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ELECTRODE FORA BATTERY 

[0001] The invention relates to electrodes for use in a bat 
tery, typically a bipolar lead-acid battery. 
[0002] It is known to make bipolar plate electrodes for this 
purpose from lead and lead alloys. Ideally the electrodes are 
very thin to reduce the siZe and Weight of the battery but thin 
sheets of lead metal and lead alloys are dif?cult to seal around 
the edges. A reliable seal is required in bipolar batteries to 
prevent conductive paths of electrolyte being formed from 
one side of the bipolar plate to the other, Which Would cause 
self discharge of the battery. The plate electrodes are not 
entirely resistant to galvanic corrosion Which generally 
results in through-plate porosity in the form of pinholes (and 
the electrodes are heavy if manufactured in greater thickness 
to overcome this problem). Proposals to reduce the effective 
Weight of the lead include the use of porous ceramics With 
lead in?ltrated into the pores (Which need to be of fairly thick 
section to be mechanically robust, and are thereby still rather 
heavy); and the use of glass ?bres and ?akes coated With lead, 
lead alloy, or doped tin oxide, or lead oxides as conductive 
particulate in a thermoplastic resin matrix but such electrodes 
are complex and expensive to produce. Carbon based mate 
rials have been tried, but most forms are susceptible to elec 
trochemical oxidation. 
[0003] Plates made exclusively of the Magneli phase sub 
oxides of titanium (of the general formula TinO2n_l (Where n 
is an integer greater than 4 or greater) satisfy many of the 
criteria above. HoWever, they are expensive to make, are 
brittle, and do not easily accept surface features, for example 
to accept and retain the battery paste coating. 
[0004] This invention is based on the realisation that if the 
plates can be made from the Magneli titanium suboxide mate 
rial in particulate form in a suitable polymeric matrix, most, if 
not all, of these Weaknesses can be overcome. 
[0005] According to the invention in one aspect there is 
provided an electrode comprising a shaped substantially 
pore-free body of hardened resin, the body having electrical 
paths de?ned by contacting particles of titanium suboxide of 
the formula TinO2n_l Where n is 4 or greater. 
[0006] The particulate titanium suboxide is preferably 
selected to provide a high level of conductivity; Ti407 and 
Ti509 are preferred. Some suboxides have loW conductivity 
and poor corrosion resistance and preferably are avoided; an 
example is Ti305. Although the particles can be provided as a 
mixture of the Magneli phases it is important that the presence 
of loWer oxides such as TiO, Ti203, Ti306 is minimised and 
preferably entirely avoided. 
[0007] It is a preferred feature of the invention that the 
particle siZe distribution is selected so that the particles Will 
contact each other intimately to create electrical paths and 
provide conductivity. Preferably the particle siZe distribution 
is relatively narroW since this gives good electrical connec 
tivity. Preferably the particles have a particle siZe distribution 
With a standard deviation of less than about 50% of the mean 
particle siZe. Polymodal mixtures can also be used but care 
must be taken to ensure that the populations of smaller par 
ticles do not reduce the electrical connectivity of the popula 
tions of larger particles. 
[0008] We have found that speci?c particle siZes and par 
ticle siZe distributions are required for making electrodes of a 
speci?c thickness but a mean particle siZe (by volume) of 
around 100 to 150 micrometers is suitable for an electrode of 
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1 to 2 mm thickness. For making thinner electrodes Which 
may be preferred, smaller particles are required of the plate is 
to be pore free. HoWever, if the average particle siZe is small 
it is more dif?cult to achieve a suitably narroW particle siZe 
distribution to give a good conductivity. 
[0009] The poWder is manufactured by methods such as are 
taught in Us. Pat. No. 5,173,215. The manufacturing condi 
tions are adjusted to ensure that the poWder has a high pro 
portion of the Ti4O7 and Ti5O9 crystallography (to produce 
high conductivity) and effectively none of the non-Magneli 
Ti3O5 material (Which causes poor corrosion resistance and 
loW conductivity). The precursor TiO2 poWder is chosen or 
treated to produce a Magneli phase suboxide poWder With 
particle siZe distribution required for good conductivity. 
[0010] The resin may be selected from a Wide variety of 
materials. Preferred are thermoset resins. One suitable resin 
to manufacture a corrosion resistant plate is an uncured epoxy 
such as Araldite® PY307-1, in conjunction With HY3203® 
hardener, both materials being available from Vantico Ltd. 
This has been found to be particularly resistant to anodic 
corrosion and to make a pore free plate, although other resin 
systems Will produce satisfactory products. Thermoset resins 
are particularly suitable for the manufacturing of good con 
ductivity plates since they are handled in a hot press, Which 
also presses the particles together for intimate electronic con 
tact, and they also shrink someWhat on curing, further push 
ing the particles together. Other candidate thermoset resins 
include epoxyphenols, novolac resins, bisphenol A based 
epoxy resins, bisphenol F epoxy resins; polyesters (saturated, 
unsaturated, isophthalic, orthophthalic, neopentylglycol 
modi?ed, modi?ed vinylester; vinylester urethane and the 
like. Some grades of these polymers have been found to 
exhibit a relatively excessive amount of shrinkage on curing 
coupled With a relatively poor adhesion to the particles Which 
alloWs interconnecting voids to appear around the surfaces of 
the particles Which makes them unsuitable for producing 
substantially pore-free plates. HoWever, loW shrink and other 
additives may be included in commercial grades of these 
resins, provided that they do not have a detrimental effect on 
the chemical stability of the resin in the acid electrolyte. Some 
polymers have been shoWn to be unstable in the polarised 
presence of an acid electrolyte. Some commercial resins have 
a mould release agent preblended in the mixture and these 
should be avoided in this application since they can adversely 
affect the adhesion of the active battery materials and poten 
tially affect the corrosion stability of the plate and also the 
surface chemistry (surface tension etc.) of the battery acid 
electrolyte. The chosen resin Will preferably be one Which is 
resistant to the electrolyte acid, especially Where the electrode 
is for bipolar batteries. 
[0011] Us. Pat. No. 5,017,446, discloses the inclusion ofa 
Wide range of conductive ?llers in a thermoplastics resin. We 
have found that the high volume fraction of particles dis 
closed in Us. Pat. No. 5,017,446 means that the ?nished 
electrode is very porous and unsuitable for use as a bipolar 
electrode unless great care is taken in ensuring that the par 
ticle siZe distribution of the particles is such as to engender a 
very close packing density, such as a bimodal or trimodal 
distribution. In addition, the matrix of 60% volume solids in 
a thermoplastic, Which this source uses as an example has 
very poor ?oW properties even at the high melt temperatures 
(3700 C.) cited, and Would be unsuitable for injection moul 
dingiWhich is the preferred mass production technique for 
thermoplastic materials. In order to improve both the porosity 
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and the ?oW characteristics of the melt, it is necessary to 
signi?cantly reduce the fraction of solid particles in the mix 
ture to less than about 35% vol. It is clear from Table III of 
Us. Pat. No. 5,017,446 that the resulting material Would have 
a resistivity Which Would be unsuitable for use in a bipolar 
lead-acid battery Where the threshold value of suitable resis 
tivity is generally accepted to be loWer than 1 Ohm-cm. In 
example 6, U.S. Pat. No. 5,017,446 indicates that a resistivity 
of 9.2 Ohm-cm Was achieved Which is unsuitable for use as a 
bipolar electrode in a lead-acid battery. The present invention 
is of a material Which has suitable resistivity and porosity, and 
can be made Without the need for very careful particle siZe 
management and alloWs a Well knoWn industrial process to 
manufacture. 
[0012] The conductivity of the titanium suboxide particles 
may be improved by contact With a gas such as helium or 
hydrogen for a period, say up to 24 hours before being incor 
porated in the resin composition in manufacture of the elec 
trode. 
[0013] The relative proportions of resin and suboxide poW 
der and the particle siZe distribution of the suboxide poWder 
Will affect the properties of the electrode. For example an 
electrode Will tend to have loW conductivity if: 

[0014] too high a volume proportion of resin is used; 
and/or 

[0015] the plate or other body shape is pressed in manu 
facture With too little or With uneven force; and/or 

[0016] the particle siZe distribution leads to loW packing 
density; and/or 

[0017] the average particle siZe is too small; and/or 
[0018] the resin shrinks insu?iciently on curing; and/ or 
[0019] any excess resin is not ejected from the mould as 
?ash due to either the resin curing too quickly, the vis 
cosity of the resin being too high (either intrinsically or 
by virtue of the mould temperature being too loW), or by 
the mould clearances being too small. 

[0020] The electrode Will tend to have unacceptable 
through porosity if: 

[0021] too loW a volume proportion of resin is used; 
and/or 

[0022] the particle siZe distribution provides a loW pack 
ing density such that there is more volume of inter 
particle voids Which needs to be ?lled With resin and so 
the effective volume proportion of resin becomes loW 
and/or 

[0023] the average particle siZe is too large; and/or 
[0024] the resin shrinks excessively in manufacture of 

the electrode and by virtue of poor adhesion to the par 
ticles forms cavities adjacent to and around the particles 
on curing; and/or 

[0025] the resin cures too sloWly, is of loW viscosity 
(either intrinsically or by virtue of the mould tempera 
ture) or the mould clearances are too large that signi? 
cant amounts of resin are lost from the mould. 

[0026] When manufacturing the body it is preferred to have 
a slight excess of a ther'moset resin. In press moulding the 
conducting particles are pressed together to form loW resis 
tance conductive paths. Any excess resin is ejected from the 
mould as “?ash” before the ?nal cure of the material, Which 
occurs in the press, under pressure, thus locking in the elec 
trical connectivity. 
[0027] Particles With high (rods, ?bres) or loW (?akes) 
aspect ratio of the titanium suboxide can also be present to 
increase connectivity betWeen the electrically conductive 
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suboxide particles in the electrode. High aspect particles are 
especially favoured because they provide longer unbroken 
electrical paths, so increasing conductivity. 
[0028] A preferred electrode of the invention is a plate 
Which has the folloWing combination of features: 

[0029] is electronically conductive, i.e. an overall elec 
trical conductivity greater than 0.5 S~cm_l more speci? 
cally has an orthogonal conductivity of at least about 1 
S~cm_l Which is relatively uniform across the face of the 
plate; 

[0030] has essentially no through porosity (Which Would 
alloW ionic species to travel through the pores causing 
self discharge of the battery) as demonstrated by a leak 
age current of less than 1 A/m2; 

[0031] is resistant to chemical attack by the materials in 
a lead-acid battery (this is primarily the acid, but also the 
oxidant PbO2 and the reductant Pb metal); 

[0032] is resistant to galvanic corrosion (especially at the 
oxidation potential Which occurs during recharge of the 
positive side of the bipolar plate); 

[0033] provides an intimate and adherent surface to the 
active chemicals in the battery (such as PbO2, PbSO4, 
Pb, tri-basic lead sulphate, tetra-basic lead sulphate); 

[0034] is mechanically robust in thin sections. Whilst the 
cured resin particulate electrode is generally suf?ciently 
robust, the presence of a moulded-in grid on the surface 
of an otherWise ?at plate increases the stiffness of the 
thin plate; 

[0035] does not catalyse the production of oxygen or 
hydrogen at the potentials Which occur during the 
recharge of the battery; 

[0036] provides a surface to Which adhesives and seal 
ants and/or mechanical seals can be applied; 

[0037] ideally has some surface features, (such as a tri 
angular, square, hexagonal or other tessellated pattern 
grid) Which Will alloW the active paste material to be 
easily and uniformly spread onto the cells thus formed, 
and to restrict the movement of the paste during the 
charge and discharge cycling of the battery, and 

[0038] ideally is of loW Weight. 
[0039] In another aspect the invention provides a method of 
making an electrode, the method comprising mixing an 
unhardened resin, a hardener therefor, and the particles of the 
Magneli titanium suboxide and pouring the mix into a mould 
therefor to form the shaped body. 
[0040] In one preferred method the resin and hardener are 
heated, the particles of titanium suboxide are added to form a 
dough, Which is then added to a preheated mould. In another 
preferred method the resin components and the suboxide 
particles are ?rst formed into a sheet moulding compound 
Which can be placed uniformly in the mould because it can be 
handled easily. 
[0041] The method preferably includes the step of placing 
the mould in a heated press and applying pressure. The pres 
sure may be about 2000 Pa and the temperature at least 35° C., 
preferably at least 700 C. In one embodiment the method 
includes the further step of removing the shaped article from 
the mould and cleaning the surfaces by processes such as grit 
blasting, applying corona discharge and plasmas, and other 
surface cleaning techniques. 
[0042] The method further includes the step of applying a 
battery paste to the electrode. Different amounts of paste may 
be applied to different areas of the electrode. 
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[0043] Preferably the method includes the step of ?rst 
applying a thin layer of metal to the electrode before the paste 
is applied. In one preferred technique the method includes 
applying the metal layer by electroplating and adding disper 
soids to the plating solution. 
[0044] In another preferred feature the method includes the 
step of pressing a thin foil, say up to about 200 micron thick, 
of metal on to the surface of the electrode Whilst in the 
moulding press and the resin is curing. Other methods include 
plasma or ?ame spraying, sputtering, chemical Vapour depo 
sition and the like. 
[0045] LoW viscosity resins are preferred to Wet the exter 
nal surface of the particles Which Will enhance loW porosity 
say less than about 50 Pa~s at 200 C. These resins Will also tend 
to in?ltrate into the microscopic surface features of the par 
ticles to improve mechanical strength. The viscosity may be 
loWered by pre-heating or by selection of suitable resins. 
HoWever extremely loW viscosity resins should be avoided 
for the reasons stated above. 

[0046] Coupling agents such as silanes to contact the sur 
face of the particles may be used to improve the adhesion and 
Wetting of the resin to the suboxide particles to enhance loW 
porosity and high mechanical strength. The coupling and/or 
Wetting agents (such as silanes and other surfactants) can be 
advantageously used on plates Which do not have the metallic 
layer imposed. The pasting of the plates is carried out in the 
usual Way, With conventional leady oxide paste or other lead 
containing pastes. The existence of the impressed surface 
features means that a controlled volume of paste is applied to 
the grid area of the plates; pasting With thicker or thinner 
layers can be managed by having the grid higher or loWer. It 
is also possible, by adjusting the shape of the mould to have 
some areas With thick paste and other With thin paste in order 
to optimise the discharge characteristics of the battery. The 
paste on the electrode can be cured in the usual Way. 

[0047] In another aspect the invention provides a battery 
including an electrode as de?ned herein or When made by a 
method as de?ned herein. 

[0048] Preferably the battery comprises a plurality of elec 
trodes and an acid electrolyte. 
[0049] With pasted and cured plates, a battery is assembled 
using a number of bipolar plates, appropriately oriented, and 
a single positive monopole at one end and a single negative 
monopole at the other. Absorptive glass mats can be advan 
tageously Inserted betWeen each plate. Sealing of the plates is 
achieved in the laboratory by the use of gaskets of appropriate 
thickness and made of say butyl or silicone rubber sheet. The 
entire assembly is held together by metal straps and bolts of 
suitable length. In a commercial battery, in a preferred feature 
of the invention, the plates are sealed into a pre-moulded 
plastic container, With slots for each plate. A certain amount 
of compression of the glass mat and of the paste can be 
engendered by correct dimensioning of the container. Such 
compression has been found to aid the adhesion of the paste to 
the bipolar electrode substrate. LoW concentration sulphuric 
acid canbe added folloWed by a lidhaving grooves Which Will 
seal onto the edges of each plate, placed on the top. The lid can 
advantageously also contain a suitable gas pressure regulat 
ing system. 
[0050] The battery is then electrically formed in the usual 
Way. As the formation takes place, then the acid increases in 
strength, by the conversion of the sulphate-containing paste to 
PbO2 on the positive plate and Pb metal on the negative. The 
initial strength of the sulphuric acid should be chosen to 
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ensure that the ?nal strength of the acid is in the range 30-40% 
by mass of sulphuric acid, or even higher. 
[0051] Phosphoric acid can also be advantageously added 
in part or total replacement of the more usual sulphuric acid. 
[0052] Batteries made by this method have high poWer and 
energy density (W/m3, Wh/m3), high speci?c poWer and 
energy (W/kg, Wh/kg.) They have high cycle life, even in 
deep discharge conditions, and can be manufactured cheaply 
With conventional technology. 
[0053] In a bipolar battery it is important for ef?cient dis 
charge at high rates that the monopolar or end electrodes have 
excellent planar conductivity. By this invention monopolar 
plates can be made by substituting for one side of the mould 
a ?at plate and then placing a metallic grid or mesh in the 
mould before the uncured resin and the suboxide materials 
are placed in the mould. When the mould is closed and the 
resin is cured, the metal grid or mesh Will be pressed into one 
side of the formed electrode, giving it excellent planar con 
ductivity for the purposes of a monopolar or end plate. Of 
course, the metal grid or mesh should not be exposed to the 
electrolyte otherWise it Will corrode. Preferably metal studs 
are electrically attached to the metal grid or mesh to provide 
terminal connections. Lead or lead alloy foils can also be 
advantageously applied to the reverse face of the electrode in 
the mould instead of the metal grid or mesh to provide good 
planar conductivity for the monopolar or end electrodes. 
[0054] Metal plates, grids or meshes may be advanta 
geously incorporated into the bipolar plates in order to 
increase the planar conductivity and ensure good current 
distribution over the full area of the electrodes. Cooling chan 
nels can be introduced into the bipolar plates in like manner. 
[0055] In another aspect the invention includes a method of 
testing to con?rm the absence of invisible micropores Which 
lead to though porosity in an electrode before pasting, com 
prising placing the electrode in a simulated battery and mea 
suring the How of current over time. 
[0056] A satisfactory electrode Will have a current leakage 
of less than 1 A/m2 over 28 days When tested in the apparatus 
of Example 2. 
[0057] In order that the invention may be Well understood it 
Will noW be described With references to the folloWing 
Examples. 

EXAMPLE 1 

[0058] 24 g ofARALDITE PY307+1 resin and 8.8 g ofthe 
HY3203 hardener Were Weighed out into separate containers 
and pre-Warmed in an oven at 50° C. for a minimum of 7 
minutes. These materials are available from Vantico Ltd. 
They Were then thoroughly mixed together and 65 g of the 
Magneli suboxide poWder as beloW is added and mixed in 
thoroughly to form a dough. The phase analysis of the Mag 
neli suboxide poWder Was measured by X-ray diffraction as: 

n407 26% 
mo, 69% 
Ti6O1 1 5% 

[0059] The particle siZe distribution Was measured on a 
Malvem MastersiZer to be: 

[0060] 100 vol % beloW 300 micrometres 
[0061] 95 vol % beloW 150 micrometres 
[0062] 90 vol % beloW 125 micrometres 
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[0063] 50 vol % below 85 micrometers 
[0064] 10 vol % below 40 micrometres 

[0065] The dough Was evenly spread into a mould that has 
been pre-Warmed to 75° C. Even spreading is important to 
achieve uniform conductivity across the face of the plate. The 
laboratory mould is of a “WindoW frame” type and consists of 
tWo platens and a frame. The mould cavity has an area of 
149x109 mm (0.01624 m2) and Will therefore produce plates 
of this siZe. The volume of dough Was su?icient to produce a 
plate about 1.5 mm thick at the base of the grid cells. TWo 
locating pins at diagonal comers are used to locate the various 
parts of the mould. Spacer levers are available to re-open the 
mould to eject the manufactured part after moulding is com 
pleted. Both platens can be ?tted With plates Which have 
machined slots 1 mm deep in the face, so that the moulded 
part can have a raised grid on either surface. In the example, 
this grid covers the central 136x96 mm. The grid of the 
laboratory plates did not extend to the perimeter of the plate to 
provide a ?ange for sealing. The dimensions of the grid can be 
changed by altering the shape of the mould, and thus different 
volumes of active paste material Will be applied to the plates 
in a controlled manner. 

[0066] The mould can be advantageously treated With an 
appropriate mould release agent such as Frekote 770NC®. 
The mould Was closed and placed in a heated press at 750 C. 
The mould Was initially pressed at 70 kN (1137 Pa) for 5 
seconds and then 100 kN (1625 Pa) for 25 minutes. The 
mould is opened and the resulting plate is extracted. Any 
?ashing is removed With a metal spatula. 
[0067] The conductivity of the plate Was then tested and 
Was found to be in the range 1-2 S~cm_1. In this example, the 
density of the ?nal plate Was around 2.2 g/cc. Higher pressing 
pressures produce higher levels of conductivity. Thus the 
preferred range of densities for the ?nal product is in the range 
of 1.8 to 2.4 g/cc or above 
[0068] The surface of the plate Was cleaned by grit blasting, 
in a blast chamber such as a Gyson Formula F1200®. The 
blast gun Was supplied With air at a pressure of 0.8 MPa. 
Alumina Was used for the blast medium, although other blast 
conditions and other cleaning methods Will undoubtedly pro 
duce satisfactory results. The blasting Was carried out manu 
ally until the entire surface Was uniformly matt grey in colour. 
Tests With surface impedance scanning techniques have 
shoWn that this blasting in this fashion produces a plate With 
very uniform surface impedance. The surface of the plate may 
also be further modi?ed by techniques such as corona dis 
charge or by the application of plasmas. 
[0069] The plates Were pasted With active material and 
assembled into batteries as beloW. They satisfy all the criteria 
above. Better results Were obtained if a thin metallic layer is 
?rst applied to the grid area of the plates. This layer can be of 
pure lead, or of lead alloys (With, for instance, antimony, 
barium, bismuth, calcium, silver, tin, tellurium) and be 
applied in a number of Ways such as electroplating, sputter 
ing, thermal evaporation and deposition, chemical vapour 
deposition, lead and lead alloy shot blasting, plasma or ther 
mal spraying or by direct application of thin metal foils in the 
pressing mould. It is an advantage of the invention that a 
Wider variety of alloys can be considered than has previously 
been available to the lead-acid battery engineer, Where the 
alloys must not only satisfy corrosion conditions, but also 
strength criteria and an ability to be fabricated into metallic 
grids. One convenient Way of applying the interlayer in the 
laboratory is by electroplating as folloWs: 
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[0070] One side of the ?anges Were painted With a stop 
ping-off lacquer such as Lacomit® from HS Walsh & Sons 
Ltd. The plate Was then sealed With a rubber O-ring onto the 
bottom of a plastic plating tank With the stopped-off ?ange 
uppermost. A lead metal strip Was pressed against the other 
side of the ?ange to provide an electrical connection. When 
plating the side Which Will be used as a positive, about 500 ml 
of a plating solution such as 27% lead/tin methane-sulphonic 
acid, containing a starter additive such as Circamac HS 
ST6703 (both materials are supplied by MacDermid Canning 
Ltd.) Was poured into the plating tank. A large pure lead anode 
Was used as the counter electrode. On the plates of the labo 
ratory siZe, a current of 0.5 A is applied for 7 hours, Which 
deposited approximately 10 g of an alloy Whose composition 
is approximately 6:94 tin:lead. 
[0071] Plating the negative side Was similar except the plat 
ing solution is lead methane-sulphonic acid (Circamac HS 
ST6703). A current of 0.5 A Was applied for approximately 3 
hours Which deposits about 5 g of lead metal. 
[0072] Other plating solutions such as those based of ?uo 
roboric acid can be used. The plating process can also involve 
the use inter alia of “dispersoids” such as titania, to produce a 
rougher surface ?nish for better keying With the paste sub se 
quently applied. 
[0073] Adjustments to the plating current and other addi 
tives can also advantageously affect the surface morphology 
of the layer. 
[0074] After electroplating, the plates are removed from the 
plating bath and Washed thoroughly in deionised Water. The 
stopping-off lacquer is removed With acetone. 
[0075] Another convenient Way is by direct application of 
thin metallic foils in the pressing mould. For instance, a foil of 
lead With tWo percent tin alloy, 50 micron thick, is placed in 
the bottom of the preheated mould and the resin and the 
poWder mixture spread thereon. A second foil is placed over 
the spread material before the mould is closed and the resin is 
cured as above. At this stage, the metallic layer, Whether 
applied by electroplate, direct foil pressing, plasma or ?ame 
spraying, sputtering, chemical vapour deposition, or any 
other method can be activated by Washing it in concentrated 
sulphuric acid immediately prior to pasting. 
[0076] In another embodiment of the invention, a lead diox 
ide layer or a tin dioxide (suitably doped With for instance 
antimony to increase the conductivity) can be applied on to 
the substrate by methods such as anodic electroplating, sput 
tering, chemical vapour deposition and like processes, either 
directly or after the metallic layer is applied. Such a layer is 
preferably applied on the positive side of a bipolar electrode. 
[0077] It is Well understood in the lead-acid battery indus 
try that a certain loW level of corrosion of a lead or lead alloy 
electrode improves the adhesion of the active paste (particu 
larly the positive paste) to the electrode. HoWever, in the case 
of an interlayer of the present invention, if the corrosion rate 
is too high, the interlayer can be completely consumed, espe 
cially under deep discharge or high overcharge conditions of 
a lead-acid battery. One aspect of the invention is to provide 
an interlayer With different areas, some of Which are highly 
corrodible (Which give good paste adhesion) and other areas 
are more corrosion resistant (Which gives long life). 
[0078] The method described above produces plates Which 
are nominally ?at. HoWever, plates With simple and com 
pound curvature and different perimeter shapes can be made 
by appropriate modi?cation of the shape of the mould. When 
assembled into batteries, such plates Will engender an appro 
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priate shape on the ?nished battery to enable it to be installed 
more conveniently in (for instance) a body panel of a vehicle. 

EXAMPLE 2 

[0079] Plate electrodes of the invention Were tested before 
the application of any metallic layer or active battery paste to 
con?rm the absence of any Invisible micropores through the 
plate Which Would alloW ionic species (such as H", 
OH'SOf') to migrate through the plate. A suitable testing 
cell Which simulates very closely the processes Which occur 
in a battery is shoWn in the accompanying FIG. 1. The plate 
Was assembled as if it is a bipole in a 4V cell Which also 
contains a fully pasted, cured and charged positive monopole 
and a similar negative monopole. These are preferably of the 
conventional lead grid type. 30% sulphuric acid Was placed 
betWeen the plate and the monopoles in the conventional 
manner. A potentiostat Was applied across the monopoles to 
hold the voltage across the test plate (measured by tWo iden 
tical reference electrodes in the acid either side of the test 
plate) to be 2.6ViWh1Ch is chosen as the maximum that Will 
be applied across a lead acid battery bipole in normal opera 
tion. The current ?oWing is noted. 
[0080] We have found that a typical current observed ini 
tially to be about 0.3 A/m2. This holds very constant over long 
periods (months) When the plate is manufactured as above 
With the preferred epoxy resin. With other resins, it is possible 
that although the current measured starts off loW, it rises over 
a feW days or Weeks by several orders of magnitude. This 
implies that some resins are being corroded or otherwise 
degraded by the acid at high oxidation and reduction poten 
tials and that ionic porosity is being created. Such a plate 
formulation is unsuitable for bipolar battery electrodes and 
means that by using the test outlined, the person skilled in the 
art Will be able to determine Which resins are best used in this 
invention. 
[0081] The invention is not limited to the examples. The 
plate electrode may have a ?ange moulded of resin Which is 
free of the suboxide poWder. This Will reduce the cost of the 
plate but still provide effective sealing. The invention is appli 
cable to electrochemical cells in general, including bipolar 
lead acid batteries, to other types of batteries and to fuel cells, 
redox energy storage cells and the like. 
[0082] This invention is not restricted to conductive par 
ticles such as the titanium suboxides although these are 
knoWn to be very highly corrosion resistant, When manufac 
tured according to the teachings of Us. Pat. No. 5,173,215 
Which is required for lead-acid battery electrode applications. 
Other conductive particles can also be used such as niobium 
doped titanium oxides, tungsten oxides, niobium oxides, 
vanadium oxides, molybdenum oxides and other transition 
metal oxides in both stoichiometric and non stoichiometric 
forms. It is an advantage of the invention that good conduc 
tivity electrodes canbe made from relatively loW conductivity 
particulate materials, or by a smaller proportion of relatively 
expensive particulate materials. 

1. A method of making a substantially pore-free electrode, 
the method comprising: 

mixing an unhardened thermosettable resin, a hardener 
therefor, and conductive particles to provide a mix; 

pouring the mix into a mold therefor; and 
molding the mix to form a shaped body having electrical 

paths de?ned by the conductive particles, 
Wherein the conductive particles are titanium suboxides of 

the formula TinO2n_l Where n is 4 or greater and the 
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particles have a siZe distribution With a standard devia 
tion ofless than 50% ofa mean particle siZe. 

2. The method according to claim 1, Wherein up to 50% by 
Weight of the mix comprises the resin and hardener. 

3. The method according to claim 1, Wherein the mix 
includes a bimodal distribution of substantially uniform large 
particles and a proportion of smaller particles dimensioned to 
?t in interstices betWeen the large particles. 

4. The method according to claim 1, Wherein the mix 
includes a polymodal distribution of a range of particle siZes 
ranging from large particles to successively smaller particles 
dimensioned to ?t in interstices betWeen the large particles. 

5. The method according to claim 1, Wherein the titanium 
suboxides comprise Ti4O7 and/or Ti5O9. 

6. The method according to claim 5, Wherein the conduc 
tive particles are ?rst contacted With a gas for a period to 
extend a conductivity thereof. 

7. The method according to claim 6, Wherein the gas is 
helium or hydrogen. 

8. The method according to claim 1, Wherein the resin has 
a viscosity ofless than about 50 Pa~s at 250 C. 

9. The method according to claim 8, Wherein the resin is 
epoxy resin. 

10. The method according to claim 1, Wherein the unhard 
ened resin and the hardener are mixed, and the conductive 
particles are added to form a dough Which is then added to a 
preheated mold. 

11. The method according to claim 10, Wherein the resin, 
the hardener and the particles are ?rst formed into a sheet 
molding compound Which is added to the mold. 

12. The method according to claim 11, further comprising 
the step of applying foils of metal to one or both surfaces of 
the sheet molding compound. 

13. The method according to claim 10, further comprising 
the step of placing the mold in a heated press and applying 
pressure. 

14. The method according to claim 13, Wherein the pres 
sure exceeds 2000 Pa. 

15. The method according to claim 13, Wherein the mold is 
heated to more than 350 C. 

16. The method according to claim 15, Wherein the mold is 
heated to more than 70° C. 

17. The method according to claim 1, further comprising 
the step of removing the shaped body from the mold and 
cleaning surfaces of the shaped body. 

18. The method according to claim 17, Wherein the method 
of cleaning comprises grit blasting, corona discharge treat 
ment, application of plasmas, chemical etching, or solvent 
degreasing. 

19. The method according to claim 1, Wherein excess resin 
is ejected from the mold during a step of pressing the mold. 

20. The method according to claim 1, further comprising 
subsequently applying a battery paste to the electrode. 

21. The method according to claim 20, further comprising 
the step of applying a thin layer of metal to the electrode 
before the paste is applied. 

22. The method according to claim 21, further comprising 
the step of pressing a metal foil on to a surface of the electrode 
While the resin is curing in the mold. 

23. The method according to claim 22, Wherein the metal 
foil is up to 200 microns thick. 

24. The method according to claim 21, further comprising 
applying the layer of metal by electroplating and optionally 
adding dispersoids to a plating solution. 
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25. The method according to claim 23, further comprising 27. A battery prepared in accordance With the method of 
treating a surface of the metal layer With a corona discharge or 61211111 1- _ _ _ _ 
a plasma‘ 28. The battery according to cla1m 27, compnsmg a plu 

_ _ _ _ rality of electrodes and an acid electrolyte. 
26. The method according to claim 20, further comprising 

adding a coupling and/or a Wetting agent to the paste. * * * * * 


