1 Fiber structure, nethod for its manufacture and use as well as
fiber-resin conposite material 5 The invention relates to a fixed
and/or stabilized fiber structure froma fibrous material as well as
froman agent for its fixing and stabilizing. The agent for fixing
and stabilizing is a statistical copolyester which is fornmed fromthe
di aci d conponents terepththalic acid and, optionally, isophthalic
acid as well as the diol conponents butanediol, diethylene glycol and
10tri ethyl ene glycol. A nethod of manufacturing this fiber structure
is also provided. The fiber structure is used as a reinforcenent
material for polymer matrices, in particular epoxy resins. A fiber
conposite material containing at |east one thernosetting resin as
well as the fiber structure in accordance with the invention is
furthernore provided. 15Materials having a high strength to nmass
ratio which are manufactured froma fiber conposite material are used
in many areas where strength, corrosion resistance and | ow wei ght are
desired. Such fiber-resin conposite nmaterials can thus easily be
used, for exanple, in conmponents for aeronautics. These conposites
are equally exceptionally suitable for sports equipnent articles such
as tennis rackets or golf clubs. 20 The reinforcenent elenents are
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15 Materials having a high strength to mass ratio which are manufactured from a fiber
composite material are used in many areas where strength, corrosion resistance and low
weight are desired. Such fiber-resin composite materials can thus easily be used, for
example, in components for aeronautics. These composites are equally exceptionally
suitable for sports equipment articles such as tennis rackets or golf clubs.

20
The reinforcement elements are present in these composite materials either in the form of

unidirectional filaments or in areal form, as fiber meshes, woven fabric or fiber nonwovens.

The fibers in the form of filaments or meshes, woven fabrics or nonwovens have to be fixed

25  and stabilized, which serves a simplified handling and allows the bonding of individual



20This object is satisfied by the fiber structure having the features
of claimland by the nmethod for its mgnufacture. The object is
equal Iy achieved by the fi ber-resi n conposite material having the
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Furthermore, copolyester hot melt adhesive substances are known from EP 0 698 649 A2
which show exceptional bonding properties, a low melting point, a fast crystallization and

15 good resistance toward washing and cleaning.

Starting from this, it was the object of the present invention to provide fiber structures with

improved stability.

20  This object is satisfied by the fiber structure having the features of claim 1 and by the
method for its manufacture. The object is equally achieved by the fiber-resin composite
material having the features of claim 11. Uses of the fiber structure in accordance with the

invention are set forth in claim 15.

25  In accordance with the invention, a fixed and/or stabilized fiber structure from a fibrous

material as well as from an agent for its fixing and stabilizing is provided.

The agent for fixing and stabilizing is a statistical copolyester in accordance with the
invention which is formed from the following components:

30
from 55 to 100 mol% terephthalic acid;

from 0 to 45 mol% isophthalic acid;



In this respect, the sumof the nolar fractions of terephthalic acid
and butanediol is a maxi mumof 150 noly% with respect to the total
diacid and total diol quantities of 100 nol % each. In a preferred

enbodi d t  statistical copolyester can contain 0 to
2% by \%@%ﬁ?ttp ﬂie'?’g’gfa“egﬂ’& to 1%by wei ght additives, in
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agents, condensation catalysts or mxtures thereof, with the sum of
copol yefe:trﬁﬁoamal’)auhdﬁ’ttme/tbslepe gidcai ng 100% by wei ght. The copol yester
used in accordance with the invention preferably has a nelting
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2200 Pas. The copol yester used in accordance with the invention
preferably has a melting point, Sneasured according to SO 11357 at a
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or My, ¢8cty. with |ow aliphatic alcohols, e.g. butanol, can 25be used
as,gsterification catal ysts. Conmpounds on a basis of antinony,
tiTanium tin or

In a preferred embodiment, the at least one statistical copolyester can contain 0 to 2% by
weight, preferably 0.05 to 1% by weight additives, in particular nucleation agents, stabilizers,
lubricants, antifoaming agents, condensation catalysts or mixtures thereof, with the sum of

copolyester and additives producing 100% by weight.

25
The copolyester used in accordance with the invention preferably has a melting viscosity,
measured according to ISO/DIN 1133, at 160° and a load of 2.16 kg, in the range of 100 to
3000 Pas, preferabiy of 100 to 600 Pas, particularly preferably of 120 to 500 Pas and very
particularly preferred of 150 to 300 Pas.

30

If the copolyester in accordance with the invention is used in the form of a fixing thread, e.g.

as a fiber yarn, multifilament or monofilament, it preferably has a melting viscosity,



gernmanium e.g. antinony trioxide, are suitable as polycondensation
catal ysts. Both esterification catalygts and pol ycondensation
catal ysts are famliar to the skilled person in |arge nunbers. 30The
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nonwovéh oF Vioven fabric or sprayed nelt and a fixing of the f| ber
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and/ or pressure. 20 Alternatively, the fixing can also take place by
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The subsequent polycondensation is carried out in an inertized autoclave in a temperature
range of 220 to 270°C, preferably 230 to 260°C and optionally in the presence of a
polycondensation catalyst (1 to 100 ppm, preferably 10 to 45 ppm, with respect to the

20  qguantity of the polyester). In this respect, vacuum is applied stepwise and excess diol is
extracted up to an end vacuum less than 1 mbar. After reaching the desired viscosity, the

polyester which has arisen is removed, granulated and dried.

Salts of the metals Mn, Zn, Ca, Sn, Ti or Mg, e.g. with low aliphatic alcohols, e.g. butanol, can
25  be used as esterification catalysts. Compounds on a basis of antimony, titanium, tin or

germanium, e.g. antimony trioxide, are suitable as polycondensation catalysts. Both

esterification catalysts and polycondensation catalysts are familiar to the skilled person in

large numbers.

30  The fibrous material can preferably contain or substantially consist of a unidirectional

filament or an areal fibrous material from the group of fabrics, fieeces, knitted meshes or



A further aspect of the present invention relates to a fiber-resin
conposite material which 30contains ag | east one thernosetting resin
and at | east one previously described fiber structure. 6 The
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t he poleyusiy gaatibiex used for the enmbedding by the fixing with the
copol yester in accordance with the 5invention. The fiber-resin
conposite material preferably has a strength in the test of the
interlam nar shear strength (ILSS) acgording to ASTM D2344M of at

| east rIBEKrSaeuswtﬁi@a%erﬂrﬁf%%t&v eFIegiry from the erattoryyisiiga, at a
nmeaguring tenperature of 23C. It is furthernmore preferred that the
fibér-resin conposite material in accordance with the invention has a
conpr essi on g&gﬁsmgnpact (CAI) in the test of the conpression after

I npact accoP ing to AITM 1. 0010 of at |east 185 MPa, preferably of at
| east 210 M2aswhoRdibkicul arly preferably of at |east 240 MPa. An
addi ti onal aspect reflates to the use of the previously expl ai ned
fiber structypheraffibés ei nforcement material for epoxy resins, in
particular in the areas of sports, |eisure, machine industry,

el ectroni cssymhesd fikkt (iPBartiFaRlF palymengbaeSiref@abliBpRsy@tertbad fi c and
transport and aerospace engi neering. The use of the previously

exp@ai ned fipblyemigesuiotnarticules ofipelyamenudestnent naterial for epoxy
resins is particularly preferred in the areas of sports, |eisure,
machi n@ i ndwgtury! fibeesaispasticylargotion, waeal, karakspeme. laga, ints gspeaskas well as
engi neering. 25The subject matter in accordance with the invention
will b& des®¥KWERF haredfore detail below with reference to the
foll owi ng exanples without intending to restrict it to the specific
enbodi nents shown here. The conpositions of copolyesters in
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conposition of conparison systems (CoPES |, CoPES |1, EVA PA
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aterial is appﬁeé 't%l ghe fibrous material by powder point coating, paste point coating or
scatter coating or as a paste, suspension, film, web, nonwoven, fixed nonwoven or woven
fabric or sprayed melt and a fixing of the fiber structure subsequently takes place by the
effect of temperature and/or pressure.
20
Alternatively, the fixing can also take place by sewing using fixing threads manufactured

from the at least one statistical copolyester. In this process, the fixing is already reached

without the subsequent effect of temperature and/or pressure.

25  Scatter coating or the application as a paste, suspension, film, web or sprayed melt or
sewing are preferred as application methods. The application via scatter coating, web,

sprayed melt or sewing is particularly preferred.

A further aspect of the present invention relates to a fiber-resin composite material which
30  contains at least one thermosetting resin and at least one previously described fiber

structure.



Copol yester of teraphthalic acid, isophthalic acid, butane dial,
di ethyl ene glycol and triethylene glygol (90/10/50/30/20 nol % Mv*
450 Pas, nelting point 103C CoPES (42) Copol yester of teraphthalic

acid, i lLLG..acid, . | a [ yl ene gl ycol and

triet h)}rﬁgﬁg&g ﬁ%tgllng?égr) T%f%%@&f%ép%% S 226 Pas, nelting point
106C CoPES (A3) Copol yester of teraphthalic acid, isophthalic acid,
butane dial, diethylene glycol and triethylene glycol (100/450/30/20
nmol %9 MJ’FaSZBQJrI@mgly breeh fouryl thet e atiBBMICSRESr(vad Witopsiere st the polymer

t er apht haI i C aC| I SO alic i d, butane diol, diethylene glycol
and tr."?eac Ay Mgl *5)6(%7 ?sftmﬁrsthpwstqrgoa% danggmithge
poi At 9RGnf rE’ESl Copol yester of terephthalic acid, isophthalic acid,
di rrerl c aci d ‘and butanediol (48/37/15/100 mol% Mv* 300 Pas, nelting
poi nt 115C CoPES |1 Copol yester of terephthalic acid, isophthalic
acid and butanedi ol (50/50/100 mol %9 Mv* 720 Pas, nelting point 127C
EVA Copibe filerresih contppkiémmatarihl prefgrablides asweNgERir theSeg/of Gherinkerlaminar
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of at least 60 MPa, at a measuring temperature of 23°C.

10
It is furthermore preferred that the fiber-resin composite material in accordance with the
invention has a compression after impact (CAl) in the test of the compression after impact
according to AITM 1.0010 of at least 185 MPa, preferably of at least 210 MPa, particularly
preferably of at feast 240 MPa.

15
An additional aspect relates to the use of the previously explained fiber structure as a
reinforcement material for epoxy resins, in particular in the areas of sports, leisure, machine
industry, electronics, construction, medical engineering, means of traffic and transport and
aerospace engineering.

20
The use of the previously explained fiber structure as a reinforcement material for epoxy
resins is particularly preferred in the areas of sports, leisure, machine industry, means of

traffic and transport and aerospace engineering.

25  The subject matter in accordance with the invention will be described in more detail below
with reference to the following examples without intending to restrict it to the specific

embodiments shown here.

The compositions of copolyesters in accordance with the invention (components (Al) to
30  (A4)) and the composition of comparison systems (CoPES |, CoPES II, EVA, PA 6/12/66, PA 12,

PE) are shown in Table 1.



Copol yam de 6/12/66 (38/50/12 nol % of e-caprol actam

| auric | actam

hexanet hyl enedi am ne and adi pic acid M* 560 Pas, nelting point 123C

PA 12 Pol yam de of

| auric lactam MV 180 Pas at 230C and 2.16 kg,

mel ti nq-ag%iggt 178C PE-LD Lowdensity pol yethyl ene MFR** 7g/ 10 min,

ate
ad

t est

density 2 g/cnB, vicat softening point 86C (HP7022, SABIC, Saudi
Ar abi aJcompllehtsNg Vvipe&Agichy at 160C and 2°16 kg Toad **Melt Tl ow
at 160C_and 2 16 ki load ***Melt flowrate at 190C and 2. 16 kg |
8 The {€¥&land neisrvesienef wrapthalic adg wopbhalisgeid, Aeteer il igthyigne gyeol
fol l om ng standar da,fnckh@éhelhi@! bMY/ONEIE mdgci mens. Tensi on peel
5 DIN 54310 Measurenent tenperature 23C Speci nen manufacture 10
MV* 450 Pas, melting point 103°C
CoPES (A2) Copolyester of teraphthalic acid, isophthalic acid, butane diol, diethylene glycol
and triethylene glycol (88/12/50/30/20 mol%)
MV* 226 Pas, melting point 106°C
CoPES (A3) Copolyester of teraphthalic acid, isophthalic acid, butane diol, diethylene glycol
and triethylene glycol {100/-/50/30/20 mol%)
MV* 230 Pas, melting point 135°C
CoPES {A4) Copolyester of teraphthalic acid, isophthalic acid, butane diol, diethylene glycol
and triethylene glycol (60/40/75/10/15 mol%)
MV* 190 Pas, melting point 95°C
CoPES1 Copolyester of terephthalic acid, isophthalic acid, dimeric acid and butanediol
(48/37/15/100 mol%)
MV* 300 Pas, melting point 115 °C
CoPES I Copolyester of terephthalic acid, isophthalic acid and butanediol {50/50/100
mol%)
MV* 720 Pas, melting point 127°C
EVA Copolymer of ethylene and vinyl acetate
MFR** 45 g/10 min, density 0.95 g/cm3, melting point 83°C
{Melthene MX09, Tosoh Corporation, Japan)
PA 6/12/66 Copolyamide 6/12/66 {38/50/12 mol%) of e-caprolactam, [auric lactam,
hexamethylenediamine and adipic acid
MV* 560 Pas, melting point 123°C
PA 12 Polyaride of lauric lactam
MV 180 Pas at 230°C and 2.16 kg, melting point 178°C
PE-LD Low-density polyethylene
MFR** 7g/10 min, density 0.922 g/cm3, vicat softening point 86°C
{HP7022, SABIC, Saudi Arabia)
* Melting viscosity at 160°C and 2.16 kg load
*ok Melt flow rate at 160°C and 2.16 kg [oad

*AE Melt flow rate at 190°C and 2.16 kg load

Melthene MX06 can also be used alternatively to MX09.



Aflat filmof the thernoplastic to be tested (coating wei ght per
unit area 200 g/nR) is lam nated on agpol yester-wool fabric (55/45%
by wei ght, brown, coating weight per unit area 210 g/ n2, manufacturer
Becker to, |tal b ans, of. a_doubl e bel t
rose, AL ERREe s YRE S sbl RictlarbR s lBR T Rpde GRS nEen
mel ti nghd &peiviig Phcikdst her mopl astics. A sanple 24 x 8 cmis cut out
after storing tghe | am nate at 50C for 24 h. A plastic frane (15 x 5
cn) is placed onto the sanple, with a waxed paper strip being placed
under it at a narrow side. The frane is filled to a level of 3 mMm
with alepdempeeliedtyared, degassed epoxide mixture. The epoxi de

har dens at 23C for 12 to 16 h. The frane is then renoved. The waxed
papéer strip allows the separation of the thernoplastic filmand 20t he
epoxi de|Qwesi@ | ength of around 3 cm The epoxide is mxed froma

bi sphenol A epoxy resin with an epoxi de nunmber of 0.520 to 0.550

eq. / 10Mepsi@mdnshémpgall8e23°EVS- CHEM E AG and an ami ne hardener wth
an am ne nunber of 290 to 350 ngy KOH/' g (Gilonit H 84048, EMS-CIEME
AG in a weight ratio of 2:1. 25 Determ ning the interlam nar shear
streng H . E@ 44M 30Measur enent tenperature: 23 C and 80C
Speci Secimeit dontidclird 9 Plates having the dinensions 330 x 330 x 4
nmi@re first manufactured by resin transfer nolding (RTM. For this
pur pose, a unidirectional carbon fiber filanment having a coating

wei ght Agat filmiof thertbarrosp|20i tgbatested traating Weight parectitiane2Athe/ m#) isd
cavity, of a heatabl e press r d tg 80C, has 18 . .
thernobﬁ"afg?ﬁeg PRpyes .-%qlﬁ%r%ﬂ@?% gl Biawn, SpaHipeveehiner 4l

this p%%.eﬁ%a%/ 2 ﬁﬁ@ﬁaﬁﬂg%&%ci(ﬁﬁﬁmh@%&?mtanﬁ o?%rk%i’ﬁ?/ta% gg Fheetans ofa

uni di rection car bon I T'anment being ‘rotate e 3rd

| ayer kyulidbeRpeeds/thedbnidagivig terbyer@fiPe W this regsdeeR30tOalidie the neltaiger .
The 5th layer of the 16-layer structure thus has the same orientation
as1® he poist of Hipahermaplasties. A wermept udchuis pepideftar stodhg the laminage atx0°C
every lLayer, with the exception .of, 10fh th I gyer. After the c|posing
of °t e - optiec R e i8R lade] et i, Shep Sl itk BuieRed e st
Pr essugging pPiee@bAder itsth N SiBe. THRTRRREA: il&d F@éleb?l%égrrﬁ@n%%ja frolift
nonoconponent epoxy resin (HexFl ow RTMo6 from Hexce rporation, U%A)
pr eheapexpata, 86gassed guuxidetnixiure FHelretspokidg hiasdent al 3TC fantk & 164, The frame
pressure for 90 min. The pressure i s subsequently |owered and cooling
t akes [itherraneNac Bhfewsq(fﬂam&trwewwlesseﬁaﬁaﬁpaioﬁﬂw thsumerlpstichiégm@sid
[ peped, | E [ Tohp, Tenax Co., Japan, is used as the
uﬁ%dd)i rgQ: ?péjr)fé'\é% OS’gF %eﬁgﬁ ‘gfrgarrO‘chi)?éﬁ[ght. After the quality inspection of
the plate using ultrasound, specinens are cut having the dinensions
24 x 8 x 4 mm The speci nens are brought to the measurenent
t enper @ibeiepoxi® inmixeddfedroraehitpihe nolbaepoxg mesin withhe gpoeigds nnmbeest 0.52kes
place in _a climat &Spha_nber. 20 The specinmens for the conparijson test
are maRaPleadiede ¢BriaAghs, ENUEHERM ek angrap amiee fafslenst WEh g Rane
bet weep, }BEr 5938 35b Ry ki | ABRR H 84048, EMS-CHEMIE AG) in a weight ratio of 2:1.
25

Determining the interlaminar shear strength (LSS

ASTM D2344M

30 Measurement temperature: 23 °C and 80 °C

Specimen manufacture




Determ ning the conpression after inpact, CAl Al TM 1. 0010 (Airbus
standard) Measurement tenperature: 23g Specinen manufacture The
manuf acture of the plates is as described for the ILSS test. After
the quality inspection using ultrasound, specinens are cut having the
di mrensions 150 x 100 x 4 nm 10 The specinmens for the conparison

test WelReMMARE Iairﬁ&s@&ﬁcysdlxrmby( 4 KL arbifit 2 OnuBYu e B B PR, Babdfer

powder between the carbon fiber filaments. 5Before the strength test,
an i npacdtdio (BI). Fer thipptirpesey s ungliractibvrapcdrbovefiber Fiiemetetl laringatdoatingr ea
produced by this inpact is, determ ned using ultrasound. Subsequently,
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Ther nos
10  the 16th layer. After the closing of the mold, heating to 120°C takes place under a vacuum

(residual pressure 0.05 mbar) and when the temperature has been reached, the
monocomponent epoxy resin (HexFlow RTM6 from Hexcel Corporation, USA) preheated to
80°C is poured in. Hardening is at 180°C and 6 bar pressure for 30 min. The pressure is
subsequently lowered and cooling takes place simultaneously. The vacuum is maintained
15 until the mold is opened. IMS 60 E13 from Toho Tenax Co., Japan, is used as the
unidirectional carbon fiber filament. After the quality inspection of the plate using
ultrasound, specimens are cut having the dimensions 24 x 8 x 4 mm. The specimens are
brought to the measurement temperature 60 min. before the measurement. The pressure

test takes place in a climate chamber.

20
The specimens for the comparison test are manufactured accordingly, but without any
thermoplastic powder between the carbon fiber filaments.
Determining the compression after impact, CAl
25
AITM 1.0010 (Airbus standard)
Measurement temperature: 23 °C
Specimen manufacture
30

The manufacture of the plates is as described for the ILSS test. After the quality inspection

using ultrasound, specimens are cut having the dimensions 150 x 100 x 4 mm.



Adhesion value [NN5 cn] 1 CoPES (Al) 132 2 CoPES (A2) 149 3 CoPES
(A3) 150 4 CoPES (A4) 128 Conparison gganple 5 COPES1 25 6 CoPES I

The specimens for the comparison test were manufactured accordingly, but without any

thermoplastic powder between the carbon fiber filaments.
5  Before the strength test, an impact of 30 is applied using a drop tower. The delamination
area produced by this impact is determined using ultrasound. Subsequently, the remaining

strength is measured at the same specimen and is given as the compression.

Melting viscosity (MV) or melt flow rate {MFR):

10
SO 1133
Granulate
Melting point
15

I1SO standard 11357

Granulate

The differential scanning calorimetry {DSC) was carried out at a heating rate of 20 K/min. The

20  temperature at the peak maximum is given.

Comparison trials with respect to the material properties were carried out using the named

materials in accordance with the invention and comparison materials.

25  Inthis respect, the results of the tension peel test are shown in Table 2.



11 7 EVA 34 8 PA 6/12/66 7 9 PA 12 1 10 PE-LD 1 The adhesi on val ues
obtained with the copolyesters (Al) tg (A4) in accordance with the

I nvention (Exanples 1 to 4) are at least 3.7 tinmes higher than those
whi ch %Bﬁieached wi th 5copol yesters not in accordance with the

i nvention, “ethyl ene vinyl acetate, different polyam des or

| ow-densi t yp,Rm@fe ther moset Tk rRiRefking pldspigrar
10). Only tlhe copol yesters in accordance with t

therefore e tested in the fallow ng. The resul

sl

AR €S O T

he 1 nvention w ||

the test of [the

interlam nar shear strength (JILSS) are shown i 3. 10 12
1 CoPES (A1} 132
2 CoPES (A2) 149
3 CoPES (A3) 150
4 CoPES {A4) 128
Comparison example
5 CoPES1 25
6 CoPES Ii 11
7 EVA 34
3 PA6/12/66 7
9 PA 12 1
10 PE-LD 1

The adhesion values obtained with the copolyesters (A1) to (A4) in accordance with the

invention (Examples 1 to 4) are at least 3.7 times higher than those which were reached with

5  copolyesters not in accordance with the invention, ethylene vinyl acetate, different

polyamides or low-density PE as thermosetting plastic (comparison examples 5 to 10). Only

the copolyesters in accordance with the invention will therefore be tested in the following.

The results of the test of the interlaminar shear strength (ILSS) are shown in Table 3.

10



Tabl e 3 Exanpl e Thernosetting plastic Strength [ M Pa]

23C 80C 11

CoPES (Al) 65 49 12 CoPES (A2) 67 51 13 CoPES (A3) 68 57 14

10

Table 3

Example Thermosetting plastic  [Strength

[mMPa]

23 °C 80 °C
11 CoPES (A1) 65 49
12 CoPES (A2) 67 51
13 CoPES (A3) 68 57
14 CoPES (A4) 63 48
Comparison example
15 w/o 50 45

The examples 11 to 14 show that the composite material has an increased strength due to

the use of the copolyester in accordance with the invention both at 23°C measurement

temperature and at 80°C measurement temperature in comparison with a composite

material without a copolyester in accordance with the invention (comparison example 15).

The results of the test of the compression after impact (CAl) are shown in Table 4, i.e. the

compression still measured at the specimen after the prior impact at 30 J and the

delamination area arising due to the impact.



CoPE5 (A4) 63 48 Conparison exanpl e 15 w o 50 45 The exanples
11 to 14 show that the conposite matergal has an increased strength
due to the use of the copolyester in accordance with the invention
bot h atr,gaG nmeasurenment Stenperature and at 80C neasur enment
tenperature in conparison with a conposite naterial wthout a

copol yest exdnfiplaccor darnmeeriidséttinge [cAvent i on (compmamipatienare e 15).
The resultis of the test| of the conpression after inpact (CAl) are
shown in Table 4, i.e. [plasticonpressgion still nmeaslred at the specimen
after the |prior inpact |[at 301 and tPe JIOdeI am nat i on ﬁr ea ari sing|due
to the inpact. MPa [mm2

16 CoPES (A1) 255 390

17 CoPES (A2) 259 350

18 CoPES (A3) 258 860

19 CoPES {A4) 253 900

Comparison

example

20 w/o 153 6050

Examples 16 to 19 show that the composite material has both a much increased strength
and a substantially smaller delamination area due to the use of the copolyester in
5 accordance with the invention in comparison with a composite material without a

copolyester in accordance with the invention (comparison example 20).



13 Tabl e 4 Exanple Thernosetting plastic CAl [MPa] Del am nation area
[MmR] 16 CoPES (Al) 255 890 17 COPES (1,2\2) 259 850 18 CoPES (A3) 258
860

Claims

1. A fixed and/or stabilized fiber structure from a fibrous material and an agent for its
fixing and stabilizing,
characterized in that the agent for fixing and stabilizing is at least one statistical

copolyester which is formed from the following components:

from 55 to 100 mol% terephthalic acid;
from 0 to 45 mol% isophthalic acid;
from 35 to 75 mol% butanediol:

from 15 to 35 mol% diethylene glycol;
from 10 to 30 mol% triethylene glycol,

wherein the sum of the molar fractions of terephthalic acid and butanediol is a
maximum of 150 mol% with respect to the total diacid and total diol quantities of 100

mol% each.

2. A fiber structure in accordance with claim 1, characterized in that the at least one

statistical copolyester is formed from the following components:

from 70 to 100 mol%, preferably from 85 to 100 mol% terephthalic acid,
from 0 to 30 mol%, preferably from 0 to 15 mol% isophthalic acid;

of 45 to 65 mol%, preferably from 47 to 57 mol% butanediol;

from 20 to 30 mol%, preferably from 23 to 28 mol% diethylene glycol;
from 15 to 25 mol%, preferably from 20 to 25 mol% triethylene glycol,

wherein the sum of the molar fractions of terephthalic acid and butanediol is a
maximum of 150 mol% with respect to the total diacid and total diol quantities of 100

mol% each.



19 Co P ES (A4) 253 900 Conparison exanple 20 w o 153 6050
Exanmples 16 to 19 show that the corrpo%te material has both a nuch

I ncreased strength and a substantially~™smaller delam nation area due
to the use of the copolyester in 5accordance with the invention in
conparison with a conposite material w thout a copolyester in
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fixed and/or stabilized fiber structure rous ma and
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agent for fixing and stabilizing is at |east one statistical
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additives producing 100% by weight.

4, A fiber structure in accordance with one of the preceding claims, characterized in
that the at least one copolyester has a melting viscosity, measured according to
ISO/DIN 1133, at 160°C and a load of 2.16 kg, in the range of 100 to 3000 Pas,
preferably of 100 to 600 Pas, particularly preferably of 120 to 500 Pas, and very
particularly preferably from 150 to 300 Pas.

5. A fiber structure in accordance with one of the claims 1 to 3, characterized in that the

at least one copolyester is present as a fixing thread and has a melting viscosity,
measured according to ISO/DIN 1133, at 160°C and a load of 2.16 kg, in the range of
1000 to 3000 Pas, preferably of 1500 to 2500 Pas, and particularly preferably of 1700
to 2200 Pas.

6. A fiber structure in accordance with one of the preceding claims, characterized in
that the at least one copolyester has a melting point, measured according to ISO
11357 at a heating rate of 20 K/min, in the range of 60 to 160°C, preferably of 70 to
150°C, and particularly preferably of 90 to 140°C.

7. A fiber structure in accordance with one of the preceding claims, characterized in
that the fibrous material is a unidirectional filament or an areal fibrous material from
the group of fabrics, fleeces, knitted meshes or knitted fabrics, nonwovens or

combinations hereof.

8. A fiber structure in accordance with one of the preceding claims, characterized in

that the fibrous materials are selected from the group comprising



from15 to 35 nmol % di et hyl ene glycol; from 10 to 30 nol % triethyl ene
gl ycol, wherein the sumof the nolar fractions of terephthalic acid
and butanediol is a maxinumof 150 nol % with respect to the total
diacid and tot@l qci ol quantities of 100 nol % each. 2. A fiber
structure i a@eSrt®&fee with claim 1, characterized in that the at

| east one st.atéa%%ﬁl%ergopol yester is fornmed fromthe foll ow ng
conponents: from 07100 nol % preferably from85 to 100 nol %
terephthal i ¢ agidfdralfibers O to 30 nol % preferably fromO to 15 nol %

i sophthalic acid; of 45 to 65 nol% preferably from47 to 57 nol %
but anedi ol ; ef r gathiAictfibe&DinnErSoul prpahen atfiberd, peafe@8lytad paResieldand

di et hyl ene glycol; from15 to 25 nmol % preferably from20 to 25 nol %
triethyl ene gl RRAGMIdgh & partcylpecfnplyasdmides mol ar fracti ons of

terephthalic acid but anedi pl is a maximum of 150 nol% with
Fespect 1o Ehe AU BeIR P HGT ERte Wi PRk DRTIR [ ifce Potyong syl
each. 15 3. Afiber structure in accordance with one of the

precedi ng clains, characterized in that the at | east one statistical
copol yest er sconixtarashérebfi 2% by wei ght, preferably 0.05 to 1% by

wei ght additives, in particular nucleation agents, stabilizers,

| ubricants, antifoam ng agents, condensation catalysts, with the sum

f | ddi t . i 100% b i ght. 4. ib .
otructgrac A Taeda ahabar B Al o STt B oG e Of the Bréceding
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vi scosity, neasured according to | DIN 1I33, at 16

2.16 kg, i nappledrangefibioud Gtdrial BQQO0wRaspoipt ehengayteqfoidtQ0ating 600
Pas, particularly preferably of 120 to 500 Pas, and very particularly
preferably Fa8iAr ESHINEPr300 PPES, suspensian, kv, wek, nenweeen, ﬁxage@rmm@r
with one of the glains 1 to, 3 .characterized.in that the at | t, one
copol yest ar “PUE FBBERT seavel ey 3G o in s 5 o st Gruge pfsfyrenth Toke?
viscosity, pRasHy ek &F&@bﬂﬂeng;emuhsgd?b}\bﬂewe. at 160C and a |oad of
2.16 kg, in the range of 1000 to 3000 Pas, preferably of 1500 to 2500
Pas, and particularly preferably of 1700 to 2200 Pas. 6. A fi ber
structure in accordance with one of the preceding clains, ]
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poi nt, neas or. (] t atin ate of 20 K/mn,
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the fibrous material is a unidirectional filanent or an areal fi brous

materigl frgrpthe roup of fabrics, fleeceﬁ, knitted nmeshes or
kni tt edlf abfifO8 T4t ge gRteralsP At Ienst ape thegmosetting ggsin as well
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characterized int rous materrals are sele fromthe
group conprising 16 glass fibers,

12.  Afiber-resin composite material in accordance with claim 10, characterized in that

the at least one thermosetting resin is an epoxy resin.

13. A fiber-resin composite material in accordance with claim 10 or claim 11,
characterized in that the fiber-resin composite material has a strength in the
interlaminar shear strength test of at least 55 MPa, preferably of at least 60 MPa, at a

measuring temperature of 23°C.



carbon fibers, mneral fibers, synthetic fibers, in particular
pol ymer fibers, preferably of polyestﬁgs and polyanldes in
particul ar of polyaranides natural f1 bers, |n particular cotton,
wool , pok
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and stabilizing the fibrous material is applied to the fibrous
mat eri al by tmmmremmaﬂ@dmbanqclwasatdem|185 MR b refigyably of atlkebstr210
coating or as paste, suspension, film web, nonwoven, fixed

nonwoven or M&Wéﬁd P@!E'Fi“ér"bprei?fﬁ%/é’(ﬁah%ﬁﬁt 24RMPRa.f i xi ng of the fiber
structure subsequently takes place by the effect of tenperature

and/ or pressure. 10. A nethod of manufacturing a fiber structure in
accordagce st Bf @RgiHRf strif@u |ﬁ'aHéi>r&ar¢c9 vitth cW{H?éfEih@ pkdidihb ¥laltgs é’s”éj
stabilizing of the fibrous material takes place by sewng with fixing
t hr eads nanudiaforeeneaht imaienidl fier aioxy eadts, ioparidduddriis thecabascafppbate deisure,

11. Afiber-resin_conposite material containing at |east one i

t her noset t i Achiggiinfug vwéwtr%Sa@onFtéa@ttorbrr@dfqag'@?g'rsqeﬂaartm?@sm traffic
accordance w £ th [ 1 . 12. A fiber-resin conposite
material in a%ggﬁgéﬁﬁgnan?cgéﬁggﬁgTB%ﬁn'aracterized in that thgpat

| east one thernosetting resin is an epoxy resin. 13. A fiber-resin
conposite material in accordance with claim 10 or claim11,
characterized in that the fiber-resin conposite material has a
strength in the interlam nar shear strength test of at |east 55 MPa,
preferably of at |east 60 MPa, at a neasuring tenperature of 23C. 17
14. A fiber-resin conposite material in accordance with clains 10 to
12, characterized in that the fiber-resin conposite material has a
conpression after inpact in the test of the conpression after inpact
(ClA of at |least 185 MPa, preferably of at |east 210 MPa, and
particularly preferably of at |east 245 MPa. 15. Use of the fi ber
structure in accordance with one of the preceding clains as a
reinforcenent material for epoxy resins, in particular in the areas
of sports, leisure, machine industry, electronics, construction,

medi cal engi neering, neans of traffic and transport, and aerospace
engi neeri ng.



