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Product

Deserintion of Invention

This invention relates fo 8 method of making & buliding product, and to a
product made by the mathod. By way of example, the product may be a tile
such as a roofing, fooring, or wall tle, or panel, or a brick or brick slip.

European patent EP 00582588 discloses a method of making a product basad
on slate particles.  In that method, a wel generally homogenous mixturs of
siate particles and clay is mads, formad (o & desirad configuration, at least
partially dried and then fired at a temperature sufficiently high to cause at least
soma of the clay to convert info a bindser to bind togather the slate particles.
The process by which the mixiure is formed to the required configuration for,
2.g. a roofing te, Includes the placing of 2 ball of the wet miure in a mould

wherain it is subject to pressure 0 cause the mikture fo Bl the mould and
thereby acquire the required configuration,

Whilst such a forming process s satisfactory, # would be desirable I other
forming processes, such as sxiruston direclly to a required configuration,
without any subsegquent pressing process, could be uliised, but with the
mixlure disclosed in our patent aforssald such a technigue has not been
usable; & has not been possible to oblaln a sultable finish on the products,

With the aim of addressing this problem, according to one aspect of the
present invention we provide a method of making a produdt including mixing
together slate parlicles, clay partivles, and waler fo a2 generally formable
homogenous mixlure, the slate particles and the clay particles of the midurs,
substantially all being slzed 50 as to pass dwough a sleve of 1mm, and such
that not more than 25% of the siate particles have a size less than 83 microns,
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and the rafio by weight of the slate to clay In the mixture being between 40%
and 80% of the particles, the method including forming the wet mixiure o a
desired oross sectional shape by extruding the mixture, at least partially
drying the formed mixture, cutling the extruded formed mixiure into reguired
tengths, and firing the out lengths &t a temperature of at least 850°C and for a

time sufficlent for at least some of e day to convert into @ binder to bind
together the slate particles,

As fs the case in BEP DDSR258R, when the dried formad mixture is fired at the
appropriate temperature, the clay binds together the slate particles to form a
virsous product of low, preferably substantially no, porosity having the
required mechanical strength.  The smaller particle size provided In
accordance with the present invention, compared {o the particle sizes referred
o in the aforesald palent, has the sffect that the mixture, with 3 suitable water
contend, is able to be extruded with the extruded material having & satisfactory
finish and dimensional accuracy without requiring a pressing PIOCess in
addiion to the extrusion. The extruded material may simply be o
appropriate lengths to form the products, ready for drying and firing.

10

15
to

28 The slate particles may comprise fragmaents, slivers, powder and dust, able to

pass through the imm-sized sisve.

The provision that not more than 25% of the slate particles have & size loss
than 63 microns s helpful in avolding lamination problems in e finished
25 product. When we rafer to percentages in relation to the composition of

mixtures used in he invention, we mean the percentages by weight tharaaf,

The solid constituents of the mixiure may comprise substantially onby siate
parficles and clay, although it will be appraciated that a small quantity {8.g. up

to &% or 80 of the solid content of the mixture) of a colouring agent or agenis
rmay ba included in the mixturs,

30



WO 2013/186566 PCT/GB2013/051555

Preferably the clay content is approximataly 50% Le. the mixiure comprises
substantially squal quantities by weight of slate particles and clay parlicles.

if the finished product, after firing, is required o be of “rad brick” colour,
approdmately 3% bon oxide may bs addsd as a colouring agent. W a

“Staffordshire blus brick” colour ts raquived, approximately 3% iron oxide and
2% manganese dioxide may be used as a colouring agent.

in producing such coloured products, or when producing a “natural” {.e. slats)

coloured body, approximately 0.02% precipitated badum carbonate may be
ncluded in the mixturs,

10

Thiz can be beneficlal in praventing or reducing
sffiorsscencs in the fingl product,.

For satisfaclory exirusion of the mixture, sufficient water is required in the
15 mikiure o enable # o fow satisfactorily for extrusion to form § o the oross-

sactional shape required in the finished products, the exirudate being cut info
lengths to form the indbvidual products.

Because clay powder mixes with water more readily than particles of siale mix

with water, the method praferably includes miking the slate parficles with water
prior to the introduction of clay to the mibdure.

20

According to another aspect of the Invention, wa provide a methed of making a
product utifising at least slate particles, day parlicles and water, comprising
25 firslly mixing & quaniity of the siate particles with sufficlent water 1o wet the
particles over substantially thelr entlrs surface area; and subseguently mixing
a quaniity of the day parlicles with the siate particles and oplionally with
additional waler, {0 produce a generally homogsnous miture formable 1 a
desired configuration; forming the mixture o the shaps of the produch; at least

30 partiaily drying the formed mikture, and subjecting the formead mixturs o firing
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ynder condiions {o cause at least some of the claim (o convert Inlo & hinder to
bind together the siate particles.

in accordance with the second aspect of the invention, the sizes of the siate
and olay parlicles and relative proportions thereof, additional constituant

matardals, and the forming of the product may be as above st forth in relation
to the first aspect of the invention.

Praferably the slate particles are initially mixed with af least sufficient water to
10 ensure thorough weiling thereo! over substantially their entire surface ares,
before the addition of day. This water may be about 10%-15%, preferably
about 12%-14%, of the weight of the siate particles. Further water may be
added to the midure when the clay is added, o achisve 8 waler content
aenabling the mbdure o be formed into products. Different types of slate, such

as those oblained from diffsrent quarties, may require different quantities of
water to achisve the surface area weiling.

18

The initial miking of the slate particles with water may be carrled out in a first
miker, ©.¢. an Eirich or Eirich-type mixer with a mixing paddie rotating about an
upright &xds in a mixing receptacie. In a "bateh” procass, & required guantity of
slate particles may be weighed and introduced into such a mixer, followed by
the weighed required quantity of wetling waler, and the two mixed fogether in

the mixar prior to the addition of the weighed required quaniity of clay thersto
and further mixing.

20

25

The mixure from the frst mixer may be supplied to a further mixer in which
any requirad further additions, e.g. 8 colouring agent or agents andfor bardum
garbonate, are added, and further mixing carried oul with the possible addition
of further water to bring the mikture {0 an sxtrudable condition.

30

Such a further mixer may be & Winkworth or Winkworth-type mixar,
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As an allemative o the addition of a predetermined guantity of water o the
slate parlicles, # would be possible for the slale particles 1o be treated by
immersion and agiation in 2 grester guantity of water, with excess water

subsequently being drained off the wet siale particles o leave the required
5  water content in the slate before the clay is added thersto.

The firing temperature may be up fo 1200 °C or possibly sven higher. Such

temperatures provide for products of sulficient mechanical strangth and waler
resistance.

18

Praferably the fidng temperature is belween 880 and 1407 and in &
particular example of the invention, the firing tempsrature may be in the range
10207 1o 10407, the lower temperature being more appropriate for firing of

‘Blue” products and the higher temperature more appropriate for firing “red”
16 products.

i will be apprecisted that the required temperatures and tmes for firing
products will depend on the dimensions, particularly the cross-sectional slles,
of the products. In general, lower firing temperatures will require longer fiving,

while higher firing temperatures will allow shorler firing times as long the cross-
sectional size of the products is naot too great,

20

When firing to produce a "blue” product the firing may be caried out undsr

reducing conditions, while o produce a "red” product exidation conditions may
28 bs applied in the firing.

Europsan patent EPOOSR2ZE8E refers o the possibility that Ieldspar particles

may be included in the mixture, In accordance with the prasant invention,

preferably the midure includes no or substantially no feldspar particles. Such

30 particles cause difficully in the sxtrusion process, and their pressnce may

maka the finished products unduly biittle.
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in one example of making products in accordance with the Invention, a
gquantity of siate particles of the required size {as described hereaftar), abls fo
pass through a imme-size slove, Is weighsd out and mixed with the respsclive

guantity of waler.  To this end, the slate is deliverad, a.g. by conveyor, o a

waighingfloading hopper from which a reguired quantity of it s supplisd to a
mixer, and sufficient water added o # in the mixer, (10 enable miking o cause
all the slate particles to be coated with waler, The required quaniity of day is
then addad to the wat slate and thoroughly mixed therewith, Adding the water
and clay o the slate In this order obviates polential problems with the clay

10 “balling-up” In conseguence of Bs preferential, In comparison with slate

particles, miking with watsr,

The above-desoribad mixing slages may be carrled out using an Eirich mixer.
18 The whole of the required waler content of the mbdure may not be added iIn
the above process stages. By way of exampls, approximately 12% {of the
weight of the siate) of water may be added, with any nscessary additional
water, to bring the mixlure 1© an exirudable consistency being added at a later
stage accompanied by further mixing.
20
The mbdurs resulling from the above slages is passed through 8 fmm sized
sieve, and then delivered o a further mixer at which the required quantity of
colowring/staining agentbarium carbonate is added while miing s continued.
The further mixer may be a Winkworth mixer having mixing paddies rotating in
25 & horizontal drum. From here the mixkture is delivered to an exiruder which
may include a two-shaft mixing device whersin further water is added o the
mixture, which Is mbed and de-asrated fo bidng | fo an exbrudable
consistency. The amount of such additional water which might bs necessary
depsnds largely on the sxact proportions and particle sizes of the constiiuents

of the mixture, and will be & matler of the judgement of a sidlied operator of the
PIOCess.

30
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wig

Allematively, i the mbdure wers not required © be exiruded but instead

pressed o Hs required configuration, i could be taken directly from the
Winkworth mixer with no further water being added |

By camying out the addition of colouring agent andfor additional water in the
further mixer, the effect is achisved that if ¥t is required to changa the colour of
products being manufaciured, or to changs from extruded products {o pressed
products, clsaning out of the entire apparaius being used including the first
mentioned {Eirch} mixer in which the initial mixing of siate with water, and then

18 with the clay, is carrisd oul, is not required. Cleaning out of only the further

miker and extruder may be necessiiated.

& further possible pre-extrusion reatment to which the mikiure may be subject
is a sieving stage.
15

When the mixture, extruded to the appropriate cross-sectional shape, has left
the extruder # is cut inle appropriale lengihs and sizes (o provide finished
{ready for drying and firlng) products of the required dimensions, 1 may, after
axfrusion, be sublected to a swiace freatment, e.g. { may have a sandistain
20 agent or mixiure applied on ong or more surface portions, but no other

operation 1o form or shape the products may be necessary prior 1o their diving
and firing.

The extruded products may be generally flat or slightly curved, or may
25  incorporate swifaces inclined to one ancther, They may incorporate ong or
more surfaces or surface arpas which are grooved. If a product of, 8g. L-
shaped cross-section is required, # would be possible for the mixture to be
axtruded 0 a cross-sectional shape having an interior cavity, the sxiruded
matarial being cul longitudinally into two or more slaments aach having a
cross-sectional shaps part of that of the extruded material, as well as being cut

transverssly of the direction of exirusion to form the individual extruded

30
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products. For example, the material may be exiruded into & hollow rectangular

cross-sectional shaps, which is cul longliudinally 1o produce products with ons
of more “somers”,

Such cutting of an extruded saction is preferably carrled out afier § has been
subijected o at least initial diving, so that i is able o retain its shape. The
outting may be done after firing, when the product is fully siable.

The products thus oblained are subseguently stacked onto kin trucks,
10 wherson they are subjected to a drving process e.g. four, 10-24 hours at &

tamperature of around 80T, Possibly microwave heating may assist the

drving process.  When drving o 1% or less moisture content has besn

complated, the products ars transferred o & kiln at which firing {ekes place

2.g. af the lemperatures indicated above. The firing process may, in a

16 conventional kiin, take placs over a period of up {o around 24 hours.

Products resulting from performancs of the method of the Invention may use a
high proportion of recycled material. Thus, the slale particles may comprise
mill fines, dust, or powder recoversd from slale processing. The clay may
comprize unfired day dust recoversd from clay processing, 8.¢. In brick
manufaciure, or recycled clay. 1t will thus be appreciated that the invention
enables affective use o be mads of what would ctherwise be waste products,
if waste slate or clay Is in the form of particles (oo largs for use in the process

of the present invention, it may be processed to reduce s particle size, a.g. by
25 rolier or ball milling.

20

A3 far as the slale is concerned, # has bean found that a stronger product may
result i the slate is oblained by milling larger particles of slate o the size
described above. In particular, products made with slate may beller be able {o

33 bes provided with holes or slots for fastenings, providing an increased
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53

resistance to pulling-out of fastenings, compared with products wherein the
slate is the poor-quality material created as wasts in slate processing.

To provide slate of which substantially all the particles ars able to pass through
a sieve of Tmm size, while only 3 small proportion of the clay particles have a
size less than 83 microns, the raw stock of slate material, possibly milled as
above referrad o, may be subledt o 8 washing oul process using walsr,
haged on a sieve size of 83 microns, Since recoversd siate may have a very
large proportion of very fine dust, such 8 washing out process may remove up

o above 20% of the raw, possibly milled, slate stock, but leaves a very small
guantity of slate with oo small a particle sizs.

10

Az alternatives 10 such a washing-out process, dry sieving may be ulilised, or
possibly a washing-out process not involving sieving.

15
Tha above sxamples are ghven with reference (o using slale particles of "blug”

Fanrhyn siate, Blate from a different source, or “gresn” slate, may require a
different quantity of wetting watsr,

20 When used In this specification and clalms, the terms “comprises” and

“comprising” and variations thereo! mean that the specified features, steps or

integers are included. The tenns are not {o be interprsted to exclude the
prasance of other features, steps or components,

25 The features disclosed in the foregoing description, or the following claims, or

the accompanying drawings, expressed in thelr specific forms orinferms of &
means for performing the disclosed function, or 3 method or process for
attaining the disclosed result, as appropriate, may, separatsly, or 0 any

combination of such features, be utlised for realising the Invention In diverse
30 forms thareof
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10

Clalms

1. A method of making 2 product Including mixing together slate particles,

clay parlicles, and walsr 10 a generally formable homogenous mixture, the
slale particles and the clay particles of the mixture, substantially sl being slzed
s as 1o pass through a sleve of Tmm, and such that not more than 258% of the
state particles have a size less than 83 microns, and the ratio by weight of the
siale to clay in the mbdure being betwaen 40% and 80% of the particles, the
method including forming the wet mbdure o 8 desired cross sectional shape
by extruding the mixture, at least partially deving the formed mixiure, cutling
the sxiruded formed mixturs into required lengths, and firing the out lengths at
a temparature of at lsast 880°C and for a time sufficient for at least some of
the clay to convert nfo a binder fo bind togather the slate particles.

10

18 2 A method according to claim 1 whersin the cutting of the formed mihure

into required tengths is camiad oul before the at least partial drving thereof,

3. A method acoording to olaim 1 wherein the cutling of the formed mbdure

into required length is caried out after the at lsast partial drving thereaf,
20

4. A mathod according © any one of the preceding claims whersin the

slate particles and clay particles comprise substantially 100% of the solid
constituents of the mixiure,

25 B A method according to any one of the preceding claims wherein the

mixiure comprises substantially equal quantiies of slate particles and clay
particles,

8, A method according to any one of the preceding claims whersin the

mixture further comprises up o about 8% of the waight of slale and clay
particles in the mixture, of at lzast one colouring agent.

30
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1
7. A method according to claim 8 wherein a colouring agent comprises
ron oxide,
8,

A method according to claim 8 or clalm 7 wherain a colouring agent
5 comprizses manganase dioxide.

9. A method according to any one of the preceding claims wherein the

mixture includes barium carhonate.

10 10 A method according to olaim 8 whereln the mbdure further includes

about §.02%, of the weight of dlay and siale particles in the mixture, of barlum
carbonate.

1. A method according to any one of the preceding clalms comprising

16 initially mixing slate pariicles with waler and subssquently mixing in the clay
particies,
12, A method according to clalm 11 whereln the slate partivles are Initially
mixed with at least sufficient water to wet substandially all their surface arsa.
20

13, A method according to claim 12 wherain the siale particles are initially

mixed with about 10% to 15%, of the weight of the slate particles, of water.

4. A method according to olaim 13 wherain the slate particles are initially

25 mixed with about 12% to 14%, of the weight of slate particles, of water,

15, A msthod according 1o any one of clalims 11 o 14 wherain inltial mixing

of the slate particles with waler and subsegquently with the clay parlicles is
carried oul in 8 first mixer,
30
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16, Amethod according to any one of claims 11 to 14 whersin initial mbdng

of the slate particles with water is caried out prior fo introducing the slate
particles o a first mixer.

5 17, A method sccording o claim 11 or any claim appendent thersto,

whersin additional water is added o the mixiure prior 1o s axtrusion.

18 A method according to claims 15 or 18 as appendent o any one of

claims § o 10 or to daim 11 or 12, wharein the colouring agent{s), andfor
18 barium carbonate is added in a further mixer,

18, A method according to olaim 15 or 18 wharain the first mixer ks an Eiich
or Elrfich-type mirer.

18 20 A method sccording to claim 18 or claim 18 wharsin the further mixer is
a Winkworth or Winkworth-type mixer,

21, A method according to any one of the preceding clalms wherein the

mikiure s passsd through a sleve prior to exirusion,
20

22, A method according to any one of the preceding dlaims wherain the
firing temperature i3 up o about 12000,

23, A method according to any one of the preceding clalims wherein the
25 firing temperatirs is in the rangs B80T to 10407,

24, A method according to any one of the preceding clalms wherain the
firlng lomperature is inthe range 10200 10 10400 .
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13

25, A method according 1o any one of the preceding claims, whersin the

axtruded and ouwl products are subjecied to surface reatment only prior to
dryingffiring.

5 28 A method according o any one of the preceding claims wherein the
product is of generally flat configuration.

27, A method according 1o any one of claims 1 to 24, or claims 27 or 28

appandent therato, wherein the mixture is axtruded {o 8 cross-ssctional shape
10 having an interior cavity,

28. A msthod according to dlaim 27 whersin the sxtruded materal is out

longitudinally into two or more elements sach having a cross-seclional shape
part of that of the extruded matsrial.
15

28, A method according to clalm 28 whersin the cross-sectional shape of

the extruded malerial is generally rectangular and that of sach slement
includes a comer,

20 30, A method sccording fo any ong of the preceding clalims wherein the
product is a buliding product.

3. A method according lo olalm 30 whersin the product is a tlle, panel,
brick, or brick siip.
25

32, A method of making 2 product ulilising at least siate particles, clay

particles and watler, comprising firslly mixing a quantity of the slale particles
with sufficlent water to wet the particles over substantially thelr entire surface
ared; and subssquently mixing a required quantity of the dlay powder with the
siate particles and oplionally with addiional water, to produce a generally
homogenous mikiure formable to a deslred configuration; forming the mixture

30
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t4

to the shape of the product; at least partially drving the formed mbdure, and
subjecting the dried formed mixturs {o firing under conditions to cause at least
some of the clay 1o convert into a binder to bind together the slate particles.

5 33 A msthod according to claim 32 wherein the first mixing of slate

particles with waler Is camled ouwl by mixing predetermined measured
guantities of siate particles and water.

34, A method according o claim 33 wherein the water is about 10% to 18%
10 by weight of the slate particles.

35, A method according to clalm 33 wherein the waler is about 12% o 14%
by weight of the slate particles.

1 38, A method according to claim 32 wherein the fisst miking of slate

particles with water is carried oul by mixing the siate parlicles with excess
watar and subsequent removal of water not adhering 1o slate particles.

37, A method of malking a produgt, substantially as hersinbefore desoribed,
20

38, A product made by 8 msthod according fo any one of the preceding

claims,

38,

Any novetl featurs or novel combination of features described herein,
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