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Abstract: In this study, cell resistivity and membrane resistivity were measured in Fe-Cr redox-flow battery system
using commercial ion-exchange membranes. Cell resistivity and membrane resistivity at charging periods are higher than
at discharging periods. And at the same membrane the resistivity were increased with increasing SOC. The resistivity of
hydrocarbon type Selemion CMV membrane was smaller than perfluoro type Nafion 117 and Nafion 551. The cell
resistivity and membrne resistivity of CMV membrane at 0% SOC was 12.864Qcm? and 8.751 Qcm?, respectively.
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Fig. 1. Schematic view of single Fe-Cr redox cell.
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Table 1. Characteristic Values of lon-exchange Membranes

Membrane Area Resistance Thickness | lon Excllanéé>‘Capaci1y Transi;;nr‘t MoistruTeW N leam
ran ) .
[Q - cm?) [mm] { meg/gwet memb. ] number Content* [meq/g H O]
Nafion 117 2.96 0.187 ) 0.97 7 0.1188 laO T
Nafion 551 2.78 0.237 0.1547 4.547
Selemion CMV 2.20 0.124 0.97 0.1690
* water content(gH.0/g wet membrane)
3 T T T T T i T T T
: T B e
; ® 50C 0% 3? ® S0C 0%
| | SOC 20% K W SOC 20% T
r;zah A SOC 40% | —_ ! A 50C 40%
22 ¥ S0C 60% Z \ ¥ SOC 60%
g Z 2]» 4
feof ! ED H
o =
>1r b = l
lr 4
: Charge Discharge 1 Charge Discharge
0 " L — (e s
60 40 20 0 -20 -40 -60 60 40 20 ¢ .
) . 0 20 -40  -60
Current Density, L{ mA/cm”] Current density, 1/ mA /em?]

Fig. 5. Effect of current density on cell voltage at
various states of charge with Nafion 117
membrane(1N HCl).
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A AYRITE Ag/AgClAZa WFHT o2 A5
oz Bs} CAH, Do} EA Afe]9] /32 HYE oA
3 7)Z4(Yokokawa, type 3063-22/REMC)E &
Hatgiom o] u Ak HAFuirt glo] A9 oA
tgdom2 Co} Dafelo] Agiabrt Lagrt o
F abAA AHETE 2 Aol A4Y AYFulE v}
Hstod wtele] A9E WiAbste] Tablch A e
FEE YAsHA 7] Hdsted AAA Tabz|R 166
rpme 2 wHA o HFUEE EA 317 st
Fig. 39 Co DA stold] PVCHE Abgisted =HA
€ 0.79cm’2 stgick. o]t A2 AMPES 54

oz &

Wrdel, A5A AIJF, 1995

Fig. 6. Effect of current density on cell voltage at
various states of charge with Nafion 117
membrane(2N HCL).
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Fig. 8. Effect of current density on cell voltage at
various states of charge with Nafion 561
membrane (4N HCD).
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Table 2. Celi Resistivity During Charge and Discharge for CMV, Nafion 117 and 551 Membranes

[Q -y
}F Charge [ Discharge B
Membranes - soc [%]

o w w e | e 4 20 o
CMVGNHC) | 12864 13405 15464 17372 | 13878 14874 16356 -
CMV (3N HCD 15.517 17.062 17.879 20.320 16.496 18.086 23.380 -
N117¢IN HCl) 22.363 23.027 23.676 24.995 25.252 26.652 - -
N117(2N HCh 27.878 30.124 30.446 31.103 35.200 39.719 - -
N551(1N HCH 16.618 17.733 18.853 20.558 20.500 23.633 - -
N551(4N HCD 15.736 16.856 20.080 21.146 17.817 20.752 23.138 —

Table 3. Membrane Resistivity at Various State of Charge(SOC)
(O cem?
T W‘—‘——‘EB&E;V_%”* - I T Mblscharge o -
Membranes e QOC {%] - -
- 770 *¥;2ﬁ()>7 vwrvﬁumrﬁm ”670> T ?)0 o 40 20‘«@"7*0—**
TOMVNHCH | 8751 9390 10201 12300 | 9355 10637 11912 -~
CMV (3N HCH 9.430 10.231 12.119 13.775 11.372 12.351 14.209 -
NI117(1N HCI) 18.352 19.127 20.001 21.044 20.232 22432 -
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Symbol Definition Typical Unit

AR ion exchange capacity [ meq/g wet membrane]

E. potential difference (V]
En membrane potential in open circuit [v]
En membrane polential in charging {v]
E..  membrane polential in discharging [V]
F Faraday constant [ J/mol equiv]
I current [mA]
I, current of component 1 ion [mA]
R areal resistivity [Q - cm?]
R gas constant [-]
R, resistivity of membrane in charging [ - cm’]

ol mghutel gk AF-(I) 117

R resistivity of membrane in discharging [ Q - cm?]

S area of membrane [cm®]
T absolute temperature [oK]
\Y voltage [V]
a-, average activity in each cell [geq/l]
a-.  average aclivity in each cell (geq/?]
f factor [—]
1 current density in charging [mA/cm?]
Iy current density in discharging  [mA/cm?]
r electrical resistance of KC} without membrane [}
r; electrical resistance of KCl with membrane (el
t, time of chlorosulfonation [min]
1y hydrolysis time [hr]
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