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WD 00/ 74839 1 PCT/ GBOQ 02206 METHOD OF DETECTI NG THE ONSET OF COLLAO D
FORMAT V@D 60/74839ARTI CULAR SULFUR PRECI PI TATI ON The presenecirromsmiee el at es
to a method for detecting the formation of colloidal species in 5
solutions and in particular to a nmethod for detecting the formation of

sul fur-containing colloidal species wthin an aqueous sol ution which
conpri ses polysulfide ions, and which may al so conprise sulfide ions

and/ or  hydroxi de ions_and/or_sulfur 44 n

oot oMEFHAR EBRTRL T mmmz&iﬁ@%ﬁiﬁ%ﬂk@iﬁ@m
electricity storage/%@ a sul fide/ pol ysul fide
anol yte reaction in one half of 15 the ceII and a hal i de/ hal ogen cat hol yte
reaction in the other half of the cell. The cathol yte reaction is: Hal, +
2e- = 2Hal TRe OF s Tharyianft 14 5kt enft he feBBENBH nBles fromleft to

right and e@t%@e&gigﬁgcﬁéﬁef@ﬁfﬁ&mﬁf@fr@@m@p@amwpécmgomught to left.
The anol yte reaction is; SZ- = + 2e 25 On disch ?lng t he %]sten1the
react Pon noves B 18519 lﬁ(P%?Eﬂﬁuﬂ%ﬁ oh :HERHIR g b SFiFS e reaction

nmoves frOHhéI@mrﬁalldﬁtof1¥Llﬂuﬁkdémt§yﬁiﬁ@1tsliuiﬁylchpeg&@sthe sul fur

in the anol, IS resent as_sulfide ions S i rges

el enental ¥di P %ﬁj i R s8R Té£§5|% %ﬁe g%&?&?% sol ution
by conbi natbas , wiatrd whﬂdh(hﬁg(ﬂtﬁd(ﬁdeﬂlp@lysbfi@ﬂel@pécﬁ@§/§§ch as S2
35 S31', Sﬁ2d§%§ 12 ondWRYAT, At A, £ertain point in the WO 00n4839

10
US-A-4485154 discloses an electrically rechargeable
anionically active reduction-oxidation electricity
storage/supply system and process using a
sulfide/polysulfide anolyte reaction in one half of
15 the cell and a halide/halogen catholyte reaction in
the other half of the cell. The catholyte reaction is:

Hal, + 2e” = 2Hal~

290 On discharging the system the reaction moves from left
to right and on charging the system the reaction moves

from right to left. The anolyte reaction is:

S, = S + 2e”
25
On discharging the system the reaction moves from left
to right and on charging the system the reaction moves
from right to left.

30 When the system is fully charged the sulfur in the
anolyte is present as sulfide ions. As the system
discharges elemental sulfur is produced which then
dissolves in the anolyte solution by combination with
sulfide ions to form polysulfide species such as S,

35 3., 8,2 and S,. However, at a certain point in the




- 2 PCTI (B00102206 di scharge cycle there will no | onger be sufficient
sulfide ions present to solubilize the elenental sulfur as a polysulfide
and coné’%‘aﬂ@fﬁ&‘? the el enmental sulfur precipitates out opceaBbgee | n a
solution of 5 Na,S this would be expected to occur when the ratio of S/ Na
exceeds approxi mately 2.5. \Wen thera&iois equal to 2.5 the el enental
sul phur is solubilized as Na2S5, however, when the ratio exceeds 2.5 the
el enental sul phur can no | onger be sol ubilized as a 10 pol ysul fi de and
consequently precipitates out of solution. It should be noted however that

the equilibrjumbetween sul fur and aqueous pol ysul fide strongly
dependent upbrCERRESE KAV FALt FNEF St L c&sd}%ﬂq{}g"y{cﬁ?gec‘ru%o’i?’sﬁﬂtfl de chains

may be formethifidd abkal Béséﬁhuﬁzld)%ltmsllchﬁé ashdﬁgeltelmeerottﬂet of
precipitation j_:ltl| a hi S[Na is reac eforrre;ctlon of a

i.o, of ed
broci pi tate DILENF 135 W Phi b RE L0 At TSR Laie st 4 may be
depos: ]ted o;sQDfmhepeiaefpﬁﬁdeeFeduanﬁ |stcslmmm-udct:nn/|at yscaln.d:zroed;m ng jtge
overa er e o0 stem woul ir rovi de a
nethodf%g JR%ECtI g iR ﬁ%%te%?eBEgai Pt 8EF6A ngguﬁﬁﬁr%gkgﬁl g anol yte
so that theS/sI‘ya.;t@maa@sbeppmxmmedted\beQ 150 trerchdrege A5 ayid e bef ore
Sulfur precidaial esol 2. Lhenanoh uhendd 1N S haoisl - o

col | oi dal ies 1nmedia prior preC|p|tate The nature
of the sul fﬁaéeklbpuévegpe@héﬁl |t§1exj|rsa:mm<¢@e® R >StEeRlel , T. Gobel and

G Holdt in ezler!@rtit'&ioéﬁrﬂphuée’éanzg% 318980 si‘m]bélll\i@d”afsorasr‘ 44b,
526-530 (1989 The sul f colloid is kinown to have a char%

"mi celdl-1i R %%?h%%@?eanﬁfCPﬁéeﬂMﬁﬂ%¥KnP§ﬁc%Hﬂ?aQﬁﬁIQHQkﬂ speci es coul d
be detected ddmfcibhs WRUsHoZDAPHAVIR & WRWAIVRGE: Sir@haltHdhat the
preCIpltatlon Ofllbrlum between sulfur and aqueous polysulfides is
strongly dependent upon the alkalinity of the
solution. Longer polysulfide chains may be formed in
15 alkaline solutions thus delaying the onset of

precipitation until a higher ratio of 5/Na is reached.

The formation of a precipitate of sulfur within the
anolyte is undesirable because it may be deposited on
20 the electrode reducing its conductivity and reducing
the overall performance of the system. Thus it would
be desirable to provide a method for detecting the
onset of precipitation of sulfur from the anolyte so
that the system may be switched over to the charge

25 cycle before sulfur precipitates in the anolyte.

It is known that sulfur forms a colloidal species
immediately prior to forming a precipitate. The nature
of the sulfur colloidal species is discussed by

30 R.Steudel, T. Gobel and G. Holdt in Z. Naturforsh.
43b, 203-218 (1987) and Z. Naturforsh. 44b, 526-530
(1988). The sulfur colloid is known to have a charged
"micelle-like" structure. If the formation of the
colloidal species could be detected then this would

35 provide a warning signal that the precipitation of



WO 00/ 74839 -- 3 PCT/ GBOJ 02206 sulfur is inmmnent and that the system
shoul d MO 08/M8Bthed over to the charge cycle to prevent wmrBEBRI/2884 ON
occurring. 51t is also known that charged particles, such as the charged
"mcelle-like" structures of colloidad sulfur, can be detected by the

t echni que of acoustophoresis. The principle of the technique is as
follows. If an electric field is applied across a charged coll oidal 10
particle it will nove in that field. In an oscillating electric field the
notion of the particle will be proportional to the magnitude and frequency
of the fielS#liNE &shilgimefuedey thefdths appreBdshandcthe particles
respond, thewikicakd reaUency 4mdi SRahél ciy81&esdl pret@nacoust ophoresis the
applied frequency .is_ typically |06Hz. Particle notion at this frequency
gener at es aPTECH ﬁpﬁﬁlﬂﬂwﬁﬁﬁH%;%%ﬁe with a magnitude characteristic of

the mobility of the particle, its concentration and the density of the

overal | 20 npasi_t.i on .containing the particle. Jhis LS. an__acpustic wave
travel%ing g& ﬁﬁe%ﬁQQMﬁW%VQﬁgk%gnﬁh?ﬁge?h%aﬁ%hfh%§anﬁu? eaan% Ftude of the
signal is cahlaeded Henideddta-oki kel | st Sonitecrdepdf tcdbl¢ESA) . sThELESA signa
can be nonitgred _as, the qverall, conposition, 25-c change in

t he ESA sigr(f'an %&y %§EQHﬁﬁiéki5%eo e?%%‘%?%a Fo%gggggp%gﬁfgﬁégged speci es
within the GhepesiinicdmleA afevitesy véclehegie odsoast fellphenohEnanhas been

TE ectf okt netTE 30 MEASU e TRy B RF OB ot e er hate S havances i1
Col | o8 and Penttécigcd tSeiidicanovogon okt Bbelde. Injap oppillagings) .
Accordi ngl y ¢1tehe Rresend; d RMANHON; B 0¥F defe B aBENOte will be
proportional to the magnitude and frequency of the
field. 1If a high frequency field is applied, and the
particles respond, then high frequency motion will
15 result. In acoustophoresis the applied frequency is
typically 10%Hz. Particle motion at this frequency
generates a mechanical pressure wave with a magnitude
characteristic of the mobility of the particle, its
concentration and the density of the overall
20 composition containing the particle. This is an
acoustic wave travelling at the velocity of sound in
the medium and the amplitude of the signal is called
the Electrokinetic Sonic Amplitude (ESA). The ESA
signal can be monitored as the overall composition
25 changes, a sharp change in the ESA signal may be
indicative of the creation of a new charged species
within the composition. A review of electroacoustic
phenomena has been made by Babchin et al. (Babchin,
A.J.; Chow, R.S.; Sawatzky, R.P.; “Electrokinetic
30 Measurements by Electroacoustical Methods”, Advances
in Colloid and Interface Science, 19839, Vol. 30, No.
1-2, pp. 111-151}.

Accordingly, the present invention provides a method
35 of detecting the onset of colloid formation within a



35 of detecting the onset of colloid formation within a WO 00n4839 - 4
PCT/GBOO ol uti on whose conposition is in a state of change, which
met hod conprlsgé the steps of either (il applying an osci PCatGBeg/oedoact ri c
field to the solution and nonitoring,the anplitude of the 5 resultant
acoustic signal, the onset of coII0|d4 formation being detected by a change
in the anplitude of the resultant acoustic signal, or (ii) applying an
oscillating acoustic signal to the solution and nonitoring the resultant
oscillating 10 electric field, the onset of colloid formati on being

detect od by g shange didhecARBLLpog of o 1he.r eputLant: sailaating

electric fiel Ng~ an 0sCi ectric ngld to the
sol uti on and”mmﬂt@ﬁﬁh@ﬁt¢QmPESﬂ¢$ahm815*©B@|¢fa¢nhgeélectrlc field, the

onset of col{ “'c’aﬂﬁ¥§¥4§(Hht%%@ﬂlf@%fﬁ%te%%Ff&EPfQ@ d Rot Ree anplltude of

the resultant oscillating electric era Iy t he nmet hod uses
step (i) of the1ﬁﬂ¥ﬂ¥lQﬁni@%§m¢mst@%ﬂQﬂxﬁ@£ amel predene i #bention will be

furthers descri bed-aMuiitadef £5on6e: & Osidgaf ] %@sohgewhb@hcoaio%gure 1
shows a schenatlc representation of a probe suitable for use in the

present inventi ortCHfgAs 9#%@&mﬁ%ﬁ?%#ﬁﬁv@¥mﬁv%?@%ﬁ?ohnlﬁhESA signal 30

wi th addition of Hﬂﬂﬁdé(bﬁiéﬁ%l%éﬁéikéﬁﬂlﬁééﬁb9ic Bﬁéﬁal Fogures 3A and
3B show t he varlatl in ESA si with additjon of ST Ehur to solutions

of 1. 61M and i 5 FEASHNBZD roR 5T 341§ acoustic signa

scluticn and monitoring the resultant oscillating
10 electric field, the onset of colloid formation
being detected by a change in the amplitude of
the resultant oscillating electric field, or
(iii)applying an oscillating electric field to
the solution and monitoring the resultant
15 oscillating electric field, the onset of colloid
formation being detected by a change in the
amplitude of the resultant oscillating electric
field.

20 Preferably the method uses step (i) of the three
options listed above.

The present invention will be further described with

reference to the figures in which:

25
Figure 1 shows a schematic representation of a probe
suitable for use in the present invention.
Figures 2A and 2B show the variation in ESA signal
30 with addition of sulphur to a saturated solution of

Na,S.

Figures 3A and 3B show the variation in ESA signal
with addition of sulphur to solutions of 1.61M and
35 0.76M Na,S respectively.



WO 00n4839 - 5 PCTI GB00/ 03206 Measurenents of the ESA signal can be carried
out usi w@ odagigsexanpl e, a Matec ESA Probe. Figure 1 sho %B@) E? tic
representation of a Matec ESA Probe. The probe consists OFT § rical
tube casing (1) wth 5 tw coaxial fitgings at one end which all ow

transm ssion and reception fromthe transducer (2) The transducer is a

pi ezoel ectric device nounted on one end of the probe. This is attached to
one end of a delay line (3) and on the other end is a solid gold 10

| am nated el ectrode (4). This electrode is electrically isolated froma

gold cap (5)Mebbhramen@ss obame @SAMHJ_Qj’hJIQrcE@n tihe efheledasit of the

el ectrode assembly.. The cross bar ositioned in | an rallel to

The gol d el oEei0de. hiio HEIRIE Y 2 Mt A S 1 TR - THF the R body of

the probe gi¥escarmagliectdgie spaddigrofoone addc tHEA a@otsd | cThv@vel engt h

in the system The acoustic dfgl ay li.ne serves the i.r{jpl e J@ur‘%)o e of
g %o

separating i R PPfe SPRE 1&ts filksith§Y rafiioiTg ety (1P t he ESA
si gnal . 5The 2@cheadx@i?&)l dhﬂﬂnnqﬂwﬂnadnﬁ|enﬂﬂwhxthralﬂmwsolution to be
nonitored an I nts _of the ﬁg%!r two steps.
Firstly, thegprogégﬁgggm anélﬁfq? §brate 'S |SI§%n y @%Eeplng
through a r@nget@ﬁnﬁﬁ@quehdﬁeg.@n@ﬂheﬁﬁqﬁflduﬁ&xwﬂﬁtﬁQﬂﬂﬁQﬂ Qrhe 25

max; mum 10 {BReaBR bide el difuhd eoslieed SlaNAlchethao A i faeayency

wi |l vary dependi ng on t ture o t he speci es being detected. Secondly,

after estabfPsRingifke Gt iansnay dqeeihaorenthds reatrichetld t he ESA

measur@@entsmam@ee@ia@qe@tﬂdaes @0 frequenciecreiferiabl y the frequency is
in the range of fromQ.8 to 1.2 Miz. Mre preferably the frequency is
appr oxi mat el § lecpripgally 1solated from a gold cap (5) with a cros

bar (6) which forms the other part of the electrode
assembly. The cross bar is positiocned in a plane

parallel to the gold electrode. The gap (A/2) between
15 the cap and the main body of the probe gives an
electrode spacing of one half the acoustic wavelength
in the system. The acoustic delay line serves the
simple purpose of separating in time the energising
radiofrequency (RF) pulse from the ESA signal. The
20 head (7) of the probe is immersed in the solution to
be monitored and measurements of the ESA are made.
This requires two steps. Firstly, the probe needs to
be calibrated, this is done by sweeping through a
range of frequencies and finding the condition for the
25 maximum in the amplitude of the received signal. The
optimum frequency will vary depending on the nature of
the species being detected. Secondly, after
establishing the optimum frequency for the
measurements the ESA measurements can be made at this
30 frequency. Preferably the frequency is in the range of
from 0.8 to 1.2 MHz. More preferably the frequency is
approximately 1.0 MHz,

The ESA can be thought of as an apparent elastic
35 modulus that arises from a given applied electric



The ESA can be thought of as an apparent elastic 35 nodulus that arises
froma ghy@pmﬁgplied el ectric WO 00! 74839 PCT/ GBOO 02206 field. It has the
di nensi scal per volt meter, i.e. Pa.mV-1. For tRqI/GBOora2abd oi dal
systens, the ESA obtained is in the range of rnPa.mV-" 5 Al though the

t echni que commonly used invol ves apbl@iﬁg an oscillating electric field to
the materials and nonitoring the resultant acoustic signal it wll be
appreciated by those skilled in the art that the technique nay al so be
carried out either by applying 10 an acoustic signal and nonitoring the

anpl i tude of.the Itant oscillatin ele tric._field, b lying an
oscillating %ﬁ{}ﬂ i?f diﬁﬁﬁ??b?gnﬁ t ascainﬁfuagq&fnéﬁégf sul t ant
OSC|IIatlngxﬂ&xﬁ?acmfvéldFoﬂStyplaamrebeﬂbedaeanwUEmﬁ afhd hespr esent
i nvention tQﬁménﬁtgxils e oned %F ?etec 1,on of the formation of

sot ut

col I oi ds conprising suf fut %rﬁ%P%F Bdn™- &onpri si ng pol ysul fide ions.
The solution may al so conprise sulfide ions and/ or hydroxide ions and/or

20 haligle | ans ANCLPTe Ul i MTE PLALSLPD! YsLhe; o381 ULLOR LML es one

or nore alkafl nmet |ons as counter 1ons 'to the an
above. Most arprOeﬁrCelrlalbatylrtmeelaﬁmtamc n@xaldu*éoSthEuwatgswﬁé @&tchod of the

present i nvegHd Qb MByg adyantaqequshy a@@ugﬁp&ogfgnhm R alqutwhem cal
process for enerqgy. %orage and/ or  power delivery process conprises

t he steps<ﬁaPH§%C%ﬁ$QRe%ﬁnqﬁ?%ﬂuF¥ﬁ¥¥ﬁﬁa%?n@h%l%EFrBL?FetPPoms in 30 a
fully I'iqui d:éc}lﬁil&:mé MaNhi £ d ftﬁe a@ét:yﬁedC@un@teiuﬁat:Sbgr appaliyacsol ubl e in

a single cell or in an arr eatin celé structures, e g cell with
a charnber (beE%ﬁﬂﬁb %; F?éh?g %ee?@8ﬁ}g8§eaﬁ%p B¢hamber
(-ve chanberyssultant osc1llat1ng electrlc field, or by applying

an oscillating electric field and moniteoring the

amplitude of the resultant oscillating electric field.

15 In a preferred embodiment of the present invention the
method is employed in the detection of the formation
of colloids comprising sulfur within a solution
comprising polysulfide ions. The solution may also
comprise sulfide ions and/or hydroxide ions and/or

20 halide ions and/or sulfur. More preferably the
solution comprises one or more alkali metal cations as
the counter ions to the anions listed above. Most

preferably the alkali metal is sodium.

25 The method of the present invention may advantageously
be employed in an electrochemical process for energy
storage and/or power delivery, which process comprises
the steps of:

(i) maintaining and circulating electrolyte flows in

30 a fully liguid system in which the active

constituents are fully soluble in a single cell
or in an array of repeating cell structures, each
cell with a chamber (+ve chamber) containing an
inert +ve electrode and a chamber (-ve chamber)
35 containing an inert -ve electrode, the chambers




35 containing an inert -ve el ectrode, the chanbers WD 00/ 74839 - 7
PCT/GBOQAg%ﬁQg;Feing separated from one another by an ion exchange

menbr ane, "t & ectrolyte circulating in the -ve chanber PET/GRIOII220¢]
during power delivery containing a sylphide, and the 5 electrolyte
circulating in the +ve chanber during’ power delivery containing bromne as
an oxidising agent, (ii) restoring or replenishing the electrolytes in the
+ve and --ve chanbers by circulating the 10 el ectrolyte from each chanber
to storage neans conprising a volunme of electrolyte greater than the cel

vol ume for extended delivery of. power _over | onger. discharge cycle than
the cell vol une g%ﬁﬁ ﬁ@ﬁ%f%&§4ﬁ€%°%uﬁPﬁ5a?$#??ﬁnﬁ?t%Piﬁégkhe el ectrol yte
stream cont ai ni ngxchalnijied ead rarreeduch e1ge bgentoheter dimgutlattig imet hod
descri bed above k%eoL@%rf%%¥%%ﬁgq;ft Cho&gf%_gérfgblﬁgge%ornatlon W t hin

the el ectrolyte stream present “inventi on W urther described
by way of the féelawery evarsiesvhizhswalehideended tbebe illustrative of

the ingention buu@r:%r'aqktienfc%%%ﬂdé@in%eiﬁimymeoehgmse_%ca@%ﬁt; the
invention. 25 Exanple 1 A saturated solution (2,3M of sodiym sul phide in
wat er was prepar B@¥eSusHd ey RN Foki e DEIRiNG o35 @As OKHET S3dded
periodically to thengql ution of Na2S 30 and the ESA signal (units =

mPa. m V-1 measur e after each addjti on usi a tec ESA obe unti
t he ) %@?) restorQng or reﬁienis ing the e{g%trg?ytes §n @Be

t+ve and -ve chambers by circulating the
10 electrolyte from each chamber to storage means
comprising a volume of electrolyte greater than
the cell veolume for extended delivery of power
over a longer discharge cycle than the cell
volume alone would permit, and
15 (iii)monitoring the electrolyte stream containing
sulfide as a reducing agent according to the
method described above in order to detect the
onset of colloid formation within the electrolyte
stream.
20
The present invention will be further described by way
of the following examples which are intended to be
illustrative of the invention but are not intended to
be limiting on the scope of the invention.
25
Example 1
B saturated solution (2.3M) of sodium sulphide in
water was prepared. Sulphur in the form of pastilles
was then added periodically to the solution of Na,S
30 and the ESA signal (units = mPa.m.V™') was measured
after each addition using a Matec ESA probe until the
ratio of S/Na in the mixture was approximately 2.5.
The results are shown in the table below:



ratio of S/Na in the mxture was approximtely 2.5. The results are shown
in the table below. WO 00/74839 8 5 10 PCT/ GB00/ 02206 S: Na rati oMass

fracti oRy@horfeasy Si gnal , sul phur, f5nmPa.m V_I 0.500000. 000000. 05350

0. 580040. 009880. 06700 1. 036350. 062700. 07000 1. 421930. 1031PET/GBRME206
1.687440.128990. 09125 2. 000690. 157660509325 2.198800. 174830. 10700

2.283640. 181970. 11350 2. 427000. 193760. 12475 Plots of the ESA signal agai nst
the mass fraction of sul phur and against the ratio of S/Na are shown in
Figures 2A and 2B respectively. A sharp increase in 15 the slope of the

Fi gure 2B pl ot was found to occur at a ratio of S/ Na of approximtely 2

I ndi cating onset_of—Toftgrd—formatTom at—t1 ﬁ]OI m— Exampte3 20 Two
non-saturatné Y& dEitdres (1. 61N M@gis oL 78R 160 0§odﬁ§ siOpRilde i n whter were
prepared. Splphur in the formh&i1pagt! kes was | hen.adged periodically to
t he sol uti pAs—et+—Na2S—anra—+hag—ESA-si-ghrat—tunrits—=—Pa—-Vv——was{ neasur ed
after each RAdPONOM using a 2§ Wak@ROESA probe uhDi.D5BRE ratio of B/Na in
the m xture[ Was_approxi matety 2. 5. The Tesut tS Are _showr i m the 1 abl es
bel ow 30 C.58004 0.00988 0.06700
1.03635 0.06270 0.07000
5 1.42193 0.10312 0.08600
1.68744 0.1289% 0.09125
2.00069 0.15766 0.09325
2.19880 0.17483 0.10700
2.28364 0.18197 0.11350
10 2.42700 0.19376 0.12475
Plots of the ESA signal against the mass fraction of
sulphur and against the ratio of S/Na are shown in
Figures 2A and 2B respectively. A sharp increase in
15 the slope of the Figure 2B plot was found to occur at
a ratio of S/Na of approximately 2 indicating the
onset of colloid formation at this point.
Example 2
20 Two non-saturated solutions (1.61M and 0.76M) of

sodium sulphide in water were prepared. Sulphur in the
form of pastilles was then added periodically to the
solutions of Na,5 and the ESA signal (units =
mPa.m.V!) was measured after each addition using a

25 Matec ESA probe until the ratio of S/Na in the mixture
was approximately 2.5. The results are shown in the
tables below:

30



WD 00/74839 9 5 10 15 20 1.61M sol uti on PCT/ GB0OO/ 02206 S: Na rati oESA
signal, nPa.m V-' 0.8625000. 14650 1.2180400. 15950 1.5742970. 16800

1. 76700 YOLBZ48391. 9765140. 16250 2. 1486040. 16850 2. 4337990rd58B00/02206
2.5002190. 19100 0. 76M solution S:Na rati oESA signal, nPa.m V-'

0.861150. 1465 1.263800. 1465 1.578800. 2430 1.804700. 1410 1.961700. 1420
2.142300. 1490 2.379200. 1710 2.553600. 1970 Plots of the ESA signal against
the ratio of S/Na for the 1.61M and 0.76M sol utions are shown in Figures
3A 25 and 3B respectively. Sharp increases in the slopes of the plots were
found to occur__at a ratio of S/Na of approximately 2 indicating the onset

of colloid &RtSVPFEtC%his point. -- 10 dains

S:Na ratio ESA signal, nmPa.m.V!
0.862500 0.14650
1.218040 0.15950

5 1.574297 0.16800
1.767007 G.14433
1.976514 0.16250
2.148604 0.16850
2.433799% 0.18850

io 2.500219 0.12100
0.76M solution
S:Na ratio ESA signal, mPa.m.V™!
0.86115 0.1465

15 1.26380 0.1465
1.57880 0.1430
1.80470 0.1410
1.96170 0.1420
2.14230 0.1490

20 2.37920 0.1710
2.55360 0.1870
Plots of the ESA signal against the ratio of S/Na for
the 1.61M and 0.76M solutions are shown in Figures 3A

25 and 3B respectively. Sharp increases in the slopes of

the plots were found to occur at a ratio of 5/Na of
approximately 2 indicating the onset of colloid

formation at this point.



1. An electrochem cal process for energy storage and/or power delivery
conprising the steps of: 5 (i) naintgini g_and circulating electrolyte
flows in a fully liquid systemin which"the active constituents are fully
soluble in a single cell or in an array of repeating cell structures,
each cel |l w t kg Ghanber (+ve 10 chanber) contai-ning an inert +ve el ectrode

and a chamber (-vé Chamber) containing an inert --ve electrode, the
chanbers being separated fromone another by an ion exchange nenbrane,

the electrolyte 155 j in. - hamber of each cell during
power delivery congg%ﬁgﬁgggﬁgﬁ?%ﬂ?%g? pgﬁﬁgﬁﬁg?gfé@ﬂﬁﬂgﬁ(?Qﬁ?%&ﬁai!gg in
t he +ve chanber d@lﬂqf@ibdi’/@feldem%Eﬁrpogéompntﬂg??g:t@{@e&eﬁs ﬁipii/el Zlngg
agent, 20 (ii) rest@nin r S g

-8e chanbegs %oy Ci r(gal a?rila‘r?gn{t_ e%ect‘?o?y?gu?rg%ngagﬁefigﬁﬂé’rteto stor a?e
means conprising a vol ufd®fs direct roilty lineddesysham tihe wedldh chaime for

. . 'l
extended 25 delivery of spaweie QUs@ 40000 dischargs Sycle than the ce
vol ume al one would permt, and U??%rnyutor?ng ?ﬁe §I58¥P 7t €'5t% eam
containing sulfide as §gdEciGRtlagentin ewraerayoog0rdpeattingheesdiset of

colloid formation w thi Btra@itthrRlssCtdQly @ 51 repem by @Rgﬁbg?d(w@éﬂ1
conpri$ﬁ§ applying an oscillating electric field t.o the solution and
moni toring the anplitu&g‘a Sthe W9 RbusieEL stgraklegsrolde onset of

col loid formation bei ngandetechestey & -SAArdhAlsEEE ténthen aAp! Lpude of

ithe resul tant acoustic Ehgg%l;ve electrode, the chambers being
separated from one another by an ion
exchange membrane, the electrolyte

15 circulating in the -ve chamber of each cell
during power delivery containing a sulphide,
and the electrolyte circulating in the +ve
chamber during power delivery containing
bromine as an oxidising agent,

20 (ii) restoring or replenishing the electrolytes
in the +ve and -ve chambers by circulating
the electrolyte from each chamber to storage
means comprising a volume of electrolyte
greater than the cell volume for extended

25 delivery of power over a longer discharge
cycle than the cell volume alone would
permit, and

(iii)monitoring the electrolyte stream containing
sulfide as a reducing agent in order to

30 detect the onset of colloid formation within
said electrolyte stream by a method which
comprises applying an oscillating electric
field to the solution and monitoring the
amplitude of the resultant acoustic signal,

35 the onset of colloid formation being
detected by a sharp cghange in the amplitude
of the resultant acoustic signal.
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AVENDED SHEET - 11 5 10 15 20 25 2. An el ectrochem cal process for energy
storage and/or power delivery conprising the steps of: (i). maintaining
and circulating electrolyte flows in7afulty liquid systemin which the
active constituents are fuIIy soluble in a single cell or in an array of
repeating cell struct each cell with a chanber (+ve chanber)

cont ai ni ng an 4ner Ak %‘F*é%‘??}éﬁlélcéﬁdpﬁoé’ﬁéﬁbépr( Y€ rgiyarfi@rmageont ai ni ng

an inert -ve el ectarﬁﬂeortm@fla@@msebgl agmp§§@§h%t edl of rs%?%ne @ hot her by

an ion exchange nmenhrane,. the, el ectrol circul ating -ve chamber
of each cell during podEHiHediveny %’Bﬂt SFHFH&%@QI Sl%ieﬂi“émlaﬁ@ t he
el ectrolyte circul ating flowsheinve fehbpbetgdiai Bgsﬂéﬂ&e&nd%lhll\é?{ %he

contai niag brom ne as | di S|n ent, (ii orin repl eni shi ng
the el ec?r olytes in thz‘l’l +8l)e(vea o a,%”ﬁ%%ﬁr @r% ﬁé’uﬁﬁ F?&e e @

el ectrolyte fromeach cleimydre taelst onnagen mamsmpngfljﬁepg?am@ ld;@f 10f er
el ectrolyte greater thap ﬁ&leaﬁee% nde Y of po
over a | onger dlscharge yc dn e ce%? vof%ﬁe Bﬁ@g ﬁ3¥ Cperm t,

and (iii)nonitoring thec& nﬂ3ﬂQ$Eﬂkm%ngommtamﬂrhg+veué1ed9raﬁea _
reducing agent in order ob@ Jd@iRgiLdNe - ANSEL AlneP) | Qb4 LPLRLT QR Wi thin
10 inert -ve electrede, the cHambers being

> separated from one another by an ion

exchange membrane, the electrolyte
circulating in the ~ve chamber of each cell
during power delivery containing a sulphide,

15 and the electrolyte circulating in the +ve
chamber during power delivery containing
bromine as an oxidising agent,

(ii) restoring or replenishing the electrolytes

in the +ve and -ve chambers by circulating

20 the electrolyte from each chamber to storage
means comprising a volume of electrolyte
greater than the cell volume for extended
delivery of power over a longer discharge
cycle than the cell volume alone would

25 permit, and

(iii)monitoring the electrolyte stream containing

sulfide as a reducing agent in order to
detect the onset of colloid formation within
said electrolyte stream by a method which

30 comprises applying an oscillating acoustic
signal to the solution and monitoring the
resultant oscillating electric field, the
onset of colloid formation being detected by
@ sharp change in the amplitude of the

35 resultant oscillating electric field.

1
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said electrolyte stream by a nethod which 30 conprises applying an
oscillating acoustic 35 signal to the solution and nonitoring the

resultant oscillating electric field 1Be- onset of colloid formation being
detected by a sharp change in the anplitude of the resultant oscillating
electric field. AMENDED SHEET - 12 5 10 15 20 25 30 35 3. An

el ectrocheni cdt prBBe§dersroshergyadt prmpesantforepongy siebragey

conpri sing the stepsdgbr pblk n@bqt@éy (béﬁg& | atd n cteolyte flows
inafully liquid P r|c;h 1 3Qctlvelg%{n |?%en%%§%$e6¥ully

temin
soluble in a S|ng?g?cemPlBFaﬂﬁléﬁ épﬁbfkﬁchﬂi%ﬁgrﬁﬂ%ﬁ¢1013t¢uctures
each cell with a chambefléwgeinchafen) AarfAididik@dh | ierdhive €hectrode
and a chanber (-ve chanbe£%ycontaln n I nert_"-ve el ectrode, the

chanber s’ bei ng separ at 8% 8nF8ﬁ§téﬁgFﬁ€P By earfuldy s8dethlyel tredor ane,
the electrol yte C|rculainggelnenmeorv&nchanhﬁ&aﬁ dﬁﬂﬂepeﬁﬂlngﬂﬁéﬁg power

delivery containing a s h e and_the electr, yte Iat in the +ve
chanber during power de%#ge?g ESﬁfa?ﬁ|H ce& oﬁi% é‘%ﬁ agent,

(ii) restoring or replemhsmbag)theneeentnglﬁhe&nert +ve electrode
and a chamber (-ve chamber) containing an
10 inert -ve electrode, the chambers being
separated from one another by an ion
exchange membrane, the electrolyte
circulating in the -ve chamber of each cell
during power delivery containing a sulphide,
15 and the electrolyte circulating in the +ve
chamber during power delivery containing
bromine as an oxidising agent,
(1i) restoring or replenishing the electrolytes
in the +ve and -ve chambers by circulating
20 _ the electrolyte from each chamber to storage
means comprising a volume of electrolyte
greater than the cell volume for extended
delivery of power over a longer discharge
cycle than the cell volume alone would
25 permit, and
(iii)monitoring the electrolyte stream containing
sulfide as a reducing agent in order to
detect the onset of colloid formation within
said electrolyte stream by a method which
30 comprises applying an oscillating electric
field to the solution and monitoring the
resultant oscillating electric field, the
onset of colloid formation being detected by
a sharp change in the amplitude of the
35 resultant oscillating electric field.

’
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in the +ve and -ve chanbers by circulating the electrolyte from each
chanber to storage neans conprising a_,volunme of electrolyte greater than
the cell volunme for extended deIiveTyléf‘pomer over a |longer discharge
cycle than the cell volune alone would permt, and (iii)nonitoring the
el ectrolyte s&reanhcontainin syl f.iide as a reducing agent in order to

o]

detect the onsét E6PF5EE e thiFHa il *F seldHhyfe stream by a
met hod whi ch conpwhsesiapmhe rfyeamersni IdMmting HEctdd cosdi Bl et agt he

sol ution and nonitgkj he -.resul,t ant cillatin | ectri ield he
onset of colloid fg?rbrgtglrt%% éieﬁlié dét é‘@tg: eofanﬁesﬂ)afspfe n(g'eéiif'lotil'le5
anplitude of the M¥MBgsultant oscillating electric field. AVENDED SHEET 13 4.
A process as clained in claiml or claim3 wherein the frequency of the

applied oscillatin electric field is in the range of from0.8 to 1.2
MHz. 5 5. A procesd RECEPSFnad Fhaémedmin ¢ladkailmed odledimeih the frequency

of the applied oscihépbingenel eckfuentiebd itﬁeae%%%ie@to%cyilllﬁ%[\{k%- I 10
6. A process as ch%ined in any_precedi hg clalm erein the sol ution
conpri ses one or QCEFkGI fiehdt 4F PBRECBIMAbEAVer -CoMElz.7. A process as

clained in claim6 wherein the 15 alkali netal is sodium AMENDED SHEET

10 6. A process as claimed in any preceding claim
wherein the solution comprises one or more alkali
metal ions as counter ions,

7. A process as claimed in claim 6 wherein the
15 alkali metal is sodium.
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