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Conductive Sheet Material

The present invention relates o a conduetive microporous sheet material for
use in electrical devices, pacticulardy but not exclusively for batteries and related

devices.

There is an fnereaging demend for sheet materials which have a microporons
struchwe combined with elosudonl conductivity and a bhigh level of chemical
resistance. Such materialy find applicarion as gas diffusion layers for fuel cells and as
electrode materials for batteries.  The present invertion secks to provide materials
which meet thesa requitements a5 well as 2 methed for the menufacture of such

materials.

According to he present invention there is provided a conductive microporous
sheet material comprising primary cacbon fibres having a ernss-sectional dimension of
at least 1 pum, secondary carbon fibres in the form of catbon nenofibres and o binding

agent for binding said primary and secondary fibres.

The sheet of the invention has a microperous stoucture determined prirsarily
by the relative proportions of the first and second Dbres. The variation in pore
strocture with the secondary (nanofibte) content may rendily be determined
experimentally by a person: skillad in the ar. Thus, for example, the sheet may be
produced by a wet-Jaying technique (see bolow) and the experimental defermination
may be effected by producing and testing laboratory produced single sheets (bard
shicets). This information meay then be used to select the appropriate blend of primary

and secondary fibres for a given microporous structure.
The sheet of the invention may be a thin, flexible material.

The primary fibres preferably bave a cross-section of 1 to 15 pun, more
preferably & to 32 pm, even more preferably 5 to 10 um. Typically the primary fibres

JP 2004-504688 A 2004.2.12
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will kave a Jength of a few willimetres, £.2. 3 to 8 sun (sbout 6 mw), A preferred
example of primary carben fibte is SGL, (25 (zvailable from ) echnical Fibre Products

Ld.).
The primary fibres may be obtained from actylonitrile or pitch.

The secondary fibres {nanofibres) preforably have a crss section of bcm;ceu
100 and SO0 panometres, more preferably between 100 and 250 nanor.netms. The
nanofibres may be produced by vapowr depasition. A preferred example of a carbon
nanofibre is Pyrograf-IIT (available from ASI).

Proforably the primary carbon fibre constitutes between 10 and 90wi%s of the
{otal weight of fibres and scoondary fbres constitute between 10 and S0witt on the
qame basis, Prefecably the filbres together provide a least 90% by weight of the sheet

material.

The binding agent is requinsd for adequate bonding strength of the material,
The binding agent will generally onstitiie less than 10% by weight of the sheet
materfal, and more typically loss than 5% on the same basis.

The binding agent may for exampie be 2 thermoplastic or thermosetting resin,
a suileble example of which is 2 phenolic resin such Qs GP§520. Whilst the use of
resin binding agent s perfectly smisfactory, improved conductivity can generally he
achieved by use of carbon as the binding agent. Sheets utilising carbon as the binding
agent may be produced by heat weament in. an inest atmosphers of a sheet material
incorporating a resio binding agent, said conversion of the resin binding agent to
carbon serving lo increase conduetivity wihilst reltaiuing the copirolled mHcroporous

structure,

A sheet according to the present invention may have any cpe or any

combination of the following properties: -

PUTIGEI1G53

JP 2004-504688 A 2004.2.12
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A weight of between 10 and 200g/m’, more preferably about S0g/m’.
A thickness of between 0.1 and Zrom, mete preforably about 0.3mm.
A Gurley air permeability of between 8 and 50 ssconds / 300sm’.

o pe P

A maximwn pore size of less than 22pm, more preferably less than

16pm and most preferably less than 12pm.

E. A through plane resistance of less than [S0£Y/em, more preferably less
than 50N cm,

F. A tensile strength of hetween 0.7 and 1.3KN/m,

Conductive sheet material in accordencs with the juvention has a variety of

end uses, including: -

{1y Gas diffusion layers for fuel cells
(%) Electrode materials for batteries.

Twe conductive cheet material, according to the invention is preferably
produeed using a wet-laid non-woven (papermaking) process. The use of a wet-laid
production process ellows a wids range of praportions of carbon fibres and carbon
nanofibres to be uscd and fms lends iteelf w production of materials with highly

specific pors gtructures.

The preferred methad of manufacture is to form a slurry of the two fibre types
with binder by mixing the materials in water 2t a concentration of up to 1% by weight
{e.. between 0.02 and 0.5wt%%). Mixing is preferably earried out using a high speed
agitator and the resulting slurry iz fonmed into a suitable sheet material by passing
through a papenmaking former.

Fibre djstribaution snd sheet forming may be aided by the wse of viscesity

maodifiers and/or drainage aids.

After forming liguid may be removed from the sheet by vacuum, andfor hot air
drying. Where buth tiquid remaoval methods axe used it is prefomed that hot sir drying

JP

2004-504688 A 2004.2.12
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is applisd wlimately 2s it may be used to melr or cure the binder. Tt is preferred that
the final stage of the production process is the carbanisation of ihe binding agent.

Fallowing the carbonisation stage the sheet material is preferably foroed into

a continuons roll ip order to facilitate further automated processing.
Both cottinuous of batch processing nf the sheet material are envisaged.

Preferably in the production process the binder is initially the fomn of 2

powder althouph (he use of a binder in any other phiysical for is not preciuded.

The invention will now be described further with reference to the following

non-limitme Examplos.
Example 1

A gheet was formed by mixing e foliowing elements in water using 2 high

specd agitator 4t a combined concentration of 0.5wi%.

Carbon fibre (SG. C25). 6mm chopped length 2AHwt%
Carbon nanofibre (Pyrograf - I1L, ex ASI Tiwtth
Fhenolic resin (GP 5520) 2wt

-The tegulting meterial was converied into sheet form using a popermaking
former. The sheet was drisd using a combination of vatuwm and hot air and then
carbonised by heating in an inert atmosphere ot} the phenolic binder was completely

converted to carbon.
Sheets formed Trom. the shove mixtirs had the following characteristics :-

Waight 30g/m’*
Thickness ¢.3mm.

JP 2004-504688 A 2004.2.12
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5
Tensile strength 2.7kN/m
Gurley air permeability 30seconds / 300em”
Maximnm pore size 12pm

Through plene resistance  150%/em

Example 2

A sheet was formed by mixing the following elements using the same

wechnigue as in Fxample 1.
Catbon fibre (SGIL. C25) , 6mm chopped length it
Carbon nanofibre {Pyrograf 111, ox ASI) 49et%%

Phenolic resit {GF 5520) 2wi%

Sheets formed from the above mistute had the following characreristios :-

Weight S0/
Thickness 0.3mm
Tensile strength 1.0KMN/m

Crurley alr permesbility 20 seconds / 300 em*
Maximum pors size 16pum

Through plane resistance 150 Lvem

Example 2

A shect was formed by mixing the following clemsnts using ths same

teshnique a3 in Example 1.

Carbon fibre (SGL C25), 6mm chopped length Tdwils
Carbon nanofibre (Pyrograf - 181, ex A5 24wt
Phenolic resin (GP 5520) 2wt
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Sheets formed trom. the above mixture had the following characteristics :-

Weight SOg,'m;"

Thickness G¢3om

Tensile strength 1.3kN/m

Gurley air permezhility $ seconds £ 300 em®
Maxium pore size 22 pm

‘Throungh plane resistance 150 Lifem

2004-504688 A 2004.2.12
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5)

6

=

7

CLAIMS

A conductive microporous sheet material comprising primary carbon fibres having
a cross-yectional dimension of at deast 1 um, secondary carbon fibres in the form
of carbon nancfibres and & Hinding agent for binding said primary and secondary

fibres.

A sheet materisl according to claim 1, wherein the primary carbon fibres have a

aross section of between 4 and 12pm.

A sheet material according to claim 2, wherein the poimary carbon fibres have a

croas section of between 5 and 191m.

A sheet material according 1 claim 1. 2 or 3, wherein, the primary carbon fibres
ars berween 3 and 8mm in lengih.

A sheet material according fo claim 4, wherein the primary carbon fibres are ahout

Smm in length.

A cheet inaterial according te any onc of claims 1 to 5, whersin the secondary

carbon fibres have a ¢ross section of between 100 and 506 nanometres.

A sheet materisl according to ¢laim 6, wherein the secondary carbon fibies have a

eross section of betwean 100 and 250 nanomefres.

A sheet material according to any one of claims 1 0 7, wherein the primary
catbon fibres constitute between 10 and 90wi% of the total weight of fibres.

A sheet material according to any one of claitns | to §, whorein the secondary
carbon fibres constifute between 10 and 90wi%s of the total weight of Shres,

JP 2004-504688 A 2004.2.12
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WO 01780334 PUTIGRITALGSS

10) A sheet matenial according to any one of claims 1 to 9, wherein the binding agent
constitutes less than 10wt of the sheet materiai,

113 A sheet material according to slaim 10, wheretn the binding agent constitutes Jess
than Swi% of (he sheet matcrial.

12} A sheet material according to any one of claims 1 to 11, wherein the hinding ageni
is selecied rom the growp comprising thermoplastic tesins and thermosetting

Tesins,

13)A sheer material according to claim 12, wherein the binding agent is a phenolic

binder.

4) A sheet material according o any of the preceding claims, wherein the binding

agent is carbon.

1534 sheet material according te any one of claims 1 1o 14, wherein e shest has a
weight of between 10 and 200g/m”,

16) A, sheet materia! accotding to claim 15, wheretn the sheet has a weight of about

S0g/m®.

17) A sheet material according to eny one of claims 1 to 16, wherein the sheet has a
thickness of between 0.1 and 2mr.

18) A shest material according to claim 17, whersin the sheet has a thickness of about

0.3min.

133 A shewl material according to any ope of claims ) to 18, wherein the sheet hag a
Garley air permeability of betwsen & and 50 geconds / 300em’,
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20% A sheet material according ko any one of clajims 1 fo 19, wherein the sheet has a

maxivoum pore size of less than 22um.

217 A sheet material according to claim 20, wherein the sheet has a maximum pore

. size of less than 16pm.

22} A shest materia! according to claim 21, wherein the sheet has a maximum pore

size of less than 12um.

23) A sheet material socording to any one of claims 1 to 22, whernin the sheet lmas a
through plane resistance of less than 130x/0m,

243 A shest material according (o clnim 23, wherein the sheet has a through plane

resistance of Joss than 50Qum.

" 25) A sheet material according o any one of claims 1 to 24, wherein the sheet has a

tepsile strength of between 0.7 and 1L.3kN/m.

26) A, battery which includes a postion of sheet material according to any one of

claims 1 10 23,

273A method of producing a porous conductive sheet according to claim. |

comprising:-

{a) Formting an agueous sty of the primary and secondary cacbon fibres W'ﬂh‘ a
binding agent;

() applying the shocy fo a paper forming screen to produce a sheet thereof;, and

{c) drying the sheet

28} A method according to claim 27, wherein in step (3) the combined weight of fhe
privary and secondary fibres and the binding agem constitutes between 0.02 and
0.5w1% of the nqueous slurry.

JP 2004-504688 A 2004.2.12
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29) A method according to claim 27 or 28, wherein the drying step is carried ouf by
Tt iy heating or vacuury tecbnigue,

30) A method according to claim 27, 28 or 29, which also includes an additional step
{d} of carbonising the sheet material,

31) A mothod according to claina 30 wherein the carbonization is ecartied out af an

elevated temperature in an inect afmosphere,

32) A method according to any one of claims 27 to 31, whesecin the fibre distribufion
and shest fonning is aided by the use of viscosity modifiers, dminege aids or
cornbination of both,

JP 2004-504688 A 2004.2.12
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