
EP  0155 406  B1                   2 the size of the pipeline or passageway
to be lined, so that the tube will not suffer excessive This invention
relates to the lining of pipelines  tension or elongation when it is held
by the and passageways by the now well established       fluid pressure to
the pipeline or passageway and successful method of shaping a lining tube,
5    surface. which is flexible in nature when installed, to the  The known
methods effect a satisfactory lin- pipeline or passageway surface, and then
curing    ing, but the methods have disadvantages synthetic resin embodied
in the lining thickness   namely that they are expensive in requiring a to
a     hard state, whereby the lining becomes free  boiler and, the heating
of water when water is standing  and is shaped to the pipeline or   10
used as the heating medium, and they can be slow as it does take some time
for the curing to passageway surface. In the most widely practiced form  of
this       be sufficiently complete to enable the fluid invention, for
example as disclosed in British     pressure holding the lining to the
surface to be Patent No. 1449455, to which reference is made,   removed.
the flexible lining tube comprises one or more      The present invention
is concerned with the layers of fibrous material, such as a needled felt
provision of an  alternative means of effecting which is impregnated with
the curable resin, the   curing of the resin in a lining without requiring
felt or fibrous material forming an ideal absorb-  a means for heating
water. ing material ensuring effective take-up of the      It is well known
to effect the cure of synthetic resin to provide a finished liner of the
required   20   resin using a light readiation source, the resin thickness.
Bonded to one side of this fibrous      being suitably modified to include
a catalyst material is 'an impermeable. (for example poly-    agent or
hardener which is activated by radi- urethane) film. When the lining tube
is first      ation of a particular wave length. However, the manufactured,
the film is to the outside of the    difficulty of achieving a light
activated cure of felt material, which enables impregnation by   25   the
resinous materials in a lining used for the charging a quantity of resin
into the inside of   lining process as described above, has been that the
flexible tube, if necessary applying a         using the commerically
suggested materials has vacuum to the inside of the tube to remove air
not resulted in sufficient penetration of the cur- from the felt and then
by squeezing the tube for  ing light into the thickness of the ining tube
to example by passing it through nip rollers, in   30   effect a
satisfactory cure.' Using conventional order to ensure even distribution of
the resin in  materials and the recommended light source, a the felt
material.                                 curing depth of only some 1 or 2
millimetres When the flexible lining tube is inserted in the  could be
achieved, which is unaccpetable. pipeline or passageway, one end of it is
It is known  from  United  States Patent anchored, and then the remainder
of the tube is   35   4,135,958  and  European  Patent Application everted
through the anchored end so that the       0060670 to use curing lights and
a light curable tube everts into the pipeline or passageway, and   resin in
pipe lining methods as described above, onto the surface to be lined. The
everting         but heretofore there has been no specific iden- medium is
usually a liquid, and when the ever-    tification of materials which will
lead to a satis- sion process is completed, the liquid remains   40
factory lining operation. The present invention inside the everted tube to
keep it to the pipeline  derives from the high quality results. or
passageway surface shape whilst the resin         The   present  invention
has  however cures. To this end, heated water is usually circu-  recognised
that much deeper cure penetration lated through the everted tube in order
to effect  can be achieved by appropriate selection of the or accelerate
the cure initiation process. After   45   materials, and in accordance with
the present curing has commenced with the type of resin       invention
there is provided lining for a pipeline normally used, the cure usually
continues          or passageway which is applied to the pipeline naturally
until curing is completed.               or passageway surface, the lining
comprising In another embodiment of carrying out the        resin absorbent
material which is impregnated lining process, the lining tube is not
averted, but   50   with a curable resin containing a radiation is fed into
the pipeline or passageway and then    initiating catalyst, the cure of the
resin within is inflated using heated fluid which may be        the lining
being effected or initiated by light water or air to shape the lining tube
to the       radiation, characterised in that the resin and passageway
surface. In this arrangement, the       fibrous material have the same
refractive index lining tube must be constructed differently, and   55
and the light used is of a wavelength matched has to be provided with an
internal plastic       to the said refractive index so that the light
impermeable membrane in the form of a tube,       radiation penetrates the
entire thickness of the for effecting the inflation process. Optionally,
lining. It is to be noted that in practice, when the lining may be provided
with an outer mem-    light radiation  passes through  transparent brane to
prevent contact of the resin with the   60   material there is always a
proportion of the surface being lined.
radiation absorbed by the material. In addition In each case, the lining
tube is of course      there is a proportion lost at any surface between
flexible and manipulable, even when impreg-       two materials of
differing refractive indices due nated with resin, prior to the insertion
step. In  to reflection and such loss is greater when the each case however
the lining tube is tailored to   65   light radiation is travelling at an
angle other 2  



3               EP 0155 406 B1                       4 than perpendicular
to the surface as will be the     wave length. This light has a non-burning
case  of a -fibre of circular cross section          characteristic.
embedden in resin. The matching of the refrac-         The light curing
catalyst may be a photo sen- tive indices is therefore an important aspect
of     sitive dye or a blend of light curing agents and/ this invention as
it mitigates against loss of light    5    or peroxides. radiation due to
internal reflection.                  Conventionally,.ultraviolet light has
been used When the fibrous material has a coating or         for resin
curing, but this is light which has a film applied thereto, as will usually
be the case,   wave-length of 300 to 360 nanometres or less the coating or
film will preferably have a refrac-   and has low penetration into the felt
layer. Also, tive index making it transparent to the radiation    10
ultravoilet light gives the problem  of ozone used for curing the resin.
generation. However, it is within the scope of If these criteria are
satisfied, it is found that  this invention that ultraviolet radiation can
be there is high transmission of the curing light,      used. through the
lining, enabling the light to fall on      Any of a variety of fibrous webs
may be used, the catalyst to initiate the cure throughout the    15   and
typically a needled felt of polypropylene or lining thickness.
acrylic bright fibres may be used. Bright fibres The light curing method
suitable for all sizes     are fibres in relation to which no material such
of lining tubes; in the case of large diameter       as titanium  dioxide
has been added to make lining tubes, the light curing source can be
them  opaque. The resin may be a modified inserted in the inflated tube to
effect curing of   20 polyester, the  mQdification comprising varying the
resin. In other methods where water is used      the styrene or adding a
predetermined amount for holding  the lining  in position  on the
of methyl acrylate or similar modifer in the poly- passageway surface
whilst cure is affected, the      ester to give a resin which is light
curable and light curing source or sources may be immersed       has the
correct refractive index matching that of in water.
25   the fibres of the fibrous layer. One suitable resin The fibrous layer
and the resin must of course     is the light curable resin sold by BASF
under the be carefully selected to achieve the abovemen-       Trade Name
PALATAL designation 55-54 using tioned parameters. The time during which
the         an acrylic felt of "bright" acrylic fibres of which lining tube
must be subjected to the curing light    the catalyst is activated by light
radiation of a radiation will depend upon the thickness of the    30
wavelength of 380 nanometres but other cata- lining tube and the intensity
of curing light.       lysts  and  light  radiation  of  appropriate Tests
have shown that light curing can be            wavelength can be used.
Epoxy resin can also effected to a depth of as much as 30 millimet-
be used. res, although it has been found desireable to          Many
synthetic fibres contain additives which reduce the catalyst content of the
resin the    35    make them opaque and others exhibit differing thicker
the lining.                                  refractive indices in
different directions. It is pre- To enhance the process even further, the
sur-      ferred that bright fibres of polypropylene and face of the
pipeline or passageway to which the      acrylic fibres be used in this
invention. raw  resin impregnated felt surface is applied         We have
carried out certain testing using light (when no outer membrane is
provided) may be    40   curing resin on a lining of fibrous material.
pre-treated with a catalyst or hardener powder       Specifically, the BASF
resin 55-54 has been used which accelerates curing of the resin in the
with acrylic felt with good effect. Using a 10" boundary layer where the
resin impregnated felt       diameter lining of 10mm thick, the felt being
of contacts the surface having said accelerator or      acrylic material
and the resin being as above, hardener. The hardener powder which is
applied    45   with an input power of .03 of a kilowatt/ kilog- to the
pipeline or passageway and is contacted       ramme of resin a resulting
hardened liner of by the raw resin impregnated fibrous material
modulus 450,000 psi and a flexural strength of may be for example di ethyl
analine when ben-        11,500 psi can be achieved. zol peroxide is
incorporated in the resin. In an       As an added feature, the resin may
contain an alternative arrangement the pipeline or passage-   so
additional hardening system to ensure complete way is first of all lined
with a means such as a     curing of the resin even in parts where the
foil, film or membrane defining a reflective inner   radiation does not
reach the catalyst, such surface so that light passing through the lining
additional hardening system being initiated by wall meets such reflective
surface and will be       the heat generated when curing as indicated by
reflected back through the lining further enhanc-   55   the radiation. ing
the cure; the reflective surface may be            Curing speed and degree
of cure can be defined by a metal foilor metallised film.
improved possibly by the following modifi- By way of example, the light
curing catalyst       cations. which is embodied in the resin preferably is
1. The use an accelerator to accelerate the such as to be initiated by the
passage through    60   cure, and specifically the accelerator Triganox the
resin impregnated felt of radiation of wave      21S. length 300 to 500
nanometres but this range is         2. The use of high levels of light
initiating not to be taken as limiting. Typically, sun lamps    catalyst.
of the type used in domestic dwellings for sun         3. The use of clean
water for inversion of the tanning the skin issue light radiation of this
65   lining when inversion takes place using liquid. 3 



5          EP 0 155 406 B1                       6 By using light curing of
linings as envisaged in   a wavelength matching the initiating catalyst the
present invention, considerable installation    contained in the light
curable resin so that light time savings can be effected.
falling on such catalyst will effect initiation of the The lining when
impregnated is contained in an     curing of the resin. Furthermore, the
fibrous opaque sachet or envelope which keeps it from  5    material 12 is
chosen to have fibres which are curing prematurely and is only opened when
substantially of the same refractive index as that ready for use.
of the resin to eliminate internal reflections as far The present invention
carries a number of          as possible, and preferably the fibres are of
the advantages in the lining process described           "bright" variety
for the reasons explained herein. herein, including the following.
10   With this arrangement, the resin and fibres are 1. There is no
requirement to provide a heating    such as to allow the light radiation to
penetrate means such as a boiler on site for heating up        through the
entire thickness and therefore to water which is normally used to effect a
cure.      reach the initiator which is distributed throughout 2. The size
of the equipment which must be on     the resin, thereby to ensure that
curing of the site is much reduced, because the heating    15   resin
throughout the entire thickness of the lining, apparatus normally
comprising a boiler is vol-       which is important, takes place. uminous
and heavy.                                     In order to assist the
process, the surface 18 3. The speed of cure is considerably increased,
may be prelined with a reflective material, in the which means that the
work of installation can be     form of a powder or metallic foil or film
which carried out much quicker, and in a fraction of the    20    may be of
metal or plastic with a metal coating, time using heat curing. In this
regard, a compari-   which will ensure that the light passing through --son
based on approximate flgureswouldseem to       -the lining can  be
reflected back into the lining suggest that light curing can be effected in
thereby further enhancing the cure. approximately one-third of the time it
takes to        The resin may contain an additional hardener cure the
lining using hot water and also results in   25   system which is initiated
by the internal heat much less thermal stress in the liner.
which will be generated when initation of the 4. The overall installation
operation is safer     curing takes place by the light radiation falling
because of the absence of the heating apparatus.     thereon. The
accompanying drawing is included by way          As stated herein, any
suitable catalyst and of example to illustrate an embodiment of the    30
matching initiating light radiation system, with process. In Fig. 1 there
is shown in cross section a  any suitable base resin may be used, although
we flexible lining tube which is used for the lining of a  have found that
polyester and epoxy resins with passageway. The tube comprises an outer
film 10      suitable light initiating catalysts can be used, which is
bonded to an inner layer 12 of fibrous      when bright acrylic or
polypropylene fibres are material, suitably in the form of a needled felt.
To    35   used. A blend of these fibres may be used when it prepare the
tube for the lining of a passageway,     is required that one or more of
the felt layers is to the resin is inserted into the centre 14 of the tube,
be flame bonded to itself to form a tube. and then is fed throughout the
felt layer 12 so as     Although a specific BASF Patutal resin has been to
impregnate same. The thus impregnated lining      described herein, BASF
make a number of light tube can then for example be folded as indicated
40   curing resins disclosed in various European in Fig. 3 for storage
and/or transportation. The     patent applications and these can be used in
the folded lining may suitably be encased in an          process with
suitable initiation radiation of the envelope 16 which is of opaque
material to           appropriate wavelength. prevent light radiation from
falling on the lining, in that the resin which impregnates the felt is a
45   Claims light radiation curable resin. Clearly, it is desire- able that
the resin should not be cured prema-         1. Lining for a pipeline or
passageway (18) turely.                                              which
is applied to the pipeline or passageway To insert the lining in a
passageway, indicated    surface (18), the lining (10, 12) comprising resin
by reference 18 in Fig. 2, as is disclosed in said   50   absorbent
material (12) which is impregnated British patent, one end of the lining
tube is       with a curable resin containing a radiation initiat-
anchored, and then water or other suitable           ing catalyst, the cure
of the resin within the lining pressure medium is used to evert the lining
into    (10, 12) being effected or initiated by light radi- and along the
passageway 18 so that the felt layer  ation, characterised in that the
resin and fibrous 12 is presented to the passageway surface, and    55
material (12) have the same refractive index and the membrane 10 lies to
the inside of the everted   the light used is of a wavelength matched to
the tube. It should be mentioned that the felt layer    said refractive
index so that the light radiation may be made up of a plurality of layers
depending   penetrates the entire thickness of the lining (10, upon the
final thickness required. In order to      12). effect the cure of the
resin, a light radiation source    60  2. The lining according to Claim 1,
characterised 20 -is positioned inside the everted lining so that  by a
membrane (10) to the outer surface thereof, radiation therefrom can fall
upon the lining on the  said membrane (10) being transparent to the
passageway surface.                                 curing light radiation.
In accordance with the preferred embodiment         3. The lining according
to Claim 1, wherein the of the invention, the light source is chosen to
have   65   felt (14) is of bright acrylic fibres. 



4    5               EP 0 155 406 B1                      6 By using light
curing of linings as envisaged in   a wavelength matching the initiating
catalyst the present invention, considerable installation     contained in
the light curable resin so that light time savings can be effected.
falling on such catalyst will effect initiation of the The lining when
impregnated is contained in an      curing of the resin. Furthermore, the
fibrous opaque sachet or envelope which keeps it from   5    material 12 is
chosen to have fibres which are curing prematurely and is only opened when
substantially of the same refractive index as that ready for use.
of the resin to eliminate internal reflections as far The present invention
carries a number of           as possible, and preferably the fibres are of
the advantages in the lining process described           "bright" variety
for the reasons explained herein. herein, including the following.
10   With this arrangement, the resin and fibres are 1. There is no
requirement to provide a heating     such as to allow the light radiation
to penetrate means such as a boiler on site for heating up        through
the entire thickness and therefore to water which is normally used to
effect a cure.        reach the initiator which is distributed throughout
2. The size of the equipment which must be on      the resin, thereby to
ensure that curing of the site is much  reduced, because the heating    15
resin throughout the entire thickness of the lining, apparatus normally
comprising a boiler is vol-       which is important, takes place. uminous
and heavy.                                     In order to assist the
process, the surface 18 3. The speed of cure is considerably increased,
may be prelined with a reflective material, in the which means that the
work of installation can be     form of a powder or metallic foil or film
which carried out much quicker, and in a fraction of the    20    may be of
metal or plastic with a metal coating, time using heat curing. In this
regard, a compari-    which will ensure that the light passing through on
based on approximate figures would seem to       the lining can be
reflected back Into the lining [err] that light curing can be effected in
thereby further enhancing the cure. approximately one-third of the time it
takes to         The resin may contain an additional hardener cure the
lining using hot water and also results in   25   system which is initiated
by the internal heat much less thermal stress in the liner.
which will be generated- when initation of the 4. The overall installation
operation is safer      curing takes place by the light radiation falling
because of the absence of the heating apparatus.     thereon. The
accompanying drawing is included by way           As stated herein, any
suitable catalyst and of example to illustrate an embodiment of the    30
matching initiating light radiation system, with process. In Fig. 1 there
is shown in cross section a  any suitable base resin may be used, although
we flexible lining tube which is used for the lining of a  have found that
polyester and epoxy resins with passageway. The tube comprises an outer
film 10      suitable light initiating catalysts can be used, which is
bonded to an inner layer 12 of fibrous       when bright acrylic or
polypropylene fibres are material, suitably in the form of a needled felt.
To    35    used. A blend of these fibres may be used when it prepare the
tube for the lining of a passageway,      is required that one or more of
the felt layers is to the resin is inserted into the centre 14 of the tube,
be flame bonded to itself to form a tube. and then is fed throughout the
felt layer 12 so as     Although a specific BASF Patutal resin has been to
impregnate same. The thus impregnated lining       described herein, BASF
make a number of light tube can then for example be folded as indicated
40   curing resins disclosed in various European in Fig. 3 for storage
and/or transportation. The      patent applications and these can be used
in the folded lining may suitably be encased in an           process with
suitable initiation radiation of the envelope 16 which is of opaque
material to            appropriate wavelength. prevent light radiation from
falling on the lining, in that the resin which impregnates the felt is a
45   Claims light radiation curable resin. Clearly, it is desire- able that
the resin should not be cured prema-          1. Lining for a pipeline or
passageway (18) turely.                                               which
is applied to the pipeline or passageway To insert the lining in a
passageway, indicated     surface (18), the lining (10, 12) comprising
resin by reference 18 in Fig. 2, as is disclosed in said   50   absorbent
material (12) which is impregnated British patent, one end of the lining
tube is        with a curable resin containing a radiation initiat-
anchored, and then water or other suitable           ing catalyst, the cure
of the resin within the lining pressure medium is used to evert the lining
into     (10, 12) being effected or initiated by light radi- and along the
passageway 18 so that the felt layer   ation, characterised in that the
resin and fibrous 12 is presented to the passageway surface, and    55
material (12) have the same refractive index and the membrane 10 lies to
the inside of the everted    the light used is of a wavelength matched to
the tube. It should be mentioned that the felt layer     said refractive
index so that the light radiation may be made up of a plurality of layers
depending    penetrates the entire thickness of the lining (10, upon the
final thickness required. In order to       12). effect the cure of the
resin, a light radiation source    60  2. The lining according to Claim 1,
characterised 20 is positioned inside the everted lining so that   by a
membrane (10) to the outer surface thereof, radiation therefrom can fall
upon the lining on the  said membrane (10) being transparent to the
passageway surface.                                  curing light
radiation. In accordance with the preferred embodiment          3. The
lining according to Claim 1, wherein the 



of the invention, the light source is chosen to have    65   felt (14) is
of bright acrylic fibres. 4    7              EP  0 155 406 B1
8 4. The lining according to Claim 1 wherein the   AnsprOche, wobei die
Auskleidung in die Rohrlei- resin is the resin sold by BASF under the name
tung oder den DurchlaB eingestulpt und in ihrer PALATAL reference 55-54.
Lage durch sauberes Wasser gehalten wird, 5. The lining according to any
preceding claim,  wobei die Lampen zur Ausfuhrung der HArtung in wherein
the resin includes an additional curing    5    das Wasser eingetaucht
werden. system. 6. The lining according to any preceding claim,
Revendications wherein the lining (10, 12) is impregnated with the light
curing resin, and is contained in an opaque,  1. Doublure pour une conduite
ou une canalisa- an P envelope (16) until it is to be used.   to  tion
(18), destin6e A etre rapport6e sur la surface 7. A method of lining a
pipeline or passageway   int6rieure de cette canalisation ou de cette using
the lining (10, 12) according to any preced-  conduite, la doublure (10,
12) comportant un ing claim, wherein the lining is inverted into the
materiau absorbant (12) iequel est impregne pipeline or passageway, and is
held in position by  d'une r6sine durcissable (10) contenant un cataly-
clean water, the lamps for effecting the cure being   ?5   seur de
polymerisation r6pondant 3 une radia- immersed in the said water.
tion, la polymdrisation de la r6sine 3 l'interieur de la doublure (10, 12)
etant effectu6e ou provoqube Patentansprdche
par une radiation lumineuse, caract6ris6e en ce que la resine et le
mat6riau fibreux (12) ont le 1. Auskleidung fOr eine Rohrleitung oder einen
20   mAme indice de r6fraction et la lumiire utilis6e DurchlaB (18), die
auf die Flache der Auskleidung  est d~une longuour d'onde adaptdeaiudit
indice de oder des Durchlasses aufgelegt wird, wobei die    r6fraction, de
fagon A ce que la radiation lumi- Auskleidung (10, 12) Harz absorbierendes
Mate-     neuse penetre l'epaisseur entiere de Ia doublure rial (12)
erhalt, das mit einem aushartbaren Harz  (10, 12). impragniert wird,
welches einen durch Strahlung   25  2. Doublure selon Ia revendication 1,
caracte- eingeleiteten Katalysator enthalt, wobei der Aus-  risbe par une
membrane (10) disposee sur la hartvorgang des Harzes innerhalb der Ausklei-
surface exterieure de celle-ci, ladite membrane dung (10, 12) durch
Lichtstrahlung bewirkt oder    6tant transparente A la radiation lumineuse
de eingeleitet wird, dadurch gekennzeichnet, daR      photo-polymdrisation.
das Harz und das Fasermaterial (12) den gleichen   30  3. Doublure selon la
revendication 1, caracte- Brechungsindex besitzen und das verwendete
ris6e en ce que le feutre (14) est realise A partir de Licht eine
Wellenlange zeigt, die an den Bre-     fibres acryliques brillantes.
chungsindex angepalt ist, so dag die Lichtstrah-    4. Doublure selon la
revendication 1, caracte- lung die gesamte Starke der Auskleidung (10, 12)
risee en ce que Ia resine est une r6sine du type durchdringt.
.5   commercialise par B.A.S.F. sous la marque PALA- 2. Auskleidung nach
Anspruch 1, gekennzeich-     TAL r6f6rence 55-54. net durch eine Membran
(10) an ihrer AuI~enfla-     5. Doublure selon l'une des revendications 1 A
4 che, wobel die Membran (10) fOr die aushartende    ci-dessus,
caracterisee en ce que la resine com- Lichtstrahlung transparent ist.
porte en outre un organe additionnel provoquant 3. Auskleidung nach
Anspruch 1, bei der der Filz   40   sa polymerisation. (14) aus hellen
Acrylfasern besteht.                6. Doublure selon l'une quelconque des
reven- 4. Auskleidung nach Anspruch 1, bei der das      dications 1 a 5
ci-dessus, caract6ris6e en ce Harz das durch BASF unter dem Namen PALATAL
qu'elle est impregn6e avec de la r6sine photopo- Referenz 55-54 verkaufte
Harz ist.                lymerisable et elle est contenue dans une enve- 5.
Auskleldung nach einem vorangehenden   45   loppe opaque (16) jusqu'au
moment de sa misc Anspruch, bei dem das Harz ein zusitzliches        en
oeuvre. Hartersystem enthilt.                               7. Proc6d6 de
doublure ou chemisage d'une 6. Auskleidung nach einem der vorangehenden
conduite ou canalisation utilisant la doublure Anspruche, bei der die
Auskleidung (10, 12) mit   selon l'une des revendications 1 3 6 qui pr6ce-
dem lichtaushartenden Harz impragniert ist und   50   dent, et dans lequel
la doublure est invers6e A bis zum Gebrauch in einer lichtundurchlissigen
l'interieur de la conduite ou de la canalisation et Hulle (16) enthalten
ist.                          elle est maintenue en position par de l'eau
propre, 7. Verfahren zum Auskleiden einer Rohrleitung    les lampes
provoquant la reaction de photopoly- oder sines Durchlasses unter Benutzung
der Aus-    merisation etant immerg6es dans ladite phase kleidung (10, 12)
nach einem der vorangehenden    ss   d'eau. 60 65    


