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ABSTRACT

A new Zinc-bromine flow battery stack consists of graphite bipolar plates
and based on Nafion/PTFE composite membrane. Our battery stack is
made up of three single batteries. The electrochemical behavior of the
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stack are investigated and discussed in terms of charge-discharge prop-
erty, energy storage capability and cycle life. Good charge and discharge
capacity could be obtained during the first cycle and the discharge effi-
ciency reaches up to 75%. The energy yield remains almost constant dur-
ing afairly large number of cycles. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

The zinc-bromineredox flow battery, an el ectro-
chemical systemthat storeenergy inthesolution, should
be considered asto behighly attractivefor energy stor-
age. Thezinc-bromine battery isconstituted of tanks
that supply thereaction cell withthe cathodicliquid
(catholyte) and anodic liquid (anolyte). Inthe process
of charging, zinc deposits on the surface of negative
electrode*3, and bromine storesin the bottom of the
anodetank with oily complex formation®4. Theelec-
trical potential differenceof redox electrodepair isthe
driving forceto react. Zinc- bromide cell power de-
pendson theareaof plate e ectrodewithinthesingle
battery and the number of section. Energy storageca-
pacity depends on the tank capacity of reservoir and
electrolyte concentration. So cell power and energy
storage capacity can be designed separately, whichis
suitablefor large capacity storage of ectricity.

Zinc bromine battery have many advantages, es-
pecially in cost®, becausethe cost of electrolyte, toa
great degree, determinestheoverall cost of the battery.
It’s estimated every KWH cost of Sodium sulfur bat-
tery and vanadium battery is about $500, however, the
cost of zinc brominebattery isonly $100 or so. Thisis
equal to the price of common lead-acid battery. Com-
pared with lead acid battery, zinc brominebattery is of
high energy density and power density, aswell asgood
chargeand discharge properties. Besides, zinc bromine
battery worksat normal temperature, rather than work-
ing with sophisticated thermal control system.

Until now, in spite of many experiments have been
put into effect, therearestill afew technical problems
unsolved. Theproblemsareprincipally related to bro-
minediffusion towardsthezinc electrode, but also to
zinc dendriteformation, could not becompletdy worked
out sofar. Toimprovecyclelifetimeand reliability of
thesystem, many technica solutionshave been put for-
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ward, such asthe use of Br, complex agentsto keep
brominediffusionin the agueous phase®”. Thedeve -
opment of bipolar plate notably improvesthequality of
zinc plating. Although high self-dischargeratesand poor
cycling cagpability still hinder theindustrid devel opment
of Zinc-bromide cells, these problemsare outsidethe
scope of thiswork.

At present, thekey materiasfor Zinc-bromidere-
dox flow battery, for example, bipolar plate materias
have been becoming theemphasisof theresearch. Three
typesof bipolar plate materialsaregraphite, metal and
carbon-plastic. Among them, graphite has good con-
ductivity, heat conduction performance, stable chemi-
ca properties, corrosion resistanceand low therma ex-
pansion coefficient. Therefore, graphiteisthefirst tobe
appliedintheproduction of bipolar plate. But thereare
somecerta n disadvantages such asbrittleand mechani-
cal strength low®19, needing to graphiti zation process-
ingi**12, Thegraphite bipolar platesin this paper are
madeto order according to our needs, whoseresistiv-
ityislow.

In this paper, we used athin Nafion/PTFE com-
posite membranefor zinc-bromineredox flow battery
stack, which, to our knowledge, has not been reported
previously. Nafion/PTFE composite membrang!**2¢!
provide good mechanica strength and low cost. The
am of thiswork wasto assembleazinc- bromineflow
battery stack and evd uatethe propertiesof itscharging
and discharging, but sotoinvestigate A C impedance
of the stack.

EXPERIMENTAL

Preparation of nafion/PTFE compositemembrane

The preparation of Nafion/PTFE composite mem-
branewastreated using the method devel oped by Li et
al ', The Nafion/PTFE composite membraneswere
prepared by exposing porous PTFE film (10im thick)
extended over aflat glass plate to 5% Nafion (DuPont)
solutionin 1-methyl-2-pyrrolidinone (NMP)and a co-
hol. Theglassplate wasfirst dried at 70°C, and then
dried inavacuum oven at 120°C for 24 h. The thick-
ness of the composite membrane wascontrolled by the
amount of Nafion solution. The membrane made by
ourselves, isthick enough to avoid any short circuit
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between the dectrodes, but also to stop thediffusion of
bromine.

Prepar ationsof graphitebipolar plates

Accordingtothedesigndrawing (figure 1), wecus-
tomi zed thegraphite plateswith manufacturersto meet
our specific needs. Graphite plate sizeis260* 160* 18.
Thereisadot on both sdesof the plate, and the depth
of the slot is5 mm. On the bottom of the slot, there
leavesan Stypegroove. The advantages of such ade-
sgnaeasfollows.

Figurel: Thedesigning of graphitebipolar plate

First, the constructionissimple. Graphite bipolar
plates are used directly as framework components,
rather than polyolefin plastic. Every two batteriescan
align linked to form aseries stack. Second, Graphite
platesserveaselectrodesaswell. And the contact area
between el ectrode and solution becomes|larger. This
leadsto efficient chargetransfer propertiesand con-
tributesto Zinc depositing uniformly. What’s more, in
order to make solution circulate smoothly, thereleaves
thegroove.

Main functions of flow cell bipolar platesareto
separate solution and to guide solution into the cell
through theflow passageway; in addition, bipolar plate
can collect and conduct current. What’s more, they take
on supporting membrane € ectrode and heat dissipa-
tion.

Development of battery stack

Thecell used for this study has been designed as
shown in figure 2. The cathode was made of abulk
zinc, and therewas apiece of carbon felt in between
zinc and graphite plate. Such adesign, on one hand,
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can prevent the zinc moving; on the other hand, can
provide good el ectric conduction during the charge-
discharge cycles. When charging, zinc generated would
deposit inthe cathode zinc and carbon felt, while bro-
mine would flow between anodes and stored at the
bottom of thereservoir.

Cearbon Talt

Figure2: Component of acell

Therewerethree single cells made up the stack.
The parametersof the stack haveshownin TABLEL.
It’s studied; the highest conductivity is achieved for the
mol arity of zinc bromidesolution closeto 2molL ™. The
other way, thelowest val ue of brominesolubility isob-
tained for zinc bromide molarity about 7mol L1819,
We must keep the conductivity ashigh aspossible, and
s multaneoudy decreasethebromine concentrationsin
theelectrolytein order to reduce corrosionratesof the
cathodic zinc electrode®. Therefore, we choose to
adjust themolarity closeto 4molL?, becauseit amount
to nearly haf of the optimal valuenot only for thecon-
ductivity but for the bromine solubility?.

TABLE 1: Parameter sof thetested stack

length*wide*high/mm  volume/mm® mass/kg Nominal voltage/V
260*160* 70 2912000 2.170 54

Theanodeand cathode €l ectrodeswerefilled with
el ectrolyte by constant pump. Keepinmind that perfu-
sion should start from the bottom, in order to get rid of
arr completely. When thetop of thee ectrodesbeginto
outflow solution stably, the stack wasfilled with solu-
tion. Asthe constant flow pump driving, thewholepile
gartssolutioncircuit.

Electrochemical performancemeasur ement
Inour work, battery charging and discharging test

—== Py Paper

was carried through battery testing syssem 7.5.X. The
charge was conducted by adesignated current while
the dischargewas at aconstant current. The electro-
chemical experiments related to the research of the
charge-discharge cell behavior have been performed
with an electrochemical analyzer CHI604D.

RESULTSAND DISCUSSION

Conductivity measurement

Conductivity measurement wasmeasured using a
four-point probe and frequency response d ectrochemi-
ca anadyzer CHI1604D (Shanghai Chenhuainstrument
co., LTD). ACimpedance measurementswerecarried
out at frequencies between 1 and 10 kHz.AC imped-
ancediagramincludesfrequency, red part andimagi-
nary part. The real parts of impedance serve as the
horizonta axisand theimaginary partsserveasthever-
ticd axis, namely Z=2’+jZ”. The AC impedance curve
isasfigure 3. Internal resistance of the stack isabout
3Q.

-Z"/ohm

-3 0 3 6 9 12 15 18 21 24
Z'/ohm
Figure3: Conductivity measurement. Highfreq (Hz) =1let5,
low freq (Hz) =1, amplitude (V) =0.005.

Céll charge-dischargetesting

Inthefirst cycle, chargetest wascarried out using
5A current. Voltagewasincreasing dowly to 8.6235V.
The charging processwasfor 20 minutes. The current
for thedischarge progress has been alwaysusing 2A
for 1 hour. Thevoltage decreased dowly from 8.6238V.
Thefirst charge-discharge curves of the stack areas
figure4 and figure5. Itisfound fromfigure4 that the
voltage goesup on charging and it getsgently at theend
of charge. But at the beginning, thevoltagefdlsrapidly
for awhile, wethink thisisduetointernal short circuits
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which have devel oped in the stack. When discharging
with constant current, the voltage declinesslowly. 11
minutes|ater, thevoltage getsdown quickly to 2.1205V,
and then goes gently. 30 minutesafter discharging, the
voltageisamost unchanged for 0.0558V, and the cur-
rent sartsto going down. Thedischarge progresslasted
about 40 minutes.
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Figure4: Thefirst charge-dischargecurves
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Figure5: Chargevoltagevs. capacity

5
45
4 4
35
3
25 4
2 4
15
1 4
05
0

voltage(V)

T T T T T T
0 200000 400000 600000 800000 1000000 1200000 1400000

Cap(mAh)

Figure6: Dischargevoltagevs. capacity
Aswecan seefromfigure5andfigure6, charging

capacity was 1666.7mAh, discharge capacity was
Research & Reotews On

1255.4mAh. And the discharge efficiency reaches up
to 75%.

Cycleperformance

Cyclingisbeing conducted at 5A chargeand 2A
discharge. Thecycling currentsweredetermined by a
consideration of severa potentia utility applications.
After 15 cycles, the open-circuit voltage versus cycle
number isshown for good- and bad-performing cases
in figure 7. The open-circuit voltage is smooth and
steady. Energy efficiency ismorethan 80% inthelater
cycles.
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Figure7: Open-cir cuit voltagevs. cycle number

CONCLUSIONS

Our Zn-bromine battery stack has good charge-
discharge performanceand therecoverableenergy yied
remainsamost constant during afairly large number of
cycles. Thedischarge efficiency can reach 75%. Be-
sidesthe energy density and current densities higher
than Zn-MnQ,, Ni-Cd, Li-ion and many other com-
monly used |ead batteries. Theinitial resultsindicate
that the new membraneisapromising materia fit for
zinc-bromineredox flow battery. The battery stack with
thismembrane has good performance and providea
path for zinc bromide battery commercial.
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