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The present invention relates to separaeors for 
electrochemical cells which help to e~iminate or reduce 
undesirable eff~ets which can arise d~ring storage and use of 
such cells. 

The history of electrochemical cells goes back to 1866 
when Leelanche first discovered the principle on which they 
are based. The .ma:oufacture and design of electrochemical 
cells has come a long way since that time, but problems still 
remain. Cells {also known as batteries, although the eerm 
technically relates to a series of cells} es$entially consist 
of an anode, a cathode and an electrol\yte. :tn the present 
day version of ·the Leclanche c:ell, tM anode is zinc, the 
cathode is manganese dioxide and the electrolyte is an. 
aqueous solution of vaxying proportions of zinc chloride and 
a:mnonium chloride. In other primary cells, the electrolyte 
is frequently ar1 aqueous solution of potassium or sodium 

hydroxide. -In any event. it is necessary to seal the various 
components into a can in oraer to prevent the possibly 
dangerous escape of the constituents, as well as to prevent 

the aemosphere (rom affecting the co~stituents. 

The problem of leakage of the eljetrolyte and corrosion 
of the can <zinc: in Lecla.nehe cells> was very largely 
overcome !-:Jy the addition of cadmium and mercury, but 
especially mercury, to the cell ingredients. 

Thus, mercury was responsible for reducing pe~foration 
of the ean during abuse conditi_ons, reducing corrosion and 
preventing perforation during storage, and it also had the 
advantage that it assisted in discharge. However, now that 
mercury is viewed as a major environmental pollutant, there 
has been a very major push to develop·· c:ells with no added 

mercury and, to a lesser extent, cells wieh no added cadmiuin. 
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The essential problem with cells which bave no added 
mercury is that no one has yet found any additive which is 
capable of recr•ating the advantages ¢f. cells which contain 
mereui:y. In fact, even the op~imwn s-lection of all of the 
currently known additives is not as good as mercury. 

One factor for assessing the performance of cells is 
performance retention. This is measured by initially storing 
cells at high ten-peratures for long periods (for example, 13 
weeks at 45°C and 50% r.h. [relative humidity]> and then 
calculating performance retention as a measure of performance 
compared with similar batteries kept for two weeks at 20°c. 
The results are ideally in excess of 8'0%. Known additives 
generally have a performance retention in the region of only 
75% by coroparison with cells containing no additives, which 
typically have a performance retention in the region of 82%. 

Apart from the necessary anode, cathode and electrolyte, 
practical considerations demand. that a separator is provided 
between the anode and the cathode in order to avoid possible 
contact between the anode and cathode, which could lead to 
undesirable short circuiting·. 

."!· 

In general,. one of two types of separator is employed, 
and is either a gel/paste composition or coated paper. With 
the drive to greater effieiency and performance, the coated 
paper separators are particularly preferred, as chey cake up 
less space in the cell. 

The coated paper separators are coated with starch 
which. in the presence of the electrolyte, is ionically 
conductive, but not eleetronically eo~duetive. 

we have now, surprisingly, discovered chat ~he nacure of 
the starch used to coat the separator ean have a vei:y 
significant effect on the problems eftcOuntered using cells 
which have no added mercury. 
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Thus, in a first aspect, the present invention provides 
a coaeea paper separator for electrd2:hemical cells, 
characterised in that ehe coating eomp~ises a highly 
erosslinked starch and an etherified cellulose derivative as 
a gelling agent. The invention also provides coating 
preparations sui~a.ble for t.he .preparation of such separators. 

An advantage of the invention is that the separaeors 
generally remain subscantially stable with time. 

It is well known in the starch,;kidustry that different 
starches have different properties, and that different 
starches react ·differently in the presence of water. 
Essentially, without being bound by theory, it is believed 
thac water hydrates the starch molecule, causing the molecule 
to unwind from 'its normal tertiary configuration, so t~at the 
viscosity of the solution increases. 1'he greater the 
crosslinking in a starch molecule, the less the molecule is 
able to hydrat.e and gel. 

Cross linked starch molecules ar:¢1 a necessary part of the 
coating, as is-a gum (or gelling age.t). It is not. certain 
precisely what functions these components perform, but we 
believe that. the crosslinked starch m.olecules provide a 
lattice in which the gelled electrolyte is located, the gum 
or gelling agent also being required to provide the necessary 
consistency of the coating, as well as to provide adhesion t.o 
the zinc can. 

Accordingly, many crosslinked, but not necessarily 
highly erosslinked, starches are use4~'..as the primary :material 
of the coating, and many gums and ot:lter gelling agents are 
used as the secondary material (priJhary and secondary are 
used herein only for purposes of convenience, and have no 
ot.her significa.J1ce} . 

All of the combinations of materials used in the art are 
approximately as good as any other when subject to the tests 

SU8ST1TUTE SHEET (RULE 26) 
'"· ..... 



27-NOU-1997 15: 13 FROM. MARKS&CLERKS TO 00652238762 P.075/112 

. ' 
W096138869 PCf/GB%/013l8 

4 

employed by the art. That is t.o say, the prior art 
combinations of, materials all provid•.-. the necessary ionic 

: .• """•;·_.:: 

conductance and .. electronic barriers, ."7.tthout any overt 
impairment of fresh performance of the cell when assembled. 

However, what has not previously been recognised in ehe 
art is that some of the materials are unstable in the 

presence of an aqueous zinc chloride solution which is, for 

example, a major drawback in the field of carbon-zinc cell 
technology. 

For the first time in the industfY, we have performed 
sedimentation tests, and the results ~ave been striking. In 

·l· 

these teses, the starch is added to an aqueous solution of 
zinc chloride, typically 25 or 46,, and the saaple is stored 
ae 45°C with monitoring over time. Although the time is not 

crucial. the test is often performed over a period of weeks, 
a period of around 13 weeks generally providing indicative 
results. The results are surprising. We find that some 
starches discolour or blacken with time, indicating a 
breakdown of the starch, whilst other starches gel initially, 

for example, but;have a continuous i~~ease in sediment 
it>.~ 

volume with time, indicative of an und.esirable lack of , . . , 
stability. The best starches neither discolour nor produce 

any change in sediment volume. 

In addition, we have developed a further two new tests 
which we have termed the High Drain Continuous Test CHDCT} 
and the Low Drain Continuous Test (L:OCT) . The High Drain 

Continuous Test is intended to simulate abuse conditions, 

such as might be found in leaving a flashlight in the "on" 

condition over a 0period of time, ev~J~.fter the battery had, 
· .. ~, .. 

to the user, gone •flat~. The Low J)r'in continuous Test 
simulates the conditions experienced by a battery in, for 
example, a clock. HDCT results are measured in terms of the 
amount of leakage, whilst LDCT results are measured in terms 
of failure of the batter.ir due to pe:fo:aeion or splitting of 

the ean. Again, these tes~s ~~e novel, and produce highly 
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informative results in eonsideral:>ly less time than would 

otherwise be experienced in the conditions being simulated. 

Results are generally available in around 4 and 10 weeks 

respectively, although it will be appreciated that the ainount 

of time required will depend on such factors as the cell 

which is to be teseed and the exeent to whieh ie is desired 

to test the cell, for example. 

These new tests (details of whi~ are provided below) 

have enabled us to quickly and easily assay the ef feets of 

various constituents used in cell construction. In 

particular. we have assayed the various starches used in the 

industry and, in conjtm.etion with the sedimeneation test 

described above, we have established that a combination of 

highly crosslinked starches and etherified cellulose 

derivatives together provide an extremely superior form of 

separator coating which is generally more seable and helps to 

prevent splitt'ing and leakage, c:ompated with the separat.ors 

of the art. ·' 

The term "highly erosslinked• is well known in the 

starch industry and, with respect to batteries, the preferred 

starches are corn, wheat and potato starches, and we have 

established that cells constructed with separators comprising 

highly crosslinked corn starch are surprisingly better in 

both the low drain and the high drain continuous tests. In 

the sedimentation tests, there is very little to choose 

becween corn, wheat and potato searcf!es. 

Suitable examples of highly crosslinked corn starch 

include: Vulca 90 and Vulca 84 {Trademarks of National> , 

celex {Trademark of Nippon Starch Refining Company Limited) 

and the searches produced by Roqu.ette, such as Lab 2211. 

Suitable examples of highly crosslinked potato stareh include 

Vector Rl40 and Vector Rl20 <Trademarks of Roquette}. A 

suitable example of a wheat starch is Lab 2214 (Roquette} . 
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While we prefer that the starch used in the coating is 
only a highly crosslinked starch, such as described above, it 

is also possible that other starche~ ... may be used in the 
coating. In such an instance, it is .. preferable to keep the 
proportion of highly crosslinked starch as high as possible, 
preferably substantially over 50% of tne dry weight of the 
coating mix, more preferably over 80t and ideally over 90t. 

The various soluble starch gellants and natural gums 

used to manufacture separators all appear to decompose during 
storage.· However, the etherified cellulose derivatives 
appear to be stable in the sedimentation test, and suitable 
examples for use in the present invention include: Tylose 
Ma200:K {Trademark of Hoechst), Tylose MHSO, Culminal MHPClOO 
(Trademark of Aqualon) and Courtaulds DP 1209. 

Etherified cellulose derivatives inay be any that are 
suieal:>le, by which is meant that the eompo\lnd should swell 
and gel substantially immediately and remain stable in the 
presence of water, at least during the duration of the 

sedim.eneation tests described above. 

Sui table examples of etherifie4.!1:Celluloses include 
methyl cellulose, ethyl cellulose, bYdroxymethyl cellulose, 
carbox;tmethyl cellulose {including salts, such as the sodium 
salt), hyaroxyethyl cellulose, ethylhydroxyethyl cellulose, 
methylhydroxyethyl cellulose, 2-hydroxypropyl cellulose, 
methylhydroxypropyl cellulose and 2-hydroxypropylmethyl 
cellulose. 

We have also established that viscosity is an important 
factor. If the separator mix is out~ide eertain viscosity 
limits, typicatfY in the region o~ ~g~o to 70000 cP (3 to ,, .·· 

i.O Pa.s}. undesirable results and p~or cells are usually 
. .. 

obtained. Below 3000 cP C3 Pa.s>, the mix is often so liquid 
that it soaks straight into the paper, which can lead to che 
eearing of the paper, for example. Above 70000 cP (70 Pa.s), 
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the mix is generally too thick to spread on the paper 
satisfactorily. 

Aeeord.ingly, it is desirable to·: ;provide a mix which 

falls within the limits defined al:)ove. and ehis is generally 
possible by using an etherified cellulose derivaeive having a 
viscosity of between about 20 cP {0.02 Pa.s} and about 300 cP 
(0.3 Pa.s}. As used herein (unless otherwise specified) the 

viscosity of a substance is defined in terms of a 2t w/v 

aqueous solution of thae substance at 20°C at a neutral pH. 
Ideally the viscosity is between SO and 100 cP {0.05 and 
0 .1 Pa. s} . 

\. 

The following etherified cellul~·e deriva~ives are 
useful in the presene invention and fall intc the above 
category. The number following the name of each gellant is 
indicative of the viscosity in centipoise of thae gellan~, as 
expeceed by the manufacturer. For exaa;>le, Hoechst Tylose a 
20 has an expec~ed viscosity of 20 eP. The gellants are as 

follows: 

Hyd;:o2Qi7ethylcellulose 

Hoechst Tylose H 20 
Hoechst Tylose 'H 300 

Metnylhvdrpxyethylcellulose 

Hoechst Tylose MH SO 
Hoechst Tylose MH 200 
Hoechst Tylose MH 200K 

Hoechst Tylose MH 300 
Berol Modoeoll E 20 
Berol Modoeoll E 100 

Na Carboxymethyleellulpse 

Hoechst Tylose c 30 
Hoechst Tylose C 300 

SUBSTtMt SHEET (RUI.! 28) 
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Aqu.alon Culminal MHPCSO 
Aqualon Culminal MHPClOO 
Dow Methocel K4M (200) 

Courtaulds RPM lOO DS 
Courtaulds DP 1208 (100) 

Courtaulds OP 1209 (50} 

Methyleellulose 

Aqualon Culrninal MC25 s 
Aqualon Culminal MC40 
Aqualon CU.lmi.nal MC60 s 
Dow Methoeel A4M C200) 
Courtaulds MM20P 
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Particularly preferred combinat;ons for use in preparing 
the coatings of the present invention comprise or consist of 
Vulca 90 with '!Ylose MH200K, TYlose MHSO or Courtaulds DP 
1209. 

The .proporeion of highly crosslinked search to gelling 
agent (the terms gelling agent and etherified cellulose 
derivative are used interchangeably herein) may be any that 
is suitable and recognised in the industry, and the generally 
preferred range is from l : 1 to 100.: l by weight, more 
preferably froft,\ about 20 : 1 to 5 : l, with a ratio of about 
10.5 : l of starch to gellant being ~articularly preferred. 
The coating of the separator COlJ'IPrises the mix of starch and 
gellant together with water, generally in excess of 50% in 
order to provide an easily applied coating. The amoun~ of 
water is not critical, as the coating is applied to the paper 

separator and then dried before insertion into the can. 
However, it will be appreeiaeed that the liquid coating 
generally should noe be too thin or too thick to prevene 

convenient application to the paper (·see the above discussion 
of viseos·ity) . -- , 
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27-NOIJ-1997 15: 15 FROM . MRRKS&CLERKS TO 00652238762 P.080/112 

W096138869 PCl"IG:Bff/01318 

9 

A suitable meehod of application of the coating is to 
have the paper run between 2 rollers and to allow a thin 
layer of the separaeor mix ~o be attached to the paper. The 
a.mount. of separator mix on the papei;- can be controlled by the 
gap between the rollers. 

Drying may be by any suital:)le means, such as infrared, 
passage over a steam drum., ho~ air or oven drying. 

The nature of the paper to be used is not critical to 
the present invention, and may be any that is known in the 
art for use as a separaeor. Suitable simplex papers include 
Enso 80 (Trademark of Enso), Amatfors 57 and Sibille Dalle 
64, while suieable duplex papers include PS~£ 100 and PBDE 70 
(NKKl • 

We have also found that it is advantageous to employ a 
polyox:yalkylene nitrogen containing compound as an additive 
when the. cell has an acidic electrolyte, as this can further 
help to reduce gassing and leakage. 

We have found that polyoxyalkylene nitrogen containing 
compounds generally perform as well as, or better than, any 
single other addieive intended to pr~vent gassing, leakage or 
corrosion. In ~d.dition, we have als:e· found that performance 
is often enhanced. 

The most useful such additives seem to be 
polyoxYethylene nitrogen containing COlf!Pounds, especially the 
polyoxyethylene amines. A particularly preferred additive is 
Crodamet C20, which is a monoamine having two polyoxyethylene 
side chains, the number of oxyethylene u.nits being 20 moles 
per mole of Crodamet C20. 

;•:. 

suitable formulae for the addie".tires are as shown below: 

SUBST1ME SHEET (RULE 26) 
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f (CH2>mJO)xH 
I 

R-N-R'-N-[(CH:Vm]O)nH 
I 
[(CH2hnJO)zH 

and 

[(CH2)m]O)xH 
I 

R-N 

' [(CH2)mJO)yH 

TO 00652238762 P.081/112 
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[wherein R represents an optionally substituted alkyl group 
having from l to 30 carbon atoms, R' represents an alkyl 
group having from 2 eo 10 carbon atoms, each m is che same or 
different and represents an integer from 1 eo 4 inclusive, 
and n, x, y, and z are the saine or different, and each 
represents an integer between 1 and JOJ. More preferr~d are 
co:mpounds having the following. fortriUlae: 

and 

Particularly pref erred eonq;:>ounds are those wherein R has 
an average of around 10 carbon atoms, a• has 3 or 4 carbon 
atoms, each m is 2 and n, x, y and z each averages about 10. 
The optional sU:Cstituents are as noted above, but there are 
preferably no substituents. 

The additives may be added a~ cm.y seage during the 
preparation of 'the electrochemical cell. 'l'he:re is no 
particularly preferred method of addition to the cells of the 
invention, provided that the addieives are able to dissolve 

in the electrolyte. 
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The additives can be added t.o the cell by c:oaeing a. 

dilute aqueous solution of the additive on the inside of the 
can. The solvent is then allowed to dry out leaving a coat:ed 
can. However, this method is not generally industrially 
practicable. 

The cells with which the additives can be used typically 
·. -.· 

have a caehode made of manganese dioxide and acetylene blaek, 
the manganese dioxide being in finely divided form and mixed 
with acetylene black before mixing with the electrolyte, as 
is well known ir1 the art. Thus, it: is convenient to 
incorporate the additive with the d%y com,ponenes of the 
cathode, or to ~troduce it together with the electrolyte. 
Preferred quantities of additive are typically in a 
propor~ion of a:boue 0.01 to 2t w/w <additive/mix), preferably 

about 0.04 to lt, and most preferably 0.1%. 

We prefer to introduce the addi~ive inco the separator 
coating. To do·. t:his, it is generally necessary to add the 
additive and. ~he gellane to the water before adding starch in 
order to provide the least complications wieh regard to 
uneven distribution. The coa.ti:ig can then be applied to the 
paper as described above, and the resulting separator is t:hen 
ready for use in an electrochemical cell. A suital:>le amount 
of the additive of the present invent.ion to incorporate into 
an electrochemical cell will be readily apparent to a man 
skilled in the art. However. a suitmle amo\m~ t:o add to the 
separator, for example, is, wi~h resp.ct to the dry coating 
weight of the coating, from O.l to 10t, more preferably from 
0.5 to S\ and especially about 1.5,. It will be appreciated 

that this method is preferable to inco:tporaeion of the 
additive into the cathode mix, as it uses less additive. 

Typieal eells in which the sepaaratO~$ of the present 
invention can be used include primary and secondary zinc 
carbon cells, including those cells known as Leclanche a.nd 
%inc chloride cells. The elec~rolyte in such cells is 
eypically as follows: Leclanche eleeti'olyte - 5-20% zinc 
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chloride, 30-40% ammonium chloride. remainder water; zine 
chloride elec~rolyte - 15-35' zinc chloride, 0-lOt ammonium 
chloride, the remainder water. Some other suitable cells for 
use in the present invention are deiStibed in Chapter s of 
the Handbook of Batteries and Fuel Cells (edited by David 
Linden, published by McGraw Hill). 

The cells in which the separators of the present 
invention can be used may also be of any suitable 
configuration, such as round, square or flat. 'l'h~s, in 
addition ·to the aspects described above, the present 
invention also ·provides a eell comprising a separator of the 
invention, op~ionally eogether with .a compound as deseribed 
above when the cell contains an acidic electrolyte. 

The present inveneion further provides a sedimen;ation 
test as described above, but it will be understood that ehe 
concentration of zine chloride may be adjusted as 
appropriate, and that any constituent of the separacor 
coating may be tested, as desired. 

The present invention further provides a Low Drain 
Continuous Tese for an electrochemical cell characterised in 
that the can i~ sealed but left unecitiered, a high resistance 
is secured between the poles of the cell so as to complete a 
circuit, and the cell is monitored as to its condition. 

It will be understood that, in this test, monitoring the 
cell is intended to ascertain whether the cell fails during 
testing. The typical lifeeime of a D-size zinc carbon cell 
is up to al:>out 10 weeks when the resistance is about 300 n. 
Other resistances rnay be used as appropriate, although 300 Q 
provides useful results. An appropriate resistance for a C­
size cell is about 500 Q while, for .:.a.n AA-size cell it is 

about 810 n. The omission of the bOe-e.om cover and the over 
tube is to expose the can to a surrounding aem.osphere, 
thereby enhancing any failure that might occur, which is one 

SUBSllTUTE SHEET (RULE 26l 
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reason why this test can be performed in 10 weeks, when i~ 
might take 2 years in a clock, for example. 

The pre.sent invention further P::<:>vides a. High Drain . . : ~·tr~ 

Continuous Test for an electrochemical cell, the cell being 
preferably fitted with a bottom cover, a low resistance being 
secured between the top cover and a point on the can wall 
proximal to the top cover and, thereafter, sliding an 
overtube onto the can so as to cover sul:>stantially as much of 
the ean as possible without dislodging the resistance, 
weighing ehe resulting assembly, storing the cell at ambient 
temperature, preferably 20°C, weighing the cell at intervals 
during storage if desired, and dete::mining the a.mount of 

. . ,f, 

electrolyte los:e. during storage by ~tghing eo establish 
,:;~' 

leakage. This ·lase weighing may be effected by removing and 
weighing the over tube after storage or weighing the c~ll 
wiehout the over tube but wich tbe resistanee1 or both. 
Addition of the bottom cover during this test is particularly 
advantag~ous in preventing corrosion at the bottom of the can 
during the test. 

A suitable resistance for this test for a D-Si%e cell is 
3 . 9 0 and a.bout 5 0 for an AA-size cell, and the test is 

" typically carried out for 4 weeks, t-~~ing at weekly 
intervals. The normal discharge life .. :~for a. D cell is about 6 
hours in this test until the cell l:>ecomes useless. Testing 
for 4 weeks, for example, establishes how the cell stands up 
to abuse conditions. 

The present invention will now be illustrated with 
respect to the accompanying Examples wherein percentages are 
by weigh~, unless otherwise specified. The Test Examples are 
followed by certain Test Protocols appropriate to the Test 
Examples or which a.re not known in th~- are. Unless otherwise 
seated, the zinc cans used in the pre$ent examples typically 
comprise 0.4% lead and 0.03\ manganese and have a wall 
thickness of 0.46 ~ 0.03mm. The mix for the cathode 
eypically comprises 52' rnang&nese dioxide, 0.4, zinc oxide. 
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6t acetylene black and 41.6\ zinc chloride solution (26.5\ 

zinc chloride 'W/vl. Otherwise, eel~~ ~e generally 
manufactured in accordance with BP-~~30373i. 

The test was performed by mixing l ; of test material 
with 100 ml of 26\ or 46.5% zinc chloride solution and 
allowing· the mixture to .stand in a e~osed measuring cylinder 
at 45°c. The mixture was observed ~r 13 weeks, and the 

,,~ 

resul~s are sho1#n in Table l below. ;i;rhe results show the \ 
swelling of the tese material at 2. 6 and 13 weeks (2w, 6w 
and l3w}. 

T&ble 1 

% ll 26 ZDCI Cl 46.5% Zn 11 
Initial lw 6w 13w t Initial 2• ow 

Stable Oass t Hinh• Cnm Linked Corn Sureb 
National Vulca 90 S% S% 6% &'°/,, S% 5% 7% 
Ni?mon Statd\ Refininri: Celex 4% 6% 7% 1% S% 190k 10% 
Roauettc lo/o 2% 2% 2% 5o/e 7o/o ?o/o 

Stable Class l lli~hlv Cmtt Linked Potato Starch t;\li 
Raauette Vettor tu 40 $% .So/o 1% ,;_:,'\'"'% S% Wo 7% 
ft- - Vector Rl20 S% 6% i4% . 14% 6% '% 14% 

Uastal>le Cius 2 Bi"hlv Cross Linked Corn Stan:b 
Nippon Swell Refilling lonpm U% 25% l8% 290/ii 21% 38% 42% 
CE3 
National ~-=~· .:~1 10%. 1S% 18% 18% 24"!. 40% 80% 
Stable CW. 3 PVP Adhesiw 
ISPPvPK120 lOOo/o 1004 100% tOO% l ()()1IJI# ' 100% 100% 

Stable Cius 3 Medlvl Cellulose £Cher Gellaot 
HoechSt Tvlose MH200K 100% 100% 100% J: )% 100% 100% 100% 

Hoechst TVfosc MHSO 100% 100% 100% {4 )o/o lOOo.4 lOOolO lOO°/o 
AauaJon Culminal MHPC 100 100% 100% 100% ·f »% 100% 100% 100% 

Courtaulds 1209 100-!. 100% lOOo.&s h l ()041 100% 100% 100% 
Unstable Clan 3 .Narura1;<;1U11 (de.;omnnMt durin" stort&i ;~ . 
NimlOn Stareh Refinin11 Ki . l 100% . 100% 1tXl% f!MOO% I tOO'IO 100% 100% 

Unstable Cius 3 Soluble Starcll Getr"'nt ~-IWM!!ll du 
·- -

National In.Stant Purefto .i0% 86% lf.10%·:~.t~ f 100% IOOo/o 100% 
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kl 
Class l: Little or no swelling anQ. small changes with time 
Class 2: Some' init.ial gelling and lb.creasing sedimene with 

time 
Class 3; Rapid and complete gelling. 
Stable: no colour change 

unstable: colour changed with time 

i.esults 

St&ble Class 1 Hiabl¥ Crosa Lin.ked Cgrn Starc;h 
Vulca 90 

Ce lex 
Roquett:e 2211 ~-

........ ..... 

Stable Class 1 Hiqhl~ Cross Lin,ked tgtato Sta,reh 

Roquette (Vector Rl20 or Rl40) 

Unstable Cl§§S 2 Corn Starch 

Rongum CE3 

Cleargel 

Stable Class 3 Ge.llanti 

Methyl Cellulose Ethers :-
Tylose MH200K 
Tylose MKSO 
CUlminal MHPClOO 
Courtaulds 1209 
Polyvinylpyrrolidone 

Unstable C1?&$1'3 Gellants 

Instant Puref lo 
Kiprogum. 

SUBSTIMI. SHEET (RULE 26) 
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QMPLI 2 

'festi.nq COllbin~ions gf Starch •nA Gill&Pt in LPS pensitv &lUI 
Biqh nenaity c:pn;in110111 T••t.a 

Separators were made up as described in the Test 
Protocols and were tested on both the LOCT and HCCT eests for 
4 weeks (4w) and i weeks {7w} respectively. In Table 2, an X 
indicates the absence of a sub$tance, while the figure 
associated with each individual ingredient is the % by weight 
of that ingredient in ~he dry coating preparation. 

-~ ·. T@la 2 •.. > 
"·!'i . .... 

s t ei>arator C()attn.Q contains comoonen s as t ieated below. 

Ssabl' Srablc !11121~ U.tai.11. llw:teilt. t!m«ml€ 
Class 1 Class 3 Class l Class2 Class 3 Class 3 
Highly Methyl Highly Moderate Gum Soluble 
Cross Cellulose Cross Cross Starch 4w 7wLDCT 

Linked Ether Linked Linked HDCT 
Com Potato Com 

Vulca 90 Tytose x x x x L6g 21% 
91.Jo/o MB%00K 

8.7% 

Vuk.a. 90 x .X x Kipra1um ,:::X 1.Sg 400/o 
9S.0°At 5.0% 

x Tylose Vector x x x l.9g 800/o 
MBlOOK Rl20 

8.1% 91.3,,. 

Vulca 90 Tyiose x Ron gum x x I.6g 1000/o 
45.7% MB.2001' CE3 

l .. 7o/. 4S .. 6% 

x Tylose x Rong um x x l.Sg 100% 
MBJOOK CD 
1~7% 91.3% 

x Cleargel x i ··;·'9-

Z.Og 90% Vulca 90 x .. IlfSlant 
75.1% 11 .. 8% Pittflo 

6.1% 

x x Vector Oeargel x Ioftlnt 2.2g lOOo/o 
k120 1U% Pu~no 

75.1% 6 .. 1% 

SUBSTITUTI SHEET (RULE 281 
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· From the above Table, ie can be seen that ie is 
. ·~ necessary to p:i:-ovide a highly c::ossli:bked st.arch as a major 

component in the dry coating preparafion. If searches are 
used in the coating preparation which are not highly 
crosslinked, then these should comprise substantially less 
than 50\ of ehe dry coating preparation. 

,,·! 
'9mpari•on pf piffor1pt,l•Par;a;czr1 

Separators were made as described, and the results of 
various eests are shown below in ~able 3. The separaeors 
(designated as Sep. l - 5) were made from:-

Sep. 1. 

Sep. 2. 

Sep.3 

Sep. 4. 

Sep. 5. 

Stable Class 1 Highly c:ross~linked ~m srarch 
Unstable Class l com starch 
Unstable Class 3 soluble swch 
Arylsulphonate 

Vu1c:a90 
Cleargel 
Idll'lt Pureflo 
Na Toluenesulphonate 

.· ' :~·; 

Stable Class 1 Highly cross-linked potatcfstardi Vector 1U20 
Stable Class 3 Methyl Cellulose Ether aen-rylose Mll200K 
Fluoropolyoxyethylen.e Ether Forafic 111 OD 

Stable Class l Highly cross .. linked com starch 
Unstable Class 2 com siareh 
Un.stable Class J gum gellant 
Additive free 

Stable Class 1 Highly cross-linked cottl $ll?Ch Vulc:a 90 
Stable Class 3 Methyl Cellulose Ether pllbtTylose MH200K 
Trimethyl Alkyl Ammonium Cetrimide .· . 

·:_~.-·~ 

Stable Class l Hifhly cross.linked com iarch VUlca 90 
Stable Class 3 Methyl Cellulose Ether ienintTylose .MH200K 
Coconut Polyoxyethylene Amine Crodamet C20 

SUBSTITUTt SHEET (RULE 26) 
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IABLE3 

HDCT LDCT Gassing Fresh Perf. Fresh SCA Performance after 
. 1Jw/4S°C/SO%. r.h . 

Seo.1 l.9jt 60% 231% 1000/o 6.2A 100°/o 
Seo.2 2.62 78% 100% 103% 6.6A 99% 
Sen.3 4.22 100% 217% 990/0 7.0A 106% 
Seo.4 1.4'[ 30% 140% 99% S.7A 93% 
Seo.S 1.22 i'O% SO% 102% 6.3A lOSo/o 

In the above Table, Separator 2 was taken as the 
seandard {100%) in the gassing test, and Separator l was 
eaken as the standard (100\} in the performance tests. 

It can be seen that, especially in the gassing test, 
separators of the invention perfo:an better and that the best 
separator incorporatesd a polyoxyetbylene amine. 

Comparison T••tiPS of CCJlbinttiqpa pf .1A4ieiye1 an,d Coatina 
Compp1i;ion1 

Various additives were tested in combination with 
various separators coated with various starches and gellants 
in both the LDCT and the HDCT tests~. The results are shown 
in Table 4. 

It can clearly be seen from the results that highly 
cross-linked starches and methylcellulose ether are 
preferable as ~oatings in these tests, while polyoxyechylene 
amines are preferable to the compounds of the art. The 
tallow compounds preferably have polyoxyethylene side chains 
which are at least 10 unies long, and preferably at least 40 
units long, on average. 

SUBSTITUTE. SHEET (RULE 26) 
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Stuble Clw I Highly t'ro:ss Li.nted Corn Siad 
SI.able Cfa• J Melhyt Cellutose £Iha 

Slable CJa&1 I I tighly Ctost I.inked fotalo SLwh 
Unstable Cfau ) Moderate CfOSI Linled Com SLwh 

· U11sl11bleCla11 l Solubk.Suh. 
A"4Ul"e C'o1ted 4111 C1e 

-

lw a Sw U>CT 

1:f00foa1kyl Potyoxyeehytci1e l!ther f01118c 11100 
NON6 NONti 
Trimelhyl Alkyl runmoniam Ceuimide 
Alyt SullJllur Na Tolue1iesulphate 
'liJllow-polyoxyef.11yliene mono.amine x•y=j Elhylaq TTltS 
1a1tow.,.,1~yl.me ftlDtMHmine x•)""40 Elhytan 1T40 
Corionut·pol)'OXJeChyleae 1lfOONlnine ••rs Crodamd cs 
COC011111l..pol)'OX~J'leM mono.nine x•y=20 Cfodamc(C20 

A.VIM.QI 
Adlflllw&Cultd •CH 

••tt•cr .. · '"'-· .. 

-· 
Ruosualkyl PoJyo.qoethykne Ethe. fotafae J 11-00 
NONE NONE 
Tfinretl11t Alkyl Ammonium Cdrimidc 

""' SulphUJ Na Toluenesulptaa&e 
TaUow-poJJQ-ll}len1 moM~anHne xtJ=S Eflvl111 'J"ft.$ 
Tallow~19tthrtcncanoPCHminc x+y=4G Eta.,laa Tr40 
O>cenut·polyurcU.1le11e 1nono-ambae x+y=S Crodamet CJ 
Coconut·pol)'OJC)'dbytene IUORCHtmine a+y=20 C'rodanadC29 

AVIRAG£ 

'fable 4 

Vuka90 Vulr.e.90 
~tt01200K 

Claqel 
.. lns!Ul PuMno .. , .. 

lW SW Jw Jw 
UM 40% 58% 100% 
10% JW. 60K 100% 
CM 7% JO% 10% 
0% 47% 60% 11.M 

10% 40% 90H )00% 
0% '°" 80K. 100% 

°" 10% IOH 60S' 
CM 0% 0% 10% 

4V. uv. 4'% 184Ye 

. ... ~.:;.~:.·· .. . 4w· 4w 
2.4 2.4 
2.4 2.2 
I.I 2.) 
2.t 1.8 
2.t 2.2 
u 1.9 
1.6 1.8 
J,, a.a 

u 2.1 

I\} 
-.J 
I 

~ 
6 
C' 
I ; .... 

I 
t.D 
\.0 
-.J 

I-'-

IO <JI 
·I\) 

f)'IOICMJUOOK Tylo.MIUOOK 
IS) 

Voctor Rl20 V«lor RflO 
Clear ad RqUIUCEJ ;BI 
Instant hreOo ~I 

AVIRAGI 
Jw Jw lw 5w lw Sw lw 5• 

92% 100% 100% t00% lootli lOOl\ 61% uv. 

3 
D 
;o 
:;<;; 

'(J) 

100% 100% tOCM tOOK .. .,. 88% QO 
() 

0% ){)% 80% ....... t00% 90IM u•4 69% 
100% ltxM 90% IOOH IOIM loot4 ov. 19% 

IOCM tocm IOlM t00% 7J% SS% 

r m 
~ 

• (fl 

100% I«* '°'* 100% 1'% 78% 
8(M IOIK .... , ... CS% '8% 

OK· 20% 70% IOCW. 42% 84>Vt .,.. ,..,. ..... 
(.0 

41% av. tt% IGO% ti% 91% 

~~··"'···· AVUA.G£ 
4w ' .... I •• 4w ...... 
2.6 2.4 2.8 2.s 

2.J 2.7 J •• d 
1.8 1.8 :u J.l 
2.4 2.0 2.2 I.I 

2.0 ).l. J.J 
u u J.0 
u 2.4 u 

t.'1 1.6 2.2 t.8 

u 2.0 2.6 

g (S.l 
IS) 

~ 
g) ~ 
~ ID 
Q -.J ' - Jn w ... ao 

"U . 
CS! 

~ .... .... 
l\J 
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Preparation of Stmarators : · 
The first step in the preparatien of a separator is to 

prepare the paste to be used for the coating of the paper. 
The f or:nulations used in the present Examples were as 
follows: 

Water 
Organic Additive 
Gellant 
Starch 

(e.g. Crodamet C20) 
(e.g.-Tylose HH200K} 
(e.g. Vulca 90} 

64.3% 
0.5% 

3.lt 
32.1% 

Three methqds were commonly employed for making up the 
paste. These were as follows: 

Paste Method l {Used for the separators of the Exampl~s). 
l. Add the organic additive and gellant to water and mix, 
using a high shear mixer, such as a Silversen type mixer 
CSilversen Machine Mixer Emulsifier Model L2R, UK). 
2. Place the resulting mixture in a paddle mixer, such as a 
Hobart mixer, add. the starch, and mix uncil a smooch pasee is 
obtained. 

Paste Method 2 

l. Add the gellant to the water and mix in a paddle mixer, 
such as a VMI mixer CRayneri Model R600l, France). 
2 . Add the starch and continue mixing. 
3. Add the organic additive and continue mixing until a 
smooth paste is obtained. 

Paste Hethod J 
l. Mix the powders together. 
2. Add the ~ed, dry powders to the water and seir in a 
paddle mixer. 
3. Add organic additive and continue mixing until a smooth 
paste is ·formed. 

SUBS1T1U1t SHEET (RULE 261 
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The end produces of these meeho~s are virtually 
• ~ :.. ·. !t. . 9 

ident.ieal, .and· any method is suitabl•. 

The separator pas~e is then coated onto the paper. The 
technique used in the above Examples is to run the coaced 
paper between two rollers set apart by a predetermined 
distance in order eo provide the desired coating weight when 
dry. The rollers are suitably set so that they run in 
opposite directions, with the forward roller running fastest. 

A suitable coating machine is made by Dixons (Dixons Pilot 
Coating Machine Model 160, UK). · 

The dry coating weight is measured in gm-2 (gsm>. 

Suitable gsm are 40 (for D cells), 30 (for C cells) and 20 

(for AA cells) . 

The coated paper in the al:>ove Exa:ples is then dried 
either by oven•d:rying at 100-l40°c and/or by steam d::uJn­

dl'..1fing at l00-1so0c. 

J:il:?kT fHig.Q. Prai» Contip:uous Test) 
l . Cell is manufactured as above. The bottom cover is 
added but no overtube. 
2. 3.90 resistors are soldered between the cover and the 

top of the can adjacent the cover. Cells are weighed <w1> 

3. overeubes are weighed (w3) 

4. The overtube is pushed on cell but NOT spun in. The 

cell is weighed {WJ}. 

5. The HDCT cells are stored at 20°c for 4w. The normal 
discharge life for Don a 3.90 test i~ -6h. 4w represencs 

an abuse test to simulate a c;onsumer leaving equipment 
switched on. 
6. At weekly intervals {lw, 2w, 3w & 4w) 1/4 of the 
original cells are removed and measu:ements are taken. The 
eom;pleee discharged cell is weighed (W4). 
7. The overtube is re.moved and weighed (w5). 

SUBSTllUTt SHEET {RUl.E 26l 
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S. The resulting cell with soldered resistor still intaet 
is weighed <w6). 

9 . The Ht>CT leakage is W6 - w1. 

LPCT (Low prain Continuous Test! 

1. Cell is manufactured as above. For LDCT NO bottom cover 
is added and NO ove:rtube. 
2. 3000 resistors are soldered between the cover and the 

top of the can adjacent the cover. 

3. Cells are monitored at weekly intervals up to lOw. This 
would be the normal lifetime for a D cell on a 3000 test. 

This tes~ is a simulation of a cell being used on ~ long 
duration test such as a clock. 

4. A failure is when perforation or splitting of the can is 

observed. This would allow 02 into the cell eausing . 
premature failure when on a long duration ~est. 

SQ. Te~ 
The cell is shoreed and the current passed is measured 

on zero (vecy low} impedance meter. The resulting 
measurement is the SCA (Short Circuit Current) of the cell. 

IEC Diseha,rqe Pe+fgpnanee Tests 

These are Industrial Standard tests which are measured 

on Fresh cells (l - 2 weeks at 20°c> and Aged cells Cl3weeks 
@ 45°C and 50% r.h.). 

Gassing Test 

Cells are not fitted with a sealant or closure, allowing 
gas generated in the cell to escape. Cells a.re sealed in a 

glass container fieted with a stopper and a glass tube. The 
containers are immersed in a wacer bath at the required 
temperature. The open end of the glass tube is placed in a 
water bath and a water-filled graduated gas tube is 

SUBSTITUTI. SHEET (RULE 26) 
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positioned to collect any gas from the tube. The volume of 
gas generated is measured over 30 days. 

Corrosign Test 

A container is filled with 25% zinc chloride solution 
containing 0.01% of a potential inhibitor. Serips of baeeery 
:inc alloy are imnersed in the solution and the eoncainer 
closed to exclude air. The test spe<::imen is stored at 45°C. 

Visual examination of the stri9 is made at 3-weekly 
intervals and strips are assessed by 4 criteria: 
1. General attack; 
2. Small pits (<0.l.an); 

3. Large pits (>0.l.mm); 
4. Uniformity of corrosion. 

Each criterion is measured on a scale of l (low) to S 
<high) . The scores are totalled, and the overall score is 
the corrosion index {CI) . Controls are perfor.m.ed using no 
potential inhibitors. 

SUBSmU1t SHEET (RULE 26) 
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Claims 

l. A coated paper separator for electrochemical cells, 
characterised in that the coating comprises a highly 
erosslinked starch and an etherified cellulose derivative as 
a gelling agent. 

2. A coated paper separator according to claim l, wherein 
both of the starch and the gelling agent are substantially 
stable over time in the presence of ·an aqueous zinc chloride 
solution. 

3. A coated paper separator according ~o claim l or 2, 
wherein the highly crosslinked starch is selected from the 
group consisting of eorn, wheat and ~otato starches. 

4. A coated paper separator according to claim 3, wherein 
the highly erosslinked starch is corn starch. 

S. A coated paper separator according to claim 1 or 2, 
wherein the highly erosslinked stareh is eorn starch selected 
from Vulca 90, VUlea 84, Celex and Lab 2211. 

6. A coated paper separator according to claim. l or 2, 

wherein the highly crosslinked starch is potato starch 
selected from Veeter Rl40 and vector Rl20. 

7. A coated paper separator according to claim l or 2, 
wherein the highly crosslinked starch is La.b 2214 wheat 
search. 

8. A coated paper separator of any preceding claim, wherein 
ehe etherified cellulose derivatives are selected from Tylose 
MH200K, Tylose MH50, Culminal MHPClOO and courtaulds DP 1209. 

9. A coated paper separator of any preceding claim, wherein 
a 2% w/v aqueous solution of the coating at 20°c has a 
viscosity of less than 3000 cP. 

SUBSJlMI. SHEET {RULE 26') lfll~llllUI 
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10. A coated paper separator of any preceding claim, wherein 
a 2% w/v aqueous solution of the etherified cellulose 
derivative at 20°c has a viscosity of between al:::>out 20 and 
about 300 cP. 

11. A coated paper separator of any preceding claim, wherein 
a 2% w/v aqueous solution of the etherified cellulose 
derivative at 20°c has a viscosity of between about 50 and 
100 CP. 

12. A coated paper separator of any preceding claim, wherein 
the etherified cellulose derivative is selected from: 
Hy4roxyetbylcellulose 

Hoechst Tylose a 20 
Hoechst Tylose H 300 

Methylbydroxyetbylcellulosc 

Hoechst Tylose MM 50 
Hoechst '!ylose MH 200 
Hoechst Tylose MH 200K 
Hoechst Tylose MK 300 
Berol Modocoll E 20 
Berol Modocoll E 100 

Na ca;bgxymetb¥1celluloae 

Hoechst Tylose c 30 

Hoeehst Tylose c 300 

Methvlhydroxypropyleellulose 

Aqu.alon Culminal MHPCSO 
Aqualon Culminal MHPClOO 
Dow Methocel K4M (200} 
Courtaulds HPM 100 OS 
Courtaulds OP 1208 (100) 

Courtaulds DP 1209 (50) 

Methyleellulose 

Aqualon C~lminal MC25 S 

'111'1~ 11\lf tlif llMlll It 1111' 
* C L M S * 
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13. A coated paper separator of any preceding claim, wherein 

the coating comprises a combination selected from: VUlca 90 

with TY"lose MH200K, Vulea 90 with '!'ylose MHSO and Vulea 90 

with Courtaulds DP 1209. 

14. A coated paper separator of any preceding claim, wherein 

the proportion of highly crosslinked starch to gelling agent 

is from 35 : 35 to 100 : 35 by weight. 

lS. A coated paper separator aceQrding to claim 14, wherein 

the proportion of highly erosslinked starch to gelling agent 

is from about 20 : 35 to S : l. 

16. A coated paper separator according to claim 14, wherein 

the proportion of highly erosslinked starch to gelling agent 

is about l0.5 : 1. 

17. A coated paper separator of any preceding claim, wherein 

the paper is selected from Enso 80, Amatfors 57, Sibille 

Dalle 64, PDE 100 and PCE 70. 

18. A test for a stareh or a gelling agene used in the 

manufacture of separators for electrochemical cells, 

comprising addition of the starch or gelling agent to an 

aqueous solution of :inc chloride and observing the condition 

of the starch or gelling agent over time. 

19. A test according to claim 18, wher~in the aqueous 

solution of zinc chloride is at a concentration of 25t. 

20. A test according to elai~ 18, wherein the aqueous 

solution of zinc chloride is at a coneeneration of 46%. 
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21. A test according to claim 18, 19 or 20, wherein the 

aqueous solution of zinc chloride is kept at a temperature of 
45°C during the test. 

22. A test according to any of claims 18 to 21, wherein the 

duration of the test is 13 weeks. 

23. A low drain continuous test for an eleetroehemic:a.l cell 
characterised in that the can is sealed but left uncovered, a 

high resistance is secured betweer\·the poles of the cell so 

as to complete a circuit, and the cell is inonitored as to its 

condition. 

24. A test according to claim 23, wherein the high 
resistance is selected from the group consisting of 300 n 
for a D size cell, 500 0 for-a C-size cell and 810 0 for an 

AA size cell. 

25. A test according to claiJn 23 or 24, carried out at 20°C. 

26. A high a:r:;ain continuous test for an eleetroehemical 
cell, a low resistance being secured between the top cover 

and a point on the can wall proximal to the t.op cover and, 
thereafeer, sliding an overtube onto the can so as to cover 

substantially as %1\Uch of the can as possible without 

dislodging the resistance, weighing the resulting assembly, 
storing· the cell at ambient temperature, weighing the cell at 

intervals 
am.ount of 
establish 

during storage if desired, and determining the 
electrolyte lost during storage by weighing to 
leakage. · .. .' 

27. A test according to claim 26, wherein the cell is fitted 

with a bottom cover. 

28. A tese according to claim 26 or 27, wherein the test is 

performed at 20°c. 

11111 Ill llllll lllll Jlllf Ifllllf 
* C L M S * 
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29. A test according to any o.f claims 26, 27 or 28, wherein 
the amount of electrolyte lost during storage is determined 
by a comparison between the weight of ·the overtube before and 
after storage. 

30. A test according to any of claims 26 to 29, wherein the 
amount of elecerolyte lost during storage is determined by a 
comparison between the weight of the cell without the 
overtu.be before and after storage. 

31. A test according to any of elai.ft\S 26 to 30, wherein the 
amounc of electrolyte lost during storage is determined by a 
comparison between the weight of the overtube before and 
after storage cpld by a eotr;)arison between the weight of the 
cell without the overtul:>e before and after seorage. 

32. A test according to any of claims 26 to 31, wherein the 
resistance is selected from the group consisting of 3.9 0 
for a D size cell S 0 for an AA size cell. 

33. A coating ecmposition for a coated paper separator as 
defined in any of claims 1 to 17, comprising a mixture of the 
highly erosslinked starch and the etherif ied cellulose 
derivative. 

34. An electro~hemieal eell coinprising a ses:>arator according 
to any of claims 1 to 17. 

35. An electrochemical cell comprising a separator according 
to any of claims l to 17 and a polyoX:(alkylene additive. 

SUBSTIT\ITE. SHEET (RULE 26) 


