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and technical engineering, especially for joint sealing and for
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conposi tions
5 The present invention is directed to water-swellable

seal compositions for producing preformed seals for
structural, civil and technical engineering, especially
for joint sealing and for compensating dimensional
changes in structural components. The seal compositions
10 include rubber and/or elastomers and, embedded in their
matrix, a combination of strongly water-absorbing

materials such as polysaccharides and hydrophilic
polymers which are known as superabsorbents.

15 Background of the invention

Water-swellable seal compositions are well known.

DE-A-42 26 198 describes a water-swellable seal
material, particularly for Jjoint sealing and for
20 compensating dimensional changes in structural, civil
and technical engineering or in other technical areas.
The seal material is producible by polymerization of a
reaction mixture of monomeric water-soluble or water-
miscible acrylic and/or methacrylic acids and/or
25 derivatives thereof. The sealing materials described
have the disadvantage of using toxic raw materials
which will partly remain in the sealing material even
after the tape has cured and pollute the environment.

30 DE-A-36 10 645 discloses a water-swellable seal
material which includes as the polymeric base material
not a hydrophobic polymer such as rubber but a
hydrophilic addition product of a low molecular weight
polyolefinpolyol and ethylene oxide that contains
35 reactive hydroxyl groups. The composition includes as
water-absorbing polymers hydrolyzed PVA-sodium acrylate
copolymers, CMC, hydrolyzed polyvacrylic acids, mixtures
of starch and hydrolyzed polyacrylonitriles or mixtures
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polyacrylonitrile hydrolyzate, starch-polyacrylate,

sodium polyacrylate hydrolyzate. The water-swellable
10 material may be foamed so that its specific density is
0.1 to 0.9 g/cm’.

EP-A-160 438 <describes a water-swellable caulking
material which comprises a body of water-swellable

15 polymer material and non-water-swellable material that
is surrounded by a layer which is impervious to neutral
water, but pervious to alkaline water. The body
includes a water-insoluble rubbery polymer and a
strongly water-absorbent resin, eg. crosslinked

20 polyvacrylic acid salts, reaction products of starch and
polvacrylic acid.

US-A-~5,011,875 is directed to water-swellable caulking
compositions of rubber, thermoplastic polymers and
25 water-absorbent material, such as polymers based on
acrylic acid, starch-polyacrylic acid graft copolymers,
starch-polyacrylonitrile graft copolymers, CMC.

Us-A-5,075,373 discloses a water-swellable seal
30 material which comprises, embedded in a matrix of
rubber or synthetic polymers, particles of a water-
absorbent resin, for example crosslinked polyacrylic
acid salts, starch-acrylic acid graft copolymers,
starch-ethyl acrylate graft copolymers, CMC.
35
EP-A-118 998 is directed to a water-swellable seal
comprising chloroprene rubber blended with hydrophilic
water-absorbing polymers such as starch-polyacrylaté

This Sheet Has Been Replaced

LU




- 2- copol ynmers, CMC, hydrolyzed pol yacrylic aci dg— : ,
starch and hydrol yzed polyacrylonitriles or mxtures | THISSHEERHAS BERN

sodi um pol yacrylates. Crosslinking is ef fected usifing ngmﬁuamgge 5
DE- A-35 32 961 describes a seal material shich includes™ = '
wat er -swel | abl e material conprising a m xture of wat er - absor bi ng

pol ynmer and rqh&ﬁftomoparﬁﬁﬁiép pesyacrylatahtepemp$mebhmgcpyliceasid
nenti oned are star cr hydr ol yzat e,
st ar ch- pol yacr Cl\getse c1anl'lr?lp &ac%%ﬁoé;t&eﬁ%/%r ol yzate. The

wat er - swel | abl e naterlal may be foamed so that its specific density is
0-110 0.9 o/ G dldes add afderoddd 43§at3§58558§§1n§ r¥BLBE- Riglkiuael ¢
caul ki ng mat er i conprlses a wat er - swel g % polyner
material aRd rRAIRRIRS - %ﬁeﬁléblédﬁépéwﬁﬂ hQEuand dispersed therein

a resin of high water absorbency, for example maleic
anhydride copolymers, crosslinked alkali metal salts of
polyacrylic acid.

10 EP-A-410 669 describes a water-swellable seal
composition comprising a vulcanized rubber material, a
étrongly water-absorbent resin, such as poly(acrylic
acid)-based resins, maleic anhydride copolymers, basic
water-absorbing inorganic material, plasticizers,

15 wvulcanizing agents and customary auxiliaries.

DE-A-196 19 709 discloses a seal material comprising a
metal sheet with an overcoat of a superabsorbent
polymer, fibers and rubber.
20
However, the known seal materials have disadvantages,
especially when wused in composite seals. Inorganic
aggregates lead to severe equipment wear when producing
and processing the seals. Frequently, the requisite
25 extensibility and elasticity is lost on drying. Most
seal materials have a relatively high specific density
(> 1 g/cm®) and the elasticity is limited. They further
frequently include toxic constituents.

30 Object of the invention

It is an object of the present invention to provide a
water-swellable seal material for preformed seals that
is primarily produced from nontoxic raw materials and
is readily processible into preformed seals, including
35 composite seals. Furthermore, machine problems, such as
abrasion, shall be avoided in the production of the
seals. The swellability shall be conformable to
specific requirements in structural, civil and
technical engineering.
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rubber - or synthetlc ol rs, partlc s of .a water-, absor ent % sin,
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graft copol yretser- abscsﬁhﬁrﬂh ethélyériaalyl dte g@r afc¢ondmioma i s, oENC(A)
polysaccharide(s) selected from cellulose, starch,

starch derivatives except grafted starch, amylose,
amylopectin, dextrans, pectins, insulin, chitin,
10 xanthan, alginic acid, aglinates, carragheenan,
pustulan, callose, laminarin, guluronic acid, pullulan,
lichenin or mixtures thereof = with (B) water-
superabsorbent synthetic polymer selected from polymers
based on (meth)acrylate, poly(meth)acrylic acid and
15 salts thereof, polyacrylamide, polyalcohols or
copolymers thereof.
It is also possible to wuse mixtures of water-
superabsorbent synthetic polymers.

20 The water-swellable seal compositions include
6.67 parts by weight to 600 parts by weight of
polysaccharide(s) and 2.67 parts by weight to 100 parts
by weight of water-superabsorbent synthetic polymer(s)
per 100 parts by weight of rubber/elastomer component.

25
In an embodiment of the invention, the seal
compositions of the invention additionally include a
blowing agent, so that they are expandable by heating
to 100°C or higher.

30
After the wvulcanizing or crosslinking of rubber and/or
elastomer as rubber/elastomer component, the seal
compositions of the invention will increase in volume
by 5-600% by volume on exposure to water for 3 to 7

35 days.

It 1is particularly preferable, through appropriate
choice of type and fraction of polysaccharide and
superabsorbent synthetic polymer, of the porosity, of
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20 DE-A 196 180780%diky| yodame, s cad far erstadorgydiypr ewehying preformed
seals having a volume increase of above 50% by volume
to 500% by volume.

10 The preformed composite or noncomposite seals can be
constructed as tapes, round cords, endless profiles
with a variety of cross sections.

The composite or noncomposite seals of the invention

15 can be used for sealing constructions in structural,
civil or tunnel engineering, .industrial engineering,
but also in other applications requiring water-
swellable seals.

20 The -invention also provides a process for producing
preformed seals which swell under the action of water,
from seal compositions comprising a matrix of
rubber/elastomer component and an embedded particulate
water-absorbent material which comprises mixing the

25 constituents on mixing rolls, in an internal mixer or
extruder and then forming with or without foaming and
crosslinking the rubber/elastomer component so that the
volume increase_on exposure to water for 3-7 days is
5-600% by volume.

30
Detailed description of the invention
The seal composition of the invention generally
additionally includes one or more customary additives,
for example lubricants, aging inhibitors, dyes,

35 fillers, blowing agents, plasticizers, crosslinking
agents for rubber, crosslinking accelerants,
activators, retarders, crosslinking agents for
elastomers.
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flour, rubber flour dust.

Useful placticizers include mineral oil of paraffinic,
naphthenic or aromatic type, ester plasticizers such as
dioctyl phthalate, ester plasticizers based on adipates
or sebacates, phosphoric esters, stearic acid, palmitic
acid, castor oil, cottonseed o0il, rapeseed o0il, but
also polymeric plasticizers such as low molecular
weight rubbers for example.

Useful crosslinking agents or vulcanizing agents for
rubber and crosslinking agents for elastomers are the
customary ones for this purpose, for example sulfur,
sulfur compounds, peroxides and the like.

In principle it is also possible to effect the
crosslinking using electron beam radiation.

The crosslinking or vulcanization are carried out using
the procedures customary in industrial practice.

The rubber/elastomer component, which 1is preferably
present in vulcanized or crosslinked form respectively
in the finished seal composition, is selected f£from
natural rubber (NR), cis-1,4-polyisoprene rubber (IR),
polybutadiene (BR), randomly copolymerized styrene-
butadiene rubbers (SBR or SIR), acrylate rubber,
acrylonitrile-diene rubbers (NBR or NIR),
polychloroprene (CR), ethylene-propylene rubber (EPR),
isobutylene~-isoprene rubbers (IIR), ethylene-propylene-
diene rubber (EPDM), epichlorohydrin rubber, silicone
rubber, polysulfide rubber, polyvurethanes,
thermoplastic elastomers.

It is also possible to use mixtures of rubber and/or

synthetic elastomers.
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characterized alnsotﬂat masexat eor  contact and provide for water
transportation into the seal composition and also have
a swelling effect.

10 Water-insoluble, but water-swellable cellulose,
especially microcrystalline or amorphous cellulose for
use in the seal compositions of the invention
customarily have average particle sizes between 30 Um
and 200 pm; the average particle size is between 350 um

15 and 800 um in the case of granulated types.

The finely particulate cellulose preferably has bulk
densities of 40 g/1 to 300 g/l, very particularly
preferably of 65 g/l to 170 g/l. If already granulated
types are used, their bulk density is higher and can be
20 from 350 g/1 to 550 g/1.

Starch/starch derivatives can be of various origin, for
example starch from rice, corn, wheat, potatoes and
Leguminosae. It is also possible to use the

25 corresponding meals with cellulosic plant constituents.
Cold-swelling starches are preferred.

Polygalactomanans, for example guar or carob bean
flour, already have this property in the native state
30 and can be wused directly or after a minimal
modification.
Inherently non-cold-water-swelling starches are
preferably used in the form of their derivatives.
Chemically derivatized starches preferably contain
35 substituents which are linked by ester or ether groups
in sufficient number to the polysaccharide chains to
confer cold water swellability.
Starches modified by ionic substituents, such as
phosphate groups, are particularly advantageous and
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degradation and chemical substitution.

To improve the swelling characteristics, it is also
possible to wuse 1lightly crosslinked starches. Even
alkali-treated starches can be used on account of their
cold water solubility.

A further group of cold-water-swellable starches useful
for the purposes of the invention is that of the native
starches which have acquired cold swellability through
a physical treatment. These include for example
extruder starches and drum dryer starches.

To enhance the water absorption and particularly the
associated volume increase, the seal compositions
include a synthetic polymer in the form of strongly
swelling granulate or powder. Particularly useful are
linear polymers of (meth)acrylic acid, copolymers of
(meth)acrylic acid or salts thereof having weight
average molecular weights of 5000 to 70,000 and
crosslinked polymers of (meth)acrylic acid, copolymers
of (meth)acrylic acid or salts thereof with weight
average molecular weights of 1,000,000 to 5,000,000.
The copolymers are preferably copolymers of
(meth)acrylic acid and maleic acid or maleic anhydride
which for example 40 to 90% by weight of (meth)acrylic
acid and 60 to 10% by weight of maleic acid or maleic
anhydride whose relative molar mass, based on free
acids, is between 3000 and 100,000, preferably 3000 to
70,000, and particularly preferably 5000 to 50,000.

Also useful are ter- and gquatropolymeric
polycarboxylates prepared from (meth)acrylic acid,
maleic acid and wvinyl alcohol or wvinyl alcohol
derivatives or those from (meth)acrylic acid,
ethylenically unsaturated sulfonic acids and sugar



.- 5- The mesﬁeet%swhkahﬂcai seal conposi tions__.._incl 647
parts by wei arts by weight of Tmmcmﬁﬁgﬂ ) and
2.67 parts by g arts by wei ght of w ter-:ﬁEﬁhAﬁEBorbent
synt hetic poly 0 parts by vigight of el bstemer—Tomnponent (s).
The seal conpositions of the invention include a bl owi ng agent and are
expanded by heemivgtiveso[e¥ r kbose from; gmeeh) agrylicafaeid s hpaleic
vul cani zi ng Orac.fird)sSkrhﬂl_ﬂ.ngal?éoﬁé’pb%éxs.\)véﬁves ghdst 8GBE6Stontdsning
el astoner conponent s) seal - conpositions of the invention wll
i ncrease in vAIGRAERELS. py 5 600% by vol ume on exposure to water for 3 to 7
15 days. Paddicwdl grar tpreterdrycer efer ahllesp t lyicmeph appr operat eand
choi ce of type f %t%” f 9‘98; 199.9 sorb
synt heti c pol yqlrlvasar]:(]roéo ee(}géc(r)o& %yf%ﬁ 3})%5%‘ cr oss?éﬁgﬂég @Qbﬁl
hardness of (mevacmide acid, maleic acid and vinyl alcohol or
vinyl alcohol derivatives (as described in
DE-A-43 00 772) or those from (meth)acrylic acid,
2-alkylallylsulfonic acid and sugar derivatives (as
10 described in DE-A-42 21 381) or those from

(meth)acrylic acid, maleic acid, vinyl alcohol
derivatives and monomers having sulfonic acid groups
(described in DE-A-19 516 957).

15 These synthetic polymers or superabsorbents are
crosslinked polymers which are capable of absorbing and
binding a multiple of their weight of water to form
hydrogels and thus 1lead, even if included in minor
amounts, to a substantial volume increase of the

20 sealing materials as a result of water swelling.

The superabsorbents to be used according to the
invention are capable for example of binding up to
600 g of water per gram of superabsorbent, in some
cases even up to 900 g of water/g of superabsorbent.

25 Particular preference is given to superabsorbents
capable of absorbing 75 g to 200 g of water per gram of
superabsorbent within 50 seconds.

Preferably the water-superabsorbent polymers have an
average particle size in the range from 5 um to 800 um.

30 Preference, however, is given to products having an
average particle size below 400 um. But, depending on
requirements, it 1is also possible to use products
having an average particle size of 400-800 um.

35 It is preferred to use very fine superabsorbent
particles. Superabsorbent particles having an average
particle size of 70 to 150 um do not burst or swell out
of the elastomer matrix, whereas larger particles of
100 to 800 pm may partly burst out on first swelling
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particulate superabsorbents.

Particularly useful superabsorbents have the following
average particle size distribution:

10
Particle Average in % Average in % Average in %
size um
Particle size | Particle size | Particle size
distribution distribution distribution
in % in % in %
Sample 1 Sample 2 Sample 3
> 800 1.3 0 0
800-560 30.9 0 0
560-400 30.8 0 0
400-250 19.7 0 0
250-200 8.0 2.2 0
200-160 3.1 9.6 0
160-100 4.0 44.6 59.1
100-50 0.2 29.3 37.7
< 50 0 10.5 2.3
Sample 1: Favor SAB 954, Sample 2: Favor CA 100
Feinstkorn, Sample 3: Cabloc C96
15 The particle size distribution was determined as
follows:
Of every swellable medium, 10.00 g were weighed out on
an analytical balance and on the top sieve in a stack
of sieves having sizes of 800; 560; 400; 250; 200; 160;
20 100 and 50 pm. The stack was then shaken with medium

intensity for about 5 min. The product was then weighed
back again on the analytical balance by thoroughly
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per 100 parts by weight of rubber/elastomer component.
Preference 1is given to 12.5 parts by weight to
553.33 parts by weight, very particularly preferably
33.33 parts by weight to 100 parts by weight, of
polysaccharide(s) per 100 parts by weight of
rubber/elastomer component in the seal compositions of
the invention.

The preferred amounts of water-superabsorbent polymer
range from 12.5 parts by weight to 37.5 parts by weight
per 100 parts by weight of rubber/elastomer component.

The rubber/elastomer component is selected from natural
rubber (NR) , cis-1,4-polyisoprene rubber (IR),
polybutadiene (BR), randomly copolymerized styrene-
butadiene rubbers (SBR or SIR), acrylate rubber,
acrylonitrile-diene rubbers (NBR or NIR),
polychloroprene (CR), ethylene-propylene rubber (EPR),
isobutylene-isoprene rubbers (IIR), ethylene—propylene—
diene rubber (EPDM), epichlorohydrin rubber, silicone
rubber, polysulfide rubber, polyurethanes,
thermoplastic elastomers.

Customary auxiliaries may be present in the seal
compositions of the invention in the following amounts,
based on 100 parts by weight of rubber/elastomer
component :

-—
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and/ or pyrogenic silica, silicates, sand, nmineral flour ~such as quartz,

talcum mca, chal k, kaolin, gypsum i me, dolonitd, ng@ T HAS BEEN
ki esel ghur, baryte, feldspar, carbon bl acks, polynmdric EE

pi gnents, wood 25 flour, rubber flour dud - Usef U S .
I nclude mneral oil of paraffinic, napht heni ¢ or aromatlc type ester
pl asticizers such as dioctyl phthalate ester plasticizers hased on

adi pates 30 drppehaest es, phosphoric esters, $t3ga,roi Cpaftd, bpakBighe

acid, castor [of1, cottonseed oil, rapgeseed Qil, bul al SO pol YNEerilc
pl astici zers |SkEPELCANLR) npl ecul ar \AMM@M&%&&

Useful crossliinkimg ageibsters vul cani ¥i ng agas.4-fof partsrbhbeeighd

U pose. 1 of [BMEBL e cuturo " urt b oompdindd LER5Ye B wEISREL 1 e

AMENDED SHEET} Activators/accelerants 15.4-0 | parts by weight
Crosslinking agents 15.4-0 | parts by weight
Blowing agents ' 66.7-0 | parts by weight
Plasticizers 114.3-0 | parts by weight

On using the water-swellable seal material of the
invention in conventional sealing systems, the seal
5 will conform to the introduced basic shape, especially
the joint shapes, very rapidly because of the high
swellability. This safely prevents the passage of
water, usually at a relatively early stage of damage.
If the seal material is used as joint profile, this
10 profile will adapt to volume changes, for example of
the structural body, by swelling on contact with water.
Settlement tracks in the process of forming in the
region of the joint profile will self-heal as a result
of the rapid, sizable and controlled swelling.
15
The seal materials of the invention possess
considerably improved processibility compared with
known seal materials comprising bentonite and rubber,
since there are no abrasion problems. Furthermore, the
20 seal material of the invention is wvery resistant to
elution by water in that the fraction of constituents
eluted out is not more than 2%, based on the original
tape mass. Furthermore, the seal material of the
invention is produced from nontoxic main constituents
25 compared with seal materials comprising
acrylates/methacrylates or isocyanates. The lower
density of the foamed seal materials of the invention
appreciably reduces raw material requirements and
provides for an appreciable reduction in costs for the

30 sealing material. -
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-7- In principle it i ?I SP possible to effect the crosslinking
usi ng el ectron eet 3¢ The crosslinking or VAN Zzatiomr—are
carried out usin res customary in industr stggfé@ﬂ Bé.s BEEN
The el astonmer co ch is (ardp present in vulRERLAGER or
crosslinked formin the finished seal conposition, ‘is selected Trom

nat ural rubber (NR), cis- 1, 4- pol yi soprene rubber (IR,

pol ybut adi ene coBfBleq 10 wiandongteaneoaTapiaed stydapratelt adeae ingbbers
( SBR or SIR), acrylate rubber, acrylonitrjle-di ene rubbers ce QEIBR or

NI R), pol ychl 3%t S .CRYRIGR h PREASNY BhyEERS  asy PR SeERey
i sobut yl ene-i st eDossl WibeplastitiRer efferit)yl €ive- peay|maeeti £he ofubber

(EPDV), epichl.grohydrin .15 ubber silicone_..subher palysul fide
r ubber, 5 poﬁﬁj r%ﬂ%&e’s",n t oe?ﬁrﬁbqtas}}a}fcdeéi‘ a%t%r?bfrls&nt%ely N iés)nérn%'
possi ble to use m xtures of el astoners. The el ast oner conponent (s)
gives (give) tfie s2abart; r 3habdnPagbbed! 86 9806 FReheBkERkit;
properties, sdgﬁ ZOQ$%§ %ﬁé&?%ﬂ%st?c??egg%d extens?ﬁﬂlitz. ?® * l?n
of the invention to redace the specific density. This

may be done by the measures known per se for the
10 foaming of rubber and elastomers. Useful blowing agents

include water, ammonium bicarbonate, sodium bicarbonate

or organic blowing agents, for example sulfohydrazides

(1,3-benzenedisulfonyl dihydrazide) or

azodicarboxamides (azobisformamide),
15 5-morpholyl-1,2,3,4-thiatriazole.

Not only open-pored foams but also foams having closed
pores may be produced.
Foaming further improves the water swellability.
20
In the foamed state, the composition of the invention
may have a specific density in the range from
0.01 g/cm® to 1.5 g/em’®. If fillers are used, especially
at high levels, the specific density will generally be
25 higher than for a lower filler content.

The volume swell from the action of water on preformed
seals as test specimens is determined as follows:
A test specimen, for example 5 cm in length, is placed
30 in 500 ml of water pH 7 and 10° German hardness in a
600 ml glass beaker in such a way that it is completely
covered with water and is allowed to swell at 23°C. The
test specimen is then removed from the swell water at
certain time intervals, adherent water is removed with
35 a filter paper and within 1 minute the volume increase
on dipping the swell tape into a graduated cylinder
partly filled with water (eg. a test specimen having a
volume of 10 cem (5 ecm X 1 cm X 2 cm) is dipped into a
100 ml graduated cylinder containing 50 ml of water) is



The above-sel ected very hydrophilic pol ysaccharides _absorb water on

contact and provide for water transportation i nf PHISYSHEFRHAS BEEN
conposition and al so have 25 a swelling effect. ter {EPSACEND! €.
but water-swellable mcrocrystalline - 1dr-anorphous cé - 3N
the seal conpositions of the invention customarily have average

particle 30 sieesudemt wethe 3edterspeciameh 209 fhen |placeéd againgénpsheicle

size i s betweemno3 I ' f Hpnul ated types.
The finely par%tpq cu ﬁ%gﬁrﬁ%s%eseage@gr anfbﬁ@yefhas Etﬁkswelllg{eg’rj:si-ties of 40
g/l to 300 g/ |The/srglyng tswelthrisy Uien prhecrebriive BSrgenptage1yolyme. | f

al ready granulitsbase dodydidie wsed, their bulk density is higher and can
be frog1 350 g/l to 550 g/l. AVENDED SHEET

volume after swelling - wvolume before swelling
' x 100 in %

volume before swelling

10 The volume before swelling can be calculated in the
case of a clear geometry, or else 1likewise Dbe
determined through the volume increase on immersion in
water, the immersing and the reading off Dbeing
completed within 20 seconds.

15
A preformed seal from the seal compositions of the
invention increases 5-600% by volume on exposure to
water for 3 to 7 days.

20 A relatively low-swellable seal for the purposes of the
invention increases 5-30% by volume, preferably 10-20%
by volume, on exposure to water for 3-7 days.

A relatively strongly swellable seal it increases more
25 than 50% by volume to 500% by volume on exposure to
water for 3-7 days.
In order to retard the start of swelling of preformed
seals under the action of water an overcoating £ilm
which is relatively stable and/or impervious with
30 regard to water having a substantially neutral pH at
least part of the surface of the preformed may be
applied to seal.

For the purposes of the present invention, the
35 substantially neutral pH at which the overcoating film
is water—r.esistant/water—impervious is the range of
PH 5 to 9, and not just a pH of 7. On contact with
water in the alkaline range, ie. at a pH above 9, the

overcoating film is water-pervious.
This Sheet Has Been Replaced
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- 8- Starch/starch derivatives can be of various origin, for
exanpl e starch fromrice, corn, wheat, potatoes and L egunin08-88-——tt———1
is also possible to use t he correspondi ng neal LTIM& SHEE HAS BEEY
plant constituents. 5 Cold-swelling stardihes are pref erreE REPLACED '
Pol ygal act omanans, for exanpl e guar or carob bean fl ot ty-have
this property in the native state and can be used dlrectly or

after a mnifRs 10reﬁ!€éhfvbcat 'r%lstandenhert%‘t | YWater, water

non- col d- water-svvelll ar ches pr.ef e sed t form

of their deri vifPgEELO Sne"éfremc@é! | pe c?&‘? va‘?zel'cPe st‘%ﬁé’?ffe‘? ge

COP]E ain suméréuaoiﬁgmiaybrar @hlei rﬂmﬂayisesgmemlbyhfrogr (Supm o i n
sufficient .nu 0 the pol s ter

swel | abi | i t5y @86 @Par%ﬁ%geﬁ%la? ée]%&g ?01;}9 cggsuio&q ‘f“t‘fenor';I &gh&%gsgva

phosphat e groups are particul arI y advant ageous and therefore

preferred. It 4 fur&‘}'@xrcdg&sti%bl efg.qmusecg,@prfgég wWg er mawelhi ngygst g ches

of the degraded starch ype, fo exar‘rri aci d- enzyme-_. or
oxi dati vel y ubstantially water- 1nsoluble filming polymer edding

the particulate alkali-soluble material. It is

10 particularly preferable to construct the matrix of the
same rubber/elastomer components as the seal
compositions of the invention. Useful alkali-soluble
material includes weakly acidic polymers, such as
copolymers of lower olefins or styrene with maleic

15 anhydride, poly(acrylic acid) or poly(methacrylic

. acid), polvacrylate or polymethacrylate or alkali-
soluble inorganics, sﬁch as aluminum phosphates, basic
zinc carbonates, metal powders of amphoteric metals,
such as aluminum.

20
The overcoating film may be applied in various ways.
For example by coating the surface of the preformed
seal with a solution or dispersion of the constituents.

25 In an embodiment of the invention, the preformed seals
are constructed as composite seals combining at least
two or more parts having different water
swellabilities.

Depending on the shape of the preformed seal as tape,

30 round «coxd, endless profile, the parts can be
constructed as a plurality of parallel layers or as a
layer enveloping a part to a greater or lesser extent.
In the case of profiles, one or more parts embedded in
the profile surface may differ in swellability from the

35 main part of the profile.

Generally, in this embodiment of composite seals, parts
of relatively low swellability are combined with parts
of relatively strong swellability.

This Sheet Has Been Replaced
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:degraded starches or dextrinated starches. It is frequgatly of

advantage for the swellability for the starch derivati ne‘ﬁ-llS@H@gI HAS BEEN
nodi fied by a conbination of 25 degradation and cheni cal substlggpuqm@

To i nprove the swelling characteristics,1bt-is also possHte—te—tse
lightly crosslinked starches. Even al kali-treated starches can_be used
on account of Tcheretard swoledliggerogolexpdsune 8O watiext hék grouplse

col d- Water-S\AﬁJdélsﬂbqesta%Qeseﬂéﬁbw tof%oﬁJ@rM p%e%oqfetbg | gyent i on
is that of thé native starches whi ch have acquired cqld svve fﬁt"ty

t hr ough a GFRpaIsdQe F@&tlrreﬁ¥°mTr%sé-’qlr?ctl % o tERRAYe Bwel Gder

st arches and d;etam dbbﬁlposh‘.&ﬁ.ehesanc35 to eiiveebbanems heconed eratabseaptl on
and partlc associ u i cr e se tions
i ncl ude a yn l e'l&a’l yRer coFlnp?ﬁ%%‘l Sr Y orR s fr olﬁa G bE° £°26160008TY
AVENDED SHEET low—swellable seal composu:lon

When a less strongly swelling layer is applied to the
outer surface of a preformed seal, then the rate of

10 swell will initially be small and increase only
gradually. This would be desirable in commercial
practice in order that the preformed seal may not swell
up strongly, ie. lose some of its swellability, at
installation, for example through contact with rain,

15 and the then already preswollen seal material is left
with a substantially reduced swellability on contact
with water or dries out at the installed location and
consequently shrinks and then initially the sealing
effect is lost.

20 However, it is also possible to form a composite seal
profile with a core strand which has a lower
swellability than an outer strand which surrounds it at
least partly and is formed from a seal composition of
high swellability.

25
The swellability of the seal compositions can be
adjusted by varying the above parameters responsible
for the swelling: fraction of selected
polysaccharide(s), fraction of synthetic polymers,

30 degree of foaming or density and porosity of the
material, degree of crosslinking and hardness.

Examples of the variation of swellability are reported
in the table which follows:

N ———
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-9-

sal ts thereof

ol ynmers of $Hagt A Bdeh B iqd, copol yners of (et h) id.or
Salt g T average mol ecul ar wei ght s| BHISSSKEET: HAS BEBRC
V{mmm!ll%mm)f (meth)acryl L% acid, copolyners REPPACED
t

and 5 crossli

swel I'ing granul ate or powder. Particularly useful are lin

ear

(meth)acrylic t hereof with weight aver age Totecutaf
wei ghts of 1,000,000 to 5,000, 000. The copolinprs are preLeéabgy
copol yners . t h) iC | d._and Sbfls PLy TREELS anhydride
10 which for fé‘?éﬁf)’r%ﬁzo t’%ﬁ; AR Ce Defls Pty [DEdTed d and 60
to 10% by wei ght of mal ei|digtiugeorabagrdest anhydevdemwhopef rewelt ve
nol ar naess, sed on fregof acifdgapice betjween 300@fa le’LOgl o 50.1000
preferably 3000 to 70,000, and_ particulfarly pré¢ferably p000 to , .
15 Also  uséful are | BX¢dr- |C %d uat r opoll yREREY" | (volume)%
pol ycar boxyl ajes preparegd from| (nmeth) acrylic aeedl mal ei ¢ aci|d and
vi nyl al cohol [qr._vinyl al ol erivatijv or hose T .
(meth)acrylic q'ggfd, gﬁﬂyl eni c]a(fjl y unsaltﬁat ed|3u fonic 50{(8_225%@ sugar
20 derivativestrongihosg from (nI:et h)acrylijc acid, |makeic acid, vinyl
al cohol deri vatgues; @nd sul fo-contai ni ng MNOMpS. veq [articular
preference is rVeEmto ter=—frd gquatropotynert pot-ycarboyxl at es
strongly
swelling
less 50 5 45 0.54 < 30 (25)"
strongly
swelling
relatively | 50 15 35 0.52 >100(120)"
strongly
swelling
relatively |35 15 50 0.57 >300(400)"
strongly
swelling

10

15

Degree of swelling: values reached after 3-7 days;
volume swell in water pH 7 and 10° German hardness
at 23°C, test specimen 5 cm X 2 cm X 2 cm ") degree
of swelling after 5 days.

A particularly preferred seal composition comprises a
mixture of natural rubber, starch and superabsorbent;
it is foamed by heating by means of the water present
in the material or by means of an added blowing agent
and then vulcanized. The foamed elastomer, in material
like a rubber sponge, has adﬁantages in use because of
the lower density, since relatively large quantities
are now easier to handle and install in building
construction. What is particularly advantageous,
however, is that the swelling of the foamed material is
many times higher and faster than that of the unfoamed
material having the same composition.



25 (meth)acrylic acid, maleic acid and vinyl al cohol or vi nyl
al cohol derivati ves (as descri bed in DE- A- 43 ,
those from (meth)acrylic acid, 2-al kyl al | yl sul f oni d S SHEsg EEEN
derivatives (as described in DE A82 21 381) or t hoREPL ACED' ©

30 (neth)acrylic acid, naleic acid, vinyl al cohol '
and mononmers having sul fonic acid groups (described in DE-A-19 516
957) . . dTheg?e §¥Q&E_éhgﬁos€€li¥ﬁe%|% tge %Rﬁ?rlij@it&?r@ﬁnb§odgéﬁ.§_1§5 in
crosslinked pol yners I ch are capabl e of absorbing an i ndi ng

mul tiple of tHRYFNeCGRCIVaRdter LPHM orRﬁrtlc“H;f’tﬁJg@ell§ aRbet meﬁ,
if included i ncape®) films, envelopes or proPAMRPEQMSHERY desired

- 10 5 AP Sery O BepdRALAR '@ ¥RLUTRCLAGLEIESL! EOE example,

even

tapes can be produced for joint sealing and films for
the outer sealing of buildings.

For preformed seals, the forming may be effected using

10 a roll calender or an extruder equipped with a slot die
or a round-section die or a profile die with subsequent
calibration or injection molding or compression
molding.

15 The seal composition may include a blowing agent in
which case it may be expanded on forming by heating to
100°C or higher with wvulcanizing or crosslinking of the
rubber and/or elastomer component so that the specific
density is in the range from 0.01 g/cm® to 1.5 g/em’.

20
In the case of preformed composite seals combining at
least two or more parts having different water
swellabilities, the seal compositions having different
water swellabilities are formed conjointly or in

25 succession, conjointly by coextrusion for example.
However, it 1is also possible to use other forming
processes suitable for coforming.

In an embodiment of preformed composite seals, the

30 water swellability of the seal composition differs as a
result of using seal compositions having a volume
increase of 5-30% by volume and seal compositions
having a volume increase of 50-500% by volume on
exposure to water for 3-7 days.

This Sheet Has Been Replaced
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.seal i ng naterlaIsTgémlthgﬁgml ter swelling. The superabsorbents to
be used according tion are capable for exanple of binding
up to 5 600 g of H" ﬂﬁ f superabsorbent, in sone cases even
‘up to 900 g of wat sorbent1l9 - Particul ar preferenee

gi ven to superabsorbents capabl e of absorbing 75 g to DS SHEkT HA@@F—EN
per gram of Exagpdesabsorbent within 50 seconds. 10 Pref er ablREPLAGED

wat er - super ab3ok/Rert vie0 ehqve an average particre~stzeTh the
range fromb5 T % Preference, however, is given to
products havi Ag anMiXturg.p 6? SFP P% e size bel ow 400 [err]m But,

depending on A (ldehoraeoents, scales adshD p@ﬂSlbhexnnguserpi&ductﬁrdﬁ
havi ng an ave L Z 0 0 r [ r gd to
use very f?ne%%’e%%%‘tggl%%‘ c?f ﬁe?ilﬁ Q'a%eglgﬁj %g]a §8 ugtr?t %éé)t?%%s havi ng
an average  mighuriec|fomnithe osed m@t§§®aFer & detist durthe ospeadsl out
of the elastoe vid abk WK |t§{egefrd}?€ tf&iPS(Ph&?lo&POwéQ §QQuEe”] m.

may partly burst out _on first swell g nd reduce the absor enci
renewed swel | ilnd.- Iﬁhﬁhefr°ntca§éléf H§F§@Iyaﬁar?PBBFatéstB@rabEB %ents

(100 - 80@ enfyeriaurd:n& 08a, € ma@ltdicaltlifigC @dfdel:t Gent Foamamnt to about
3. 5% by migght whereas the elutable fractionis 25 only 2-3% by weight
in the nore finely parti cul at e superabsor bents.

Particularly &ﬂﬁtpaEMmemﬁbsetbealsrhbbertHémmbHunﬁnqyal Aachen) was
put on the roll at a roll width of about 3 mm. The nip
was narrowed until a coherent sheet traveled around the
front roll. To speed up mastication, the zrubber was

15 repeatedly incised with a blade. The mastication
degraded the rubber and so brought about thé.necessary

consistency.

After mastication, 1.5 parts of zinc oxide (active),
20 2.5 parts of sulfur (90% crystalline), 0.1 part of
dibenzothiozyl disulfide (Vulkazit DM, Bayer AG,
Leverkusen), 1.2 parts of zinc diethyldithiocarbamate
(Vulkazit LDA, Bayer AG, Leverkusen), 0.4 part of

tetramethylthiuram disulfide (Vulkazit Thiuram,
25 Bayer AG, Leverkusen), 1 part of stearic acid and
5 parts of Porofor TSH (foam-former, Bayer AG,

Leverkusen) were mixed in.

50 parts of this rubber mixture are then admixed with
30 35 parts of potato starch (fr. Millers Mithle) and

15 parts of superabsorbent (Cabloc C96, fr.

Stockhausen, Krefeld), which had previously been mixed,

added in portions by not adding a portion until the

previous portion of starch-superabsorbent had been
35 taken up by the rubber. The sheet is taken off with the

nip at 3 mm.

b) Foaming, forming, crosslinking

About 120 g of the sheets thus obtained are cut into

strips about 1-1.5 cm in width. These strips are



faverage particle size distribution:

Average in %
Particle size
di stribution
Sample 1

0

560- 400
AVENDED SHEET
250- 200

10

15

20

25

30

35

Particle Average in %
Average in % size [err]m THIS SHEEty
Particle size Di stri butji on Epmgéﬂlsap
i n=020 - in %

Sampl e 2 Sampl e 3 > 800 1.3
pressed on ggup 55 each otlygr gand placed ip a slat aboutg

58&m® in lengthOand 2 em x 20cm
sgriion. The mo;lcigOls.2 8losed a@% ‘placed in an0 oven at
100°C for 30 min. The oven is then heated to 160°C
(duration about 20 min).

in internal cross

On reaching the temperature
the mold is removed from the oven,-
the tape is demolded. The sealing tapes thus obtained
have a density of 0.5 to 0.7 g/cm’.

briefly cooled and

Inventive Example 2
The
introduced into an extruder (from Brabender,

sheets obtained according to 1a)

Duisburg),

Example are

with all the heating zones and the die being set to
g80°cC.
diameter.

The die was 3 mm and the barrel 2.1 cm in
The at The
sausage-shaped extrudate was introduced in an oven and

screw was operated 50 rpm.

foamed at 100°C for 30 min and then wvulcanized at
160°cC.

Inventive Example 3

Inventive Example 1 was repeated by partly replacing or
the to seal

of

content
different
superabsorbent (5 to 20 parts).

increasing starch produce

compositions having fractions

Testing the swelling characteristics revealed that a
seal material comprising 15 and 20% superabsorbent has
a swellability of 50% by volume after 3 days, whereas a
seal composition comprising 10 parts of superabsorbent

swelled only 20% by volume and a seal composition

comprising 5 parts of superabsorbent only 10 % by
volume. ,
It is thus to Dbe noted that the amount of

superabsorbent has a remarkably large influence on the
swellability of the seal composition.

is Sheet Has Been Replaced
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t he analytlcabu@@nahsaﬁbpnmhoroughly

Si eves.

The annunts of
parts by wei gifealo segepinis usythoutmwcl@f has y%céwaﬁﬂébéé‘r}t@m) oéind

2.67 parts by aboutVVe'lthb?O JOPuRar ISt W& GlalyOf Shailedls Cehel Yaeg1(B) 20
per 100 parts by wei

10

15

20

25

30

35

ari de syn

el ast oner onent sg
mater1 of Inventive Exaég) mprising 15 parts of

superabsorbent and 35 parts -of potato starch, had a
swellability of 50% by volume after 3 days.

It thus is to be noted that the combination of
polysaccharide with water-superabsorbent synthetic

polymer is essential for the swellability of the seals.

Inventive Example 4

Inventive Example 1 was repeated to produce milled
sheets at 40°C on mixing rolls from 100 parts of
natural rubber, 5 parts of zinc oxide (active), 1 part
of antioxidant WSL, 1 part of stearic acid, 3 parts of
sulfur (90% crystalline), 1.5 parts of Vulkazit D
(Bayer AG, Leverkusen). 50 parts of this rubber mixture
were then admixed on the mixing rolls with 40 parts of
potato starch, 5 parts of Favor SAB superabsorbent and
5 parts of sodium bicarbonate.

These sheets give a mass swell of only 20% in the
unfoamed and nonvulcanized state even after 11 days.
The density was about 1.04 g/cm®. The foamed samples,
having densities of about 0.5 to 0.6 g/cm®, by
contrast, give a mass swell of 500% after just 7 days.

It is thus to be noted that the foaming or density of
the sealing material has a decisive influence on the

-swellability of the compositions.

Inventive Example 5

On vulcaninizing the foamed material of Inventive

Example 4 at 160°C the mass swell after 7 days was

300%.
This Sheet Has Been Replaced
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Preference-is given to 12.5 parts by weight to 553. 33 parts by weight,
100 parts by

very partlmjda.edtﬁasmemmm@ﬂy 33.33 parts by weight t

wei ght, of |de(s) per 100 parts by weight.
‘conponent i ositions of th&2 mventi on.
anount s of perabsorbent pol ymer range from1l

¢Hl$ SHEEPFR
Theg

Ayt o "\\l

\Jr.lull.u.

S

to 37.5 parts by wei ght per 100 parts by wei ght of el astoner conponent.
30 The el agd ongy q;@mon%et(ﬁé Iﬁoééae)tﬁae& eqid KAABanizatildAniozed

nat ur al rubber (NR) vulcanlze Cis

- 12 - esthiRng uBbertia Fzyubwcsﬁﬁféamﬁa FSHRARSHe has @) |

vul cani zed raﬂﬁbmi't/ant copglfinehiceed onsSt WiRhe- swellhbiadlcgne sfibbahe ( SBR
or SIR), glcanlzed qfrylate rubber, vul canized acrylonitrile-diene
rubbers (NBR
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Inventive Example 6

Inventive Example 4 was repeated to produce a seal
composition using a more finely divided superabsorbent:
Favor CAl00 Feinstkorn, fr. Stockhausen, Krefeld.

Testing the swelling characteristics reveals that use
of the more finely divided superabsorbent greatly
minimizes the bursting or swelling out of the
superabsorbent to the naked eye in that, after
swelling, there is no longer any superabsorbent to be
seen on the tape surface. Eluted constituents amounted
to 3.5% by mass on using the coarsely particulate
superabsorbent and 2.9% by mass on using the more
finely particulate superabsorbent.

It is thus to be noted that the particle size of the
superaborbent has an important influence on whether it,
on swelling, is retained in the material or flushed out
to a certain extent.

Inventive Example 7

Inventive Example 2 was repeated to produce seal
compositions which contained no superabsorbent, but
instead swellable alginate. 50 parts of the rubber
mixture according to Example 1 were admixed with
10 parts of alginate and 40 parts of potato starch,
15 parts of alginate and 35 parts of potato starch, and
also 20 parts of alginate and 30 parts of potato
starch.

Testing the swelling characteristics revealed that
20 parts of alginate provide a wvolume swell of 60%.
However, in the process, 10 mass percent of the sealing
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and rubber,
5 component and embedded particulate water-absorbent

material, characterized in that the water-
absorbent material is a combination of (A4)
polysaccharide(s) selected from cellulose, starch,
starch derivatives except grafted starch, amylose,

10 amylopectin, dextrans, pectins, insulin, chitin,
xanthan, alginic acid, aglinates, carragheenan,
pustulan, callose, laminarin, guluronic acid,
pullulan, lichenin or mixtures thereof with (B)
water-superabsorbent synthetic polymer selected

15 from polymers based on (meth)acrylate, poly(meth)-
acrylic acid and salts thereof, polyacrylamide,
polyalcohols or copolymers thereof.

2. A water-swellable composition according to claim

20 1l, characterized in that it includes 6.67 parts by
weight to 600 parts by weight of polysaccharide(s)
(A) and 2.67 parts by weight to 100 parts by
weight of synthetic polymer (B) per 100 parts by
weight of rubber/elastomer component.

25

3. A seal composition _according to either of the

preceding claims, characterized in that the
rubber/elastomer component is selected from
natural rubber (NR), c¢is-1,4-~poly-isoprene rubber

30 (IR), polybutadiene (BR), randomly copolymerized
styrene-butadiene rubbers (SBR or SIR), acrylate
rubber, acrylonitrile-diene rlibbers (NBR or NIR),
polychloroprene (CR), ethylene-propylene rubber
(EPR), isobutylene-isoprene rubbers (IIR),

35 ethylene-propyiene—di ene rubber (EPDM) ,
epichlorohydrin rubber, silicone rubber,
polysulfide rubber, polyurethanes, thermoplastic
elastomers.
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It is particularly &f/dm.ageous to foamthe conposition of the
I nvention to reduce the specific density. This 25 is done by the neasures
known per se for the foamng of , | elastoners. Useful blow,ng _agents

include water3: A Rfhi SOHRR T HRIM AGCOLGRAUNT B RBY bBRaFdadmSolgani ¢
bl owing agents, chdwicterizaipliaa thaul f oBY i W@Ss one or more

10 customary additives selected from 1lubricants,
aging inhibitors, dyes, fillers, blowing agents,
plasticizers, crosslinking agents, crosslinking
accelerants, activators, retarders.

15 6. A seal composition according to any of claims 1-5,
characterized in that the rubber/elastomer
component is crosslinked.

7. A seal composition according to any of claims 1-5,

20 characterized in that it includes blowing agent,
expands on heating to 100°C or higher and the
rubber/elastomer component'is crosslinked and has

a specific density in the range from 0.01 g/cm® to

1.5 g/cm’.
25
8. A seal composition according to claim 7,
characterized in that its wvolume increases by
5-600% by wvolume on exposure to water for 3 to 7
days.
30
9. A seal composition according to claim 6 or 7,
characterized in that its volume increases by
5-30% by volume, preferably 10-20% by volume, on
exposure to water for 3-7 days.
35

10. A seal composition according to claim 7,
characterized in that its volume'increases by more
than 50% by volume to 500% by volume on exposure
to water for 3-7 days.
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12.

13.

14.

15.
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es

seal comp051t10n according ~t&4 any of L. dimdrerr].

gler © aralq%z;l]z@,d a0 ohBREf it &}s cBReEREMed into

tapes, round cords, endless profiles.

A seal composition according to claim 11,
characterized in that the preformed seals are
constructed as composite seals combining at least
two or more parts having different water
swellabilities.

A seal composition according to claim 12,
characterized in that the composite seal comprises
one or more parts with a volume increase of 5-30%
by weight and one or more parts with a wvolume
increase of more than 50% by volume to 500% by
volume on exposure to waﬁer for 3-7 days.

A seal composition according to any of claims
6-13, characterized 1in that the swelling of
preformed composite or noncomposite seals under
the action of water is appreciably retarded on at
least part of the surface of the preformed
composite or noncomposite seals by an overcoating
film which is relatively stable and/or impervious
with regard to water having a substantially
neutral pH, but unstable and water-pervious with
regard to water at an alkaline pH.

A process for producing preformed seals which
swell wunder the action of water, from seal
compositions comprising a matrix of
rubber/elastomer component and an embedded
particulate water-absorbent material according to
any of claims 1-7, which comprises mixing the

constituents on mixing rolls, in an internal mixer

or extruder and then forming with or without
foaming and crosslinking the rubber/elastomer
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°5 The vol urre tion of water on preforned seal s as test
"specinens is m r" Gllﬂiﬂl m“lclows: A test specinen, fofz

AS BEEN |

~in length, is aced * §Sn+*00 mM of water pH 7 and 10[errj . 'GA

“har dness in a 600 m gl ass beaker pp such a way that it{is C&Ef)’l-é@ﬂ?y
10 covered with water and is allowed to swell at 23[err]C. The t est
speci men is then clb&@%‘n@ﬁtf rsgn tﬂi@t svhel veduse aIncreasmerctml exposere

i nterval s, adher teré:Js d W|th tl:i})tv%rlu?n er and within 1
m nut e the vol u |W@r &4 &°F pp| ng t e swe tape i'nto a graduat ed

cylinder 15 partly filled with water (eg. a test specinen having a

vol ume of 1qeccml $0Maed fobdrdifg) cbo AalREdd N tndractedOied! sar aduat od

cyl i nder cont ainin wat er measured. The fest specinen is

then pl a®ed agai r’f—haﬁ‘— the formigig g %ﬁ%‘?ﬁ@ta‘ﬁﬂﬂ%%sav\é?%? FB?‘eFG?Fher
swel 1ing. 20 The ool ufe exethdées témﬁﬁwratlam ve psléeentdige el uge

| MSHea5e 200 AL socei 0 AL T 0ELLL 00 HOLTEBELGLGE e 10
calibration or injection molding or compression
molding.

10
17. A process according to claim 16, characterized in
that the seal composition includes blowing agent
and is expanded on forming by heating to 100°C or
higher with crosslinking of the rubber/elastomer
15 component so that the specific density is in the
range from 0.01 g/cm® to 1.5 g/cm’.

18. A process according to any of claims 15-17,
characterized in that a preformed composite seal
20 combining at least two or more parts having
different water swellabilities is formed by
coforming seal compositions having a wvolume
increase of 5-30% by volume and a volume increase
of 50-500% by volume on exposure to water for 3-7

25 days.

19. A process for producing preformed seals which
swell under the action of water, according to any
of claims 15-18, characterized by application to

30 at least part of the surface of the preformed
composite or noncomposite seals of an overcoating
film which is relatively stable and/or impervious
with regard to water having a substantially
neutral pH, but unstable and water-pervious with

35 regard to water at an alkaline pH in order that
the swelling on exposure to water may be
substantially retarded.
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of claims 1-14 and/or obtained according to th
process of claims 15-19, for sealing constructions
in structural, civil or tunnel engineering.
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iI'nvention increases 5-30% by vol une, preferably 10-20% by vol une, on

exposure to water for 3-7 days. 5 Arelatively strongly swell able seal it
i ncreases nore t han 50% by vol unme to 500% by vol une on exposure to
water for 3-7.day In order to retard the start of sup ?@909675

pref or med oggﬁ%sauggggdt B‘és@‘iﬁb‘&&oﬂf wat er an overcoat| ng T1Im10 which
Is relatively stable [or inpervious_wth regard to water having
a substantially neutral pH at | east part of the surface of the
prefornmed may be applied to seal. 15 For the purposes of the

pr.esent invention, neutral pH at which the
overcoati ng fMm R- i oei ¥ er-inpervious is the range of
pH 5 to 9, and not jUSt apH of 7. Oncontact W th water in the

al.kal i ne ranggz E% ﬁbv E9 .the 20 overcoating filmis

wat er - per vi ou echfiicd QI 3R Engs snlentlo ce to water, or water
| nper vi oushes Fhecapréseset ivivention hisknkbseated héo wabeerswellableayer.
The layer is QRR8rabbpbEQPianke £ tWroducing preformed seals for

structural, civil and technical engineering, especially

the subst ant i_al I
SW. A SEA R

for Jjoint sealing and for compensating dimensional
changes in structural components. The seal compositions

10 include elastomers and, embedded in their matrix, a
combination of strongly water-absorbing materials such
as polysaccharides and hydrophilic polymers which are
known as superabsorbents.

-15 Background of the invention

Water-swellable seal compositions are well known.

DE-A-42 26 198 describes a water-swellable seal
material, particularly for Jjoint sealing and for
20 compensating .dimensional changes in structural, civil
and technical engineering or in other technical areas.
The seal material is producible by polymerization of a
reaction mixture of monomeric water-soluble or water-
miscible acrylic and/or methacrylic acids and/or
25 derivatives thereof. The sealing materials described
have the disadvantage of using toxic raw materials
which will partly remain in the sealing material even
after the tape has cured and pollute the environment.

30 DE-A-36 10 645 discloses a water-swellable seal
material which includes as the polymeric base material
not a hydrophobic polymer such as rubber but a
hydrophilic addition product of a low molecular weight
polyolefinpolyol and ethylene oxide that contains
35 reactive hydroxyl groups. The composition includes as
water-absorbing polymers hydrolyzed PVA-sodium acrylate
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DE-A-35 32 961 describes a seal material which includes
a water-swellable material comprising a mixture of
water-absorbing polymer and rubber or synthetic resin.
Water-absorbing polymers mentioned are CMC, starch-
polyacrylonitrile hydrolyzate, starch-polyacrylate,
sodium polyacrylate hydrolyzate. The water-swellable
material may be foamed so that its specific density is
0.1 to 0.9 g/cm’.

EP-A-160 438 describes a water-swellable caulking
material which comprises a body of water-swellable
polymer material and non-water-swellable material that
is surrounded by a layer which is impervious to neutral
water, but pervious to alkaline water. The body
includes a water-insoluble rubbery polymer and a
strongly water-absorbent resin, eg. crosslinked
polyacrylic acid salts, reaction products of starch and
polyacrylic acid.

US-A-5,011,875 is directed to water-swellable caulking
compositions of rubber, thermoplastic polymers and
water-absorbent material, such as polymers based on
acrylic acid, starch-polyacrylic acid graft copolymers,
starch-polyacrylonitrile graft copolymers, CMC.

Us-A-5,075,373 discloses a water-swellable seal
material which comprises, embedded in a matrix of
rubber or synthetic polymers, particles of a water-
absorbent resin, for example crosslinked polyacrylic
acid salts, starch-acrylic acid graft copolymers,
starch-ethyl acrylate graft copolymers, CMC.
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The overcoating filmmnmay be applied in various ways. For exanpl e by

toating the surface of the preforned seal with a solution or dispersion
of the constituents. 5 In an enbodi ment of the invention, the preforned
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strong swellability. 20 To retard swelling on exposure to water, it is
al so possi bl e, for exanple, to construct a core of the conposite

seal from a r EPah-06by848r digkyoses!| laahtat exr -absmratbicgposben mixcut e
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relatively W swel g Seal conpos
a resin of h;gh water absorbency, for example maleic

—

10 anhydride copolymers, crosslinked alkali metal salts of
polyacrylic acid.

EP-A-410 669 describes a water-swellable seal
composition comprising a vulcanized rubber material, a
15 strongly water-absorbent resin, such as poly(acrylic
acid)-based resins, maleic anhydride copolymers, basic
water-absorbing inorganic material, plasticizers,
vulcanizing agents and customary auxiliaries.

20 DE-A-196 19 709 discloses a seal material comprising a
metal sheet with an overcoat of a superabsorbent
polyvmer, fibers and rubber.

JP-A-6-157839 discloses a water-swellable seal
25 composition which comprises an unvulcanized resin

component comprising a specific noncrosslinked

thermoplastic olefinic elastomer and a hydrogenated

diene copolymer, the composition also including a

water-absorbing resin and, if desired, cellulose
30 fibers.

However, the known seal materials have disadvantages,
especially when used in composite seals. Inorganic
aggregates lead to severe equipment wear when producing
35 and processing the seals. Frequently, the requisite
extensibility and elasticity is lost on drying. Most
seal materials have a relatively high specific density
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When a less strongly swelling layer is applied to the outer surface of

a preforned seal, then the rate of 30 swell wll initially be snall
and increase only gradual ly. This would be desirable in conmerci al
practice in order that the prefornmed seal, nay not swell up strongly,
le. lose sonme of its swellability, at installation, for exanple through
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AYENDED SHEET - 17 - consequent |y
shrinks and then initially the sealing

" 5 Object of the invention

It is an object of the present invention to provide a
water-swellable seal material for preformed seals that
is primarily produced from nontoxic raw materials and
is readily processible into preformed seals, including
10 composite seals. Furthermore, machine problems, such as
abrasion, shall be avoided in the production of the
seals. The swellability shall be conformable to
specific requirements in structural, civil and
technical engineering.
15
: Summary of the invention

This object is achieved by water-swellable seal
compositions for preformed seals comprising a matrix of
elastomer component(s) and embedded particulate water-
20 absorbent material, characterized in that the water-
absorbent material is a combination of (A)
polysaccharide(s) selected from microcrystalline or
amorphous cellulose, starch, starch derivatives except
grafted starch, amylose, amylopectin, dextrans,
25 pectins, insulin, chitin, =xanthan, alginic acid,
aglinates, carragheenan, pustulan, callose, laminarin,
guluronic acid, pullulan, lichenin or mixtures thereof

with (B) water-superabsorbent synthetic polymer
selected from polymers based on (meth)acrylate,
30 poly(meth)acrylic acid and salts thereof,

polyacrylamide, polyalcohols or copolymers thereof, and
the seal composition is foamed by means of a blowing
agent and heating to 100°C or higher and the elastomer
components is (are) crosslinked.

35 It 1is also possible to wuse mixtures of water-
superabsorbent synthetic polymers.
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effect is |ost. However, it is also possible to forma conposite seal
profile with a core strand which has a lower 5 swellability than an outer
strand which surrounds it at | east partly and is formed froma seal
conposi tion of high swellability. _ _ The swellability of the seal
conpositions can be 10 adjusted by varying the above par arreters

responsi bl e efor & f%ﬁ I Ng: fra

pol ysacchari d %l ?%%eﬁ%%l ésyn etll C 88 gﬁ%%‘élgﬁs d‘(#
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imthe table ich f St ar

Density DegrB¥ weig ¢ OF watepr §PB?Ea%595PﬁEﬁt synthetd‘/cccl?ﬁl %‘f?%)wel -

O Calg ocper 100 parek byewelighg of elastomer colwonént(s)6
f or med (vol unme) % s eal Less 50 10 35
> 1, < 10 (5) Strongly not

The seal compositions of the invention include a

blowing agent and are expanded by heating to 100°C or

higher.

10 _
After the vulcanizing or crosslinking of rubber(s) to
elastomer (s) as elastomer component(s), the seal
compositions of the invention will increase in wvolume
by 5-600% by wvolume on exposure to water for 3 to 7

15 days.

It is particularly preferable, through appropriate
choice of type and fraction of polysaccharide and
superabsorbent synthetic polymer, of the porosity, of

20 the crosslinking, of the hardness of rubber and
elastomer, to set the swellability, more particularly
to construct relatively low-swelling preformed seals
having a volume increase of 5-30% by <volume,
particularly preferably having a wvolume increase of

25 10-20% by wolume, and/or strongly swelling preformed
seals having a volume increase of above 50% by volume
to 500% by volume. '

The preformed composite or noncomposite seals can be
30 constructed as tapes, round cords, endless profiles
with a variety of cross sections.

The composite or noncomposite seals of the invention
can be used for sealing constructions in structural,

35 civil or tunnel engineering, industrial engineering,
but also in other applications requiring water-
swellable seals.
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Relatively 35 15 50 0. 57 >300(400) *
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ree o ues reac after 3-7 days
preformed seals Wthh swell under the action of water,

from seal compositions comprising a matrix of elastomer
component (s) and an embedded particulate water-
absorbent material which comprises mixing the
constituents on mixing rolls, in an internal mixer or
extruder and then forming and foaming and crosslinking
the elastomer component(s) so that the volume increase
on exposure to water for 3-7 days is 5-600% by volume.

Detailed description of the invention

The seal composition of the invention generally
additionally includes one or more customary additives,
for example lubricants, aging inhibitors, dyes,
fillers, Dblowing agents, plasticizers, crosslinking
agents for rubber, crosslinking accelerants,
activators, retarders, crosslinking agents for
elastomers.

Useful fillers include in particular precipitated
and/or pyrogenic silica, silicates, sand, mineral flour
such as quartz, talcum, mica, chalk, kaolin, gypsum,
lime, dolomite, basalt, kieselghur, baryte, feldspar,
carbon blacks, polymeric hollow bore pigments, wood
flour, rubber flour dust.

Useful placticizers include mineral oil of paraffinic,
naphthenic or aromatic type, ester plasticizers such as
dioctyl phthalate, ester plasticizers based on adipates
or sebacates, phosphoric esters, stearic acid, palmitic
acid, castor o0il, cottonseed o0il, rapeseed oil, but
also polymeric plasticizers such as low molecular
weight rubbers for example.

Useful crosslinking agents or wvulcanizing agents for
rubber and crosslinking agents for elastomers are the
customary ones for this purpose, for example sulfur,
sulfur compounds, peroxides and the like.
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| i ke a rubber sponge, has advantages in use because of

tPe REREEEsi &heto

t he

handl e and i nstgdd1idkiig iy eledOSH Bdh OFadiddn, is particularly

advant ageous,
many times hi

15 however,, ing of the med. nat eri al
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%fﬁ#on, iQesgﬂéﬁﬁe&eﬁkbﬂgngﬁugﬂll@hﬂg§r IRR), HY-
-polylégggéhe rubber e%&ﬁ),USIng&ybutadlene (BR),
randomly' copolymerized styrene-butadiene rubbers (SBR
or SIR), acrylate rubber, acrylonitrile-diene rubbers
(NBR or NIR), polychloroprene (CR), .ethylene-propylene
rubber (EPR) , isobutylene-isoprene rubbers (IIR),
ethylene-propylene-diene rubber (EPDM), epichlorohydrin
rubber, silicone rubber, polysulfide rubber,
polyurethanes, thermoplastic elastomers.

It is also possible to use mixtures of elastomers.

The elastomer component(s) gives (give) the seal
material in particular good mechanical properties, such
as high elasticity and extensibility.

The above-selected very hydrophilic polysaccharides
absorb water on contact and provide for water
transportation into the seal composition and also have
a swelling effect.

Water-insoluble, but water-swellable microcrystalline
or amorphous cellulose for use in the seal compositions
of the invention customarily have average particle
sizes between 30 um and 200 pm; the average particle
size is between 350 ym and 800 ym in the case of
granulated types.

The finely particulate cellulose preferably has bulk
densities of 40 g/l to 300 g/l, wvery particularly
preferably of 65 g/l to 170 g/l. If already granulated
types are used, their bulk density is higher and can be
from 350 g/l to 550 g/l.

AMENDED SHEET
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da roll calender or an extruder equipped with a slot die or a

found-section die or a profile die with subsequent calibration or
injection nolding or conpression 30 nolding. The seal conposition
i-ncl udes a bl owi ng agent and is expangded on form ng by heating to
100[err]C or hi gher with vul cani zi ng or crosslinking of the rubber

and/ or t he

range fron10

SHEET

o) SR AP R s i 0 E Gaf P05 ¥k Bih! £op

example starch from rice,- ¢orn, wheaty tPPtasoesof and
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corresponding meals with cellulosic plant constituents.
Cold-swelling starches are preferred.

Polygalactomanans, for example guar or carcb bean
flour, already have this property in the native state
and can Dbe used directly or after a minimal
modification.

Inherently non-cold-water-swelling starches are
preferably used in the form of their derivatives.
Chemically derivatized starches preferably contain
substituents which are linked by ester or ether groups
in sufficient number to the polysaccharide chains to
confer cold water swellability.

Starches modified by ionic substituents, such as
phosphate groups, are particularly advantageous and
therefore preferred. It is further possible to use
cold-water-swelling starches of the degraded starch
type, for example acid-, enzyme- o©Or oxidatively
degraded starches or dextrinated starches. It is
frequently of advantage for the swellability for the
starch derivatives to be modified by a combination of
degradation and chemical substitution.

To improve . the swelling characteristics, it is also
possible to use lightly crosslinked starches. Even
alkali-treated starches can be used on account of their
cold water solubility.

A further group of cold-water-swellable starches useful
for the purposes of the invention is that of the native
starches which have acquired cold swellability through
a physical treatment. These include for example
extruder starches and drum dryer starches.

To enhance the water absorption and particularly the
associated volume increase, the seal compositions
include a synthetic polymer in the form of strongly

AMENDED SHEET



swel labilities, the seal conpositions having different wat er
swellabilities are fornmed conjointly or in 5 succession, conjointly by
coextrusion for exanple. However, it is also possible to use other

f:or m ng processes suitable for coforgng. In an enbodi ment of
preformed conposite seals, the 10 watér swellability of the sea

conposition differs_as a resu f I.ng : SO Lt av] a

vol unme iniwggién%fQ§§9¥%ﬁ5f\é#ugﬁmé% 'sé%%g%gﬁpoégﬁ#ohgg%ua ﬁg%?ng.a
vol une i ncr easénedrs5eENoens 8l ulmetin) acrykikpoagid,t oceredymese 3T days.
“ (meth)acrylic acid or salts thereof having weight

average molecular weights of 5000 to 70,000 and

.
(8]

crosslinked polymers of (meth)acrylic acid, copolymers

of (meth)acrylic acid or salts thereof with weight

average molecular weights of 1,000,000 to 5,000,000.

The copolymers are preferably copolymers of

(meth)acrylic acid and maleic acid or maleic anhydride

10 which for example 40 to 90% by weight of (meth)acrylié
acid and 60 to 10% by weight of maleic acid or maleic
anhydride whose relative molar mass, based on free
acids, is between 3000 and 100,000, preferably 3000 to
70,000, and particularly preferably 5000 to 50,000.

15 Also useful are ter- and quatropolymeric
polycarboxylates prepared from (meth)acrylic acid,
maleic acid and +vinyl alcohol or wvinyl alcohol
derivatives or those from (meth)acrylic acid,
ethylenically unsaturated sulfonic acids and sugar

20 derivatives, or those from (meth)acrylic acid, maleic

acid, vinyl alcohol derivatives and sulfo-containing

monomers. |

Particular preference is also given to ter- and

quatropolymeric polycarboyxlates prepared from
25 (meth)acrylic acid, maleic acid and vinyl alcohol or
vinyl alcohol derivatives (as described in

DE~-A-43 00 772) or those from (meth)acrylic acid,
2-alkylallylsulfonic acid and sugar derivatives (as
described in DE-A-42 21 381) or those from

30 (meth)acrylic acid, maleic acid, vinyl alcohol
derivatives and monomers having sulfonic acid groups
(described in DE-A-19 516 957).

These synthetic polymers or superabsorbents are
35 crosslinked polymers which are capable of absorbing and
binding a multiple of their weight of water to form
hydrogels and thus lead, even if included in minor
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amounts, to a substantial wvolume increase of the

sealing materials as a result of water swelling.

The superabsorbents to be used according to the

invention are capable for example of binding up to

).
(&4

600 g of water per gram of superabsorbent, in some

cases even up to 900 g of water/g of superabsorbent.

Particular preference is given to superabsorbents
capable of absorbing 75 g to 200 g of water per gram of
superabsorbent within 50 seconds.

10 Preferably the water-superabsorbent polymers have an
average particle size in the range from 5 um to 800 um.

however,

Preference, is given to products having an

average particle size below 400 pm. But, depending on

requirements, it is also possible to use products
15 having an average particle size of 400-800 pum.
It is

particles.

preferred to use very fine superabsorbent
Superabsorbent particles having an average
particle size of 70 to 150 um do not burst or swell out
of the elastomer matrix, whereas larger particles of

20 100 to 800 um may partly burst out on first swelling

and reduce the absorbency on renewed swelling. In the
case of coarsely particulate superabsorbents (100 -
800 um), the water-elutable constituents amount to

about 3.5% by weight, whereas the elutable fraction is

25 only 2-3% by weight in the
particulate superabsorbents.
Particularly useful superabsorbents have the following
average particle size distribution:

case of more finely

Particle Average in % Average in % Average in %
size um
Particle size | Particle size | Particle size
Distribution distribution distribution
in % in % in %
Sample 1 Sample 2 Sample 3
> 800 1.3
800-560 30.9
560-400 30.8
AMENDED SHEET
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The ratio of
was about

t enperature
nat ural r ubbd
wi dt h of abo
travel ed aro
15 repeatedly
rubber and s

%

Exanpl es I nventive exanple 1: a) Mxture preparation
A | aboratory scale set of m xing rolls from5 Schwabent han of
Berlin was used to produce the rubber m xture for the seal material.
t he speeds of the back {pll to the front roll (friction)
1.2. The front roll turned at about 12 rpm_rol
60][ b.]'% mas'dlcatlfg.;lme l - 30gnn. 10 109 partsjof
*I"—("gk N ooy ar Aac ety wd ptt—on t +ott—at—a— |
t _32afr29he nilp 8u8s narrfowed WA 1 a cbherentOsheet
ind bRg-160 frognt rolsl 4 To sgeed up n@sticafion, the rubber was
TTICT SEed —wWiti—a —prade— | The —nmastTcatorr degraded t he
brééﬁhlo%bou the defessary £én8i stenpy
100-50 0.2 29.3 37.7
< 50 0 10.5 2.3

10

15

20

25

30

Sample 1: Favor SAB 954, Sample 2: Favor CA 100
Feinstkorn, Sample 3: Cabloc C96

The particle size distribution was determined as
follows:

Of every swellable medium, 10.00 g were weighed out on
an analytical balance and on the top sieve in a stack
of sieves having sizes of 800; 560; 400; 250; 200; 160;
100 and 50 pum. The stack was then shaken with medium
intensity for about 5 min. The product was then weighed
back again on the analytical balance by thoroughly
tapping out the individual sieves. A triple
determination was carried out for each product.

The amounts of polysaccharide(s) (A) and synthetic
polymer (B) are 6.67 parts by weight to 600 parts by
weight of polysaccharide(s) (A) and 2.67 parts by
weight to 100 parts by weight of synthetic polymer (B)
per 100 parts by weight of elastomer component(s).
Preference is given to 12.5 parts by weight to
553.33 parts by weight, very particularly preferably
33.33 parts by weight to 100 parts by weight, of
polysaccharide(s) per 100 parts by weight of elastomer
component in the seal compositions of the invention.

The preferred amounts of water-superabsorbent polymer
range from 12.5 parts by weight to 37.5 parts by weight
per 100 parts by weight of elastomer component.

The elastomer component(s) is (are) selected from
vulcanized natural rubber (NR), wvulcanized c¢is-1,4-
AMENDED SHEET



After mastication, 1.5 parts of zinc oxide (active), 20 2.5 parts of

Sulfur (90% crystalline), 0.1 part of di benzot hi ozyl disulfide
(Vul kazit DM Bayer AG Lever kusen), 1.2 parts of zinc

di et hyl di t hi ocar banmat e (Vul kazit LDA,,Bayer AG Leverkusen), 0.4 part
of tetramethylthiuram disulfide A‘H/ul kazit Thiuram 25 Bayer AG

Lever kusen), st gﬁ[' agi an rt r TSH
(foamformar,pélgaéze?r%ée ' Hee\(;rerkggghiyv\eqrruéc%ngez %I p.spoﬁb%tbga;;%%és) of.
this rubber ni{BRYre aveleashzedni xsandpm c@pohrexsigedpot SkWrener ch

(tr. Millers pMibha)efBd 3@bbdes Pafdur oxof SIR_)S,UpGﬁﬁéﬁﬁigéat ac:(;@fé%é’c Co6,
fr. St ockhausen, Krefeld), which had, previ ou_sl%?bg}e".ghm xed, added
e

in portions bYURBETadiHFRLFEY | IFEYHETRT LEhbke-die STFor &R, S
st:ar ch- suer ayga) hentvhbcabeesd pdlakdilogognerdde (aRber. hhitcshiesdi E
taken off with the 35 _ni t 3 mm b Foam formn crossl i nki ng
About 120 ¢ oFt%’P{ZegﬁéEFSBYESEeObt ai ﬁé’&’bgre cut n%% ! st&b%aréb%ﬁ‘# 1-1.5
cmin wdth TIbebutylenpsiapprene rubbers (IIR), AVENDEEaSHEET
ethylene-propylene-diene rubber (EPDM) , vulcanized
epichlorohydrin rubber, vulcanized silicone rubber,
10 wvulcanized polysulfide rubber, crosslinked

polyurethanes, crosslinked thermoplastic elastomers.

Customary auxiliaries may be present in the seal
compositions of the invention in the following amounts,
15 based on 100 parts by weight of elastomer component(s):

Fillers 533.0 | parts by weight
Lubricants 114.3-0 | parts by weight
Aging inhibitors 15.4-0 | parts by weight
Dyes 15.4-0 | parts by weight
Activators/accelerants 15.4-0 | parts by weight
Crosslinking agents 15.4-0 | parts by weight
Blowing agents 66.7-0 | parts by weight
Plasticizers 114.3-0 | parts by weight

On using the water-swellable seal material of the
invention in conventional sealing systems, the seal

20 will conform to the introduced basic shape, especially
the joint shapes, very rapidly because of the high
swellability. This safely prevents the passage of
water, usually at a relatively early stage of damage.
If the seal material is used as joint profile, this

25 profile will adapt to wvolume changes, for example of
the structural body, by swelling on contact with water.
Settlement tracks in the process of forming in the
region of the joint profile will self-heal as a result
of the rapid, sizable and controlled swelling.

AMENDED SHEET



-‘21 - pressed on top of each other and placed in a slat about 50

cmin length and 2 cmx 2 cmin internal cross section. The mold is

cl osed and placed in an oven at 100[err]C for 30 mn. The oven is then
héated to 160[err]C 5 (duration about 2 in). On reaching the tenperature
the nold is renoved fromthe oven, briefly cool ed and ‘the tape is

denol ded. The sealing tapes thus obtalned have a density of 0.5 to 0.7
g/cnjerr]. 10 Inventive Exanple 2 The sheets obtained according to
Exanple 1a) arBe  seakodudkberirbsan eftrutbe (fdioweBtabundeposBeissburg),
with all the hesidyae aBfipkboed! © WIS ity cHbEELYC Wit i ¢
was 3 nn1and t.he barrel 1 cm,n 15 I amret er . ﬁ1 oper at ed

at 50 rp THROWD  Seals MAkHAIE %QWHﬁﬁ%%gm@ﬁm%cwm Pfubibeé’ven and
f oaned at 500[seimd£ tiher80affen nan BNl ot SEeH Z&As At FurthdBR6LE! | Che

seal material of the invention is very resistant to
elution by water in that the fraction of constituents
eluted out is not more than 2%, based on the original
tape mass. Furthermore, the seal material of the

10 invention is produced from nontoxic main constituents
compared with seal materials comprising
acrylates/methacrylates or isocyanates. The lower
density of the foamed seal materials of the invention
appreciably reduces raw material requirements and

15 provides for an appreciable reduction in costs for the
sealing material.

Compared with water-swellable acrylate sealing

materials, which harden on drying as a consequence of
20 the loss of plasticiéer effect, the seal material of

the invention does not harden significantly on drying.

It is particularly advantageous to foam the composition
of the invention to reduce the specific density. This
25 1is done by the measures known prer se for the foaming of
elastomers. Useful Dblowing agents include water,
ammonium bicarbonate, sodium bicarbonate or organic

blowing agents, for example sulfohydrazides
(1,3-benzenedisulfonyl dihydrazide) or
30 azodicarboxamides (azobisformamide),

5-morpholyl-1,2,3,4-thiatriazole.

Not only open-pored foams but also foams having closed
pores may be produced.
35 Foaming further improves the water swellability.

In the foamed state, the composition of the invention
has a specific density in the range from 0.01 g/cm® to
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20 Inventive Exanple 3 I nventive Exanple 1 was repeated by partly

repl aci ng or I ncreasing the starch content to produce seal
conposi tions havi ng di fferent fractions of super absorbent (5
t-o 20 parts). 25 Testing the smellinf characteristics revealed that a
seal materi al conprising 15 and 20% supe %bsorbent has a swellability

of 50% by vol £ 3 y erea eal o] l,si ng 10
parts of supe#gg % @nt é@? %héﬁ?r% O%Fy EB@aby $%$g89§iik a€ WB%#§
conposition levedsprithengspepific dﬁngapwrabébkbgﬁnennlyylbe%hggher

vol une. | thahS fokhHS 1of@r Eglleeteengbﬂet the amount of
super absorbent has a remarkably |l arge influence on the 35 swellability of
t he seal conposition. AVENDED SHEET

P 5 The volume swell from the action of water on preformed

seals as test specimens is determined_as follows:
A test specimen, for example 5 cm in length, is placed
in 500 ml of water pH 7 and 10° German hardness in a
600 ml glass beaker in such a way that it is completely

10 covered with water and is allowed to swell at 23°C. The
test specimen is then removed from the swell water at
certain time intervals, adherent water is removed with
a filter paper and within 1 minute the volume increase
on dipping the swell tape into a graduated cylinder

15 partly filled with water (eg. a test specimen having a
volume of 10 ccm (5 cm x 1 cm X 2 cm) is dipped into a
100 ml graduated cylinder containing 50 ml of water) is
measured. The test specimen is then placed again in the
10° German hardness water for further swelling.

20 The volume swell is then the relative percentage volume
increase according to

volume after swelling -~ volume before swelling

x 100 in %

25 volume before swelling

The volume before swelling can be calculated in the
case of a clear geometry, or else likewise be
determined through the volume increase on immersion in

30 water, the immersing and the reading off being
completed within 20 seconds.

A preformed seal from the seal compositions of the

invention increases 5-600% by volume on exposure to
35 water for 3 to 7 days.
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- 22 - Conpar ati ve Exanple 1 I nventive Exanple 1 was repeated to

produce a zero- starch seal conposition conprising 15 parts of
superabsorbent. 5 Testing the swelling characteristics revealed that the
seal material without starch has a swellability of about 1% by vol une
after 3 days, whereas the seal matertal of Inventive Exanple 1,

Sing 15 0 t
o & 20" such) SELREEyely IBWIRIATIACIE el 53 Y Do AT,
be not ed thatlﬂﬁ@n§éﬁaummqnﬁaSﬁs 5- 3%b|QXaEQHBWEdepnmﬁﬁ¥ably 10-20%

wat er - super abg, rbemhmesyahhekpssure 6! WHekri $oessent haysfor the
svellability of the seals. 15 I nventive Exanple 4 | nventive Exanpl e

1 was repeated to produce mlled sheets at 40[err]C on mxing rolls
from 100 m@arta afelativediyursirondiberswélpaivle séatli it dticieegsad ineye 1
part than 50% by volume to 500% by wvolume on exposure to
water for 3-7 days.
In order to retard the start of swelling of preformed
seals under the action of water an overcoating £ilm
10 which 1is relatively stable and/or impervious with
regard to water having a substantially neutral pH at
least part of the surface of the preformed may be

applied to seal.

15 For the purposes of the present invention, the
substantially neutral pH at which the overcoating film
is water-resistant/water-impervious is the range of
pH 5 to 9, and not just a pH of 7. On contact with
water in the alkaline range, ie. at a pH above 9, the

20 overcoating film is water-pervious.

The relative resistance to water, or water

imperviousness, can be set wvia the thickness of the

overcoating layer. The layer is generally from 5 um to
25 500 pm, preferably from 20 um to 300 um, in thickness.

The overcoating film comprises a matrix of a
substantially water-insoluble filming polymer embedding
the particulate alkali-soluble material. It is

30 particularly preferable to construct the matrix of the
same elastomer components as the seal compositions of
the invention. Useful alkali-soluble material includes
weakly acidic polymers, such as copolymers of lower
olefins or styrene with maleic anhydride, poly(acrylic

35 acid) or poly(methacrylic acid), polyvacrylate or
polymethacrylate or alkali-soluble inorganics, such as
aluminum phosphates, basic zinc carbonates, metal
powders of amphoteric metals, such as aluminum.
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20 of antioxidant WSL, 1 part. of stearic acid, 3 parts of sul fur (90%

crystalline), 1.5 parts of Wul kazit D (Bayer AG Leverkusen). 50 parts
of this rubber mxture were then adm xed on the mxing rolls with 40
parts of potato starch, 5 parts of_Fayor SAB superabsorbent and 25 5
parts of sodi um bi carbonat e. These sheets give a mass swell of only 20%
in the unf oamed and nonvul cani zed state even after 11 days. The
density was about 1.04 g/cnB. The foanmed sanpl es, having densities  of

about 0.5 t%heo aoveyeaftdng  fibp By chat e@pliegl vin o VAEIQUSWEIAY D! 500%

after just 7 @8¥s.example! by Scddisnd O thR Nghpfatbaloft henboapi éfbatedensity
of the sealing material _has a deci,sive influence on th

) e,
svel | ability §fath¥itBnBosPipghen 95 dispersion of the constituentgyenpep
SHEET 5

In an embodiment of the invention, the preformed seals
are constructed as composite seals combining at least
two or more parts having different water
swellabilities.

10 Depending on the shape of the preformed seal as tape,
round coxrd, endless ©profile, the parts can Dbe
constructed as a plurality of parallel layers or as a
layer enveloping a part to a greater or lesser extent.
In the case of profiles, one or more parts embedded in

15 the profile surface may differ in swellability from the
main part of the profile.

Generally, in this embodiment of composite seals, parts
of relatively low swellability are combined with parts
of relatively strong swellability.

20
To retard swelling on exposure to water, it is also
possible, for example, to construct a core of the
composite seal from a relatively strongly swellable
seal composition and to envelop this core at least

25 partially or completely with a layer of a relatively
low-swellable seal composition.

When a less strongly swelling layer is applied to the
outer surface of a preformed seal, then the rate of
30 swell will initially be small and increase only
gradually. This would be desirable in commercial
practice in order that the preformed seal may not swell
up strongly, ie. lose some of its swellability, at-
installation, for example through contact with rain,
35 and the then already preswollen seal material is left
with a substantially reduced swellability on contact
with water or dries out at the installed location and
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- 23 - | nventive Exanple 5 On vul cani ni zing the foaned material of
[ nventive Exanple 4 at 160[err]C the nass swell after 7 days was

300% 5 It is thus to be noted that the vul canization or

crosslinking of the rubber el astomer comppnent has an | npor t ant
influence on the swellability of the material. 10 | nventive

Exanpl e 6 | e ed; C S .
conposition u%+£n¥g&g&%r%€]éﬁ%l§1% Y/\%Slé{j gﬁ%%r aﬁégtr:géjr?l : “ehk F%ié(?rll&gloo :
Fei nst korn, feffarbckpalesh; Krefeld. 15 Testing the swelling

characteri stigsyéfapal $tt Rl ABFo pos8iblile tiprsdh Ngl Yofbbsded seal
super absor bent géeatI y mnimzes the burstjing. or l1ing out of

. ] swe
t he superBBebt bent Wi he? naked ey SRR %at Whdfber B8P s@el IHINET t here
IS no |onger aWyllapelibgothent ahOoliter strand which surrounds it at

least partly and is formed from a seal composition of
high swellability.

The swellability of the seal compositions can be
10 adjusted by varying the above parameters responsible
for the swelling: fraction of selected
polysaccharide(s), fraction of synthetic polymers,
degree of foaming or density and porosity of the
material, degree of crosslinking and hardness.
15
Examples of the variation of swellability are reported
in the table which follows:

Material Rubber Super- Starch | Density | Degree
Mixture | absorbent g/ccm of swel-
of Cabloc of pre-|ling
Ex. 1 C 96 formed (volume) %

seal

Less 50 10 35 > 1, < 10 (5)7

Strongly | not

Swelling _ ' foamed

Less 35 2.5 62.5 0.66 < 25 (20)°

Strongly

Swelling

Less 50 5 45 0.54 < 30 (25)°

Strongly

Swelling

Relatively |50 15 - 35 0.52 - |>100(120)"

Strongly

Swelling

Relatively | 35 15 50 0.57 >300(400)"

Strongly

Swelling
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seen on the tape surface. Eluted constituents anounted to 3.5% by mass
on using the coarsely particul ate super absorbent and 2.9% by mass on
usi ng the nore finely particul ate superabsorbent. 25 It i's thus to
be noted that the particle size of the superaborbent has an inportant

I nfl uence on mhether it, on swelling,"is retained in the material or

fl ushed out rt ln 3 I V. I

| nventive Exanpl e B%g/ager ggea etLjL (E)igprgr &geesser}a%@ﬂe‘fca?r%p%(glfl ons i ch -
cont ai ned no super ubiumbeﬁwelﬁuun watiexspihd ansl | 1f cGenmamaards@spart s

of the rubber 35 gixbyepe Recel dbaGimed 5EXAR! 8 &m %Béecmadi“a‘%eé““h

10 parts of alginate and_40Q parts of potato starch, 15 parts of
algi nate and 35 paPﬁssﬂPlﬁéPQtéf§?§réhda3ﬁd
-124 - 5

A particularly preferred seal composition comprises a
mixture of natural rubber, starch and superabsorbent;
it is foamed by heating by means of the water present
in the material or by means of an added blowing agent

10 and then vulcanized. The foamed elastomer, in material
like a rubber sponge, has advantages in uée because of
the lower density, since relatively large quantities
are now easier to handle and install in building
construction. wWhat is particularly advantageous,

15 however, is that the swelling of the foamed material is
many times higher and faster than that of the unfoamed
material having the same composition.

The seal composition of the invention is producible in
20 every conceivable form, particularly in the form of
tapes, films, envelopes or profiles in any desired
geometry. Depending on the intended use, for example,
tapes can be produced for joint sealing and films for
the outer sealing of buildings.
25
For preformed seals, the forming may be effected using
a roll calender or an extruder equipped with a slot die
or a round-section die or a profile die with subsequent
calibration or injection molding or compression
30 molding.

The seal composition includes a blowing agent and is
expanded on forming by heating to 100°C or higher with
vulcanizing or crosslinking of the rubber and/or
35 elastomer component so that the specific density is in

the range from 0.01 g/cm® to 1.5 g/cm’.
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al so 20 parts of alginate and 30 parts of potato starch. Testing
the swelling characteristics revealed that 5 20 parts of alginate provide a

vol une swell of 60% However, in the process, 10 mass percent of the
seal i ng material are flushed out andyq0n reswelling, only 50 vol unme
percent are achi eved. 10 It is thus to be noted that, evidently, good

attachment  roj ndiecelashens, dBiblds ' EQHbOERES ggsa@ LAELLGE o

size, which inturn s arge cor
Exanpl e 6, andeaS§o %l udr| i mprien \RAVES havsnacedmﬁfemﬁnﬁ sU@E%re
alginate can E%éﬁhﬁ%ﬂ&gtgﬁk,5¥he seal compositions having different

water swellabilities are formed conjointly or in

% 5 succession, conjointly by coextrusion for example.
However, it 1is also possible to use other forming
processes suitable for coforming.

In an embodiment of preformed composite seals, the

10 water swellability of the seal composition differs as a
result of using seal compositions having a volume
increase of 5-30% by volume and seal compositions
having a wvolume increase of 50-500% Dby wvolume on
exposure to water for 3-7 days.
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Ex les
Inventive example 1:

a) Mixture preparation

A laboratory scale set of mixing ©rolls from
Schwabenthan of Berlin was used to produce the rubber
mixture for the seal material. The ratio of the speeds
of the back roll to the front roll (friction) was about
1.2. The front roll turned at about 12 rpm; roll
temperature: 60°C, masticating time: 5 - 30 min.

100 parts of natural rubber (SMR, Uniroyal aachen) was -
put on the roll at a roll width of about 3 mm. The nip
was narrowed until a coherent sheet traveled around the
front roll. To speed up mastication, the rubber was
repeatedly incised with a blade. The mastication
degraded the rubber and so brought about the necessary
consistency.

After mastication, 1.5 parts of zinc oxide (active),
2.5 parts of sulfur (90% crystalline), 0.1 part of
dibenzothiozyl disulfide {Vulkazit DM, Bayer AG,
Leverkusen), 1.2 parts of zinc diethyldithiocarbamate
(Vulkazit ©LDA, Bayer AG, Leverkusen), 0.4 part of

tetramethylthiuram disulfide (Vulkazit Thiuram,
Bayer AG, Leverkusen), 1 part of stearic acid and
5 parts of Porofor TSH {foam~former, Bayer AG,

Leverkusen) were mixed in.

50 parts of this rubber mixture are then admixed with
35 parts of potato starch (fr. Miillers Mihle) and
15 parts of superabsorbent (Cabloc C96, fr.
Stockhausen, Krefeld), which had previously been mixed,
added in portions by not adding a portion until the
previous portion of starch-superabsorbent had been
taken up by the rubber. The sheet is taken off with the
nip at 3 mm.

b) Foaming, forming, crosslinking

About 120 g of the sheets thus obtained are cut into
strips about 1-1.5 cm in width. These strips are
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20-11-1999 EP 009900075 085W0 adapt ed

description -1- I nt ernati onal Patent
Appl i cation PCT/ EP99/ 00075 Applicant: MANG Datwler AG
New cl ai ns 1. A water-swel Iable se corrp05|t|on for preformed 5

seal s conpri sing a mtrix ast onmer component (s) and
e o Pk 8Eon Ao of cach o f Y1 dBE T 4 1dbandse 2
conbi nation o saccha ecte rom

m crocrystal | PRecm in 1e§9thrma¥3ﬁou% @@I 1‘ o%’é B gr Eptexngt cHeross

derivatives 1Qectlon em@tmogaafﬂse%wééa CQnd PAAdeds ein aﬁyldw@pta@,

déxtrans, i ns chjtin, xant in
agl i nat es, F'b&gﬁe %&Jﬂ:‘lﬂ anTi"e oven 1ig, %@% hﬁ%ﬁ%a}'—g ig%glﬁ?uronl c
aei d, pul$ uI dduration abdu€h@d miey) .ni Ghuresadiiatgothe tttmﬁ@ra\ahﬁe 15

superabsorbentthesyﬁpotl@tig o 8\'0 Aty fr%%l eccl'geedovéﬁfmbriefly cooled and

the tape is demolded. The sealing tapes thus obtained
have a density of 0.5 to 0.7 g/cm’.

10 Inventive Example 2

The sheets obtained according to Example 1la) are
introduced into an extruder (from Brabender, Duisburg),
with all the heating zones and the die being set to
80°C. The die was 3 mm and the barrel 2.1 cm in

15 diameter. The screw was operated at 50 rpm. The
sausage-shaped extrudate was introduced in an oven and
foamed at 100°C for 30 min and then vulcanized at
160°cC.

20 Inventive Example 3

Inventive Example 1 was repeated by partly replacing or
increasing the starch content to produce seal
compositions having different fractions of
superabsorbent (5 to 20 parts).
25 _
Testing the swelling characteristics revealed that a
seal material comprising 15 and 20% superabsorbent has
a swellability of 50% by volume after 3 days, whereas a
seal composition comprising 10 parts of superabsorbent
30 swelled only 20% by volume and a seal composition
comprising 5 parts of superabsorbent only 10 % by
volume.
It is thus to be noted that the amount of
superabsorbent has a remarkably large influence on the
35 swellability of the seal composition.
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polyners based on (neth)acrylate, poly(neth)- acrylic acid and

salts thereof, polyacrylam de, pol yal cohol s or copol yners thereof,
and the seal conposition is foanmed by neans of a bl owi ng agent 20
and heating to 100[err] C or higher and_t el astoner conponent ('s)
Is (are) crosslinked. 2. A water- | | abl e conposition according to

claim terl In that it includes 6.67 parts by 25
wei ght to 60 2 E; 19€ BLafSt I'Eolysaccharide(s) (A and 2.67
parts by wei ghnventive giwamply 1 was repep§ld ofo spmadads: dol3swa- (B)

per 100 partsgP¥rch sealVel Shhpoli€lsst ongEs nt (69 pard® Df A
seéal conposition accogdlng to either of the pr ecedi ng

&l-ai ms, char SEPEFPPEATPRRt-that the el ast omer conponent (s) is
(are) sel xtedebtofiy the sweMilmpntH&fadoétisticsibRevealBl, thHatcatheed

cis- 1,4-poly-isopren r.ubber (LR, vul | zed 35

pol ybut adi eneseal “‘?%?5159? W’fﬁh%‘é [ ng:&rch #lg%do?ﬁ ysweffgbl ity = of
copol yner i zedabbytenkt buvvadiverlemraiblediter( SBRdeys, whereas the seal
AMENDED SHEETmaterial of Inventive Example 1, comprising 15 parts of
superabsorbent and 35 parts of potato starch, had a

10 swellability of 50% by volume after 3 days.

It thus is to be noted that the combination of

polysaccharide with water-superabsorbent synthetic

polymer is essential for the swellability of the seals.
15

Inventive Example 4

Inventive Example 1 was repeated to produce milled
sheets at 40°C on mixing rolls from 100 parts of
_ natural rubber, 5 parts of zinc oxide (active), 1 part
20 of antioxidant WSL, 1 part of stearic acid, 3 parts of
sulfur (90% crystalline), 1.5 parts of Vulkazit D
(Bayer AG, Leverkusen). 50 parts of this rubber mixture
were then admixed on the mixing rolls with 40 parts of
potato starch, 5 parts of Favor SAB superabsorbent and
25 5 parts of sodium bicarbonate.
These sheets give a mass swell of only 20% in the
unfoamed and nonvulcanized state even after 11 days.
The density was about 1.04 g/cm®. The foamed samples,
having densities of about 0.5 to 0.6 g/cm’, by
30 contrast, give a mass swell of 500% after just 7 days.

Tt is thus to be noted that the foaming or density of
the sealing material has a decisive influence on the
swellability of the compositions.

35
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2 - SIR), wvulcanized acrylate rubber, vul cani zed

acrylonitrile-diene rubbers (NBR or Nl R), vul cani zed

pol ychl or opr ene (CR), vul cani zed et hyl ene- propyl ene rubber
-EPR) , vul cani zed 5 I sobut yl eng-'P oprene rubbers (IIR),

vul cani zed et hyl ene- propyl ene-dléne rubber (EPDM, vul canized

eplchlorohydr&% r%b e &@ ani zed silicone r ubber

vul cani zed poFyséi%?é%Lé@§g5¥——§;ossl|nked _pol yuret hanes,
crosslinked On wtwoeyidsting 10che  foaghedt omaterial of4 Inyentiue
conposition aGGe 'eng4 taoc i@ﬁ°c°fthéh?nass swellPIEEEN NG HaQsTBuds 3,

characterized |n tha : wat er - super absorbent  synthetic polyner
has an 15 s*’average particle size in the range from5 [err]mto
800 [err]ng

It is thus to be noted that the wulcanization or
crosslinking of the rubber elastomer component has an
important influence on the swellability of the

material.

10
Inventive Example 6
Inventive Example 4 was repeated to produce a seal
composition using a more finely divided superabsorbent:
Favor CA100 Feinstkorn, fr. Stockhausen, Krefeld.

15

‘Testing the swelling characteristics reveals that use
of the more finely divided superabsorbent greatly
minimizes the bursting or swelling out of the
superabsorbent to the naked eye in that, after

20 swelling, there is no longer any superabsorbent to be
seen on the tape surface. Eluted constituents amounted
to 3.5% by mass on wusing the c¢oarsely particulate
superabsorbent and 2.9% by mass on using the more
finely particulate superabsorbent.

25
It is thus to be noted that the particle size of the
superaborbent has an important influence on whether it,
on swelling, is retained in the material or flushed out
to a certain extent.

30

Inventive Example 7

Inventive Example 2 was repeated to produce seal
compositions which contained no superabsorbent, but
instead swellable alginate. 50 parts of the rubber
35 mixture according to Example 1 were admixed with
10 parts of alginate and 40 parts of potato starch,
15 parts of alginate and 35 parts of potato starch, and
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5. A seal conposition according to any of clainms 1-4,

characterized in that it includes one or nore 20 customary additives
selected from |[lubricants, aging inhibitors, dyes, fillers,

bl ow ng agents, pl asti ci zers, c§gssllnk|ng agents, crosslinking
accel erants, activators, retarders. 25°76. A seal conposition according

to any of c aLfEol- §9heparts ?rh%r rg%z e”tf.a p%I:EQ off‘ ﬁ&%&c

density in range

7. A seal stavspesition accordlng to claim 6, 30

characterized in that its volune increases by 5 60096by
vol ume on exposure to water for 3 to 7 seal
conposi tion AEEEABEng they o swaldiimg 7chﬁ¥aCterl%ﬂﬁﬁ%ﬂﬁ%ﬁ??ﬁ%ﬁd h@%at

its volume zoci)a@tes ofyalginate Pro@¥dsy avobulmeprfelinbbg 1@@20% by
vol ure, on However, ROS%B% 5%&@£§g,fon%§é(¥E&cent of the sealing
material are flushed out and, on reswelling, only

50 volume percent are achieved.

10 It is thus to be noted that, evidently, good attachment
in the elastomer matrix requires a certain particle
size, which in turn must not be too large according to
Inventive Example 6, and also insolubility in water,
since the water-soluble alginate can be flushed out.

15
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A
conposition according to claim Jm"!l u "\u m,acterl zed in that its
vol une i ncreases by nore to 500% by vol une on

exposure 11t9owater for 3-7 days. 5 A seaﬁpc%@%bb#gn
according to @@gwgf R e t char acterl zed inthat 1t Is
preformed into tapea i’ . Crré'gn& car -endl ess profiles. 10 11. A
seal conposition according to <claim 10, characterized in that

tPel pre{ ormed sealf@fational P£HUR ré@ﬂh&%&??ﬁ@ﬁ)ﬁ@§ﬁ?d@7§0”bi ni ng
a eas
stellabilities. Applicant: MANG. Ditwyler AG

2 | New claims

¥ 1. A water-swellable seal composition for preformed

5 seals comprising a matrix of elastomer

component (s) and embedded particulate water-

absorbent material(s) that is a combination of (a)

polysaccharide(s) selected from microcrystalline

or amorphous cellulose, starch, starch derivatives

10 except grafted starch, amylose, amylopectin,

dextrans, pectins, insulin, ‘'chitin, xanthan,

alginic acid, aglinates, carragheenan, pustulan,

callose, laminarin, guluronic acid, pullulan,

lichenin or mixtures thereof with (B) water-

.15 superabsorbent synthetic polymer selected £from

polymers based on (meth)acrylate, poly (meth) -

acrylic acid and salts thereof, polyacrylamide,

polvalcohols or copolymers thereof, and the seal

composition is foamed by means of a blowing agent

20 and heating to 100°C or higher and the elastomer
component{s) is (are) crosslinked.

2. A water-swellable composition according to claim
_ 1, characterized in that it includes 6.67 parts by
25 weight to 600 parts by weight of polysaccharide(s)
(A) and 2.67 parts by weight to 100 parts by
weight of synthetic polymer (B) per 100 parts by
weight of elastomer component(s).

30 3. A seal composition according to either of the
preceding claims, characterized in that the
elastomer component(s) is (are) selected from
vulcanized natural rubber (NR), wvulcanized cis-
1,4-poly-isoprene rubber (IR), vulcanized

35 polybutadiene (BR), vulcanized randomly
copolymerized styrene-butadiene rubbers (SBR or
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15 12. A seal conposition according to claLm

tharacterized in that the conposite seal conprises
parts with a volume increase of 5-30% by wei g ﬂ!w ﬂgm imjﬁﬂik
parts with a volune 20 I ncrease ofzrmre than 50% Yo by

vol une on exposure to water for 3-7 days. A seal conposition

according to any ofre} Al Myu1canizea 10aty1aker acf@ﬁlbéf-d | Rndihain A

swel l'ing of 25 pr ef or me osite Or nonconp05|te seal s under :
the action of wat e@cml%b\z&lamiye%t ar §8PbgEsat (NBR  OoFeastVNIRdnt of

tge surface of thev@l@&?wemﬁ hpolychllwam%ﬂee or (ORWS/WDGﬁiltdﬁrﬁQﬁ_hl& bgoan
oercoatlng m | C S relati Ssta n or er,vi ous
@With regard to ﬁﬁ?%iemﬁa‘ﬁ ﬁn subs"fuﬁ’ﬁ\éal I y%sR?’ vr"l’e"[%o but

upst abl e &nd wat erisebutxalmw—iboprene rubbgarsd t TTR) ¢r atulaardldes | ne

pH. 14. A Sthyfete- %?61)%&?&80&{%;@%85 I (=2RM)S m f%ons

swell under the om Sea conpos
conprising a nat ri fPd¢hbereRydEin rubbersonpovieheanizadd arsidraned

particul ate water-rubber, vuBbafibeat pBRLAL1#:RCEAMRT (M 1ofked ai ms

1-9,
polyurethanes, crosslinked thermoplastic
10 elastomers.
4. A seal composition according to any of the

preceding claims 1-3, characterized in that the
water-superabsorbent synthetic polymer has an

15 average particle size in the range from 5 pum to
800 pm.
5. A seal composition according to any of claims 1-4,

characterized in that it includes one or more

20 customary additives selected from 1lubricants,
aging inhibitors, dyes, fillers, blowing agents,
plasticizers, crosslinking agents, crosslinking
accelerants, activators, retarders.

25 6. A seal composition according to any of claims 1-5,
characterized in that it has a specific density in

the range from 0.01 g/cm® to 1.5 g/cm’.

7. A seal composition according to «claim 6,
30 characterized in that its volume increases by
5-600% by volume on exposure to water for 3 to 7
days.
8. A seal composition according to claim 7,
35 characterized in that its volume increases by

5-30% by volume, preferably 10-20% by wvolume, on
exposure to water for 3-7 days.
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Wwhi ch conprises mxing the constituents on m xi ng oIIs inan

internal m xer or extruder and then form ng t g m’muy”)
bei ng foaned and the crosslinked el ast oner

formed by 5 means of a bl owi ng agent and heatlng to 10 [err]sC d‘r

hi gher so that the volume increase on exg’osure to water for 3-
days is 5-600% by yol u . oc I n o] 1
characteri zed%/l n 16 anlt h (forﬁféjf orcgr%E ng%ﬁ% e ri?fad dqu5| nghgurpol I4'7

cal ender ehazacerrigedr inglrhated ba Melamg cinglieasys Hy more
round-section die @hap B0Y 'ﬂnﬁ’ 'G'bfuiﬁét R oS HIREHIUSHt volume on Cé‘kp@é@féon or
i Aij ection mol ding or conpressio nmol di ng. 15 16 A process
dccording to cl &Pnivater &pr 313 days. .

< 5

10. A seal composition according to any of claims 1-9,
characterized in that it is preformed into tapes,
round cords, endless profiles.

10 11. A seal composition according to <c¢laim 10,'
characterized in that the preformed seals are
constructed as composite seals combining at least
two or more @parts having different water
swellabilities.

15

12. A seal composition according to claim 11,
characterized in that the composite seal comprises
one or more parts with a volume increase of 5-30%
by weight and one or more parts with a wvolume

20 increase of more than 50% by wvolume to 500% by

volume on exposure to water for 3-7 days.

13. A seal composition according to any of claims
10-12, characterized in that the swelling of
25 preformed composite or noncomposite seals under
the action of water is appreciably retarded on at
least part of the surface of the preformed
composite or noncomposite seals by an overcoating
film which is relatively stable and/or impervious
30 with regard to water having a substantially
neutral pH, but unstable and water-pervious with

regard to water at an alkaline pH.

14. A process for producing preformed seals which

35 swell wunder the action of water, from seal
compositions comprising a matrix of elastomer
component (s) and an embedded particulate water-
absorbent material according to any of claims 1-9,
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tharacterized in that the foaned seal conposition - has—a—specific
density in the range from 0.01 g/crrBto”"lm

17. A process according to any of clainms 14-16 ﬁ d in
tthat a preforned conposite seal conbi ni ng at Ieésﬂ-two

parts having different water~ ®wéllabilities is forned by 25
coform ng seal I tions. havin I ngr 5-30%
by volune and a vdﬁﬁﬁgﬁlﬁgp@§§ges n1%1ﬁ§ ?ﬁ%oggﬁﬁ&‘533$8 u%@ §%§§& sure

to water for

3-7

rolls, igayan inBeérnal. mixerpraxeextrider paodudihen

prefornmed seals o or di ng
to any of c#ﬁ g vegl feaaharacterligﬁbgbéfﬁé BolhelPle®la @S

application to

at- | east part of tﬁﬁogﬁhabedofeiﬁﬁgora%f spﬁ’eenen)é(s) bedgg Jammed by
npnconposig e seal Smeénano@/%r CIQP(BW:DJQg35gent anfd |]:Eéél\¢'ﬂ.1fd'l t6 neload wity

1 1
' PLYGRER  ser shas . e e i eCERasEn B SRR R (h

regard to water atwaneaIEak|Be7p&bys bsdBr600&t by volume.
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15.

16.

17.

18.

A process according to claim 14, characterized in
that the forming is effected using a roll calender
or an extruder equipped with a slot die or a
‘round-section die or a profile die with subsequent
calibration or injection molding or compression
molding.

A process according to claim 14 or 15,
characterized in that the foamed seal composition
has a specific density in the range £from
0.01 g/cm® to 1.5 g/cm’.

A process according to any of claims 14-16,
characterized in that a preformed composite seal
combining at least two or more parts having
different water swellabilities is <formed by
coforming seal compositions having a volume
increase of 5-30% by volume and a volume increase
of 50-500% by volume on exposure to water for 3-7
days.

A process for producing preformed seals which
swell under the action of water, according to any
of claims 14-17, characterized by application to
at least part of the surface of the preformed
composite or noncomposite seals of an overcoating
film which is relatively stable and/or impervious
with regard to water having a substantially
neutral pH, but unstable and water-pervious with
regard to water at an alkaline pH in order that
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-5- the “swelling on exposure to water may be substantially retarded.

- 5 -

the swelling on exposure to water may be
substantially retarded. '

<.

T,
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