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1.1 Fumapem-F-930FH & F &



pem® F-930
membrane type cation exchange membrane
appearance / colour transparent, colourless
backing foil PET foil
reinforcement none
counter ion H-form
delivery form dry (non-activated)
thickness (dry, as received) pm 28-33
thickness (wet) pm 30-37
weight per unit area mg cm” 9.5-9.6
IEC (ion exchange capacity) meqg’ 0.95
area resistance in Hz0 at T = 25 °C in H-form ® Qcem? 0.25
conductivity in Hz0 at T = 25 °C in H-form ® ms em'’ 14.3
selectivity 0.1 /0.5 mol/kg KClat T =25°C" % >90%
uptake in H;0 at T = 25 °C in H-form © wt % 23
dimensional swelling in H,0 at T = 25 °C in H-form ¥ % 12-14
proton transfer rate ® pmol r.gi"J >10.000
Young's modulus at 23 °C / 50 % r.h.” MPa 200 - 250
yield strength at 23 °C /50 % r.h. " MPa 10-15
tensile strength at 23 °C / 50 % r.h. ” MPa 20-30
elongation at break at 23 °C /50 % r.h. " % 125-160
bubble point test in water at T = 25 °C bar >2

a) measured in 4-electrode cell (in-plane), sample activated in 10 % H;SO,, T = 100 °C for 30 min.
b) determined from e p i ment in a cc ion cell, sample activated in 10 % H.S0s, T = 100 °C for
30 min.

c) reference membrane dried over P;O; in vacuo, sample activated in 10 % H;SO4, T = 100 °C, 30 min.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), sample activated in 10 % H,SO., T = 100 °C, 30 min.

&) determined from pH potential measurement in a concentration cell 0.5 M HCI / 0.5 M NaCl @ T = 25 °C, sample activated in
10 % H:S0,, T = 100 °C, 30 min.

f) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1, sample activated in 10 %
H:S0,, T = 100 °C, 30 min,

1.2 Fumapem-F-930-RFSFH & T f&

fumapem® F-930-RFS
membrane type cation exchange membrane
app transparent / colorless
backing foil PET
reinforcement yes

counter ion H-form
delivery form dry
thickness (dry) Hm 28-33

IEC (ion exchange capacity) meq g’ 0,89-1,02

area resistance in H20 at T = 25 °C in H-form ® Qcem? <0.15
condugctivity in Hz0 at T = 25 °C in H-form * ms em’”’ 110

area resistance at 80 °C and 100 % rel. humid. 0cm? <0.12

area resistance at 80 °C and 50 % rel. humid. Qcm? <0,17

uptake in H,0 at T = 25 °C in H-form o wt % 16
dimensional swelling in Hz0 at T = 25 °C in H-form 9 Y 3

Young's modulus at 23 °C / 50 % r.h. © MPa >230

yield strength at 23 °C /50 % r.h. MPa >40

tensile strength at 23 °C /50 % r.h. © MPa >20
elongation at break at 23 °C /50 % r.h. % =150

a) measured in two-electrode cell (through-plane), sample activated in 10 % H,SO,, T = 80 °C, 24 hrs before measurement.
b) determined from EIS during fuel cell operation

c) reference membrane dried over P20s in vacuo, ), sample activated in 10 % Hz80,, T = 80 °C, 24 hrs before measurement.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), ), sample activated in 10 % H;SO., T = 80 °C, 24 hrs
before measurement.

e) i by st at T =25°C and 50 % r.h., according to DIN EN 527-1.
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1.3 Fumapem-FS-930-RFSFH & FiE

fumapem® FS-930-RFS
membrane type cation exchange membrane
appearance transparent / colourless
backing foil PET
reinforcement yes

counter ion H-form
delivery form dry

thickness (dry) pm 27-32

IEC (ion exchange capacity) meq g’ 1.15

area resistance in HzO at T = 25 °C in H-form ¥ Qom? <0.02
conductivity in HO at T = 25 °C in H-form * mS em'” >120

area resistance at 80 °C and 100 % rel. humid. ” Qcm® <0,08

area resistance at 80 °C and 50 % rel. humid. ® Qcm® <0,14

uptake in H;O at T = 25 °C in H-form o wt % 17
dimensional swelling in H,0 at T = 25 °C in H-form % 10

Young's modulus at 23 °C /50 % r.h. © MPa >250

yield strength at 23 °C /50 % r.h. ¥ MPa > 10

tensile strength at 23 °C / 50 % r.h. © MPa >20
elongation at break at 23 °C /50 % r.h. @ % > 150

a) measured in two-electrode cell (through-plane), sample activated in 10 % H2SOs, T = 80 °C, 24 hrs before measurement.

b) determined from EIS during fuel cell operation

c) reference membrane dried over P.Os in vacuo, ), sample activated in 10 % H.S0s, T = 80 °C, 24 hrs before measurement.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), ), sample activated in 10 % H>SOs, T = 80 °C, 24 hrs
before measurement.

e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1.

1.4 Fumapem-F-950 PH & T i

* F-950
type cation m
1 colour transparent, colourle:
backing foil PET foil
none
counter ion H-form
delivery form dry (non-activated)
k (dry, as res pm 44 — 49
(wet) gm 47 - 55
weight per unit area mg om? 95-96
IEC (ion pacity) meag’ 095
area resistance in H20 at T = 25 °C in H-form */ Qcm’ 044
conductivity in H20 at T = 25 °C in H-form * mS em’” 1.3
selectivity 0.1/ 0.5 molikg KCl at T = 25 °C" % 93-94
uptake in H20 at T = 25 °C in H-form © wt % 23
swelling in H;O at T=25"Cin H-form ¢ % 12-14
proton transfer rate * ”m;!“'gi"d > 10.000
Young's modulus at 23 °C / 50 % r.h." MPa 500 - 550
yield strength at 23 °C /50 % r.h. " MPa 13-17
tensile strength at 23 °C / 50 % r.h. " MPa 30-35
longation at break at 23 °C /50 % r.h. % 126160
bubble point test in water at T = 25 °C bar >3

a) measured in 4-electrode cell (in-plane), sample activated in 10 % H;S0,, T = 100 *C for 30 min.

b) determined from membrane potential measurement in a concentration cell, sample activated in 10 % HSO, T =100 °C for
30 min.

¢) reference membrane dried over P,0s in vacuo, sample activated in 10 % H,S0., T = 100 °C, 30 min.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), sample activated in 10 % H;S04, T = 100 °C, 30 min,

@) determined from pH potential measurement in a concentration cell 0.5 M HCI / 0.5 M NaCl @ T = 25 “C, sample activated in
10 % HzS04, T = 100 °C, 30 min.

f) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1, sample activated in 10 %
Hz804, T =100 °C, 30 min.



1.5 Fumapem-F-14100 [HE K

fumapem® F-14100
membrane type cation exchange membrane
appearance / colour transparent, colourless
backing foil PET foil
reinforcement none

counter ion H-form

delivery form dry

thickness (dry) um 100-120

IEC (ion exchange capacity) meq g’ 0.6-0.8

area resistance in H;0 at T = 25 °C in H-form * Qem® 02-03
conductivity in H,O at T = 25 °C in H-form ® ms cm’ 60 - 70
selectivity 0.1 /0.5 mol/kg KCl at T = 25 °C"” % > 96

uptake in H20 at T = 25 °C in H-form © wt % 15-25
dimensional swelling in H20 at T = 25 °C in H-form 9 % 4-6

Young's modulus at 23 °C /50 % r.h. © MPa 250 —400

yield strength at 23 °C /50 % r.h. © MPa 10-20

tensile strength at 23 °C / 50 % r.h. © MPa 20-40
elongation at break at 23 °C / 50 % rh. @ % > 300

bubble point test in water at T = 25 °C bar >4

pH stability range pH 0-10

a) measured in two-electrode cell (through-plane), sample activated in 10 % H.SO,, T = 80 °C, 24 hrs.

b) determined from membrane potential measurement in a concentration cell.

c) reference membrane dried over P,Os in vacuo, sample activated in 10 % H,SO., T = 80 °C, 24 hrs before measurement.

d) reference membrane dried at ambient conditions (25 °C, 50 % r.h.), sample activated in 10 % H.SQO,, T = 80 °C, 24 hrs
before measurement.

e) determined by stress-strain measurement at T = 25°C and 50 % r.h., according to DIN EN 527-1, sample activated in 10 %
H;S0,, T = 80 °C, 24 hrs before measurement.
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