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One possibility for renovating damaged regions of the bank on site is the use of
hardening tar formulations or wet concretes or wet mortars which were discharged over
25  the crushed rock of the bank slopes which are to be consolidated. By means of this
method, consolidation of the bank slopes can be achieved for a certain time. However,
there is in particuiar the ecological disadvantage that, in the course of time, phenolic or
other environmentally harmful compounds may be released from the tar. Furthermore,
substantially gap-free structures form in these procedures. Any cavities in the bank
30 region which are present in the interior are filled.

The use of polyurethanes for the production of moidings with mineral ingredients and
for stabilizing rock layers, in particular in mining, is also known.

35 Thus, DE 35 02 997 describes a method for consclidating geclogical formations in
mining by polyurethane foams. Here, the formation to be consolidated is provided with
drilled holes which are filted with the mixture of the liquid components for the
polyurethane reaction and then closed. The polyurethane foams and is thus distributed
in the openings of the rock formation. The formation is consolidated by the subsequent

40  curing of the polyurethane foam. However, such a method cannot be used in the
renovation of slopes, in particular bank slopes, since foaming is not desired there since



i n-the openings of the rock formation. The formation is consolidated by the
subsequent PEG8OG8I ng of the pol yuret hane foam However, such a nethod cannot
be used in the renovation of slopes, in particular bank slopes, since

foam ng is not desired there since PF 58069 2 DE 102 41 293 describes a

met hod for stabilizing banks. There, thé& strongly hydrophobic conpact

pol yurethane is applied to that part of the bank which is to be stabilized.
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first step, the liquid starting conponents of an epoxy resin can be m xed
with mneral particles in a mxing apparatus and, in a second step, this
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cur 5. 20 Mg Gt BRdRPnenEHU Gpp i ed to the bank section (o be
stabilized or to the structures present at |least partly in noving waters,
such as supRostjb&tGoaithe achieved by stabilizing and securing the bank, the hillside, the
slope or the structure by composites comprising an epoxy resin and loose mineral
particles. For this purpose, the liquid starting components of the epoxy resin are
25 applied to the mineral particles and the epoxy resin is cured. Thus in a first step, the
liquid starting components of an epoxy resin can be mixed with mineral particles in a
mixing apparatus and, in a second step, this mixture can be discharged onto the bank
section to be stabilized or on the structures present at least partly in moving waters,
such as supporting and construction elements. Furthermore, the mixture of an epoxy
30 resin with mineral particies can also be introduced into 2 mold, where the epoxy resin
cures. The molding obtained is then applied to the bank section to be stabilized or to
the structures present at least partly in moving waters, such as supporting and
construction elements.

35 The invention accordingly relates to a method for the production of a composite
comprising an epoxy resin and loose mineral particles, comprising the steps

a) mixing of the loose mineral particles with the liquid starting components of the
epoxy resin in a mixer,
40
b) discharge of this mixture from the mixer,
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In an embodiment of the method according to the invention, the mixing of the mineral
25 particles with the liquid starting components of the epoxy resin is effected continuously.
For this purpose, the mineral particles and the liquid starting components of the epoxy
resin are introduced continuously into the mixer and the wetted mineral particles are
continuously discharged. In this procedure, it is necessary to ensure that the starting
materials remain in the mixer for so long that sufficient wetting of the mineral particles
30 can take place. Expediently, such a mixing apparatus can be moved along the sections
to be stabilized at a speed such that the mineral particles wetted with the liquid starting
components of the epoxy resin are discharged from the mixer in an amount required for
stabilization. It is also possible to operate the continuous mixing means in a stationary
manner and to transport the wetted mineral particles discharged from the mixer to the
35 desired location.

In a further embodiment of the continuous development of the method according to the
invention, the mixer may be a rotating drum into which mineral particles are introduced
continuously. This drum is equipped with nozzles which continuously distribute the

40 starting components of the epoxy resin over the mineral particles. Here, the rotation of
the drum ensures thorough mixing of epoxy resin and mineral particles. Epoxy
resin/mineral particle composites are then discharged continuously through an opening
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The time for the mixing should be at least such that the mineral particles are wetted as
completely as possible with the liquid mixture and at most so long that the epoxy resin
25 has not yet cured.

In a further embodiment, it is also possible to apply the iocose mineral particles in the
desired thickness to the bank section to be stabilized and to apply the liquid starting
components of the epoxy resin by means of a suitable apparatus, for example a spray

30  gun, to said mineral particies, where they are distributed and cure. Compared with the
method in which the mineral particles are mixed with the liquid starting components in a
mixer, however, this method has the disadvantage that here the distribution of the
epoxy resin is more non-uniform and defects where no epoxy resin is present cannot
be ruled out. Furthermore, where loosely adhering impurities, such as sand or earth,

35  are present, there may be problems with the adhesion of the mineral particles to one
another and hence with the stability of the composite material.

In comparison, when the mineral particies are mixed together with the liquid starting
components of the epoxy resin in a mixer, it is also possible to use those mineral

40 particles which have loosely adhering impurities on their surface. These impurities are
removed from the surface of the mineral particle by the mechanical stress during the
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The sand results in reinforcement of the contact points between the mineral particles.
Furthermore, the sand improves the UV protection of the composite material.

25
The rough surface produced by the sand promotes the settlement of living organisms,
such as plants and mosses, on the composite material distributed. This may be
advantageous, for example, when distributing the compaosite material in nature
conservation areas.

30
The ratio of epoxy resin to mineral particles is chosen so that sufficient strength of the
composite is ensured. The exact amounts also depend, for example, on the level of the
stress of the composite material on the respective bank sections.

35  Since, in the case of the composites according to the invention, the mineral particles
are bonded to one another substantially at the contact surfaces, gaps form and the
composites are water-permeable. Consequently, the energy with which the water
strikes the composite comprising crushed rock is better adsorbed by the escape of the
water in cavities and does not lead to destruction of the composite material.

40
In the present invention, banks may be understood as meaning the banks of streams,
rivers or canals. Furthermore, the banks may be shores of lakes, reservoirs or coastal
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20  advantageous to use moldlngs or first to mix mineral particles with the liquid starting

components of the epoxy resin, then to apply the mixture from the mixer on to the
desired area and then to cure the epoxy resin on site. The desired area is an area
which is present at least partly under water. The distribution of the liquid starting
components of the epoxy resin in this application would be disadvantageous since,

25 owing to the water movement and the buoyancy, the components would not be
uniformly distributed over the mineral particles.

The geometry of the composites installed to prevent subsurface erosion depends on
the respective currents.

30
The composite materials for preventing subsurface erosion can be installed both
directly on the structures and remote from them, depending on the currents.

Owing to the open gap system of the composite bodies, which can absorb

35 hydrodynamic energy so that the wave and flow energy collapses and consequently
leads to substantially less subsurface erosion, damage to structures can be avoided
and the load-bearing capacity of supporting and construction elements can be
increased.

40 A further advantage is that repairs to the composites can be carried out in a simple
manner.
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conponefit sand ategeneply ot edtical. Hovever, thegehbyld taBdamasddssibld heomiriirizedl xer on
to the desired area and then to cure the epoxy resin on site. The desired
area is an area, Wwhi present at |east partly under water.
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appl i cat i othevpbasdtids be thi watévisrduppessed. si nce, 25 owing to the water novenent
and t he buoyancy, the conponents would not be wuniformy distributed over
the m articles. .The geonetry of. the copposites install to prevent
subsur 1hcendPB eBEx R sanueBien. erod: siph ol VB HPLAS Heasha A Tpos: 1 o
materi al s Wb'lCh @r%v@ﬁmedgtmmrﬂ@ompeum aompeigimgtepokide gedupsdviathase directly
on the strgsd oa@;dbf S@Pé&htfdnqmﬁélﬁtabletiﬁﬂﬁ@ﬁ é}ﬂs aﬂpéliﬂrﬂeﬁﬁtlbﬁ@ xy Oving to

t he open g co

hydr odyna in 3?‘3‘2‘ a’f’v?rﬁ@% %ﬁrei‘?{gbw |°8\ﬁ %ao(ﬁﬁiﬁg@g %ble
consequent fYing|aggn to substantially | ess subsurface er osi on, danmge to
struct1tges can be avoided and the | oad-bearing capacity of supporti ng and
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repairs to the ¢ manper
As descri bléast ‘Wﬂ@p@ﬁéﬁﬁr‘?‘@éuaﬁgaé?@%%%’@"%ﬁ?@ﬁe@l“ée of @i?wsﬁlbéﬁﬁq Y5%§ui d
starting modgesehdiferent cdmpaunes tomgiisieg spdxide groaps.iTtese trappralstares ar e
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example, by condensation reaction of bisphenol A or bisphenal F with epichlorohydrin.

These compounds can be used individually or as mixtures.

In an embodiment, mixtures of abovementioned hydrophobic compounds comprising

25 epoxide groups with self-emulsifiable hydrophilic compounds comprising epoxide
groups are used. These hydrophilic compounds are obtained by introducing hydrophilic
groups into the main chain of the compound comprising epoxide groups. Such
compounds and processes for the preparation thereof are disclosed, for example, in
JP-A-7-206982 and JP-A-7-304853.

30
Curing agents used are compounds which catalyze the homopolymerization of the
compounds comprising epoxide groups or which react covalently with the epoxide
groups or the secondary hydroxyl groups such as polyamines, polyaminoamides,
ketimines, carboxylic anhydrides and melamine, urea, phenol and formaidehyde

35 adducts. Ketimines, obtainable by reacting a compound having a primary or secondary
amino group, such as diethylenetriamine, triethylenetetramine, propylenediamine, or
xylylenediamine, with a carbonyl compound, such as acetone, methyl ethyl ketone or
isobutyl methyl ketone, aliphatic, alicyclic and aromatic polyamine compounds and
polyamide compounds are preferably used. Ketimines or compatible mixtures

40 comprising ketimines are particularly preferably used as curing agents.



5-and are generally not critical. However, they should as far as possible be
m ni m zed. PFI58068dition, it is preferable if the plastics are hydrophobic.
As a result, degradation of the plastics by the water is suppressed. 10 In
the context of this invention, epoxy resgins are understood as meani ng
polymers which are obtained starting from conpounds conpri sing epoxi de
groups, Vi ahe redisef reastive deougs utps chsngaggriduepaxide guioups is prefatsbly foami ng
agents or O@lVEels:4 apdridularFRSteratiefbms REEPIdiNg to the invention are
preferably obtained by polyaddition with suitable curing agents. 15
Preferably used conpounds conprising epoxi de groups are conmpounds whi ch have
at | east Fuihespess. deadsliiands timerrapeunds gamariaing epexide aiepes andihe cunindi s al so

possi bl& tggameusad, firtheesddifived £dcmra%r§olmt§@mmse dinrepts, Aiterg avd Pigheimtgr oups.
These compaipds aaggd e ARk HOBIBOGY. B LN 418 (ALY 8 2

| east one e’ groups Such
hydrophoblﬁaﬁ Qﬁ%ﬁobtalned for exanple by condensatlon reaction
of bi sphenol A or blsphenol F with epichlorohydrin. These conpounds can be

used i ndi vhgatdqe s%‘fe $hiHa88d ¢ é‘gp@é’he‘:‘é@@ms@d&&ndl t?Sttl't’é Poetfon are

above tioned obi ¢ co ou risi W th

sl f - el S*Pw.cgsr %ﬂ(ﬁ[@%&%%%ﬁ%”@mﬁ pSheuts R FaeY BhBn e used.
These hydribplprodessiogfpoeataple,rvirtusy aIDrVeUOIbyVhIG’ft aredhazanguhtedheatthioctw. gr oups
into the nﬁjrmeﬁﬂnaiéﬂnmtuﬁee%f Mamﬁgeaﬂnw@n@mhe @so@r.@si.as~,av§taqbw

conpounds he r h for
cxcanpl o, i Tecos i 58 st ey R Ehsyphute c%ﬁans%ﬁ:%géa 9508 ar e
conpounds & kéhecrpapatigpi MetrredoTHITRGT gAvantaaesiobaPofY repie- Resiteconpri si ng
epoxi de5 grmufesiaRraréMietigh swarigtic @oabsioh resisteride éﬁdegdbﬁ(@dhdﬁon graugswet t he
secondary Qyd Eg Xyl groups such as polyam nes, polyan noam des, ketim nes,
car boxylic an ydr| des and nel am ne, urea, phenol and fornmal dehyde 35
adducts. Ketim nes, obtainable by reacting a conpound having a primary or
secondary am no group, such as diethylenetriamne, triethylenetetram ne,
propyl enedi am ne, or xylylenediamne, with a carbonyl conmpound, such as
acetone, nethyl ethyl ketone or isobutyl nethyl ketone, aliphatic,
alicyclic and aromatic pol yam ne conpounds and pol yam de conpounds are
preferably used. Ketimnes or conpatible m xtures 40 conprising ketim nes
are particularly preferably used as curing agents.



PF 58069 8 The ratio of reactive groups in the curing agent to epoxide
groups is PF&iB@BAbly from 0.7:1 to 1.5:1, particularly preferably from
1.1:1to 1.4:1. Furthernore, in addition to the conpounds conpri sing epoxide
groups and the curing 5 agents used, fyrther additives, such as sol vents,
reactive diluents, fillers and pignents,” nmay be added in the preparation of
t he epoxy wasgiais:- Such additives are known to the person skilled in the
art. Advantages of epoxy resin-based conposite systenms according to the
invention are 10 | ow cost and easy processability of the starting conponents
of the epoky regeHodfaisiabilizing @%S?ﬁ“ﬂ@@%m?ﬁgh'"?'g?s aadfipPes. o iYgidlesy no
vapors whi ch gresembapiedstpartydn hﬁﬁ/iﬁghwalél&UWhereﬁumefbathehlllﬁidéltﬂé_%&)p@f t hﬁ

i qui tarti 0 c Yy, Wt
the reshi ¢ ¢ hat Mo Rd S tiict PR EY| ot Redborlsn PRI an' " can
be econonlcalH?ﬁﬁ@ﬂéﬁéﬁenFU@?h@ﬁ“@ﬂ&antages of epoxy resin-based conposite
15 materials are the high strength, corrosion resistance and good adhesi on
even on we rfaces., P net hod for bilizing and
seour | ng. nanka Reneifes atcoraig e L6 & Midfbindoe Sl Mifdatnde Pavedl ' por o1y
i n noving wat esize offleer @il ho 6Bembank, the hillside, the slope 5 or the
structyge is stabilized and secured by conposites conprising an epoxy resin

d | t hod di
ohar e el T ai@um B hsorng i orBt e 1S foniends e T Gadh 12 10 5.
The met hod accame drngced)bpamlymgthedlqerdestmm@eomporpmts ditbe @poxyr msimgoties cl ai m 1
are produced l?y,ngl{apbé(&,?]gs Bﬁ@cudr@%hgeﬁé)ﬁfﬂebﬂg conmponent s of the epoxy resin

to the mneral particles and ring the epoxy resin. 15 4. The nethod
according to claim3, wherein sand is applied to the surface of the epoxy
resin #ted. tdeapghod atdondingfo ¢lé~nm$ivq1dreinsaadtsiamhe@m1beentfacexbf théne epoxy

resin to the Ay, esin
The net hod acc rﬁfgﬂ ter: r@%%g@ﬁ%n%?iﬁl uFMar%hlchrgu Jhg'? tfﬂtglgﬁé 5E:orrponents
of resin to the mineral particles and before the curing of the epoxy resin.

5. The method according to claim 3 or 4, wherein the liquid starting components of
20 the epoxy resin are applied to the mineral particles by mixing mineral particles and
liquid starting components of the epoxy resin in a mixer and then discharging the
mixture obtained from the mixer.

6. The method according to claim 5, which is carried out batchwise.

25

7. The method according to claim 5, which is carried out continuously.

8. The method according to any of claims 5 10 7, wherein the mixture is applied to
the bank to be secured, the hillside or the slope to be secured or to the structure

30 1o be secured or at a distance from the structure to be secured.

9. The method according to any of claims 5 to 7, wherein the mixture comprising the
mineral particies and the liquid starting components of the epoxy resin is
introduced into a mold before curing of the epoxy resin and is cured in this mold to

35 give a molding.

10. The method according to claim 9, wherein the moldings are applied to the bank to
be secured, the hillside or the slope to be secured or to the structure to be
secured or at a distance from the structure to be secured.

40



20 the epoxy resin are applied to the mneral particles by m xing m neral
particles %%580$3quid starting conponents of the epoxy resin in a m xer and
then discharging the mxture obtained fromthe m xer. 6. The nethod
according to claimb5, which is carriedqut batchwise. 25 7. The nethod
according to claim5, which is carried out continuously. 8. The nethod
accor di ng tlo Aryetbbd birstabilizBgtandBecwirey Einks t Hiksides)andraopes, whereineal to  t he

bank to be segshgskitetdtBording 18iad§ oPElaiites &J@Bepréc‘lhc@@ by &P ﬁfﬁ‘@ 186sel Rinfefdt
structure 30 to be sgfg%@ OE at a gls ggce f{onléhf Structure to be
secured. 9. TRTRES e fYPH§EHe ﬂQ‘S N@PRIVIAG tBe i StaNG, o 1y t he

m xt ur e conpr tempondnteeof the epoxirepiarti cl es and the liquid starting conponents
of thegepoxy resin is introduced into a nold before curing of the epoxy
resin and is cured in this nold to 35 give a nolding. 10. The net hod
according to claim9, wherein the noldings are applied to the bank to be
secured, the hillside or the slope to be secured or to the structure to be
secured or at a distance fromthe structure to be secured. 40 PF 58069 10
11. A method for stabilizing and securing banks, hillsides and sl opes,
wherein a conposite according to any of clains 1 to 4 is produced by
applying loose mneral particles to the bank to be secured and then
applying the liquid starting conponents of the epoxy resin. 5



