53 Barrer



7. Mmamnamanuansalunmsidsaeuveutiourusslszneunueow sl lagn

[y \ A [P (Y]
f’)ﬂ‘ﬂﬁ?ﬂﬂﬁﬂ“ﬂi@l’laﬂﬂNﬂ AU

MnYeyaranInaasdlu 1319 IARLIN 0 BwnTaMUIMs IR NTe lumsii
TisaeuveudonduFalsznoununiloow/ale ladisandiunaudle ladiiu 5% Iag
vhmin
MI0819MIAIUIN
0.0143FUAIAT

mmwuwmﬁmm'u

ANUNIVDUTOLHL = 1 UALNAT

FLYTHMTEHINAIAUNAA LY = 0.5 HUAINAT

The area of membrane = Membrane thickness X Membrane wide
=0.0143 1 =0.0143m’

[ o 4 a
= M5 llsaou (HUUTAFUANAT)

@)
I'd
R = anudunu (Teww)
L = FLYLHNTTHINAIAUNAATY (FUANAT)
dy A Y o A ] a
A = NUNHIAAVDUTDLUNY (AT 1UFUAINAT)
1( 05 L
C = =7 = 0123 F0ud/ suauas
3141 0.0143

. [ Y A o Y [ I A A
wyameg .- mmmmumuﬂumﬂﬂumimmmgﬂuﬂmmaﬂmmﬂminwami

' &
naaoIn lanmi

1 Barrer= 10" (cm3(STP)*cm)/(s*cmz*cmHg)



NANUIN V.

XRD-pattern 13514

93



94

Count/sec

2000

1000

——

1l

! T T ¥ T
0 10 20

RN TS

20

MWELINHA 1 XRD pattern ¥195§11903 Mordenite

Count/sec

2000

1000

,, . Jo LJL_L U_JQ_LLL

T T T T T T L] 1
0 10 20 30 40 50

20

MWRUINT 2 XRD pattern 1195311903 Sodalite Octahydrate



MANHIN A,

Y

VIHANINAAD

95



Y

96

mﬂﬂﬁﬂ]iﬂﬂﬁﬂﬂ
1. mmsthlilsaeu
a3nd a1 amstildsaeulu@euruigumngl 27 °C waganuFuduEng 99.9%
Nafion 117 5%ZSM-5(1atm)
Thickness 42 31 38 Thickness 142 143 144
Thickness Average = 0.0037 0.5 Thickness Average = 0.0143 0.5
TIME KOhm Conduct. 0.098 TIME Ohm (kW) Conduct. 0.123
1 1.395 0.097 7.43E-04 1 0.243 0.144 0.040496
2 1.392 0.097 2 0.245 0.143
3 1.390 0.097 3 0.247 0.142
4 1.387 0.097 4 0.249 0.14
5 1.385 0.098 5 0.248 0.141
6 1.383 0.098 6 0.247 0.142
7 1.382 0.098 7 0.248 0.141
8 1.380 0.098 8 0.249 0.14
9 1.379 0.098 9 0.251 0.139
10 1.378 0.098 10 0.253 0.138
11 1.377 0.098 11 0.255 0.137
12 1.376 0.098 12 0.258 0.136
13 1.375 0.098 13 0.258 0.136
14 1.374 0.098 14 0.259 0.135
15 1.372 0.098 15 0.26 0.134
16 1.372 0.098 16 0.259 0.135
17 1.370 0.099 17 0.261 0.134
18 1.370 0.099 18 0.261 0.134
19 1.368 0.099 19 0.263 0.133
20 1.367 0.099 20 0.262 0.133
21 1.366 0.099 21 0.261 0.134
22 1.365 0.099 22 0.26 0.134
23 1.364 0.099 23 0.263 0.133
24 1.364 0.099 24 0.264 0.132
25 1.363 0.099 25 0.265 0.132
26 1.362 0.099 26 0.264 0.132
27 1.361 0.099 27 0.263 0.133
28 1.360 0.099 28 0.266 0.131
29 1.358 0.100 29 15.885 0.002
30 1.358 0.100 30 15.888 0.002
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Nafion-ZSM-5(1atm) 10%

Nafion-ZSM-5(1atm) 15%

Thickness (mm) 144 148 147 Thickness (mm) 58 57 54
Thickness Average (mm) 0.014633 0.5 Thickness Average (mm) 0.005633 0.5
TIME (sec) KOhm Conduct. 0.152 TIME (sec) KOhm | Conduct. 0.166
1 0.222 0.154 3.98E-03 1 0.539 0.165 1.44E-03
2 0.221 0.155 2 0.539 0.165
3 0.219 0.156 3 0.538 0.165
4 0.214 0.160 4 0.538 0.165
5 0.216 0.158 5 0.538 0.165
6 0.217 0.157 6 0.538 0.165
7 0.219 0.156 7 0.538 0.165
8 0.221 0.155 8 0.538 0.165
9 0.219 0.156 9 0.538 0.165
10 0.223 0.153 10 0.538 0.165
11 0.224 0.153 11 0.537 0.165
12 0.225 0.152 12 0.537 0.165
13 0.228 0.150 13 0.536 0.166
14 0.221 0.155 14 0.536 0.166
15 0.221 0.155 15 0.536 0.166
16 0.223 0.153 16 0.535 0.166
17 0.227 0.151 17 0.535 0.166
18 0.225 0.152 18 0.534 0.166
19 0.223 0.153 19 0.533 0.167
20 0.224 0.153 20 0.532 0.167
21 0.227 0.151 21 0.532 0.167
22 0.228 0.15 22 0.530 0.167
23 0.228 0.15 23 0.530 0.167
24 0.231 0.148 24 0.529 0.168
25 0.232 0.147 25 0.529 0.168
26 0.233 0.147 26 0.528 0.168
27 0.231 0.148 27 0.527 0.168
28 0.235 0.145 28 0.526 0.169
29 0.237 0.144 29 0.525 0.169
30 0.233 0.147 30 0.525 0.169
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98

Nafion-ZSM-5(1atm) 25%

Nafion-ZSM-5(1atm) 35%

Thickness (mm) 37 46 53 Thickness (mm) 30 26 26
Thickness Average (mm) 0.004533 0.5 Thickness Average (mm) 0.002733 0.5
TIME (sec) KOhm Conduct. 0.173 TIME (sec) KOhm Conduct. 0.099

1 0.645 0.171 1.17E-03 1 1.113 0.099 3.36E-04
2 0.643 0.172 2 1.119 0.099

3 0.644 0.171 3 1.118 0.099

4 0.642 0.172 4 1.117 0.099

5 0.642 0.172 5 1.112 0.099

6 0.642 0.172 6 1.110 0.099

7 0.641 0.172 7 1.123 0.098

8 0.641 0.172 8 1.112 0.099

9 0.641 0.172 9 1.117 0.099

10 0.640 0.172 10 1.118 0.099

11 0.640 0.172 11 1.116 0.099

12 0.640 0.172 12 1.114 0.099

13 0.639 0.173 13 1.113 0.099

14 0.639 0.173 14 1.115 0.099

15 0.638 0.173 15 1.117 0.099

16 0.638 0.173 16 1.115 0.099

17 0.637 0.173 17 1.114 0.099

18 0.636 0.173 18 1.118 0.099

19 0.636 0.173 19 1.111 0.099
20 0.636 0.173 20 1.114 0.099
21 0.635 0.174 21 1.111 0.099
22 0.635 0.174 22 1.110 0.099
23 0.634 0.174 23 1.108 0.100
24 0.634 0.174 24 1.105 0.100
25 0.634 0.174 25 1.111 0.099
26 0.632 0.175 26 1.115 0.099
27 0.632 0.175 27 1.118 0.099
28 0.630 0.175 28 1.111 0.099
29 0.630 0.175 29 1.110 0.099
30 0.630 0.175 30 1.114 0.099
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Nafion-ZSM-5(1atm) 45%
Thickness (mm) 43 49 58
Thickness Average (mm) 0.005 0.5
TIME (sec) KOhm Conduct. 0.037
1 3.023 0.036 3.83E-04
2 3.017 0.037
3 3.012 0.037
4 3.009 0.037
5 2.999 0.037
6 2.999 0.037
7 2.999 0.037
8 2.999 0.037
9 2.998 0.037
10 2.996 0.037
11 2.993 0.037
12 2.991 0.037
13 2.988 0.037
14 2.984 0.037
15 2.982 0.037
16 2.987 0.037
17 2.974 0.037
18 2.969 0.037
19 2.969 0.037
20 2.967 0.037
21 2.962 0.037
22 2.956 0.037
23 2.950 0.037
24 2.947 0.037
25 2.944 0.037
26 2.939 0.038
27 2.930 0.038
28 2.925 0.038
29 2.919 0.038
30 2.910 0.038
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Nafion-modernite 3%

Nafion-modernite 5%

Thickness (mm) 48 49 52 Thickness (mm) 54 53 52
Thickness Average (mm) 0.00496 0.5 Thickness Average (mm) 0.0053 0.5
TIME (sec) KOhm Conduct 0.082 TIME (sec) KOhm Conduct 0.083
1 1.180 0.085 1.4E-03 1 1.134 0.083 2.87E-4
2 1.195 0.084 2 1.135 0.083
3 1.197 0.084 3 1.135 0.083
4 1.203 0.084 4 1.136 0.083
5 1.202 0.084 5 1.137 0.083
6 1.203 0.084 6 1.137 0.083
7 1.204 0.084 7 1.138 0.083
8 1.207 0.083 8 1.138 0.083
9 1.213 0.083 9 1.139 0.083
10 1.214 0.083 10 1.141 0.083
11 1.217 0.083 11 1.142 0.083
12 1.217 0.083 12 1.142 0.083
13 1.222 0.082 13 1.142 0.083
14 1.223 0.082 14 1.140 0.083
15 1.223 0.082 15 1.139 0.083
16 1.226 0.082 16 1.138 0.083
17 1.227 0.082 17 1.137 0.083
18 1.228 0.082 18 1.135 0.083
19 1.229 0.082 19 1.134 0.083
20 1.229 0.082 20 1.134 0.083
21 1.230 0.082 21 1.133 0.083
22 1.232 0.082 22 1.131 0.083
23 1.235 0.082 23 1.131 0.083
24 1.235 0.082 24 1.132 0.083
25 1.237 0.081 25 1.131 0.083
26 1.239 0.081 26 1.131 0.083
27 1.241 0.081 27 1.132 0.083
28 1.242 0.081 28 1.132 0.083
29 1.244 0.081 29 1.130 0.083
30 1.244 0.081 30 1.130 0.083
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101

Nafion-modernite 10%

Nafion-modernite 15%

Thickness (mm) 51 52 50 Thickness (mm) 55 56 56
Thickness Average (mm) 0.0051 0.5 Thickness Average (mm) 0.00556 0.5
TIME (sec) KOhm Conduct. 0.085 TIME (sec) KOhm | Conduct. 0.040
1 1.113 0.085 2.88E-04 1 2.562 0.039 5.49E-04
2 1.119 0.084 2 2.560 0.039
3 1.118 0.084 3 2.552 0.039
4 1.117 0.084 4 2.540 0.040
5 1.112 0.085 5 2.535 0.040
6 1.110 0.085 6 2.530 0.040
7 1.123 0.084 7 2.525 0.040
8 1.112 0.085 8 2.526 0.040
9 1.117 0.084 9 2.523 0.040
10 1.118 0.084 10 2.520 0.040
11 1.116 0.085 11 2.515 0.040
12 1.114 0.085 12 2.510 0.040
13 1.113 0.085 13 2.500 0.040
14 1.115 0.085 14 2.495 0.040
15 1.117 0.084 15 2.480 0.041
16 1.115 0.085 16 2.475 0.041
17 1.114 0.085 17 2472 0.041
18 1.118 0.084 18 2.470 0.041
19 1111 0.085 19 2.468 0.041
20 1.114 0.085 20 2.467 0.041
21 1.111 0.085 21 2.465 0.041
22 1.110 0.085 22 2.463 0.041
23 1.108 0.085 23 2.460 0.041
24 1.105 0.085 24 2.461 0.041
25 1.111 0.085 25 2462 0.041
26 1.115 0.085 26 2.464 0.041
27 1.118 0.084 27 2.460 0.041
28 1.111 0.085 28 2.463 0.041
29 1.110 0.085 29 2.460 0.041
30 1.114 0.085 30 2.500 0.040
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Nafion-sodalite 5%

Nafion-sodalite10%

Thickness (mm) 32 30 28 Thickness (mm) 38 42 46
Thickness Average (mm) 0.003 0.5 Thickness Average (mm) 0.0042 0.5
TIME (sec) KOhm Conduct. 0.138 TIME (sec) KOhm Conduct. 0.089
1 1.220 0.137 4.70E-04 1 1.344 0.089 2.54E-04
2 1.218 0.137 2 1.342 0.089
3 1.217 0.137 3 1.341 0.089
4 1.215 0.137 4 1.340 0.089
5 1.214 0.137 5 1.339 0.089
6 1.213 0.137 6 1.339 0.089
7 1.212 0.138 7 1.338 0.089
8 1.211 0.138 8 1.337 0.089
9 1.210 0.138 9 1.337 0.089
10 1.209 0.138 10 1.337 0.089
11 1.208 0.138 11 1.336 0.089
12 1.208 0.138 12 1.336 0.089
13 1.207 0.138 13 1.335 0.089
14 1.207 0.138 14 1.335 0.089
15 1.207 0.138 15 1.335 0.089
16 1.206 0.138 16 1.335 0.089
17 1.206 0.138 17 1.334 0.089
18 1.206 0.138 18 1.334 0.089
19 1.206 0.138 19 1.334 0.089
20 1.206 0.138 20 1.333 0.089
21 1.206 0.138 21 1.333 0.089
22 1.206 0.138 22 1.333 0.089
23 1.206 0.138 23 1.332 0.089
24 1.206 0.138 24 1.332 0.089
25 1.206 0.138 25 1.331 0.089
26 1.206 0.138 26 1.331 0.089
27 1.206 0.138 27 1.330 0.090
28 1.206 0.138 28 1.330 0.090
29 1.206 0.138 29 1.330 0.090
30 1.206 0.138 30 1.330 0.090
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Nafion-sodalite 15%
Thickness (mm) 54 52 53
Thickness Average (mm) 0.0053 0.5
TIME (sec) KOhm Conduct. 0.044
1 2.756 0.043 2.63E-04
2 2.750 0.043
3 2.748 0.043
4 2.750 0.043
5 2.748 0.043
6 2.745 0.043
7 2.740 0.043
8 2.735 0.044
9 2.736 0.044
10 2.735 0.044
11 2.732 0.044
12 2.730 0.044
13 2.730 0.044
14 2.732 0.044
15 2.730 0.044
16 2.726 0.044
17 2.725 0.044
18 2.726 0.044
19 2.723 0.044
20 2.720 0.044
21 2.716 0.044
22 2.712 0.044
23 2.710 0.044
24 2.709 0.044
25 2.708 0.044
26 2.706 0.044
27 2.707 0.044
28 2.703 0.044
29 2.700 0.044
30 2.700 0.044
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104

Nafion-ZSM-5(5atm) 5%

Nafion-ZSM-5(5atm)10%

Thickness (mm) 48 47 48 Thickness (mm) 53 52 51
Thickness Average (mm) 0.004767 0.5 Thickness Average (mm) 0.0052 0.5
TIME (sec) KOhm | Conduct. 0.069 TIME (sec) KOhm | Conduct. 0.081
1 1.532 0.068 7.07E-04 1 1.183 0.081 1.36E-04
2 1.526 0.069 2 1.183 0.081
3 1.526 0.069 3 1.183 0.081
4 1.530 0.069 4 1.183 0.081
5 1.529 0.069 5 1.183 0.081
6 1.540 0.068 6 1.183 0.081
7 1.545 0.068 7 1.181 0.081
8 1.540 0.068 8 1.181 0.081
9 1.540 0.068 9 1.181 0.081
10 1.539 0.068 10 1.181 0.081
11 1.528 0.069 11 1.182 0.081
12 1.520 0.069 12 1.182 0.081
13 1.530 0.069 13 1.183 0.081
14 1.535 0.068 14 1.183 0.081
15 1.532 0.068 15 1.183 0.081
16 1.546 0.068 16 1.183 0.081
17 1.532 0.068 17 1.184 0.081
18 1.529 0.069 18 1.184 0.081
19 1.510 0.069 19 1.184 0.081
20 1.505 0.070 20 1.185 0.081
21 1.505 0.070 21 1.185 0.081
22 1.502 0.070 22 1.185 0.081
23 1.503 0.070 23 1.186 0.081
24 1.504 0.070 24 1.186 0.081
25 1.505 0.070 25 1.186 0.081
26 1.500 0.070 26 1.187 0.081
27 1.501 0.070 27 1.187 0.081
28 1.503 0.070 28 1.187 0.081
29 1.505 0.070 29 1.187 0.081
30 1.506 0.070 30 1.187 0.081
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Nafion-ZSM-5 (5atm)15%
Thickness (mm) 48 33 29
Thickness Average (mm) 0.003667 0.5
TIME (sec) KOhm Conduct. 0.107
1 0.904 0.106 2.77E-04
2 0.903 0.106
3 0.903 0.106
4 0.901 0.107
5 0.899 0.107
6 0.899 0.107
7 0.898 0.107
8 0.898 0.107
9 0.897 0.107
10 0.897 0.107
11 0.897 0.107
12 0.896 0.107
13 0.896 0.107
14 0.896 0.107
15 0.896 0.107
16 0.895 0.107
17 0.895 0.107
18 0.895 0.107
19 0.896 0.107
20 0.896 0.107
21 0.897 0.107
22 0.897 0.107
23 0.896 0.107
24 0.897 0.107
25 0.897 0.107
26 0.897 0.107
27 0.897 0.107
28 0.898 0.107
29 0.898 0.107
30 0.898 0.107
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Nafion 117 15%ZSM5(1atm)
Thickness (mm) 37 33 38 Thickness (mm) 56 57 58
Thickness Average (mm) 0.0036 0.5 Thickness Average (mm) 0.0057 0.5
°C KOhm Conduct. 0.133 °C KOhm | Conduct. 0.176
30 1.369 0.101 3.20E-02 30 0.956 0.141 4.07E-02
35 1.312 0.106 35 0.914 0.148
40 1.289 0.108 40 0.900 0.150
45 1.172 0.119 45 0.885 0.153
50 1.076 0.129 50 0.859 0.157
55 1.013 0.137 55 0.846 0.160
60 0.972 0.143 60 0.789 0.171
65 0.986 0.141 65 0.756 0.179
70 0.925 0.150 70 0.723 0.187
75 0.886 0.157 75 0.698 0.194
80 0.836 0.166 80 0.622 0.217
85 0.806 0.172 85 0.579 0.233
90 0.774 0.179 90 0.556 0.243
95 1.113 0.125 95 0.619 0.218
100 2.462 0.056 100 1.530 0.088
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= ' o 4 oA A { o o ¢4 '
a3 a2 amsthllsaeulubenduiigungd 30-100 °C vazANUFUAUINTIFTUAY 99.9% (AD)

15% ZSMS5 (5 atm) 15% Mordenite
Thickness (mm) 52 48 45 Thickness (mm) 56 55 56
Thickness Average (mm) 0.004833 0.5 Thickness Average (mm) 0.005567 0.5
°C KOhm | Conduct. 0.269 °C KOhm | Conduct. 0.095
30 0.939 0.148 8.91E-02 30 2.463 0.055 3.63E-02
35 0.884 0.157 35 2.254 0.060
40 0.818 0.170 40 2.162 0.063
45 0.743 0.187 45 1.914 0.071
50 0.667 0.208 50 1.905 0.071
55 0.616 0.225 55 1.832 0.074
60 0.487 0.285 60 1.762 0.077
65 0.440 0.316 65 1.649 0.082
70 0.394 0.353 70 1.593 0.085
75 0.382 0.364 75 1.423 0.095
80 0.363 0.383 80 1.201 0.113
85 0.340 0.408 85 0.978 0.138
90 0.403 0.345 90 0.865 0.156
95 0.480 0.289 95 0.786 0.172
100 0.698 0.199 100 1.163 0.116
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a

U

0% 30-100 °C HazANUFUFURNTETUAY 99.9% (719)

15%Sodalite
Thickness (mm) 46 35 38
Thickness Average (mm) 0.003967 0.5
°C KOhm Conduct. 0.057
30 2.663 0.052 1.99E-02
35 2.587 0.054
40 2.473 0.056
45 2.337 0.059
50 2.173 0.064
55 1.947 0.071
60 1.935 0.072
65 1.836 0.076
70 1.546 0.090
75 2.107 0.066
80 2.181 0.064
85 2.558 0.054
90 3.652 0.038
95 6.231 0.022
100 10.632 0.013
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4 ] 2] 4 1 IS { a
M319 A3 MMsFuAuvesna lalasmuvougourduuuiloou/zsM-5 (1 atm) Nguugiites (27°C)

Type

of Membrane

Zeolite 5%

Zeolite 10%

Zeolite 15%

Pure naffion

No.

o Y
da5173 Inah

(Scem)

10.2 10.4

10.3 10.6

10.3 10.5

10.8 10.6

o oA
ammﬁ'lwamuwa

(Sccs)

0.0127 0.0128

0.0113 0.0112

0.0092 0.0090

0.0136 0.0135

ANUAUAT

(cmHg)

105.6 105.6

105.6 105.6

105.6 105.6

105.6 105.6

ANUURUIVDUNWLUTU

(cm)

0.0036 0.0036

0.0040 0.0041

0.0048 0.0048

0.0034 0.0034

A 4
WUN

(cm”)

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

anmliufadurm1d
(cm3(STP)*cm)

/(s*cm2*cmHg)

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

Y 0 = v
aalFunadurila

(Barrer)

541.68 543.77

533.57 534.48

517.87 508.46

552.27 552.27

&
[$1a1d]

542.72

534.02

513.17

548.90

drudlsunung g

1.480

0.647

6.658

4.760
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AT N A4 mmswmumamw'laimmummmmmugmﬂﬂaau/ZSM-s (1 atm) Nngaungu 50°C

Type

of Membrane

Zeolite 5%

Zeolite 10%

Zeolite 15%

Pure naffion

No.

@ F)
031m73 Inaiin

(Scem)

10.3 10.4

10.3 10.6

10.3 10.5

10.8 10.6

o A
89515 Inarhude

(Sccs)

0.0130 0.0132

0.0117 0.0115

0.0097 0.0093

0.0140 0.0138

ANWAUAN

(cmHg)

105.6 105.6

105.6 105.6

105.6 105.6

105.6 105.6

ANUUUIUDN

WS U (cm)

0.0036 0.0036

0.0040 0.0041

0.0048 0.0048

0.0034 0.0034

Ed '
W 1'1(cm2)

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

amwlFufadurmn 1@
(cm3(STP)*cm)

/ (s*cm2*cmHg)

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

annlfufadurm 1@

(Barrer)

557.93 557.89

549.26 550.44

546.12 527.29

565.74 559.00

nay

556.91

549.85

536.71

562.37

drudloutuunasgiu

1.387

0.832

13.316

4.762
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' =2 T [2J A i ) A a o
ATN AS i"nﬂ"l'iclfllN"I’Llsll’t‘Nﬂ”Hfm],iﬂﬂ'5ﬁl1!"U’t‘)x‘]LfJE]lLNNLLHWW@@H/ZSM-S (1 atm) NgaUngu 60°C

Type

of Membrane

Zeolite 5%

Zeolite 10%

Zeolite 15%

Pure naffion

No.

1Y Y
da31m3 Ivatn

(Scem)

10.3 10.4

10.3 10.6

10.3 10.5

10.8 10.6

o oA
n51M3 Inarude

(Sces)

0.0133 0.0135

0.0118 0.0120

0.0097 0.0098

0.0143 0.0146

ANVAUAN

(cmHg)

105.6 105.6

105.6 105.6

105.6 105.6

105.6 105.6

AUV U1V

WUUIU (cm)

0.0036 0.0036

0.0040 0.0041

0.0048 0.0048

0.0034 0.0034

v

Wi (sz)

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

anm s adurim
(cm3(STP)*cm)

/ (s*em2*cmHg)

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

Y o = v
aamlFunaduriula

(Barrer)

570.10 572.02

557.11 574.37

546.12 555.80

579.21 572.47

A
NaY

571.10

565.74

550.83

575.84

AudeuuuNINTgIU

1.295

12.206

6.658

4.762
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' =2 T [2J A i ) A a o
AT N A6 i"nﬂ"l'iclfllW"I’Llsll’t‘Nﬂ”Hfm],iﬂﬂ'5ﬁl1!"U’t‘NLfJE’JLLNNLLHWW@@H/ZSM-S (1 atm) ngaungu 70°C

Type

of Membrane

Zeolite 5%

Zeolite 10%

Zeolite 15%

Pure naffion

No.

9 v
0313 Ivaidn

(Scem)

10.3 10.4

10.3 10.6

10.3 10.5

10.8 10.6

o VoA
n5173 Inarude

(Sces)

0.0137 0.0138

0.0120 0.0123

0.0098 0.0100

0.0146 0.0145

ANVAUAN

(cmHg)

105.6 105.6

105.6 105.6

105.6 105.6

105.6 105.6

AUV U1V

WUUIU (cm)

0.0036 0.0036

0.0040 0.0041

0.0048 0.0048

0.0034 0.0034

v

Wi (sz)

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

anmliudaduriuld
(cm3(STP)*cm)

/ (s*cm2*cmHg)

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

Y 0 = v
aalFunadurinla

(Barrer)

584.44 586.14

564.95 590.32

555.54 564.95

592.68 564.95

A
NaY

585.29

577.64

560.25

589.31

AudeUUUNIATIU

1.202

17.940

6.658

4.762
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' =2 T [2J A i ) A a o
AT A7 i"nﬂ"l'iclfllW"I’Llsll’t‘Nﬂ”Hfm],iﬂﬂ'5ﬁl1!"U’t‘NLfJE’JLLNNLLHWW@@H/ZSM-S (1 atm) NgaUngu 80°C

Type

of Membrane

Zeolite 5%

Zeolite 10%

Zeolite 15%

Pure naffion

No.

9 v
0313 Ivaidn

(Scem)

10.3 10.4

10.3 10.6

10.3 10.5

10.8 10.6

o VoA
n5173 Inarude

(Sces)

0.0143 0.0142

0.0123 0.0127

0.0102 0.0103

0.0151 0.0153

ANVAUAN

(cmHg)

105.6 105.6

105.6 105.6

105.6 105.6

105.6 105.6

AUV U1V

WUUIU (cm)

0.0036 0.0036

0.0040 0.0041

0.0048 0.0048

0.0034 0.0034

v

Wi (sz)

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

8.0457 8.0457

anmliudaduriuld
(cm3(STP)*cm)

/(s*cm2*cmHg)

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

5.42E-08 5.42E-08

Y 0 = v
aalFunadurinla

(Barrer)

612.95 600.26

580.65 606.28

574.37 583.79

612.88 619.25

A
NaY

606.61

593.46

579.08

616.25

AudeUUUNIATIU

8.970

18.125

6.658

4.762




114

52 3amM3fAnE HazmMInau

¥ UNANEITE FIgNTNN
a o A [ 4
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wa a Jd @ a a Y 4
UszIamsfny M. AMNNMAATUUNA) UNINGAITTINAAAT (W.F.2545)
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INEFY UHINBUNHATAANT (WA, 2547)
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