1 Adhesive fornulation, nethod for production and use thereof The
invention relates to an adhesive fornmulation for the treatnent of
reinforcing | ayers which are provided for the production of

rei nforced pol yner products, the adhesiVve fornulation containing

di ssol ved epoxide. It has proved to be favourable in the production
of fibre-reinforced rubber products if a bonding agent is used in
order to inprove the adhesion between textile reinforcing |ayer and
t he rubber. The use of such a bonding agent is inportant in
particular in the field of tyre cord and ot her highly | oaded
conposite materials with reinforcing fibres. It is knowm fromthe
state of the art in particular for this field of application to use
resorci nol - f or mal dehyde- | at ex systens (RFL) for connecting synthetic
fibres to rubber products. 2 step nmethod |eads to satisfactory
results in particular in the case of non-activated pol yester fibres.
In the two-step nethod, firstly activation of the fibres is
undertaken in a first step such that the latter are coated with
epoxi de and/or with isocyanate. CGenerally, this is achieved with an
aqueous dispersion in which the isocyanate and/or the epoxide is
contained in the aqueous dispersion with a specific solid content.
Subsequent to this first step, coating with a

resorci nol - formal dehydel atex systemis then undertaken in a second
step. It is ensured by this two-step nethod that, in the first step,
conplete activation of the fibres is effected such that the coating
wi th epoxide and/or with isocyanate |leads to the formati on of active
functional groups on the surface of the fibre so that, with the
second step, the treatnment with the |atex can then be effected. The
treatnent with RFL is |ikew se effected with an aqueous di spersion.
The two-step nethod is however conplex froma process engi neering
poi nt of view and also the provision of two separate di spersions and
handl ing thereof is difficult. There has therefore been no | ack of
attenpts to i npllsihesive feemulatipnenmethad ftrepfaduntion andnseshepeof
process. One-step systens are described for exanple in US

2002/ 0122938 and also in US 3,419, 450. The one-step systens, i.e. the
appl i cati onThé iancrtjoromSaGisspensi athwdivd {RrbuBRbrAKSO tee axéde ador
i socyanate, wa hpmeyer in Eggtice not. able to be acconplished even
for the t re‘é‘?lﬂé‘ﬁFm(gf aer 8 atiliche er e fravider posstheaprqdngtian of pesrfored
fibres whichohaye beempiovi gRd Midside CRALINGHA: g:on@&inefﬁgx'd%olved
coating, just after production. In the case of one-step processes,

t hese thus epp@uileusly activated fibres are again treated with a

di spersion. In the US patent 2002/ 0122938, it is thereby proposed to
use a one-step system which contains al so special epoxides in

addi tion t oltRhks afebviedoty apatievolRdienaxtie drodhensMebs albye-reinforced
contained, in US 2002/0122938, in the formof a solid in the

di sper si on. TYPRETIPERNGLS Hoe Pendimgsasent i alsedyit ondes tohimpiove the
cannot be apgl 4 t O} [ g | so
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t he obj ect th esent, i nvention t. rqpase an.adhesi ve

formul at i on%\/\%ioéﬁelggﬁéglg %jﬁ‘gle&ecd)qlﬂoﬁlﬁee%%gﬂ?% v, t%ﬁ%@f{f&ﬁl&%}?f% It
the adhesivis kewmi arben thei Beatenbented are hayergeqrrWelt itRg andg geod
adhesi on and al so. a high reaction speed on non-activated fibres, in

particul ar 1G5esto” | gsg sreéof‘EiPP grjdebydedatere spplesent (RFL) for
i nvention tébﬂ%éﬂ@ﬁg%g?ﬂﬂ%ﬂ: gqbqgﬁgﬁhgggdﬁﬁ%_the production of

such a fornulationand to i ndicate t object with respect
to the adhesive fornmulation is achieved by the features of patent

The process can thereby take place either in a one-step or in a two-step

method. It has been shown in practice that essentially only the two-



4 adhesive was able to be | owered. The consequence of this is that
the coated cords have less rigidity and hence have better stability.
In the case of the adhesive fornulation according to the invention,
it is thereby preferred if the concent%ation of epoxide is 0.002 to
0.2 nol /1000 g of the total fornulation. Suitable epoxides which

di ssolve in the dispersion are in particul ar those mhich have a
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a dispersion. In the US patent 2002/0122938, it is thereby proposed to

use a one-step system which contains also special epoxides in addition
to RFL and isocyanate. The epoxide is however also contained, in US
2002/0122938, in the form of a solid in the dispersion. The

disadvantage in this one-step system is that it cannot be applied to



The invention relates furthernore to a nethod for the treatnent of
reinforcing |layers for the production of reinforced polyner products
(patent claim13). In the case of the nethod according to the

i nveriti on, an adhesion formul ati on as described previously is used.
In the case of the nethod, the adhesive formnulation can al so thereby

be produced_ 6 shortly.before the intended app|ication by m xing the
i ndi vi dual 15%‘?1‘68%%?#‘51. ﬁBﬁeW F%?tmaisr?e%??\d'rﬁgﬁl}ﬁawt@oﬁ‘BGﬁ@%t%Ctﬁ’raéEd
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conponents can be mxed i n advance. wever it is essential m’tﬁe
present i nviéRtdteRagtrar. t he adhesive fornulation is applied in the
formof a one-step system i.e. all the conponents nust be present
before the treatnent already in the formof an aqueous di spersion
and/ or sol ubtaoting heréfsomotit estandbjatt dbtheaptdsent fgveai1tisess pkdpodeain
extent the agueous._.di sglersi on i, irly long tine

repared for a f
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achieved at the sane tine, The invention is explained subsequently in
nmor e det ai 12 - ﬁ?g“;’éraé‘rrace@ ’crﬁﬁ(é%teetﬁﬁd{ﬁeﬂent. Exanpl e A di p according

to the invention was produced with the conposition cited in Table 1.

Table 1: Fornul ation of the one-step dip D p conponent
The object with respect to the adhesive formulation is achieved by the

features of patent claim 1, with respect to the method by the features of

patent claim 13. The sub-claims reveal advantageous developments.

According to the invention, an adhesive dispersion is proposed hence
for a one-step system for the treatment of reinforcing layers for the
production of reinforced polymer products, in which the epoxide is
contained in dissolved form with a concentration of 0.001 to S mol
relative to 1000 g of the total formulation, whereas the lsocyanate and
the RFL continue to be as solids. The applicant was able to show that it
is possible to operate with such a formulation in which the epoxide is
present in dissolved form with a one-step system and at the same time
to achieve the advantages of the previous two-step system, namely the
selectivity with respect to the coating. The adhesive formulation
according to the invention however leads not only to selective wetting,
Le. firstly activation of the fibre takes place and then subsequently
coating with solids contained in the dispersion but, with the adhesive
formulation according to the invention, excellent adhesion of untreated
polyester cords to the rubber is achieved in addition. It has been shown
furthermore that, with the formulation according to the invention, a

reduction in penetration depth occurs so that the concentration of



Quantity Solids

adhesive was able to be lowered. The consequence of this is that the

coated cords have less rigidity and hence have better stability.

In the case of the adhesive formulation according to the invention, it is
thereby preferred if the concentration of epoxide is 0.002 to 0.2
mol/ 1000 g of the total formulation. Suitable epoxides which dissolve
in the dispersion are in particular those which have a molecular weight
of 50 to 2000. Particularly preferred are epoxides with a molecular
weight of 50 to 1000, particularly preferred with a molecular weight of
50 to 290, in particular water-soluble polyglycidyl ethers, epoxy-novolak
resins, polyfunctional alkylene epoxides, diglycide ethers and bisphenol-
A based on resins. However the invention also comprises all the
epoxides cited in EP 1 221 456 Al,

The adhesive formulation according to the invention has a solid content
of 1 to 50% by weight, preferably of 1 to 30% by weight. The particle
size of the particles present in the dispersion, i.e. the isocyanate, is < 5

M.

The solid proportion of the dispersion is thereby composed of 0.1 to
20% by weight of the isocyanate and 0.1 to 40% by weight of the RFL,
Preferably the formulation contains 0.1 to 10% by weight of isocyanate

and 10 to 25% by weight of RFL as solid proportion.

In addition, it has proved to be advantageous with the adhesive
formulation if there are wused as isocyanates 4-4-diisocyanate-
diphenylmethane (MDI) and/or toluenediisocynate (TDI} and/or
naphthylisocyanate (NDI). However the invention of course comprises
also all other known isocyanates which can be used for adhesive
formulations of this type. In this respect, reference is made by way of
example to US 2002/0122938 Al and the diisocyanates described

there.



7 | actam bl ocked MDI 29. 35 g 29.35 g 5.87% pol ygl yci dyl ether 10.65 g
10.65 g 2.13% RFL2

There have proved to be favourable blocking agents in the isocyanates
in the present invention, in particular lactam-blocked isocyanates.
Examples of these are g-copralactam, d-valerolactam. However the
invention of course comprises also other known blocking agents. These
are: oximes, e.g. methyl ethyl ketoxime (butanone oxime), methyl amyl
ketoxime and cyclohexanon oxime. Monophenols, e.g. phenol,
resorcinol, cresol, trimethylphenols, tert. butylphenols.  Primary,
secondary and tertiary alcohols, glycol ethers, light enol-forming
compounds, such as e.g. acetoacetic esters, acetyl acetone, malonic
acid derivates. Secondary aromatic amines. Imides, mercaptans,

triazoles.

A further rise in the reaction speed in the adhesion formulation
according to the invention can also be achieved in that a catalyst is
added in the form of a metal compound. There are thereby suitable as
catalysts metal compounds of the metals sodium, potassium, caesium,
strontium, silver, cadmium, barium, cerium, uranium, titanium,
chromium, tin, antimony, manganese, iron, cobalt, nickel, copper, zinc,
lead, calcium and/or zirconium. In the case of the metal compounds,
those of zinc are preferred. Suitable compounds are hereby zinc
acetate, zinc sulphate, zinc carbonate, zinc oxide, zinc acetyl acetonate
and/or zinc chloride. Zinc acetate is very particularly preferred. The
catalyst is present in dissolved form in the dispersion, the concentration
being 0.0001 to 0.1 mol/ 1000 g of the formulation.

The resorcinol-formaldehyde-latex system (RFL) which is used according

to the present invention is known per se from the state of the art.

The invention relates furthermore to a method for the treatment of
reinforcing layers for the production of reinforced polymer products
(patent claim 13). In the case of the method according to the invention,
an adhesion formulation as described previously is used. In the case of

the method, the adhesive formulation can also thereby be produced



260.87 g 60.00 g 12. 00% wat er deionised 199.13 g Total 500.00 g
100.00 g 20.00% 1 present in dissolved form223%in deionised water
A non-activated PET cord was treated once with a two-step dip of the
state of the art and with a dip according to the invention with the
conposition indicated in Table 1. In t e case of the two-step dip, a
dip of the state of the art was used. In the first dip, Gilbond(r)

IL-6 50% F b],ock. | socyanat e . and,, as_epoxide, . .. .

G | bond(r) \é@?ﬁeg?@f%el%eon%g% ARty St 28r {8k q indiyistual
di spersi on tompohen®nd Iat ehacdnerrthe mdidddansaipynhept o et pldsemt, ds
resor ci nol -forrggl dehyde. resin and, a but adi ene-styrene-vinyl pyridi ne

latex. |n TEBFEDS O% R FRROILEECF.olCHBIN HIVPSOmrROLSoRpETOEEnts can be

mixed in advarnce.

However it is essential in the present invention that the adhesive
formulation is applied in the form of a one-step system, i.e. all the
components must be present before the treatment already in the form of
an aqueous dispersion and/or solution. It is not essential for achieving
success to what extent the aqueous dispersion is prepared for a fairly
long time before application as a unitary formulation or whether the

individual components were mixed shortly before application.

Furthermore, the applicant was able to show that the adhesive
formulation according to the invention is suitable in particular for the
treatment of untreated polyester fibres. Excellent reaction speeds were
able hereby to be achieved which were significantly above those known
previously from comparable systems, a good wetting rate being achieved

at the same time.

The invention is explained subsequently in more detail with reference to

an embodiment.
Example

A dip according to the invention was produced with the composition

cited in Table 1.

Table 1: Formulation of the one-step dip

Dip component Quantity Solids




Table 2: Two-step dip One-step dip Fornulation IL-6 + GL701 2. 7%
1.79%4 RFL 6.3% 5.8% Properties Adhesion2 5
7
[ lactamn blocked MDI 29.35¢ 20.35 g 5.87%
polyglycidyl ether ! i0.65¢g 10.65 ¢ 2.13%
RFL2 260.87 g 60.00 g 12.00%
water deionised 199.13 ¢
Total 500.00 g 100.00 g 20.00%

1 present in dissolved form

223% in deionised water

A non-activated PET cord was treated once with a two-step dip of the
state of the art and with a dip according to the invention with the
composition indicated in Table 1. In the case of the two-step dip, a dip
of the state of the art was used. In the first dip, Grilbond® IL-6 50% F
was used as blocked isocyanate and, as epoxide, Grilbond® G1701 of
the company EMS-Primid AG, Switzerland. The dispersion for the 2nd
step concerns a condensation product from a resorcinol-formaldehyde

resin and a butadiene-styrene-vinylpyridine latex.

In Table 2, the results for both dips are compared.

Table 2:
Two-step dip One-step dip
IL-6 +
Formulation G1701 2.7%!1 1.7%?
RFL 6.3%!1 5.8%!
Properties Adhesion? 5 5

1 DPU: Quantity of bonding agent on the PET after coating
2 Cord rubber covering: 1 = 0-20%, 2 = 20-40%, 3 = 40-60%, 4 = 60-
80%, 5 = 80-100%.

Patent claims




5 DPU Quantity of bonding agent on the PET after coating 2 Cord
rubber covering: 1 = 0-20% 2 = 20-40% 3 = 40-60% 4 = 60- 80% 5 =
80-100% Patent clainms 8 Patent clainms Adhesive fornulation in the
form of an aqueous dispersion with a solid content of 1 to 50% for
the treatnent of reinforcing |layers, fgr the production of reinforced
pol ymer products containing: a) 0.001 to 5 nol of an epoxide with a
nol ecul ar wei ght of 50 - 290 in dissolved form relative to 1000 g of
the total fornuPatandreldms. 1 to 20% of a totally or partially blocked
i socyanate, as solid and also c) 0.1 to 40%of a

resorcinol -formal dehyde-latex (RFL) as solid. 2. Adhesive fornulation

according tio cl AtiAedive ¢hahakittsi sedhé fordhat ahhgys@dud deereidh wih% t 0
30% 3. Adhesive formulation according to claim1 or 2, characterised

in that it cont 8l contrap ¢loloto200Wpiorehisxiraatmantlios geinfercingriayers,
relative to 100 f : t i i Lation
according to ongmgq‘l gtq{éagf:g?%gdffj eﬁ) ,eac‘%]%?%lg?é)rr?ggg?% %&%{?g{’ﬂghe
epoxide is selected fromthe group of polyglycidyl ethers,
epoxy-novol ak resin ol yfuncti pnal al kyl ene epoxi des, digl yci de
ethers and bi spﬁ)enotﬁpﬂqbtgs%dn%o %’%ieﬁg?ﬂ‘% with & moleculdr Weiggh% of 50 ~
290 in dissolved form, relative to 1000 g of the total

formulation

b} 0.1 to 20% of a totally or partially blocked isocyanate, as

solid and also
c) 0.1 to 40% of a resorcinol-formaldehyde-latex (RFL) as solid.

2. Adhesive formulation according to claim 1, characterised in that

the solid content is 5 to 30%.

3. Adhesive formulation according to claim 1 or 2, characterised in
that it contains 0.002 to 0.20 mol epoxide in dissolved form,

relative to 1000 g of the total formulation.

4. Adhesive formulation according to one of the claims 1 to 3,
characterised in that the epoxide is selected from the group of
polyglycidyl ethers, epoxy-novolak resins, polyfunctional alkylene

epoxides, diglycide ethers and bisphenol-A based on resins.

5. Adhesive formulation according to one of the claims 1 to 4,
characterised in that the formulation contains 0.0001 to 0.1 mol
of a metal compound as catalyst in dissolved form, relative to
1000 g of the total formulation, the catalyst being selected from
the metals zinc, strontium, cadmium, sodium, caesium,

potassium, silver, barium, titanium, chromium, un, antimony,



5. Adhesive fornulation according to one of the clains 1 to 4,
characterised in that the formulation contains 0.0001 to 0.1 nol of a
netal conpound as catalyst in dissolved form relative to 1000 g of
the total formulation, the catal yst bedng selected fromthe nmetals
zinc, strontium cadm um sodium caesium potassium silver, barium
titanium chromum tin, antinmony, 9 nmanganese, iron, cobalt,

ni ckel , ceri umMaREANEsH. dopper coleadlcinifkelzi geTTUNBadUERI VA r CEAPDGM

6. Adhesi ve forn&glgianiggc%raﬁi %rgdtzf)rc%ﬁ‘f&m 5, characterised in that
the catalyst is a zinc cohpound selected from zinc acetate, zinc
acetyl acetonate, zinc oxide, zinc chloride, zinc carbonate and/or

zinc sul phate. 7.Adhesive forpulation.accordin o.at | east one of
the claims®1 t PAECUH YT BN 3CRORMES T wim@oiﬂ}@@@%se&i Bt kg

with | actam 8&@@@@1@%&1@%@&%%@&%@ garégtécpfﬂm!ﬁﬁétai&@&ce9fziﬁéﬂe

claims 1 to 7, characterised in that the isocyanate is selected from
4, 4- di i socyanacstyi atetnyhimstdianex{dblnactlorde, olinemedbosety and for
(TDI') and/or napht héhd%itsocyanate (NDI'). 9. Adhesive formul ation
according to at®1'83StP4#é& of the clains 1 to 8, characterised in that
it contains in addition additives and/or dispersion agents. 10.
Adhesive formul ation according to at | east one of the clains 1 to 9,
characteri €ed i#dhefve fermylatimacoorting ta goleasthroe kddherclpins ilald y

Adnesi ve or ml Gt 5 2eatics Bk ds Sy aRte [ LRl jdhon

characterised in that the particle dianeter of the isocyanate solids

s <5m 8. Adhesive formulation according to at least one of the claims 1 to
7, characterised in that the isocyanate is selected from 4,4-
diisocyanate-diphenylmethane (MDI) and/or toluenediisocynate

(TDI} and/or naphthyldiisocyanate (NDI}.

Q. Adhesive formulation according to at least one of the claims 1 to
8, characterised in that it contains in addition additives and/or

dispersion agents.

10. Adhesive formulation according to at least one of the claims 1 to
9, characterised in that it contains 0.1 to 10% of blocked or
partially blocked isocyanate as solid and 10 to 25% of RFL as

solid.

11. Adhesive formulation according to one of the claims 1 to 10,
characterised in that the particle diameter of the isocyanate solids

1s < 5 m.

i2.  Method for the treatment of reinforcing layers, in particular tyre
cord for the production of reinforced polymer products,

characterised in that the treatment is implemented with an



12. Method for the treatnent of reinforcing |ayers, in particular
tyre cord for the production of reinforced polyner products,
characterised in that the treatnent is inplenented wth an 10
adhesive fornul ation according to at | east one of the patent clains 1
to 11. 13. Method according to claim 1% characterised in that the
adhesive fornulation is produced i nmediately before the treatnent by

dnesi ve formulati on ,
Char acter sed | FOCRAt RETRGRBETY &P BrtIFatl o 1 @Spr Doy (e bacent

i mredi at el y bef et#mappkbqati on by m xi ng the conponent c¢) (RFL) into
the formul ation already present as mxture with the conponents a) and
b) .

13.  Method according to claim 12, characterised in that the adhesive
formulation is produced immediately before the treatment by

mixing the individual components.

14, Method according to claim 12, characterised in that the adhesive
formulation is produced immediately before application by mixing
the component ¢) {RFL} into the formulation already present as

mixture with the components a) and b).



