1 AMETHOD OF BONDING A STRIP OF FLEXIBLE SHEET ON A
SUPPORT The present invention relates to a method of bonding a strip of
flexible sheet on at least one flexible or 5 rigid support, said sheet and said
support including at least one fine metal foil, e.g. of aluminum, sandwiched
and bonded between two fiberglass fabrics, a binder serving to provide
cohesionthetarenrthediiarglass falwics and theatwnmwerELO The bonding
methag i intended more particularly for use when said strips and supports

are subjecteg (o high, leyels of stress, in parcular, thetmal sresses andior;
traction forces. COne parrfi_cufar exampl% of circumstances in which 15 suc J
strips®arid Stpp6rts aréstbjéct8d 6 thidkiAd of Sttattich s Wheh'they 4te

@sed formakingthe leaktight! aritbirisutatihgwall ofeptanktintegrated ivaat
load- casring strueture, farexampleithechull oba shipnByway etexampiesd
such fanks aresthosg ysed on, 20 ships for,transparfipg liguefied gag. They

need to be, completely leaktight and_suffimentlg insulating to contain
liqueffsd §a8 %t TGwREMpETatUT&NHite imitig” e%p%?%tigﬁlﬂ‘?&%]o?%uch
walls Brecomstiftited Byetwd sliééessive sealing 25 membranes, a primary
lmembrane mheontactiwitl thetfluid dentainedhimcthentank and; @ secendaryfor

membrane, disposed sbetween the primary snembrane andsthe: load:canryigg
struc%:re, ese two membranes aIteCrQatiT% Q’VigflteV}’% a@egmaellgéiggulatingor
a

barriers. 30 Tan vsvte_?lﬁse aré thus known that are constltuteé ]By prlmaarrf/d

insuldtiotFoffant ¥ssBeiated with a primary membrane of stainless steel,
and secondanginsufation: o foarpassceciated-withanséeondaryimenibrane

1that isuch strips and supports are subjected to this kind of
traction is when they are used for making the leaktight
and insulating wall of a tank integrated in a load-
carrying structure, for example the hull of a ship.

By way of example, such tanks are those used on

20 ships for transporting liquefied gas. They need to be
completely leaktight and sufficiently insulating to
contain liquefied gas at low temperature while limiting
evaporation thereof.

Such walls are constituted by two successive sealing

25 membranes, a primary membrane in contact with the fluid
contained in the tank and, a secondary membrane disposed
between the primary membrane and the load-carrying
structure, these two membranes alternating with two
thermally-insulating barriers.

30 Tank walls are thus known that are constituted by
primary insulation of foam associated with a primary
membrane of stainless steel, and secondary insulation of
foam associated with a secondary membrane that is
flexible or rigid. The secondary membrane includes at

35 least one continuous fine metal foil, e.g. of aluminum,

sandwiched and bonded between two fiberglass fabrics, a



flexible or rigid. The secondary membrane includes at 35 least one
continuous fine metal foil, e.g. of aluminum, sandwiched and bonded
between two fiberglass fabrics, a 2 bindey, serving to provide cohesion
between the glass fabrics and the aluminum. The secondary insulation is
disposed beside the hull of the ship. 5 There also exist walls comprising a
primasy nifisulatiarvahfpato associated withea tmembeane enade of al material
knowp nderthe trade, pame,nvar, and a secondary insulation of foam
associated wjth the flexible or, rigid secondary membrane includi least
e fine 10 WSl T B8 ot AL Shraiced Aadboad Detiean
two fiBérdla§s fabeics, a binder providing cohesion between the glass fabrics
and the aluriimum. dlmartisiatsteellNaving 6% sickel thatisttheymally
stable gyern the rNgE -2006 ta 400G kb Thednsulatingrand leakpaeofwalls

of these tlapks  atg made,up of an,assemply gfpefabricated pangls

comprising in successian, between two rigid plates: the secondar%/ thermal

insulatfor? tHe secoRdarly se8fng méRitana® 3hdthe primary thermaf =+°1e
insulatior: THe' 20 privhas SedlitPrremtbiatelisthef rbuARRPSN the skt ot
1prefabricatedtpanelscoyering thedoad:carrnsng structuwre ofthéeshipsd
Commonly. sach.prefalyicaied panel is generallyjn, the form,of airggtangular
paralielepiped, e prmary £ insulation glement and the secondary,,
insulation el%ame_ntehavmg respe [vesfy, in plan view, the shape of a first
rectangfeVand the sRapé Tt a SEcond re@angietisving sidesthafaraal Ly
substantialy pavaltel twith:the JengthO @hd/drowidth ©f ¢he first rectangle being
1smaller tharr80 these of the sesand restangle,rsaas e psevidesae tanks

are made up of an assembly of prefabricated panels
comprising in succession, between two rigid plates: the
secondary thermal insulation; the secondary sealing
membrane; and the primary thermal insulation. The

20 primary sealing membrane is then mounted on the set of
prefabricated panels covering the load-carrying structure
of the ship.

Commonly, each prefabricated panel is generally in
the form of a rectangular parallelepiped, the primary

25 insulation element and the secondary insulation element
having respectively, in plan view, the shape of a first
rectangle and the shape of a second rectangle having
sides that are substantially parallel, with the length
and/or width of the first rectangle being smaller than

30 those of the second rectangle, so as to provide a
peripheral margin.

The continuity of the secondary insulating barrier
is achieved by inserting thermally-insulating material
between the two adjacent panels.

35 The peripheral margins of adjacent prefabricated

panels and the side walls of the primary insulation



peripheral margin. The continuity of the secondary insulating barrier is
achieved by inserting thermally-insulating material between the two adjacent
panels. 35 The peripheral margins of adjagent prefabricated panels and the
side walls of the primary insulation 3 elements define slots or passages that
can extend over the entire length, width, or height of the tank. The passages
are fikackireta pralade contnuity inthpseadingformed matheparels, prier to
laying the 8, primary; membrang; &ontinuity:for the prmanydnsulating barrier
is obtained Qxeinserting blocks in I&aleae%saglesc.oNeverth less incorder to .

assdges gre ovide continult in
ensure contlnwt)}oo sealing ?OI’ the secondLary meﬁﬁarane, at the JUI’]C%IOKS

betweelt tW6 2panslst artgsticr o 'did BiStks heif 5t info pragel10<Hd
peripberatanargivsiare geveretbby anstiipyoff flexible sheetimciuding at d¢asty
one centinueys fineo petah fail. ssembling such pasels requires eperadings .
procedures fo.he very strict and.assembly, fo be performed with great; 15,

accuracy in order to%gtuarantee thermal insulation and leaktightness for the

tank. THe BORdinG T HE sirip oF fiexibie sheet ARd B 5881y BehiEved ih"e
this WeiFsetivee five atificert pamicls Hesdstdbe Parbeiaty eecatatesin
10rderdaisatiséy then20 a/ariousgneshanicat anddietime stressesstooshich the

asserpbly.obpanelsds directly subjected. Thedanks of sych ShiRR.8r¢ ine
subjected to numerous stresses: the cooling-down of the tank prior to being

filled at very low temperatures, e.g. about -160C for methane, or even
temperaturds>cio88 1619768 Tedtfs o' defdtfiations iARAE Wl 8f e ki r ©S

due tothéenagkery strict and assembly to be performed with great
15 accuracy in order to guarantee thermal insulation and
leaktightness for the tank.

The bonding of the strip of flexible sheet and the
sealing achieved in this way between two adjacent panels
needs to be particularly accurate in order to satisfy the

20 various mechanical and lifetime stresses to which the
assembly of panels is directly subjected.

The tanks of such ships are subjected to numerous
stresses:

the cooling-down of the tank prior to being filled
25 at very low temperatures, e.g. about -160°C for methane,
or even temperatures close to -170°C, leads to
deformations in the wall of the tank due to thermal
contraction of its material;

- when the ship is sailing it is subjected to

30 numerous stresses, such as swell, that cause its hull to
become deformed and that thus deform the walls of the
tank by repercussion; and

- movements of the cargo which lead to additional
pressure or back pressure constraints on the walls of the

35 tank.
Thus, the junction zones between adjacent panels are

zones that are subjected to a variety of traction



contraction of its material; when the ship is sailing it is subjected to 30
numerous stresses, such as swell, that cause its hull to become deformed
and that thus deform the walls of the tank,by repercussion; and movements
of the cargo which lead to additional pressure or back pressure constraints
on the walls of the 35 tank. Thus, the junction zones between adjacent
panelstares zonesthat ake/sibjectetbtcarvasiety of tracientd stresses and

they therefore needtopresent goed mechanical stiength over time 50,85 e
avoid breakin‘1gi he cgn%iﬂlejitg of(gp]% seconggrly. sealinagrtr)arrier. In the prior art,

a metcf%ati%na rea}/dyO nown for 5 maﬁlj% the selc%%d%ry sle%ﬁhg at the

peripheral mMargits oP prefaliiidated panels thaf nieth66 Consisting ihor
de-dustingnthethending zome; vdepesiting aghesive ofthecéporiomargins of
polyugethasier typea-en themaarging v thenpaneh eithes byrmeans:of a 10
spatula after t@{g’ng@s[erlq%ot@g-v@g@g C}/o%rlpg;of said adhesive as a

function of the area on which it is tg be %Pp”ed' or else usin% an adhesive
e

deposition devic® 8G¢h 188 tist Fescibed inthe FReveh pateRt appiicatsh
filed tviger #e Nee FR20020051648 F58fmbotkingthe it sfadisesifed
10nrolling awcantintiows flexiblestepavailablesiny rok fomeont@ thene of said

adhegiye=coated Jnarging:, reliespressing.the-depesited, flexible strip $o ageto
eliminate any residual bubbles; 20 ynrolling,a protective fim, .0, of the o,
polyeﬁﬁjﬁene%’/pe, onto tﬁe%fexrﬁgjle strip already in pFace, In order to mitigate
the probl&Rrof AatTésive S6verflolifig From the Rk sty aridfinafy £+1ed

under the No. FR 2004 0051648;
15 - smoothing the film of adhesive;
- unrolling a continuous flexible strip available in
roll form onto the adhesive-coated margins;
roller-pressing the deposited flexible strip so as
to eliminate any residual bubbles;

20 - unrolling a protective film, e.g. of the
polyethylene type, onto the flexible strip already in
place, in order to mitigate the problem of adhesive
overflowing from the flexible strip, and finally

applying pressure to the adhesive-coated strip for

25 the time required for the adhesive to polymerize, which
time is a function of ambient temperature.

The strip of flexible sheet covered in the
protective film is maintained under a pressure of about
0.1 bar to 0.2 bar, depending on the type of resin, and

30 for a duration that is a function of the ambient
temperature at which bonding is performed.

Table 1 below summarizes these parameters for an
epoxy type adhesive having two components (i.e. resin and

hardener) .



applying pressure to the adhesive-coated strip for 25 the time required for
the adhesive to polymerize, which time is a function of ambient temperature.
The strip of flexible sheet covered in the pgrotective film is maintained under a
pressure of about 0.1 bar to 0.2 bar, depending on the type of resin, and 30
for a duration that is a function of the ambient temperature at which bonding
is performed. Table 1 below summarizes>these parameters for an epoxy type
adhesiyg haying, twp componients-(i.¢. sesin and; datdepep).|5; Jablg 1o
Ambient Worklng 15C 20C 23C 30C B5C 40C temperature Puration over 1

6 4 t)emp)%ra, |r\|n nroccriroic annhad (haormeyTahla 1 chave the lanatha
U J .9 vvrnvoint P COSOSUTCT IS ClIJIJII LU \l oul } Ayt L oSTTUVWOS U1c 1 ||U|.| S

time| for viiiéRtheVadhesive-codtéd strips arp subjegted’to pressure &s &°
fungtieniafrwetking teraperatyres, these pregsure application durations being
a fupction of golyiaerization fimes th|at are listed for|epoxy adhesives having
resin_and hardener components with a hardener to resin ratio of about 0.55
by weight. 10 It can be seen that depending on working temperatures,
polymerizatioiPtifies cHPVary P&y iiely s Witert afcadtiesivé beRdire
methed!lis mplensenteekindustriadlya tangsthe capdbleoobbeingurnepredueible,
while the @nasmas vayiations hatexistin seling Hmes 1baasa.function of
ambient temperatire make thisimpassible itthe method js used.under.  ; o,

conditions where temperatures vary con&derat}zjc}; This applies.in particular

when'sitH ar*adhé&dive biohdiily héthdd s pet ﬁ?@d’SﬁtJb%Y%% resin

and hardener components with a hardener to resin ratio of
about 0.55 by weight.

10 It can be seen that depending on working
temperatures, polymerization times can vary very widely.

When an adhesive bonding method is implemented
industrially, it must be capable of being reproducible,
while the enormous variations that exist in setting times

15 as a function of ambient temperature make this impossible
if the method is used under conditions where temperatures
vary considerably. This applies in particular when such
an adhesive bonding method is performed outdoors or
indoors in non-heated premises, i.e. when subject to

20 variations in the weather.

In the particular circumstances of building a ship
for transporting liquefied gas, it can thus be seen that
these times for applying pressure and thus for allowing
the adhesive to polymerize vary in non-negligible manner

25 over the time taken to build the wvarious tanks, i.e. over
the seasons.

A variant of the above-described method is described
in French paten application No. FR 2004 0051798, and
consists in prior application of adhesive to the flexible

30 strips before they are put into place on the bonding

zone.



indoors in non-heated premises, i.e. when subject to 20 variations in the
weather. In the particular circumstances of building a ship for transporting
liquefied gas, it can thus be seen that thege times for applying pressure and
thus for allowing the adhesive to polymerize vary in non-negligible manner
25 over the time taken to build the various tanks, i.e. over the seasons. A

variant of thetahovesdescribed methodis descebedmimkignalspatem the
application Ne; £R,4004 H051798s and, congists;inprigs application,9bort ing
achesive (o.he flexible 30.sirips before they are putinto place on the
bondlnngone. -3 pfesent, such a method I commonly used in the

shipbuilding'itgbisr§ $6r batdingshipS fortranss6Hiing T liguefied 438, S8R as
methane wankersbThak techriqde hashitherdrawlzeckofrproviding bovels 5 in
whichr begakstarenfor dae mest iyt At cabhesiveo dospaetion tests pestarmed

at -170C show that there is, apunacceptable auantity. of adpesion yptyte, , o,

even though the criteria for break,ln% stress in shear and in perpendicular

traction ar& satisfied. 10Tn 1€ AESEHPHSH Bafow the P Hifhesion
ruptuReTeREsigaatesa braalc bi e boAdirjthat beéurs at the interface
lbetween the layer of adhesive-and the sthip arthetsupporydukereas the term

"cohesion fupturgicis; yseddq designale a brealcinthehondingthaboecws o«
15 within the thickness of the layer,of adhesive, Finglly, Flench pajent FR 2
822 8£1 discloses a method and apparaﬁjs for rO\C/;ﬁalng secon§ary seasllng P
at th@peripherfaFiins of prefabsitated parels: THS Patent” disBlbses eithér to
first heat@ stripdomprising @hbt 20¥melt adhesive; dntbthiensto pressithe
1Strip preyiausly he thickness of the layer of adhesive.

Finally, French patent FR 2 822 815 discloses a
method and apparatus for providing secondary sealing at
the peripheral rims of prefabricated panels. This patent
discloses either to first heat a strip comprising a hot

20 melt adhesive, and then to press the strip previously
heated to bond it, or to first press the strip having a
hot melt adhesive, and then to heat the bonded strip to
accelerate the polymerization of the adhesive.

In the second embodiment, the apparatus includes,

25 amongst other things, means for unrolling a strip of
flexible sheet in the passage that exists between two
prefabricated panels, heater shoes suitable for being
applied against the flexible strip to initiate cross-
linking of the adhesive, and cooler shoes suitable for

30 increasing the viscosity of the adhesive. That apparatus
has the drawback of being complex and of not remedying
the above-mentioned drawbacks. In addition, such
apparatus does not keep the strip under pressure during
heating.

35 The invention seeks to remedy the above-mentioned

drawbacks of the prior art.



heated to bond it, or to first press the strip having a hot melt adhesive, and
then to heat the bonded strip to accelerate the polymerization of the
adhesive. In the second embodiment, the apparatus includes, 25 amongst
other things, means for unrolling a strip of flexible sheet in the passage that
exists between two prefabricated panels, heater shoes suitable for being
applied agamstdhe flexible stiip to-initiatetcrossnlirkingof the adhesive;iand a
cooler,shaes svitable,for 30 increasipgdhe viscasity-oftheadngsive. Thal«
apparatus qas theédrawbagk of bein compleéagd q{ not remc?dé”n% the
above- mentloneg rawbacks, ]1n additi éuc% app aratus does 1o eep the
strip &H@@Pﬁﬁés&ﬂ%ﬂ%ﬁ% ﬁEaﬁﬁ@s%q*i‘Fe ﬁ%ﬁﬁBH%lé%kg%Bereﬁ%@}th%oll
above-andntiohed drawbackd<t thepricrrart.wpo A paeticilasebjecbof tlie the
inventienris o previdea methad of honeing arstiipof flexiblgshegt on atdeast
one flexjble or rigid support, §%ﬂ%’&%%§%’1q §@£9' SUPROSLINEIUding at least, .
one continuous fine metal foil dwiched and bonded between two
fibergt&¥'fabtics, the method satisfying targets concerning strength when
cold, cohedier PuptRe Lreprdducibilp,Jasd defalsilisy éithenboadings Niere
1preciselyyanobjectrofihednvaentipmis-too d Ocprovige suchiasbardingrmethiod
tg% %@y@%tmesihg@ai%ﬁrenmhalfﬂée%ge%@@w%yid@i@o@g Jé%pcti@ot C)

- at leas aspascals a) jn shear rpendicular traction
strené')t% w ei\ cosf gl%(% %p {er ﬁ(aMn 3 a)hand r% tures that are

coheﬁ@éf?ﬁnf%%bb%ﬁréﬁ@&t?@mlé%?ﬂ“iﬁ@ iFSticTPafbvides A hethod of
the apovetspedified typéltsat corprises thefollowingare cohesive in

15 appearance.

To this end, the invention provides a method of the
above-specified type that comprises the following
successive steps:

- de—dusting the bonding zone;

20 - depositing a uniform film of polymerizable
adhesive on at least one of the two surfaces of the

flexible sheet and of the support that are to be bonded

together;
smoothing said film of adhesive;
25 - placing the strip of flexible sheet on the
support;

- roller-pressing the deposited flexible sheet so as
to eliminate any residual bubbles; and
- placing on said flexible sheet a film to provide
30 protection against adhesive overflowing around said
flexible sheet, the protective film being of dimensions
greater than those of the flexible sheet.
In accordance with the invention, the method
includes a subsequent step of pressing said strip of
35 flexible sheet against the support by means of a press,
and of simultaneously heating said strip during at least

a portion of the duration for which pressure is applied.



successive steps: de-dusting the bonding zone; 20 depositing a uniform film
of polymerizable adhesive on at least one of the two surfaces of the flexible
sheet and of the support that are to be bopded together; smoothing said film
of adhesive; 25 placing the strip of flexible sheet on the support;
roller-pressing the deposited flexible sheet so as to eliminate any residual
bubbles; anHy placing onsaid dlexible sheet arfilartocpravide 130 protestionn,

agaln§ﬁadb§sy§&\¢ecrd9wm% reund, said flexible shest, theprotectiye film
bein ofdlmenS|on %rg (} thoge ofth§erX|in heet In ordance

with the invention, I{ e me inc uaes a subseecfuceen s?ep 0 press%g said

strip 6P S5 Kbl Srdet HRARSEhe SO by Hedns bf A5reREPaAAHH
simultarecuisiy: heating said strippdoking atdeasty agzortion of the duration for
which pressuge is applied.s8 By ieans ek these eharacteristicssofithet he
inventign,, é“%‘%&@r%”'ﬁ& ?¥P§§P§'at)}ﬁ!9a@? applicationaf, pressure and of

heat, bondlng of excellent qua |t()§ is aqbtained, with %reater coheS|on and with

the exs&EeH" 5 ohesion fuptlire Beint BBfnEd syktetficany e 1ies in
Advafteyecrishe thepressrecapplied fi€s irilte rangewEibout B0 aifllibacs
1(mban«et20(ymbias s thien temperature texwshichthedonded) strip i3 raised lies
in the rang@ﬁ@%?ﬁ)g‘e%%@% a@ﬁéhgicgggﬁg%h%@qﬂgdhq%ti%%%% in ghet
rang ou our ore er ressur ed.is abou
100 rerllgagr t%e témplérat%rénptg %vahlcﬁ%) he oigdy dh st%lgels%heégt ?IS arboputJGSOC

andtﬁ@?ﬁﬁgnéﬁo?ﬂﬁéﬁnﬁ%e%|nand the duration of heating lies in
the range 3 h to 4 h.

15 These heating parameters combined with applying
pressure to the strip being bonded serve to maximize
adhesion by obtaining mechanical strength when cold
(=170°C) that is greater than 10 MPa in shear and able to
withstand perpendicular traction when cold that is much

20 greater than 3 MPa, and they also guarantee bonding that
is reproducible and durable with cohesion rupture being
obtained systemically.

Advantageously, after the pre-dusting step and
before the step of depositing the adhesive, protective

25 adhesive tapes are put into place on the support around
the future zone for bonding to the strip of flexible
sheet, in order to protect the support from any excessive
overflow of adhesive.

Preferably, the bonding zone is subjected to plasma

30 treatment prior to the step of depositing adhesive and
after the protective adhesive tapes have been put into
place, if such tapes are used.

The plasma treatment provides better preparation of
the surface, in particular in industrial conditions where

35 there is a high risk of the zones to be bonded becoming
polluted, while avoiding the use of solvents that are

expensive and dangerous. The plasma treatment also



the range 3 h to 4 h. 15 These heating parameters combined with applying
pressure to the strip being bonded serve to maximize adhesion by obtaining
mechanical strength when cold (-170C) that is greater than 10 MPa in shear
and able to withstand perpendicular traction when cold that is much 20
greater than 3 MPa, and they also guarantee bonding that is reproducible
and dusableswith cohesion euptiee beinth obtaitiedrsysfernicallyasing its
Advaptageoysiy, aftelthe prgdusiing step and before the step ghdepesiting

the a%h %i\e/e, %otggteive H%ngghesive tapes are put into place on the support
around the futdre zone for bong"lhg to the strip of flexible sheet, in order to
protect the SUPPEIT ot anyExXeessiiey DVerten ot ddiesive: Preférably, the
Bondinigezamer insubbjectethtoeplasimay 130 treatmentphontd tivenstep of
depositing adhesive;and afterthe pratestive ndhgsivestapeshave-beenfpu
into place, if such tapeg are used. .1 h@h@aﬁ%&HS?HHeB%PE%Véd%% befter

preparation of the surface, in particular in industrial conditions where 35

there i€ @R Hsk GFthd*Zdrids thbé Bonded BE&mhg! Pofited wiig"
avoiditig-fHe tis€ dresivents thatfare expénsive &f¢daRgerous. The plasma
1reatment alsotheserwes da activate thersurfaee) therebymcreasingdts

wettability, apdthys enablingtheadhesive to.adhere hefterfothesuyrfage.

According to other advantageous characteristics of 5 the invention, taken
singly or in combination: the step of depositing the adhesive is performed

within 3 h at most aftel e begintfing Of the pfasiia fréBiment Ot etkerent
withirc@0mwainates émin)iatanost Efterithe begitriifgtof thé Plasma treatment;

15 - the method is performed while maintaining the
temperature of the adhesive at the moment of its
application in the range 25°C to 30°C;

- when the bonding is performed using a two-
component epoxy adhesive, the step of applying pressure

20 and of heating the strip of flexible sheet is performed
no more than 45 min after said adhesive has been
deposited;

- when the bonding is performed using a polyurethane
adhesive, the step of applying pressure and heating the

25 strip of flexible sheet is performed no more than 15 min
after said adhesive has been deposited;

the heating of the bonded strip of flexible sheet
is stopped at least 30 min before ceasing to apply
pressure; and

30 - when the strip of flexible sheet is applied over
two adjacent supports, pressure is applied while applying
additional continuous pressure on the zone of said strip
that is situated over the junction line between the two
supports, so as to create in said line a deformation of

35 the strip that penetrates into the junction zone and thus
absorbs the wrinkles that appear over the length of said

strip of flexible sheet.



10 the method it is performed in a controlled atmosphere in which relative
humidity is no more than 60%; the method is performed under controlled
ambient temperature lying in the range 20C to 25C; 15 the method is
performed while maintaining the temperature of the adhesive at the moment
of its application in the range 25C to 30C; when the bonding is performed

using a twowecemponent epoxy adhesive; thesiep ofapplying pressureg20
and of heating-tbestdp gf flexible sheet is peformed: noumote tham4s min
after %%Id z?thes#e hgsdb?(]-:-e%gego |£ed when thect[)onrglng isp rforr‘geg for

using a yur%I ane adhesive, the s?ep BE blylng pressure anc?ﬁ an
the 25 Bt fiexibie sﬁééﬁ%tpéﬁffﬁﬁéd% Ore than 155irP Atterisdid 9

adhesivethaslbeei tepositeds thé heating dfthetiorded stip offtexibleacent
sheetsigptoppedaatlenst 30gmipibefore ceasing.to applyspressureraad 30
when.the strig of f@%@éhfgt éss@BBH‘?L%Qé!ﬁr A9 adiacent SURROS, o he

pressure is applied while ap %%llng additional continuous pressure on the

zone of $ald 8thip” that iSKitubkEd oVeF thé [UiHEHdh IS hEtwden te tW6*
suppérsdo BS té%l?élﬁféfm“%mél@m@@ defBratdtich 635 the S Hedte 1Y
1penetrategnatd thel jundctionszanie andrthube cabhsorbs-thenwrinkles thatappear
overttre |€f[n@ﬁ% 0%@@'&9&5@92]"@5?@ §h@)ﬁg é&kﬁ/é(bgfa&e&tm@ﬁygo QJ%h ;
great len g..longer than eters (m), wrinkles appear wi s metho
in thé ?er%ghﬁ 5t the flexi $ strlrc)[n and éat |J§%arﬁ1jtfufnfbgrgaghélvmgt etarget

Ievel§8f1568&|nbh%ybﬁé’ﬁﬁ8ﬁlnﬁf5 %EEHH‘%xﬂﬁe st Bt grearaghgfiiastride

WW)adgnkmﬂe at least one continuous fine metal foil

15 sandwiched and bonded between two glass fabrics, on a
flexible or rigid support including at least one
continuous fine metal foil sandwiched and bonded between
two glass fabrics.

In an advantageous implementation of the invention,

20 the above-described method is applied to bonding a strip
of flexible sheet, applied to making a wall of a lagged
tank for confining a fluid such as a liquefied gas, the
tank being integrated in the load-carrying structure of a
ship, said wall being formed by assembling together a

25 plurality of prefabricated panels, each comprising a
sealing membrane inserted between two thermally-
insulating barriers. 1In accordance with the invention,
said strip of flexible sheet provides continuity of
sealing for said sealing membrane at the junctions

30 between two prefabricated panels.

The invention can be better understood on reading
the description below. The description is given purely
by way of example and is made with reference to the
accompanying drawings, in which:

35 - Figure 1 shows the various steps of a method of

the invention;



supports and by applying continuous pressure at the junction, a wave is
established that penetrates into the junction zone and that thus absorbs the
wrinkles that might be formed, while the adhesive is not completely 10
polymerized, the strip can become re-tensioned easily. The combination of
all these parameters makes it possible in preferred manner to optimize and
better control theboading obstsipscafftexibleveheet that incudeatteastrane

continousfine metal oib15;5andwiched andponded between two glass
fabrics, on a flexiblegork?l%qigﬁeljpfgrt including atclieast one continuous fine
a

Oor art an ention;>an .
metaFfJE)ﬁ sandwiche bonded between "two glass fabrics. In an

advantageoUstinfpiémientatidly of the tiventibRS 20 fifeeab67e-deckibad
methed s apphed o0 bepdie atstrp bof flexibleeseetr apptied ioeiaking sside
wall of e:lagged tankforcanfining a fluid such as a liquefied gas, the tank

being integraied, in.the lgag.carrying, stpuctyee of a,,ship, spid wall bging
formed tﬁ}/bgssemb#%g together a 25 pIurallté[% prefabricated ganels, each

compfRiiy’a &dal Brane thserted béteel Rus ivdr a2 ihsdiating™
barri€rselrPascaieiante witle tie riviehition, tsaid St of flekibld sfiebhat
1proviges sontinuity ofl sealingfor saidsealing membrane ahthehjunctions30i s

betwegn, twa prefahricated panels. The invention can be better understood on
reading thedesqription below. The description is, given purely, by way of
example and Is made with réterence td the accompanying drawings, in

whicH'%5 Figare'Y showtHPvarisud Siepsiof d histhdl of Bi&kfventiohe 11"
FigurélZplotsgenipatétive caves ofisheaustrdss bréakiage tests wprtsoridsin
16btained respectpelybydhey being about 50%. These temperature

and humidity parameters should be monitored throughout
the implementation of the method of bonding strips of
flexible sheet.

There follows a description with reference to

20 Figure 1 of one particular implementation of the method
in accordance with the invention.

It begins with a de-dusting step A of removing dust,
e.g. by vacuuming, so as to be certain of having a
bonding zone that is totally clean, without any elements

25 that might pollute the subsequent bonding.

Once dust removal has been completed, protective
adhesive tapes are placed along the edges of the bonding
zone.

Thereafter, starting at time reference H1l, plasma

30 treatment step B serves to further clean the surface and
to prepare the bonding zone by activating its surface.
This step B is performed after protective adhesive tape
has been put into place so as to avoid any action on this
zone before the adhesive is deposited.

35 Within a period H1 to H2 having a maximum duration
of 3 h and preferably of 90 min, step C of depositing

adhesive is initialized, with the period H1 to H2 being



prior art and by the invention; and Figures 3 and 4 show a testpiece used in
the 5 experiments represented by Figure 2, respectively in side view and in
plan view. Figure 1 shows the various steps over time in a method of the
invention. In this implementation, all of the parameters are optimized to
achieve bonding that 10 presents good mechanical strength and in which
ruptureis= ahways cohesive. Thedirst stepiste prepare the workinglzeme, if

not already peepared, spdhat it fiesat.atemperatere. in: the range 20C to 25C
with hum|d|t¥ belng not more. than 1% 60% nan refer%blé( t%elnrcrle about 5t0%

These temperature ané%%rﬁlalﬁ pargrmaekfe%s ould be monitored - °

througR3tE thé FnpshentdtiorPoffrmetfod OF BBRtfg &fipsoicfiékibe 10
sheef: T¢ere folkdws a descriptioniwith¥efereRcé 46 200Piglwé 4, okdnier
particuiardmplementatieon of the nethedoin accerdanseavith the iwvestion. It

beging, with & C!%QQSEQQpSteFBéAI‘nBEE%rPB}‘@ga‘EU%thee g.,Py YACHHD}NG;, SO as

to be certain of having a” bonding zone that is totally clean, without any

elem&fRYs FHa‘i%%%‘Pp%ﬂuFeafhebSuB“?é“d&é)rﬁ%r%dln&ré%]éetd)us‘f?]éh%al
has beeatcdmpleteédeprotective adifesirdriies-aeplacetalongthe etyese
10f theebonding zorne, Theteafter stasting ai time reference ki, plasaia 39

treatmentsiepB serwes - futhercleag the suface and tolrepare the,
bondlng zone b¥ act%atln% its surfaceknThls %tep %I aEerformed af&elred in

pI’OtECtIVG adﬁeswe ta e 5s%een put IﬂtO place so etOS":';lOVnOI any action

on this"2oA& bef6rethedRESITB S Heposited.- 35 Within a period HI to H2
having a masaiew dugation sof3 brarit peaferally of 90utnin,rstept© of
1depositingible sheet strip into place, of roller-pressing, and

of putting a protective film into place is launched
quickly, said step D terminating directly in step F of
applying pressure to the adhesively-bonded strip.
Between H2 marking the beginning of step C and H4 marking
20 the beginning of step F, a maximum duration H2 to H4 of
45 min is allowed when using a two-component epoxy
adhesive, or of 15 min when using a polyurethane
adhesive.
At H4, steps F and E are both begun simultaneously.
25 These two steps E and F are performed by a common heater
and presser tool, with heating being independent of
applying pressure. Thus, it is possible to perform
heating over a period H4 to H5 having a duration of about
3 h 30 min, while continuing to apply pressure over a
30 period H5 to H6 having a minimum duration of 30 min.
This allows the adhesive to cool prior to step G of
removing the presser tool, so that the adhesive has
reached a degree of viscosity that is sufficient to allow
the device to be withdrawn without any consegquences on
35 the bonding of the strip.



adhesive is initialized, with the period HI to H2 being 12 determined by the
length of time for which the plasma treatment of the surface remains
effective. The adhesive is preferably depgsited by means of a device for
depositing beads of adhesive, as described in 5 French patent application
No. FR 2004 0051648, after which said deposited beads of adhesive are
smoothed. Duringsthip step, deprpetfattnedatiheoutlet fromndkel depdsitior ing

devicgLan-he monitoreddn, order 1o yerify, that he-adhesive is abap ;s
temperatire lying jn the f ”&%1035@% 230G, and whenusinga,
two-c%mponenta esive, egk_s canbe peﬁormea regularly on the - _
hardener to T F&siRTAHG Dy Hy-meifs KW to the persor' skitied in tHe art,
€.g9. byomeasusagrooter -otlotingthis Step @ 1stepdD of pattirg thes15p -
flexible.sheet-stipdnto: placea ot rellarpressing, anceof putting adretective

film into.place is,launched, quickly, said step, D terminating directly jn step F
of applying pressure to the adhesively-bonded strip. Between H2 markln%
the b&gihhig BP%t‘iaphé"éené)Pﬁ%%?ﬁir{% 56%he Begiffling of BB =/ 279
maxirfiAt deFatic H2litq4 0245 ks dlibivetwhien (singang zone.
1two-componenire poxyn @dhesive, os of bemirs whigrsusingta polyusethane
adhesjyer At 4. steps Erand E-arg-hathobegun simyliapeously. 25 These
two sicps,E.and | areperformed by, a common eater, and presser Lool, yith
heating being in epenopen§ of apr?lymg pressure. '?hus, it Is po sible to

perfoRtfi"HEAting 'ovier A pefod M2 oS HAVIRG & diiation &f avsut™3 h 3Bus-
min, while coatifaingcto applypressdreaovenha 30uperiod H3o o Hédmavihg acwo
1minimupdurationef 3xming d his allewsdhe adhesive to.cealipriortocstep:G
of remoying the Pressar 10pk $0haf the, adbesyeNas st rip and under
the device for applying pressure, continuous and
sufficient pressure is applied on the strip of flexible
sheet to create deformation in said strip at the junction
20 zone, sald deformation having the function of absorbing
the wrinkles that appear along the flexible strip when it
is heated. This disposition is particularly necessary
for strips of great length, e.g. of length greater than
2 m.
25 Figure 2 shows the results of shear tests performed
using aluminum testpieces as shown in Figures 3 and 4.
The dimensions of the testpieces used were hl =
40 mm, h2 = 20 mm, L1 = 85 mm, L2 = 50 mm, and ¢/ = 50 mm.
A sample of flexible sheet strip including a fine
30 aluminum foil having a thickness of about 70 micrometers
(um) sandwiched between two fiberglass fabrics, with an
elastomer binder, e.g. based on polychloroprene for
bonding the glass fabric to the aluminum, was stuck to
the 50 mm by 50 mm square portion of the first testpiece
35 using a polyurethane adhesive.
Similarly, a rigid support sample comprising a fine

aluminum foil having thickness of about 70 pm sandwiched



reached a degree of viscosity that is sufficient to allow the device to be
withdrawn without any consequences on 35 the bonding of the strip. 13 This
step E is performed with the bonded strip;heing heated to a temperature of
about 60C, and step F is performed by applying a pressure of about 0.1
bars. The method described above is not limiting. It is 5 sometimes possible
to omitcthesplasmectreatmentstepi dsuthermare; thesame parameters, on

stepsy, QDQ&?&VH@%P%\UWQ steps f%@%ﬂéﬁ%‘}’ hen. Uéiﬂgsf@@Qﬁ?ﬁQeeénd
strlpstg)at h?ve reviously been oa%%d Vghaeld%glr\n/%, %nd at are put into

place irect yu(r)nn the bon anszgr?e. en using fle\x/ib?e sheef 1#ffil)rsethat

are bBAAEd CBvértwd adient flekivie B Figfd stppofts2aR Caddtisharsep
(ot simdvas invEigure 2) is implemented between step D and the
simultaneousi steps.E and Bpbhys,.a asing adevicgpositioged atdbejunction

between e e 13,3unpqlts and sanrable, of, being,inserted.in, said dynetion,

and being positioned gver the flexible_strlg and under the device for a%plylng

pressuré. Cortudusand jgﬁﬁig%n\i’%}@ uréis aadodf_l)l%eﬂ:ieéjn fiie Suripdfflexible
sheetto tieate Heformatioiresaidsstiip atdhé henctioh: 20 Yores Shid
1deformationrkavinghe dunetiari oflabserhing -theowdnkles that appear along
]Ehe fle_xiblefff@va@ywlt@gét heheated dThig d@@%ﬁ% iszfgamg%wlgrﬂ naggisga%e
or strips of great length, e.g. of length greater than .2 m. igure 2 shows
the 1S o e (oot TS IBR Lo S ot GeDREe fe Pown in
FigurB§ 3"8Ad 2T THE dimEREiohof the testpieces used were hl = 40 mm, h2
=20 mm, it B85 pwmny 2 sBOwnhhcand brBOLimy A Sampbe of dexible sheet

1strip incluging a fire 3Q aluyspinuea faihhavingta thiekness of about 70

nﬂcmnne&n%he dashed-1line curve shows the results for a
testpiece prepared using the prior art method and the
continuous—-line curve shows the results for a testpiece
prepared using the method of the invention.

20 For the dashed-line curve, 100% of ruptures were
adhesion ruptures, whereas for the continuous-line curve,
100% of ruptures were cohesion ruptures. It can also be
seen clearly that the ability to withstand shear was
greater with the method of the invention: the limit going

25 from 7.5 MPa to 15 MPa (at -170°C).

Thus, with the method of the invention, the bonding
obtained presents better shear strength at -170°C, and
the ruptures are cohesion ruptures.

The method according to the invention also allows to

30 obtain better results compared to methods where pressure
is first applied, and heat is applied afterwards. If this
type of method allows to accelerate the polymerization of
the adhesive, it does neither improve the bonding
strength of the adhesive nor the bonding properties.

35 In particular, the invention allows to control
precisely the temperature while pressure is applied,

which avoids any risks related to temperature variations,



(um) sandwiched between two fiberglass fabrics, with an elastomer binder,
e.g. based on polychloroprene for bonding the glass fabric to the aluminum,
was stuck to the 50 mm by 50 mm squargsportion of the first testpiece 35
using a polyurethane adhesive. Similarly, a rigid support sample comprising a
fine aluminum foil having thickness of about 70 um sandwiched 14 between
two glassciabrieg witirarbinder ie.g. basedont polyamitienor palyester fon
bonding. the.gl 283 fabrig apd;,the alu nﬂiﬂHQ), Wag Stucktothe-50 mm-by B0
mm square rlpoqlgnt f utQess,cercorrgdltes_j[L[r)r{e%%,Vté%lng a polyurethane 5
adhesive. Ijiln%lly, an epoxy adnhesive collqnprlsmg a resin component and a
hardener component with a hardener to resin ratio of 0.55 by weight was
applied as a layer between the flexible sheet and the rigid support. 10 Tests
were carried out at -170C. They were performed in comparative manner,
using the prior art bonding method (no heating) and using the method of the
invention. The curves show the probability of rupture as a 15 function of the
applied shear stress. The dashed-line curve shows the results for a testpiece
prepared using the prior art method and the continuous-line curve shows the
results for a testpiece prepared using the method of the invention. 20 For the
dashed-line curve, 100% of ruptures were adhesion ruptures, whereas for
the continuous-line curve, 100% of ruptures were cohesion ruptures. It can
also be seen clearly that the ability to withstand shear was greater with the
method of the invention: the limit going 25 from 7.5 MPa to 15 MPa (at
-170C). Thus, with the method of the invention, the bonding



obtained presents better shear strength at -170C, and the ruptures are
cohesion ruptures. The method according to the invention also allows to 30
obtain better results compared to methods where pressure is first applied,
and heat is applied afterwards. If this type of method allows to accelerate the
polymerization of the adhesive, it does neither improve the bonding strength
of thecadhesive nor the bonding properties. 35 In particular, the invention

allows to coptrol pregisely the tempetature, while ressure.issapplied, nwhich
avoids anyrisks related {0 lemperatuyre variafions, 19, which,may oeeyrin,,
situ during the bon Ing phases (in p%rﬁcula? uring winter tlme?. he

homoEnety 'of tREPBOAME i3 thhiE Strotigly TpHoVETE 48" CIAIMS 1. A
methed of bordiny aestrip of flexible kheet bnkatr |gastonesflexible oefigiod
suppeidrgaidsheet and said1 suppert semprisinga finegontinuous metal foil

5 sandwiched 5’&%8@@'}‘6’8 glass ﬁigﬁéf%%ri%ﬁ@? method comprising the

following successive steps: de-dusting the bonding zone; depositing a

uniform film of PAiyTietizaBle atihesiie"oh atTeddt &ive 8f'tHe f75 Stirfaces of
the 16dlexisig sheet ahd!siahe supporttidtarée babonded wfether;
1smoothiagisaid fitmeefradhesiver, placingthe stripotilexible sheetkomntheled
suppert,L3 oller-pressing the deposited flexible sheet so as to eliminate
any res_idual. bgrt%koJloet' %qd anlcciln Qfms%i? flaed'belglshee_et a film to provide
protection against a?hes e overf%owm aroun SaIJ ’
- placing the strip of flexible sheet on the
support;
15 - roller-pressing the deposited flexible sheet so as
to eliminate any residual bubbles; and
placing on said flexible sheet a film to provide
protection against adhesive overflowing around said
flexible sheet, the protective film being of dimensions
20 greater than those of the flexible sheet;
the method being characterized in that it includes a
subsequent step of pressing said strip of flexible sheet
against the support by means of a press, and of
simultaneously heating said strip during at least a

25 portion of the duration for which pressure is applied.

2. A method of bonding according to claim 1,
characterized in that the pressure applied lies in the
range about 50 mbar to 200 mbar, in that the temperature

30 to which the bonded strip is raised lies in the range
about 50°C to 70°C, and in that the duration of the
heating lies in the range about 1 h to 7 h.

3. A method of bonding according to claim 2,
35 characterized in that the pressure applied is about

100 mbar, in that the temperature to which the bonded



flexible sheet, the protective film being of dimensions 20 greater than those of
the flexible sheet; the method being characterized in that it includes a
subsequent step of pressing said strip of flexible sheet against the support
by means of a press, and of simultaneously heating said strip during at least
a 25 portion of the duration for which pressure is applied. 2. A method of
bondingragcarding:tocelaimsl , acbharacterized imthat the pressure applied kes

in theofalgg%@p&yt pOJubar te 200,mRhak in that the;temperature 30 to which
the bonded strip Is raised lies in the range about 50C to 70C, and in that the

duration of the heating lies in the range about 1 h to 7 h. 3. A method of

bondihg dcdubiftta® laRA™P S cRaracESTZE FrPtIﬁWh@{ﬁé@dr‘égaﬁdi?ejdﬁs
aboutHa0ambar lincdtat the terhpefdatare tdwhicte thik:bonded tEsthapds

heategkisatoutOG rand §¥ thatdbe durationhef heating lies inpthe range 3 h
to 4 h, 4, Amethod of bonding according 1 any preceding.claim, S around

characterized in that after the pre-dusting steE and before the step of

depoSitiig tHe Hdhetiis pfr8feé?%dé?iﬁe§?/ %&%e%tgrépplﬂﬁnﬁlﬁféjcglc?n the

suppé6itaRdund ntherfifdret Lol F3rsonding t6 4he Xtiip bFf fiexibley shedsmive
1orderdoqarotesct the suppostifrem any excessive 10 overflow of adhesive. 5. A

method of bonding according to any preceding claim, characterized in that

the b nd| e s%bj cted.to plasma reatment prior to the tep of
depoglflnga ch:.l%l\(/% %Ocil aﬁe?the prot& tl\gg]éah‘éps eptfaecégi ave bégﬁm’

put it PIAEESH StEH tapes dté Used. 8O A HithGaof bbﬁdﬁ%&é@&&%‘?n&?o
claimiB,aehardoterdzect it that the step of depositingfadieesive s 120 adhesive

1perfognedayithin amaximune period of b aftes thepes have been put

into place, if such tapes are used.

6. A method of bonding according to claim 5,
characterized in that the step of depositing adhesive is
20 performed within a maximum period of 3 h after the

beginning of the plasma treatment.

7. A method of bonding according to claim 6,
characterized in that the step of depositing adhesive is
25 performed within a maximum period of 90 min after the

beginning of the plasma treatment.

8. A method of bonding according to any preceding claim,
characterized in that it is performed under controlled

30 ambient temperature lying in the range 20°C to 25°C.

9. A method of bonding according to any preceding claim,

characterized in that it is performed in a controlled

atmosphere in which relative humidity is no more than
35 60%.



beginning of the plasma treatment. 7. A method of bonding according to
claim 6, characterized in that the step of depositing adhesive is 25
performed within a maximum period of 9Q min after the beginning of the
plasma treatment. 8. A method of bonding according to any preceding claim,
characterized in that it is performed under controlled 30 ambient temperature
lying imtherrangen20Cdo 25@d9n4 methactiahbondingracgeerdinegdtonany:1aim,

preceding claim, ;Gharacterized in;that i isperformed ina coniiollgdaining
aimospfiere i which relative humidiy.is.No more than 25,0086. 18 10.A
metho ofE)on%l_ng a(_:cord‘fng %o any preceding claim, characterized'in that it
is perf&iéd Whik maintaltfing 2fHéCtetpératisre®Sf the adhesive at the
moment of its application in the range 25C to 30C. 5 11. A method of
bonding.accarding-to amy precadigg Liaivtdcharactedzed g thatwwhen theim,

bonding,i5 perigrmed, using. A.two;camnonent &poxy adnesive. Ahe,step.of s

applyingC pressure and of heating the strip of flexible sheet’is 10 performed

no more than 28k Ater S0d adedneE Kas bE&n Hepdsited 21D, X idthod
of boRdmgsaccorditg fafy ohersf dlaims 1 i 10f charattérized ittHat When

1the berdingris<d perfarmedtusing apalyurethiane adhesivejithe step 1ofs
applying - pregsyse andsheating the strip of flexible sheet is performed no
more than 15 min after said adhesive has been deposited. 20 13. A method
of bonding according to any preceding claim, characterized in that the
heating of th&'Bbhtdedtrip Ot HExibRESIEEt s Btéppéd 4t fest 30 min béfore
ceasing fdapplyepressarg.zed in that when the bonding is

15 performed using a polyurethane adhesive, the step of

applying pressure and heating the strip of flexible sheet
is performed no more than 15 min after said adhesive has

been deposited.

20 13. A method of bonding according to any preceding claim,
characterized in that the heating of the bonded strip of
flexible sheet is stopped at least 30 min before ceasing

to apply pressure.

25 14. A method of bonding according to according to any
preceding claim, characterized in that when the strip of
flexible sheet is applied over two adjacent supports,
pressure is applied while applying additional continuous
pressure on the zone of said strip that is situated over

30 the junction line between the two supports, so as to
create in said line a deformation of the strip that
penetrates into the junction zone and thus absorbs the
wrinkles that appear over the length of said strip of
flexible sheet.

35
15. A method of bonding a strip of flexible sheet

according to any preceding claim, applied to making a



25 14. A method of bonding according to according to any preceding claim,
characterized in that when the strip of flexible sheet is applied over two
adjacent supports, pressure is applied whije applying additional continuous
pressure on the zone of said strip that is situated over 30 the junction line
between the two supports, so as to create in said line a deformation of the
strip that lperfetratesgntaithesjuinction zomefand thus absorbs thechwrinkles
that appear oves the length.ofsaid strin of f@&@sﬂ@@& 35 164 method of
bondlngrar strrp of fCeX|bJC%§re1eet acco dllng to an ?’?fdbn clal aggé gto
maklng a 19 'walf o?acia ed ?ank for (?riflnlng a suc aga iquetie

gas, ﬁn%st%rﬁﬁlﬁé}ﬁgﬁﬁ@%‘f ted in tﬂé%é&llEéirr?Hﬁd%t?ﬁ@tEFé%f‘E%lﬁa%ﬂs'
wall being fowned byl agsembtingitogetirera phealitysciprefaliricated panelds,
5 eachncomplrisingia sealing rpembrane inserted between tweing

thermallyzinsulating barfiers. e method,being 8?%%@95‘5?@ '%ﬁ@%ttsa'd

strip of flexible sheet provides continuity of sealing for said sealing

memBfahe" & thé fiictibhs Betieeit fg Prefabricated pargls: "9 membrane

at the junctions between two prefabricated panels.



