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WD 2006/ 061129 PCT/ EP2005/ 012792 1 PRODUCTI ON OF A
RESI N- | MPREGNATED FI BER TUBE FOR | NTERNALLY LI NI NG
CONDUI TS AND PI PES Description 5 This invention

R 2hE8/BBBLP8r ™1 g condui 15 andPCh/BEABPR/ B2 702

inpregnating a fibrous tube ar a fibrous tape wth a
liquid resin. 10 A particularly el egant way to
remedi aPRODUCTEON OFSA cRIBS EN - IMPREGCHATEDGF EBER | TEBE and

simlar pi Fﬁﬁ J LB X§ LDL OUS

t ube inpfggﬁa%gy wyﬁﬁf?#%%?%ér%3|n %t%ﬁ%§¢ﬁ¥%%€%ced
into the pipe and 15 inflated there and thereafter the
rpskArPgeRgncured. The problemw th this is that the
liquid resin can drain fromthe fibrous tube after

i npregnation or at |east accunulate on the bottom

sgggggf?ihh@nwbﬁ. é@ndzérﬂ'ﬁht@erl@f@cﬁ@?@r 0p@§f_ g%ﬂ‘dt?HLchtng a
7 to inpregnate a three-p gl.ass fiber tube

R aRCHAREF Dot | BUBR, Fiby dud e ShaCiags and
optepewpkkedyof impneyeat ioyi rg fflabsie wubk aor a fibrous
Iggﬁéiaggﬁigylh%gygdﬁgg§hp and to gel an outer |ayer

by n.

Irradrati The production of a 25 three-ply
fibrous tube is of course costly and inconvenient,

and idaqSi Al so ppsskhbgaher theyresi i pepbheabll KYsyrieq
i nner ng to settle out in the downward direction ,
dUFPhg et BF ageCFEdtPLi nf3tRTa AdRGS f 61 similar pipe
i spsegnat tonsis0sThe sarfe exdbarerue ahso Hescries@tted
al.t ernat.i ve . procedure .whereby the viscosity .of the
PR B PHIEPEEEd Yy Hetrt e T E: dpfngPope and
t bhékehedg tdger sandf tdre el Hampr egaatiewist bping cured.
p@ﬁ¥thxh9§§§g%itQUtt§§?:h%i @HQqugﬁe'iiﬂﬁkbedresin can

di sadvant ageous si nce, . ,
drain from the fibrous tube after impregnation or at

least accumulate on the botteom side of the tube.

It is therefore proposed in EP-B 799 397 to impregnate
a three-ply glass fiber tube having an inner ply of a
bulky fibrous mat and two outer plies of a woven roving
fabric with a low-viscosity liquid resin and to gel an
outer layer by UV irradiation. The production of a
three-ply fibrous tube 1is o©of course costly and
inconvenient, and it is also possible for the resin in
the bulky inner ply to settle out in the downward
direction during storage, resulting in a nonuniform

impregnation.

The same reference alsc describes an alternative
procedure whereby the wviscosity of the resin can be
increased by means of thixotroping or thickening agents
after the impregnating step to prevent leakage. But
this approach is called disadvantageous since, it is
stated, the rate of impregnation would be appreciably
decelerated and wetting of the individual fibers would

be incomplete. In addition, it is stated, that when the
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stated, the rate of inpregnation would be appreciably
decel erated and wetting of the individual fibers would
be inconplete. In addition, it is stated, that when
the 2 inpregnated tube is m%und up or fol ded t he
resin becones squeezed out i'n the fold regions.

Pr ro i S;ba ocC he nt
|%@ ghgg A P%EQ t%gobjg%ﬁato v0|% t?§H§$§ %Pé resin
db@ﬁamaﬁtagégeaﬁa eBtdépetbp Aosiinpreiprecess for
producing a resin-saturated fibrous tube. This object

i's achieved accordlng to the present invention when
boFRCERELTH t iTHO™ esthtand PEffe Ot hikRKIFRIE r esthear @ragent
adpushedoho DR Do Vi 5€9si dlyjedhe s esendid nved | Atated

d es for produc a
PR RO D ooe P TREE TR | 1 e Fondi e s £or
pPp@W@ﬂknby a nme'glmaisah@ratéqi brobs ctigpecdize wi Thia object
Iagu'aﬂcﬁfg«}&i ag@c\earﬁ%gg the tmebrg%sgﬁiae %g@@gioﬁ when

mandr el , by i mpregnating a prefabricated r ous
th%%hvmﬁhﬁeaunaﬁhai rESPAN vt eitmq hERLrganadr esenin are

dugingtbhecbnpregnahi PYshasiviscosity in the range
from 200 to 20 000 nPa s and, after the inpregnating,

is 20 thickened such that its viscosity is in the
r@hgeﬁﬁaﬂnn501ﬁ©@nt®oﬂ thdKMhmﬁhySpﬂadﬂﬁmﬁ haperocess

apd, ThRLAUS hybe WLl pherelnalLer By knowy,Logether g

rous S ructure rous structure
bech@vikexampyice pimevenkf &y i enoactaktifabr cfibroas, wpe

nﬁf%eaumgaggdneewﬁeanweal%lagf ehl af: p CIDINAL NS ung
thereof nd consi st of glass fibers or synthetic

f & hBPE: r§é Tr%mmiu.l@prr@éﬁnﬁtééw e Br&bRbriGAtER dribrous

uBsiag urai e aponyqsmr OEs0f, awHatWineStRE | i §hyd enesin
and/ or agheacr ter referred enbodi ment

t e’ +79r 608 & ¥u%93? ln§5h88n§ﬁ§F356FYalﬁo& Jiedgs from
fiber @bkiOc 060 aPgl assafidberaftat ohecontwnagnansng, is

t@ﬁ[@Q&ne&nsEghstﬁg%edt% Q%%gégﬂty is in the range from
50 000 to 2 000 000 mPa s.

Fibrous tape and fibrous tube will hereinafter be known
together as "fibrcus structure”. This fibrous structure
can be for example a woven fabric, a laid fabric, a
mat, a needlepunched nonwoven web or a felt or
combinations thereof, and consist of glass fibers or

synthetic fibers.

The ligquid resin can be a solution of an unsaturated
polyester or of a wvinyl ester in styrene and/or an

acrylic ester.

In a preferred embodiment, the fibrous structure
consists of a woven glass fiber fabric or a glass fiber
mat or combinations thereof. In this case, a chemical
thickening agent is used, preferably an oxide or
hydroxide of magnesium or calcium, for example LUVATOL

from Lehmann & Voss, preferably in amounts of 0.2 to 5%
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t hi ckeni ng agent is used, preferably an oxide or

hydr oxi de of magnesi um or cal cium for exanple LUVATOL
from Lehmann & Voss, preferably in amounts of 0.2 to
5% 3 by weight and in particular of 0.3 to 1% by

wei ght of solids, based on the resin. The thickening

agg%eq %Me{% Bause ui‘arao&uwg ul gn % S?ﬁ’. g&elr%hats of

aste sperse I'qui d vehi
agéntdps Hatedred it raeiresiTeshontthebeior agehé can

i @'@Eﬁ@@atbeﬂguseﬁh%é NRr eANatd A drt PEsTesally 25 a paste
lis pul Ilqaﬂyﬁhe fibrous structure slowy

tﬁ%éﬁ h=& ba‘rt“haerJrCé highe- | THEI diesen iag) eéﬂi is
t ettiheedr ight" tukeseesityshettlQ byrblkadeneoahpRgghEting.
spraying the resin onto the fibrous structure or
applying the resin to the fibrous structure as a
IFhaidmpﬂamnathemeaﬁseprefheabbsiaCbsmpaﬁbbmﬂdkiﬁ)pulling

t bjekeapbyal lsQWu%Qu‘irlée 'lWl‘:f/g gffhe Gﬂil‘ést ;r‘ ]tLiCtowv?lth

to stand for a prolong ed perlo
| BRSt ldRetidayesim @@1%@%rt@e%¢a|"raa@§" atiscesrhty, or

tsgrpauaa@r eolk iRgabirn G drl Lid ¢t emRenalures B nale w&ous
gn 80C for several. hours. hn anot her enbodi ment,

PBHFBGSUSEr uGur 2 FRIR 790 p8FyediiiFi bkf f &RE. §1r¥8”é3u5
fetruDSuverymdeasd;qUHd fhiekemhegcagest,cathderesin is

di d t S he VISCOSIt

OLPREEAT W LR A0 o) Pon Db Bl dE Rl o
f 8k regbirpFe DAACKER HDRoEr em MaekergeCherire ody, AEQ@ﬁﬂﬁbly
f rembegussshe Wik ¢h are il GAlar 224 L ?599 ag%ntl%om

and act by hydrogen bondin The essenti a eature of
tE%mB%%EHFeu Rvert§on 1% f%et%dﬁfffﬁﬁﬁarfélraeta opShppt more
behseedotheryirseesetheshdurkng and after the

i npregnating. During the inpregnating, it is 30 a
feature of the present invention that the viscosity

shal | abetbet weenc@@Dmamd, 201000 MParsus | fsttthecture is  a

VESEPSELY 'faﬂeop kaw. the resig.sql UJ;éO%e\é@J dense, the

separate I n fibrous structure; if the SCOSI?y
i S 96hi- B, aqe@&r e§Aat i%oh 61 spraseibrelsh sheget yred, to

Whisbethe viscosity, it is sufficient to thicken with a
thixotroping agent, for example WACKER HDK from Wacker-
Chemie or AEROSIL from Degussa, which are physical
thickening agents and act by hydrogen bonding.

The essential feature of the present invention is the
optimum relationship between the viscosities during and
after the impregnating. During the impregnating, it is
a feature of the present invention that the viscosity
shall be between 200 and 20 000 mPa s. If the viscosity
is too low, the resin solution will separate in the
fibrous structure; 1f the viscosity 1is tooc high,
impregnation of the fibrous structure will be

insufficient.

The viscosity depends on the identity of resin and on
the temperature during the impregnating step, and it

can be specifically adjusted for example through the
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35 insufficient. The viscosity depends on the identity
of resin and on the tenperature during the

i npregnating step, and it can be specifically

adj usted for exanple through the 4 choice of

pol yester or vinyl ester and the concentration of the

r%%ﬁ 8‘%0' uwon plzggegtgbef sPe %fﬁ})ffatg_&@ o Of wﬁd the

bat h dur i n% regnating T he
viEeBEsnty 2 Ilﬁﬁr eghathinggy F@Sbﬁef%{?bbﬁlﬂ% cé“rhrel ehlgbﬁr the

b@%m@%ﬂaiﬁr@nd}ﬁoﬁde Abkeh the-ifpregaatiiy %&eg‘ntat'l%ga step,
ﬁgt urf of th resent invention that the viscosit

shEFl rPY¥ECt o0 (UG COSI 000 OBBTRPRASINFT the preferably
vicaeadketlyous beawkew herendt BeAclO the resin will be
squeezed out of the fibrous tube when the inpregnated
fibrous tube is being inflated in the pipework; if

t Réteirstosi tiyﬂnmqn@ctﬂmiggh itt hem @ héeathowmabifl ithe gfresent

t RevERSHBAI Nehhe TRy ee@@&sgléybr%u tybe . St£0°5d Who -

so that v0| ds and surface defects 15 arise in
résPAYa8UPt mBar 8s. IThEnepFiFGRSEENAl S FHosc dsin )hediah feren

Sehel Redi8Peeilfli @cmarnek zthr ough c)tfh&;hecrﬂk&%u%f dihe when
%ge and ampunt of _t hi ckenJE ]g agent.. I n ope iersn on of
t he“p he< E

rEPEAPEG 6T o et S Pt i inDotREsihefs 1g the
t hinekbgurd aAd t]seadm:xce@ismtyh Bs tiwxothiogph g @gant ,the

p%%ﬁgemtkn GIDUALS 9£sg%5%t°t g ?%%%gg{ dbafsleoms

on the resi | I'ow ng~a i tion 0 i’ XoTTopin
afehe, thetposchevty ad sebaberseidapiadidy sorfaec defects

pagﬁgér eth | mMegnating yiscasi tyQfs 10@Q625015@1ra-19rn0q%nal
., in particular of 2000 to 8000 mPa s After t

|%F8@ﬁéf~¥n§a§t © $he aBt PorPRSIChhes chenfen| through the
t bhckeai n§ agentyps uysedateuhhi 6kenhiokéhenprefernted
final viscosity of 100 000 to 1 000 000 nPa s and in
particul ar of 200 000 to 800 000 nPa s. 30 In the
altepnat reesénpbodifntbhe pmedkvirrg ehebodseeoft ,athe initial

p9¥§iﬁa|1Eh'%¥en@ﬁlnthflaﬁ§&er Led final yiseoshty sy 4
thlxotroplng agent, preferably in amounts of 0.5% to 5%
by weight, based on the resin. Following addition of
the thixotroping agent, the viscosity rises very
rapidly to the preferred impregnating viscosity of 1000
to 10 000 mPa s, in particular of 2000 to 8000 mPa s.
After the impregnating step, the action of the chemical
thickening agent is used to thicken to the preferred
final viscosity of 100 000 to 1 000 000 mPa s and in
particular of 200 000 te 800 000 mPa s.

In the alternative embodiment involving the use of a
physical thickener, the preferred final viscosity is in
the range from 50 000 to 200 000 mPa s. The final
viscosity can likewise be set via the type and amount

of thixotrceping agent.

The optimum type and amount of thickening agent and of
thixotroping agent is simple to determine in

preliminary experiments.
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viscosity can |ikew se be set via the type and anount

35 of thixotroping agent. The opti numtype and anount

of thickening agent and of thixotroping agent is

sinple to determne in prelimnary experinments. 5

Thee! | A feSldL dipeddcty PLET epADEY, 8ROt QCURl Suranie
resin. hot ocur abl e resi n"contarns
pﬁ@ﬁépnltlaTg%sas dele¥perel be examﬁﬁ%ﬁ|r1E§mﬁiéﬁnS a

6§HotoIﬁ@t15€69r gaC@eak-seneantrairns fudiker; feiaid 523 634,
cernlgg qui.d resins and thICkenkF%§$%§Pts and

SRBSE! Pe28 Rntkaniag Svatedring i e P ng

Ingquld Anothes eﬁhddlWﬁﬂbkéhuhgze%g@nﬁ@eefﬁ@dl%@éd/ the

c [ cont ains._ a,pe

ig% nl%b h%oéﬁglggcggegﬁ%url én?a%éég pgc %Qt

ra|S|ng the tenperature to above the disintegration

tﬁﬁggﬁéiuréhégdlﬁéﬁ%.p%&ﬁﬁhﬂﬁe i pLhe g@f@afﬁy curable

col d-curing resins, hr ough adgl tion of a

attabefanesins THel g o§@§§aéﬂ8tt@e @@@%@h@@ AvéRtR6RT. In

Cﬂler oceedk ei t harinkr omaxésbr QHLSadeapebyV\'h' 8hikSng the
and .wound mandrel to

d h d
9? ﬁF%‘m% 'f?@q%s Ua%sé%%’éae%a@% FEIPssatyge of

-ekhﬁpm&rqﬁmmﬂnatyvehy thet ¢ssal 0 posstibtering resins,

b t ube, which
P rea 1 v Ean: B0 Ana e Thr Ekened. The

|npregnated fibrous tube can be provided wth filns

Oﬂhéhﬁrb@@égeo@nGhEhﬁr@Hﬁﬁkd%n%@gtﬁbgr%Qn oceed elther
ne |ategglpemork nd conduits, the fibrous tube

d WA ient ?ﬁ%ufﬁatttaé%eranﬂ F Rl | dtsediFRepenatady hé;thliqkened
25ndonfoamnas dleothe ai ninetdsan f aee mndnt he ﬂl&ﬁjcﬂlsi Stube as

cHBSH LA S, BheLl LSSt of Ligrsdheai ey,
wat ers WO 200606611028 RCT/ EPR065£012792 a6ﬂ§aﬁyﬁproduced
fibrous tube, which 1is directly impregnated and
thickened. The impregnated fibrous tube can be provided
with films on the inside and the cutside and stored. To
remediate pipework and conduits, the fibrous tube is
drawn into the latter and inflated there, so that it
conforms to the inner surface and the resin is cured
either by UV irradiation or free-radically through

increased temperature, for example with hot water.
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1. A process for producing a resin-saturated fibrous
tube for lining conduits and pi pework by 5
i mpregnating a fibrous tape with a liquid resin

d rous tape around a ma
rﬁgrggng{ﬁﬁgﬁbgprefabricated fibrousggﬁzgp%ﬁpﬁ/812792
liquid resin, characterized igh that the liquid resin
during the 10 inpregnating has viscosity in the range
from200 to 20 000 nmPa s @baimafter the inpregnating,
is thickened such that its viscosity is in the range
from50 000 to 2 000 000 nmPa s. 15 2. The process
aécor dAngrosesisai fRLl, Prodratn@r bzedsim-seatrattee! fibrous
I mpr egpating perf b 44 t fi pe
or tube Eﬁf bF%ﬁs §%§Eg§%re¥§g¥%ﬁgﬁg di at€£8%§ %Q by
resin, 18 r?ﬂﬁﬁﬁéPgtH% ﬁé@Fﬁqu1BH§EerE8aﬁédléﬂuld resin

Sprayedndﬂh@n@hﬁgﬂﬂﬁdnﬁhﬁﬁddwtﬂéﬁe 30038nd The niRGeSS or

ding.to cl ha
Fi br 0wVt T BEEHRE o b T <&t WOVERD FABFPES &R 'ith

fabrica aimutd acsméedl epunched nonwoven web or a felt

or Con@hQ?% 9@§1EQ§ %%htﬂgt éﬁ%giﬁ g Qgr ﬁurin%_the

synthetic bers rocess ac i Ng
charac%@PF%@HthngtMﬂStT%ﬁ@Q%#?Nl@natﬁﬂLﬁ@@@eoﬁr@m 200

unsat uﬁate;ob mmefr ahgof arvépylrest ehplkBy ﬁ&ﬂﬁae is
5. The process accord

and/ or _an ster, ng

to cIaFﬁ% eEﬁ rééFb i St FRECPRETY | bFodid the range
StrUCtﬁEGmCEISDSDStOf2gDGSSOOOIhEéSsand in that the
resin contains an oxi de or 35 hydroxi de of nagnesi um

or calciumas thickening agent. 7 6. The process

agéeor dihg rocckapmascoghangctter icZedm At hdta veheg ergsdiend in

cont ai pfa0. 2%t Q Yy, WeIgNts Of o L RELhE CKENi g 1agent; 1o
in the forn1a Eulver ent

fibrous tape or tube ("fibrous structure™) through

a bath of the resin, or in that the resin is blade

coated or sprayed onto the fibrous structure.

3. The process according to claim 1, characterized in
that the fibrous structure consists of a woven
fabric, a 1laid fabric, a mat, a needlepunched
nonwoven web or a felt or combinations thereof, of

glass fibers or synthetic fibers.

4. The process accerding to claim 1, characterized in
that the resin is a solution of an unsaturated
polyester or of a vinyl ester in styrene and/or an

acrylic ester.

5. The process according to claim 1, characterized in
that the fibrous structure consists of glass
fibers and in that the resin contains an oxide or
hydroxide of magnesium or calcium as thickening

agent.
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solid or inthe formof a paste dispersed ina 5
liquid vehicle. 7. The process according to claimb5,
characterized in that the thickening is effected by
mul ti-day storage of the ingregnated fibrous tube at
room 10 tenperature or by multi-hour heating. 8. The

PrOCESSHaCRAEALE LA EhalM,S: CNALAGE &fT 280 Il WM 1
tln|IQUI reS|n|$ I rs amxe Wt a
t hi xot EBpEnghegertsin sentehasprferred 5 by weight of

| npregpati ngh MisGosid Y a0knt000nt a0 @00 PR Su1 A1 ent
inthat, after the inpre natln%, the action of the

t hi ckeRPhyagent 1is tigedt®HMt RitckenPEStE fdistersed in a
vi scosiiyuofi perierably 100 000 to 1 000 000 nPa s.

20 9. The process according to claim1, characterized

in that the fibrous structure is a felt of polyester

fV ber sTAadptrheesesiercoodtabns ca dlkiixotsr,ogiheg sagentized in
for thj ni 2 relhe proces rdin 0 j.Ims

8 or QFHggha?g%te?P%ggéggﬁghaggth%qﬁﬁg&%%ogﬁngrgg%%tday
is fuRkBr3vei of Bbellincrkeptecksiineeveditgpa oat room

cl ai m demgbasacterbzedyi pulthatothenkiauhg resin is a
phot ocurabl e resin and contains a photoinitiator. 12.
The process according to claim1, characterized in 35

that theel pgocdsgescnordiagf teecladiccal,| yheu=allee i zed in

resin @HQthnH§EQ§ f&f@f@xkggiknhgi f¥5t admixed with a
thixotroping agent to set the preferred
impregnating viscosity of 1000 to 10 000 mPa s,
and in that, after the impregnating, the action of
the thickening agent is used to thicken to a final
viscosity of preferably 100 0G0 to
1 000 00C mPa s.

9. The process according to claim 1, characterized in
that the fibrous structure is a felt of polyester
fibers and the resin contains a thixotroping agent

for thickening.

10. The process according to claims 8 or 9,
characterized in that the thixotroping agent is

fumed silica.

11. The process accerding to c¢laim 1, characterized in
that the ligquid resin is a photocurable resin and

contains a photoinitiator.

12. The process according to claim 1, characterized in
that the liquid resin is & free-radically curable

resin and contains a peroxide initiator.




