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Electroactive Material 

 The present invention relates to an electroactive material comprising silicon; the use of such a 

material in the preparation of an electrode; an electrode including the electroactive silicon 

material of the invention; the use of an electrode in the preparation of an electrochemical cell 

and to an electrochemical cell or battery including such an electrode.  5 

The use of silicon as an active anode material in secondary batteries such as lithium ion 

batteries is well known. Early forms of these lithium ion batteries were prepared using bulk 

silicon electrodes, thin film silicon electrodes and silicon powder electrodes. Subsequently, 

silicon comprising electrodes including silicon comprising pillars, rods, fibres and wires have 

been prepared. Silicon comprising particles having a surface array of pillars have also been 10 

used in the fabrication of lithium ion batteries. US 2008/0241647discloses a cylindrical lithium 

battery comprising silicon or silicon alloy particles having dimensions in the range 5µm to 

15µm. According to US 2008/0241647, batteries including silicon particles having dimensions 

outside this range exhibit inadequate performance; particles with diameters of less than 5µm 

give batteries with inadequate capacity, whereas batteries including particles having diameters 15 

greater than 15µm exhibit inadequate mechanical properties due to stresses arising from the 

expansion and contraction of the silicon material during the charge and discharge cycles of the 

battery. The particles used in the cylindrical batteries of US 2008/0241647 are prepared by 

chemical vapour deposition of silane onto seeded polycrystalline silicon. These particles are 

characterised by the presence of crystallites with dimensions of between 30 and 100nm. The 20 

polycrystalline nature of these particles means that each particle includes a large number of 

grain boundaries. 

US 2009/0253033 discloses an anode active material suitable for use in lithium ion secondary 

batteries. The anode material comprises silicon or silicon alloy particles with dimensions of 

between 500nm and 20µm. These particles are manufactured using techniques such as 25 

vapour deposition, liquid phase deposition or spraying techniques.  

US 6,334,939 and US 6,514,395 each disclose silicon based nano-structures for use as anode 

materials in lithium ion secondary batteries. Such nano-structures include cage-like spherical 

particles, rods or wires having nanoscale dimensions. Rods or wires having diameters in the 

range 1 to 50nm and lengths in range 500nm to 10µm can be prepared by laser ablation using 30 

an iron catalyst. Other techniques such as solution synthesis and chemical vapour deposition 

are also disclosed as being useful. Iron Germanium alloy nanostructures comprising a mixture 

of particles having a dimension in the range 1 to 50 nm and micron length rods having a 

diameter in the range 5 to 30nm can also be prepared using laser ablation.  Similar 

nanostructures are disclosed in US 6334939 and CN1447916A 35 
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JP 04035760B discloses silicon based anode materials comprising carbon-coated silicon fibres 

having diameters in the range 10nm to 50µm for use in lithium ion secondary batteries.  

US 2007/0281216 discloses an anode active material for a lithium secondary battery 

comprising a mixture of silicon nano-particles, graphite, carbon black and a binder. The silicon 

nano-particles comprise either thread-like particles having a primary particle size in the range 5 

20 to 200nm and a specific surface area of 11m2/g or spherical particles having a primary 

particle size in the range 5 to 50nm and a specific surface area of 170m2/g. The silicon 

particles and threads are prepared using techniques such as chemical vapour deposition. 

Anodes exhibiting a capacity of up to 1000mA/g over 50 cycles are illustrated. The life of the 

battery is significantly increased if the battery is operated at a limited voltage level.  10 

US 2010/0143798 discloses a solid nano-composite particulate composition for use in lithium 

ion batteries. The nano-composite particles comprise an electroactive material in the form of 

fine particles, rods, wires, fibres and tubes; nano-graphene platelets and a protective matrix. 

The electro-active material includes silicon comprising nano-structures having a typical 

diameter of 60nm. Solid nano-composite particles were prepared by dispersing a mixture of 15 

the electro-active material and nano-graphene platelets having an average diameter of 60nm 

in a polymeric matrix and spray drying the resulting mixture to produce nano-composite 

particles having an average diameter in the range 1µm to 5µm. 

US 2008/0261112 discloses an electrode material including an electroactive material 

comprising a mixture of silicon comprising particles and nano-wires. The nano-wires are 20 

entangled to form a network, which is in contact with the particles. The electroactive 

composition is prepared by placing a silicon comprising material in a thermal plasma at a 

temperature of between 600 and 1500°C to give a composition comprising a mixture of silicon 

comprising particles having a diameter of about 5µm and silicon comprising fibres having a 

diameter in the range 30 to 50nm. The components of the compositions become both 25 

entangled with and fused to adjacent components during the fabrication process. Further, the 

fabrication process means that the composition as a whole is fused to the current collector and 

anodes prepared in the way do not include additional components such as a binder or a 

conductive additive. Although it is alleged that these compositions are able to both 

accommodate silicon expansion during lithium intercalation and reduce the build up of an 30 

irreversible capacity over the lifetime of the cell, the diameter of the nano-wires present in the 

composition mean that they have a relatively high surface area and it is expected that the 

compositions of US 2008/0261112 will exhibit a relatively high first cycle loss as a result
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contraction of the material during the charging and discharging phases of the battery and 

which also has an improved capacity performance, a longer cycle life and a more cost-

efficient method of manufacture compared to the fibre-containing anode materials of the 

prior art. The present invention addresses that need. 

A first aspect of the invention comprises a composition comprising a plurality of elongate 5 

elements and a plurality of particles, the elongate elements and particles each comprising a 

metal or semi-metal selected from one or more of the group comprising silicon, tin, 

germanium and aluminium or mixtures thereof, characterised in that  

a. the elongate elements are selected from one or more of the group comprising fibres, 

tubes, threads, ribbons and flakes and  10 

b. the particles are selected from one or more of the group comprising pillared particles, 

porous particles and porous particle fragments. 

In one embodiment of the first aspect of the invention the composition is modified in that 

a. the elongate elements are selected from one or more of the group comprising 

fibres having a diameter in the range 100 to 500nm, tubes, ribbons and flakes; 15 

and  

b. the particles comprise native silicon particles. 

 

In a further embodiment of the first aspect of the invention the composition is modified in that  

a. the elongate element is a pillared particle having an overall diameter in the range 20 

20 to 30µm and pillar lengths of up to 10µm; and 

b. the particles are selected from one or more of the group comprising native 

particles, porous particles and porous particle fragments.  

Compositions of the type described herein are electroactive and can be used in the 

fabrication of electrodes for use in batteries such as lithium ion batteries, sodium ion 25 

batteries or magnesium ion batteries, for example. It should be understood that although the 

invention relates, in general, to compositions including elongate elements and particles 

comprising a metal or semi-metal selected from one or more of silicon, tin, germanium and 

aluminium, it will be specifically described herein with reference to compositions comprising 

elongate elements and particles in which the metal or semi-metal is a silicon comprising 30 

material selected from the group comprising substantially pure silicon, a silicon alloy or a 

material selected from the group comprising silicon oxide, silicon nitride and silicon boride 

providing the silicon comprising material is electroactive.   
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methods are disclosed in WO 2005/011030, JP 2008/186732, CN 101442124 and JP 

04035760. Carbon coatings are able to assist in controlling the formation and stability of SEI 

layers on the surface of the anode. As indicated above coatings other than carbon based 

coatings can be used. Examples of suitable alternative coatings include compounds such as 

lithium fluoride or lithium salts of cyclic organic carbonate species or suitable metals such as 5 

aluminium, copper, gold and tin as well as conductive ceramic materials.  Lithium based 

coatings can be obtained by reacting silicon with a solution of LiF or exposing silicon to a 

solution comprising a mixture of lithium ions and a cyclic or acyclic carbonate.  

As indicated above, the silicon component of the electroactive material according to the first 

aspect of the invention preferably comprises 5 to 95% by weight of elongate elements, 10 

preferably 10 to 90wt%, more preferably 15 to 90% by weight, most preferably from 20 to 

70%,  for example from 30 to 50%. As indicated above, the elongate elements may be 

selected from one or more of the group comprising fibres, ribbons, pillared particles or 

flakes.  

The silicon comprising component of the material according to the first aspect of the 15 

invention preferably comprises from 5 to 95% by weight of silicon comprising particles, 

preferably 10 to 90%, more preferably from 10 to 85%, more preferably from 30 to 80% and 

especially from 50 to 70% of silicon comprising particles by weight of the silicon component. 

As indicated above, the silicon comprising particles may be selected from one or more of the 

group comprising native particles, pillared particles and porous particles.  20 

Compositions comprising fibres and/or ribbons as elongate elements and pillared particles 

are preferred because this provides the most efficient connectivity between the silicon 

comprising components of the electroactive material of the first aspect of the invention, 

whilst minimising the stresses that occur as a result of the volume changes that occur during 

the charging phase of the battery cycle. Native particles and/or porous particles may also be 25 

preferably added to the composition, since this has been found to improve the homogeneity 

of the composition. A fourth embodiment of the first aspect of the invention therefore 

provides a composition in which the silicon comprising component comprises one or more 

components selected from the group silicon comprising fibres, silicon comprising ribbons, 

pillared particles and optionally native particles and/or porous particles. The pillared particles 30 

preferably have a dimension in the range 5 to 35 µm and comprise pillars having a width in 

the range 80nm to 250nm and a length in the range 0.5 to 5 µm. The elongate elements 

preferably have a diameter in the range 80 to 250 nm and a length in the range 0.8 to 

100µm. The native particles, where present, preferably have a diameter in the range 1 to 

8µm with a D50 of 4µm. Without wishing to be constrained by theory, it is believed that the  35 
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conditions exhibit a capacity retention of 1200mAh/g over more than 300 cycles. An 

electrode or anode material according to any of the preferred embodiments of the first 

aspect of the invention will suitably comprise 50 to 90% of an electroactive material by 

weight of the electrode or anode material, preferably 60 to 80% and especially 70 to 80%. 

The electroactive material suitably comprises from 40 to 100% by weight silicon comprising 5 

elongate elements and particles, preferably 50 to 90% and especially 60 to 80%. Electrode 

materials comprising 70wt% of a silicon comprising electroactive material are especially 

preferred. The electroactive material may include additional components selected from the 

group comprising non-silicon comprising electroactive materials; graphite and transition 

metal oxides or chalcogenides such as MoO2, WO2, MnV2O6 and TiS2; aluminium and its 10 

compounds, tin and its compounds; germanium compounds, including germanium nano-

wires; and ceramics such as, for example, titanate ceramics and bismuth selenide. These 

additional components suitably comprise 5 to 40% by weight of the electrode or anode 

material or mix.  

In a preferred embodiment of the first aspect of the invention, the composition comprises, in 15 

addition to the silicon comprising elongate elements and particles, an electroactive carbon 

material. These electroactive carbons may be present in an amount comprising 2 to 50%, 

preferably 4 to 50%, for example 8 to 50% of the total weight of the electroacive material. 

Examples of suitable electroactive carbons include graphite, hard carbon, carbon 

microbeads and carbon flakes, nanotubes and nanographitic platelets. Suitable graphite 20 

materials include natural and synthetic graphite materials having a particle size in the range 

5 to 30µm. Electroactive hard carbon suitably comprises spheroidal particles having a 

diameter in the range 2 to 50µm, preferably 20 to 30µm and an aspect ratio of 1:1 to 2:1. 

Carbon microbeads having a diameter in the range 2 to 30µm can be used. Suitable carbon 

flakes include flakes derived from either graphite or graphene. 25 

 The binder is a component used to bind the components of the anode mix together either 

upon formation of the felt like mat or on application of the components to the current 

collector. The binder helps to maintain the integrity of the anode mix when used in battery 

cells. It also functions to help the anode mix adhere to the current collector. The binder can 

be added in an amount of 0 to 30%, preferably 6 to 20%, more preferably 6 to 14% and 30 

especially 12% by weight based on the weight of the anode mix. Examples of binders 

include, but are not limited to, polyvinylidene fluoride, polyacrylic acid, modified polyacrylic 

acid, carboxymethylcellulose, modified carboxymethylcellulose, polyvinyl alcohol, 

fluorocopolymers such as copolymers of 
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carbon black, acetylene black, ketjen black, channel black; conductive fibres such as carbon 

fibres (including carbon nanotubes) and metallic fibre; metallic powders such as carbon 

fluoride powder, aluminium powder and nickel powder; conductive whiskers such as zinc 

oxide and potassium titanate; conductive metal oxides such as titanium oxide and 

polyphenylene derivatives. Suitably the total amount of conductive carbon and electroactive 5 

carbon (such as graphite) comprises 4 to 85% of the total electroactive material by weight.  

A filler is a further ingredient that may be present and can be used to inhibit anode 

expansion. There is no particular limit to the filler so long as it does not cause chemical 

changes in the fabricated battery and is a fibrous material. As examples of filler there may be 

used olefin polymers such as polyethylene and polypropylene and fibrous materials such as 10 

glass fibre and carbon fibres.  

A coupling agent, if present, is a material used to increase adhesive strength between the 

active material and the binder and is characterised by having two or more functional groups. 

The coupling agent may be added in an amount of up to 0 to 30% by weight based on the 

weight of the binder. There is no particular limit to the coupling agent so long as it is a 15 

material in which one functional group forms a chemical bond via reaction with a hydroxyl or 

carboxyl group present on the surface of the silicon, tin or graphite-based active material, 

and the other functional group forms a chemical bond via reaction with the nanocomposite 

according to the present invention. Examples of coupling agents that can be used in the 

present invention include silane based coupling agents such as triethoxysilylpropyl 20 

tetrasulphide, mercaptopropyl triethoxysilane, aminopropyl triethoxysilane, chloropropyl 

triethoxysilane, vinyl triethoxysilane, methacryloxypropyl triethoxysilane, glycidoxypropyl 

triethoxysilane, isocyanopropyl triethoxysilane and cyanopropyl triethoxysilane. 

An adhesive accelerator may be added in an amount of less than 10% by weight based on 

the weight of the binder. There is no particular limit to the nature of the adhesive accelerator 25 

so long as it is a material that improves the adhesive strength of the anode mix to the current 

collector. Examples of adhesive accelerators include oxalic acid, adipic acid, formic acid, 

acrylic acid and derivatives, itaconic acid and derivatives and the like. The silicon comprising 

components or structures of the composition of the first aspect of the invention suitably 

comprise a high purity polycrystalline silicon material as well as polycrystalline silicon 30 

materials comprising either n-type or p-type dopants as impurities. Polycrystalline silicon 

materials comprising n-type or p-type dopants are preferred because these materials exhibit 

a greater conductivity compared to that of high purity polycrystalline silicon. Polycrystalline 

silicon materials comprising p-type dopants are preferred; these materials suitably include 

one or more impurities selected from aluminium, boron or gallium as dopants. 35 
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The electrode materials can be characterised in relation to their density and their porosity. 

The electrode materials of the first aspect of the invention typically have density in the range 

0.3 to 0.9g/cm2
, preferably 0.4 to 0.8g/cm2. Electrode materials comprising a mixture of 

silicon-comprising fibres and silicon-comprising native particles in a ratio of 10:90 are 

characterised by a density of 0.79g/cm2. Electrode materials comprising a mixture of silicon-5 

comprising fibres and silicon-comprising native particles in a ratio of 90:10 are characterised 

by a density of 0.43g/cm2. Further, the electrode materials of the first aspect of the invention 

typically have a porosity in the range 65 to 95%, preferably 65 to 85%. Electrode materials 

comprising a mixture of silicon-comprising fibres and silicon-comprising native particles in a 

ratio of 10:90 are characterised by a porosity of 69%. Electrode materials comprising a 10 

mixture of silicon-comprising fibres and silicon-comprising native particles in a ratio of 90:10 

are characterised by a porosity of 83%. 

The composition of the first aspect of the invention can be easily manufactured and a 

second aspect of the invention provides a method of preparing an electroactive material 

according to the first aspect of the invention, the method comprising the steps of mixing  15 

a. a plurality of metal or semi-metal comprising elongate elements selected from 

one or more of the group comprising fibres, tubes, threads, ribbons and flakes 

with  

b. a plurality of metal or semi-metal comprising particles selected from one or more 

of the group comprising pillared particles, porous particles and porous particle 20 

fragments. 

The method of the second aspect of the invention can be modified in that 

a. the elongate elements are selected from one or more of the group comprising 

fibres or threads having a diameter in the range 100 to 500nm, tubes, ribbons 

and flakes; and 25 

b. the particles comprise native silicon particles. 

A further modification of the method of the second aspect of the invention involves mixing an 

elongate element with a particulate  element, wherein 

a. the elongate element is a pillared particle having a an overall diameter in the 

range 20 to 30µm and pillar lengths of up to 10µm; and 30 

b. the particles are selected from one or more of the group comprising native 

particles, porous particles and porous particle fragments.
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Additional components may be used in the preparation of the material according to the first 

aspect of the invention. In a first embodiment of the second aspect of the invention there is 

provided a method of preparing a composition according to the first aspect of the invention, 

the method comprising mixing a plurality of elongate silicon comprising elements with a 

plurality of silicon comprising particles and adding thereto one or more components selected 5 

from the group comprising a binder, a conductive material, a viscosity adjuster, a filler, a 

cross-linking accelerator, a coupling agent and an adhesive accelerator. The material 

prepared according to this first embodiment can be used in the manufacture of electrodes, 

preferably anodes for use in lithium ion batteries. In a preferred embodiment of the second 

aspect of the invention, the method comprises the steps of mixing a plurality of elongate 10 

silicon comprising elements with a plurality of silicon comprising particles and a binder.  

As discussed above, the composition according to the first aspect of the invention can be 

used in the manufacture of an electrode. The electrode is typically an anode. The electrodes 

are preferably used in the manufacture of a lithium secondary battery. A third aspect of the 

invention therefore provides an electrode comprising a composition according to the first 15 

aspect of the invention and a current collector. The composition according to the first aspect 

of the invention is suitably provided in the form of an electrode or anode mix or material, said 

mix or material comprising a plurality of elongate silicon comprising elements, a plurality of 

silicon comprising particles, a binder and optionally one or more components selected from 

the group comprising a conductive material and optionally a further electroactive material. 20 
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The anode mix can be provided in the form of a free-standing felt or mat for connection to a 

current collector. Alternatively the anode mix can be in the form of a layer, which is adhered 

to a substrate and connected to a current collector. In a particularly preferred embodiment, 

the substrate is a current collector and the electrode or anode mix or material is in the form 

of a layer applied thereto. The components of the anode mix from which the felt or mat is 5 

formed are preferably randomly entangled to provide optimum connectivity between the 

elements. The electrodes of the third aspect of the invention are easily prepared and a fourth 

aspect of the invention provides a method for fabricating an electrode comprising the steps 

of forming a slurry from a mixture comprising a plurality of silicon comprising elongate 

elements, a plurality of silicon comprising particles, a binder and a solvent; casting the slurry 10 

onto a substrate and drying the product to remove the solvent.  The dried product is in the 

form of a cohesive mass which may be removed from the substrate, connected to a current 

collector and used as an electrode.  Alternatively, where the composition according to the 

first aspect of the invention is adhered to the current collector as a result of casting and 

drying the slurry, the resulting cohesive mass will be connected to a current collector. In a 15 

preferred embodiment of the first aspect of the invention the anode mix is cast as a layer 

onto a substrate, which is itself a current collector. Additional components selected from the 

group comprising a conductive material, a viscosity adjuster, a filler, a cross-linking 

accelerator, a coupling agent and an adhesive accelerator may also be included in the slurry 

mixture. Examples of suitable conductive materials, viscosity adjusters, fillers, cross-linking 20 

accelerators, coupling agents and adhesive accelerators are provided above. Suitable 

solvents include N-methylpyrrolidone. Other suitable solvents known to a person skilled in 

the art of electrode design may also be used. The relative proportions of each of the 

components of the anode mix and the solvent, which are used in the manufacture of the 

electrode will depend, in part, on the dimensions of the elongate silicon comprising elements 25 

used in the mixture.  

Suitable current collectors for use in electrodes according to the fourth aspect of the 

invention include copper foil, aluminium foil, nickel foil, carbon, conducting polymers and any 

other conductive materials. The current collectors typically have a thickness in the range 10 

to 50µm. Current collectors can be coated with the electrode mix on one side or can be 30 

coated with the electrode mix on both sides. In a preferred embodiment of the fifth aspect of 

the invention compositions of the first aspect of the invention is preferably applied to one or 

both surfaces of the current collector to a thickness of between 1mg/cm2 and 6mg/cm2 per 

surface such that the total thickness of the electrode (current collector and coating) is in the 

range 40µm to 1mm where only one surface of the current collector is coated or in the range 35 

70µm to 1mm where both surfaces of the current collector are coated. In a preferred  
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Claims 

1. A composition comprising a plurality of elongate elements and a plurality of particles, 

the elongate elements and particles each comprising a metal or semi-metal selected 

from one or more of the group comprising silicon, tin, germanium and aluminium or 

mixtures thereof, characterised in that  5 

a. the elongate elements are selected from one or more of the group comprising 

fibres, tubes, ribbons and flakes and  

b. the particles are selected from one or more of the group comprising pillared 

particles, porous particles and porous particle fragments. 

2. A composition according to claim 1 modified in that 10 

a. the elongate elements are selected from one or more of the group comprising 

fibres having a diameter in the range 100 to 500nm, tubes, ribbons and 

flakes; and  

b. the particles comprise native silicon particles. 

3. A composition according to claim 1 or claim 2, modified in that  15 

a. the elongate element is a pillared particle; and 

b. the particles are selected from one or more of the group comprising native 

particles, porous particles and porous particle fragments. 

4. A composition according to any one of the preceding claims, wherein the particles 

have an average diameter in the range 80nm to 15µm and include particles selected 20 

from one or more of: 

a. native particles having an average diameter in the range 1 to 8µm, with a D50 

of 4µm; 

b.  porous particles comprising a random or ordered network of linear, branched 

or layered elongate elements having one or more discrete or interconnected 25 

void spaces or channels defined there between. 

c. pillared particles have an overall diameter in the range 20 to 30µm; 

d. pillared particles having a principle diameter in the range 5 to 15µm; 

e. pillared particles having a principle diameter in the range 15 to 25µm; 

f. pillared particles having a principle diameter in the range 25 to 35µm; and 30 

g. pillared particles have a pillar length of up to 10µm. 

5. A composition according to any one of the preceding claims, wherein the elongate 

elements are selected from one or more of: 

a. fibres having a diameter in the range 150 to 200nm and a length in the range 

10 to 15µm 35 
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b. ribbons having a thickness in the range 0.08µm to 1µm, a width in the range 

240nm to 300nm, a length in the range 0.8µm to 20µm and an  aspect ratio in 

the range 10:1 to 200:1; 

c. flakes having a thickness in the range 80nm to 100nm, a width in the range 

0.8µm to 10µm, a length in the range 0.8µm to 20µm and an aspect ratio in 5 

the range 10:1 to 200:1; and 

d.  tubes having a wall thickness in the range 0.08µm to 2µm, an outer wall 

diameter of between 2.5 and 100 times larger than the wall thickness and a 

length of between 10 and 500 times as large as the wall thickness. 

6. A composition according to any one of the preceding claims, wherein the diameter of 10 

the particles is at least three times the diameter of the elongate element and the 

weight ratio of the electroactive elongate elements to electroactive particles is in the 

range 9:1 to 1:9.  

7. A composition according to any one of claims 1 to 6, wherein the diameter of the 

particle is not more than three times the diameter of the elongate elements and the 15 

volume ratio of the electroactive particles to electroactive elongate elements is in the 

range 2:1 to 0.5:1.  

8. A composition according to any one of claims 1 to 6, wherein: 

a. the volume of the elongate elements is more than that of the particles; and 

b. the diameter of the particle is less than twice the length of the elongate 20 

element.  

9. A composition according to any one of the preceding claims, wherein the metal or 

semi-metal is a silicon comprising material selected from substantially pure silicon, 

silicon alloy and a material selected from silicon oxide, silicon nitride and silicon 

boride or mixtures thereof wherein optionally at least some of the elongate elements 25 

or particles comprise silicon with a purity in the range 90% to 99.95%. 

10. A composition according to any one of the preceding claims, which comprises 50 to 

90% by weight of an electroactive material and optionally one or more components 

selected from a binder, a conductive material, and optionally a non-silicon comprising 

electroactive material.  30 

11. A composition according to any one of the preceding claims, wherein the 

electroactive material comprises 40 to 100% by weight silicon comprising elongate 

elements, silicon comprising particles and further silicon comprising components. 

12. A composition according to any one of the preceding claims comprising 70wt% of a 

silicon-comprising material comprising a mixture of silicon-comprising fibres and 35 

silicon-comprising native particles in a ratio of from 90:10 to 10:90, 14wt% of a binder 
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comprising polyacrylic acid or an alkali metal salt thereof, 4wt% of graphite and 

12wt% of a conductive carbon. 

13. A composition according to any one of claims 1 to 11, comprising 70wt% of a silicon-

comprising material comprising a 50:50 mixture of native particles and pillared 

particles, 12wt% of a binder comprising polyacrylic acid or an alkali metal salt 5 

thereof, 12wt% graphite and 6wt% of a conductive carbon 

14. A method of manufacturing a composition according to any one of claims 1 to 13, 

comprising the steps of mixing  

a. a plurality of metal or semi-metal comprising elongate elements selected from 

one or more of the group comprising fibres, tubes, threads, ribbons and flakes 10 

with  

b. a plurality of metal or semi-metal comprising particles selected from one or 

more of the group comprising pillared particles, native particles, porous 

particles and porous particle fragments with the proviso that when the 

elongate elements are fibres or threads, these fibres or threads have a 15 

diameter in the range 100 to 500nm; and  

c. optionally combining the elongate elements and particles according to 

paragraphs (a) and (b) with a binder or with one or more components 

selected from the group comprising a conductive material, a viscosity 

adjuster, a filler, a cross-linking accelerator, a coupling agent and an adhesive 20 

accelerator, and wherein optionally the metal or semi-metal comprising 

elongate elements or particles are silicon comprising elongate elements or 

particles. 

15. A method according to claim 14 modified in that 

a. the elongate element is a pillared particle; and 25 

b. the particles are selected from one or more of the group comprising native 

particles, porous particles and porous particle fragments, wherein optionally 

the metal or semi-metal comprising elongate elements or particles are silicon 

comprising elongate elements or particles. 

16. Use of a composition according to any one of claims 1 to 13, in the manufacture of a 30 

secondary battery. 

17. An electrode comprising a current collector and a composition according to any one 

of claims 1 to 13. 

18. A battery comprising a cathode, an anode comprising a material according to any 

one of claims 1 to 13 and an electrolyte. 35 

19. A device employing a battery according to claim 18. 


