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Abstract Thispaper reportsanev FeHP redox flow cell The positive and nega-
tive electrodes active materials are phoghomolybdic acid and acidified ferrous sulphate solutions
regpectively. Two activated porous carbon felt electrodesw here the electrochem ical reactions take
place, are separated by a selective cation-exchangemenbrane The both couples have a suitable
electrochanical reversibility on carbon and grgphite electrodes The active materials of the cell

have very high stability. M oreover the cell has no life cycle Imiting

Key W Ords Redox cell, Heteropolyacids, Pow er sources, Fe-HP redox cell

1 Introduction

A suitable storage method is a requisite for the utilization of solar, wind or tidal energy
in large scale electrical energy production

In 1974, the concept of an electrochamical storage systan based on a redox flow cellw as
presented by Thaller'™™. This concept is based on the storage of wo fullysluble redox cou-
plesw hich are continuously pumped through a pow er conversion cell One of themost im-
portant featuresof this kind of battery is the possibility of an independent scaling-up of the
electric energy storage section (external tanks) and the pow er section (electrochemical cell).
In addition this gatial separation of transformation and storage, and allow s one to choose
the energy and pow er independent of one another during construction of the redox cell
M oreover, these batteries have no life cycle Imiting factors, such as shape changes, inactive
form s of reactants, and dendrite formation T here are also many advantages in systam sizing
and control Theirmain disadvantage is the low er energy storage density in comparisonw ith
other batteries (lead/acid, N i/Cd, etc). For this rean, this systen ismore attractive as a
mass storage device for load-leveling and stand-alone applications
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The unity cell consistsof two electrodes separated by a highly selective an ion-exchange
membrane The role of these electrodes is to play as smple electron exchangersfor the elec-
trochanical reactions taking place on their surface Since the redox flow cell concept was
proposed, a number of redox couples have been investigated” °. Thispaper describes a re-
dox cell, the wo redox couples involved are olutionsof iron [Fe(IIl) /Fe(Il) ] and PM 012
[PVl 01:0% /MHoPM 01:0% 1(n= 2,4) in H2804 medium. The charge process causes the oxida-
tion of the HaPM 020% pecies to AV 0120% in the positive half-cell, and the reduction of
the Fe(Ill) species to Fe(Il) in the negative half-cell W hen the cell is in discharge opera-
tion, these processes are reversed The both couples have a suitable electrochanical re-
versibility on carbon and graphite electrodes In addition abovem entioned advantage of redox
flow, the Fe/HP redox cell has higher energy storage efficiency and stability w hich has po-
tential for a long cycle life in comparionw ith Fe/Cr redox cell'*".

M oreover it has projected lower cost of the cell manufacture in comparison w ith the
vanadium (v (II) /v (IIT)) redox cell

The behaviour of a redox flow cell may be evaluated by its voltage, current and energy
efficiencies The voltage efficiency (') is defined as the ratio betw een the discharge and
charge voltages, measured at a given state-of-charge (nomally 50%). The coulombic effi-
ciency (') isdefined as the ratio betw een charge given by the cell and the charge introduced
in it between wo defined states of charge The energy efficiency (') may be evaluated as
the product of the voltage and coulombic efficiencies for a given state-of-charge

2 Expermental Procedure

M aterial object photograph of a labo-
ratory scale flow cell is shown in Fig 1
The systan includes a unity cell, two elec-
trolyte tanks and magnetically driven
pumps Electrodesw ith 70 an® geometric
areaw ere made from a pretreated carbon
felt and graphite platesw ere used as cur-
rent collectors The electrodew as submit-
ted to the following treatments (i) m-
mersion the carbon felt in methanol during
20min; (ii) mmersion in H2: during 48
h and w ashingw ith water until pH= 7 A
polystyrene sulfonic acid type cationic exchange membranesw as used in the cell as sgpara-
tor. Polyethylene franesw ere used to get a suitable intra-stack electrolyte flow -distribution
The geometry of these framesw asoptimized in order to minimize energy losses due to shunt
currents and pumping power. The electrolyte solutionswere Imol- L~ FeSD4+ Q 5mol-
L ' H294+ 3mol- L™ " NaSCN and saturant HsPM 0104 in Q 5mol- L™ ' H294

Fig 1 Photogrgph of a laboratory-scale flow cell at
25+ Q 2 charging current 34mA /am?



3 Realtsand D iscussion
1) Characteristics and Performance of the Cell

The cell was perfomed at an- 1. 2}
bient temperature T he open-circuit %
voltage behaviour of the cell is 51‘0
shown in Fig 2, wherein the open- 0.8 dicharge
circuit voltages during charge and § 0.6
discharge modes are plotted as a 5
function of state of charge for a §o0.4
complete cycle, flow of the elec- S
trolytew as controlled by an average 0 25 50 75 100
of 200 ml/min a electrode or . State of Charge (%)

Fig 2 gives first, tenth and twenti-
eth cycles results that illustrates the
stability of the cell during opera-
tion A typical charge/discharge
curvesisshown in Fig 3 By firsta
charge and discharge the depth and uti-
lization of material of the electrolyte ,
olution ( by iron ) were 73 7% and
48% regpectively.
2) Coulombic, V oltage and Energy Effi-
ciencies of the Cell

Through the continued charge/dis

charge 24 cycles values for the parane-

Fig 2 Open-circuit voltage behaviour of the call at 25+ Q 2
charging current 34 mA /am’
curves —first cycle === --- tenth cycle
- -+ - - twentieth cycle

. _ 0 0.25 0. 50 0. 1.
tersobtainedwere showed in Table 1l It t/h & 00

is clear that this cell has 73% average en-
ergy efficiency, 93% average coulombic
efficiency and 78% average voltage effi-
ciency.

Fig 3 Charge/discharge curves of Fe-HP cell 22+
Q 2 charge/discharge current 40mA /an?

Tab 1 Efficienciesof the Cell

charge/discharge
cycle

2 4 6 8 10 12 14 16 18 20 22 24

(%) 93 00 92 96 93 58 93 75 94 00 93 50 93 30 93 44 92 97 92 88 93 46 93 26 92 94
n(%) 78 98 78 65 78 72 78 64 78 73 78 77 78 74 78 58 78 85 78 77 78 16 77. 89 78 43
E(%) 73 45 73 11 73 67 73 80 73 92 73 64 73 21 73 42 73 31 73 16 73 05 72 64 72 89

3) Study of theBehaviour of the Cell at Several H eteropolyacids(H P)
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a V ariation of the Internal Resistance for the Cell

During the first cycle, thepolarization curves in charge and discharge at 50% the state-
of-charge have been obtained Cell resistancesw ere measured from the slopesof the charge
and discharge polarization curves(Tab 2).

b V ariation of Efficienciesof the Cell

Coulombic, voltage and energy efficiencies have been obtained at different HP, average
values for the parametersobtained in each are compared (Tab 2).

Tab 2 Experimental Dataof the Cell at D ifferent HP

HP RE R3 e 7 e
M o 42 43 93 78 73
PW £ 50 51 84 75 63
SM 0% 53 55 82 73 60
SW 5 56 57 80 71 57

RZ and Ro: Charge and discharge resistance (Qan?)
It 1 and '™t ooulombic, voltage and energy efficiencies(%)
PM 0%z, PW 12, SM 012 and SW 12: H3sPM 0120 40, H3PW 120 40, HaSM 012040 and H4SW 120 40

Table 2 show s the best resultsw ere achieved with HsPM 01204 Electrochemical be-
haviour of heteropolyacid have been investigated™. The study show s that the heteropoly-
acid hasw ell redox reversibility.
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