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WATER PROCFI NG LINER  This invention relates to a waterproofing materi al

suitable for waterproofing ponds, |akes, |agoons or conparable sites

Material

This invention relates to.a wat;rproofing material suitable for
waterproofing ponds, lakes, lagoons or comparable sites whereby
water is retained, or wherein waste is deposited and the ground
beneath has to be protected against leakage of aqueous or other
liquid. The material can also be used in relation to water
proofing structures, covering contaminated land to prevent flow
of water into such contaminated land and lining trenches which
separate contaminated areas from clear areas. The material can
also be used as roofing material on flat or sloping roofs.
Several materials have been proposed in the past which include
a layer of swellable smectite such as montmorillonite and/or
sponite incorporated Qithin the material to act as the sealing
agent. The montmorillonite has been carried by a support layer
or base which has been provided in various ways. A support layer

acts as protection but also gives additional strength within the

material.

European patent number 59625 (CLEM) describes a waterproofing
material which is a laminate comprising a fabric base, particles

of montmorillonite adhered to the base and a scrim adhered over
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water-is retained, or wherein waste is deposited and the ground beneath
has to be protected agai nst | eakage of aqueous or other |iquid. The
material can also be used in relation to water proofing structures,

qﬂ% ing contam nated |l and to prevent flow of water into such contan1nated
&gl and lining trenches which separate contam nated areas fromclear -~
areas. The material can also be used as roofing material on flat or

sl oping roofs. Several materials have peen proposed in the past which
include a layer of swellable snectite such as nontnorillonite and/or

saponi t eth&cCaop@mdirdd Mriite paeciElieas i 8b retadih aherheosethénpasegermhe The
nmontnorillonite has been carried by a support |ayer or base which has been
provi dedcLBMvapeoif imaydionAregppoes asyan essential feature thereof that

the base be capablé of venting gas. Although venting of gas from
beneath a contained body of water or other matter can be an
advantage, it 1s a great disadvantage to incorporate such
vendibility into the actual basg. Although there are few sites
where venting is necessary it is, when venting is needed,
desirable to provide a separate venting layer quite separate from
the waterproofing material overlapping the first shéet (10) . The
sheet (10) has a venting base (13), a layer of montmorillonite
{(14) adhered to the base (13) and a scrim (15) on top of the
montmorillonite. 1In similar manner sheet (12) has base (16),
montmorillonite (17) and scrim (18). As will be seen-from the
drawing and the arrows (19) the layer of base (16) overlying the
montmorillonite (14) provides a path, between the two layers of
montmorillonite (14) and (17) which, because it is designed to
vent air can also allow liquid such as water to wick out along
the path indicated. Thus, the incorporation of a venting base

in the sheets (10) and (12) can have undesirable results.

Figure 2 shows how the construction described in European patent
application 246 311 (McGROARTY) overcomes these problems. In the
MCGROARTY construction a lower sheet (19) has a base (20) and
montmorillonite (21). An overlaid sheet (22) has base (23) and
montmorillonite (24). In McGROARTY the base (20) and (23) are
of solid plastics non~venting and impermeable material. Thus in

the construction shown in figure 2 the base (23) forms a non-
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acts as protection but also gives additional strength mnthln th mat eri al .

Eur opean patent nunber 59625 (CLEM descri bes ahmmb@r &t eri al
mthh is a lam nate conprising a fabric base, pa ntnorillonite
_Tdﬁered to the base and a scrim adhered over
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water transmissive layer between the two layers of
montmorillonite (21) and (24) thus giving a very good seal. This

is a significant advantage over the prior art of figure 1.

Unfortunately, however, the McGROARTY construction does have
several practical, other difficulties. Firstly, the bases (20)
and (23) are made from a thick, impervious and essentially solid

plastics material, described in the specification as HDPE.

Further, the specification describes the fact that granules of
montmorillonite are adhered not only to the base but also to each

other.

Waterproofing materials of this kind are usually supplied in
rolls and have to be unrolled and placed to lie in the pond,
lagoon or storage space. With the base (20) (23) made from high
density polyethylene éhe.McGROARTY material is less flexible that
when using a fabric (non-woven or woven) for the base. This
means that the product is much more difficult to handle and the
montmorillonite is likely to crack during folding and unfolding.
Further, Because of the nature of an HDPE plastic sheet the
adhering of the montmorillonite to its surface is not easy.
Quite large quantities of very strong glue have to be used. As
mentioned, in the McGROARTY construction the montmorillonite
particles or granules are applied in layers which are adhered not
only to the base but also to each other. This makes the product

even less flexible and more difficult to handle. Because of the



the nontnorillonite particles to retain themon the base. The CLEM
specification requires as an essential feature thereof that the base be
ca Ie of venting gas. Although venting of gas from beneath a contai ned
,'4£ of water or other matter can be an advantage, it is a great

Wsadvant age to incorporate such ventiditity into the actual base. -
Al t hough there are few sites where venting is necessary it is, when
venting is needed, desirable to provide a separate venting |layer quite
separate from the matergrooflng material overl apping the first sheet. Ten
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montmorillonite is loosened due to folding and unfolding it can

easily become displaced leaving voids in the montmorillonite
layer. The McGROARTY material is also very stiff and difficult

e

to handle.

A further waterproofing barrier material is disclosed in British
patent number 2 202 185 (NAUE). In the NAUE specification a
layer of montmorillonite is sandwiched between a pair of layers
of non~woven textile material, in which two layers are united by
needling, the needles passing through the layer of
montmorillonite and uniting all three layers. This product again . -
has disadvantages. Firstly, both the non-woven layers of textile
material are essentially gas venting. Therefore, when they are
laid they have the same disadvantages as the CLEM construction.
Further, because the montmorillonite is not adhered to the
layers, as the material is unfolded, folded and manhandled during
installation, the montmorillonite can move relative to the two
layers leaving voids and/or more permeable thinner areas in the

montmorillonite layer.

There 1is a further disadvantage in that all these earlier
materials tend to use particulate montmorillonite which may be
from 2 - 5, usually about 3mm in size. Although finer material

can be poured to fill gaps between the larger granules, such
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nontnorillonite (17) and scrim(18). As will be seen fromthe
the arrows (19) the | ayer of base (16) overlying the nontnoril

drawi ng and
onite (14)

to wick out along the path indicated. Thus, _
venting base in the sheets (10) and (12) can have undesira

provixdes a path, between the two |ayers of nontnoril¥H hteeHds bdJ, qﬁ§17)
D, as
it gt ﬁ}

t

chy because it is designed to vent air can also al I E@g
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Figure 2 shows how the construction deséribed i n European patent

application 246 311 (McGROARTY) overcones these problens. In the MCGROARTY

construction a |l ower sheet (19) has a base (20) and nontnorillonite (21).
An overl ai d sheet ég&& has base (23

granules to make up t%eagglk of the montmorillonite layer
in the waterproofing material. As the water proofing material
is only relatively thin, for example coﬁtaining only perhaps one
or two layers of montmorillonite granules, problems can arise in
connection with foreign bodies in the méntmorillonite used. In
its natural state montmorillonite.is found alongside shale and
other impurities. Whilst the montmorillonite can be quite highly
purified, it is not unusual for a low percentage of shale
particles to remain in the final sized -and graded

montmorillonite. An unfortunate result of the use of relatively

large granules of montmorillonite in the layer is that granules

‘of impurities-can also become incorporated in the material. The

chemical nature of shale and some other impurities have the
effect that not only are they not montmorillonite (and therefore
do not swell upon contact with water), but, when wetted, act as
to inhibit swelling in.adjacent montmorillonite granules. Thus,
a single granule of shale in a layer of waterproofing material
can form a small area (perhaps 10mm in diameter) which does not
swell upon being contacted with water. Small such areas are
generally' water impermeable, but medium and larger such areas
allow water to pass through the sheet. When water pressure is
high this flow can cause significant wash out of adjacent
montmorillonite leading to failure of the sealing systen.
Although the percentage of impurities is small, and although the
failure rate is small, when a large area is sealed using sheet-

material incorporating such impurities it needs only a single

of a-~



montnorillonite (24). In MGROARTY the base (20) and (23) are of solid
pl astics non-venting and i nperneable material. Thus in the construction
shoup in figure 2 the base (23) forms a non- 73M@h£ﬁ49§863
C§5B93/ 01807 wat er, < non- mater>transnlsS|v o0 Repdacoen  t he
W) | ayers of nontnorillonite (21) and (24) t IEW” ry good ~
seal. This 1is a significant advantage over the prior :
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leak for the whole system to have failed. A pond or lagoon which

has a single leak'is no pond or lagoon at all!

Particulate montmorillonite has also been mixed with various
organic components to form a thick putty (see US Patent Number
4 534 925). Typical components are_polYpropene and polybutene.
This material has been extruded in the form of rods and sheets,
usually being stored between layers of release paper. Such
material has been used for sealing ground foundations and similar
structures. It has not, however, being extruded so as to become
united with a carrier sheet and be capable of use in large rolls
for covering large areas. Indeed, the polypropene and-polybutene .
used is intended deliberately to

give the extruded material a rubbery or formable consistency
enabling it to be moulded by hand around small areas such as
chimneys, at joints iﬂ concrete panels or where drains penetrate
foundations. These materials are also duite expense and

prohibitively so for use in relation to large area sheets.

It is an object of the present invention to provide a
waterproofing material whereby the above described disadvantages

are reduced or minimised.

Smectite includes montmorillonite (dioctahedral) and saponite
(trioctahedral) clay minerals and their chemical varieties. They

have commercially valuable swelling and ion-exchange properties.



Unfortunately, however, the McGROARTY construction does have several
practical, other difficulties. Firstly, the bases (20) and (23) are made
fr a thick, inpervious and essentially solid plastics material,

4 bed in the specification as HDPE. Furt her, ..t RE..5{RGednireplededn

g;i bes the fact that granules of nontnorillonite \‘ ot only~
to the base but also to each other. Wat-er proof i nkM‘ this
kind are usually supplied in rolls and7have to be u nd placed to
lie in the pond, |agoon or storage space. Wth the base (20) (23) nuade
from hi gh

The smectites have a layer of lattice structure, but differ from
micas in that the bonds between layers are weakened because of
internal chemical substitutions. Montﬁorillonite consists of
layers of negatively charged oxygen (0) atoms within which
several types of positively-charaed cations are fixed in specific
positions. In a two dimensiona} schematic diagram of the
structure (figure 1), four layers of oxygen atoms can be seen to
define upper and lower tetrahedral sheets containing tetravalent
silicon (Si) and sometimes trivalent cations (3+) of aluminium
(Al) and iron (Fe). The apices of the tetrahedra point toward

each other and oxygen atoms at the apices form part of the

octahedral -sheet. that may contain trivalent cations (A1, ‘Fe),.. ...

divalent caticns (Fe, Mg), both divalent (+2) and trivalent
cations, or divalent and monovalent (+1) lithium (Li) cations.
The presence of two tetrahedral sheets and one octahedral sheet
is the basis for classifying the montmorillonite structure as 2.1
(2x tetrahedral 1 x octahedral sheet structure). The 2.1
structural units are separated by interlayers of loosely held
hydrated cations. These cations are present to balance the

negatively charged structure.

If a particle of Montmorillonite is to expand it needs to take
in water into its interlayers. This mechanism is valency
dependent. Ionic compounds are formed because a metal atom
donates one or two electrons to a non-metal atom (or acid radical

group). For example, in table salt (sodium chloride), the



density pol yethyl ene the McGROARTY material is |less flexible that when
using a fabric (non-woven or woven) for the base. This neans that the
prfggct is much nore difficult to handle and the nontnorillonite is likely
tol.g¥ack during folding and unfolding. FurthermisBacaisgQfrtihe,nature of

#K"HDPE - pl astic sheet the adhering of the nont Pl s surface
I S not easy. Quite large quantities of very str ugu ﬂ‘/ to be used.
As nentioned, in the McGROARTY constrauction th ite

particles or granules are applied in |layers which are adhered not only to
the base but also to each other. This nmakes the product even less flexible

and nore difficult to handl e. Because of the ) ) )
electron from the highest energy level in the sodium atom is

donated to the chlorine atom and they both form ions a sodium one
plus cation and chloride one minus anion. The higher the valency
the shorter <the bond 1length the more stable is. the
montmorillonite, ie calcium two';lus cations will replace sodium
one plus cations. 1In order for this replacement to take place
the cation must get close enough to the montmorillonite

substrate, to do this other mechanisms must be considered.

If a particle of montmorillonite is dropped into a beaker of
water its interlayers take in water, and gradually the clay
spreads until eventually it is uniformly distributed. What
causes montmorillonite molecules to behave this way? The answer
depends on the fact that the molecules within the interlayers are
in a state of random motion. Although they can move in any

direction, the fact that initially (wetting of the particle)
there are' far more molecules in the immediate vicinity of the
interlayers increases the probability of their moving away from
each other resulting in expansion. This process is diffusion,
and is defined in this instance as a movement of molecules from
a region where they are at a comparatively high concentration
(dry) to a region where they are at a lower concentration
(hydration) giving a volume increase. Diffusion will always
proceed whenever such a concentration gradient exists, and it
will continue until eventually.the molecules are uniformally

distributed and lattice stabilisation is achieved, at which time



WO 94/ 05863 PCT/ GB93/ 01807 hi gh
stiffness of the product McGROARTY has to dispense with any scrimsuch as
th¢~scr|n1(15) (18) and this neans that if any nontnorillonite is | oosened
e t'o fol ding and unfolding it can easily becone displaced |eaving voids
R the montnorillonite |ayer. The McGROARTY material is also very stiff ~
and difficult to handle.
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Osmosis for the present purpose can be regarded as a special case
of diffusion; the diffusion of water from a weaker to a stronger
concentration. A weak solgtionraf table salt, for example, will
contain relatively 1less salt and_ more water than a strong
solution of salt. Thus the concentration gradient is from the
weak to the strong solution. If two such solutions were in
contact, the water molecules would move one way and the salt
molecules the other until both were uniformly distributed
(equilibrium). If, however, the two solutions are separated by
- a membrane which allows water but not salt to pass through, only
water can diffuse. Such a membrane is said to be selectively
permeable or "semi permeable" and the water movement is called
osmosis, and is defined in this instance as the movement of a
solvent (water) acrbss a selectively permeable interface
(membrane) from a weak to a strong concentration of ions in
solution.” Montmorillonite interlayers are water selective due
to the attraction of dipolar water molecules to the highly

charged ¢lay particles.

As has been discussed above, the montmorillonite clay is made up
of a plurality of structural plates each of which has four layers
of oxygen atoms. The outer layer of each plate has a generally
tetrahedral format and presents a surface to the interlayer to

which cations are loosely bonded. In sodium montmorillonite which



A further waterproofing barrier material is disclosed in British patent
nunmber 2 202 185 ( NAUE). In the NAUE specification a |ayer of
rillonite is sandwi ched between a pair of |ayers of non-woven

ot Pl e material, in which two |ayers are un| ted Emss;qg@tqgggg,g;{e e

weetl es passi ng t hr ough t he | ayer nont d uniting
all three layers. This product again has dl sadvant %%m m both the
non-woven | ayers of textile mteriat aPe-essentiall

Therefore, when they are |aid they have the sanme di sadvantages as the CLEM
construction. Further, because the nontnorillonite is not adhered to the

| ayers, as the naterlal I s unfol ded, fol ded and .nanhandl ed durin

i nstal | diS @n POPRd aoNfbri99 o fe teiiab e Sadions aFe FeIHD 13ns and

are connected to the tetrahedral layers by relatively weak Van

Der Waal bonds. The interlayers contain a certain amount of
hydrating water molecules. When the montmorillonite is contacted
with water more water ente;s thé_interlayer, being attracted to
the charged cations in the interlaygr and moving by diffusion and
capillary reaction so as to incrgase the thickness of the
interlayer. 1If a body of montmorillonite is confined between a
pair of relatively immobile surfaces the pressure within it upon
contact with water can become so high such as to prevent any
further movement of water into the structure. This build up of
a high pressure layer which cannot absorb any water .makes
montmorillonite an excellent water-proofing agent. It is widely

used in civil engineering structures.

often used as a substitute for sodium montmorillonite is calcium
montmorillonite wherein the 1loosely held cations in the
interlayer are mainly Ca 2+ rather than Na +. Because of their
divalancy the éalcium ions bind more strongly to the outer
tetrahedral layers than does sodium. In use calcium bentonite
has a property that when initially wetted it will swell and
expand in the same way as sodium montmorillonite. However, if
the material should dry out, for example due to low rain fall or
a falling water table calcium montmorillonite cannot shrink back
to its original size upon loss of water without cracking. After

cracking and upon re-wetting the interlayer becomes incapable of



1 ayers | eaving voids and/or nore perneable thinner areas in the
nmontnorillonite |ayer. There is a further disadvantage in that all
ese earlier materials tend to use particulate rm;ggﬁggmals%oni te which may

_“ﬁmg-fron12 - 5, usually about 3mmin size. Al thoughi|s laced can be
SRBlired to fill gaps between the |arger granul es, SLH I,W",I I / 05863 --
PCT/ GB93/ 01807 B

..11_.
absorbing more water and therefore the clay can not re-wet so as

to reform the watér proof barrier. Thus, a calcium bentonite
water proofing material should only be used in cases where
permanent wetness is to be encountered. It is possible to treat
calcium bentonite with a strong‘;odium containing solution so as
to displace a certain percentage of the calcium ions from the
interlayer and replace them with sodium so as to give the calciﬁm
nmontmorillonite properties closer to sodium montmorillonite.
However, this material 1is not as good as pure sodium
montmorillonite, and tends to suffer from the same problems as

calcium montmorillonite.

All sodium containing montmorillonites do have a problem when the
water which comes into contact with them is contaminated by
salts, particularly sea water or other salts which render the

ground water ionised and highly active. In ground water calcium
is invariable present in quantity from soil and minerals. When
such ionic calcium comes into contact with montmorillonite it
invariably tends to migrate into the interlayers. Once in the
interlayer’ the double valency of the Ca+ cations makes the
calcium selectively adhere to the four sides of the tetredral
layers displacing sodium. Such contamination can quite quickly
result in complete stripping of sodium from the interlayer, so
converting the montmorillonite from the sodium to the calcium

form with the disadvantage which has been outlined above.



granules tend to make up the bulk of the nontnorillonite layer in the
wat erproofing material. As the water proofing material 1is only relatively
thi for exanple containing only perhaps one or two |ayers of

atnori |l onite granul es, problens can arise in commeﬁta@hs Bgexr Re

%H es in the nontnorillonite used. In its natural Ionlte
I's found al ongsi de shale and other inpurities. V%il I lonite
can be quite highly purified, it is g -unusual for om/percentage of
shale particles to remain in the final S|zed and gr aded

nontnorillonite. An unfortunate result of the use of relatively large

ranul es of montporillonite in the_ |layer is that. granu
g Th{s parg?c ar process makes it generalfb unwgse to use even

sodium montmorillonite in a situation where the ground water can
become rapidly ionised or contaminated by leachates or the 1like.
In particular, fertilisers are a particularly notorious cause of
ground water ionisation and can cause sodium montmorillonite

break down. It is an object of the present invention to provide

an improved smectite clay.

In a paper entitled "Preparation of Montmorillonite -
Polyacrylate Intercalation Compounds and the Water Absorbing
Property" by Ogawa et al published in Clay Science Number 7, 243
251 (1989), the authors have described the introduction of a
acrylamide into montmorillonite and the polymerisation. of the
acrylamide to form a polyacrylamide intercalation compound. The

enhanced water-absorbing properties of the compound are noted.

It is to be appreciated, of course, that the processes carried
out in the Ogawa paper were essentially laboratory processes
involving' small amounts of material. No techniques were
described for making any useful product and there was not

discussion of the advantages of high density such compounds as

waterproofing agents.

The present invention is additionally concerned with smectite

liner intercalation complex (herein after referred to as a



of inpurities can al so becone incorporated in the material. The chem cal
nature of shale and sone other inpurities have the effect that not only
areﬁthey not nontnorillonite (and therefore do not swell upon contact with
mater), but, when wetted, act as to inhibit swelling in adj acent,

wBHt nor i |1 oni te granules. Thus, a single granule of shale in a |ayer of~

wat erproofing material -can forma small-area (perhaps 10mmin dianeter)

whi ch does not swell upon being contaatied-w th water. Snaﬂhsﬁughhgé

are generally water inpermeable, but nediumand Iarger such hWﬁ
water to pass through the sheet. Wen water pressure is m

can cause significant wash out of adjacent nontnorillonite

failure "sLICY hematezlillg hsydngmimproved properties.

Desirably the smectite containing layer is sandwiched between

said support sheet and a cover sheet.

-
-~

Reinforcement can be provided in_ the middle of the smectite

containing layer.

The reinforcement can be secured to the cover sheet and/or the

support sheet.

The invention also provides a method of making a waterproofing
material including mixing particular smectite with at least one
other substance to form a plastic mass, forming that mass into

a layer and uniting it with a support sheet.

The laminate of the smectite layer and the support sheet can be
treated after union to cause the layer to lcose a degree of
plasticity to enable it to be handled and stored without

undergoing further deformation.

Desirably the smectite is mixed primarily with water to form a
paste or a putty like plastic mass which can be extruded rolled

or otherwise formed into a continuocus layer.



Al t hough the percentage of inpurities is small, and although the failure
rate is small, when a large area is seal ed using sheet nmaterial
i ncQrporating such inpurities it needs only a sﬁp

e
:>) leak for the whole systemto have fail ed. i asmeerl Repleed whi ch has
ngle leak is no pond or |agoon at all! , ' ”'u " -
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After forming the layer c¢an be subjected to a drying step to
remove excess water to convert the smectite layer into a more
dimensionally stable configuration unlikely to deform further
during transportation and storage and further to increase the

swellability of the smectite upon contact with water in use.

Additives which modify the behaviour the smectite under certain
specified conditions such as salt water, or presence of strong
leachates, radiation hydrocarbons or organic chemicals can be

added at the mixing stage to be operative when the smectite is

in use.

Union of the layer of smectite containing layer with the support
sheet can be by adhesive, but desirably no adhesive is used, the.
mixture of smectite (and other substance(s)) being such as to
allow pressure force the plastic mass into the interstices of the
cover sheet (which is desirably of a textile nature) physically
to unite the two. Similar connection can be effected between the

layer and the cover sheet.

Instead of water, or in addition to water, organic materials such
as methanol, ethanol and other alcohols, glycerine, diesel and
other oils and fats can be used. These materials do have the
advantage that it is not necessary to drive off water so as to
increase the swellability of the smectite layer, but they also

have the disadvantages that they do need a drying step so that



Particul ate nontnorillonite has al so been m xed with various organic
conponents to forma thick putty (see US Paten&mgygb r 4 534 925). Typi cal

COI nents are pol ypropene and pol ybutene. Thi ‘ en Rapdacdgeen ext ruded
(@%ﬂ e formof rods and sheets, usually being zy | ayers of
reltease paper. Such material has been used f und '"

foundations and simlar structures. It has not, however, being extruded so
as to becone wunited with a carrier shéét-and be capable of use in large
rolls for covering | arge areas. |ndeed, the pol ypropene and pol ybut ene
used is intended deliberately to give the extruded material a rubbery or

for”ab'et§8“£é§£§98¥ is not subject to further deformation under its own

weight during stbrage and transportation and many organic

materials are usually far more expensive then water.

Alcohols, particularly methyf. alcohol do, however, have
particular advantages. Whilst alcohols are generally expensive,
they are also usually far more volatile than water. Thus, a
plastic mass made using methyl alcohol can, after having been
formed into a cohesive continuous layer be dried using far less
heat than would be necessary to drive out the water from a
similar mass. In addition to this however, the alcohol driven off

can be condensed and reused thus offsetting the cost thereof.

The montmorillonite mesh size can be anything from 50 mesh or
smaller, desirably, however the size is a maximum of 100. 1In
practice a mesh size of 200 has been found useful although
variations downwards from about 100 mesh do work although with
less desirable qualities. Finer meshes are perfectly acceptable,
but tend to be unnecessary. The smectite used 1is desirably
sodium montmorillonite although calcium montmorillonite (
modified by treatment sodium hydroxide) can be used. As the
montmorillonite is usually broken down significantly during

mixing to micro sizes, initial grain size is not critical.

The fabrics used as support and/or cover layer can be

conventional woven or non-woven textiles such as nylon or



enabling it to be nmoul ded by hand around smal|l areas such as chi nmeys, at
joints in concrete panels or where drains penetrate foundations. These
maperials are also quite expensive and prohibitively so for use in
ekation to | arge area sheets. It is an object of the present.invention
t&iprovide a waterproofing material whereby the above descri bed -
di sadvantages are reduced or mnimsed. - Snectite includes
nmontnorillonite (dioctahedral) and sapbfite (trioctahedral) clay mnerals
and their chem cal varieties. They have comercially valuable swelling and
| on- exchange properties.

polypropylene or polyester. They should be non-venting (that is
to say they do not allow gas or liquid to pass along the
structure in use to any significant dégree). The fabrics are
desirably woven and this degree of non-venting can be achieved
by ensuring that the fabric is of relatively open mesh and fairly
thin, a significant portion thereof being embedded in and
physically uniting with the outer layer of the montmorillonite

layer.

The invention includes of course, a waterproofing sheet made by

the methods aforesaid.

The invention also provides apparatus for making a waterproofing
material including a conveyor, means for feeding a support to the
conveyor, means for applying a plastic smectite-containing mass
onto the support, and means for forming said plastié mass into

a uniform continuous layer.

Means can be provided for sizing the laminate in thickness and/or

in width.®

Desirably the apparatus includes means for conditioning the
laminate after formation to render it stable in use and storage.
Said means can include an oven for evaporating substances, from

the laminate.

This Sheet Has Been Repl
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-7- ~ The snectites have a layer of lattice structure, but differ from
mcas in that the bonds between | ayers are weakened because of internal
cheﬁqcal substitutions. Montnorillonite consists of |ayers of negatively
;Z?Qed oxygen (o) atons w thin which several types of positively-charged
a8t ons are fixed in specific -

_17..
Means for supplying the plastic mass to the conveyor can include

one or more nozzles, and/or an extrusion head.

Means can also be provided for supplying a cover sheet to a

surface of the layer remote from the support sheet.

-

Means can also be provided for feeding a reinforcement to be

embedded within the smectite containing layer.

Means can be provided for uniting said reinforcement with one or

both of the cover and support sheets; for example by heat

sealing.

The invention method also provides a method of waterproofing a
structure to prevent ingress and/or egress of aqueous fluids

including the steps of providing a plurality of sheets each in
the form of a laminate'of a support sheet and a layer of cohesive
smectite, "formed from a plastic mass, laying the sheets to cover
the surface of said article in overlapping relationship and

protecting said sheets against accidental damage in use.

.The invention further provides a method of sealing a site
including providing at that site apparatus as aforesaid,
transporting smectite and other substance(s) to the site, making
_ the material of the invention at the site and laying the material

of the invention directly at the site after manufacture.

¢: Has Been Replaced
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posi tions. In a two dinensional schematic diagramof the structure
(figure 11) , four |ayers of oxygen atons can be seen to define upper and
| over tetrahedral sheets containing tetravalent silicon (Si) and sonetines
yiTaIent cations (3+) of alumnium (A) and iron (Fe). The apiees of t he
rahedra point toward each other and oxygen atons at the apices form ~
part of the octahedral -sheet -that_nﬁg contain trivalent cations (Al, Fe)
di val ent cations (Fe, My), both divalent (+2) and trivalent cations, or

di val ent and nonoval ent (+1) lithium (Li) cations. The presence of two
tetrahedral sheets and one octahedral sheet is the basis for classifying

the ”Dnbﬂg 1A oahE Sofil RISLUE R des! rddXidPtReH i InX 3 anedh abesheet
The 2.1

structure).
support sheet in combination with a layer of swellable smectite

formed from a plastic mass.

The invention still further provzdes a roof incorporating as part
of its water proofing layer, a layer of swellable smecite clay

formed from a plastic mass.

The layer can be part of the material as aforesaid or can be of

other convenient construction.

The invention still further provides a seal for a pipe or other

plumbing fittings incorporating or consisting of a body formed

from a plastic mass of smectite.

The smectite can be in the form of a sealing ring or annulus or
can be provided as a continuous length for wrapping around
joints. . The sealing material can be made by the aforesaid
methods of forming a plastic mass and extruding, cutting or
moulding therefrom. The smectite can be formed in other ways,
for example by dry powder moulding to form a cohesive mass. The
sealing material can be provided with a surface layer, for
example by having a surrounding sheath of net or like support
material. Internal reinforcement can be incorporated if necessary
and such internal reinforcement can, if desired, be connected to

outer support layer(s) on the body of montmorillonite. The

I
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structural units are separated by interlayers of |oosely held hydrated
cations. These cations are present to bal ance the negatively charged
sta4ct ure. If a particle of Montnorillonite is to expand it needs to
:“ﬁ§g in water into its interlayers. This nmechanismis val ency -.dependent.
R .

~ 19 -~

sealing body of montmorillonite can be wholly or partial
surrounded by an impermeable or partly permeable sheet. Such
sheet can be arranged to allow water to énter therein but not to
leave so as to swell the montmorillonite within the sheath and
to urge part of the sheath into sealing engagement with its

surroundings. Such an arrangement can prevent extrusion of the

The invention provides as a second feature thereof a
waterproofing material in the form of a body of material formed
from a plastic mass, wherein said plastic mass contains a

smectite/liner intercalation complex.

The liner can closely bind sodium cations to the outer layers of
plates of the smectite structure therefore reducing the

possibility of their replacement by calcium cations.

Alternatively the lining can replace the sodium cations leaving
a generally neutral face which can absorb water by capillary

action, but which is generally neutral and therefore does not

attract calcium cations.

The liner used will normally be an organic compound compatible
with the outer layers of the smectite plates. Suitable compound
can be sugars such as fructose, glucose, dextrose and the like
which have comparable molecular shapes and will complex with the

tetrahedral layers on the outside of the plate.
This Sheet Has Been R
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- 8- el ectraon -f rom the highest -energy --level--_-in the -sod-ium

-atom -s- donated to- the chlorine-atomand they both- fo-

i ons~a-sod-iumnea The higher the valency the shorter the bond |ength the
-e“Sstable is the nontnorillonite, ie calciumtwo plus cations wl|l

rep[ace sodium one plus cations. In order for this replacenent to take

pl ace the cation nust get close enough to-the nontnorillonite substrate

If a particle of nontnorillonite is drdddbed into a beaker of

A further and desired liner is an acrylate. The material can be
added as the polyacrylate or an acrylation process can be carried

out in contact with the clay.
Another possible liner is a;kylaﬁhonium'trimethyl alkyl ammonium.
The acrylate can have the formula shown in figure 2.

Although the sodium salt of polyacrylate is shown other cation

forms can be used.
In the sodium cation form the acrylate can replace the sodium
cations which normally coat the outer layers of the smectite

plates.

The acrylate polymer can be doped with various desirable material

to alter various properties of the clay.

One particular doping agent is glycerol. The introduction of
glycerol can increase the flexibility of the clay so that a

length of the clay can be bent easily without breaking.

Methanol can also be introduced as a useful material for
increasing the flexibility and reducing the stiffness of the

mixture thus assisting in its processing.
This Sheet Has Been R,
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water its interlayers take in water, and gradually the clay spreads until
eventually it is uniformy distributed. depends on the fact that the
nol.ecul es within the interlaters are in a state of random noti on.

\t:hough they can nove in any direction, the fact that initially (wetting

Lo

B4 he particle) there are far nore nol ecul esThigShegi Hla gplagedyi cinity of
the” interlayers increases the probability of tq iI y from each
other resulting in expansion. This proggess is di , is defined in

this instance as a novenent of nolecules from a region where they are at
a conparatively high concentration (dry) to a region where they are at a
| ower concentration

The invention further provides a method of treating a smectite

clay to form a leach-resistant clay including the step of
reacting it with a liner capable of complexing with faces of the
clay structural plates adjacent the interlayers to form a coéting

which resists replacement of sodium cations.
The liner can be polyacrylate.
The liner can be alkylammonium timetheyl alkylammonium.

The liner can be mixed with the clay as a monomer or in the
polymer form and in the first case can polymerise within the

clay.

The invention includes a smectite clay made by the method

aforesaid.

The invention also provides a smectite clay having interlayers
provided with an organic liner preventing replacement of sodium

cations and capable of absorbing water and swelling.

A further problem of smectite clay when used as a waterproofing
material, is that its function is very dependent on the amount
of montmorillonite wused. For example when a body of a
montmorillonite is constrained between two surfaces, such as the

concrete of a structure and the ground, when contacted by water



(hydration) giving a volume increase. D ffusion wll always proceed
whnever such a concentration gradient exists, and it w/l continue until
eveatually the nolecules are uniformally distributed and-lattice-
S{abilisation is achived, at which-tine

_22_

it swells and forms the aforesaid high pressure layer which
prevents ingress of water to the structure and therefore
effectively waterproofs it. To incréase the waterproofing
efficiency of the clay body, larger quantities of montmorillonite
can be used. However, higher qughtities of montmorillonite mean
thicker sheets of material which are more difficult to handle and
which are heavier have more transportation costs and are bulky.
In sheets which consists principally of particulate
montmorillonite there can be significant difficulty in getting
a large guantity into a small area. Sheet material used for
waterproofing in ground situation or for roofs, walls and the
like tend to have relatively low densities. This is because they -
are dgenerally made from particulate moﬁtmorillonite adhered to
a supporting sheet as of plastics material or textile material
and secured thereto by a variety of means ranging from adhesive

to needling to sewing'or by embedment in a mesh of fibres.

It is a further object of the present invention to provide an

improved smectite waterproofing material.

The invention provides a smectite clay waterproofing material

having a density greater than 1000 kg. m>.

The waterproofing material can be a sheet at least a metre wide

and desirably up to four metres wide or more.

This Sheet Has Been Replaced
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OCsnosis for the present purpose can be regarded as a special case of
diffusion; the diffusion of water froma weaker to a stronger

copsentration. A weak solution of table salt, for exanpl$. i1l contain
W¥f§hively | ess salt and nore water than a strong sol uti t n Repings]
#he) concentration gradient is fromthe weak to the stron M iﬂm

t wo such solutions were in contact, the water nolecul e e
way and the salt nolecules the other 2httl both were uniformy
distributed (equilibrium. If, however, the two solutions are separated by
a nmenbrane which allows water but not salt to pass through,. only water
can diffu . Such a nenbrane is said to be selectivelg ) ) .

The invention further provides a waterproofing material including

smectite clay in combination with an organic material forming a
liner on its interlayers and having a density greater than 1000
kg m3.

e

The material can be formed by rolling, extrusion or the like.
Desirably the material is extruded.

The invention additionally provides a method of forming a SLIC
wherein alcohol is used to facilitate introduction of the liner

into the smectite interlayer and to remove excess liner..

N.B Introduction and removal seem contradictory? If excess
acrylate is removed, where does it go to?
The alcohol can be mefhyl alcohol, ethyl alcchol or any higher

fluid alcohol.
The invention also provides a method of forming a SLIC including
exposing ‘the forming complex to suction remove gas whilst

reaction is proceeding.

The gas will usually be air but may be air together with by-

product gas form the reaction.

Desirably the degassed material is subsequently subjected to



perneable or "sem perneable" and the water novenent is called osnosis,
and is defined in this instance as the novenent of a solvent (water)
across a selectively perneable interface ( nmenbrane) froma weak to
Astrong concentration of irons in solution. Montnorillonite
‘ﬁﬁfrlayers are water selective due to the attraction of dipolar water .
en di scussed

nol ecul es to the highly charged clay particles. As h . je

above, the nontnorillonite clay is made4gup of a plurali et 1t Repéiked
pl ates each of-which has four |ayers of oxygen atons. Tiﬂl

each plate has a generally tetrahedral format and pres

the interelayer to
pressure.

The invention also provides a method of forming a SLIC including
exposing the forming complex to pressure during reaction to

increase the density of the proauct.

Desirably the pressure is used after a suction treatment which
has removed excess air and possible other gases. The pressure
step can, therefore, reduce the number of voids in the product
as well as urging the molecules of the product closer together

to enhance the reaction to produce a denser product.

Desirably the density of the product is greater than 1000

kilogrammes per cubic metre.

The pressure can be applied by extrusion or by passing the

forming material through rollers, or by any other convenient

means.

We have also found that the température at which the reaction
between the smectite and the liner takes place is important. The
invention therefore, further provides a method of forming a SLIC
wherein the reaction is constrained to proceed at such a rate as
to ensure that the temperature of the forming product varies
between 15 and 30°C. Desirably the temperature is maintained in

a range from 20 to 25°C.

e to



whi ch cations are-|l oosel y-bended. In sodium nontnorillonite which
- 10 - is a popular and useful material the caty RE A8 SO I um ions and

are~connected to the tetrahedral |ayers by relative "’ma‘jﬁ 'e,p' ¢ waal
ter

«dponds. The interlayers contain a certain anmount of
#pllecul es. Wien the nontnorillonite is contacted

- 25 -

-Where the product is subjected to pressure as aforesaid it is
desirable that the pressure is applied when the temperature is

within the ranges aforesaid.

A further disadvantage of existIng smectite-based waterproofing
materials is that upon exposure to water they tend to swell (this
is the very factor which gives them there waterproofing
properties in that they produce an area of such high pressure of
additional water can not penetrate). However, the pressurerise
can tend to be very high and, therefore a very significant
overlay of either a heavy earth layer (for example one to two
metres) or up to 3" or more of concrete are necessary in order
that the expansion pressure of the smectite cannot cause movement

or displacement of any structure.

Accordingly the invention provides, as a further feature a SLIC
having a significantly reduced expansion pressure compared with

known smectite based waterproofing material.

The expansion pressure can be as low as 10mm of concrete as

carried out in the test later defined herein.

As a further feature the invention provides a barrier against
aggressive ionic fluid, the barrier being in the form of a
constrained layer of a SLIC, wherein interlayers of the smectite

have been treated with said liner to form the complex, the



with water nore water enters the interlayer, herpg,attracted to the

charged cations in the interlayer and noving by g Sdm%ggg caplllary

reaction so as to increase the thickness of the ¥da body of
nggfnnrillonite is confined between a pair of r rnﬂ” bi e surfaces
tie) pressure within it upon contact with water can beco hi gh such as
to prevent any further novenent of water -into the structure. This build up
of a high pressure | ayer which cannott 28bsorb any water mnakes
montnorillonite an excellent water-proofing agent. It is widely wused in

civil engineering structures. O'ten used as a substitute for sodium

nDntnDrlllonlfgyég gg{géqcapable of absorbing water to swell the complex

to a barrier pressure and said liner preventing ion exchange

between said fluid and the smectite.

The fluid will normally be aqﬁéous and can be highly ionised
fluid such as leachate or fluid containing fertilizer and the
like. However, the barrier can be equally effective against
organic fluids or fluids containing organic material, as the
smectite interlayers remain proof against ion exchange with such
fluid. Further, it is desirable that the liner be inert in
order that its possiblity of reaction with materials in the fluiad

is reduced.

The layer needs to be constrained in order that the barrier
pressure can be achieved. THe constraint can be a back-fill or
overlay of earth or other material or in solid structure an

adjacent or surrounding area of concrete or the like can be used.

A further problem with known smectite based waterproofing
materials' is that it has been very difficult to secure them to
surfaces to be waterproofed. Whilst a flat or gradually sloping
surface can be easily waterproofed simply by laying a sheet of
the smectite material thereon. When vertical surfaces (such as
adjacent edges of concrete panels) are to be waterproofed it has
been necessary somehow to attach a smectite based strip thereto.

Existing methods used have included the provision of rebates into



nmontnorillonite wherein the |oosely held cations in the interlayer
are mainly Ca 2+ rather than Na +. Because of their divalancy the cal cium
i q bind nore strongly to the outer tetrahedral |ayers than does sodi um

| 3:yse cal cium bentonite has a property that when initially wetted it wll
swghl and expand in the sane way as sodium nontnorillonite. However, if -
the material should dry out, for exanple due to lowrain fall or a falling
water table calcium nontnorillonite eadot shrink back to its origi na

size upon | oss of water wi thout cracking. After cracking and upon
re-wetting the interlayer beconmes incapable of

which strips of seal material can be pushed and the use of clips
or nails. Although nails can be used they tend to be frowned
upon as they pierce a waterproof layef.and £hey can introduce
metal ions into the surrounding water which may have a
detrimental effect. Because of “the generally incohesive nature
of clays and their friability, aqhesives have not been very
effective. Some heavy soaking adhesives have been used,
particularly the type of adhesive used in the adherence of
smectite particles to sheets. However these adhesives have a
great tendency to inhibit the swelling properties of the clay and

to react adversely.

Accordingly the invention provides a method of securing a seal
material to a surface wherein the seal material is a SLIC,
comprising use of an adhesive compatible to the liner to cause

adhesion.

Where the liner is a polyacrylate the adhesive can be a cyano

acrylate adhesive.

Because molecules of the 1liner extend outwardly from the
particles of smectite they form a very convenient anchor which
can become attached to glue molecules. Because they themselves
are securely anchored within the interlayer they form adhesion
between the entire complex and the structure to which the complex

is to be adhered.
p\aced
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absorbing nore water and therefore the clay can not re-wet so as to reform

the water proof barrier. Thus, a calciumbentonite water proofing materi al

shoul d only be used in cases where permanent wetness is to be encountered.

lit. ¥s possible to treat calciumbentonite with a strong sodi um cont ai ni ng

sof'ution so as to di spl ace a certain percentage of the calciumions from

the interlayer and replace themw th sodiumso as to give the cal ci um
_28_

Desirably the adhesive used is an ephemeral adhesive which will
hold the seal material for a sufficient period of time to allow
it to be installed and for further étructure to be formed
adjacent, but will soon degrade to allow water entry so as to
avoid the provision of any adhesive film or layer which might

allow water seepage past the seal.

The invention further provides a method of making a fluid barrier
including forming blocks of a high density SLIC and arranging

said blocks in a layer.

The layer can be a wall, a floor or a roof. The blocks can be

bonded as bricks.

A bentonite containing paste can be used as a lute. The paste

can contain a SLIC.

The invention will be described further, by way of example, with

reference to the accompanying drawings wherein;

Figures 1 and 2 are cross sectional view illustrating overlap

joints in the prior art and their disadvantages;

Figure 3 is a cross sectional view illustrating a preferred

waterproofing material of the invention;

eet Has Been Replaced
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mont morillonite properties closer to sodiumnontnorillonite. However, this
material is not as good as pure sodium nontnorillonite, and tends to

syer fromthe same problens as cal ci um mont nori l4QRitey. 5. Al | sodium
C%}" aining nontnorillonites do have a probl em when t We laded conmes
| (¥ contact with themis contamnated by salts, pH l i a wat er
or other salts which render the ground water ionise ctive. In
ground water calcium is invariably preseat in quantity fromsoil and

m nerals. When such ionic calciumcones into contact with nontnorillonite
it invariably tends to mgrate into the interlayers. Once in the

Figure 4 is an enlarged cross sectional view illustrating a

surface of a preferred material of the invention;

Figure 5 is a schematic view illustrating the apparatus of the

invention suitable for carrying out a preferred method of the

invention;

Figure 6 is a plan view of part of the apparatus of figure 5 and

illustrating two possible variations;

Figure 7 1is a view similar to figure 3 but illustrating a

modified material of the invention;

Figure 8 is a view similar to figure 7 but illustrating a still

further modified material;

Figure 9 is a view comparable to figure 1, but illustrating an

overlap join made using the material of the present invention;

Figure 10 'is an enlarged view of the portion ringed at numeral

10 in figure 9.

Figure 11 is a basic two dimensional sketch illustrating

structure of montmorillonite;

Figure 12 is a chemical formula illustrating the structure of an



interl ayer the double valency of the Ca+ cations nakes the cal cium

sel ectively adhere to the four sides of the tetredral |[|ayers displacing
sodtum Such contam nation can quite quickly result in conplete stripping
ofp.sodium fromthe interlayer, so converting the nmontnorillonite fromthe
s6#umto the calcium formwith the di sadvant age whi ch has been outlined-

above. - - 12 Sheet Has Been Replaced
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acrylate useable in the invention;

Figure 13 1is an enlarged view illustrating the structure of
montmorillonite;
Figure 14 is attempted three dimensional representation of

montmorillonite after acylation;

Figure 15 is a view similar to figure 4 but illustrating the

addition of doping elements; and

Figure 16 is a view similar to figure 5 but illustrating the

microscopic effects of the acrylation.

The preferred waterproofing material (10) of the iﬁvention is a
laminate consisting. of a core layer (11) containing
montmorillonite. The core layer (11) is united with a support
sheet (12) and is desirably but not essentially overlaid by a

cover sheet (13).

The essentials of the material (10) of the invention will
probably be best apparent from a detailed description of the way

it is made and the apparatus (of the invention) which is used to

make it.

Referring, therefore, to figure 5 it will be seen that a



This particular process makes it generally unwise to use even sodium
nmontnorillonite in a situation where the ground water can BgﬁQgﬂ@ﬂFapldly

|on+sed or contam nated by | eachates or the |ike. 1hhm“

,, |isers are a particularly notorious cause of \Wﬁ ni sation
a can cause sodiumnontnorillonite break down. er object of
the present invention to provide an inproved mater rooflng mat eri al
wher eby the above di sadvantages are rediiced or m ni m sed. In a paper
entitled "Preparation .of Mntnorillonite - Polyacrylate Intercalation

Compounds and t he V\ater Absorbing Property" by Ogawa et al published in

Cl ay Science Nu 7, 243
y preferre apparatus (14) of the invention comprises a conveyor

(15) having an upper run (16) and a lower run (17) entrained
about end rollers (18) and (19). The upper run (1l6) travels fron
left to right in figure 5.

At the upstream end of run (16) a support sheet (20) is fed fron
a supply roll (21) by a guide roll (22) so as to run on and in

synchronism with the conveyor (16).

The support sheet (20) is a sheet of woven or non-woven textile
material (preferably woven) which is relatively loose weave,

being quite porous in a direction transverse to its plane.

The web forming the support sheet can be made of any geotextile
material which is suitable for disposal within the ground for
long periods. Typical materials for weaving or forming the
fabric of' the sheet (20) can be polypropy}ene, polyesters

including nylon, and many other plastics materials alone or in
blends. The material should be sufficiently strong to support
the composite laminate to be formed and can be similar to many
of the facing sheets used in relation to the prior Xknown
materials discussed in the introduction hereto. Polypropylene and
cotton mixers can also be used. A typical support and/or cover

sheet can be of a print weave and of a weight 700g per sqg.metre.

Downstream of the supply roll is a hopper mixer (23) in which



251 (1989), the authors have described the introduction of a acrylamde
into montnorillonite and the polynerisation of the acrylamde to.farma

pol yacryl am de intercal ati on conpound. The enhance NglegHa g
prgperties of the conpound are noted. It isto of
course, that the processes carried out in the Ogawa entially
| aboratory processes involving small anmounts of na . No

techni ques were described for naking a®y -useful product and there was not
di scussi on of the advantages of high density such conpounds as

wat er pr oof i ng agents.

particulate montmorillonite can be supplied as indicated by the
arrow (24). The pérticulate montmorillonite can be supplied from
a mill or like supply and in the preferfed embodiment is of 200
mesh. Finer mesh can be used although great advantages are not
obtained. Meshes up to 50 mesh één be used, but at siées greater
then 100 mesh, union between the montmorillonite particles is

less effective.

The process which takes place in the hopper mixer (23) can be
either a continuous or a batch process. Within the hopper mixer
(23) a measured quantity of montmorillonite is mixed with a
measured quantity of one or more other substances to produce a
fluent mass. The other substance(s) can be supplied from a tank
or comparable supply (25). The substance(s) (26) will normally
be fluid and when mixed with the montmorillonite will form a
shapable mass. A liqﬁid used can be an organic liquid such as
glycerine, diesel oil or comparable oils or mixes thereof, gels
and other ©plastic or deformable mass-forming substances.
However, for economy and for ease of handling and simplicity the
desired substance is water. In the preferred embodiment of
method of the invention water is mixed with the montmorillonite

there being approximately from 10 to 30% water, desirably about

15 to 20%.

Alternatively or liquid such as alcohol can be used. Methyl,

ethyl or propyl alcohol can be used. Methyl is preferred. It



The pr'esent Invention is additionally concerned with snectite |iner
I ntercal ation conplex (herein after referred to as goadepieeed us - A- 5,

! ! 5. Snékt Has
0 094 discloses a waterproofing grout..... p tency.
'Ih present invention provides a......... united ‘\‘\\‘ sheet .
- '5:5‘3 - ‘
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therefore needs less drying power than water. It can be

reclaimed and reused.

It is envisaged that although a.fluid will normally be mixed with
the montmorillonite to convert it into a fluent body it is
possible that some powderea or other non-fluid material could be
used. For example, a sticky powde? such as a soap or adhesive
could be mixed with the montmorillonite to create a pasty plastic
deformable mass which could be extruded or spread to form a
sheet. However, in view of the likely expense of such materials
and the difficulty of mixing it is not felt that these will be

practical.

The mixture is, in the preferred embodiment as mentioned pure
water. However, where the final product is to have special
qualities the chemicals of those special qualities can be

included in the mixture of water.

In making:-a typical product in accordance with the invention 5
killogrammes of montmorillonite were nixed with 0.446
killogrammes of sodium carboxymethyl cellulose (CMC), 2.5 litres
of methanol and 1.8 litres of water. Both the CMC and the
methanol make the mixed and kneaded product more flexible and
extrudable. Water can effect this process, but the more water

that is used the more heat is required to drive it out. This



"SLIC') material s-having inproved properties. Desirably the snectite
containing | ayer is sandw ched between said support sheet and a cover

Rei nf orcenent can be provided in the mddle of the snectite

ining |ayer. The reinforcenment can be secured to the cover sheet

r the support sheet. The invention al so provides a nethod of
maki ng a wat er proofing

_34_
means added expense.

Although the above particular mixtures have proved suitable many

variations can be nade.

Methanol alone or water alone can be used, but neither of these

is satisfactory.

The material desirably contains a bulking agent, an anti
fungicidal preserving agent, to prevent growth of mould in or on
the material and desirably a 1lubricant to assist in the
extrusion process and convey also a degree of flexibility to the .
plastic mass. CMC is a very desirable substance in that it
provides all these properties. It has anti -fungicidal
properties, it is a lubricant and it makes the product more
flexible. It also haé the great advantage that upon contact by
water, in ﬁse, it dissolves. Those areas of the outer surface
of the miaterial when first contacted by water have the CMC
dissolved out of them leaving micro pores into which more water
can penetrate, wash out more CMC and cause rapid expansion of the

adjacent montmorillonite. This greatly increases the rate of

water transfer into the material. A bulking agent which dissolves

in water and aids water ingress to the montmorillonite is very

desirable.

This Sheet Has Been Replaced




material conprising mxing particular smectite clay with a liquid at |east
a propotion of which is water... one other susbstance to forma plastic
sg§, formng that mass into a continious |ayer by extrusion, rolling or
gghgw means, and uniting it with a carrier or support sheet. The | am nate
‘Jthe snectite | ayer and the support sheet can be treated after union to
cause the layer to | oose a degree of plasticity to enable it to be handl ed
and stored without undergoing further38eformation. @ Desirably the
snectite clay is mxed primarily with water to forma paste or a putty
| i ke plastic mass which can be extruded rolled or otherwise fornmed into a

continuous | aye
nstegg of being provided by a single material these properties

can be provided by other materials. Although many synthetic
materials do have these properties, they“tend to be expensive and
simple plant extracts which are much cheaper are desired. As a
bulking agent/lubricant guargu'rﬁ can be used or starch. In
connection with these two materials_a separate preservative such
as any conventional anti fungicidal or micro agent would have to

be used.

" Any convenient liquid alcohol can be used having from 1 to 12
carbon atoms. Above the 12 alcohols tend to be too viscose for
use but below that number any convenient alcohol can be used. It
is expected, however, that methyl alcochol will be used because
of its cheapness and easy availability. The CC can be in the
form of sodium carboxy methyl cellulose or any other convenient
compound thereof. ‘Protection against bacterial attack is
important' because the bacterial reactions can produce hydro
carbons which react with the sodium irons in the clay. This can

reduce the swellability of the clay.

As a possible variation a soluble coating can be provided to
surround a body of material of the invention. This can be
arranged to degrade over a relatively'short period of time (such
as a week). This would enable block seals and the like to be

installed without becoming greasy and unhandlable due to adverse

weather conditions, but would not affect the function of material

Sheet Has Been Replaced
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- 14 - After formng the |ayer can be subject ed tQg a |epgep§‘g&p to

renpve excess water to convert the smectite |ayer Thigghset h ge

A pensional |y stable configuration unlikely to def “ %ﬂlﬂ“&m ng

t# psportation and storage and further to |ncrease ity of the
Brtite upon contact with water in use. -
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to swell in use after a brief period of time.

The montmorillonite used is desirably sodium montmorillonite byt
Comd oo 30-14%_9

calcium montmorillonite or treated calcium montmorillonitq{can

also be used. As shown the materials are first mixed by means
of a mixer (27) and then extruded by screws (28) to an extrusion
nozzle (29). Where the fluid mass is spread out as a thin layer

covering the entire width of the conveyor run (16).

If the reinforcement is required within the montmorillonite layer
in order that it can be laid on steep slopes without loss of
function it can be desirable to incorporate within the plastic
mass a reinforcing layer. This can be done by embedding the
reinforcing layer into the mass as it is being extruded or it is
being spread out into a layer. The reinforcing layer can be made
in the form of a core'having bristles or comparable formations
extending outwards which, with the core disposed centrally in the
body of montmorillonite extend to the surface thereof and contact
and possibly project through the surface layers. The material
of the reinforcement and the surface layers can be made such that
the exposed bristles can be heat sealed to contact and be secured
to the outer layers. It is envisaged that it would be possible
for the montmorillonite mass to be extruded or formed into a pair
of sheets and the reinforcement feed between them and to have its
bristles projectiné through each of the two part layers of the

montmorillonite core and project to the other surfaces thereof



Addi tives which nodify the behaviour the snmectite under certain specified
conditions such as salt water, or presence of strong |eachates, radiation
Mocar bons or organic chem cals can be added at 1mh6hm&ﬁsm "BE&°t 0 be
eper-ative when the snectite is in use. Uni on of smectite
cént ai ni ng layer with the support sheet can be by am si rably
no adhesive is used, the mxture of snectite (and other substance(s))
being such as to allow pressure to f-orxe 4he plastic mass into the
interstices of the cover sheet (which is desirably of a textile nature)
physical ly

and be united with the support/cover sheets.

Although the extrusion of a thin layér of the plastic mass
containing montmorillonite is desirable, as it can be 3 or more
metres wide, it could well be that a three metre wide extrusion
nozzle is either expensive, slow, or requires inordinate amounts
of power to be successful. Such a extrusion nozzle (29) is shown
in figure 5 which also shows an alternative which will be

described later.

It is expected that the mass will be extruded as a rod and rolled
flat.

Downstream of nozzle (29) the layer (30) of montmorillonite
containing plastic mass 1is levelled and formed into a uniform
uninterrupted layer. This can be achieved by means of an initial
doctor blade (31) or ﬁére likely, a roller, and subsequent sizing
rollers (32) to (34). The pairs of sizing rolls (32) (33) (34)
can effect kneading and levelling of the fluid material and

subsequent size thickness reductions.

Figure 6 shows one of the rollers and shows the plastics
material extruded outwards beyond the edge of the conveyor and

being removed by trimming knives (36).

At one of the sets of rollers (32) (33) (34) there is fed a web

of cover sheet (37), from a supply roll (38). Of course, if roll



to unite the two. Simlar connection can be effected betweepn fhe |ayer and
the cover sheet. I nstead of water, or in addi Qﬁkai ", organi c

ﬁarerlals such as nethanol, ethanol and ot hefhi e eri ne, diese
agd/ other oils and fats can be used. These na e the
Qntage that it is not necessary to drive off mater so as to -

I ncrease the swellability of the snectite |layer, but they also have the
di sadvant ages that they do need a dryinf step so that

(31) or (32) and (33) are needed to effect creation of a uniform
flat layer of the montmorillonite containing mass, application
of the cover sheet can be left until réll (34). However, this
is not desirable as rollers (32) and (33) are best protected from

the plastic montmorillonite 1ayEr by the cover sheet (38).

The substance which convert the powdered montmorillonite into a
plastic fluent mass will need some degree of treatment, for
examﬁie“bydevapo;ation,-drying or partial chemical change so as
to ensure that the final material can not deform further in use
or in storage. This can be effected by means of a treatment

facility indicated by the reference numeral (39).

When the mixture substance is essentially water or an evaporable
liguid the treatment fa0111ty (39) will be in the form of an oven
and will reduce the solvent water content of the montmorillonite
containing layer from 20% down to 5% or less. The treatment
facility can be in the form of an oven casing (40) to which hot

air is supplied at an inlet (41) and leaves via outlet (42).

After leaving the treatment facility (39) the laminate (40) can
be allowed to cool and then be fed to a store roll (44). A knife
or the like can be provided for cutting the laminate as it leaves

the oven when roll (44) is full.

As discussed previously in relation to the extrusion of the



-15-  the material is not subj ect to further drik OReBEal B, HBARE I S OwWn

wei ght during storage and transportation and materi al s
makg usual ly far nore expensive then water. [i
~al. gohol do, however, have particular advantages

| arly met hyl
|s are
géﬁbrally expensive, they are also usually far nore volatile than water--
Thus, a plastic nass nmade using nethyl alcohol can, after having been
..39_.

product,the consistency of the plastic/fluent mass containing
montmorillonite can vary widely from almost a liquid condition
to a stiff paste. When water is used, ﬁﬁe stiffer the paste the
better as water has to be expelled by passage through the oven.
Again, in the case of o;:'ganic" or organic-containing mixture
substances the stiffer the material the less later treatment is
necessary to render the final laminate stable and non-deformable
during transportation and storage and use. This process will
usually involve evaporation comparable to oven drying or a

chemical treatment.

As has previously been mentioned the use of a very wide extrusion
nozzle (29) may not be practical in view of the power required
for such a device. Instead, as illustrated in figure 6 a smaller
extrusion or fluid delivery nozzle (45) can be used which can be
mounted so as to perfbrm a generally sinuous path transversely
of the direction of travel of the run (17) of the belt (15).
Thus, the nozzle (45) can follow a path indicated by the line
(46). By altering the speed of travel of the nozzle and/or the
rate of delivery of the fluent material can be assured that
sufficient material is applied to the belt to allow a layer of

desired thickness to be formed throughout the area of the belt
without voids, cracks or the 1like which would be most
undesirable. To this end it is advantageous if the material can
be applied to some significant access and after having been

formed into a uniform coherent layer excess material extruded



formed into a cohesive continuous |ayer be drieg sl | ess heat than

ar .l es
woul d be necessary to drive out the water from i éw"R“%'ﬁiln addi tion
t-e.-this however, the al cohol driven off can bejﬂmui ’au reused thus

offisetting the cost thereof. The nmontnorillo can be
arttlhi ng from 50 nesh or snmller, desirably, however the size is a maxi num
of 100. In practice a nesh size of 200 has been found useful although

vari ati ons downwards from about 100 ne4t do work although with |ess
desirable qualities. Finer neshes are perfectly acceptable, but tend to be
unnecessary. The snectite used is desirably sodiumnontnorillonite

al t hough cal ciumpontnorillonite ( L. . )
sideways is removed by means of the trimming knives or the like

(36) . Of course, such material can be reclaimed and re-used.

It has been mentioned that the support sheet and/or the cover
sheet can be of woven or npn-wo;en material. Woven material is
preferred but it gives significant strength with lesser weight
of materials. A non-woven material might have advantage, however
in that it can form a physical union with the montmorillonite
containing core (11). The term core (11) is used even though the

cover sheet (13) may not be provided.

As best seen in figures 4 and 10 the action of the rollers (32)
(33) and (34) is to cause the support/cover sheets (12) (13) to
be partially embedded in surface zones of the plastic mass of
material forming the core (11) whilst the core is in a plastic
state. There is no need for any adhesive, which is an expensive

and unreliable component.

As the core is treated in the facility (39) either by evaporation
or chemically so as to cause the core to harden there is a
physical locking of the surface portions of the core (11) with
portions of the fabrics (12) (13) physically uniting them to the

surface without the need for adhesive.

This has two important consequences.
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nDdlfled by treatnment A sodi um hydroxi de) can be
nmontnorillonite is usually broken down signific X|ng to
™80y Si zes, initial grain size is not critical. abrlcs used as

tihpert and/ or cover layer can be conventional woven or non- woven textlles
su&h’ as nyl on or - 16 -
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Firstly, because a good portion of the sheets (12) and (13) are
embedded within the material of the core, only a small portion
of the'body of the fabric is exposed above the surface. Thus, in
use that fabric surface will be in conta..ct either with anchoring
overburden (at least 150mm of overlying material is recommended
to protect such layers) the unde'?rlying earth. The overburden or
the earth penetrates the fabric quite easily ( it is a very open
fabric and after there is intimate contact between the overburden
and the underlying earth). This again has two important
consequences. Firstly, once the support layer (12) (which will
normally be in contact with underlying earth) is intimately
connected by the earth ground water enters contacts the

montmorillonite and causes swelling which creates a seal.

It is a further advantage that because of the intimate contact

of the underlying soil or the overburden with the montmorillonite
through the support.and over sheets (12), (13) there is no
possibility that either the cover sheet (12) or the support sheet

can allow 'any venting of gas laterally though the fabric.

The second advantage of this is illustrated in figures 9 and 10
which are comparable to figures 1 and 2, but relate to the
present invention. In figure 9 a first piece (47) on the
material of the invention is shown overlapping a lower piece
(48), both lying on the ground (49). The overlap cover sheet
(50) of the second sheet (48) is in contact with the support

sheet (51) on the piece (47). As illustrated in figure 10 the



pol ypropyl ene or polyester. They should be non-venting (that is to say
they do not allow gas or liquid to pass along the sﬁhmﬁeruHeBeenmsﬁcaﬁo

~gni ficant degree). The fabrics are desirably move ree of

Knpg-venting can be achieved by ensuring that the fab tively

gppn mesh and fairly thin, a significant portion thereo elng e edded- i

and physically uniting with the outer |layer of the nontnorillonite Iayer.
The invention includes of course, a-wagzerproofing sheet nade by the

met hods af oresai d

sheets (50) and (51) are in intimate contact and they are

significantly penetrated by montmorillonite from the respective

cores of the two panels. Upon entry of water in the direction

of arrow (52) or (53) the montmorillonite in one or each of the

cores can swell and expand into the unfilled portions of the

fabrics (50) (51) and forming effeqtively a continuous layer of

expanded montmorillonite uniting the two cores and providing a

completely water tight seal.

As mentioned earlier, the invention includes the waterproofing
material itself, the method of an apparatus for producing it and
a method of waterproofing a structure including the steps of
placing sheets material of the invention in overlapping
relationship and placing

overburden to protect the sheets against damage in use.

The invention is not limited to the precise details of the

foregoing and variations can be made thereto.

A further disadvantage of existing methods of waterproofing large
sites such as pond filled sités, ponds, lagoons and the like is
that the material has to be made in bulk in a factory and then
transported to the site. The material is manufactured in as wide
a width as possible consistent with manufacturing problems and
transpiration. In a similar manner the length of the load which

can be transported is strictly limited. The material may be



The-invention-al so provides Apparatus for nmaking such a waterproofing

mat eri al

wi dt h.

I ncl udes a conveyor, neans for feeding a support to the conveyor,
1s for applying a plastic snectite-containing nass

ort,
Néﬁ%neans for formng said plastic nass into a uniforﬂg ot cRiacey
aps can be provided for sizing the lam nate in thickne “ | -

nto the_su

Desirably the apparatus includes neans for con

| ami nate after formation to render it 483able in use and storage.

from a minimum of 4 up to 10 or 20mm or more in thickness , the
length of roll which can be transported is not very high. ©On
large sites the elimination of large aﬁounts of joints and the
elimination of road transportation can mean significant cost

o~

savings.

The apparatus of the invention can be divided into a number of
mobile units, for example the main conveyor, the mixing hopper

and the drying could form three separate unit loads.

It is mentioned earlier, the invention envisages the use of a
material comprising expandable montmorillonite clay into a flat
or slightly slopping roof as the whole or a significant part of
the water proofing component thereof. The material of the
invention is particularly suitable for this purpose as it can be
laid on relatively‘ higher slopes then previously Known
montmorillonite sheets without them being very expensive. Thus,
in the case of a roof which has stands the montmorillonite sheet
of the present invention can be laid to extend not only the flat
surface but also upstands to form a water proof layer. The
montmorillonite core will normally be laid by several cm of
gravel or like material providing a bearing layer protecting the
montmorillonite beneath. The montmorillonite used with,
desirably, be of the sort which can be allowed to dry out and be

rewetted repeatedly as this will often happen to a roof

structure.



Sai d neans can include an oven for evaporating substances, from the
| am nat e. -17 - Means for

nozzl es,

suppl ying a cover sheet to a

Phyi ng the plastic nass to the conveyor can incl uderhistsnetmsﬂmlrﬁplaced

and/ or an extrusi on head. Means can al so be

AR

As mentioned earlier the invention envisages the use of
montmorillonite expandable clay as sealant in pipes and other
plumbing. The montmorillonite materiai can be in the form of
rings, annular strips or sheets and incorporated in underground
drainage or supply pipes,'domeéiic plastics or metal pipes and
comparable plumbing installations. The cheapness of the
montmorillonite means that they are ready and cheap substitute
for rubﬁer or plastic sealing rings and are cheap enough to be

replaced when ever the joint needs to be opened or replaced.

In this case the use of an alcohol or a comparable liquid is
advantageous because the oven stages do not have to be as long
and as powerful as is necessary in the case of driving water from

the plastic mass.

When carrying the invention into effect using a SLIC, there can
be used a polyacrylate as the liner a quantity of untreated
sodium montmorillonite and approximately 10% by weight of a
polyacrylate of the formula shown in figqure 2, from 2% to 7% of
a sodium ‘carboxymethyl cellulose (CMC), 14% of methanol and 5%
of glycerol were intimately mixed together. Kneading and mixing
were continued until the mixture reached a suitable consistency
for extrusion. This can take longer than would normally be
necessary for simple mixing as the chemical reaction between the
acrylate and the structural plates of the clay takes some time

to occur. The heat emitted by such reaction is an



surface of the layer renote fromthe support sheet. Means can al so be

provided for feeding a reinforcenent to be enbedded within the snectite
ai ning | ayer. Means can be provided for uniting said reinforcenent

wth one or both of the cover and support sheets; for anple by heat

sé@ling. The invention nmethod al so provides a nethod $p&ma&m£gja
structure to prevent ingress and/or egress of aqueous fl ’ ’m"f; t he

steps of providing a plurality of sheetgseach in
important factor in bringing the forming smectite acrylic complex
to a suitable consistency and structure.
Once this has occurred (Its occurrence can be tested by initial
trial extrusions. The products of such extrusions, if
unacceptable can be returned for recycling) the mixture is passed
to an extruder where it is driven towards an extrusion screw, and
subjected to a suction stage to remove significantly all

entrained gas from it before being extruded in the form of a

rope, profile or sheet as desired.

The montmorillonite used in the process is finely ground and has
the structural formula and shape shown in figures 1 and 3, the

cations in the interlayer being essentially sodium cations.

During the reaction .the clay becomes acrylated and the long
organic chains of polyacrylate penetrate into the interlayers and
displace water. At the particle surfaces, polyacrylate bonds
with strong hydrogen bonds to the free unsatisfied OH groups.
This effectively shields the sodium cations, thus greatly

resisting their replacement by calcium cations in contaminated

ground water.

On the microscopic scale (which is illustrated very schematically
in figure 6) a particle of clay consists of a plurality of small

structural plates between which the helical acrylate molecules



the formof a lamnate of a support sheet and a | ayer of cohesive
snectite, fornmed froma plastic nmass,as aforesaid, laying the sheets to

fQ
t hat

site appratus as aforesaid, transporting s

her- provides a nethod of sealing a site |nclu um
substance (s) to the site, making the4faterial of

. the surface of said article in overlapping relationship and
pf tecting said sheets agai nst acci dental

site and laying the material of the invention
direxctly-at--the-site-after- manufacture. wat er proofing material in

accor dance

are \Mlsposedt h‘I‘etha nsvuern alcoens Cafn t?le Heilcal acrylate molecules are

bonded to the tetréhedra within the faces of the structure plates
opposite the interlayers and project beyond the edges of the
particle. This projection of the acrylate molecules beyond the
surface of the particle has a si:;nificant effect in the abortion
of water by the clay. Thus althoug_h the acrylate does, to some
extent mask the electro-chemical water absorbing properties of
the clay by effectively neutralising the sodium cations in the
inter_layer the extending helical polyacrylate molecules extending
outwardly from the particles have a surface tension effect which
draws water towards the particles and causes it to enter into

the interlayers by capillary action thus causing a swelling of
the particle which is comparable to the electro-chemical swelling
which previously occurred but which is not dependent on the

presence of cations within the interlayers.

This has the important effect that any cations which enter within
the interlayer can not replace sodium cations and thus do not
reduce the capacity of the clay to expand, shrink and re-expand

after drying out.

Instead of carrying out the method of the invention using
acrylate other materials can be used. For example sugars such
as fructose, glucose,dextrose can be used. All act in very
similar way to the acrylic molecule and have comparable and

similar effects. The use of sugar may, however, be undesirable

danmage i MhisiStet Has BéEhlEeplﬂCﬂl\/ent i on

Menm on at t he
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for exanple, as roofing material or to provide a seal for a seal for a pipe
or - 18 - The invention al so

| des roofing material in the formof a support sheet in conbination
m?LP’a | ayer of swellable snmectite fornmed froma plastic mass. -

- 47 -

in some circumstances in view of its encouragement of microbial
growth. Of course, there may well be advantages in this

particular property in certain situations.

A further alternative liner material is alkylammonium trimethyl
alkyl ammonium which can be used in the manner very similar to
the polyacrylic compound to give a similar complex with similar

properties.

Turning now to the second aspect of the invention reference is
again made to our prior application 9218178.3 and to the
aforegoing description. In making a smectite clay water

proofing material in accordance with the second aspect of the
invention the method aforesaid is carried out with or without the
acrylic material. In the preferred method of this invention
sodium montmorillonite powder was mixed with of polyacrylate
glycerol '‘and methanol. The mass was mixed together for some
fifteen minutes and then extruded through a 25mm square orifice
at a rate of about 0.5 metres per second to produce a rope like

concrete sealing strip having a density of about 1350 kg m m>.

The actual density can be varied by varying the proportion of

materials in the complex.

This Sheet Has B
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The invention still further provides a roof incorporating as part of its

wat er proofing layer, a layer a swellable snecite clay forned froma
prastlc nass. The | ayer can be part of the naterial as aforesaid or
Zof other convenient construction. The invention still further

consisting of a body fornmed froma plastic nmass of snectite. The
smectiteAcan be in the formof a seaTiﬁ% Ting or annulus or

of course, the waterproofing material can be made without using
the liner such as polyacrylate. 1In addltlon it is possible to
use CNC either in addition to the acrylate or as a substitute
therefore. The CNC can be useful in varying the reaction rate
of the clay but it also has a préberty of forming, on the surface
of the extruded material a layer which improves the life of the
sealing material by resisting degradation and swelling by rain

over a first few hours or days.

In testing the smectite organic complex of the present invention
a layer of conventional particulate smectite clay waterproofing
sheet was laid on the ground and contacted with typical water

high in ionic leaching chemicals. After six hours the bentonite
layer had absorbed the liguid and had swelled to form a uniform

water retaining layer.

A complex' according to the invention was similarly treated and

had, within six hours reached precisely the same condition.

The two sheets were then allowed to dry. In the complex clay
sheet according to the invention the sheet reduced in thickness
t; its original thickness with no significant cracking. In the
untreated prior art clay particulate layer sheet there was
significant cracking and large gaps appeared in the material.

Both sheets where then rewetted (whether pure water or

contaminated leachate water was used made no difference). The

This Sheet Has Been Repiaced
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ifV|des a seal for a pipe or other plunmbing fittings incorporating or -



can be provided as a continuous length for wapping around joints. The

sealing material can be nmade by the aforesaid nethods of formng a plastic
_ and extruding, cutting or noulding therefrom The snmectite can be

forsed in other ways, for exanple by-dry powder fhnmmétdihar&eﬁmefatééam a

ccﬁﬁi@sive mass. The sealing material can be prow ace | ayer]
for exanple by having a surroundi ng sheath of port
material. Internal reinforcenent can be4PnCOrporate and such

internral reinforcenment can, if desired, be connected to support | ayer (s)
the body of nontnorillonite. The

prior art material, wherein clearly sodium montmorillonite had
been converted to calcium montmorillonite there was no
significant re-swelling. The cracks reﬁeined and water was able
to penetrate through those cracks even after prolonged soaking
with water as would happen in "an underground situation. The
prior art material was no longer waterproof and did not itself

form a waterproof layer by expansion.

Oon the contrary, however, the complex montmorillonite clay of the

present invention formed a uniform waterproofing layer.

In the past it has been possible to adhere particles of bentonite
to sheets to form cohesive layers, but rather large quantities

of adhesive have

been necessary and the bonds which may form with the bentonite

have not ‘been particularly strong.

With a liner material incorporated within the actual structure
of the clay itself very strong adhesive bonds can, it has been
found now been made between bodies of the smectite complex and
structures such as concrete walls, roofs and the like. To obtain
such a bond it is only necessary to formulate an adhesive which
is suitable for attachment to the liner molecules which protrude
from the surface of the clay particles or the clay body if it has

been extruded or otherwise formed into a sheet rod or the 1like.



- 19 - sealing - body-of nmontnorillonite can can be wholly or

partial surrounded by an inperneable or partly perneabl e sheet. Such

ste®t can be arranged to allow water to enter therein but not to |eave so
a0 swell the nontnorillonite within the sheath and to urge part of the

s'éhth Into sealing engagenment with its surroundings. Such an arrangengént

can prevent extrusion of the 50 -

In the case of the acrylate smectite complexed clay a cyano-
acrylic adhesive can be formulated which can adhere the smectite
complex clay body to concrete and the iike and which can allow
the body to expand and contract as it is wetted, dried and re-

Ll

wetted over many cycles.

Further possibilities include the adhesion of a sheet of the
clay, either as a cohesive body formed by extrusion or otherwise
or in a particular manner to a supporting sheet, for example of
high density polyethylene, a geotextile or the like by means of

adhesive, needle punching or the 1like.

Adhesive and/or stitching or penetration by polymer spikes
weldable to a sheet on the other side of the clay can be used to

form a stable slope eﬁgaging material.

As well as montmorillonite, saponite and other smectites can be

used.

In carrying out a further preferred process a batch of about 60
kilogrammes was prepared, the figures given in the following

being percentage figures for the various components.

Firstly, 25% water was added to a mixer, followed by 16% sodium

polyacrylate. To these was added 5% methyl alcohol. When these

This Sheet Hag Been Replaced
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The invention provides as a second feature thereof a waterproofing
material in the formof a body of naterial formed froma plastic nass,
wienein said plastic mass contains a snectite/liner intercalation

cOnRl ex. The liner can closely bind sodiumcations to the outer |ayers
of“/plates of the snectite structure therefore reducing the -
possibility of their replacenent by cal cjium cations. Alternatively the
|l ining can replace the sodiumcations |®taving a generally neutral face

whi ch can absorb water by capillary action, but which is generally neutral
and therefore does not

three had been mixed half of the total bentonite load of 63% was
added. Once the mixture had become smooth 1% carboxy methyl
cellulos (CMC) and a small (abdut 0.1%) of sodium
hexametaphosphate was added. Both these materials were added
slowly and after they had been added the mixture was stirred for
some while. Thereafter the other half of the bentonite was
added, the mixture Kkneaded for a short time and then passed to
an extrusion machine wherein it was first driven towards a
perforated plate whence it emerged in vermicelli-like form into
a vacuum chamber. In the vacuum chamber air and any other gases
such as reaction products and probably some evaporated alcohol

are extracted.

The material then falls to the base of the vacuum chamber and is
engaged by the rollers of the extrusion machine and driven
towards a 25mm square ‘extrusion head having 3mm radius corners.
The forming complex (intercalation commences in the mixer and is
still continuing as extrusion takes place) has a smooth outer
surface and is a coherent flexible and useful seal material for
use at the junction between the structural components such as

concrete slabs, panels and where service conduits pass through

foundations and the like.

The percentages of the various materials used can be varied as

follows: -

This Sheet Has Been Replaced
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attract cal ciumcations. The liner used will normally be an organic
conpound conpatible wth th wuter layers of the snectite plates. Suitable
compound can b sugars such as fructose, glucose, dextrose and the like
mh%%h have conparabl e nol ecul ar shapes and will conplex with the.
tet'r'ahedral |ayers on the outside of the plate.

- 52 -
ITEM | PERCENTAGE RANGE
Water 15 ~= 25

Sodium Polyacrylate 8 - 16

(Methyl) Alcohol 0 -5

Wyoming Bentonite 50 - 75

Carboxy Methyl Cellulose 0 -3

Sodium Hexameta Phosphate |0 - 0.5

The alcohol used can be methyl alcohol, ethyl alcohol or any
other liquid alcohol and serves to facilitate introduction of the
liner in;o the smectite interlayers. Further, some of the
alcohol i;, during the heating stage, (the heating is due to the
heat of the reaction which begins to effect the material towards

the end of the reaction period) is expelled and carries with it

This Sheet Has Been Replaced
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- 20 - A futher and desired-liner-is-an Acrylate or. The material
can be added as the polyacrylate or an acrylation process can be carried

)n contact with the clay.conpounds nay desirably be added to the

I| The acryl ate can have the fornula shown in figure 12.

ﬂ
zough the sodiumsalt of polyacrylate |s shown ot her cation
- 53 -

excess polyacrylate which can be deposited on the outside of the
extruded strip as a shiny layer. T1:1is layer may serve as
lubricant as the strip passes through the die and helps to
produce a smooth continuous surface. In addition this deposited
acrylate also forms a coating for Fhe material which delays the
onset of severe water briefly and helps in allowing the material
to be installed and perhaps wetted or e#posed to the atmosphere

before additional material is applied to the surround.

The function of the pressure during extrusion is to increase the
density of the product by eliminating voids which might otherwise
form within a less than coherent mass. This, together with the
vacuum step which has removed air has the effect of compressing
the material to a high density. This moves the molecules
slightly closer togefher during extrusion thus increasing the
rate of reaction and encouraging the formation of the complex

from the-intercalated polyacrylate liner.

Desirably the density is greater than 1,000 kilogrammes per metre

cube and a preferred density is over 1,3000 kilogrammes per metre

cubic.

The process described above produces a sealing strip very
suitable for use in concrete foundations and the like and also

in plumbing applications in the sealing of pipes and comparable

This Sheet Has Been Replaced




forms can be used. In the sodiumcation formthe acrylate can repl ace
the sodium cations which nornmally coat the outer |ayers of the snectite

eS . The acryl ate pol yner can be doped with various desirable

ial to alter various properties of the clay. One particul ar dopi ng
t is glycerol. The introduction of glycerol can increase the '
flexibility of the clay so that a l|ength-of the clay can be bent easily

wi t hout breaki ng. - 54 -

fittings. The material can be extruded in many shapes for
example square, strip, triangular or in any other convenient
form. By rolling or extrusion the matérial can be formed into
sheets which can be used to form an ideal barrier against
aggressive ironised fluids. such ionised fluid will usually be
leachets from plants or sites or may be atmospheric water or
ground water contacting the capping of a landfill site. It has
been found that fertiliser and other materials which may be
applied to foliage above a landfill site fdérms a highly ionised
material as aggressive as any leachate and which can seriously

damage conventional bentonite liners and capping.

The material made in accordance with the invention above,
however, has the acrylate or other liner so securely attached to
the bentonite interlayers that the cation exchange capacity (CEC)
of the material is nil or very low. This means that there is no
possiblity of the smectite turning to a calcium form which will
not reswell after drying out. Further, as the 1liner is
preferable a plastic material the inherently stable nature of a
polymeric - plastics material makes the possiblity of it being

attacked by leachate or strong solutions quite remote.

Instead of being extruded as a strip the material of the
invention can be formed into bricks, either on a block making
machine into which portions of the forming complex can be

introduced and compressed to shape, or a generally rectangular

This Sheet Has Been Replaced
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Met hanol can also be introduced, as previously nentioned. It is a useful
material for increasing the erX|b|I|ty and redutmﬂ@m&hﬁu§£dﬁg pess of the

T e

- The invention futher provides a nethod of

...55...

strip can be extruded and cut as by travelling knives to form
blocks. The blocks can be used then to form a barrier by
building in the nature of a wall, or by”laying them on a floor,
or lying them on some support to form a roof for a containment
area. The blocks can be bonded as conventional bricks and a
bentonite containing or other paste can be used as a lute in the
joints. Desirably a SLIC paste is used as the lute. In a wall
a cavity layer can be provided and individually drained in order
~to allow testing of the integrity of a "front line" layer of the
wall and provide an air gap to prevent transfer of water from one

wall to the other by direct contact.

A further advantage of the material of the invention resides in
the fact that by appropriate selection of the 1liner the
susceptibility of the material to adherence can be greatly
increased. It is often useful to be able to attach a sealing
strip to a, for example, vertical surface. This can be at the
junction of various concrete components, between concrete panels
or the like. 1In the past this has involved the provision of a
recess into which the strip must be ‘pushed (and the recess
accordingly rather carefully dimensioned to receive the strip as
a push fit) or the strip must be clipped or nailed in position.
Whilst the clipping and nailing are effective methods of securing
the strip they can be expensive and the provision of nails in the
sealing strip is generally felt to be undesirable as might form

a path from leakage, or they might introduce metal atmos into a



clay to forma leach-resistant clay including the step of reacting it

with a liner capable of conplexing wwth faces of the <clay structural
gecs adj acent the interlayers to forma coating whi CﬁierﬂseitESsSBeenR

Fpacement of sodium cations. The |iner can be polya d

I'&¥er can be al kyl anmoniumtinet yl al kyl ammoni um T] i M[j’ﬂﬂ e

m xed wth the clay as a nononer or in the polyner form f t

case can polynerise within the clay“.56 -

water surrounding them with the possiblity of reducing the

waterproofing qualities of the smectite.

Therefore, by selecting the liner to be compatible with a
convenient adhesive it is ppssiﬁie for a layer of adhesive to be
made which will secure a strip of tbe material invention to, for
example, a vertical surface. In the case of a polyacrylate
interliner, the ends of the acrylate molecules protruding from
the various particles of smectite form idéal sites for forming
an adhesive bond with glue such as cyano acrylate adhesive to

give a bond to concrete and comparable surfaces.

The bonding can be by means of spaced portions of the adhesive
spotted at intervals along the line to which the strip is to be
attached. Desirably, the adhesive used is designed to be an
adhesive which will hold the strip securely over a maximum period
of perhaps' three or six days in order to allow the user to carry
out all processes in relation to the installation of the seal and
the creation of other structures nearby. However, it is
importnat *that the adhesive thereafter degrades in order to
prevent the possiblity of a waterproof adhesive film remaining
which might provide a water path which could by-pass the seal

strip.

As mentioned the material can be extruded as a strip profile or

as a wide sheet. When producing a wide sheet it is desirable to



The invention includes a snectite clay nade by the nethod aforesaid.
The invention also provides a snectite clay having interlayers provided

an organic liner preventing replacenent of sodium cations and capable
geosor bi ng water and swelling. A further problemof snectite clay when
8®d as a waterproofing material, is that its function is very dependent
on the anount of nontnorillonite used. For exanple when a body of a
montnorillonite is constrained betweerPt{wo surfaces, such as the

extrude the material in the form of a hollow formation and then
split that hollow formation to form a sheet. Desirably the
material is extruded in the form of a holly cylinder and then
slit and laid flat.

-

Many other variations are possible within the scope of the

invention.

en REP\aced
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concrete of a structure and the ground, when contacted by water

- 22 - it swells and forns the aforesaid high pressure | ayer which
Ghezent s i ngress of water to the structure and therefore effectively

watg¥ proofs it. To increase the waterproofing

- 58 -

clains RO AR

1. A water proofing material including a carrier sheet and
united therewith a layer containing particulate smectite

clay material formed from a plastic mass.

2. A method as claimed in claim 1, wherein the smectite
containing layer is sandwiched between said support sheet

and a cover sheet.

3. A method as claimed in claim 1 or 2 , wherein reinforcement

is provided in the smectite containing layer.

4, A method as claimed in claim 3 wherein the reinforcement is

secured to the cover sheet and/or the support sheet.

5. A method of making a waterproofing material including
mixing particulate smectite clay with at least one other
substance to form a plastic mass, forming that mass into a

layer and uniting it with a support sheet.

6. A method as claimed in claim 5 wherein the smectite layer
and the suppért sheet are treated after union to cause the
layer to lose a degree of plasticity to enable it to be
handled and stored without undergoing significant

deformation.
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efficiency of the clay body, larger quantities of nontnorillonite can be
wsed. Fbmever,Tﬂi her quantities of nontnorillonite nmean thicker sheets of
@Hgari al which Jiges Beth Rédleed t to handl e and which are heavi er have
FRE transportai " r are bulky. In sheets which consi st
pE®nci pal Iy of ntrorillonite there can be significant ‘
difficulty in getting a large quantity into a small are ia
used for waterproofing in ground situad oen or for roofsﬂlmmlﬂzﬁlﬁm{m
like tend to have relatively |low densities. This is because "
generally made fromparticulate nontnorillonite adhered to a supporting
sheet as of plastics material or textile material and secured thereto by a
vari ety of nmehrmsethedi 39 FlahredhbdiGAaim 5 or 6 wherein the smectite is
mixed to form an aqueous plastic mass which can be extruded
rolled or otherwise formed into a continuous layer.
8. A method as claimed in claim 5 or 6 wherein the smectite is

mixed with a non-agqueous or a mixture of agueous and non-

agueous liquidé to form the mass.

9. A method as claimed in claim 7 or 8 Qherein after forming
the layer is subjected to a drying step to remove liquid

from the layer.

10. A method as claimed in any of claims 5 to 9 wherein the
smectite containing layer is united with the support sheet

by adhesive.

11. A method as claimed in any of claims 5 to 9 wherein the
smectite containing layer and the support sheet are

physically united.

12. A method as claimed in claim 8 or 9 wherein appendent to
claim 8 wherein an alcohol is used as all or part of the

liquid.

13. A method as claimed in claim 12 wherein some of the alcohol

is removed and recycled after conditioning of the laminate.



to needling to sewing or by enbednent in a nesh of fibres. It is a
a t her object of the present invention to provide an inproved snectite
WetoRy pr oof i ng materi al . The invention provides a snectite clay
proofing material having a density greater than 1000 kg. nierr].

8 wat er proofing material can be a sheet at |east a netre W”‘ﬂ“lmllﬂllll "III |HIII
desirably up to four netres wide or nore. - I
-— 60 — * [ L M *

14. A waterproofing material made by the method of any of

claims 5 to 13.

15. Apparatus for making a laminate waterproofing material
including a conveyor, meaﬂs for feeding a support to the
cohveyor, means for creating a plastic smectite containing
mass, means for applying the plastic mass onto the support,

and means for forming said plastic mass into a uniform

continuous layer.

16. Apparatus as claimed in claim 15, wherein means are
provided for sizing the laminate in thickness and/or in

width.

17. Apparatus as claimed in claim 15 or 16 and including means
for conditioning the laminate after formation to render it

stable in use and storage.

18. Apparatus as claimed in claim 17 wherein said means
includes an oven for evaporating substances from the

laminate.

19. Apparatus as claimed in claim 18, wehrein means are
provided for recovering volatile solvent from said

substances and recycling it.
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- 23 - The invention further provides a wateproofing material includind
ctite clay in conbination with an organic material formng a |liner on
nterlayers and having a density greater than 1000 kg nMerr]. The

e e B N

20. Apparatus as calimed in any of claims 15 to 19 wherein the
means for supplying the plastic mass to the conveyor

includes one or more nozzles, and/or an extrusion head.

21. Apparatus as claimed in any of claims 15 to 19 wherein
means is provided for supplying a cover sheet to a surface

of the layer remote from the support sheet.

22. Waterproofing material made by the method of any of claims

15 to 21.

23. A method of waterproofing a structure to prevent ingress
and/or egress of aqueous fluids including the steps of
providing a plurality of sheets each of material as claimed
in any of claims 1 to 5, 14 or 22, laying the sheets to
cover the surface of said structure in overlapping

relationship and protecting said sheets against damage in

use.

24. A method of sealing a site includihg providing at that site
apparatus claimed in any of claims 15 to 21, transporting
smectite clay and other substance(s) to the site, making
the material of the invention by the method of any of
claims 5 to 13 at the site and laying the material of any

of claims 1 to 5, 14 or 22 directly at the site after

mnaufacture.
This Sheei Has Beep,
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Desirably the material is extruded. The invention additionally
paoVvi des a nmethod of formng a SLIC wherein alcohol is used to facilitate
Weeoduction of the liner into the smectite interlayer and to reane
%5s |iner. N. B I ntroduction and renoval seenlcontradlct
&ess acrylate is renoved, where does it go to? The alco ﬂu” #ﬂﬂ’ g”,l”ﬂ
met hyl al cohol, ethyl alcohol or any higher fluid alcohol.
its formation i.e.during mXxing, the-waterpoofing material nmay
advant ageously be The-invention-al so-prvides a nethed of formng a SLIC
I ncl udi ng

25. Waterproofing material as claimed in any of claims 1 to 4,
15 to 22 and having a density greater than 1000kg per cubic
metre.

26. Waterproofing material as claimed in any of claims 1 to 4,
15, 22 and 25 and being at least one metre wide, preferably

greater than two metres wide.

27. Waterproofing material made by forming from a plastic mass

containing particulate smecite clay and liquid.

28. Waterproofing material made by forming from a plastic mass
containing particulate smectite clay and 1liquid, a
proportion of said liquid having been expelled from the

material after forming.

29. Material as claimed in claim 27 or 28 wherein he liquid is

aqueous.

30. Material as claimed in claims 27 or 28 wherein the liquid

is organic.

31. Material as claimed in claim 27 wherein the liquid is a

mixture of agueous and organic liquids.
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exposed to suction to remove gas. whilst reaction is proceeding.
ghe-gas -will usually be air but may be be air together with by- product
Whanf or m t he reaction. Desirably the degassed material is subsequently

e

32. Material as claimed in any of claims 27 to 31 and formed by

extrusion.

33. Material as claimed in any of claims 27 to 31 and formed by

rolling.

34. A method of making a waterproofing material including
mixing particulate smectite clay with at least one other

substance to form a plastic mass and'forming that mass.

35. A method as claimed in claim 34 wherein the mass is treated

after union to cause it to lose a degree of plasticity.

36. A method as claimed in claim 34 or 35 wherein the smectite

is mixed to form an aqueous plastic mass.

37. A method as claimed in claim 34 or 35 wherein the smectite
is mixed with a non-agqueous or a mixture of aqueous and

non-aqueous liquids to form the mass.

38. A method as claimed in any of claims 34 to 37 wherein after

forming the layer is united with a carrier sheet.

39. A method as claimed in any claim 38 wherein the smectite
containing layer is united with the support sheet by

adhesive.
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- 24 - pressure. The invention also provides a method of forming a
ah | C I ncluding exposing the formng conplex to pressure during
@t i on to increase the density of the product. Desirab the pressure

3”:sed after a suction treatnment Wiich has
®Toved- excess- - ai r - and- possi bl e- ot her gases. The such M‘B&H\'\m\“‘uﬁ\u‘l\
can, therefore, reduce the nunber of voids in the produc

urging the nol ecul es of the product ct aser-together

40. A method as claimed in claim 38 wherein the smectite
containing layer and the support sheet are physically

united.

41. A method as claimed in claim 37 wherein an alcohol is used

as all or part of the liquid.

42. A method as claimed in claim 41 wherein some of the alcohol

is removed and recycled after conditibning of the laminate.

43. A waterproofing material made by the method of any of

claims 34 to 42.

44. Apparatus for making a waterproofing material including a
conveyor, means for creating a plastic smectite containing
mass, means for applying the plastic mass onto the support,
and ‘means for forming said plastic mass into a desired

shape.

45. Apparatus as claimed in claim 44 including means for
supplying a carrier sheet to the conveyor for union with

the mass.

46. Apparatus as claimed in claim 44 or 45, wherein means are
provided for sizing the laminate in thickness and/or in

width.
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t-o enhance the reaction to produce a denser product. Desirably the
gansity of the product is greater than 1000 kil ogrammes per cubic neter.

BOr essure can be applied by extrusion or by passing the forning
4% | al through rollers, or by any other convenient nean

$0 found that the tenperature- at which the reaction ?ILIMHU j l [li““l
snectite and the liner takes place is inportant. The inve
further provides a nethod of fornming a &€

47. Apparatus as claimed in any of claims 44 to 46 and
including means for conditioning the material after

formation to render it stable in use and storage.

48. Apparatus as claimed in claim 47 wherein said means
includes an oven for evaporating substances from the

laminate.

49. Apparatus as claimed in claim 47; wehrein means are
provided for recovering volatile solvent from said

substances and recycling it.

50. Apparatus as calimed in any of claims 44 to 49 wherein the
means for supplying the plastic mass to the conveyor

includes one or more nozzles, and/or an extrusion head.

51. Apparatus as claimed in claim 50, wherein the extrusion
head is adapted to extrude a tube and means is provided to

cut the tube and unfold it to form a flat web.

52. Apparatus as claimed in any of claims 44 to 51 wherein
means is provided for supplying a cover sheet to a surface

of the layer remote from the support sheet.

53. Waterproofing material made by the apparatus of any of

claims 44 to 52. md

i



wherein the reaction is constrained to proceed at such a rate as to ensure
mhat t he tenperature of Rpe form ng product varies between 15 and

QTEH]CW‘ enperature i s maintained in
P T e o

_66-
54. Material as claimed in any of claims 27 to 33, 45 or 53 and

having a density greater than 1000kg m;.

55. Material as claimed in any of claims 27 to 33, 45, 53 or 55
and being greater than 1 metre in width, preferably greater

than 2 metres.

56. A waterproofing material comprising a plastic mass
containing a particulate smectite cla& having, at molecular
level, structural plates sandwiching interlayers between
them, the plates having outer tetredral layers facing the
interlayers and an organic liner complexed with said

tetrahedral layers.

57. A waterproofing material including a smectite clay having
its interlayers provided with organic liner to discourage
replacement of sodium ions and being capable of absorbing

water and swelling.

58. Material as claimed in claim 56 or 57 wherein the liner
closely binds sodium cations to the outer layers of the
plates therefore reducing the possiblity of their

replacement by calcium cations.

59. Material as claimed in claim 56 or 57, wherein the liner

replaces sodium cations leaving a generally neutral face



W thin the range 15[err]C to 30[err]C A further disadvantage of
axi sting snectite-based waterproofing naterials is that upon exposure to

gr they tend to swell (this is the very factor which gives them
Fe their wWakerdfipQBtd®kepREPPErties in that they produce a }_Qﬁea of such
i

et MR 7 5o e e AR
overlay of eit

ry high and, therefore a very s

rth [ ayer- @hon exanpl e one to two netres
up to 3" or nore of concrete are necessary in order that the expanS|on
pressure of the snectite cannot cause novenent or displacenent of any
structure.

which can absorb water by capillary action, but which being

generally neutral, does not attract calcium cations.

60. Material as claimed in any of claims 56 to 59 and being
selected from organi¢ componds compatible with the outer
layers of the smectite plates and exemplified by sugars; as

fructose; glucose; dextrose; acrylate; polyacrylate; and

alkylommonium trimethyl alkyl ammonium.

61. Material as claimed in claim 60 wherein acrylate used and

polymerises within the clay.

62. Material as claimed in any of calims 56 to 61 and

contianing glycerol.

63. Material as claimed in any of claims 56 to 62 wherein an

alcohol is used in the preparation of the complex.

64. A method of treating a smectite clay including the step of
reacting it with a liner capable of complexing with faces
of the clay structural plates adjacent the interlayers to
form a coating which resists replacement of sodium cations.

65. A method as claimed in claim 64 wherein the 1liner |is
slected from fructose; glucose; dextose; acrylate;

polyacrylate and alkylammonium trimethyl alkyl ammonium.



Accordingly The invention provide a waterproofing material as a further
feature a SLIC having a significantly reduced expansion pressure conpared
known snectite based waterproofing naterial. The expansi on

#¥sure can be as | ow as 10nm of concrete as carried o:ullui”lﬂ "meﬂmmm
ter defined herein. Prefered enbodi nents of the

Prefered enbodi nent of the nmaterial of the invention provide a bafri‘er *
agai nst aggressive ionic fluid, the b&rier being in the formof a
constrained |layer of said material a SLIC, wherein interlayers of the
snectite have been treated wi thacrylate or pol yacryl ate or conpareble

substancgs. A method as claimed in claim 64 wherein the liner is mixed

with the clay as a monomer and polymerises within the clay.

67. A method as claimed in claim 64, 65 or 66 wherein alcohol
is used to facilitate introduction of the liner into the

smectite interlayer.

68. A method as claimed in any of claims 64 to 67 including
exposing the forming complex to suction remove gas whilst

reaction is proceeding.

69. A method as claimed in any of claims 64 to 65 wherein the

degassed material is subsequently subjected to pressure.

70. A method as claimed in any of claims 64 to 68 wherein the
forming complex is subjected pressure during reaction to

increase the density of the product.

71. A method as claimed in any of calims 64 to 68 wherein the
reaction between clay and liner is constrained to proceed
at such a rate as to ensure that the temperature of the

forming product varies between 15 and 30°C.

72. A method as claimed in any of claims 71 wherein the

temperature range is from 20 to 26°C.
This Sheet Has Been R
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- 26 - The interlayeS being are then capabl e of absorbing water to swell
the material conplex to a barrier pressurewhile the acrylate or

@ rylate inhibition exchange between said fluid and the snectite.
luid will normally be aqueous and can be highly ionised

0y

_69_

73. A method as claimed in claims 71 or 72 wherein pressure is

applied when the temperature is within the range specified.
74. A material made by the method of any of claims 64 to 73.

75. A material as claimed in any of claims 56 to 74 and having

a density greater than 1000 kg. m?.

76. A material as claimed in any of claims 56 to 63, 74 and 75
and being a sheet at least a metre wide and desirably at

least two metres wide.

77. A material as claimed in any of claims 56 to 63, 74 to 76,
and having a significantly reduced expansion pressure

compared with known smectite based waterproofing materials.

78. A material as claimed in claim 77 wherein the expansion
. pressure is below 15mm of concrete as carried out in the

test :defined herein.

79. A material as claimed in calim 78 wherein the expansion
pressure is below 10mm of concrete as carried out in the

test defined herein.
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fluid such as |eachate or fluid containing fertilizer and the |ike.

However, the barrier can be equally effective against organic fluids or
 flg@ds containing organic material, as the snectite interlayers remain
Tpggs? agai nst ion exchange with such fluid. Further, it is desirable

that the liner be inert in order that its possiblity of
materials in the fluid is reduced. Ehel ayer needs to b jﬂ Mlm;@”m“
order that the barrier pressure can “pé%chi eved. The const+aicnt Lcam
back-fill or overlay of earth or other material or in solid structure an

adj acent or surrounding area of concrete or the |like can be used.
80. A barrier against aggressive ionic fluid, in the form of a

constrained layer of a material as claimed in any of claims

56 to 53 and 74 to 79.

81. A barrier as calimed in cldim 80 wherein the constraint is

back-fill or overlay of material or solid structure.

82. Material as claimed in any of claims 56 to 63, 74 to 79
secured to a surface by use of an adhesive compatible to

the liner.

83. Material as claimed in claim 83 wherein the liner is a

polyacrylate the adhesive is a cyano acrylate adhesive.

84. A method of making a fluid barrier including forming blocks
of material as claimed in any of claims 56 to 63 and 74 to

79 and arranging said blcoks in a layer.

85. A method as claimed in claim 84 wherein the layer is

selected from a wall, a floor and a roof.

86. A method as claimed in claim 85 wherein the blocks are

bonded.

87. A method as claimed in claim 84, 85 or 86 wherein a

smectite-containing paste is used as a lute.
This Sheet y
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A further problemw th known snectite based waterproofing materials is

that it has been very difficult to secure themto surfaces to be

ma roofed. Wiilst a flat or gradually sloping surface can be easily
pgroofed sinply by laying a sheet of the snectite material thereon)

VMen vertical surfaces (such as adjacent edges of concrete panels) are to

be waterproofed it has been necessary sonehow to attach FIﬂHH“IEIIIH

strip thereto. Existing nethods used~ha¥eincl uded the
rebates into :
88. A method as claimed in any of claims 84 to 87, wherein the
paste is a SLIC.

89. Sealing material in the form of material as claimed in any

of claims 56 to 63, 74 to 79.

90. Sealing material as claimed in claim 88 and being in

annular form.

91. Waterproofing material substantially as described with

reference to the accompanying drawings.

92. A method of making a waterproofing material substantially

as described with reference to the accompanying drawings.
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- 27 - whi ch strips of seal material can be pushed and the use of clips
or nails. Although nails can be used they tend to be frowned upon as they
pierce a waterproof |ayer and they can introduce netal ions into the
sfgrHOundi ng water which may have a detrimental effect. Because ef the
general ly incohesive nature of clays and their friability, adhesives have
not been very effective. Some heavy soaking adhesives have been
used,

...72_
Abstract

There is described a waterproofing material basically made from
a plastic mass containiné a liquid and particulate smectite clay,
usually montmorillonite such as bentonite, which can be united
with a carrier sheet. The plastic mass can contain aqueous
and/or non-aqueous liquid which can be expelled after forming.
The smectite clay can be a smecite liner intercalation complex
and the mass is desirably formed by extrusion, in the latter case
preferably diving reaction of the clay can have a density of at

least 1000 kgm m® and can 1 m or more wide.

This Sheet 1
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particularly the type of adhesive used in the adherence of snect??gegfr
particles to sheets. However these adhesives have a great tendency to
inhibit the swelling properties of the clay and to react adversely.

Accordi ngly prefered enbodi nents of the material of the invention are
readily securable material to a surface werein the seal material is a
SLIC, conprising by use of an adhesive conpatible to the |liner to cause
adhesi on acryl ate or pol yacryl ate conpenet, such as the -adhesive can be

a cyano acrylate adhesive.
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‘Because nolecules of the liner extend outwardly particles of snectite

they forma very conveni ent anchor which whi ch can becone
attached to gl ue nol ecul es. Because they thenselves are securely anchored
within the interlayer they form adhesion bet ween the entire conpl ex and
the structure to which the conpl ex I's to be adhered.
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- 28 - Desirably the adhesive used is an epheneral adhesive which wll
hold the seal material for a sufficient period of tinme tollow it to be

installed and for further structure to be forned adjacent, but will soon
degrade to allow water entry so as to avoid the provision of any adhesive
filmor layer which mght allow water seepage past the seal. The

I nvention further provides a nethod of naking a fluid barrier including
form ng bl ocks of hi gh density SLIC and arrangi ng - bl ocks in a
| ayer .

’//34

FIG. 5
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The | ayer can be a wall; a floor or a roof. The bl ocks can be bonded as
bri cks. A beptonite containing paste can be used as a lute. The paste
The invention will be described further, by way of exanple, with reference
to the acconpanyi ng draw ngs wherein; Figures 1 and 2 are cross
sectional viewillustrating overlap joints in the prior art and their

di sadvant ages;
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Figure 3 is a cross sectional viewillustrating a preferred waterproofing

material of the invention; 29 -
Figure 4 is an enlarged cross sectional viewillustrating a surface of a

preferred material of the invention;

FIG.12
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"Figure 5 is a schematic viewillustrating the apparatus of the invention
suitable for carrying out a preferred nethod of the invention; Figure 6
is a plan view of part of the apparatus of figure 5 and illustrating two
possi bl e vari ati ons; Figure 7 is a viewsimlar to figure 3 but
illustrating a nodified material of the invention; Figure 8 is a view
simlar to figure 7 but illustrating a stil

Repiaced
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further nodified material; Figure 9 is a view conparable to figure 1,
but illustrating an overlap join nade using the nmaterial of the present
i nventi on; Figure 10 is an enlarged view of the portion ringed at
nuneral 10 in figure 9. Figure 11 is a basic two dinensional
sketch illustrating structure of nontnorillonite;and Figure 12 is a
chem cal fornmula illustrating the structure of .an
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Figure 13 is an enlarged view

illustrating the structure of nontnorillonite;

acryl ate useable in the invention.

T
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Figure 14 is attenpted three di nensional representation of
nmontnorillonite after acyl ation; Figure 15 is a viewsimlar to figure 4
but illustrating the addition of doping el enents; and Figure-16 is a
view simlar to figure 5 but illustrating the mcroscopic effects of the
acrylation Referring to figure 3, he preferred waterproofing materi al
(10) of the inventionis a lamnate consisting of a core | ayer (11)

cont ai ni ng
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| : : : flokeNr-i Ties
montnorillonite. The core layer (11) is united with a support she zfliﬁ
and is desirably but not essentially overlaid by a cover sheet (13)

The essentials of the material (10) of the invention will probably be best
appar ent fron1a detailed description of the way it is nmade and the
appar at us (of h%ﬂM@ ion) which is used to nmake it. Ref erri ng,

therefore, to fji ﬂl” i"l?;iided be seen that a

WATER PROOFING LINER

This invention relates to a watérproofing material suitable for
waterproofing ponds, lakes, lagoons or comparable sites whereby
water is retained, or wherein waste is deposited and the ground
beneath has to bé protected against leakage of agqueous or other
liquid. The material can also be used in relation to water
proofing structures, covering contaminated land to prevent flow
of water into such contaminated land and lining trenches which
separate contaminated areas from clear areas. The material can
also be used as roofing material on flat or sloping roofs.
Several materials have been proposed in the past which-include
a layer of swellable smectite such as montmorillonite and/or
sponite incorporated within the material to act as the sealing
agent. The montmorillonite has been carried by a support layer
or base which has been provided in various ways. A support layer

acts as protection but also gives additional strength within the

material.

European patent number 59625 (CLEM) describes a waterproofing
material which is a laminate comprising a fabric base, particles

of montmorillonite adhered to the base and a scrim adhered over
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(15) having an upper run (16) and a lower run (17) entrtai
rollers (18) and (19).
figure 5.

preferred apparatus (14) of the invention ¢onprises ‘d ¢onveyor

At the upstreamend of run (16) a suppont isheet—(-20)-i-s'f
from a supply roll (21) by a guide roll (22) so as qo run on and in

-2 -

the montmorillonite particles to retain them on the base. The
CLEM specification requires as an essential feature thereof that
the base be capablé of venting gas. Although venting of gas from
beneath a contained body of water or other matter can be an
advantage, it is a great disadvantage to incorporate such
vendibility into the actual base. Although there are few sites

where venting is necessary it is, when venting is needed,

desirable to provide a separate venting layer guite separate from
the waterproofing material overlapping the first sheet (10). The

sheet (10) has a venting base (13), a iayer of montmorillonite

{(14) adhered to the base (13) and a scrim (15) on top of the
montmorillonite. In similar manner sheet (12) has base (16),

montmorillonite (17) and scrim (18). As will be seen-from the

drawing and the arrows (19) the layer of base (16) overlying the
montmorillonite (14) provides a path, between the two layers of
montmorillonite (14) and (17) which, because it is designed to

vent air can also allow liquid such as water to wick out along

the path indicated. Thus, the incorporation of a venting base

in the sheets (10) and (12) can have undesirable results.

Figure 2 shows how the construction described in European patent
application 246 311 (McGROARTY) overcomes these problems. In the

MCGROARTY construction a lower sheet (19) has a base (20) and

montmorillonite (21). An overlaid sheet (22) has base (23) and

montmorillonite (24). In McGROARTY the base (20) and (23) are
of solid plastics non-venting and impermeable material. Thus in

the construction shown in figure 2 the base (23) forms a non-
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synchronismw th the conveyor (16). The support sheet 0) " i-s a sheet .of
woven or non-woven textile material (preferably woven) which is relatlvely
| oose weave, being quite porous in a direction transverse toiiit's plane.

The web form ng the support sheet can be nade of any geotextlle natgrlal
which is suitable for disposal wthi-n3tke ground for |ong peri6ds. {
Typical materials for weaving or forming the fabric of the sheet (20).can

be pol ypropyl ene, polyesters including nylon, and many ot her plastlcs

mt er:@gloft@t%e OrdriniBEE0dS. 1096 ThRELRLn SNQULT B],SUTTAGLANT ] Y Strong
0O Ssu

montmorillonite (21) and (24) thus g1v1ng a very good seal. This

is a significant advantage over the prior art of figure 1.

Unfortunately, however, the McGROARTY construction does have
several practical, other difficulties. Firstly, the bases (20)
and (23) are made from a thick, impervious and essentially solid

plastics material, described in the specification as HDPE.

Further, the specification describes the fact that granules of

montmorillonite are adhered not only to the base but also to each

other.

Waterproofing materials of this kind are usually supplied in
rolls and have to be unrolled and placed to lie in the pond,
lagoon or storage space. With the base (20) (23) made from high
density polyethylene the MCGROARTY material is less flexible that
when using a fabric (noh-woven or woven) for the base. This
means that ;he product is much more difficult to handle and the
montmorillonite is likely to crack during folding and unfolding.
Further, because of the nature of an HDPE plastic sheet the
adhering of the montmorillonite to its surface is not easy.
Quite largé-quantities of very strong glue have to be used. As
mentioned, in the.McGROARTY construction the montmorillonite
particles or granules are applied in layers which are adhered not

only to the base but also to each other. This makes the product

even less flexible and more difficult to handle. Because of the



g to nany of the
known naterlals dlscussad in
cotton n1xem5»caﬁ arso,b% used.
a

facing sheets used in relation to the prior
the introduction hereto. Polypropyl ene and
A typical support and/or cover sheet can be of a ptint vieave and of

wei ght 700g per sq.netre. Domnst?ean1of t he suppty 1 oll--i s-a- hop'er
m xer (23) in which f

high stiffness of the product McGROARTY has to dispense with any
scrim such as the scrim (15) (18) and this means that if any
montmorillonite is loosened due to folding and unfolding it can
easily become displaced leaving voids-in the montmorillonite

layer. The McGROARTY material is also very stiff and difficuilt
to handle.

A further waterproofing barrier material is disclosed in British
patent number 2 202 185 (NAUE). In the NAUE specification a
layer of montmorillonite is sandwiched between a pair of layers
of non-woven textile material, in which two layers are united by
needling, the needles passing through the layer of

montmorillonite and uniting all three layers. This product again

has disadvantages. Firstly, both the non-woven layers of textile
material are .essentially gas venting. Therefore, when they are.
laid they have the same disadvantages as the CLEM construction.
Further, because the montmorillonite is not adhered to the
layers, as the material is unfolded, folded and manhandled during
installation, the montmorillonite can move relative to the two

layers leaving voids and/or more permeable thinner areas in the

montmorillonite Léyer.

There is a. further disadvantage in that all these earlier
materials tend to use particulate montmorillonite which may be
from 2 - 5, usually about 3mm in size. Although finer material

can be poured to fill gaps between the larger granules, such



- 32 - particulate nontnorillonite can be supplied as indicated by the
arrow (24). The particulate nontnorillonite can be supplied from..a.nill or
| i ke supply and in the preferred enbodi nent is of 2b0ﬁqnesh | ner: ‘nEsh can
be used al though great advantages are not obtained; Nbshes up-to 50 :mesh
can be used, but at sizes greater then 100 nesh, uhi pn het.ween, 1 he’ !

nontrorillonite particles is less effective. Thé prdé%ss ‘whi ch tékes
place in the hopper mixer (23) can be

granules tend to make up the bulk of the montﬁdriiioﬁiéénié;;rn"
in the waterproofing material. As the water proofing material
is only relatively thin, for example coﬁtaininq only perhaps one
or two layers of montmorillonite granules, problems can arise in
connection with foreign bodies in the méntmorillonite used. 1In
its natural state montmorillonite is found alongside shale and
other impurities. Whilst the montmorillonite can be quite highly

purified, it is not unusual for a low percentage of shale

particles to remain in the final sized -and Ggraded
montmorillonite. An unfortunate result of the use of relatively
large granules of montmorillonite in the layer is that granules
of impurities can also become incorporated in the material. The
chemical nature of shale and some other impurities have the
effect that not only are they not montmorillonite (and therefore
do not swell upon contact with water), but, when wetted, act as
to inhibit swelling in adjacent montmorillonite granules. Thus,
a single granule of shale in a layer of waterproofing material
can form a small area (perhaps 10mm in diameter) which does not
swell upon being contacted with water. Small such areas are
generally water impermeable, but medium and larger such areas
allow water to pass through the sheet. When water pressure is
high this flow can cause significant wash out of adjacent
montmorillonite 1leading to failure of the sealing system.
Although the percentage of impurities is small, and although the

failure rate is small, when a large area is sealed using sheet-

material incorporating such impurities it needs only a single



either a continuous or a batch process. Wthin the hopper mixer. (2'"3"}—'”3
measured quantity of nmontnorillonite is mxed with a: neasured quantlty of
liquid or nore other substance to produce a fluent m&ss The ot her: i

substance (s)liquid can be supplied froma tank or cor‘rpar abt e suppl y :
(25)and. The substance(s) (26) wll normally be fluid and when mxged with
the nmontnorillonite will forma JhQ . OA~L&L

shapabl e nmass. A the liquid used can®ihclude an an:organic.liquid such as

gl ycerine, diesel oil or conparable oils or m xes thereof; gels and

other plastic or deformable mass-form ng substances. However, for
econony aneakoforedbe wifolleasuzﬁﬁelgtamhvsi fipilexit yAtpmnd odelsigoed shixgt ance
liquid isprimly, water. ref erred enbodi nent of met hod of the

i nvent i on PR&t %rzjr%g]rﬁ %éakvﬂrst H‘°t R@R?‘m‘?ﬁ FEEPPP oRF (1! ‘e

Particulate montmorillonite has also been mixed with various
organic components to form a thick putty (see US Patent Number
4 534 925). Typical components are polYpropene and polybutene.
This material has been extruded in the form of rods and sheets,
usually being stored between layers of release paper. Such
material has been used for sealing ground foundations and similar
structures. It has not, however, being extruded so as to become
united with a carrier sheet and be capable of use in large rolls
for covering large areas. Indeed, the polypropene and-polybutene
used is intended deliberately to

give the extruded material a rubbery or formable consistency
enabling it to be moulded by hand around small areas such as
chimneys, at joints in concrete panels or where drains penetrate
foundations. These materials are also guite expense and

prohibitively so for use in relation to large area sheets.

It is an object of the present invention to provide a

waterproofing material whereby the above described disadvantages

are reduced .or minimised.

Smectite includes montmorillonite (dioctahedral) and saponite
(trioctahedral) clay minerals and their chemical varieties. They

have commercially valuable swelling and ion-exchange properties.
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there being approxinately from10 to 30% water, desirably about 15 to

20% Alterntively-or the liquid my also i ncI uqe A ‘pTUpUTI on' -al cohol
can be used. Methyl, yttils

prefeired. It - 33 - R
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The smectites have a layer of lattice structure, but differ from
micas in that the bonds between layers are weakened because of
internal chemical substitutions. Montmorillonite consists of
layers of negatively charged oxygen (O) atoms within which
several types of positively-charaed cations are fixed in specific
positions. In a two dimensional schematic diagram of the
structure (figure 1), four layers of oxygen atoms can be seen to
define upper and lower tetrahedral sheets containing tetravalent
silicon (8i) and sometimes trivalent cations (3+) of aluminium
(A1) and iron (Fe). The apices of the tetrahedra point toward
each other and oxygen atoms at the apices form part of the
octahedral -sheet that may contain trivalent cations {A1, :Fe)

divalent cations (Fe, Mg), both divalent (+2) and trivalent

cations, or divalent and monovalent (+1) lithium (Li) cations.
The presence of two tetrahedral sheets and one octahedral sheet
is the basis for classifying the montmorillonite structure as 2.1
(2x tetrahedral 1 x octahedral sheet structure). The 2.1

structural units are separated by interlayers of loosely held

hydrated cationé. These cations are present to balance the

negatively charged structure.

If a particle of Montmorillonite is to expand it needs to take
in water into its interlayers. This mechanism is valency

dependent. Ionic compounds are formed because a metal atom

donates one or two electrons to a non-metal atom (or acid radical

group). For example, in table salt (sodium chloride), the
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An al chohol water mxture needs [|ess drying power than water alone,

Sone
al chohol can be reclained and reused. It is envisaged: that.: although a
fluid will normally be mixed with the nmontnorillonite to convert .into

a fluent body it is possible that sone powdered or other non- f|UId

could be wused. For exanple, a stlckx pommer ;Such ‘as: a'
or adhesive could be mxed with the nontnorillonite

mat eri al

pl astic

soap

tio create a pasty

def or mabl e mass which coul d $e extruded or %pread toforma |
sheet. However, in view of the likely expense of such material s _and-the
difficulty of mixing it is not felt that these wll bé’”ﬁfactlcal

electron from the highest energy level in the sodium atom is
donated to the chlorine atom and they bth form ions a sodium one
plus cation and chloride one minus anion. The higher the valency
the shorter the bond 1length the more stable is the
montmorillonite, ie calcium two'ilus cations will replace sodium
one plus cations. 1In order for this replacement to take place
the cation must get close enough to the montmorillonite

substrate, to do this other mechanisms must be considered.

If a particle of montmorillonite is dropped into a beaker of

water its interlayers take in water, and gradually the clay -

"spreads until eventually it is uniformly distributed. What

causes montmorillonite molecules to behave this way? The answer
depends on the fact that the molecules within the interlayers are
in a state of random motion. Although they can move in any

direction, the fact that initially (wetting of the particle)
there are far more molecules in the immediate vicinity of the
interlayers_increases the probability of their moving away from
each other resuiting in expansion. This process is diffusion,
and is defined in this instance as a movement of molecules from
a region where they are at a comparatively high concentration
(dry) to a -region where they are at a lower concentration
(hydration) giving a volume increase. Diffusion will always
proceed whenever such a concentration gradient exists, and it
will continue until eventually the molecules are uniformally

distributed and lattice stabilisation is achieved, at which time
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The mixture is,in the preferred embodi ment as mentioned pure water.
However, where the final product is to have special qualities the

chemi cal s of those special qualities can be i ncluded in the.m-xture
of wat er I n maki ng a typical product in accordanqe mnth t he’ |nvent|on
5 killogrammes of nontnorillonite were m xed lmmth - 0. 446 -

kill ogrammes of sodi um carboxynethyl celiulose (CMO),: 2.5 litres. .- of

met hanol and 1.8 litres of water. BStA the CMC and thg ﬁpnethanol make
the m xed and kneaded product nore flexible and "

equilibrium is said to be reached. '

Osmosis for the present purpose can be régarded as a special case
of diffusion; the diffusion of water from a weaker to a stronger
concentration. A weak solution of table salt, for example, will
contain relatively less salt and more water than a strong
solution of salt. Thus the concentration gradient is from the
weak to the strong soclution. If two such solutions were in
contact, the water molecules would move one way and the salt
molecules the other until both were uniformly distributed
(equilibrium). If, however, the two solutions are separated by
a membrane which allows water but not salt to pass through, only
water can diffuse. Such a membrane is said to be selectively
permeable or "semi permeable" and the water movement is called
osmosis, and is defined in this instance as the movement of a

solvent (water) across a selectively permeable interface

(membrane) from a weak to a strong concentration of ions in

solution. Montmorillonite interlayers are water selective due

to the attraction of dipolar water molecules to the highly

charged clay particles.

As has been discussed above, the montmorillonite clay is made up
of a plurality of structural plates each of which has four layers

of oxygen atoms. The outer layer of each plate has a generally

tetrahedral format and presents a surface to the interlayer to

which cations are loosely bonded. In sodium montmorillonite which

hIS
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extrudable. Water can effect this process, but the nore mater that
used the nore heat is required to drive it out. This ;=

34 -
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is a popular and useful material the cations are sodium ions and
are connected to the tetrahedral layers by relatively weak Van
Der Waal bonds. The interlayers contain a certain amount of
hydrating water molecules. When the montmorillonite is contacted
with water more water enters the interlayer, being attracted to
the charged cations in the interlayer and moving by diffusion and
capillary reaction so as to incrgase the thickness of the
interlayer. If a body of montmorillonite is confined between a
pair of relatively immobile surfaces the pressure within it upon
contact with water can become so high such as to prevent any
further movement of water into the structure. This build up of
a high pressure layer which cannot absorb any water .makes
montmorillonite an excellent water-proofing agent. It is widely

used in civil engineering structures.

Ooften used as a substitute for sodium montmorillonite is calcium
montmorillonite wherein +the 1loosely held cations in the
interlayer are mainly Ca 2+ rather than Na +. Because of their

divalancy the calcium ions bind more strongly to the outer

tetrahedral layers than does sodium. In use calcium bentonite

has a property that when initially wetted it will swell and
expand in the same way as sodium montmorillonite. However, if
the material should dry out, for example due to low rain fall or
a falling water table calcium montmorillonite cannot sprink back
to its original size upon loss of water without cracking. After

cracking and upon re-wetting the interlayer becomes incapable of
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vari ati ons can be nade. Met hano-1 al one or- water
nei t her of these Is satisfactory. The
bul ki ng agent, an anti fungicidal preserving agent, to pr évent gromﬂh of

mould in or on the material and desirably a Iubrlcant t@rassist in the
extrusion process and convey also a degree of erX|va|ty to the

-al-ene—can ‘be’ used, but
naterlaF ‘desi.rably contains a

. pl astic
nass. CMC is a very desirable substance in that it | prov4des all these
properties. It has anti fungrctHal properties,: it |s a lubricant and

it makes the product nore b

absorbing more water and therefore the clay can not re-wet so as
to reform the watér proof barrier. Thus, a calcium bentonite I
water proofing material should only be used in cases where
permanent wetness is to be encountered. It is possible to treat
calcium bentonite with a strong sodium containing solution so as
to displace a certain percentage of the calcium ions from the
interlayer and replace them with sodium so as to give the calcium
montmorillonite properties closer to sodium montmorillonite.

However, this material is not as good as pure sodium

montmorillonite, and tends to suffer from the same problems as

calcium montmorillonite.

All sodium containing montmorillonites do have a problem when the
water which comes into contact with them is contaminated by

salts, particularly sea water or other salts which render the

ground water ionised and highly active. In ground water calcium

is invariable present in quantity from soil and minerals. When
such ionic calcium comes into contact with montmorillonite it
invariably tends to migrate into the interlayers. Once in the
interlayer the double valency of the Ca+ cations makes the

calcium selectively adhere to the four sides of the tetredral
layers displacing sodium. Such contamination can quite guickly
result in complete stripping of sodium from the interlayer, so
converting the montmorillonite from the sodium to the calcium

form with the disadvantage which has been outlined above.
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flexible.- It also has the great advantage that upon contact by water, in
use, it dissolves. Those areas of the outer surface of [the material: mhen
first contacted by water have the CMC dissolved out of! then1|eaV|ng nicro
pores into which nore water can penetrate, wash out mot e! CMC and cause
rapi d expansion of the adjacent nontnorillonite. This greéatily;.increases

the rate of water transfer into t material. A bul king agent which
di ssol ves in water and aids water Thgress to the nDntnDrlllonlte i's very
desirabl e.

This particular process makes it generally unwise to use even
sodium montmorillénite in a situation where the ground water can
become rapidly ionised or contaminated Sy leachates or the like.
In particular, fertilisers are a particularly notorious cause of
ground water ionisation and can cause sodium montmorillonite

break down. It is an object of the present invention to provide

an improved smectite clay.

In a paper entitled "Preparation of Montmorillonite -
Polyacrylate Intercalation Compounds and the Water Absorbing
Property" by Ogawa et al published in Clay Science Number 7, 243
251 (1989), the authors have described the introduction of a
acrylamide into montmorillonite and the polymerisation. of the
acrylamide to form a polyacrylamide intercalation compound. The

enhanced water-absorbing properties of the compound are noted.

It is to be appreciated, of course, that the processes carried

out in the Ogawa paper were essentially laboratory processes

involving small amounts of material. No techniques were

described for making any useful product and there was not

discussion of the advantages of high density such compounds as

waterproofing agents.

The present invention is additionally concerned with smectite

liner intercalation complex (herein after referred to as a

\aced
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- 35 - Instead of being provided by a single material S
properties can be provided by other materials. Although ITEITY - synthetlc
materials do have these properties, they tend to be exppn6|ve and - S|nple
pl ant extracts which are nuch cheaper are desir . As a bulking. ..., i °
agent /| ubricant guargum can be used or starch. In connecﬂroﬂ Wi'th tHede

two materials a separate preservativq_s%ch as any conventional_ anti.. i |
fungi cidal or mcro agent woul d have td ! :

these

"SLIC*) materials having improved properties.

Desirably the smectite containing layer is sandwiched between

said support sheet and a cover sheet.

Reinforcement can be provided in the middle of the smectite

containing layer.

The reinforcement can be secured to the cover sheet and/or the

support sheet.

The invention alsoc provides a method of making a waterproofing

material including mixing particular smectite with at least one

other substance to form a plastic mass, forming that mass into

a layer and uniting it with a support sheet.

The laminate of the smectite layer and the support sheet can be
treated after union to cause the layer to loose a degree of

plasticity to enable it to be handled and stored without

undergoing further deformation.

Desirably the smectite is mixed primarily with water to form a

paste or a putty like plastic mass which can be extruded rolled

or otherwise formed into a continuous layer.
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be used. Any convenient |iquid alcohol can be used having from1l to 12
carbon atons. Above the 12 alcohols tend to be too V|scose for _.use: bUt

bel ow t hat nunmber any conve ent al cohol can be used. It§ i expected ;
however, that nethyl alcohol will be used because of i'ts cheapness and
easy availability. The CC can be in the formof sodium¢carboxy methyl -

cel lul ose or any other convenient conpound thereof. ; Protection..against

bacterial attack is inportant becddse the bacterial reactions can
produce hydro carbons which react with the sodiumirons in the clay. This
can reduce the swellability of the clay.

After forming the layer can be subjected to a drying step to
remove excess water to convert the smectite layer into a more
dimensionally stable configuration unlikely to deform further
during transportation and storage and further to increase the

swellability of the smectite upon contact with water in use.

Additives which modify the behaviour the smectite under certain

specified conditions such as salt water, or presence of strong

leachates, radiation hydrocarbons or organic chemicals can be

added at the mixing stage to be operative when the smectite is

in use.

Union of the layer of smectite containing layer with the support
sheet can be by adhesive, but desirably no adhesive is used, the-
mixture of smectite (and other substance(s)) being such as to
allow pressure force the plastic mass into the interstices of the
cover sheet (which is desirably of a textile nature) physically

to unite the two. Similar connection can be effected between the

layer and the cover sheet.

Instead of water, or in addition to water, organ’: materials such

as methanol, ethanol and other alcohols, glycerine, diesel and

other oils and fats can be used. These materials do have the

advantage that it is not necessary to drive off water so as to
increase the swellability of the smectite layer, but they also

have the disadvantages that they do need a drying step so that
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As a possible wvariation a soluble coating can be provided to surround a
body of material of the invention. This can be arrange. 1o degr.ade over- a
relatively short period of time (such as a week). Thig;would- enabl e btock
seals and the like to be installed w thout becom ng greasy ‘and unhandl abl e

due to adverse weat her conditions, but would not affepl the functlon
of nmaterial -36- b

- 15 -

the material is not subject to further deformation under its own
weight during stbrage and transportation and many organic S

materials are usually far more expensive then water.

Alcohols, particularly wmethyl alcohol do, however, have

particular advantages. Whilst alcohols are generally expensive,

they are also usually far more volatile than water. Thus, a
plastic mass made using methyl alcohol can, after having been
formed into a cohesive continuous layer be dried using far less
heat than would be necessary to drive out the water from a
similar mass. In addition to this however, the alcohol driven off

can be condensed and reused thus offsetting the cost thereof.

The montmorillonite mesh size can be anything from 50 mesh or

smaller, desirably, however the size is a maximum of 100. 1In

practice a mesh size of 200 has been found useful although

variations downwards from about 100 mesh do work although with

less desirable qualities. Finer meshes are perfectly acceptable,

but tend to be unnecessary. The smectite used is desirably

sodium montmorillonite although calcium montmorillonite (

modified by treatment sodium hydroxide) can be used. BAs the

montmorillonite is usually broken down significantly during

mixing to micro sizes, initial grain size is not critical.

The fabrics used as support and/or cover layer can be

conventional woven or non-woven textiles such as nylon or
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to swell i use after a brief period of tine. The nnntnmrlllonlte used
S deS|rany sodium nontnorillonite but caIC|un1nDntnDrhllon|te or treated
cal ciumnontnorillonite and other snectites can al so be used. As shown tihe
materials are first mxed by nmeans of a mxer (27) and then:e&truded by -
screws (28) to an extrusion nozzle (29). Were the f uld mass is spread
out as a thin |ayer covering the entire width of the conveyor run (16) . |
If the reinforcenent is required wit Bén-the nontnorillonite. layer.in-order
that it can be laid on steep slopes w thout |oss

polypropylene or polyester. They should be non-venting (that is
to say they do not allow gas or liquid to pass along the
structure in use to any significant dééree). The fabrics are
desirably woven and this degree of non-venting can be achieved
by ensuring that the fabric is of relatively open mesh and fairly
thin, a significant portion thereof being embedded in and

physically uniting with the outer layer of the montmorillonite

layer.

The invention includes of course, a waterproofing sheet made by

the methods aforesaid.

The invention also provides apparatus for making a waterproofing
material including a conveyor, means for feeding a support to the
conveyor, means for applying a plastic smectite-containing mass

onto the support, and means for forming said plastic mass into

a uniform continuous layer.

Means can be provided for sizing the laminate in thickness and/or
in width.

Desirably the apparatus includes means for conditioning the
laminate after formation to render it stable in use and storage.

Said means can include an oven for evaporating substances, from

the laminate.
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of function it can be desirable to incorporate within the plastrc MBSS: & -
reinforcing layer. This can be done by enbedding the rernforcrng Iayer_'j
the mass as it is being extruded or as it is being spread out intoa ™ "
| ayer. The reinforcing |ayer can be made in the formof a corechaving:
bristles or conparable formations extendi ng outwards which, with the core
di sposed centrally in the body of nontnorillonite extend it o-+he surface..

thereof and contact and possibly projléct through the surface | ayers. The
mat eri al

el nf rce ment, a d the surfac uch that—-
t he expos lgd""l:?r ?os ee?r? Loy & s o&cgrrft a%?';&eﬁﬁ%ggggelc%aﬂg’&gto t he
outer | aysie orl Tnoi:‘é ncmz\aleaagﬁch/tdiatani txtRididnbRepassi bl e for the
nmontnorillonite mass to be extruded or forned into a pair of sheets and the
reinforcenent fed between themand to have its bristles projecting t hr ough

each of the two part) Layers ol ihe (JPnLupri)ionit e ere And.prgi got to the

surface of the layer remote from the support sheet.

Means can also be provided for feeding a reinforcement to be

embedded within the smectite containing layer.

Means can be provided for uniting said reinforcement with one or

both of the cover and support sheets; for example by heat

sealing.

The invention method also provides a method of waterproofing a
structure to prevent ingress andjfor egress of aqueous fluids

including the steps of providing a plurality of sheets each in
the form of a laminate of a support sheet and a layer of cohesive
smectite, formed from a plastic mass, laying the sheets to cover
the surface of said article in overlapping relationship and

protecting said sheets against accidental damage in use..

The invention further provides a method of sealing a site
including providing at <that site apparatus as aforesaid,
transporting smectite and other substance(s) to the site, making
. the material of the invention at the site and laying the material

of the invention directly at the site after manufacture.
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- 37 - and be united with the support/cover sheets.;
extrusion of a thin layer of the plastic mass contalnrng
is desirable, as it can be 3 or nore

ALt hough 'the.
 nDntnDr|IIon|te

- 18 -

The invention also provides roofing material in the form of a

support sheet in combination with a layer of swellable smectite

formed from a plastic mass.

The invention still further provides a roof incorporating as part

of its water proofing layer, a layer of swellable smecite clay

formed from a plastic mass.

The layer can be part of the material as aforesaid or can be of

other convenient construction.

The invention still further provides a seal for a pipe or other

plumbing fittings incorporating or consisting of a body formed

from a plastic mass of smectite.

The smectite can be in the form of a sealing ring or annulus or
can be provided as a continuous length for wrapping around
joints. The sealing material can be made by the aforesaid

methods of forhing a plastic mass and extruding, cutting or

moulding therefrom. The smectite can be formed in other ways,
for example by dry powder moulding to form a cohesive mass. The
sealing material can be provided with a surface layer, for
example by having a surrounding sheath of net or like support
material. Internal reinforcement can be incorporated if necessary
and such internal reinforcement can, if desired, be connected to

outer support layer(s) on the body of montmorillonite. The
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metres wi-de, it could well be that a three nmetre wi de extrusion nozzle is
ei ther expensive, slow, or requires inordinate anmounts of power to be_ _
successful. Such a extrusion nozzle (29) is shown in ﬂlgure 9 whi-ch . al so
shows an alternative which will be described |ater. Lt i's éxpected 't hat
the mass will be extruded as a rod and rolled flat. Domnstrean1of the i
nozzle (29) the layer (30) of nmontnorillonite- containing plastlc mass 1.S
| evel l ed and formed into a uniform™ &Rlnterrupted Iayer :This can be

achi eved by neans of an initial doctor blade (31) or nnre [ikély, a = |
roller, and subsequent sizing

sealing body of montmorillonite can be wholly or -partlal
surrounded by an impermeable or partly permeable sheet. Such
sheet can be arranged to allow water to.énter therein but not to
leave so as to swell the montmorillonite within the sheath and

to urge part of the sheath into sealing engagement with its

surroundings. Such an arrangement can prevent extrusion of the

The invention provides as a second feature thereof a

waterproofing material in the form of a body of material formed

from a plastic mass, wherein said plastic mass contains a

smectite/liner intercalation complex.

The liner can closely bind sodium cations to the outer layers of
plates of the smectite structure therefore reducing the

possibility of their replacement by calcium cations.

Alternatively the lining can replace the sodium cations leaving
a generally neutral face which can absorb water by capillary

action, but which is generally neutral and therefore does not

attract calcium cations.

The liner used will normally be an organic compound compatible

with the outer layers of the smectite plates. Suitable compound

can be sugars such as fructose, glucose, dextrose and the like
which have comparable molecular shapes and will complex with the

tetrahedral layers on the outside of the plate.

d
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rollers (32) to (34). The pairs of sizing rolls (32) :(33) (34) can effect
kneading and levelling of the fluid material and subseguent.size.thickness
reducti ons. Figure 6 shows one of the rollers and shows Ihe*plastlcs
material extruded outwards beyond the edge of the conveyor and being
renoved by trinmm ng knives (36). At one of the sets of -roilérs (32) (33)
(34) there is fed a web of cover sheet (37), froma supply roll (38). of
course, if roll - 20 - P %

|

A further and desired liner is an acrylate. The material can be

added as the polyacrylate or an acrylation process can be carried S

out in contact with the clay.

Another possible liner is alkylammonium trimethyl alkyl ammonium.
The acrylate can have the formula shown in figure 2.

Although the sodium salt of polyacrylate is shown other cation

forms can be used.

In the sodium cation form the acrylate can replace the sodium

cations which normally coat the outer layers of the smectite

plates.

The acrylate polymer can be doped with various desirable material

to alter various properties of the clay.

One particular doping agent is glycerol. The introduction of
glycercl can increase the flexibility of the clay so that a

length of the clay can be bent easily without breaking.

Methanol can also be introduced as a useful material for

increasing the flexibility and reducing the stiffness of the

mixture thus assisting in its processing.
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- 38 - (32) or (33) and (34) are needed to effect creatiaon.of. a-uni-fiorm
flat layer of the nontnorillonite containing nass, appllcathon “of*. the'

cover sheetAcan be left until roll (34). However, this ", i s not desirablie as
rollers (32) and (33) are best protected from the plastlc,nnnnnerpllonlte
| ayer by the cover sheet (37). The I|qU|d whi ch conver&s t'he pomdered

montnorillonite into a R |
- 21 - : '

The invention further provides a method of treating a smectite
clay to form a leach-resistant clay including the step of
reacting it with a liner capable of comblexing with faces of the
clay structural plates adjacent the interlayers to form a coating

which resists replacement of sodium cations.

The liner can be polyacrylate.
The liner can be alkylammonium timetheyl alkylammonium.

The liner can be mixed with the clay as a monomer or in the

polymer form and in the first case can polymerise within the

clay.

The invention includes a smectite clay made by the method

aforesaid.

The invention also provides a smectite clay having interlayers
provided with an organic liner preventing replacement of sodium

cations and capable of absorbing water and swelling.

A further problem of smectite clay when used as a waterproofing
material, is that its function is very dependent on the amount
of montmorillonite used. For example when a body of a
montmorillonite is constrained between two surfaces, such as the

concrete of a structure and the ground, when contacted by water

Thl
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plastic fluent mass will need sone degree of subsequent. treatnent for
exanpl e by evaporation,drying or partial chem cal change se as - to ensure

that the final material can not deformfurther in use; | 0. storage. :

This can be effected by neans of a treatnent faC|I|t§ |nd}cated by the
ref erence nuneral (39). In the illustrated apparetys: the t r eat ment
facility (39)is wll be in the formof an oven mhICh§MA|| reduce the ;
sol vent water content of the nontnori?*onite containiing..layer..from-20%
down to 5% or |ess. The treatment Hot air is supplied at an inlet (41)

and | eaves via outlet (42).
it swells and forms the aforesaid high pressure layer which

prevents ingress of water to the structure and therefore -
effectively waterproofs it. To increase the waterproofing
efficiency of the clay body, larger quantities of montmorillonite
can be used. However, higher quantities of montmorillonite mean
thicker sheets of material which are more difficult to handle and
which are heavier have more transportation costs and are bulky.
In sheets which consists principally of particulate
montmorillonite there can be significant difficulty in getting
a large quantity into a small area. Sheet material used for
waterproofing in ground situation or for roofs, walls and the
like tend to have relatively low densities. This is because they -
are generally made from particulate montmorillonite adhered to
a supporting sheet as of plastics material or textile material
and secured thereto by a variety of means ranging from adhesive

to needling to sewing or by embedment in a mesh of fibres.

It is a further object of the present invention to provide an

improved smectite waterproofing material.

The invention provides a smectite clay waterproofing material

having a density greater than 1000 kg. m?3.

The waterproofing material can be a sheet at least a metre wide

and desirably up to four metres wide or more.

et Has Been Replaced

TN



After leaving the treatnent facility (39) the laminate (Abjﬁféah 'be:ﬁ”ﬁ'ﬁ
allowed to cool and then be fed to a store roll (44). A knife or the |ike
can be provided for cutting the laminate as it |eaves theioVen*mhen.rol

(44) is full. As discussed previously in relation to the extrusion of
t he .

)

- 23 -

The invention further provides a waterproofing material including
smectite clay in combination with an organic material forming a

liner on its interlayers and having a density greater than 1000

kg m3.

The material can be formed by rolling, extrusion or the 1like.

Desirably the material is extruded.

The invention additionally provides a method of forming a SLIC
wherein alcohol is used to facilitate introduction of the liner
into the smectite interlayer and to remove excess liner..

N.B Introduction and removal seem contradictory? If excess

acrylate is removed, where does it go to?

The alcohol can be méfhyl alcohol, ethyl alcohol or any higher
fluid alcohol.

The invention also provides a method of forming a SLIC including

exposing the forming complex to suction remove gas whilst

reaction is proceeding.

The gas will usually be air but may be air together with by-

- product gas form the reaction.

Desirably the degassed material is subsequently subjected to
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- 39- The mtial heconsistency of the plastic/fluent. nmass: contalnln'girE

nmontnorillonite can vary widely fromalnost a liquid cdndltlon “to.a’ stiff
paste. When water is used, the stiffer the paste the better as’ wat er Has
to be expelled by passage through the oven. Again in the ease. @f"": organi c
or organic containing mxture substances the stiffer the: mat eri al the | ess
| ater treatnment is necessary to render the final Ian1nate stable and
non-deformabl e during transportati-od4and storage and use. This process
will usually involve evaporation conparable to oven drying or a

pressure.

The invention also provides a method of forming a SLIC including

exposing the forming complex to pressure during reaction to

increase the density of the product.

Desirably the pressure is used after a suction treatment which
has removed excess air and possible other gases. The pressure
step can, therefore, reduce the number of voids in the product
as well as urging the molecules of the product closer together

to enhance the reaction to produce a denser product.

Desirably the density of the product is greater than 1000

kilogrammes per cubic metre.

The pressure can be applied by extrusion or by passing the
forming material through rollers, or by any other convenient

neans.

We have also found that the temperature at which the reaction
between the smectite and the.liner takes place is important. The
invention therefore, further provides a method of forming a SLIC
wherein the reaction is constrained to proceed at such a rate as
to ensure that the temperature of the forming product varies

between 15 and 30°C. Desirably the temperature is maintained in

a range from 20 to 25°C.
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treat ment. As has previously been mentioned the use of ! a very mnde 3=1'ﬁ
extrusion nozzle (.29) may not be practical in view of tme ‘power required .
for such a device. Instead, as illustrated in figure 6 a $mallgr .. extru5|on
or fluid delivery nozzle (45) can be used which can be unt ed” sb as 'to
performa generally sinuous path transversely of the direction. of travel
of the run (17) of the belt (15). Thus, the nozzle (45) can follow a path -
indicated by the line (46). By alfe??ng t he speed of travel of the-nozzte
and/or the rate of delivery of the fluent material it can be assured that
sufficient material is applied to the belt to allow a | ayer of

Where the product is subjected to pressure as aforesaid it is

desirable that the pressure is applied when the temperature is £

within the ranges aforesaid.

A further disadvantage of existing smectite-based waterproofing
materials is that upon exposure to water they tend to swell (this
is the very factor which gives them there waterproofing
properties in that they produce an area of such high pressure of
additional water can not penetrate). However, the pressurerise
can tend to be very high and, therefore a very significant
overlay of either a heavy earth layer (for example one to two
metres) or up to 3" or more of concrete are necessary in order

that the expansion pressure of the smectite cannot cause movement

or displacement of any structure.

Accordingly the invention provides, as a further feature a SLIC

having a significantly reduced expansion pressure compared with

known smectite based waterproofing material.

The expansion pressure can be as low as 10mm of concrete as

carried out in the test later defined herein.

As a further feature the invention provides a barrier against
aggressive ionic fluid, the barrier being in the form of a
constrained layer of a SLIC, wherein interlayers of the smectite

have been treated with said liner to form the complex, the
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desired thickness to be formed throughout the area of the beitm ‘Wi t-hout -

voi ds, cracks or the like which would be nost undesirable.!l Té:.this .end it
iS-advantageous if the material can be applied to sone S|dn|f|cant ‘access:

and after having been formed into a uniformcoherent |ayer; excess

mat eri al extruded ‘ 40 -

- 26 - ?

interlayer being capable of absorbing water to swell the complex
to a barrier pressure and said liner preventing ion exchange

between said fluid and the smectite.

The fluid will normally be aqueous and can be highly ionised
fluid such as leachate or fluid containing fertilizer and the
like. However, the barrier can be equally effective against
organic fluids or fluids containing organic material, as- the
smectite interlayers remain proof against ion exchange with such
fluid. Further, it is desirable that the liner be inert in

order that its possiblity of reaction with materials in the fluid

is reduced.

The layer needs to be constrained in order that the barrier
pressure can be achieved. THe constraint can be a back-fill or
overlay of earth or other material or in solid structure an

adjacent or surrounding area of concrete or the like can be used.

A further problem with known smectite based waterproofing

materials is that it has been very difficult to secure then to

surfaces to be waterproofed. Whilst a flat or gradually sloping

surface can-be easily waterproofed simply by laying a sheet of

the smectite material thereon. When vertical surfaces (such as

adjacent edges of concrete panels) are to be waterproofed it has
been necessary somehow to attach a smectite based strip thereto.

Existing methods used have included the provision of rebates into
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si deways i s renoved by means of the trinmming knives or the:l
course, such nmateri al

mentioned that the support sheet and/or the cover
non-woven material. Wven nmateri al

strength with | esser weight

advant age,

nmontnorillonite

t hough t he

figures 4 and 10 the action of the rollers (32)

can be reclaimed and re-used. It has ‘been

however in that it can forma physical union wth the

containing core (11). The termcore (11)

cover sheet (13) may not Be*hrovi ded. As best seen in

which strips of seal material can be pushed and the use of clips

or nails. Although nails can be used they tend to be frowned

upon as they pierce a waterproof layer and they can introduce

metal ions into the surrounding water which may have a

detrimental effect. Because of the generally incohesive nature

of clays and their friability, adhesives have not been very

effective. Some heavy soaking adhesives have been used,

particularly the type of adhesive used in the adherence of

smectite particles to sheets. However these adhesives have a

great tendency to inhibit the swelling properties of the clay and

to react adversely.

Accordingly the invention provides a method of securing a seal
material to a surface wherein the seal material is a SLIC,

comprising use of an adhesive compatible to the liner to cause
adhesion.

Where the liner is a polyacrylate the adhesive can be a cyano
acrylate adhesive.

Because molecules of the liner extend outwardly from the

particles of smectite they form a very convenient anchor which

can become attached to glue molecules. Because they thenmselves

are securely anchored within the interlayer they form adhesion

between the entire complex and the structure to which the complex
is to be adhered.
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(33) and (34)

rmaterial

need for any adhesive, which is an expensive R

and unrel iabl e’ conponent
As the core is treated in the facility (39) either by evaporation

chemcally so as to cause the core Loggharden there is a: physical
of the surface portions of the core (11) with

(12) (13) physically uniting themto the
adhesi ve.

or

Desirably the adhesive used is an ephemeral adhesive which will
hold the seal material for a sufficient period of time to allow
it to be installed and for further -structure to be formed
adjacent, but will soon degrade to allow water entry so as to

avoid the provision of any adhesive film or layer which might

allow water seepage past the seal.

The invention further provides a method of making a fluid barrier

including forming blocks of a high density SLIC and arranging

said blocks in a laver.

The layer can be a wall; a floor or a roof. The blocks can be

bonded as bricks.

A bentonite containing paste can be used as a lute. The paste

can contain a SLIC.

The invention will be described further, by way of example, with

reference to the accompanying drawings wherein;

Figures 1 and 2 are cross sectional view illustrating overlap

joints in the prior art and their disadvantages;

Figure 3 is a cross sectional view illustrating a preferred

waterproofing material of the invention;
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This has two inportant consequences.

- 41 - Firstly, because a good portion of the sheets (12) and (13) are.
enbedded within the material of the core, only a snalﬁ porthn of .t he body
of the fabric is exposed above the surface. In use that f&bri ¢ surface;
will be in contact either with anchoring i !

i

- 29 -

Figure 4 is an enlarged cross sectional view illustrating a

surface of a preferred material of the invention;

Figure 5 is a schematic view illustrating the apparatus of the

invention suitable for carrying'out a preferred method of the
invention;

Figure 6 is a plan view of part of the apparatus of figure 5 and

illustrating two possible variations;

Figure 7 is a view similar to figure 3 but illustrating a

modified material of the invention;

Figure 8 is a view similar to figure 7 but illustrating a still
further modified material;

Figure 9 is a view comparable to figure 1, but illustrating an

overlap join made using the material of the present invention;

Figure 10 is an enlarged view of the portion ringed at numeral
10 in figure 9.

Figure 11

is a basic two dimensional sketch illustrating

structure of montmorillonite;

Figure 12 is a chemical formula illustrating the structure of an
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overburden (at |east 150mm of overlying material is reconnended to protect
such | ayers)or the underlying earth. The overburden or . the earth.’ = i
penetrates the fabric quite easily ( it is a very open; f.abric and after;
there is intimate contact with both the overburden and theliinderlying’® !
earth). This again has two inportant consequences. Flrstly, once the?
support layer (12) (which will normally be in contact With underlying
earth) is intimtely connected by t earth, ground water enters,. :
contacts the nontrorillonite and causes smelllng whi ch creates, a seal.
It is a further advantage that because of the intinmate contact of t he
underlying soil or the overburden with the nontnorillonite
acrylate useable in the invention;

Figure 13 is an enlarged view illustrating the structure of

montmorillonite;

Figure 14 is attempted three dimensional representation of

montrorillonite after acylation;

Figure 15 is a view similar to figure 4 but illustrating the

addition of doping elements; and

Figure 16 is a view similar to figure 5 but illustrating the

microscopic effects of the acrylation.

The preferred waterproofing material (10) of the invention is a

laminate <consisting of a core layer {11) containing

montmorillonite. The core layer (11) is united with a support

sheet (12) and is desirably but not essentially overlaid by a
cover sheet (13).

The essentials of the material (10) of the invention will

probably be best apparent from a detailed description of the way

it is made and the apparatus (of the invention) which is used to
make it.

Referring, therefore, to figure 5 it will be seen that a
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through the support and Cover sheets (12), (13) there is no- “possibility
that either the cover sheet (13) or the support sheet(12) - -can al l ow any
venting of gas laterally though the fabric. second“advantage of

this is illustrated in figures 9 and 10 whi ch dré cbhparable to figures
1 and 2, but relate to the present invention. tlm figure 9 a first

pi ece (47) of the material of the invention is shoWwn overl appi ng ‘a | ower

pi ece (48), both lying on the grougﬂt(49) Thel overl.ap-eover--sheet
(50) of the second sheet (48) is inc act with the support sheet (51)
on the piece (47). As illustrated in figure 10 the

preferred apparatus (14) of the invention comprises a conveyor

(15) having an upper run (16) and a lower run (17) entrained

about end rollers (18) and (19). The upper run (16) travels from

left to right in figure 5.

At the upstream end of run (16) a sqpport sheet (20) is fed from

a supply roll (21) by a guide roll (22) so as to run on and in

synchronism with the conveyor (16).

The support sheet (20) is a sheet of woven or non-woven textile
material (preferably woven) which is relatively loose weave,

being quite poreus in a direction transverse to its plane.

The web forming the support sheet can be made of any geotextile

material which is suitable for disposal within the ground for

long periods. Typical materials for weaving or forming the

fabric of the sheet (20) can be polypropylene, polyesters

including ﬁylon, and many other plastics materials alone or in
blends. The material should be sufficiently strong to support
the composite laminate to be formed and can be similar to many
of the facing sheets used in relation to the prior known
materials discussed in the introduction hereto. Polypropylene and

cotton mixers can also be used. A typical support and/or cover

sheet can be of a print weave and of a weight 700g per sg.metre

Downstream of the supply roll is a hopper mixer (23) in which

pC
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- 42 - sheets (50) and (51) are in intimte contagt and they are’
significantly penetrated by nontrorillonite fromthe respective
the two panels. Upon entry of water in the direction of arraw (52) or- (53)
the nontmorillonite in one or each of the cores can:swell”and expand into
the unfilled portions of the fabrics (50) (51) and torn1ng“ effectively a
continuous | ayer of L :

- 32 - ! T
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cores of

particulate montmorillonite can be supplied as indicated by the

arrow (24). The particulate montmorillonite can be supplied from o

a mill or like supply and in the preferfed embodiment is of 200

mesh. Finer mesh can be uséd although great advantages are not

obtained. Meshes up to 50 mesh can be used, but at sizes greater

then 100 mesh, union between the montmorillonite particles is
less effective.

The process which takes place in the hopper mixer (23) can be

either a continuous or a batch process. Within the hopper mixer

(23) a measured gquantity of montmorillonite is mixed with a

measured quantity of one or more other substances to proguce a

fluent mass. The other substance(s) can be supplied from a tank

or comparable supply (25). The substance(s) (26) will normally

be fluid and when mixed with the montmorillonite will form a

shapable mass. A liqﬁid used can be an organic liquid such as

glycerine, diesel o0il or comparable oils or mixes thereof, gels

and other plaétic or deformable mass-forming substances.

However, for economy and for ease of handling and simplicity the

desired substance is water. In the preferred embodiment of

method of the invention water is mixed with the montmorillonite

there being approximately from 10 to 30% water, desirably about
15 to 20%.

Alternatively or liquid such as alcohol can be used. Methyl,

ethyl or propyl alcohol can be used. Methyl is preferred. It

This Sheet Has Been Replaced




expanded nmontnorillonite uniting the two cores and prOV|d|ng a

wat er tight seal. As nmentioned earlier, the |nvent|0n includes the
wat.eproofing material itself, the nethod of an apparatus for: :produci ng’ it
and a met hod of materprooflng a structiure, |nclud|ng'the steps of placing
sheets material of the invention in overlapping 1ralat|onsh|p and

pl aci ng overburden to protect the sheets agalnSt danage In use—

The invention is not limted to the pretise details of ‘“-the~ foreg0|ng and
vari ati ons can be nmade thereto. .

'cOanefer

therefore needs less drying power than water. It can be

reclaimed and reused.

It is envisaged that although a fluid will normnally be mixed with
the montmorillonite to convert” it into a fluent body it is

possible that some powdered or other non-fluid material could be

used. For example, a sticky powder such as a soap or adhesive

could be mixed with the montmorillohite to create a pasty plastic

deformable mass which could be extruded or spread to form a

sheet. However, in view of the likely expense of such materials

and the difficulty of mixing it is not felt that these will be
practical.

The mixture is, in the preferred embodiment as mentioned pure

water. However, where the final product is to have special

qualities the chemicals of those special qualities can be

included in the mixture of water.

In making a typical product in accordance with the invention §

killogrammes of montmorillonite were mixed with 0.446

killogrammes of sodium carboxymethyl cellulose (CMC), 2.5 litres

of methanol and 1.8 litres of water. Both the CMC and the

methanol make the mixed and kneaded product more flexible and

extrudable. Water can effect this process, but the more water

that is used the more heat is required to drive it out. This
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A further disadvantage of existing nethods of waterproofing |arge sites
such as pond filled sites, ponds, |agoons and the like is.--that the .

material has to be made in bulk in a factory and then transported to the
site. The material is manufactured in as w de a width as possible

consi stent with manufacturing problens and transpiratid. 'l ngasinlar

manner the I ength of the | oad which can be transported.ls strlctly
limted The material may be = 34 -

means added expense.

Although the above particular mixtures have proved suitable many

variations can be made.

Methanol alone or water alone can be used, but neither of these

is satisfactory.

The 'material desirably contains a bulking agent, an anti

fungicidal preserving agent, to prevent growth of mould in or on

the material and desirably a lubricant to assist in the

extrusion process and convey also a degree of flexibility.to the. .

plastic mass. CMC is a very desirable substance in that it

provides all these properties. It has anti -fungicidal

properties, it is a lubricant and it makes the product more

flexible. Tt also has the great advantage that upon contact by

water, in use, it dissolves. Those areas of the outer surface

of the material when first contacted by water have the CMC
dissolved out of them leaving micro pores into which more water

can penetrate, wash out more CMC and cause rapid expansion of the

adjacent montmorillonite. This greatly increases the rate of

water transfer into the material. A bulking agent which dissolves

in water and aids water ingress to the montmorillonite is very
desirable.

This Sheet Has Been Repl
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- 43 - froma mnimmof 4 up to 10 or 20mm or nDre.ln thi.ckneess;, “t:he
| ength of roll which can be transported is not very hlgh ‘On" large sites
the elimnation of |arge amunts of joints a the eI|n1nat|on of road .

transportati on can nmean significant cost savings. The gppar atus” of: the

I nvention can be divided into a nunber of nobile unit§ for exanple t he
mai n conveyor, the m xi ng hopper

i

- 35 - !

Instead of being provided by a single material these properties

can be provided by other materials. Although many synthetic

materials do have these properties, they tend to be expensive and

sinple plant extracts which are much cheaper are desired. As a

bulking agent/lubricant guarguﬁ can be used or starch. In

connection with these two materials a separate preservative such

as any conventional anti fungicidal or micro agent would have to
be used.

Any convenient liquid alcohol can be used having from 1 to 12

carbon atoms. Above the 12 alcohols tend to be too viscose for

use but below that number any convenient alcochol can be used. It

is expected, however, that methyl alcohol will be used because

of its cheapness and easy availability. The cC can be in the

form of sodium carboxy methyl cellulose or any other convenient

conpound thereof. ‘Protection against bacterial attack is

important becausé the bacterial reactions can produce hydro

carbons which react with the sodium irons in the clay. This can

reduce the sweliability of the clay.

As a possible variation a soluble coating can be provided to

surround a body of material of the invention. This can be

arranged to degrade over a relatively short period of time (such

as a week). This would enable block seals and the like to be

installed without becoming greasy and unhandlable due to adverse

weather conditions, but would not affect the function of material

Replaced
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and the drying could formthree separate u t | oads. It is nentioned

earlier,

expandabl e nontnorillonite clay into a flat
the whole or a significant part of the water proofing coﬁponent t her eof
The material of the invention is particularly s table for 'this:.purpose as

it can be

nmontnorillonite sheets w thout then1be|ng very expensive. | Thus,
case of a roo which has stands the nontnorillonite sheet sent
can be laid to extend not only the flat surface but "al'so’

i nvention

the invention envisages the use of a material ggmurising: -
or slightly slepping: r oof - as

laid on relatively higher3gslopes then preV|oust known |

upstands to forma water proof |ayer. The

to swell in use after a brief period of time.

The montmorillonite used is desirably sodium montmorillonite but
calcium montmorillonite or treated calcium montmorillonite and
other smectites can also be used. As shown the materials are
first mixed by means of a mixer (27) and then extruded by screws
(28) to an extrusion nozzle (29). Where the fluid mass is
spread out as a thin layer covering the entire width of the

conveyor run (16).

If the reinforcement is required within the montmorillonite
layer in order that it can be laid on steep slopes without loss
of function it can be desirable to incorporate within the
plastic mass a reinforcing layer. This can be done by embedding
the reinforcing layer into the mass as it is being extruded or
it is being spread out into a layer. The reinforcing layer can
be made in the form of a core having bristles or comparable
formations extending outwards which, with the core disposed
centrally in the body of montmorillonite extend to the surface
thereof and contact and possibly project through the surface
layers. The material of the reinforcement and the surface
layers can be made such that the exposed bristles can be heat
sealed to contact and be secured to the outer layers. It is
envisaged that it would be possible for the montmorillonite mass
to be extruded or formed into a pair of sheets and the
reinforcement feed between them and to have its bristles
projecting through each of the two part layers of the

montmorillonite core and project to the other surfaces thereof

\&ﬁ
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montnorillonite core will normally be laid by several cm of

gravel or
like material providing a bearing |ayer protecting the :nmontnor |onit.e
beneat h. The nontnorillonite used wth, desir bly,-be of the sort
whi ch can be allowed to dry out and be rewted repeatedly as this wll
often happen to a roof stucture I R v
44 - Lo
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and be united with the support/cover sheets.

Although the extrusion of a thin layer of the plastic mass

containing montmorillonite is desirable, as it can be 3 or more

metres wide, it could well be that a three metre wide extrusion

nozzle is either expensive, slow, or requires inordinate amounts
of power to be successful. Such a extrusion nozzle (29) is shown

in fiqure S which also shows an alternative which will be
described later.

It is expected that the mass will be extruded as a rod and rolled
flat.

Downstream of nozzle (29) the layer (30) of montmorillonite

containing plastic mass is levelled and formed into a uniform

uninterrupted layer. This can be achieved by means of an initial

doctor blade (31) or more likely, a roller, and subsequent sizing
rollers (32) to (34). The pairs of sizing rolls (32) (33) (34)

can effect kneading and levelling of the fluid material and

subsequent size thickness reductions.

Figure 6 shows one of the rollers and shows the plastics

material extruded outwards beyond the edge of the conveyor and

being removed by trimming knives (36).

At one of the sets of rollers (32) (33) (34) there is fed a web

of cover sheet (37), from a supply roll (38). Of course, if roll

\aced



As mentioned earlier the invention envisages the -use of .= .
nmontnoril |l onite expandabl e clay as seal ant in pipes §nd other pl unbi ng.
The nontnorillonite material can be in the formof nifgs, annular strips
or sheets and incorporated in underground drainage ar (supply. i pes,

donmestic plastics or netal pipes and conparable pIanlng I nstal |l ati ons.
The cheapness of the nontnorillonite neans that tihey-are ready and:

cheap substitute for rubber or plast+casealing ringsi and are cheap. enough
to be replaced when ever the joint needs to be opened or" Tepl aced. In
this case the use of an al cohol or a conparable liquidis

(31) or (32) and (33) are needed to effect creation of a uniform
flat layer of the montmorillonite containing mass, application

of the cover sheet can be left until roll (34). However, this

is not desirable as rollers (32) and (33) are best protected from

the plastic montmorillonite layar by the cover sheet (38).

The substance which convert the powdered montmorillonite into a

plastic fluent mass will need some degree of treatment, for

examﬁiéfby'evapopation,ndrying or partial chemical change so as

to ensure that the final material can not deform further in use

or in storage. This can be effected by means of a treatment

facility indicated by the reference numeral (39).

When the mixture substance is essentially water or an evaporable
liguid the treatment facility (39) will be in the form of an oven
and will reduce the solvent water content of the montmorillonite

containing layer from 20% down to 5% or less. The treatment

facility can be in the form of an oven casing (40) to which hot

air is supplied at an inlet (41) and leaves via outlet (42).

After leaving the treatment facility (39} the laminate (40) can

be allowed to cool and then be fed to a store roll (44). A knife

or the like can be provided for cutting the laminate as it leaves

the oven when roll (44) is full.

As discussed previously in relation to the extrusion of the

This Shee
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advant ageous because the oven stages do not have to he:as -l-ong - ‘and. as
powerful as is necessary in the case of driving matar from’

nass. Wien Carrying the invention into effect u§|ng a SLIC, there can
be used a polyacrylate as the liner in a futher specfiéf exanple of the
Invention a quantity of untreated sodiun1nDntnDr|lIDn|te and

approxi mately 10% by wei ght of a polyacrylate of the"foriiila shown in
figure 2, from2%to 7% of [

a sodi um aar boxynet hyl ceIIuIO§ew(Cn(3 -14% of
met hanol and 5% of gl ycerol

were intimtely nmixed together. Kneadlng and
m xing were continued until the m xture reached a suitable consistency

for extrusi oniguctTRhd CRHst ke dyP e e Pl W0k e NUHER P Gontaining

montmorillonite can vary widely from almost a liquid condition
to a stiff paste,

t he: plactlc

When water is used, the stiffer the paste the
better as water has to be expelled by péssage through the oven.
Again, in the case of organié'or organic~containing mixture

substances the stiffer the material the less later treatment is

necessary to render the final laminate stable and non-deformable

during transportation and storage and use. This process will

usually involve evaporation comparable to oven drying or a

chemical treatment.

As has previously been mentioned the use of a very wide extrusion

nozzle (29) may not be practical in view of the power required

for such a device. Instead, as illustrated in figure 6 a smaller

extrusion or fluid delivery nozzle (45) can be used which can be
mounted so as to perfbrm a generally sinuous path transversely

of the direction of travel of the run (17) of the belt (15).

Thus, the nozzle (45) can follow a path indicated by the 1line
(46) . By altering the speed of travel of the nozzle and/or the
rate of delivery of the fluent material can be assured that
sufficient material is applied to the belt to allow a layer of

desired thickness to be formed throughout the area of the belt

without wvoids, cracks or ¢the 1like which would be most

undesirable. To this end it is advantageous if the material can
be applied to some significant access and after having been

formed into a uniform coherent layer excess material extruded

This Sheet Has Been R
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necessary for sinple nixing as the chemical reaction between-the ‘acrylate

and the structural
emtted by such reaction is an
i nportant factor in bringing the plastic nmass

pl ates of the clay takes sone tine

]
i
1
i
A

i
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sideways is removed by means of the trimming knives or the like

(36) . Of course, such material can be reclaimed and re-used.

It has been mentioned that the support sheet and/or the cover

sheet can be of woven or non-woven material. Woven material is

preferred but it gives significant strength with lesser weight

of materials. A non-woven material might have advantage, however

in that it can form a physical union with the montmorillonite

containing core (11). The term core (11) is used even though the

cover sheet (13) may not be provided.

As best seen in figqures 4 and 10 the action of the rollers (32)
{33) and (34) is to cause the support/cover sheets (12) (13) to
be partially enmbedded in surface zones of the plastic mass of
material forming the core (11) whilst the core is in a plastic

state. There is no need for any adhesive, which is an expensive

and unreliable component.

As the core is treated in the facility (39) either by evaporation
or chemically so as to cause the core to harden there is a

physical locking of the surface portions of the core (11) with

portions of the fabrics (12) (13) physically uniting them to the

surface without the need for adhesive.

This has two important consequences.

Mﬁd

to occur. The heat
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to a suitable consistency and structure. Once this hé&fdcbufred (Its !
occurrence can be tested by initial trial extrusions.: The . products

of such extrusions, if unacceptable can be returned: f@r recycilng) t he
mxture is passed to an extruder where it is driven t owards an extrusioni

screw, and subjected to a suction stage to remove signi'ficant[y al

1
entrained gas fromit before being extruded in the formiof a _rape,- p%e#k#e
or sheet as desired.

The nmontnorill goite used in the process is finely
ground and has the structural

formul a and shape shown in figure 1, the
Firstly, because a good portion of the sheets (12) and (13) are

embedded within the material of the core, only a small portion

of the body of the fabric is exposed above the surface. Thus, in
use that fabric surface will be in contact either with anchoring

overburden (at least 150mm of overlying material is recommended

to protect such layers) the underlying earth. The overburden or

the earth penetrates the fabric quite easily ( it is a very open

fabric and after there is intimate contact between the overburden

and the underlying earth). This again has two important

consequences. Firstly, once the support layer (12) (which will

normally be in contact with underlying earth) is intimately

connected by the earth ground water enters contacts the

montmorillonite and causes swelling which creates. a seal.

It is a further advantage that because of the intimate contact

of the underlying soil or the overburden with the montmorillonite

through the support and over sheets (12), (13) there is no

possibility that either the cover sheet (12) or the support sheet

can allow any venting of gas laterally though the fabric.

The second advantage of this is illustrated in figures 9 and 10

which are comparable to figures 1 and 2, but relate to the

present invention.

In figure 9 a first piece (47) on the

material of the invention is shown overlapping a lower piece

(48), both 1lying on the ground (49). The overlap cover sheet

(50) of the second sheet (48) is in contact with the support

sheet (51) on the piece (47). As illustrated in figure 10 the

\a(‘«e
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cations in the interlayer being essentially sodiumcations. During t he
reaction the clay becones acrylated and the |ong organic: chalns of =

pol yacryl ate penetrate into the interlayers and displacé.water. ﬁu the
particle surfaces, polyacrylate bonds wth strong hydrogen bonds to the
free unsatisfied OH groups. This effectively shields: theﬂsodlun1cat|pns
thus greatly resisting their replacenent by cal cium cations in

contam nated ground water. On the pyrsocpic scale(mhlch IS~ |Ilustﬁated
very schematically

in figure 6) a particle of clay.conS|sts of a _plunality
of smal |

sheets {50) and (51) are in intimate contact and they are

significantly penetrated by montmorillonite from the respective

cores of the two panels. Upon entry of water in the direction

of arrow (52) or (53) the montmorillonite in one or each of the
cores can swell and expand into the unfilled portions of the
fabriecs (50) (51) and forming effectively a continuous layer of

expanded montmorillonite uniting the two cores and providing a

completely water tight seal.

As mentioned earlier, the invention includes the waterproofing

material itself, the method of an apparatus for producing it and
a method of waterproofing a structure including the steps of
placing sheets material of the invention in overlapping
relationship and placing

overburden to protect the sheets against damage in use.

The invention is not 1limited to the precise details of the

foregoing_and variations can be made thereto.

A further disadvantage of existing methods of waterproofing large
sites such as pond filled sites, ponds, lagoons and the like is

that the material has to be made in bulk in a factory and then

transported to the site. The material is manufactured in as wide

a width as possible consistent with manufacturing problems and

transpiration. In a similar manner the length of the load which

can be transported is strictly limited. The material may be

This Sheet Has Been
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structural plates between which the helical

- 46 - are di sposed. The surfaces of the
are

acrylate nol ecul es_

ey

hel i ¢al - acrylate nnlecules
bonded to the tetrahedra within the faces of the’ structure. plates

opposite the interlayers and project beyond the edges .of the partlcle
This projection of the acrylate nol ecul es beyond the Poar

- 43 -

from a minimum of 4 up to 10 or 20mm or more in thickness , the

on

length of roll which can be transported is not very high.
large sites the elimination of large amounts of joints and the

elimination of road transportation can nean significant cost
savings.

The apparatus of the invention can be divided into a number of

mobile units, for example the main conveyor, the mixing hopper

and the drying could form three separate unit loads.

It is mentioned earlier, the invention envisages the use of a

material comprising expandable montmorillonite clay into a flat

or slightly slopping roof as the whole or a significant part of

the water proofing component thereof. The material of the

invention is particularly suitable for this purpbse as it can be

laid on relatively. higher slopes then previously known

montmorillonite sheets without them being very expensive. Thus,

in the case of a roof which has stands the montmorillonite sheet
of the present invention can be laid to extend not only the flat

surface but also upstands to form a water proof layer. The

nontmorillonite core will normally be laid by several cm of

gravel or like material providing a bearing layer protecting the

montmorillonite beneath. The montmorillonite used with,

desirably, be of the sort which can be allowed to dry out and be

rewetted repeatedly as this will often happen to a roof

structure.

heet Has Been Replaced
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surface of the particle has a significant effect
by the clay. Thus although the acryl ate does, to soie: iextent: mask the

el ectro-chem cal water absorbi ng properties of thelclay by effectlvely
neutralising the sodiumcations in the interlayer theiexterding: heli cal
pol yacryl ate nol ecul es extending outwardly fron1thelpart|cles have aE
surface tension effect which draws water towards the particles and cayses
it to enter into the interlayers by eapildary action thus causing.a- -
swelling of the particle which is conparable to the "€éctro-chenica

swel ling which previously occurred but which is not dependent on the

presence of cat QR Ybddd NehPPidlt &He?Y $h¥ention

in t-he-abortion “of -wat er

envisages the use of
montmorillonite expandable clay as sealant in pipes and other
plumbing. The montmorillonite materiai can be in the form of
rings, annular strips or sheets and incorporated in underground
drainage or supply pipes, domestic plastics or metal pipes and

comparable plumbing installations. The cheapness of the

montmorillonite means that they are ready and cheap substitute
for rubber or plastic sealing rings and are cheap enough to be

replaced when ever the joint needs to be opened or replaced

In this case the use of an alcohol or - a comparable liquid is
advantageous because the oven stages do not have to.be-as long

and as powerful as is necessary in the case of driving water from

the plastic mass.

When carrying the invention into effect using a SLIC, there can
be used a polyacrylate as the liner a quantity of untreated
sodium montmorillonite and approximately 10% by weight of a
polyacryiate of the formula shown in figure 2, from 2% to 7% of

a sodium carboxymethyl cellulose {(CMC), 14% of methanol and 5%

of glycerol were intimately mixed together. Kneading and mixing

were continued until the mixture reached a suitable consistency

for extrusion. This can take longer than would normally be

necessary for simple mixing as the chemical reaction between the
acrylate and the structural plates of the clay takes some time

to occur. The heat emitted by such reaction is an

This Sheet Has Been Re epla
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This has the inportant effect that any cations which enter wthin
interlayer can not replace sodiumcations and thus;.do not- -
capacity of the clay to expand, shrink and re- expan

I nstead of carrying out the nethod of the |nvent|on"h5|ng agrylate ot her
materials can be used. For exanple sugars such as frdbtose

gl ucose, dextrose can be used. Al act in very similar way to the acryllc
nol ecul e and have conparable and sinillgy _effects. The use of sugar may,
however, be undesirable

t-he
st reduce t he
,,fter dryi ng out.

important factor in bringing the forming smectite acrylic complex

to a suitable consistency and structure.

once this has occurred (Its occurrence can be tested by initial

trial extrusions. The proéucts of such extrusions, if

unacceptable can be returned for recycling) the mixture is passed
to an extruder where it is driven towards an extrusion screw, and

subjected to a suction stage to remove significantly all

entrained gas from it before being extruded in the form of a

rope, profile or sheet as desired.

The montmorillonite used in the process is finely ground and has

the structural formula and shape shown in figures 1 and 3, the

cations in the interlayer being essentially sodium cations.

During the reaction the clay becomes acrylated and the long

organic chains of polyacrylate penetrate into the interlayers and

displace water. At the particle surfaces, polyacrylate bonds

with strong hydrogen bonds to the free unsatisfied OH groups.

This effectively shields the sodium cations, thus greatly

resisting their replacement by calcium cations in contaminated
ground water.

On the microscopic scale (which is illustrated very schematically
in figure 6) a particle of clay consists of a plurality of small

structural plates between which the helical acrylate molecules

is Sheet Has Been Replaced
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- 47 - in some circunstances in view of its encouraqerre
gromh. O course, there may well be advantages in thij;
property in certain situations A further al ternatlve
al kyl ammoni um tri et hyl al kyl
very simlar to
simlar

nt-of m.crobial
particular -
liner material i$
amoni um whi ch can be used ifn2tihe manner |
t he pol yacrylic conpound to give a si m | ar corrpl ex WI th
~ 46 - . -
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are disposed. The surfaces of the helical acrylate molecules are

bonded to the tetrahedra within the faces of the structure plates

opposite the interlayers and project beyond the edges of the

particle. This projection of the acrylate molecules beyond the

surface of the particle has a significant effect in the abortion

of water by the clay. Thus although the acrylate does, to some

extent mask the electro-chemical water absorbing properties of
the clay by effectively neutralising the sodium cations in the
inter.jlayer the extending helical polyacrylate molecules extending
outwardly from the particles have a surface tension effect which
draws water towards the particles and causes it to enter into

the interlayers by capillary action thus causing a sw_élling of
the particle which is comparable to the electro-chemical swelling
which previously occurred but which is not dependent on the

presence of cations within the interlayers.

This has the important effect that any cations which enter within

the interlayer can not replace sodium cations and thus do not

reduce the capacity of the clay to expand, shrink and re-expand

after drying out.

Instead of carrying out the method of the invention using

acrylate other materials can be used. For example sugars such

as fructose, glucose,dextrose can be used. All act in very

similar way to the acrylic molecule and have comparable and

similar effects. The use of sugar may, however, be undesirable
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properties. Turni ng now to-the-second aspect of the invention reference
is again made- to our -prior- application 9218178.3 and -to.the- -

af oregoi ng description. In another exanple of making a snectlte clay wat er
proofing material in accordance with the second aspect df ‘the inventjon

t he met hod aforesaid is carried out with or w thout tHe abeylic’

mat eri al . In the- preferred nethod of this invention isodium

mont norillonite powder was ni xed with g pol yacryl ate, glycerol and

net hanol . The mass was mi xed together for sone fifteen minutes.and then
extruded through a 25nn1square orifice at a rate of about 0.5 netres per

second to oduce a e
pr &kstances in view of its encouragement of microbial

sone cxrc
growth. Of course, there may well be advantages in this

particular property in certain situations.

A further alternative liner material is alkylammonium trimethyl
alkyl ammonium which can be used in the manner very similar to

the polyacrylic compound to give a similar complex with similar
properties.

Turning now to the second aspect of the invention reference is

again made to our prior application 9218178.3 and to the

aforegoing description. In making a smectite clay water

proofing material in accordance with the second aspect of the

invention the method aforesaid is carried out with or without the

acrylic material. In the preferred method of this invention

sodium montmorillonite powder was mnixed with of polyacrylate

glycerol and methanol. The mass was nixed together for some

fifteen minutes and then extruded through a 25mm square orifice

at a rate of about 0.5 metres per second to produce a rope like

concrete sealing strip having a density of about 1350 kg m m3.

The actual density can be varied by varying the proportion of

materials in the complex.

acd



concrete sealing strip having a density of about 1350 kg m merr]. . The.
actual density can be varied by varying the proportion of". rraterlals in.the

conpl ex. - 48 - ;50‘_ course, The
wat er proofing material can be nmade w t hout using :

i ' s e
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0f course, the waterproofing material can be made without using

the liner such as'polyacrylate. In addition it is possible to

use CNC eitﬁer in addition to the acrylate or as a substitute

therefore. The CNC can be useful in varying the reaction rate

of the clay but it also has a préberty of forming, on the surface
of the extruded material a layer which improves the life of the

sealing material by resisting degradation and swelling by rain

over a first few hours or days.

In testing the smectite organic complex of the present invention
a layer of conventional particulate smectite clay waterproofing

sheet was laid on the ground and contacted with typical water

high in ionic leaching chemicals. After six hours the bentonite

layer had absorbed the liquid and had swelled to form a uniform

water retaining layer.

A complex according to the invention was similarly treated and

had, within six hours reached precisely the same condition.

The two sheets were then allowed to dry. In the complex clay

sheet according to the invention the sheet reduced in thickness

to its original thickness with no significant cracking. 1In the

untreated prior art clay particulate layer sheet there was
significant cracking and large gaps appeared in the material.

Both sheets where then rewetted (whether pure water or

contaminated leachate water was used made no difference). The
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the Iiner such as polyacrylate. In addition it |srp035|b+e to-use;;CMC
either in addition to the acrylate or as a substitute.

can be useful in varying the reaction rate of the clay but it also has a
property of forming, on the surface of the extruled erial--a | ayler whi ch
inproves the |ife of the sealing material by resisting degradation and
swelling by rain over a first few hours or days.! i--I-n testing the
aforesaid material of the present inyention a Iayer of conventi onal
particul ate smectite clay waterproofing sheet was |aid ontThe ground and
contacted with typical water high in ionic |eaching chemcals. After six
hours the ibent onite

prior art material, wherein clearly sodium montmorillonite had
been converted to

calcium montmorillonite there was no
significant re-swelling. The cracks remained and water was able
to penetrate through those cracks even after prolonged soaking
with water as would happen in an underground situation. The
prior art material was no longer waterproof and did not itself

form a waterproof layer by expansion.

Oon the contrary, however, the complex montmorillonite clay of the

present invention formed a uniform waterproofing layer.

In the past it has been possible to adhere particles of bentonite

to sheets to form cohesive layers, but rather large quantities

of adhesive have

been necessary and the bonds which may form with the bentonite

have not been particularly strong.

With a liner material incorporated within the actual structure
of the clay itself very strong adhesive bonds can, it has been
found now been made between bodies of the smectite complex and
structures such as concrete walls, roofs and the like. To obtain
such a bond it is only necessary to formulate an adhesive which
is suitable for attachment to the liner molecules which protrude

from the surface of the clay particles or the clay body if it has

been extruded or otherwise formed into a sheet rod or the like.

\aced
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- layer

retaining | ayer. A materi al

had absorbed the liquid and had swelled to fornla unlforn1 mater

according to the |nvdnt|on was S|n1IarIy

treated and had, within six hours reached preC|ser theqsqne condi tion.

The two sheets were then allowed to dry.
according to the invention the sheet
t hi ckness with no significant cracking. In the
particul ate | ayer sheet there was
appeared in the materi al .

wat er

or

In the codpfex clay' ‘sheet
reduced in thickhess— to. i.ts ofi

untﬁeated prior art c

In the case of the acrylate smectite complexed clay a cyano-
acrylic adhesive can be formulated which can adhere the smectite
complex clay body to concrete and the 1ike and which can allow

the body to expand and contract as it is wetted, dried and re-

wetted over many cycles.

Further possibilities include the adhesion of a sheet of the

clay, either as a cohesive body formed by extrusion or otherwise

or in a particular manner to a supporting sheet, for example of

high density polyethylene, a geotextile or the ;ike by means of

adhesive, needle punching or the like,

Adhesive and/or stitching or penetration by polymer spikes
weldable to a sheet on the other side of the clay can be used to

form a stable slope eﬁgaging material.

As well as montmorillonite, saponite and other smectites can be
used.

In carrying out a further preferred process a batch of about 60
kilogrammes was prepared, the figures given in the following

being percentage figures for the various components.

Firstly, 25% water was added to a mixer, followed by 16% sodium

polyacrylate. To these was added 5% methyl alcohol. When these

ed
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contam nated | eachate water was used made no difference)._The

- 49 - prior art material, wherein clearly sodlun1nnntnnrlllon|te had™.»
been converted to calcium nontnorillonite there was no

§|gn|f|cant
re-swelling. The cracks renmai ned and water was able ;

- 51 - ’

three had been nixed half of the total bentonite load of 63% was

added. Once the mixture had become smooth 1% carboxy methyl

cellulos (CMC) and a small

(abdut 0.1%) of sodium

hexametaphosphate was added. Both these materials were added

slowly and after they had been added the mixture was stirred for

some while. Thereafter the other half of the bentonite was

added, the mixture kneaded for a short time and then passed to
an extrusion machine wherein it was first driven towards a

perforated plate whence it emerged in vermicelli-like form into

a vacuum chamber. In the vacuum chamber air and any other gases

such as reaction products and probably some evaporated alcochol
are extracted.

The material then falls to the base.of the vacuum chamber and is
engaged by the rollers of the extrusion machine and driven
towards a 25mm square extrusion head having 3mm radius corners.
The forming complex (intercalation commences in the mixer and is
still continuing as extrusion takes place) has a smooth outer
surface and is a coherent flexible and useful seal material for
use at the junction between the structural components such as

concrete slabs, panels and where service conduits pass through
foundations and the like.

The percentages of the various materials used can be varied as

follows: -

This Sheet Has Been Replaced
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to penetrate through those cracks even after prolonged soaking wth mater
as woul d happen in an underground situation. The prior-art material

no | onger waterproof and did not itself forma waterprdof. |ayer by -
expansi on. On the contrary, however, the material moff tthe present

I nvention forned a unlforn1materproof|ng | ayer. In the,pas%-lt has: been
possi ble to adhere particles of bentonite to sheets to if or m cofiesi've
| ayers, but rather |arge quanties of adhesive have .

- 52 -

ITEM '| PERCENTAGE RANGE
Water 15 = 25
SOdium.Polyacrylate 8 - 16

{Methyl) Alcohol 0 -5

Wyoming Bentonite 50 - 75

Carboxy Methyl Cellulose 0-3

Sodium Hexameta Phosphate | 0 - 0.5

The alcohol used can be methyl alcohol, ethyl alcohol or any

other liquid alcoheol and serves to facilitate introduction of the

liner into the smectite interlayers. Further, some of the

alcohol is, during the heating stage, (the heating is due to the
heat of the reaction which begins to effect the material towards

the end of the reaction period) is expelled and carries with it

aC ed
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been necessary and the bonds which may formw th the bentonite

have not
been particularly strong. Wth a liner material incorporated within the
actual structure of the clay itself very strong adhesive bonds can,

been found now been nade between bodi es of the snecti
structures such as concrete walls, roofs and the |iKke.
bond it is only necessary to formul ate an adhesi ve whi ch
attachment to the liner nolecul es which protrude
clay particles or the clay body if it has

it has

t.e. conpl ex” and~

i

Td obtain - such a

S SU|tabIe-for

fromh we §ariface of the

been extruded or-otherw se
formed into-a sheet rod or the like. - 83 - T

excess polyacrylate which can be deposited on the outside of the

extruded strip as a shiny layer. This layer may serve as

lubricant as the strip passes through the die and helps to

produce a smooth continuous surface. In addition this deposited

acrylate also forms a coating for the material which delays the
onset of severe water briefly and helps in allowing the material
to be installed and perhaps wetted or exposed to the atmosphere

- before additional material is applied to the surround.

The function of the pressure during extrusion is to increase the

density of the product by eliminating voids which might otherwise

form within a less than coherent mass. This, together with the

vacuum step which has removed air has the effect of compressing

the material to a high density. This moves the molecules

slightly closer togefher during extrusion thus increasing the

rate of reaction and encouraging the formation of the complex

from the intercalated polyacrylate liner.

Desirably the density is greater than 1,000 kilogrammes per metre

cube and a preferred density is over 1,3000 kilogrammes per metre
cubic.

The process described above produces a sealing strip very

suitable for use in concrete foundations and the like and also

in plumbing applications in the sealing of pipes and comparable

This Sheet Has Been Repl
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- 50 - In the case of the acrylate snmectite conpl exed clay a ..cyano. .
acrylic adhesive can be fornul ated which can adhere the snectite. conplex
clay body to concrete and the |ike and which can allow. tthe body to expand
and contract as it is wetted, dried and re- wetted ovdr 'irrapy,,c_ygl.es,.

N SR S .

|
- 54 - !
fittings.

The material can be extruded in many shapes for

example square, strip, triangular or in any other convenient

form. By rolling or extrusion the material can be formed into

sheets which can be used to form an ideal barrier against

aggressive ironised fluids. Such ionised fluid will usually be

leachets from plarnts or sites or may be atmospheric water or

ground water contacting the capping of a landfill site. It has

been found that fertiliser and other materials which may be
applied to foliage above a landfill site fdrms a highly ionised

material as aggressive as any leachate and which can seriously

damage conventional bentonite liners and capping.

The material made in accordance with the invention above,
however, has the acrylate or other liner so securely attached to

the bentonite interlayers that the cation exchange capacity (CEC)

of the material is nil or very low. This means that there is no

possiblity of the smectite turning to a calcium form which will

not reswell after drying out. Further, as the 1liner is

preferablé a plastic material the inherently stable nature of a
polymeric plastics material makes the -possiblity of it being

attacked by leachate or strong solutions guite remote.

Instead of being extruded as a strip the material of the
invention can be formed into bricks, either on a block making
machine into which portions of the forming complex can be

introduced and compressed to shape, or a generally rectangular

This Sheet Has Be
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Further possibilities include the adhesion of a sheet of the
as a cohesive body forned by extrusion or otherw se
manner to supporting sheet, for exanple of
geotextile or the like by neans of

cl ay, either
or-in.a parti.cular. ..
hi gh den5|ty pol'yet hyl ene ;'la

adhesi ve, needle p inching or the like.
Adhesive and/or stitching or penetration by polymer s |kes wel dable to:a
sheet on the other side of the clay can be used to ?orn1a stable
sl ope engagi ng materi al .

-5 =

strip can be extruded and cut as by travelling knives to form
blocks.

The blocks can be used then to form a barrier by

building in the nature of a wall, or by laying them on a floor,

or lying them on some support to form a roof for a containment

area. The blocks can be bonded as conventional bricks and a

bentonite containing or other paste can be used as a lute in the

joints. Desirably a SLIC paste is used as the lute. In a wall

a cavity layer can be provided and individually drained in order
to allow testing of the integrity of a “front line" layer of the

wall and provide an air gap to prevent transfer of water from one

wall to the other by direct contact.

A further advantage of the material of the invention resides in
the fact that by appropriate selection of the 1liner the

susceptibility of the material to adherence can be dgreatly

increased. It is often useful to be able to attach a sealing

strip to a, for example, vertical surface. This can be at the

junction of various concrete components, between concrete panels
or the like. In the past this has involved the provision of a
recess into which the strip must be -pushed (and the recess
accordingly rather carefully dimensioned to receive the strip as
a push fit) or the strip must be clipped or nailed in position.
Whilst the clipping and nailing are effective meéthods of securing
the strip they can be expensive and the provision of nails in the

sealing strip is generally felt to be undesirable as might form

a path from leakage, or they might introduce metal atmos into a

This Shee
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As well as nmontnorillonite, saponite and other snmectites can be  used.
In carrying out a further preferred processes the percﬁnt -age - of . thegj
various material used can be varied as Ki | ogr ai TWaLS - prepared
figures given in the foll ow ng I

bei ng percent ag|e flgures for the5
vari ous conponents. Firstly, 25% water was added: to g -m:xer; fol!l dwed
by 16% sodi um polyarylate To these was added 5% mat hyI‘ ‘al’ cohol V\Vﬁen
t hese

) S 6 - 3 l-—- e
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water surrounding them with the possiblity of reducing the
waterproofing qualities of the smectite.

Therefore, by &electing the liner to be compatible with a

convenient adhesive it is possible for a layer of adhesive to be
made which will secure a strip of the material invention to, for

example, a vertical surface.

In the case of a polyacrylate
interliner, the ends of the acrylate molecules protruding from

the various particles of smectite form idéal sites for forming
an adhesive bond with glue such as cyano acrylate adhesive to

give a bond to concrete and comparable surfaces.

The bonding can be by means of spaced portions of the adhesive

spotted at intervals along the line to which the strip is to be

attached. Desirably, the adhesive used is designed to be an

adhesive which will hold the strip securely over a maximum period
of perhaps three or six days in order to allow the user to carry

out all processes in relation to the installation of the seal and

the creation of other structures nearby. However, it is

importnat that the adhesive thereafter degrades in order to
prevent the possiblity of a waterproof adhesive f£ilm remaining

which might provide a water path which could by-pass the seal
strip. |

As mentioned the material can be extruded as a strip profile or

as a wide sheet. When producing a wide sheet it is desirable to

;ﬂaced
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-51 - three had been m xed-hal f-of the-total bentonite. load of 63% was:
added. Once the mixture had becone snooth 1% carboxy nethyl™ celTulos -

(Mo  and a small (about 0.1% of sodi um hexanetaphosphate.st
added. Both these materials were added slowy and after. they hhad-been =
added the m xture was stirred for sone while. Thereafter the ot her hal f;

of the bentonite was added, the mxfyre kneaded for a shert ti-me an- thep
passed to an extrusion machi ne whererR it was firs drlven tomards a

{
i

extrude the material in the form of a hollow formation and then
split that hollow formation to form a sheet. Desirably the

material is extruded in the form of a holly cylinder and then

slit and laid flat.

Many other variations are possible within the scope of the

invention.
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perforated plate whence it emerged |n verntc

forntrnto a vacuum
chamber. In the vacuum chamber air ﬁl

such as reactron
products and probably sone evaporate € extracted The :
material then falls tot base of the Vacuuntchanber and: engaged by the

rollers the extrusion machine and driven towards a 25nntsquare
extrusi on head having 3nm radius corners.  The form ng éonplgmr o

(intercal ati on conmmences in the mxer-a&8d-is still contli ﬁurng extrusron
t akes place) has a snooth outer surface and is coherent -f+exi-bi-e-and’
useful seal material for wuse at the junction between t He. stru

UG ctural !
conmponent s G m@S e

1. A water proofing material including a carrier sheet and

united therewith a layer containing particulate smectite

clay material formed from a plastic mass.

2. A method as claimed in claim 1, wherein the smectite

containing layer is sandwiched between said support sheet

and a cover sheet. ’

A method as claimed in claim 1 or 2 , wherein reinforcement

is provided in the smectite containing layer.

4. A method as claimed in claim 3 wherein the reinforcement is
secured to the cover sheet and/or fhe support sheet.

5. A method of making a waterproofing material including
mixing particulate smectite clay with at least one other
substance to form a plastic mass, forming that mass into a
layer and uniting it with a support sheet.

6.

A method as claimed in claim 5 wherein the smectite layer
and the support sheet are treated after union to cause the

layer to lose a degree of plasticity to enable it to bhe

handled and stored without wundergoing significant

deformation.
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concrete slabs, panels and where service conduits pass through foundatl,ons

and the |ike. The percentages o ,“"T vari ous materia 1 - -used -can:be”

vari ed as B2} bl et
T I ==

—59_
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A method as claimed in claim 5 or 6 wherein the smectite is

mixed to form an aqueous plastic mass which can be extruded

rolled or otherwise formed intoc a continuous layer.

A method as claimed in claim 5 or 6 wherein the smectite is

mixed with a non-aqueous or a mixture of aqueous and non-

agueous liquidé to form the mass.

A method as claimed in claim 7 or 8 wherein after forming

the layer is subjected to a drying step to remove liquid
from the layer.

10. A method as claimed in any of claims 5 to 9 wherein the

smectite containing layer is united with the support sheet
by adhesive.

11. A method as claimed in any of claims 5 to 9 wherein the

smectite containing layer and the support sheet are
physically united.

12. A method as claimed in claim 8 or 9 wherein appendent to

claim 8 wherein an alcohol is used as all or part of the
liquid.

13. A method as claimed in claim 12 wherein some of the alcohol

is removed and recycled after conditioning of the laminate.

eplac..
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A waterproofing material made by the method of any of

claims S to 13.

Apparatus for making a laminate waterproofing material
including a conveyor, meaﬁs for feeding a support to the
conveyor, means for creating a plastic smectite containing
mass, means for applying the plastic mass onto the support,

and means for forming said plastic mass into a uniform

continuocus layer.

Apparatus as claimed in claim 15, wherein means are

provided for sizing the laminate in thickness and/or in
width.

Apparatus as claimed in claim 15 or 16 and including means

for conditioning the laminhate after formation to render it

stable in use and storage.

Apparatus as claimed in claim 17 wherein said means

includes an oven for evaporating substances from the
laminate.

Apparatus as claimed in c¢laim 18, wehrein means are

provided for recovering volatile solvent from said

substances and recycling it.
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other liquid alcohol and serves to facilitate introduction of the [iner

into the snectite interlayers. - Further, sonme of the alcohol is,
during the heating stage, (the heati ng

, at .of ‘the- reactlon-ﬁ
which begins to effect the material V\Am‘mmﬂ'“mnﬁlmnﬁt he reaction - 7
period) -is expelled and carries mnt : L
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20. Apparatus as calimed in any of claims 15 to 19 wherein the

means for supplying the plastic mass to the conveyor

includes one or more nozzles, and/or an extrusion head.

21. Apparatus as claimed in any of claims 15 to 19 wherein

means is provided for supplying a cover sheet to a surface

of the layer remote from the support sheet.

22. Waterproofing material made by the method of any of claims

15 to 21.

23. A method of waterproofing a structure to prevent ingress

and/or egress of aqueous fluids including the steps of

providing a plurality of sheets each of material as claimed

in any of claims 1 to 5, 14 or 22, laying the sheets to

cover the surface of said structure in overlapping

relationship and protecting said sheets against damage in
use.

24. A method of sealing a site includihg providing at that site

apparatus claimed in any of claims 15 to 21, transporting

smectite clay and other substance(s) to the site, making

the material of the invention by the method of any of

claims 5 to 13 at the site and laying the material of any

of claims 1 to 5, 14 or 22 directly at the site after

nnaufacture.
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- 53 - excess polyacrylate which can be deposited on t he outside of the
extruded strip as a shiny |ayer. Thi s Iayer may serve:ras |ubricant as

the strip passes through the die a ,!mmlm mmumumuce a ‘'snoot h cont i’ nuous
surface. In addition this deposi o forms a coating for
the material whic delays the onset of “ séver'e Vat &r brlefly and helps in
allow the materi al

to be installed and perhaps metted or exposed “the
at mosphere before additional material g,s_applied to th surround. - The.

function of the pressure during extrusion is to increaée”the

25. Waterproofing material as claimed in any of claims 1 to 4,

15 to 22 and having a density greater than 1000kg per cubic
netre.

26. Waterproofing material as claimed in any of claims 1 to 4,

15, 22 and 25 and being at least one metre wide, preferably

greater than two nmetres wide.

27. Waterproofing material made by forming from a plastic mass

containing particulate smecite clay and liquid.

28. Waterproofing material made by forming from a plastic mass

containing particulate snmectite <clay and 1liquid, a

proportion of said liquid having been expelled from the

material after forming.

29. Material as claimed in claim 27 or 28 wherein he liquid is

agqueous.

30. Material as claimed in claims 27 or 28 vherein the liguid

is organic.

31. Material as claimed in claim 27 wherein the liquid is a

mixture of agueous and organic liquids.
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density of the product by elimnating voids which nmight otherw se
within a | ess than coherent mass. This, together with the vacuum step

whi ch has renoved air has the effect of conpressing the nmaterial to a high
density. Thi s nmoves the nol ecul es

extrusion thus increasing the rate o?l irggtclt?/oﬁl gﬁgret ggrigmj ”m"’” m,”’m
formation of the conplex fromthe intercalate polyacrylate T

Desirably the density is greater than 3000 kil ogrammes per netre
a preferred density is over 1,3000 kil ogrammes per netre cubic.

form

cube and

32. Material as claimed in any of claims 27 to 31 and formed by
extrusion.

33, Material as claimed in any of claims 27 to 31 and formed by
rolling.

34, A wethod of making a waterproofing material including
mixing particulate smectite clay with at least one other
substance to form a plastic mass and'forming that mass.

35. A method as claimed in claim 34 wherein the mass is treated
after union to cause it to lose a degree of plasticity.

36. A method as claimed in claim 34 or 35 wherein the smectite
is mixed to form an agqueocus plastic mass.

37. A method as claimed in claim 34 or 35 wherein the smectite
is mixed with a non-aqueous or a mixture of aqueous and
non-aqueous liguids to form the mass.

38. A method as claimed in any of claims 34 to 37 wherein after
forming the layer is united with a carrier sheet.

39.

A method as claimed in any claim 38 wherein the smectite

containing layer is united with the support sheet by

adhesive.
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The process descri bed above produces a sealing strip very suitable for

use in concrete foundations and the like and also in plunbing applications
in the sealing of pipes and conparable

o sans o Sl Tt o iy o cav MU
L
. - ¥ s *
40.

A method as claimed in claim 38 wherein the smectite

containing layer and the support sheet are physically
united.

41. A method as claimed in claim 37 wherein an alcohol is used
as all or part of the liquid.

42. A method as claimed in claim 41 wherein some of the alcohol
is removed and recycled after conditibning of the laminate.

43. A waterproofing material made by the method of any of
claims 34 to 42.

44‘

Apparatus for making a waterproofing material including a
conveyor, means for creating a plastic smectite containing
mass, means for applying the plastic mass onto the support,

and wmeans for forming said plastic mass into a desired

shape.

45. Apparatus as claimed in claim 44 including means for

supplying a carrier sheet to the conveyor for union with

the.mass.

46. Apparatus as claimed in claim 44 or 45, wherein means are

provided for sizing the laminate in thickness and/or in
width.
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form. By rolling or extrusion the material can be form into sheets which
can be used to forman ideal barrie

agai nst aggressive ironised quids
Such ionised fluid wil usually be I|eachets fromplants or
at nospheric water or

ground water contacting the capping oﬂ"&ﬂmﬂuﬂ Wu!“"”
site. It has been found that fertiliser and other materi al
applied to foliage above a landfill site forns a highly ionised naterla

as aggressive as any |leachate and which.can seriously damage conventional
bentonite liners and cappi ng.

The material made in accordance with the
I nvention above, however, has the acrylate or other liner so securely
attached to

47. MApparatus as claimed in any of claims 44 to 46 and

including means for conditioning the material after

formation to render it stable in use and storage.

48. Apparatus as claimed in claim 47 wherein said means

includes an oven for evaporating substances from the

laminate.

49. Apparatus as claimed in claim 47, wehrein means are

provided for recovering volatile solvent from said

substances and recycling it.

50. Apparatus as calimed in any of claims 44 to 49 wherein the

means for supplying the plastic mass to the conveyor

includes one or more nozzles, and/or an extrusion head.

51. Apparatus'as claimed in claim 50, wherein the extrusion

head is adapted to extrude a tube and means is provided to

cut the tube and unfold it to form a flat web.

52. Apparatus as claimed in any of claims 44 to S1 wherein
means is provided for supplying a cover sheet to a surface
of the layer remote from the support sheet.

53.

Waterproofing material made by the apparatus of any of

claims 44 to 52.
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the bentonite interlayers t t the cation exchange capacity (CEC) of the
material is nil or very low This neans that there is no possiblity of the
snectite turning to a calciumformwhich will not reswell after drying
out . Further, as the liner is preferable a plastic

I nherently stabl e nature of a polyneric plastics materi al Halmmnmnﬂm””"l
possiblity of it being

attacked by | eachate or strong sol utiensc
renot e. I nstead of being extruded asea-strip the naterlal of the |nven
ion can be forned into bricks, either on a block nmaking machine into which
portions of t he forning conpl ex can be I ntroduced and conpressed to

shape, or genq{aq: k‘XaieaCst %rfgﬁlngc{ in any of claims 27 to 33, 45 or 53 and

having a density greater than 1000kg m,.

5§5. Material as claimed in any of claims 27 to 33, 45, 53 or 55

and being greater than 1 métre in width, preferably greater

than 2 metres.

6. A waterproofing material comprising a plastic mass

containing a particulate smectite cla& having, at molecular

level, structural plates sandwiching interlayers between

then, the plates having outer tetredral layers facing the

interlayers and an organic liner complexed with said

tetrahedral layers.

57. A waterproofing material including a smectite clay having

its interlayers provided with organic liner to discourage

replacement of sodium ions and being capable of absorbing

water and swelling.

58. Material as claimed in claim 56 or 57 wherein the liner

closely binds sodium cations to the outer layers of the

plates therefore reducing the possiblity of their

replacement by calcium cations.

59. Material as claimed in claim 56 or &7, wherein the liner

replaces sodium cations leaving a generally neutral face

eplaced
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- 55 - strip can be extruded and -cut as -by- traveling knives
form blocks. The bl ocks can be used then to forma barrier
the nature of a wall, or by laying themon a floor,
sonme support to forma roof for a co ainnent

to
by building in
or lying them on

O 0

- 67 ~

which can absorb water by capillary action, but which being

generally neutral, does not attract calcium cations.

60. Material as claimed in any of claims 56 to 59 and being
selected from organic coméonds compatible with the outer
layers of the smectite plates and exemplified by sugars; as
fructose; glucose; dextrose; acrylate; polyacrylate; and
alkylommonium trimethyl alkyl ammonium.

61.

Material as claimed in claim 60 wherein acrylate used and

polymerises within the clay.

62. Material as claimed in any of calims 56 to 61 and

contianing glycerol.

63. Material as claimed in any of claims 56 to 62 wherein an
alcohol is used in the preparation  of the complex.

64. A method of treating a smectite clay including the step of
reacting it with a liner capable of complexing with faces
of the clay structural plates adjacent the interlayers to
form a coating which resists replacement of sodium cations.

65.

A method as claimed in claim 64 wherein the liner |is

slected from fructose; glucose; dextose; acrylate;

polyacrylate and alkylammonium trimethyl alkyl ammonium.

This Sheet Has Been Replaced
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area. The bl ocks can be bonded as conventional bricks and a bentonite
contai ning or other paste can be used as a lute in the joints. Desirably
a SLIC paste is used as the te. Inawall a cavity layer can be

provided and individual drained in order to allow testi ng !HII HII'HHII " I“I
S

integrity of a "front line" |layer of the wall and provide a
prevent trasfer of water fromone wall to the other by direck con acn

A further advantage of the materal of- gbe-i nvention re5|des in the fact
that by appropriate selection of the liner the susceptibility of the
mat i1al to adherence can be greatly increased. It is often wuseful to be

able to attggh G\ ﬁ\%@k&&]%s claimed in claim 64 wherein the liner is mixed

with the clay as a monomer and polymerises within the clay.

67. A method as claimed in claim 64, 65 or 66 wherein alcohol
is used to facilitate introduction of the liner into the
smectite interlayer.

68. A method as claimed in any of claims 64 to 67 including
exposing the forming complex to suction remove gas whilst
reaction is proceeding.

69. A method as claimed in any of claims 64 to 65 wherein the
degassed material is subsequently subjected to pressure.

70. A method as claimed in any of claims 64 to 68 wherein the
forming complex is subjected pressure during reaction to
increase the density of the product.

71.

A method as claimed in any of calims 64 to 68 wherein the
reaction between clay and liner is constrained to proceed

at such a rate as to ensure that the temperature of the

forming product varies between 15 and 30°C.

72. A method as claimed in any of claims 71 wherein the

temperature range is from 20 to 26°.

o PR
\ac?d _!' ! ISR (LN

"“‘i\\\\\\\\\\\\\\\\\\\\\\\\



strip to a, for exanp , vertical surface. This can be at the junction of
various concrete conponents, between concrete panels or the like. In the
past this has involved the provision of a recess into which the strip nust
be -pushed (and the recess accordingly rather carefully dinmensioned to
receive the strip as a push fit) or the strip nust be clipped or nailed

in position. Wilst the clipping and nailing are effective nethods of
securing the strip they can be expensive and the provisi

the sealing strip is generally felt to be undesirable as 13'“‘““1““[&["""'“'
path from | eakage, or they m ght i

i mtedduce netal a-atnos into*act¢ ¢t

73. A method as claimed in claims 71 or 72 wherein pressure is
applied when the temperature is within the range specified.

74. A material made by the method of any of claims 64 to 73.

75. A material as claimed in any of claims 56 to 74 and having
a density greater than 1000 kg. w3.

76. A material as claimed in any of claims 56 to 63, 74 and 75
and being a sheet at least a metre wide and desirably at
least two metres wide.

77. A material as claimed in any of claims 56 to 63, 74 to 76,
and having a significantly reduced expansion pressure
compared with known smectite based waterproofing materials.

78. A material as claimed in claim 77 wherein the expansion
pressure is below 15mm of concrete as carried ocut in the
test defined herein.

79.

A material as claimed in calim 78 wherein the expansion

pressure is below 10mm of concrete as carried out in the

test defined herein.
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- 56 - water surronding themwth -the -poissiblity of reducing the
wat erproofing qualities of the snectite.

Therefore, by selecting the
liner to be conpatible wth a convenient adhesive it is possible for a
| ayer of adhesive to be made which will

secure a strip |
i nvention to, for exanple, a vertical surface. In theT H mmgmlﬂ ,"’
pol yacryl ate * L oM os o«

- 70 -

80. A barrier against aggressive ionic fluid, in the form of a
constrained layer of a material as claimed in any of claims
56 to 53 and 74 to 79.

81. A barrier as calimed in claim 80 wherein the constraint is
back~fill or overlay of material or solid structure.

82. Material as claimed in any of claims 56 to 63, 74 to 79
secured to a surface by use of an adhesive compatible to
the liner.

83. Material as claimed in claim 83 wherein the liner is a
polyacrylate the adhesive is a cyano acrylate adhesive.

84. A method of making a fluid barrier including forming blocks
of material as claimed in any of claims 56 to 63 and 74 to
79 and arranging said blcoks in a layer.

85. A method as claimed in claim 84 wherein the layer is
selected from a wall, a floor and a roof.

86.

A method as claimed in claim 85 wherein the blocks are
bonded.

87. A method as claimed in claim 84, 85 or 86 wherein a

smectite~containing paste is used as a lute.

Sheet Has Been Replaced
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interliner, the ends of the acrylate nolecules protruding from
particles of snectite formideal sites for formng an adhesive bond with
gl ue such as cyano acryl ate adhesive to give a bond to concrete and
conpar abl e surfaces. The bondi ng can be by neans of spaced

t he adhesive spotted at intervals along the Iine to which thu,m ”Eﬂi U@f,”lm
be attached. Desirably, the adesive used is designed to be anh c‘ad s
which will hold th strip securely over 7a ®axi mum period of perhaps three

or six days in order to allow the user to carry out, all processes in
relation to the installation of the seal and the creation of o er

structures ggarhy pethodWe¥8hined tin

§ny of claims 84 to 87, wherein the

t he vari ous

paste is a SLIC.

89. Sealing material in the form of material as claimed in any
of claims 56 to 63, 74 to 79.

90. Sealing material as claimed in claim 88 and being in
annular form.

91. Waterproofing material substantially as described with
reference to the accompanying drawings.

92.

A method of making a waterproofing material substantially

as described with reference to the accompanying drawings.
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| mportnat that the adhesive thereafter degrades in order to
possiblity of a waterproof adhesive filmrenmaining whi ch m ght provide
a water path which could by-pass the seal strip. As mnetioned the

material can be extruded as a strip profile or as a wide sheet. Wen
producing a wi de sheet it is desirabl-ez-o

prevent the

" WATER PROOFING LINER

ABSTRACT

There is described a waterproofing material basically made from
a plastic mass containing a liquid and particulate smectite clay,

usually montmorillonite such as bentonite, which can be united

with a carrier sheet. The plastic mass can contain aqueous

and/or non-aqueous liquid which can be expelled after forming.
The smectite clay can be a smecite liner intercalation complex
and the mass is desirably formed by extrusion, in the latter case
preferably diving reaction of the clay can have a density of at

least 1000 kgm m? and can 1 m or more wide.

Figure 3

ace



- 57 - extrude the-materi al in the formof a-hollow fornmation and t

split that hollow formation to form a sheet. Desi rably
the material is extruded in the formof a holly cylinder and then slit
and laid flat. Many other -variations are possible within the scope of
t he
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- 58 - Cl ai s 1. A water proofing material including a uni ted

therewith a |l ayer containing particulate snectite clay material forned
froma plastic nass. 2. A nmethod as clained in claiml, wherein the
snectite containing layer is sandw ched between said upport sheet

and a cover sheet.
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FIG.3
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3. Anethod as clained in claim1l or 2 , wherein reinforcenent S

provided in the snectite containing | ayer. 4. A nethod as clained in
claim3 herein the reinforcenment is secured to the cover sheet and/or
t he support sheet. 5. A nethod of making a waterproofing nmaterial
I ncl udi ng m xing particulate snectite clay wth at |east one ot her
substance to fornmfa plastic mass, forgngig that nmass i | ayer and
unit g it with a support sheet. ;
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6. A nethod claimed in claim5 wherein the snectite | ayer and the

support sheet are treated after union to cause the | ayer to l.ose a
degree of plasticity to enable it to be handl ed and stored
wi' t hout under goi ng significant def or mati on.
- 5o -
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7. A nethod as clainmed in claim5 or 6 wherein the snectite is

m xed to form an aqueous plastic nass which can be extruded rolled or
otherwi se fornmed into a continuous |ayer. 8. A nmethod as clainmed in
claim5 or 6 wherein the smectite is m xed with a non-aqueous or a
m xture of aqueous and non- aqueous liquids to formthe mass. 9. A
nmethod as clainmed in claim7 or 8 whesm@m n after formng the layer is
subj ected to a drying step to renove liquid fromthe |ayer.
{ L

'

¢

M | |

FIG.12

FIG. 11
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10. A method as claimed in any of clainms 5 to 9 wherein the snectite
containing layer i united with the support sheet by adhesi ve.

11. A nmethod as clained in any of clains 5 to 9 wherein the snectite
containing layer and the support sheet are physical ly united.
12. A nethod a clainmed in claim8 or 9 wherein appendent to claim
8 wherein an al cohol is used as all &t9 part of the l'iquid

@
o

FIG.13
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13. A nmethod as clained in claim 12 wherein some of the al cohol

Is renpoved and recycled after conditinning of the | am nate

- 60 - 14. A waterproofing nmaterial made by the nmethod of any of
claims 5 to 13.

7/9
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15. Apparatus for nmaking a | am nate waterproofing materi al

I ncl udi ng a conveyor, neans for feeding a suppo to the conveyor,
means for creating a plastic smectit containing mass, mneans for
applying the plastic mass on t he support, and neans for formng
said plastic mass into a uniform conti nuous | ayer. 16. Apparatus
as clainmed in claim 15, wherein nBaAfs are provi ded for sizing

t he | am na in thickness and/or in wi dt h.

This Sheet Has Been Replacad




17. Apparatus as clained in claim15 or 16 and includi ng nmeans for
conditioning the lamnate after formation to render it stable in use
and st orage. 18. Apparatus as claimted in claim 17 wherein said
means i ncludes an oven for evaporating substances from the

| am nat e. 19. Appar us as clained in claim 18, wehrein neans are
provided for recovering volatile solve®t/9%romsaid ‘subst ances and
recycling it.

This Sheet Has Been Repla
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- 61 - 20. Apparatus as-calinmed in any of clains 15 to 19 wher &rnirtifré&-
means for supplying the plastic mass to the conveyor I ncl udes one or
nore nozzl es, and/or an extrusion head 21. Apparatus as clainmed in any
of clainms 15 to 19 wherein

L.

WATER PROOFING LINER

This invention relates toc a waterproofing material suitable for
waterproofing ponds, lakes, lagoons or comparable sites whereby
water is retained, or wherein waste 1is deposited and the ground
beneath has to be protected against leakage of aqueous or other
liquid. The material can also be used in relation to water
proofing structures, covering contaminated land to prevent flow
of water into such contaminated land and lining trenches which
separate contaminated areas from clear areas. The material can
also be used as roofing material on flat or sloping roofs.
Several materials have been proposed in the past which include
a layer of swellable smectite such as montmorillonite and/or
saponite incorporated within the material to act as the sealing
agent. The montmorillonite has been carried by a support layer
or base which has been provided in various ways. A support layer

acts as protection but also gives additional strength within the

material.

European patent number 59625 (CLEM) describes a waterproofing
material which is a laminate comprising a fabric base, particles

of montmorillonite adhered to the base and a scrim adhered over

has b 51
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means i s provided for supplying a cover sheet t a surface of the

| ayer renpte fromthe support sheet. 22. Waterproofing material made by
the netho of any of clains 15 to 21. 23. A nethod of

wat er proofing a structure to prevent ingress and/ or egress of agueous
fluids including the steps of prgviding a plurality of sheets each of
material as clained in any of cl&nms 1 to 5 14 or 22, laying the
sheets to cover the surface of said structure in overlapping

rel ati onshfpe anerostéterity Rprdiskrmt &0 afptaist tyspuge ithe base. The

CLEM gpecification requires as an essential feature thereof that
the base be capable of wventing gas. Although venting of gas from
beneath a contained body of water or other matter can be an
advantage, it is a great disadvantage to incorporate such
ventibility into the actual base. Although there are few sgites
where venting is necessary it is, when venting is needed,
desirable to provide a separate venting layer quite separate from
the waterproofing material overlapping the first sheet. In Fig. 1
the sheet (10) has a venting Dbase (13), a layer of
montmorillonite (14) adhered to the base (13) and a scrim (15) on
top of the montmorillonite. In similar manner sheet (12) has base
{16), montmorillonite (17) and scrim (18). As will be seen from
the drawing and the arrows (19) the layer of base (16) overlying
the montmorillonite (14) provides a path, between the two layers
of montmorillonite (14) and (17) which, because it is designed to
vent air can also allow liquid such as water to wick out along
the path indicated. Thus, the incorporation of a wventing base in

the sheets (10) and (12) can have undesirable results.

Figure 2 shows how the construction described in European patent
application 246 311 (McGROARTY) overcomes these problems. In the
MCGROARTY construction a lower sheet (19) has a base (20) and
montmorillonite (21). An overlaid sheet (22) has base (23) and
montmorillonite (24). In McGROARTY the base (20) and (23) are
of solid plastics non-venting and impermeable material. Thus in

the construction shown in figure 2 the base (23) forms a non-

N g
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use. 24. A nmethod of se ling a site including provﬂdﬁhd éf'tﬁai'éfﬁéi

apparatus clainmed in any of clains 15 to 21, transportiing gg;ﬁﬁfsn@ctﬁt¢

| ay and ot her substance(s) to the site, naking tihg material of ﬁh:
i nvention by the method of any of claims 5 to 13 at—t-he-site-and |
| aying the material of any of/clgins 1to5 14 jor 22 directly at |

the site after
leak for the whole system to have failed. A pond or lagoon which

has a single leak is no pond or lagoon at all!

Particulate montmorillonite has also been mixed with wvarious
organic components to form a thick putty (see US Patent Number
4 534 925). Typical components are polypropene and polybutene.
This material has been extruded in the form of rods and sheets,
usually being stored between 1layers of release paper. Such
material has been used for sealing ground foundations and similar
structures. It has not, however, being extruded so as to become
united with a carrier sheet and be capable of use in large rolls
for covering large areas. Indeed, the polypropene and polybutene
used is intended deliberately to give the extruded material a
rubbery of formable consistency enabling it to be moulded by hand
around small areas such as chimneys, at joints in concrete panels
or where drains penetrate foundatioms. These materials are also
quite expensive and prohibitively so for use in relation to large

area sheets.

It 4is an object of the present invention to provide a
waterproofing material whereby the above described disadvantages

are reduced or minimised.

Smectite includes montmorillonite (dioctahedral) and saponite
{trioctahedral) clay minerals and their chemical wvarieties. They

have commercially valuable swelling and ion-exchange properties.

The smectites have a layer of lattice structure, but differ from
micas in that the bonds between layers are weakened because of
internal chemical substitutions. Montmorillonite consists of
layers of negatively charged oxygen (0) atoms within which

several types of positively-charged cations are fixed in specific



o
25. waterproofing material as clained in jan

y of claihs 1 to 4
15 to 22 and having a density greater than 1000kg per! cubic nmetre.
Waterproofing material as claimed in any of claiins 116d447 i..v
22 and 25 and being at |east one netre wid preferabljy : greater ;than

positions. In a two dimensional schematic diagram of the
structure (figure 11), four layers of oxygen atoms can be seen to
define upper and lower tetrahedral sheets containing tetravalent
gilicon (Si) and sometimes trivalent cations (3+) of aluminium
{(Al) and iron (Fe). The apices of the tetrahedra point toward
each other and oxygen atoms at the apices form part of the
octahedral sheet that may contain trivalent cations (Al, Fe)
divalent cations (Fe, Mg), both divalent (+2) and trivalent
cations, or divalent and monovalent (+1) lithium (Li) cations.
The presence of two tetrahedrai sheets and one octahedral sheet
ig the basis for classifying the montmorillonite structure as 2.1
(2x tetrahedral 1 x octahedral sheet structure). The 2.1
structural units are separated by interlayers of loosely held
hydrated cations. These cations are present to balance the

negatively charged structure.

If a particle of Montmorillonite is to expand it needs to take
in water into its interlayers. This mechanism is +walency
dependent. The higher the wvalency the shorter the bond length the
more stable is the montmorillonite, ie calcium two plus cations
will replace sodium one plus catiomns. In order for this

replacement to take place the cation must get close enough to the

montmorillonite substrate.

If a particle of montmorillonite is dropped into a beaker of
water 1its interlayers take in water, and gradually the clay

spreads until eventually it is uniformly distributed.

Montmorillonite interlayers are water selective due to the
attraction of dipolar water molecules to the highly charged clay

particles.

3

15,

two netres w de. 27. \aterproofing paterial made by formin froma .
pl astic mass 7 '



; 28, I Wat er'pioofi ng
cont aj ni ng

e

contai,ning particul ate smecite clay and liqu
material nmade by formng froma plastic nmass

particulate snectite clay and liquid, a i j8&h@b®ﬁ?loq f said
liquid having been expelled fromthe tfrlal after_farmng.

29. Material as claime in claim27 or,28 whefermfie Tiquidis o
agueous. 30. Material as clained iR clai 27 or_28 wherein the liquid

I S organi C In sodium montmorillonite which is a popular and useful material
the cations are sodium ions and are connected to the tetrahedral
layers by relatively weak Van Der Waal bonds. The interlayers
contain a certain amount of hydrating water molecules. When the
montmorillonite is contacted with water more water enters the
interlayer, being attracted to the charged cations in the
interlayer and moving by diffusion and capillary reaction so as
to increase the thickness of the interlayer. If a body of
montmorillonite is confined between a pair of relatively immobile
surfaces the pressure within it wupon contact with water can
become so high such as to prevent any further movement of water
into the structure. This build up of a high pressure layer which
cannot absorb any water makes montmorillonite an excellent water-
proofing agent. It is widely wused in civil engineering

structures.

Often used as a substitute for sodium montmorillonite is calcium
montmorillonite wherein the 1loosely held cations in the
interlayer are mainly Ca 2+ rather than Na +. Because of their
divalancy the calcium ions bind more strongly to the outer
tetrahedral layers than does sodium. In use calcium bentonite
has a property that when initially wetted it will swell and
expand in the same way as sodium montmorillonite. However, if
the material should dry out, for example due to low rain fall or
a falling water table calcium montmorillonite cannot shrink back
to its original size upon loss of water without cracking. After
cracking and upon re-wetting the interlayer becomes incapable of
absorbing more water and therefore the clay can not re-wet so as
to reform the water proof barrier. Thus, a calcium bentonite
water proofing material should only be used in cases where
permanent wetness is to be encountered. It is possible to treat

calcium bentonite with a strong sodium containing solution so as



31.
of
63

|k

Material as claimed in claim27 wherein the; dis.a
agqueous and organic |iquids i A5 MAY WY
32. Material as clainmed in any of cllaijns 27 to

—

‘a
9 |

to displace a certain percentage of the calcium ions f£rom the

e s e e

interlayer and replace them with sodium so as to give the calcium
montmorillonite properties closer to sodium montmorillonite.
However, this material is not as good as pure sodium
montmorillonite, and tends to suffer from the same problem as

calcium montmorillonite.

All sodium containing montmorillonites do have a problem when the
water which comes into contact with them is contaminated by
salts, particularly sea wat-er or other salts which render the
ground water ionised and highly active. In ground water calcium is
invariably present in quantity from socil and minerals. When
such ionic calcium comes into contact with montmorillonite it
invariably tends to migrate into the interlayers. Once in the
interlayer the double valency of the Ca+ cations makes the
calcium selectively adhere to the four sides of the tetrahedral
layers displacing sodium. Such contamination can quite quickly
result in complete stripping of sodium from the interlayer, so

converting the montmorillonite from the sodium to the calcium

form with the disadvantage which has been outlined above.

This particular process makes it generally unwise to use even
sodium montmorillonite in a situation where the ground water can
become rapidly ionised or contaminated by leachates or the like.
In particular, fertilisers are a particularly notorious cause of
ground water ionisation and can cause sodium montmorillonite
break down. It is a further object of the present invention to
provide an improved waterproofing material whereby the above

described disadvantages are reduced or minimised.

In a paper entitled "Preparation of Montmorillonite -

Polyacrylate Intercalation Compounds and the Water Absorbing

élwahdéforned by

i Xture



extrusion. 33. Material as clainmed in any of clains:27 to:31 and 'forned

by ‘ rol l'ing. 34. A nethod of making a wat qrqroofi ng rraterliali

i ncl udi ng mxing particulate snectite clay with agghesst;sone ot her

substance to forma plastic mass and f i ng that §.S- 35. A nethod as

claimed in claim34 whereien the mass ig treated | "—after—umi-on to cause

It to lose a degree of plasticity. e
Property" by Ogawa et al published in Clay Science Number 7, 243

251 (1989), the authors have described the introduction of a
acrylamide into montmorillonite and the polymerisation of the
acrylamide to form a polyacrylamide intercalation compound. The

enhanced water-absorbing properties of the compound are noted.

It is to be appreciated, of course, that the processes carried
out in the Ogawa paper were essentially laboratory processes
involving small amounts of material. No techniques were
described for making any useful product and there was not
discussion of the advantages of high density such compounds as

waterproofing agents.

Document Us-A-5,021,094 discloses a waterproofing grout
composition which can be formed by mixing smectite clay with a
liquid, primarily consisting of water, until the clay particles

are fully dispersed, yielding a thick, paste-like consistency.

The present invention provides a waterproofing material which is
made by forming from a plasatic mass as specified in claim 1, but
is additionally characterised in that said material is extruded

and/or rolled to sheet form and united with a carrier sheet.

Desirably the smectite containing layer is sandwiched between

said support sheet and a cover sheet.

Reinforcement can be provided in the middle of the smectite

containing layer.

The reinforcement can be secured to the cover sheet and/or the

support sheet.



36. A nethod as clained in clai 34 or 35 wherei h;----he'srrectlte i's

m xed to form an aqueous plastic nass. 37. n;?{’m tﬁm'ismcl aimed in
claim 34 or 35 wherein the snectite IS i Xed d “hon-aqueous or a
m xture of aqueous and non- aqueous |i quijdg_to_form.the.mass. - 38.
A nethod as lained in any of claims 34 0 37 wherein after - form ng
the layer is united with a carrier sheet. 4 3Q——A-fret-hod-as clainmed in

any cl ai m 38enHarventidthealsgegirovides a metlpdntesdi miakgng aye watsrpridtatdgwi t h

t he suppor tma%heet

erial %%mprising mixing particular smectite clay with a liquid,

at least a proportion of which is water,

form a substantially homogeneous plastic mass,

into a continuous layer by extrusion, rolling or other means,

uniting it with a carrier or support sheet.

kneading the mixture to

forming that mass

and

The laminate of the smectite layer and the support sheet can be

treated after union to cause the layer to loose a degree of

plasticity to enable it to be handled

undergeing further deformation.

and stored without

Desirably the smectite clay is mixed primarily with water to form

a paste or a putty like plastic mass which can be extruded,

or otherwise formed into a continuous layer.

rolled

After forming the layer can be subjected to a drying step to

remove excess water to convert the smectite layer into a more

dimensionally stable configuration unlikely to deform further

during transportation and storage and further to increase the

swellability of the smectite upon contact with water in use.

Additives which modify the behaviour the smectite under certain

specified conditions such as salt water,

or presence of strong

leachates, radiation hydrocarbons or organic chemicals can be

added at the mixing stage to be operative when the smectite is

in use.

Union of the smectite containing layer with the support sheet can

be by adhesive, but desirably no adhesive is used, the mixture of

smectite (and other substance(s)) being such as to allow pressure

to force the plastic mass into the interstices of the cover sheet



adhensi ve. ! R L L 40 A et hod
as claimed in claim 38 wherein the snectiit 18 M&P@{f_;@l ni.ng | ayer and
t he support sheet are physic ly uni t ed. oM o

anmnnri—
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(which is desirably of a textile nature) physically to unite the
two. Similar comnection can be effected between the layer and the

cover sheet.

In addition to water, organic materials such as methanol, ethanol
and other alcchols, glycerine, diesel and other oils and fats can
be used. These materials do have the advantage that it is not
necessary to drive off so much water soc as to increase the
swellability of the smectite layer, but they also have the
disadvantages that they do need a drying step so that the
material is not subject to further deformation under its own
weight during storage and transportation and many organic

materials are usually far more expensive then water.

Alcohols, particularly methyl alcohol do, however, have
particular advantages. Whilst alcohols are generally expensive,
they are also usually far more volatile than water. Thus, a
plastic mass made using methyl alcohol can, after having been
formed into a cohesive continuous layer be dried using far less
heat than would be necessary to drive out the water from a
similar mass. In addition to this however, the alcohol driven off

can be condensed and reused thus offsetting the cost thereof.

The montmorillonite mesh size can be anything from 50 mesh or
smaller, desirably, however the size is a maximum of 100. In
practice a mesh size of 200 has been found useful although
variations downwards from about 100 mesh do work although with
less desirable qualities. Finer meshes are perfectly acceptable,
but tend to be unnecessary. The smectite used is desirably
sodium montmorillonite although calcium montmorillonite (

modified by treatment with sodium hydroxide) can be used. As the
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41. A method as clained in claim37 mhereln an alcoholal used as
all or part of the liquid. 42. A nethod as ~ch ai Ed |d ¢l aim 41l wherein
sonme of the al cohol is renoved andirecycled after’cdndltlonlng of the
| am nat e. 43. A waterproofing material..made -by The met hod of any of
clainms 34 to 42. 44.  Apparat us for13 king a matenpxngflng mat eri al

I ncl udi ng a conveyor, neans for Creattng a plastlc snectite

cont ai Ni NgmontmorillBsste MEaNSudu@llapMrspkent hibowal asidd Aleasthnt dukinsg
support,
PP mixing to micro sizes, initial grain size is not critical.

The fabrics used as support and/or cover Jlayer can be
conventional woven or non-woven textiles such as nylon or
polypropylene or polyester. They should be non-venting (that is
to say they do mnot allow gas or 1liquid to pass along the
structure in use to any significant degree). The fabrics are
desirably woven and this degree of non-venting can be achieved
by ensuring that the fabric is of relatively open mesh and fairly
thin, a significant portion thereof being embedded in and

physically uniting with the outer layer of the montmorillonite

layer.

Apparatus for making such a waterproofing material includes a
conveyor, means for feeding a support to the conveyor, means for
applying a plastic smectite-containing mass onto the support, and

means for forming said plastic mass into a uniform continuous

layer.

Means can be provided for sizing the laminate in thickness and/or

in width.

Desirably the apparatus includes means for conditioning the
laminate after formation to render it stable in use and storage.

Said means can include an oven for evaporating substances, from

the laminate.

Means for supplying the plastic mass to the conveyor can include

one or more nozzles, and/or an extrusion head.



and means for formng said plastic mass into a d.e5| red . shape.

45, Appar atus as clained in claim44 incl udl ng npans

supplying a carrier sheet to the conveyor for ;uni o?wwr'rh t he nass.
46. Apparatus as clainmed in claimd44 or 45, wherel n_nmeans..are

provided for sizing the lamnate in th|1%kness and/or I n

e e omEn e R

Means can alsc be provided for supplylng a cover sheet to a

surface of the layer remote from the support sheet.

Means can also be provided for feeding a reinforcement to be

embedded within the smectite containing layer.

Means can be provided for uniting said reinforcement with one or

both of the cover and support sheets; for example by heat sealing.

The invention also provides a method of waterproofing a structure
to prevent ingress and/or egress of aqueous f£fluids including the
steps of providing a plurality of sheets each in the form of a
laminate of a support sheet and a layer of cohesive smectite,
formed from a plastic mass, as aforesaid, laying the sheets to
cover the surface of said article in overlapping relationship and

protecting said sheets against accidental damage in use.

Waterproofing material in accordance with the invention can be
used, for example, as rocfing material or to provide a seal for a

pipe or other plumbing fittings.

The smectite mixture can be in the form of a sgealing ring or
annulus or can be provided as a continuous length for wrapping
around joints. The sealing material can be made by the aforesaid
methods of forming a plastic mass and extruding, cutting or

moulding therefrom.

Acrylate or polyacrylate compounds may desirably be added to the

liquid for mixing with the clay.

The acrylate can have the formula shown in figure 12.



- 65 - 47. Apparatus as clainmed in any:of clalns 44 to 46 and

i ncl udi ng neans for conditioning the nater|TI after e, formation to
render it stable in use and storage. pawavuS as claimed in
claim 47 wherein said neans |nclud631 an _oven..-for- evaporating
subst anc from the | am nat e. T
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Although the sodium salt of polyacrylate is shown other cation

forms can be used.

In the sodium cation form the acrylate can replace the sodium
cations which normally coat the outer layers of the smectite

plates.

The acrylate polymer can be doped with various desirable material

to alter various properties of the clay.

One particular doping agent is glycerol. The introduction of
glycerocl can increase the flexibility of the clay so that a

length of the clay can be bent easily without breaking.

Methanol can also be introduced, as previously mentioned. It is a
ugseful material for increasing the flexibility and reducing the

stiffness of the mixture thus assisting in its processing.

A further problem of smectite clay when used as a waterproofing
material, is that its function is very dependent on the amount of
montmorillonite used. For example when a body of a
montmorillonite is constrained between two surfaces, such as the
concrete of a structure and the ground, when contacted by water
it swells and forms the aforesaid high pressure layer which
prevents ingress of water to the structure and therefore
effectively waterproofs it. To 1ncrease the waterproofing
efficiency of the clay body, larger quantities of montmorillonite
can be used. However, higher quantities of montmorillonite mean
thicker sheets of material which are more difficult to handle and
which are heavier have more transportation costs and are bulky.
In sheets which consist principally of particulate

montmorillonite there can be significant difficulty in getting



ei'n nmeans. -are

49. Apparatus as clained in claim 47, Mer

provided for recovering volatile solvent ifrom saﬂiﬂ_dn :  substances
and recycling it. 50. Apparatus as cali ﬁnaéi 45, ey oF7clains 44 to 49
wherein the nmeans for supplying theiplastic mass to.the conveyor
i ncl udes one or nore nozzles, and/or an _ext riusi-en-head.” 51. Apparatus
as clained in claimb50, wherein the ext ¥usi on head.is adapted to

extrude a taiband SBARS LS BROViadeshd1® area Slbel RRcbUbE apgoyintgld it
to forma flat web.
waterproofing in ground situation or for roofs, walls and the

like tend to have relatively low densities. This is because they
are generally made from particulate montmorillonite adhered to
a supporting sheet as of plastics material or textile material
and secured thereto by a variety of means ranging from adhesive

to needling to sewing or by embedment in a mesh of fibres.

The invention provides a smectite clay waterproofing material

having a density greater than 1000 kg. m™.

The waterproofing material can be a sheet at least a metre wide

and desirably up to four metres wide or more.

During its formation, i.e. during mixing, the waterproofing

material may advantageously be exposed to suction to remove gas.

Desirably the degassed material is subsequently subjected to
pressure. Such a pressure step can reduce the number of voids in
the product as well as urging the molecules of the product closer

together to produce a denser product.

The pressure can be applied by extrusion or by passing the
forming material through rollers, or by any other convenient

means.

Where the product is subjected to pressure as aforesaid it is

desirable that the pressure is applied when the temperature is

within the range 15°C to 30°C.



'féi,'whéhérﬁj: - means

52. Apparatus a clainmed in any of clains 44 to S
S provided for supplying a cover sheet to af§urface"”" of - the | ayer
renote fromthe support sheet. 53. Waterploof ingungt®éd al . made by the
appar atus of any of clains 44 to 52 e L

A further disadvantage of existing smectite-based waterproofing
materials is that upon exposure to water they tend to swell (this
is the very factor which gives them their waterproofing
properties in that they produce an area of such high pressure
that additional water can not penetrate). However, the pressures
can tend to be very high and, therefore a wvery significant
overlay of either a heavy earth layer (for example one to two
metres) or up to 3” or more of concrete are necessary in order
that the expansion éressure of the smectite cannot cause movement

or displacement of any structure.

The invention provides a waterproofing material having a
significantly reduced expansion pressure compared with known

smectite based waterproofing material.

The expansion pressure can be as low as 10mm of concrete as

carried out in the test later defined herein.

Preferred embodiments of the material of the invention provide a
barrier against aggressive ionic f£fluid, the barrier being in the
form of a constrained layer of said material, wherein interlayers
of the smectite have been treated with acrylate or polyacrylate

or comparable substances.

The interlayers are then capable of absorbing water to swell the
material to a barrier pressure while the acrylate or polyacrylate

inhibit ion exchange between said fluid and the smectite.

The £fluid will normally be agqueous and can be highly ionised
fluid such a leachate or fluid containing fertilizer and the

like. However, the barrier can be equally effective against
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- 66 - 54 Material as clained in anyio"crains 27 to 33, 45 or 53 and,
having a density greater than 1000kg n{errk.\ ﬁgﬁ5ﬁhoFerLaL as claimed in
any of clainms 27 to 33, 45, 53 or 55 and bei ng greatier- than 1 netre
in width, preferabl greater than 2 nettes...--—56. A waterproofing
material conprising a plastic Mass 4g ! containing .a-particulate
snectite clay having, at nolecul ar | evelstTuctural plates

sandw chi ngrgamier | aleirds bet WeEdlids containing organic material, as the

smectite interlayers remain proof against ion exchange with such

fluid.

The smectite layer needs to be constrained in order that the
barrier pressure can be achieved. The constraint can be a back-
£fill or overlay of earth or other material or in solid structure

an adjacent or surrounding area of concrete or the like can be

used.

A further problem with known smectite based waterproofing
materials is that it has been very difficult to secure them to
surfaces to be waterproofed. Whilst a flat or gradually sloping
surface can be easlly waterproofed simply by laying a sheet of the
smectite material thereon, when wvertical surfaces (such as
adjacent edges of concrete panels) are to be waterproofed it has
been necessary somehow to attach a smectite based strip thereto.
Existing methods used have included the provision of rebates into
which strips of seal material can be pushed and the use of clips
or nails. Although nails can be used they tend to be frowned
upon as they pierce a waterproof layer and they can introduce
metal ions into the surrounding water which may have a
detrimental effect. Because of the generally incohesive nature
of clays and their £riability, adhesives have not been very
effective. Some heavy soaking adhesives have been used,
particularly the type of adhesive used in the adherence of
smectite particles to sheets. However these adhesives have a great
tendency to inhibit the swelling properties of the clay and to

react adversely.

Preferred embodiments of the material of the invention are

readily securable to a surface by use of an adhesive compatible



them the plates having outer tetredral |ayers facing. the: ! interlayers

and an organic liner conplexed with said i ?t*y#%ﬂfé%edrdl | ayers.

57. A waterproofing material including a shegtite clay having its
interlayers provided ith organic liner to discourage repl acenment of
sodi umions and bei ng capabl e of absorangLu____wnmaLeL_and swel |'i ng.

58. Material as clained in claim56 or 57 wherein the |iner cl osely
bi nds sodi b ddei onsrtleteheroupalyacaybatsee ofotgment, sucpl atsesa tdyamef or e
reduci ng the ossiplit of their

acrylate adhesive.

The invention will be described further, by way of example, with

reference to the accompanying drawings wherein;

Figures 1 and 2 are cross sectional view illustrating overlap

joints in the prior art and their disadvantages:;

Figure 3 is a cross sectional view illustrating a preferred

waterproofing material of the invention;

Figure 4 is an enlarged c¢ross sectional wview illustrating a

surface of a preferred material of the invention;

Figure 5 is a schematic wview illustrating the apparatus of the
invention suitable for carrying out a preferred method of the

invention;

Figure 6 is a plan view of part of the apparatus of figure 5 and

illustrating two possible variations;

Figure 7 is a wview similar to figure 3 but illustrating a

modified material of the invention;

Figure 8 is a view similar to figure 7 but illustrating a still

further modified material;

Figure 9 is a view comparable to figure 1, but illustrating an

overlap join made using the material of the present invention;



repl aceme by cal cium cati ons. 59. Matger:'i al as clainmed in claimb56
or 57, wherein the liner repl acs sodiium cgl igpsiglgavi ng a general |y
neutral fase {1 - 67 - '

7] S S

Figure 10 is an enlarged view of the portion ringed at numeral

10 in figure 9.

Figure 11 is a sketch illustrating structure of montmorillonite;

and

Figure 12 is a chemical formula illustrating the structure of an

acrylate useable in the invention.

Referring to figure 3, the preferred waterproofing material (10)
of the invention is a laminate consisting of a core layer (11)
containing montmorillonite. The core layer (11) is united with a
support sheet (12) and is desirably but not essentially overlaid

by a cover sheet (13).

The essentials of the material (10) of the invention will
probably be best apparent from a detailed description of the way

it is made and the apparatus which is used to make it.

Referring, therefore, to figure 5 it will be seen that a
preferred apparatus of the invention comprises a conveyor (15)
having an upper run (16) and a lower run (17} entrained about end
rollers (18) and (19). The upper run (16) travels from left to

right in figure 5.

At the upstream end of run (16) a support sheet (20) is fed £from
a supply roll (21) by a guide roll (22) so as to run on and in

synchronism with the conveyor (16).

The support sheet (20) is a sheet of woven or non-woven textile
material (preferably woven) which is relatively 1loose weave,

being quite porous in a direction transverse to its plane.



whi ch can absorb water by capillary action, bdt which being™ "

v generally
neutral, does not attract cal cium cations. i60.- Nat-eri-al- as claimed in
any of claims 56 to 59 and bei ng sel ected from organic conponds
conpatible with the outer | ayers of the! snect1te'pta(es and
exenplified sugars; as fructos y glucqse dextrose; acryl ate;
pol yacryl ate; and al kyl ommoni um t rg et hylj al kyl amoni um 61
Material as clainmed in claim60 wherein acryl ate—used-and--- - polynerises

wi thin the clay
The web forming the support sheet can be made of any geotextile

material which is suitable for disposal within the ground for
long periods. Typical materials for weaving or forming the
fabric of the sheet (20) can be polypropylene, polyesters
including nylon, and many other plastics materials alone or in
blends. The material should be sufficiently strong to support
the composite laminate to be formed and can be similar to many
of the facing sheets wused in relation to the prior known
materials discus-sed in the introduction hereto. Polypropylene and

cotton mixers can also be used. A typical support and/or cover

sheet can be of a print weave and of a weight 700g per sqg.metre.

Downstream of the supply roll is a hopper mixer (23) in which
particulate montmorillonite can be supplied as indicated by the
arrow (24). The particulate montmorillonite can be supplied from
a mill or like supply and in the preferred embodiment is of 200
mesh. Finer mesh can be used although great advantages are not
obtained. Meshes up to 50 mesh can be used, but at sizes greater
then 100 mesh, union between the montmorillonite particles is

less effective.

The process which takes place in the hopper mixer (23) can be
either a continuous or a batch process. Within the hopper mixer
{23) a measured quantity of montmorillonite is mixed with a
measured quantity of liquid to produce a fluent mass. The liquid
can be supplied from a tank or comparable supply (25) and when
mixed with the montmorillonite will form a shapable mass. The
liquid used c¢an include an organic liquid such as glycerine,
diesel oil or comparable oils or mixes thereof. For economy and
for ease of handling and simplicity the liquid 4is primarily

water. In the preferred embodiment of method of the invention



62. Material as clained in any of <calinms: 5 to 61 ‘and
conti ani ng glycerol. 63. WMaterial as clai ;mad |. ~aRny., of aclains 56 to 62
wher ei n an al cohol is used in the prepar ation of" t He cqnpl ex.
64. A nmethod of treating a snectite clay including.the.-step-of ;
reacting it wwth a liner capable of CO%E| exingl with faces " of the
clay structural plates adjacent the erl ayers—to formra coating
whi ch resi ghgef 6 32328818 t800hdHEmERii S te therefBeind dFphBREnAS1¢ ai med
in claim64 wherein the liner is

from 10 to 30% water, desirably about 15 to 20%.

The liquid may also include a proportion of alcochol. Methyl,
ethyl or propyl alcohol can be used. Methyl is preferred. An
alcohol water mixture needs less drying power than water alone.

Some alcohol can be reclaimed and reused.

In making a typical product in accordance with the invention 5
kilogrammes of montmorillonite were mixed with 0.446 kilogrammes
of sodium carboxymethyl cellulose (CMC), 2.5 litres of methanol
and 1.8 litres of water. Both the CMC and the methanol make the
mixed and kneaded product more flexible and extrudable. The more
water that is used the more heat is required to drive it out.

This means added expemnse.

Although the above particular mixtures have proved suitable many

variations can be made.

The material desirably contains a bulking agent, an anti
fungicidal preserving agent, to prevent growth of mould in or on
the material and desirably a lubricant to assist in the
extrusion process and convey also a degree of flexibility to the
plastic mass. CMC is a very desirable substance in that it
provides all these properties. It has anti fungicidal
properties, it 4is a lubricant and it makes the product more
flexible. It also has the great advantage that upon contact by
water, in use, it dissolves. Those areas of the outer surface
of the material when first contacted by water have the CMC
dissolved out of them leaving micro pores into which more water
can penetrate, wash out more CMC and cause rapid expansion of the

adjacent montmorillonite. This greatly increases the rate of



slected from fructose; glucose; dextose; ; écryféfé*5“y

polyacrylate and al kyl anmoni um trinethyl al kyl i UM, - S I
-68 - 66. A nethod as clained in cIa|n164 mhereln t'he Ilner is m xed
mnth the clay as a nononer and pol ylerises mntrln t-he. cl.ay...
23 S
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water transfer into the material. A bulking agent which dissolves

in water and aids water ingress to the montmorillonite is very

desirable.

The montmorillonite used is desirably sodium montmorillonite but
calcium montmorillonite or treated calcium montmorillonite and
other smectites can also be used. As shown the materials are
first mixed by means of a mixer (27) and then extruded by screws
(28) to an extrusion nozzle (29). Where the £fluid mass is

spread out as a thin layer covering the entire width of the

conveyor run (16).

If reinforcement is required within the montmorillonite layer in
order that it can be laid on steep s8lopes without loss of
function it can be desirable to incorporate within the plastic
masg a reinforcing layer. This can be done by embedding the
reinforcing layer into the mass as it is being extruded or as it
is being spread out into a layer. The reinforcing layer can be
made in the form of a core having bristles or comparable
formations extending outwards which, with the core disposed
centrally in the body of montmorillonite extend to the surface
thereof and contact and possibly project through the surface
layers. The material of the reinforcement and the surface layers
can be made such that the exposed bristles can be heat sealed to
contact and be secured to the outer layers. It is envisaged that
it would be possible for the montmorillonite mass to be extruded
or formed into a pair of sheets and the reinforcement fed between
them and to have its bristles projecting through each of the two
part layers of the montmorillonite core and project to the other

gsurfaces thereof and be united with the support/cover sheets.



67. A method as clained in claim64, 65 ori 66 wherejn gl cohol S
used to facilitate introduction of the lingd jinto'the ™ . snectite
interlayer. 68. A nmethod as claimed inlany _of .clLains-6: to 67 including
exposing the form ng conplex to suction renpve gas whil st . reaction is
pr oceedi ng. 69. A nethod as clai rre% i N any-of--ctarms~64 to 65 wherein

t he degassed material is subseq éntly subj ected to pressure. 70.
A nmet hod aalehAigredihdl exerisioh @Jfai 46 thdnt QaP8r Woer ajhe tgdastic mass

containing montmorillonite is desirable, as it can be 3 or more
metres wide, it could well be that a three metre wide extrusion
nozzle is either expensive, slow, or requires inordinate amounts
of power to be successful. Such a extrusion nozzle (29) is shown

in figure 5 which also shows an alternative which will be

described later.

It is expected that the mass will be extruded as a rod and rolled

flat.

Downstream of the nozzle (29) the layer (30) of montmorillonite-
containing plastic mass is levelled and formed into a uniform
uninterrupted layer. This can be achieved by means of an initial
doctor blade (31) or more likely, a roller, and subsequent sizing
rollers (32) to (34). The pairs of sizing rolls (32) (33) (34)
can effect kneading and levelling of the £fluid material and

subsequent size thickness reductions.

Figure 6 shows one of the rollers and shows the plastics
material extruded outwards beyond the edge of the conveyor and

being removed by trimming knives (36).

At one of the sets of rollers (32) (33) (34) there is fed a web
of cover sheet (37), from a supply roll (38). Of course, if roll
(32) or (33) and (34) are needed to effect creation of a uniform
flat layer of the montmorillonite containing mass, application
of the cover sheet (37) can be left until roll (34). However,
this is not desirable as rollers (32) and (33) are best protected

from the plastic montmorillonite layer by the cover sheet (37).



form ng conplex is subjected pressure duringireaction to- - - increase

the density of the product. 71. A netho? as ghaiaed-in any of calins
64 to 68 wherein the reaction betweenjclay and”lI'ner is: constrained
to proceed at such a rate as to ensure that..the.tenperature of the

form ng product varies between 15 and %O[eré]c. 72. A pethod as
claimed in any of clains 71 wherein £Re T e e tppper at ur e

range is ThemidQuid® %ffch converts the powdered montmorillonite into a
plastic fluent mass will need some degree of subsequent treatment,
for example by evaporation, drying or partial chemical change =so
as to ensure that the final material can not deform further in use
or in storage. This can be effected by means of a treatment

facility indicated by the reference numeral (39).

In the illustrated apparatus the treatment facility (39) is in the
form of an oven which will reduce the solvent water content of the
montmorillonite containing layer from 20 % down to 5% or less. Hot

air is supplied at an inlet (41) and leaves via outlet (42).

After leaving the treatment facility (39) the laminate can be
allowed to cool and then be fed to a store roll (44). A knife or
the like can be provided for cutting the laminate as it leaves

the oven when roll (44) is £full.

The initial consistency of the plastic/fluent mass containing
montmorillonite can vary widely from almost a liquid condition to
a stiff paste. The stiffer the paste the better as water has to

be expelled by passage through the oven.

As has previously been mentioned the use of a very wide extrusion
nozzle (29) may not be practical in view of the power required
for such a device. Instead, as illustrated in figure 6 a smaller
extrusion or fluid delivery nozzle {45) can be used which can be
mounted so as to perform a generally sinuous path transversely
of the direction of travel of the run (17) of the belt (15).
Thus, the nozzle (45) can follow a path indicated by the line
{46). By altering the speed of travel of the nozzle and/or the
rate of delivery of the fluent material it can be assured that

sufficient material is applied to the belt to allow a layer of
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applied when the tenperature is within the range specifiged.., 74. A
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mat eri al nade by the method of any of clains 64ItP A3 MY
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desired thickness to be formed throughout the area of the belt
without wvoids, «cracks or the 1like which would be most
undesirable. To this end it is advantageous if the material can
be applied to some significant access and after having been
formed into a uniform coherent layer excess material extruded
sideways is removed by means of the trimming knives or the like

(36) . Of course, such material can be reclaimed and re-used.

It has been mentioned that the support sheet and/or the cover
sheet can be of woven or non-woven material. Woven material is
preferred but it gives gignificant strength with lesser weight
of materials. A non-woven material might have advantage, however
in that it can form a physical union with the montmorillonite
containing core (11l). The term core (11l) is used even though the

cover sheet (13) may not be provided.

As best seen in figures 4 and 10 the action of the rollers (32)
{(33) and (34) is to cause the support/cover sheets (12) (13) to be
partially embedded in surface zones of the plastic mass
of material forming the core (11) whilst the core is in a plastic
state. There is no need for any adhesive, which is an expensive

and unreliable component.

As the core is treated in the facility (39) either by evaporation
or chemically so as to cause the core to harden there is a
physical locking of the surface portions of the core (11) with
portions of the fabrics (12) (13) physically uniting them to the

surface without the need for adhesive.

This has two important consequences.



75. A material as claimed in any of claims 56 to/74 and havi hg a
density greater than 1000 kg. nferr]. 76. A.natertab as clained in any
of clainms 56 to 63, 74 and 75 and belng a'sheet at Ieast a metre wde
and desirably at | east two netres wide.: 77.---A-material as
claimed in any of claims 56 to 63, 744to b6 and nd having a signifi
ntly reduced expansi on pressure conpaLed—wrth"kﬁomn snectite based
wat er pr oof Fingptigt. ebleahsse a gddll poktied eof atheassigleabned2) naxd al¥m)7Ansher ei n

t he expansi on
embedded within the material of the core, only a small portion of
the body of the fabric is exposed above the surface. In use that
fabric surface will be in contact either with anchoring overburden
(at least 150mm of overlying material is recommended to protect
such layers) or the underlying earth. The overburden or the earth
penetrates the fabric quite easily (it is a very open fabric and
there is intimate contact with both the overburden and the
underlying earth). This again has two important consequences.
Firstly,.once the support layer (12) (which will normally be in
contact with . wunderlying earth) is intimately connected by the
earth, ground water enters, contacts the montmorillonite and

causes swelling which creates a seal.

It is a further advantage that because of the intimate contact of
the underlying soil or the overburden with the montmorillonite
through the support and cover sheets (12), (13) there is no
possibility that either the cover sheet (13) or the support sheet

(12) can allow any venting of gas laterally through the fabric.

The second advantage of this is illustrated in figures 9 and 10
which are comparable to figures 1 and 2, but relate to the
present invention. In figure 9 a first piece (47) of the
material of the invention is shown overlapping a lower piece
(48), both lying on the ground. The overlap cover sheet (50) of
the second sheet (48) is in contact with the support sheet (51) on
the piece (47). As illustrated in figure 10 the sheetg (50) and
{(51) are in intimate contact and they are significantly penetrated
by montmorillonite £rom the respective cores of the two panels.
Upon entry of water in the direction of arrow (52) or (53) the
montmorillonite in one or each of the cores can swell and expand

into the unfilled portions of the fabrics (50) (51) and £form



pressure is | ow 15nm of concrete as carrﬁed out in'the it t est

defined herein. 79. A material as cla$npd4unwaghﬁﬁﬁ78;mherein t he
expansi on pressure is bel ow 10nm of concrete as carried out in the
test defined herein . \ Lm0
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effectively a continuous layer of expanded montmorillonite uniting

the two cores and providing a completely water tight seal.

The invention is not limited to the precise details of the

foregoing and variations can be made thereto.

In a further specific example of the invention a quantity of
untreated sodium montmorillonite and approximately 10% by weight
of a polyacrylate of the formula shown in figure 12, from 2% to 7%
of a gsodium carboxymethyl cellulose (CMC), 14% of methanol and.s%
of glycerocl were intimately mixed together. Kneading and mixing
were continued until the mixture reached a suitable consistency
for extrusion. This can take longer than would normally be
necessary for simple mixing as the chemical reaction between the
acrylate and the structural plates of the clay takes some time to
occur. The heat emitted by such reaction is an important factor in

bringing the plastic mass to a suitable consistency and structure.

Once this has occurred the mixture is passed to an extruder where
it is driven towards an extrusion screw, and subjected to a
suction stage to remove significantly all entrained gas from it
before being extruded in the form of a rope, profile or sheet as

desired.

The montmorillonite used in the process is finely ground and has
the structural formula and shape shown in figure 11, the cations

in the interlayer being essentially sodium cations.

During the reaction the c¢lay becomes acrylated and the 1long
organic chains of polyacrylate penetrate into the interlayers and
displace water. At the particle surfaces, polyvacrylate bonds with

strong hydrogen bonds to the £free unsatisfied OH groups. This



80 A barrier against aggressive ionic fluid, in the formof a

constrai ned | ayer of a nmaterial as clained in hnx;pmﬁ@haﬁﬁ © . 56 to 53
and 74 to 79. 81l. A barrier as calinmed in cﬂaiﬁr80 mhereLn;the

constraint is back-fill or overlay of jateri-al..or..soli.d:structure.

82. Material as clainmed in any of clabgs 56/ to 63, 74 to 79 secured

to a surface by use of an adhesive conpati bl e to——t-he-t+i-ner.
effectively shields the sodium cations, thus greatly resisting

their replacement by calcium cations in contaminated ground water.

This has the important effect that any cations which enter within
the interlayer can not replace sodium cations and thus do not
reduce the capacity of the clay to expand, shrink and re-expand

after drying out.

Instead of carrying out the invention usging acrylate other
materials can be used. For example sugars such as fructose,
glucose,dextrose can be used. All act in very similar way to the
acrylic molecule and have comparable and similar effects. The use
of sugar may, however, be undesirable in some circumstances in

view of its encouragement of microbial growth.

A further alternative material is alkylammonium trimethyl alkyl
ammonium which can be used in the manner very similar to the
polyacrylic compound to give a similar complex with similar

properties.

In another example of making a smectite clay water proofing
material in accordance with the invention sodium montmorillonite
powder was mixed with polyacrylate, glycerol and methanol. The
mass was mixed together for some fifteen minutes and then extruded
through a 25mm square orifice at a rate of about 0.5 metres per
second to produce a rope like concrete sealing strip having a

density of about 1350 kg m m?,

The actual density can be varied by varying the proportion of

materials in the complex.
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83. Material as clained in claim83 wherein the {in .

pol yacryl ate the adhesive is a cyano acryl ate| adhesive. ™" " 84. A method of
making a fluid barrier including formng blocks 17 sayv@fyymaterial as
claimed in any of clains 56 to 63 and 74 to ; ° 79 and arrangi ng said
coks in a |ayer. 85. A nethod as ai med i'n claim 84-wherein the |ayer
S selected froma wall, a floor and i_Lpr. 86. A method as

cl ai med i nThé afahe8brodidngi matdrsal| cak beamede withoubondad, Pélyacrylate.
In addition it is possible to use CMC either in addition to the
acrylate or as a substitute therefore. The CMC can be useful in
varying the reaction rate of the clay but it also has a property
of forming, on the surface of the extruded material a layer which
improves the life of the sealing material by resisting degradation

and swelling by rain over a first few hours or days.

In testing the aforesaid material of the present invention a
layer of conventional particulate smectite clay waterpro-ofing
sheet was laid on the ground and contacted with typical water
high in ionic leaching chemicals. After six hours the bentonite
layer had absorbed the liquid and had swelled to form a uniform

water retaining layer.

A material according to the invention was similarly treated and

had, within six hours reached precisely the same condition.

The two sheets were then allowed to dry. In the complex clay
sheet according to the invention the sheet reduced in thickness
to its original thickness with no significant cracking. In the
untreated prior art clay particulate layer sheet there was
significant cracking and large gaps appeared in the material.
Both sheets were then rewetted {(whether pure water or
contaminated leachate water was used made no difference). The
prior art material, wherein clearly sodium montmorillonite had
been converted to calcium montmorillonite there was no
gignificant re-swelling. The cracks remained and water was able
to penetrate through those cracks even after prolonged scaking
with water as would happen in an underground situation. The
prior art material was no longer waterproof and did not itsgelf

form a waterproof layer by expansion.



87. A nethod as clainmed in claim84, 85 or 86 wherein a sSnectite

cont ai ni ng paste is used as a lute.

-t 71 - 88 A nmethod as claimed in any of clains 84 to 87, wherein the
31

On the contrary, however,

the material of the present invention

formed a uniform waterproofing layer.

As well as montmorillonite,

used.

gaponite and other smectites can be

In carrying out further preferred processes the percentages of

the various materials used can be varied as follows:-

ITENM PERCENTAGE RANGE
Water 15 = 25

Sodium Polyacrylate 8 - 16

{Methyl) Alcohol 0 -5

Wyoming Bentonite. 50 - 75

Carboxy Methyl Cellulose 0 -3

Sodium Hexameta Phosphate | 0 - 0.5




paste is a SLIC 89. Sealing material in the formof material as
clainmed in any of clains 56 to 63, 74 to 79. 90. Sealing nmateri al
as claimed in claim88 and being in annul ar form H

Wat erproofing material substantially as described with ”? M’j’ Hﬂﬂ/f

t he acconpanyi ng draw ngs. 92. A mgthod of naking a waterc Im

materi al substantially S
Claims

1. Waterproofing material made by forming from a substantially
homogeneous plastic mass containing particulate smectite
clay and liquid, at least a proportion of said liquid being
water, characterised in that said material is extruded
and/or rolled to sheet form (11;30) and wunited with a

carrier sheet (12;20;51).

2. A material as claimed in claim 1 wherein a propoffion of

said liquid is an alcohol having from 1 to 12 carbon atoms.

3. A material as claimed in claim 2 wherein said alcohol is

methanol, ethanol or propanol.

4. A material as claimed in any preceding claim wherein said

liquid contains acrylate or polyacrylate.

5. A material as claimed in any preceding claim wherein said

liquid contains glycerol oxr glycerine.

6. A material as claimed in any preceding claim wherein said

liquid contains a carboxymethyl cellulose (CMC) compound.

7. A material as claimed in any preceding claim wherein the
smectite containing layer (11;30) is sandwiched between said

carrier sheet (12;20;51) and a cover sheet (13;37;50).

8. A material as claimed in any preceding claim wherein

reinforcement is provided in the smectite containing layer.




as described wth reference to the acconpanying draw ngs.

10.

11.

12.

13.

14.

1s.

(A R

iy S
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A material as claimed in claim 8 wherein the reinforcement
is secured to the cover sheet (13;37;50) and/or the carrier

sheet (12;20;51).

A material as claimed in any preceding claim and having a

density greater than 1000kg per cubic metre.

A method of making a waterproofing material comprising
mixing particulate smectite clay with a liquid, at least a
proportion of which is water, kmneading the mixture to form a
substantially homogeneous plastic mass, forming the mass
into a continuous layer (11;30) by extrusion, rolling or
other means, and uniting same with a carrier sheet

(12;20;51).

A method as claimed in claim 11 wherein the smectite layer
(11;30) and the carrier sheet (12;20;51) are treated after
union to cause the layer to lose a degree of plasticity to
enable it to be handled and stored without undergoing

significant deformation.

A method as claimed in claim 11 wherein after forming the
layer (11;30) is subjected to a drying step by passing
through an oven (39) to remove liquid from the layer by

evaporation.

A method as claimed in any of claims 11 to 13 wherein the
mass or the layer (11;30) is exposed to suction to remove

gas therefrom.

A method as c¢laimed in claim 14 wherein the degassed

material is subsequently subjected to pressure.

!
!
L.

%*
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WATER PROOFING LINER

ABSTRACT

There is described a waterproofing material basically made from
a plastic mass containing a liquid and particulate smectite clay,

usually montmorillonite such as bentonite, which can be united

with a carrier sheet. The plastic mass can contain aqueous

and/or non-agqueous liquid which can be expelled after forming.
The smectite clay can be a smecite liner intercalation complex
and the mass is desirably formed by extrusion, in the latter case

preferably diving reaction of the clay can have a density of at

least 1000 kgm n? and can 1 m or more wide.

Figure 3
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