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Abstract 

The performance of a 2 kW, 10 kW h zmc-bromme battery 1s reported The battery 
uses new carbon/PVDF bipolar electrodes and a clrculatmg polybronude/aqueous 
zmc-bromme electrolyte A turn-around efficiency of 65-7096 1s acheved Disclosure 19 
also @ven of an mnovative non-flowmg-electrolyte cell Tlus system 1s less complex and, 
hence, @ves mcreased rehabtity and a h@er return efficiency A 25 A h smgle cell has 
completed over 400 cycles (100% depth-of-&charge) urlth a total return energy efficiency 
of over 75% Such technology 1s extremely attractive for remote-area power-supply 
apphcatlons 

Introduction 

Increasmg world-wide awareness of the necessity for efficrent energy 
use and reduced environmental pollution makes research and development 
mto energy storage more important than ever. Battery energy storage provides 
excellent opportunities for efficient use of oil and coal and for the utilization 
of pollution-free, but mternuttent, renewable energy such as solar, wmd, and 
wave. 

Murdoch University is collaboratmg with Energy Research Corporation 
(ERC), U S A m developmg the zmc-bromme battery for stationary energy 
storage applications. The technology 1s particularly attractive because it 
operates at ambient temperature, performs without penalty under deep- 
discharge conditions, and has potential for a long cycle hfe. These char- 
actenstics, combmed with the proJected low cost of battery manufacture 
( < $ lOO/kW h), make the zmc-bromme battery very attractive for applications 
such as utility load-levellmg; spmnmg reserve; customer-side load-levellmg; 
remote-area power supplies usmg renewable energy alone or vvlth diesels in 
hybrid systems. This paper describes the current status of development of 
the battery at Murdoch University. 

*Paper presented at the Workshop on the development and Management of Battery Systems 
for Energy Storage, Brisbane, Australia, October 25-26, 1990 
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SEFARATOR 

fig 1 Conceptual diagram of a zmc-bromme cell 

Battery concept 

The battery stores energy by the electrolysrs of an aqueous zmc-bronude 
salt solution to zmc metal and dissolved bromme Zmc is plated as a layer 
on the electrode surface whrle bromine is extracted from the electrolyte wrth 
an orgamc complexmg agent On drscharge, the zmc and bromme are 
consumed, regeneratmg the zmc-bromide salt. 

The reactrons mvolved 111 the battery process are as follows. 
Discharge 

Zn(s) + Br,(aq) \ Charge ’ Zn2’ (as> + 2Br- (as> (1) 

The function of the complexmg reagent IS to lower the concentration of 
bromme m the catholyte by extractmg bromme mto a water-mmuscrble phase 
that acts as a bromme storage medium. Tlus allows hrgh energy storage 
capacrty at a low rate of self discharge The latter results from the drffuslon 
of bromme across the separator from the cathode to the anode compartment 
The current ERG/Murdoch technology uses certam quaternary ammomum 
salts to extract bromme as polybromides mto an oil-like phase. The use of 
proplomtnle, patented [ 1 ] by Murdoch Umversrty, 1s also being mvestrgated 

The battery consists of a stack of flow frames mto wluch bipolar electrodes 
are bonded The electrolyte 1s crrculated mto the stack from two storage 
tanks (anolyte and catholyte) and drrected over the electrode surfaces by 
channels 111 the flow frames The anolyte and catholyte fluids are separated 
by a porous membrane. A schematic dragram of the battery system is shown 
mFlg 1 

A battery system havmg any desrred voltage/current character&m can 
be fabncated by stackmg an appropnate number of the brpolar electrodes 
together and connectmg stacks m varrous series and/or parallel conf@uratlons 

Research and development status 

Over the years, the researchers at Murdoch and ERC have addressed 
several rssues relatmg to cost and performance of the zinc-bromme battery. 
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A new carbon/PVDF bipolar electrode has been developed that provrdes not 
only the desired stab&y m the bromme-nch electrolyte, but also has sufficient 
flexural strength A low-cost, propnetary material, carbon felt, has been 
optinuzed to achieve highly reproducible low overvoltages for the bronune 
electrode reactron. Several commercially avarlable PVC matenals have been 
screened for their smtabrlrty, and matenal has been selected for fabncatmg 
the electrode frames Through extensrve studies, the battery electrolyte 
composmon has been optmuzed to a&eve zmc loadmgs of up to 200 mA 
cme2 Thrs parameter has a strong bearmg on the cost of the battery, as 
less stack components per kW h storage capacrty are needed With the same 
ObJective, the size of the electrode has been mcreased from 872 cm2 to 
1500 cm2 The design of the flow frame has been unproved to achreve umform 
electrolyte drstnbutlon over the area of the electrode at the lowest possible 
pressure drop and shunt current loss. Systems for automatic operatmg and 
control have been developed State-of-charge, electrolyte pH, and electrolyte 
levels are parameters that can now be automatically momtored The poly- 
bronude/aqueous electrolyte nuxer loop, previously required to a&eve efficrent 
bromme exchange between the bromme-nch polybromrde and the aqueous 
electrolyte, has been replaced by a specially deslgned catholyte storage tank. 
This has not only improved the rehabrhty, but also the cost and efficiency 
of the battery 

Circulating electrolyte battery 
A 2 kW, 10 kW h battery that mcorporates all the developments discussed 

above 1s currently under test and evaluatlon at Murdoch Umversny. The 
specrficatlons are listed 111 Table 1. Thrs umt can be seen as a module for 
battenes of larger srze. The system consists of 30 cells wrth 1500 cm2 
electrodes arranged 111 a bipolar configuration. The electrolyte 1s supphed 
from two separate tanks to the posltrve and negatrve cell sides The battery 
can be charged and drscharged at vanous rates. The effect of current density 
on battery efficrency 1s shown m Frg. 2 A typical charge/discharge curve 
for the battery is shown m Rg 3. 

The battery IS self-contamed and operates wrthout auxrhary power. The 
d c motor pumps are powered from the stack and their speed 1s controlled 
through a nucroprocessor. The charge and drscharge cycles are controlled 
by the chargmg eqmpment and the load. The nucroprocessor regulatmg the 
pump-motor speed grves a shut down only If a momtored parameter goes 
out of range. The latter parameters are electrolyte temperature, electrolyte 
pump pressures, electrolyte levels m the anolyte and catholyte tanks, and 

TABLE 1 

Specticatlons for a 10 kW h clrculatmg electrolyte demonstration zmc-bromme battery 

Max constant power 3 kW 
Max constant current 60 A 
Max. capacity 300 A h, 10 kW h 
Energy efflclency 65-70% (> 75% proJected) 
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Fig 3 A typical cycle of the 2 kW, 10 kW h battery 

stack voltage Provrsron 1s also made for contmuous momtormg of the state- 
of-charge and the electrolyte pH. 

Takmg into account all the auxrlhary eqmpment losses, a turn-around 
efficiency of 65-70% has been acmeved. By unprovmg the coulombrc efficiency 
and lowering the power loss m the pumps, an efficiency of > 75% can be 
obtamed. 

Non&owing electrolyte battery 
Whde crrculatmg-electrolyte zmc-bromme battenes are ideal for mgh 

rate, large storage capacity apphcations, the use of pumps renders them 
less smtable for small capacity and remote-area apphcatrons. Reabsmg thrs, 
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very recently, a battery has been deslgned that does not use the clrculatmg- 
electrolyte system The battery IS less complex m its engmeermg, @ving an 
mcreased rehabtity With no movmg components and no losses to other 
auxtimes, it also gwes a hq$er return efficiency. A fully sealed 25 A h 
smgle cell has already logged over 400 full (100% depth-of-lscharge) cycles 
mth a total return energy efficiency of over 75% A typical charge/&scharge 
curve 1s shown m F’lg 4. 

Smular results have also been obtamed from a 25 A h, 8 cell battery 
The construction of a 50 Ah, 12 V battery IS now m progress The specficatlons 
for ths battery are hsted m Table 2 Ths unit serves as a module for larger 
size battenes 

Except for a recent report by Manassen et al. [2], there appears to be 
no other work on non-clrculatmg-electrolyte zmc-bromme batteries. The exact 
details of the Murdoch system cannot be disclosed at this stage. The results 
to date are very encouragmg and, hopefully, this battery ulll become an 
attractwe extension to the clrculatmg-electrolyte technology 
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Fig 4 A cycle of a non-flowing-electrolyte cell 

TABLE 2 

Specticatlons for a module of a non-circulating-electrolyte battery 

Charge voltage 
Av discharge voltage 
Charge current 
Discharge current 
Capacity 
Coulomblc efflclency 
Voltax efficiency 
d c-d c energy efficiency 
Energy density 

15 v 
13 v 
5A 
5A 
50 A h, 600 W h 
92% 
85% 
78% 
30 W h l-‘, 25 W h kg-’ 
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