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WO 2006/ 061129 PCT/ EP2005/ 012792 PRODUCTI ON OF A

RESI N- | MPREGNATED FI BER TUBE FOR | NTERNALLY LI NI NG
CONDUI TS AND PI PES Description 5 This invention
concerns a process for producing a resin-saturated
fibrous tube for 'Lining conduits and pipework by

| THEANAd ME13ph1 brous tube of a Tl biayspobapfoidddy a
liquid resin. 10 A particularly el egant way to

remedi ate buried wastewater Iconduits, water |ines and
simlar %é ﬁ i stens consists in a flexible fibrous
Cube | mpPEGRUCTRAN R A RER N gTYRINABER it R  Bifoed
into the pFp® @ﬁtﬁ%ﬁmf LANEHG t ¢MIDYIZAJAN P ERHS er t he
resin being cured. The problemw th this is that. the
[iquid re3|n can drain fromthe fibrous tube after

i NpPRYHAB SR cr at | east accumul ate on the bottom
side of the tube. 20 It is therefore proposed in EP-B

7997397 tlgvbﬂpwegnaéo%ce@pghr ﬁ%egl aS§oi'% g‘u@?n 2

havi ng an i nner ply fibrous mat
out%ﬁsﬁﬂ|ﬁ§§u6ﬁt%dm69@ﬁOFovﬂH§e féHT|%9W&W%1%P“dU1tS and
" Lowkpeveeasity Lipgtdgharespn ;anthi trovgeltuar «outer rhpyels

by JMd rr:adi gtio %# dhe production of a 25 three-ply
fibrous tube is course cost-v inconvenient, and it

1G5 al so possible for the resin in the bulky inner ply
to Betbhe‘tmmlddiﬁluklkﬁmmwardwaﬂiFE@tiQQmQ@I$MQ buried

stopage, resul Ling, i+ a nopuniform i 'Eﬁdeg%% “ 305 pe

The sanme reference al so déscribes an alterna
pr oOETHE WREFEBYS t He &/iklcodily 6FPtHe rtedien l@aﬁe%ated
i rovieascti gy dreansi rof b iy XotteRiurgdorintthi ckeni gigpe and

15agefﬁfiated there and thereafter the resin hkeing cured.
The problem with this 1is that the liguid resin can
drain from the fibrous tube after impregnation or at

least accumulate on the bottom side of the tube.

20 It is therefore proposed in EP-B 79% 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 idirradiation. The production of a

25 three-ply fibrous tube is of course «costly and
inconvenient, and it is also possible for the resin in
the bulky inner ply to settle ocut in the downward

direction during storage, resulting in a nonuniform

impregnation.
30
The same reference also describes an alternative
procedure whereby the viscesity of the resin can be
increased by means of thixotroping or thickening agents
after the impregnating step to prevent leakage. But
35 this appreoach 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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after the inpregnating step to prevent |eakage. But 35
this approach is called di sadvantageous since, it is
stated, the rate of inpregnation would be appreciably
decel erated and wetting of the individual fibers would
he inconplet =n addition, it is stated, that when the
2 inpregnated tube is mound up or folded the resin
becomes squeezed out in the f®ld regions, Proceeding
fromthis basi rocess, the present nventi on has
for TPEogBTBet ¢S Bvorar chonel atid P SalVint ddes ARdin
no degehep %@sﬁnpﬁeOpt03@§§mfdpldpr@nucmng a
rosin-saturated fibrous tube. This object is achieved

acc rdlng fo th res%?t i nvention mh%nc bo%g t he .
i ni BEIh andt hettHi ck¥tied r ¥ eSFe  FO®adPustey
fo opvemunewi deesi fyr The préesent imwenvbnm the stated

accordhngly:Qvi des a@r%%%pfoar REQEUCT NG Ress  for
resi n-saturated fibrous tube |n|ng conduits and

pi pHBF K™ by lﬁpfgﬁh%t?arﬁra“?ﬁbrfdl%o?%p U3y fhe aoPIsct
| i quisd a@sienednchosiomdiing ttle flhidr puss¢apeiaroundn awhen

”angﬁgk 5%% bynlﬂﬂ%ﬁegf@%iﬂjgaﬁdpﬁﬁiab%ﬂfxﬂé%gdf'*géyﬁs are
éube Wi t resin, wherein the liquid resin

urFﬂéuf%%?ﬁﬁngQh%TWr&fﬁﬁ%$L5VSCOS|ty in the range
from 200 to 20 000 ei Sa s and, after the

| Mpregnati.ngy | %n%@n%béz@k%@@gr§ﬁ9ﬂdﬁ gﬁ91tox}ltd§sV|aSCB§b&é/ss
is in the range from 50 0O
| Fi BPBUS" QpaTand PP BUS TBE o FIOFRI ol WAFL 6FFbbining

knownndt oget het aspedodir oug Sthpuetuate’ng Thi Sibrdrousape

1stryeture 1 25 ¢6an-be, forg %@fmln% @h@oyﬂﬁa‘u%b@age onund
laid fabrlc a mat, a need unched nonwoven

felt BRIEonbi Wat PHnsTPhey &bt Yarfd oS &bafe@ 5dgechs
fi bewnse owitsyrmt hétdqeid i bessn, 30hEheihi ghied Yiegiinl camsin

be a,solytdren ;b 80, WSaf WAt €dscosity in the range from

200 to 20 000 mPa s and, after the impregnating, 1is

20  thickened such that its viscosity is in the range from
50 000 to 2 000 000 mPa s.

Fibrous tape and fibrous tube will hereinafter be known
together as "fibrous structure". This fibrous structure
25 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.

30 The liguid 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
35 consists of a woven glass fiber fabric or a glass fiber
mat or combinations thereof. In this case, a chemical
thickening agent 1is wused, 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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pol yester or of a vinyl ester in styrene and/or an
acrylic ester. Tn a preferred enbodi nent, the fibrous
structure 35 consists of a woven glass fiber fabric

or a glass fiber nmat or corr na't~.ons thereof. In
LhLs case, a chem cal thickening agent is used,
preferably an oxide or hydroxide o nmgnesium or

cal cium for exanple LOVATOL. 3 fron1Lehnann & Voss,
preferably. in ts of. 0.2 to 5@6 ht and in
Do i PG 2003 Fobaos b5 i gt (b CColifaby BALEHF off
t he sdsidn, BheeﬂhpokéhengxagentTm@ntﬁsnkhermbeamssd @z

a pWiveeyl eat 8Qly d.0r, a5, 8y pasis  HAREr $8d dd & paste
l'iqujd vehicle. The thickening agent is, 5 stirred into

t he T'EEFASEhott 15 bEFOe \the St hpr EgRat FHge"  FReaIent 18
pnpreegmatd ngnia gheetes abl shacdonpkished ey ipptegmg ing.
the fibrous structure slowy through a bath filled
with the liquid resin adjusted to the "right” ,
casCosi Wprsgn%”t?y i a%f@f@aaf)%hgaa?owgﬂgbyhsullmg
resitheontbr¢he dftiducouse stowiot uhecoghappbatimgitthed with

res%ﬁetq Ehﬁdfkéngﬁ%dj%EEeatQBGtﬂé ar{ ﬁB“ Tlshbg\ty, or
TThereafter, the resin is [ owed to i cken

L1811 &% Ryt hecTHprghat éHfGFYH}%J@e SEPHRL U ttéesﬁéhﬂous
f or sarprohongeds pesprod;inpr efiereablayesib atol east ofiébrous

day . ch-DoPard i gul ar jsguegals ilgay%hea&af@@ﬁ &@Tplegsaltnurﬁs
or heatin it to tenperatures of not nDre t han

f or 2SeVBral “hotlt <2XPn Panct' Her L efbbaf nefik L c X e f Bf’aa%us
structurends & 20pdl frester ptobergdklgeriSdncerkéktahbby

1yer )étd%égt BP@ J&h' C@”b&ﬁtﬁgﬁ%‘r C%r‘re9§1dh§§’§ns§éj room

here and, to ai se e viscosit

ST FPEr SRS (i K 9t Bt rﬁ@%’FFBE%@S gerot (BREe
exanphe SMCKERrHBEKv§raomh\Wacker - Chemie or AERCSIL from
Degussa, which are physical 25 thickening agents and
act by hydr ogen bondi ng.

artother embodiment, the fibrous structure is a
20 polyester fiber felt. Since felt 1is very dense, the
thickening agent can be dispensed with here and, to
raise the viscosity, it is sufficient to thicken with a
thixotroping agent, for example WACKER HDK from Wacker-
Chemie or AEROSIL from Degussa, which are physical

25 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
30 a feature of the present invention that the wviscosity
shall be between 200 and 20 000 mPa s. If the viscosity
is toc low, the resin solution will separate in the
fibrous structure; 1f the wviscosity is too high,
impregnation of the fibrous structure will be

35 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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The essential feature of the present invention is the
opti mum rel ati onshi p between the viscosities during
and after the inpregnating. During the inpregnating,
it is 30 a feature of the present invention that the
viscosity shall be between 200 and 20 000 nPa s. If
the viscosity is too low, the resin solution wl|l
separate in the fibrous strutture; if the viscosity
is tgo .high, |npr%'ng ion of the, fibrous structure

wi | 195835 Phsuft t5 TS vi SC0%T ty “GEpEnds h t h®
i demtdntagngfatesi nodndhen rehe t epperiatrur eTliur hhghdthethe

| npregRatbagrst ep, ta@dbhth @épubge §p@0h&¢§@adaxmg step,
adJu ted. for exanple rough the 4

pol yeSete 6‘?rvuﬁ ‘els?tCSFla d tlﬂ@reé‘Bﬁ‘ée?ﬁréﬂ i SSEEEREY
ﬁ%5|¢ﬁ3m9EQtP€¢1béﬁN§9hlgh&nmtﬁ@ Ctenperature of the

bat h during the inpregnating step, the |ower the

Vi scosity npregnat i n refera 5 carried out

et A 5 B A SO Srar - LheSt by GBNBIT PG 5 STgsent
feaUﬂW@néﬂOmhéhptegmm vigneenttivonsitahidt thee vigcodi 090 -
Shalj OrO|OS@O©%@ 0009 ¢- tlgeonwQch)%Qt @sstoclJflctxh%ere, then

|sc IS too | ow here, %% en 10 the resin will be
“Jqué ob‘P B e SPBE Btfs Tlbe Whéfi “theeus tubs when
|npﬁ@@naﬂ@deﬁh@t@MSfIhﬂmy5|$ube|n@ itafihgt edfiaté¢dein the

pi p%%elsmkf the yhscosidydis topshlt% Lhen, thc%en the
f1 owabi | of the reS|n int

% rgg?ated f|€ 8 ne
t ubé PEPHo" How? SO‘thF*V6ﬁd§“aﬁae ticd get cFé igus
ari g@ben itsheteesilpwas st Wurtesvoildre epti mumtftmaklefects

1¥i SGeSkLY Gan-he sekihn a4 specidijcmnper EB{QMQP tbﬁal
choice of the type and anount of thickenin gent

one "VEFET b of* h@3p?é&e¥?éﬂ o ireriti " the ﬁ???%lthe
20 resineist ahehicppei gqul dmandti st adm oledh ingt hgent .
t hi xotropi ng agent, preferably in anmounts of 0.50 to
5@6In one version of the preferred embodiment, the initial
20 resin 1s a thin liquid and 1s admixed with a
thixotroping agent, preferably in amounts of 0.5% to 5%
by weight, based on the resin. Following addition of
the thixotreoping agent, the viscosity rises very
rapidly to the preferred impregnating viscosity of 1000
25 to 10 000 mPa s, in particular of 2000 to 8000 mPa =.
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 0G0 mPa s and in
particular of 200 000 to 800 000 mPa s.
30
In the alternative embodiment involving the use of a
physical thickener, the preferred final viscosity 1s in
the range from 50 000 to 200 000 mPa s. The final
viscosity can likewise be set via the type and amount

35 of thixotroping agent.

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

preliminary experiments.



by wei ght, based on the resin. Follow ng addition of
the t_hi xotroping agent, the viscosity rises very
rapidly to the preferred inpregnating viscosity of

1000 25 to 10 000 nRa s, in particular of 2000 to 8000
nPa s. After the inpregnating step, the action of the
chem cal thickening agent is used to Chicken to the
preferred final viscosity of>100 000 co 1 000 000 nPa
s and. i n-. icul.ar of _200. 000 to 800 00Q nPa .s. 30
ot OB PR oA kY PAVOrLTIG o e oA TsTaole
physic&ar -t hi cReifer, Phetgruekdieed figtan vi seosialysis a
in dheotangeafdomsS5Q-000iten 200 QQBnpIPa sa Fie hisnaks.,

vi scqsity can likew se be set via Ege t.ype. and _ampunt
35 o?lthlio?F%ﬁ?héiﬁﬁeﬁP?t %f;ﬁﬁﬁt 6%19yg%lé%dx§ﬁﬁﬁﬁ%ng
of tiHideREni hgsHfentanandtbickarhindgot ropihy ageht ailso  the
Si nulne cken dey entd Rerifg §F &lHemrBarYs 6XPef Vet §rt 5
The liquid resin used Is preferably a photocurable
resin. This photocurable resin contains a
photPhRNeT atescasngels crichetz¢or cexbrgreaidicELLy Bopable
634.1iqut ahatsief erenee absQ ieental s fukhan detabts 1n
1gongerning 5 liquid.resins and thickening agents and. .,
al so the thic¢kenig dnd ¢Ufing of" The Pesi pdttith W
| i giiemreppatitert @*allsodi gt ddsithi zese @l dir dempaditald yof
cur abke pelroguibd 10051 M WhiLhog00t dirns-A PeLeXhgeresins,
initiator. &pj;q %hlf gase, curing t akes pl ace by
rai Si'hg" Uhe “temsar &t uf'e 16°a66VA" t he di si nt egrati on
tenperature of the peroxide or, in the case of

150|dFéUﬁbﬂgﬁi§%$E$he bhé@%ﬁhﬁ@ﬁ%h%ﬁ@ﬁ Ofn roceed either
accelerant .. The process of the present .invention
can ErECSe&hefPﬁérLaPFOnﬁglFlbfﬁhsf%%ﬁﬁﬁnqﬁﬁﬁch%ﬂﬁggened
inpﬁ@@ngpé@¢ ghtekepediandrel to form a fibrous tube as

described in EP-B 712 352 for example. Alternatively,
it is also possible to proceed from a ready-produced

20  fibrous tube, which is directly impregnated and

thickened. The impregnated fibrous tube can be provided
with films on the inside and the outside and stored. To
remediate pipework and conduits, the fibrous tube is
drawn into the latter and inflated there, so that it

25 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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and wound about a mandrel to forma fibrous tube as
described in EP-B 712 352 for exanple. Alternatively,
it is also possible to proceed froma ready- produced
20 fibrous tube, which is directly inpregnated and

t hi ckened. The i npregnated fi brous tube can be
provided with filns on the inside and the outside and
stored. To renodiate pipework and conduits, the
fibrous tube is drawn intqg.the latter and i nfl at ed
the-re, so that it 25 conf&#e™Fo the inner surface
and the resin is cared either by UV irradiation or

free-radpcally.tB8r qugh dncreased Q%H9§I€§U5§d Qbework
exanpl e wi th hot mater 6 Oaim 1. process

renodi at PGP Eonddi t $"and oiHend PR %%nﬁrlg?%ﬁ‘§ﬁéu"atea
product i 6ibofusa resi nfsat Uratred tie fddriodsst obe pfippwork

lining the ¢anduils gy B %%W%Er?é‘aﬂé@rﬁ%%hbnguﬁe with

prefabricated fibrous tube wt Iquid resin, the
resin be?nélﬁpﬁ%liﬁ?%ﬂw dfea ﬁeﬁ&ﬁséﬁdPgt€d566P9€§ie?fo?n
of a V|ny¢samnﬁaaedlnposy%ﬂn@me and/@f an acnyl i @sesterin

the vi SCQi,Syfé/nc»OfahnllQ &hgnrséwlb@ ggtgra' Sc%% afikehs1he of

|npregnat|n aracterized in t Lnpr egnat 1 'ng
Ps perfoFﬁ%dmﬁvanFF?%d“Fﬁ@d ﬁﬁE?éu@“%dﬁ@fFﬁ?%Bdﬁha
bat h of theraesirizeorin nchatthat the resin i s blade

coated ofy Spry o, the 15 fihroys,t v
t hat the{Téquﬁﬁﬁggggk %r?ﬁ% E{IQ |ﬂ%?e atlng ﬁas a be

vi scosi t 5P ehe" FEngd o8 22007 to 20 Wa s dhd, 1
af ter thendimmegratingjs bisaddicokenedosugirayrat onts the

1V|SCOS|tﬁ&bﬂ§%§ Qu%@e 2h8N9% Eﬁ0@1ggsqg9w¢% %GQQQ Qgplng
nas. process or rened I ating COﬂ uits and
plpemorkthe 1mpregnatlng has a viscosity in the range from

200 to 20 000 mPa s and, after the impregnating,
is thickened such that its viscosity 1is in the
range from 50 000 to 2 000 000 mba s.

20

2. A process for remediating conduits and pipework

comprising the production of a resin~-impregnated
fibrous tube for lining the conduits or pipework
by impregnating a fibrous tape with a liquid resin

25 and winding the fibrous tape around a mandrel, the
resin being a solution of an unsaturated polyester
or of a wvinyl ester in styrene and/or an acrylic
ester, the viscosity of the resin being raised
after the impregnating

30 characterized in that
the impregnating i1s performed by pulling the
fibrous tape through a bath of the resin, or in
that the resin is blade coated or sprayed onto the
fibrous tape, and in that the liquid resin during

35 the impregnating has a viscosity in the range from
200 to 20 000 mPa s and, after the impregnating,
is thickened such that its wviscosity is 1in the
range from 50 000 to 2 000 000 mbPa s.

AMENDED SHEET
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conprising the production of a resin-inpregnated
fibrous tube for lining the conduits or pipewrk by

i mpregnating a fibrous tape with a liquid resin 25 and
wi ndi ng the fibrous tape around a mandrel, the resin
bei ng a solution of an unsaturated polyester or of a
vinyl ester in styrene and/or an acrylic ester, the
viscosity of the resin beind7raised after the

i mpregnati ng 38r %{actg%%éqg%to that th? Igpfegnatlng

i s performed by {Dr ous tapeat roug
bat h of Fhér@@‘s@wzeér wﬂ tiHett t Heha esfrPranshl ateruccure

cgat Ied Ol’:gﬁpfﬁyﬁdnﬂ)rﬁ O/Jdv%@ ”&bbf@ysatﬁ@ﬁj ﬁsﬁbﬁrlbn thakt,
the |iqu r uri.n S5 the i npreghating has
V|3003|t$ |nggﬁpeg%ﬁﬁg%froﬁpwﬁﬁﬁnto 9 000 nPa se%%d or
&fter theonprageasi Ajeress tHi clesed fsbehs chatsyintsetic
viscosityibsrén the range from50 000 to 2 000 000
nmPa s. AMENDED SHEET 7 3. The process according to
claim1 or 2, characterized in Lha: the fibrous
strdct ur €he congicsessof acemvlEmof abtic, aldiid fabric,?,

a mat, ah@meae&atiaahednnort\tmen WRb Oﬂ’lhafofuglt Q@hubture
onblnatlons there ass fibers or nthqée
t resin

i bers. 47 The procegla%ccb? Fhy €891 't
characte@@@ﬁﬁ#ﬂsn<@hapXtﬁ@ foirbriousr sstidget afr emadi@esium  or

consi st scofcialrass thbers ianda genthat the resin
contai ns an oxide or _hydroxi de of magnesium or

cal cium as thickening agent. 5. The process accordi ng
to élai i hgeact er¢edirion tolslehat 4 Chehanegsienized in

1gontai nstkh2%AO B%in contains 0.2% to 5% by weight of
the thickening agent in the form a pulverulent
solid or in the form of a paste dispersed in a

liguid vehicle,

20 6. The process according to claim 4, characterized in
that the thickening is effected by multi-day
storage of the impregnated fibrous tube at room

temperature or by multi-hour heating.

25 7. The process according to claim 4, characterized in
that a thin liquid resin is first admixed with a
thixotroping agent te set the preferred
impregnating viscosity of 1000 to 10 000 mPa s,
and in that, after the impregnating, the action of

30 the thickening agent is used to thicken to a final
viscosity of preferably 100 000 to
1 000 000 mPa s,

8. The process according to claim 1 or 2,
35 characterized in that the fibrous structure is a
felt of polyester fibers and the resin contains a

thixotroping agent for thickening.

AMENDED SHEET
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by wei ght of the thickening agent in the forma

pul verul .en solid or in the formof a paste dispersed
ina | i ouid vehicle, 20 6. The process according to
claim4, characterized in that the thickening is
effected by nulti -day storage of the inpregnated
fibrous tube at room tenperature or by nulti-hour
heating. 25 7, The process actording to claim 4,
cha&pcte zed in that a thin liquid re; inis_first
admixed W'Eh TR0t ropitytagent . o S8t™fhe ©°F 8
pr ef er r edhakapregrad ngy vilstosiby ohik000cpind 0aQO® is
nmPa s, apdednsihat, after the inpregnat.i_ng, the
action of 30 the thickening agent is used to thicken
toa f."inal viscosity of preferably 100 000 to 1
00 1000 HPa s.pBeceFlve processing, ccordl ogatmo Icl aom 1 2,
or 2, 3sngharactiekhzed,infhat he fibroys stryctyce 4
is a felt of polyester fibers and the'resin contalns
a thi xo?}?%b%”gfa%&nfem A ERBh7FHY SAVENDED SHEETP 'S
9. The process according to claims 7 or 8,

chanact erj,zed jnfhat t h@ca’mlw roppng a f Bged
1§I|Ica 5 10. The rocess according to c |n11 or

haracter??%ﬁFQQ$lFﬁ§tlPhE ¥ g *%%HH?l??Sé“ 1s% Free-
phot ocur abd ecaldsi ncand leontcgiins @ndohobwtanitd at operddide
The procgss:a6.,,0,rd Hy to claiml1 or 2, 10
characterized in that the liquid resin is a free-

radi cally curable resin and contains a peroxide
initiator.



