1 PROCESS FOR GRAFTI NG A FLUOROPOLYMER AND MULTI LAYER STRUCTURES

COVPRI SI NG THI S GRAFTED POLYMER 5 Fielld of the invention Fluoropol yners,
for exanpl e those based on vinylidene fluoride CF2=CH2 (VDF) such as PVDF
(pol yvinylidene fluoride), are known to offer excellent mechanical
stability properties, very great chem cal inertness and good agei ng 10
resi stance. These qualiti-es are exploited for various fields of
application. For exanple, nention may be made of the nanufacture of
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for protection in the architectural field, and the production of protective
15 el enents for electrical engineering uses. However, this chenical
i nertpess of fluoropolymers nmeans-that it is difficult to bond them or
conbine themwith 'other materials. The present invention discloses a
process i /Fielhiofthedanventioni ve functional group is fixed onto a fluoropol yner.

This fluoropolLyner fhus dified be easily bonded to or conbiped with
othor mat e i EROBRORMAT BE canple (s, e HRgBSs Foortle FEBPend! ng
the fl uor@m@v 8En Wst PVDENepofHaslicena! aumRRIE L habwht Zoﬁ‘%z lek&eho graft

onto the said fluoropol ynmer "and t'hen the mXture obtaine ing in
di vi ded fmeshagigeh stebilgfy aptopedtiesi svery r giditaichemical dnaitness cangr goobd ageing

functi.anal .nmono onto.t.he fluorapalyner. 25 'Prior art..and. techni.,cal
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polyvinylidene fluoride by nmeans of ionizing radiation, whicCh process
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conpri si ng *facrylam ene, y

2-vi nyl pygdatlhge ford proiteryibpyini tiengschidedt@iahyfleld - aidnieppidddictién of protective |
di et hyl ami noet hyl _acryl ate, dj nmet hyl am noet hyl nethacryl at e,
di netlRy| SFREPE Spylechicabenginearing Wesret hyl ani nopr opyl net hacryl at e,

di et hyl am noetﬁg‘l”e@eq.’r HiPiRmical inertness of fluoropolymers means-that it is difficult to
bond them or combine them with other materials. The present invention discloses a
process in which a reactive functional group is fixed onto a fluoropolymer. This
fluoropolymer thus modified may be easily bonded to or combined with othef ﬁlat‘e.rials. '

20  The process of the invention consists in melt-blending the ﬂuorop_o_lyme'rl Wiﬂi'thf: "
functional monomer that it is desired to graft onto the said ﬂuoropolyméf and tﬁen the
1ﬁixture oBtained', being in divided form such as granules, is irraciiated in‘o.rdéf to graﬂ | .A

~ the functional monomer onto the fluoropolymer.

25  Prior art and technical problem

 Patent EP 214880 discloses a process for manufacturing polyvinylidene fluoride
" copolymers by grafting a monomer onto the polyvinylidene fluoride by means of

ionizing radiation, which process comprises the following steps: | - ‘
' a) - immersing a polyvinylidene fluoride powder or film in a solution of a
30 mohomer chosen from the group comprising acrylamide, styrene, methylstyfene; zﬂlyi
glycidyl . cther, 2-vinylpyridine, - 4-vinylpyridine, 2-methyl-5-vinylpyridine,
-dimethylaminoethyl acrylate, dimethylaminoethyl methacrylate, dimethylaminopropy!




di et hyl ami noet hyl met hacryl ate, diethyl ani nopropyl acryl ate,
di et hyl am nopropyl nethacrylate, di methylam nopropyl nethacrylam de,
N-vi nyl pyrrolidone, Nvinylcaprolactam acyloxy styrenes and
hydr oxystyrenes, vinyl sulphonic acid and its 5 derivatives, acrylic acid
and nethacrylic acid, in order to inpregnate the polyvinylidene fluoride
powder or filmw th the said nononer; b) - irradiating the inpregnated
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nononmer doe nof have an _ionic character. Patent Application W) 00/17889
di scl osesMpBEY e o dmethutemipentppylsi ngnethacrylamidessi oN-vimylpayedidoper ned

from an_etiuihanhahkih, ASIAAGLAR! &idhyaRRkk g ic, BN ihsYer of
a VDF/ HFP f]d%?%%opolyhgﬁa ?%gﬁ#prove Pﬁe é%%%ﬁﬁggg%ﬁg§gwf§yersf£@15 t he
assentdl y deivetivgseadrgic 4aid auhineihagrylizdical, irordePatientreddSteshe polyiiflidemc| oses
a processgfor. grafting..an turated functional nonomer onto the surface
of 5 powdSiBiteroddet oo et Tl moBOmE o ¢ anhydride is bl ended with the

f I uor opol ynmer @ndrrhdigting (he¥mpfnell poWdar &qhm)hﬂakﬂkeoftiaﬁzﬁa@%dﬁ%&ﬂn t he

air contained in the bag has been expelled, the bag containing the powder
bl end i s theabigbfeehwdeew anddi ati on of between 3 and 6 Mad. According to a

variant, the nml g nhydr i i i ssolved i.n_.acetone, the solution is
mi xed with the%pgf\}\%lesr’%égmg Jggo%%ffe | SOl SRRER, 4O chegmigal Qachpdy at ed.
The m8t erdrdér ioscdnfi@nan fohidélair@derasn italRRdeihe THERE&T afdnBhef ldUSY ARChHEBE | S

then used in multilayer structures. In all the exanples, only
{1 uor oel JSRSFBRECtST.” used. 25 The peel force between a |ayer of

f1uoropol yrer il LahiRGRS WAl Lrssd & ARAYLooRE) Olbid e 80%6ABALAS in
material is insufficrent for many applicattons, partiturar iy Ph;
st ruct ur emictdssibn, niayerdermed frotredn efBylehd/alkgbadndntelassic mbpdhiddRipolyméhe

[ uoropel yher end L he St gnal, meponer Lt Lyt Syeelr St gralt onte
el ther | nnedhyeRBE, it Qhbfectsd diofidY ABMLi6F, OF In filmor sheet form is
irradi ated, grafting through the hass of the fluoropolyner is obtained.
This grafted fRatentdpof pAed06 yiwibsenamubdcss fyregraBinguat unsaturated dusctioaaly hi gh
peel for Cnexgngn?er%%tooglte%hﬁaegé 0t3 a powdered fluoropolymer. Powdered maleic anhydride is
blended with the fluoropolymer and then they are put in a polyethylene bag and, after
the air contained in the bag has been expelled, the bag containing the powder blend is
20 -subjected to radiation of between 3 and 6 Mrad. According to a variant, the maleic
anhydride is dissolved in acetone, the solution is mixed with the powdered
fluoropolymer and then the acetone is evaporated. The material is then irradiated as
above. The grafted fluoropolymer is then used in multilayer structures. In all the
examples, only fluoroelastomers are used. A
25 The peel force between a layer of fluoropolymer grafted acecording to the above
prior art and another material is insufficient for many. applications, pal;t-i&:illaﬂy in
structures that include polyolefins. |
It has now been found that if the fluoropolymer and the functional monomer that
it is desired to graft onto the said fluoropolymer are melt blended and then the blend -
30  obtamed, either in divided form, such as granules, or in film or sheet form, is irradiated,
grafting through the mass of the fluoropolymer is obtained. This' grafted fluoropolymer _
used in multilayer structures allows very high pecl forces to be obtained.



Summary of the invention According to a first aspect, there is provided a
process for grafting an unsaturated nononer onto a fluoropolyner, in
which: a) the fluoropolyner is nelt blended with the unsaturated nonomer; 5
b) the blend obtained in a) is madesin the formof filnms, sheets, granules
or powder; c) the products fromstep b) are exposed, in the absence of

air, to photon (y) or electron (3) irradiation wwth a dose of between 1

and 15 M adg ngq%ftﬁéﬁﬁvgx{t uct obtained at c) is optionally treated in
order to rermve of 10 the unsaturated nononer that has not

been gr af t ed onmetbrkimgfﬂomdﬁr@ipa};bydtﬁhere‘i&lﬁrcﬂ[@iitaqﬁoéégyQ{r%%ﬁlﬁggﬁ t hus
obt ai ned u as a blend either wth the sane
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acrylic poly menti on_may be nmade of nbdi fiers of the
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mul til ayer poddegicture conprising at |east one |ayer of the grafted

fluor opolyrrer as disclosed herein and at |east one |ayer of another

material . 20 A@tﬂmdnro@ctmfrantsmprtq aBSE@oked, Bk abanGe B ﬂvltgﬁﬁotgﬂw lg2s,
t anks, co%al ner pes, . hoses, vessels, filns and packagi ng rranuf actured

with the ffcter é'Fa%‘f‘ﬁ‘?}bWﬁli‘édo%ﬁdlf&cng itapdflfdMesdrandd aspect . According to
a fourth aspec i) Stagt ure | gan
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cnsi sti nghfotnnsauqeat@rmbmuderftlmdnammﬂbpaegraﬁmmuitammwﬂmomﬁﬁéldl ng to the fl rst
aspect and, di tach th ter, an outer yol efin | ayer.
According to aﬁ@&aﬁ%g 8‘&°tp &st Ogt é\??ad'él? ugeehit "'t‘ichélyé“ra@?&“h@ﬂ{‘#e

conpri si ngv1t1'ﬁfhelsaﬂﬁl‘ﬂlluﬂ:§ﬁpdlyin6r BONEG Craftéd br WG drotlied fhf?mgﬁ C}xﬁé&’lﬁ%ﬁﬁ ed or

stored, made, of the grafted fluoropol ynmer manufactured ing to the
first asp@bpthghpolyger sueh gs.dor sxample; an Wfé’llcmlﬂ’la@lt éks, crampdésyof airilic | ayer

and an_ oupelynfel ¥RASE ma9bemad3 s PR HipdoPrRafle | ;tstﬁ%%r?féh e '

provided a multilayer stfucture conprising ayer co

grafted fluoropol ymer manufactured according to the first aspect, placed
bet ween two poJ&XQArﬁIﬂgﬁol £Yeebiid aspect, there is provided a multilayer structure

comprising at least one layer of the grafted fluoropolymer as disclosed herein and at

least one layer of another material.

20 According to a third aspect, there are provided bottles, tanks, containers, pipes,
hoses, vessels, films and packaging manufactured with the multilayer structure
according to the second aspect.

According to a fourth aspect, there is provided a multilayer structure
“ comprising an inner layer in contact with the fluid to be transported or stored,

25 consisting of the grafted fluoropolymer manufactured according to the first aspect

and, directly attached to the latter, an outer polyolefin layer.

According to a fifth aspect, there is provided a multilayer structure comprising
an inner layer in contact with the fluid to be transported or stored, made of the grafted
fluoropolymer manufactured according to the first aspect and, directly attached to the

30 latter, a pblyoleﬁn layer and an outer polyamide layer.



According to a seventh aspect, there is provided a nmultilayer structure 5
conprising an inner layer in contact wwth the fluid to be transported or
stored, consisting of the grafted fl uoropol yner nmanufactured according to
the first aspect and, directly attached to the latter, an outer polyam de
| ayer. Disclosed herein is the use of these structures for obtaining a
barrier effect. 10 These structures nmay be barriers to many fluids and in
particular to p étcro(ii anp to .%r-co ditioning fluids. These structures nay
be formed into Bott1®s, %t dnRE™ cHWEL: nBFE 19 yayided oa emuliHayery sEuctis of al |
sorts. Theympiging Slay&econeiRifg bethel gpdfed fldFBpd ' LAty Mede.
15 The cog@i ed use oi\a&a fl u% opol ygmrrer imer%@?g%ﬁgﬁﬂgﬁg@%@%&éand of
a pol yol éff Ht apRechwlased betvesn e pelyoledia laxsys.be particul arly beneficial as
it allows a b&dcbRlin b i,n h effective agai nst
petrol s containjng Ii.éqtc}iodg %Bglﬁth g%e{:\}ﬂ?h?%y%g/f?‘ég%%taaﬁgtﬁﬁ T84 g‘l‘rﬁene and
15% net harf@MpB§ingofy igjerolayairin casest withutheefluids% bs oeaisparesdans sikoq,

et hanol ). [ ' d i e.structures in which the flyoropolyner is
used to prc(%)’gsel%@céﬁg%t ga%g.ﬂhf%mlggfro%“ Btt“r‘?ﬁief“é‘ioﬁ‘gllng e té‘? ftetgpect

f 1 uor opol yamdydiremity attacteddo dre laftar, ambuteF palsamidelh@pd, as nentioned above.
According to aﬁﬂ.ei(?hth aezlgecth, thef{)tg is provided a bul k-gra_fted

f1 uor opol ymer FNSSEAGFRY S the useoidhese styewpsdpngbteimingvebarrieselfes pect . The
bul k- 5 grafted fluoropolynmer may be used as a blend either with the sane
fl uoropol ynmer put not grafted, or with another fluoropolyner or with

alfot her  pol yndhessgiHctiEss mpayrbedanings to, many Aeidy kidingaktjoubar to perd xadml es of
acrylic palpnddRéiSionindRdidson My be nade of PMVA and inpact nodifiers of the
core/shell type. 10 tail ed description of the invention The term

f1 uoropol ymer Thess stiectotessnayrtye foadhydritto bbdles, hasks] Gorithifers/\ipes, Bbses @agt one
nonomner cl;u/ SR 0ffr m %@mixgunds c?nt]gi ning a. vinyl gro.u‘[l) capabfe of opening
in order 'THUBST S SPAAET L DEY Max RIS b conystiad aato fimsewith yivgh packegingds t hi s
vinyl growujadeat |east one fluorine atom at |east one fluoroal kyl group or

at_ | east one f| uoroal koxy group. 15 As exanpl es of nononers, nention nmay be
nBde of vinyl Thesembmed\yisppf pdlesopolymer impermeable to apolar fluids and of a

polyolefin impermeable to polar fluids may be particularly beneficial as it allows a
barrier to be obtained that may be very effective against petrols containing liquids such
as MI5 (42.5% isooctane, 42.5% toluene and 15% methanol by volume) or TF1 (45%
toluene, 45% isooctane and 10% ethanol).

20 o Disclosed herein are structures in which the fluoropolymer is used to protect
substrates.




fluoride (VDF); trifluoroethylene (VF3); chlorotrifluoroethylene (CTFE);
1, 2- difluoroethylene; tetrafluoroethylene (TFE); hexafl uoropropyl ene
(HFP); perfluoro(al kyl vinyl) ethers, such as perfluoro(nethyl vinyl)
ether (PWE), perfluoro(ethyl vinyl) ether (PEVE) and perfl uoro(propyl
vinyl) ether (PPVE); 20 perfluoro(1l, 3-dioxole);

perfluoro(2, 2-dinethyl-1,3-di oxole) (PDD); the product of formula

ooy i TIMEEASEEAR, WO ieBr b ShESHsaharsn ol a

F(CF2), mﬂﬂﬁﬁ;@%ﬁemtmnmﬂamen is 1, 2, 3, 4 or 5 the product of formula
R1CH2OCF=CF2 in anﬁ S hydrogen or F(CF2)z and z is 1, 2, 3 or 4; the
product of 25 %PHIPG EBOME=EIEhH nashschh there| ds Fpered anbullegreftad 2, 3

or 4; per fﬂmﬁlﬁh?ﬂmﬂ eanvkRAged R Iﬁ'—:ﬁrocé'}é’s Shedording (ﬂﬁ{e ﬁfsp Q%IE% AR bulk-

2- trlfluoro - trifluoro-1 ropene. uor yner nay be a
hénopol yneirated 3 E@)‘f?@lolbﬁ@?f gy nh? ubetb Tom ablend neithéd umthnameedsammmorrers

Pomopol yr X ropg e e aBE U, o) Fih AR IR e oprere 8

cont ai ni ngobmdreush ag0ks byampie,g:ht a@thpﬁlyntemwemeﬂf aeylngpsih@san froms
hi trif th fl HFP

1('.:I’I 1(‘)Ir 80; gé{'%ﬁrgﬁe ﬁ?enedegﬁg%ﬁ%ﬂ?#gé‘%ﬁé@ gﬁgg‘f’?P‘EfShel #eRopol yners and

copol yners of trifluoroethylene (VF3); and copolynmers, and especially

terpolynmers, that conbine the residues of the 5 chlorotrifluoroethylene
(CTFE), tetrafluoroethylene (TFE), hexafl uoropropyl ene (HFP) and/or

qbhyl ene uniihiedaRde AR ?‘%%M"%BIE and/or VF3 units. Mention may al so be
made of ethyl ene/tetrafl uoroet ene (ETFE) copolyners. Advantageously,

t he fl uoropol ykbe term fbmrypolmyierdmeieﬁdnnmam;dpolyﬂﬁ\z’ﬂﬁht hdz@iip ohaifef et

copol yner e PVDE contai ns .at t 50% m)re 10 preferably
at | east 9%{))5 g&‘?}{jeve%s%neg?lgrmﬁpowé ‘Eonéaé%’%’ﬂl’—“ SRRy FAPableRE oRgHBS Bier i S
advant ageaudst i beRlyetindlag i ehitink! WirkMPERIRIdo Wid G051 obub 90 [ om

100 Pa.s to 2000 Pa.s, . the viscosity being neasured at a shear

rate of 10 Luopmgajosy, ‘ableasiome fiypipalkyheronp prat leashensetlyevmitoxargzoum f act wel |
gyi ted to extry§eRnABdof MbAGhéS miRibndhbe made of vinyl fluoride; vinylidene

fluoride (VDF); trifluoroethylene (VF3); chlorotrifluoroethylene (CTFE); 1,2-
difluoroethylene; tetrafluorocthylene (TFE); hexafluoropropylene (HFP);
perfluoro(alky! vinyl) ethers, such as perfluoro(methyl vinyl) ether (PMVE),
perfluoro(ethyl vinyl) ether (PEVE) and perfluoro(propyl vinyl) ether (PPVE),

20 perfluoro(l,3-dioxole); perfluoro(2,2-dimethyl-1,3-dioxole) (PDD); the product of
formula CF,=CFOCF,CF(CF;)OCF,CF,X in which X is SO,F, CO,H, CH,0H,
CH,OCN or CH,OPO;H; the product of formula CFZ%CFOCFZCFZSOZF; the product of
formula F(CF,),CH;OCF=CF, in which n is 1, 2, 3, 4 or 5; the product of formula
R,CH,OCF=CF, in which R, is hydrogen or F(CF,); and z is 1, 2, 3 or 4; the product of

25 | formula R;OCF=CH, in which R; is F(CF;)z-and zis 1, 2, 3 or 4;
perfluorobutylethylene (PFBE); 3,3,3-trifluoropropene and 2-trifluoromethyl-3,3,3-
trifluoro-1 -propene.

- The fluoropolymer may be a homopolymer or a copolymer; it may also contain
non-fluorinated monomers such as ethylene.

30 - For example, the flucropolymer is chosen from:
* homopolymers and copolymers of vinylidene fluoride (VDF) preferably

containing at least 50% by weight of VDF, the comonomer being chosen from




15 Preferably, the PVDF has a viscosity ranging from 300 Pa.s to 1200 Pa.s,
the viscosity being neasured at 230C wbth a shear rate of 100 s-1 using a
capillary rheoneter. Thus, PVDFs sold under the brand KYNAR(r) 710 or 720
are perfectly suitable for this fornulation. As exanple of the unsaturated
grafting nononer, mention may be made of 20 carboxylic acids and their
derlvatlves aC|d chl orides, isocyanates, oxazolines, epoxides, amnes and

hydr oxi deShlopstefippresthfeng @M)ahmmmpylme @FHg teifleotdeaserRaWrn 2 to

20 carbon I ic, methacrylic, maleic, furmaric and
I taconic algtli %%ﬂﬁlﬁl%&%g?' der| vatives of these acids conprise, for
exanpl e, anmdhbdﬁpolyﬁﬁ:tﬂnddﬁpbl\yﬁldry6§mfﬁﬁ}% P , 25 imide
derivatives and mit al sal ts (such as al kal'i ta \é§ of unsaturated-

carboxylic ‘acRCIYNER: A eaRpcially otefmolymes, Glﬁatuctdelm;td: ethe creaidues of the

Unsat uw at gl oflish BHGBY b tons and their
functional deri Vg.}f[al t\¥/l Ieﬁegé EE)C ‘?‘3"?‘?@?‘ ﬁﬁ@@uowmygm GhPr 1y
preferr edalgﬂaﬁtﬂlyignmtsrmds;ptloﬂ'am;svw zﬁafdfdrf\g?_’fmﬁfgner s conprise, for
exanpl e, mal ei R/F f.umaric, itaconic 30 citraconic, allylsuccinic,

cycl ohex- 4- ene Mendopmayalioa made of ey ﬁw/@?@ﬂmr@ﬁﬂmleemé?ﬂFE}oo@Dbmdmxyl ic,
bi cycl o[ 2. 2-1 ] hgR 2, giedl i,

x- met hyl b| cycl o[ 25112&%] Eg?{t tt'}:leene 918 #ncar ﬁsgx%‘t‘?"é‘“%b‘te&‘é {ﬂ’i’(?nﬂﬁl éPXDF)

i t aconi ¢, ha@noralymer @i eopoliner! Rreferatily,, ﬂwmmﬁmﬁﬁeaﬂ 1€astli S bowork i C,

b1 cyePol DA R0 on e ian befiBtat e S0V RE heorejet. Bhegomonaneia

] hept - 5- Emhraﬁtagc(disganppxyl i c anhydrides. Exanples of other grafting
nononers conprise Cl-C8 alkyl esters or glycidyl 5 ester derivatives of
unsat ur at ed caf\Besnjagesusy; the PVUE hasis visphiyy rmgmgl fagin, IOUE‘tatsyﬂo 2000 Pa.s,

‘met hacryl I at e met acr | at e, but ,acryl ate, butyl

net hacr yltg% ZWSO%E%BE%% a;fteiy oy itA Kalg af ! es wons at ¢apillamal eat e,
di et hyl mhbemtier. Tmammytreflurmaaweu sqit@a?thu&ma@d ShicdRACHEIH;.

[ tac gg?&lﬁ%e&gly? I taconate; am de derivatives r‘ urate

car b yI i Pk bagg WP%ﬁYd@nglmtﬁmn 3¢ aisde,1200 Ph}sgathmﬁmaitjde of
el d, e R 296 bl Bl R B 190 S R RO et of el el o
210, e VDI sttt DY 1 g
NN- di et h)fd ‘éﬁ‘%&r@fl lation.
| _ As cxample of the unsaturated grafting monomer, mention may be made of
.20 _carboxylic acids and their derivatives, acid chlorides, isocyanates, oxazolihes, epoxides,
amines and hydroxides.
- Examples of unsaturated carboxylic acids are those having 2 to 20 carbon atoms, such
as acrylic, methacrylic, mateic, fumaric and itaconic acids. The functional derivatives of
these acids comprise, for example, anhydrides, ester derivatives, amide derivatives,
25  imide derivatives and metal salts (such as alkali metal salts) of unsaturated carboxylic
acids. Mention may also be made of undecylenic acid.
Unsaturated dicarboxylic acids having 4 to 10 carbon atoms and their functional
derivatives, particularly their anhydrides, are particularly preferred grafting monomers.
These grafting monomers comprise, for example, maleic, fumaric, itaconic,
30 citraconic, allylsuccinic, cyclohex-4-ene-1,2-dicarboxylic, 4-methylcyclohex-4-ene-1,2-
. dicarboxylic, bicyclo[2.2,1]hept—S-ene—2,3—d-icarboxy]ic and
x-methylbicyclof2.2.1]hept-5-ene-2,3 -dicarboxylic acids and maleic, itaconic,



fumari c acid, the N-nonobutylam de of fumaric acid and the N, N-di butyl am de
of 15 fumaric acid; imde derivatives of unsaturated carboxylic acids, such
as naleimde, N-butylmaleinmde and N phenyl mal ei m de; and netal salts of
unsat urated carboxylic acids, such as sodium acrylate, sodium

met hacryl ate, potassium acryl ate and potassi um nethacryl ate.

Advant ageousl y, mal ei c anhydride is used. 20 Step a) is carried out in any

m xi ng de¢itEasonicy ghylaeccaic,rguitex of-ed- K@ rdicaib@dlich4-nidigyledeyeoRbasichss
I ndustry. 1?91%5%0? ithe g)r.o gréi Oﬁg of the fluoropolynmer and the
unsat ur at ef nononer,  th lﬁf‘:(ﬂ %t HBfPlot-erg-Ldrdigrsbemidie i s andvantagetull y, by
wei ght, f mycmpz.tzq]E@n%‘?/enfeoz,zlaiéarb&&li&Q%&Iﬁd%gs aturated monorner,
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respectively. Pref erablfy, the proportion fluoropolyner is from95 to
99.9% for 0.1 tresmestofietben grafingimenomess commrizpatitCy alkyl estdft@rglgdia a) it

IS obser : f I r/unsat ur at ed nonmer bl end  has | ost
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acids, such as sodium acrylate, sodium methacrylate, potassium acrylate and potassium

methacrylate,
Advantageously, maleic anhydride is used.
. 20 B Step a) is carried out in any mixing device, such as extruders or mixers used in
the thermoplastics industry.
Regarding the proportions of the fluoropolymer and the unsaturated moﬁomer,
the proportion of ﬂubropolymer is advantageously, by weight, from 90 to 99.9% for 0.1
| to 10% of unsaturated monomer, respectively. Preferably, the proportion of
25  fluoropolymer is from 95 to 99.9% for 0.1 to 5% of unsaturated monomer, respectively.
Afler step a) it is observed that the fluoropolymer/unsaturated monomer blend
has lost about 10 to 50% of the unsaturated monomer that had been introduced at the
start of step a). This proportion depends on the volatility and the nature of the
unsaturated monomer. In fact, the monomer is vented in the extruder or the mixer and is
30 recovered in the venting circuits.
With regard to step ¢), the products recovered after step b) are advantageously
packagg:d in polyethylene bags, the air is expelled and then the bags are closed. As



‘the invention, nmention may be made of that conprising, in succession: - an
i nner layer in contact with the fluid tb be transported or stored,
consisting of 15 the fluoropol yner grafted according to the-invention and,
directly attached to the latter, either an outer polyolefin |ayer or a

pol yol efin | ayer and an outer polyamde |layer. Atie my be placed between
the polyolefin |layer and the polyam de layer. This structure is useful for
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useful for motor-vehicle petrol tanks. According to a variant, this structure includes a
layer of fluoropolymer, préferably PVDF (or ETFE), deposited beside the grafted
20  fluoropolymer. That is to say the structure comprises, in succession, a layer of
fluoropolymer, preferably PVDF (or ETFE), a layer consisting of the fluoropolymer
grafted according to the invention and, directly attached to the latter, either an outer
polyolefin layer or a polyolefin layer and an outer polyamide layer. The layer of grafted
fluoropolymer is a tie layer between the PVDF (or ETFE) layer and the polyolefin layer.
25 According to another variant, the grafted fluoropolymer layer is a blend either with the
~ same fluoropolymer, but not grafted, or with another fluoropolymer or with another
polymer such as, for example, an acrylic polymer. As examples of acrylic polymers,

mention may be made of PMMA and impact modifiers of the core/shell type.
_ In the above structures, it is possible to place, between the grafted fluoropolymer
30 layer and the polyolefin layer, a layer of functionalized polyolefin having functional
groups capable of reacting with the functional groups grafted onto the fluoropolymer.
For example, if maleic anhydride has been grafied onto the fluoropolymer, the



“In the above structures, it is possible to place, between the grafted

fl uoropol yner |ayer and one or both p@ yolefin |layers, a |layer of
functionalized pol yolefin having functional groups capable of reacting
with the functional groups grafted onto the 15 fluoropol yner. For exanpl e,
i f mal ei c anhydride has been grafted onto the fluoropolyner, the | ayer of
functionalized pol yol efin consists of a copolyner of ethylene with
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f | uor opolaybisnd grithwipplyetybanite According to another variant, the grafied fluoropolymer
layer is a blend either with the same fluoropolymer, but not grafted, or with another
20  fluoropolymer or with another polymer such as, for example, an acrylic polymer. As
examples of acrylic polymers, mention may be made of PMMA. and impact modifiers of
the core/shell type. |
As another exﬁmple of structures according to the in\_renﬁon, mention may be
made of that comprising, in Succession:
25 - an inner layer in contact with the fluid to be transported or stored, consisting of
the fluoropolymer grafted according to the invention and, directly attached to the latter,
an outer polyamide layer. This structure is useful for motor-vehicle fuel pipes or hoses.
According to a variant, this structure includes a layer of fluoropolymer,
preferably PVDF (or ETFE), placed beside the grafted ﬂ-udropolymer. That is to say the
30 structure comprises, in succession, a layer of fluoropolymer, preferably PVDFE (or
ETFE), a layer consisting of the fluoropolymer grafted according to the invention and,
directly attached to the latter, an outer polyamide layer. The layer of grafted



“polynmer such as, for exanple, an acrylic polymer. As exanples of acrylic
polyners, nention nmay be made of PMMA @and inpact nodifiers of the
core/shell type. In the above structures, it is possible to place, between
the grafted fluoropolynmer |ayer and the pol yam de | ayer, a |ayer of )
functionalized pol yner having functional 15 groups capable of reacting
with the functional groups grafted onto the fluoropolyner, this

f unct i onaflucrepolyoiey ien tixelaygr betwarhi tht @ VIDFhort (BTRE) Iadri A theNpdlbgmidgove

structur t%e i%iaer | a eé in contact with the fluid to be transported or
st or ed rrae{}y%"o AP RE b BRPIBFratatiant dng gkatied, Buetswslyaier dwpr 6% Rendygithary e

capabl e ofith TBKisitfe iffuofdtiatd Bt h&n%raﬁ% 50w YR Her $hidkdpol &b i@; y
from bui | di ng up. 20 As ‘anot her exanpl e of structures accor Ing to e
i nvent i onanotent padymemyudbeas, nfiadexaiptehan aapiic ipelymgr. A3 swagdesbbacrydic out er

| ayer .of grafted fl uoropolyner, of e invention a di rectl ttached to
o) 5t OISR mepliG BT bY Fide B eV i rsdhimpisroufs et hal Bers used
as a layer for pA@&(ﬁﬂinlgrtG ahOfes bRSbaidict, thE StraMBR! JfAthe ifR¥LHE cAmpRERONENt
of the body of a motor 25 vehicle or an architectural conmponent. According

to a variakeer easisting ofja wafted; fiuoropdsmar a¢cayding ¢ thelimomdipopjaved bepreeher abl y

PVDF, pl d | graf.ted fluor.opol r. That, .is tqQ say.th

structur Zﬁ@o 95. sgse, tl#%mgu@glgessgﬁugirﬂm a° Iuasicléﬁeﬁ afl?%(ﬂ &ﬁﬁ?’y%@?? Hﬂge?(’etaﬁbl y
PVDF, a |aiventagentsi hbodmoit, tegrlafied fioedpolphedia3tt Rda BRAQ'HMHOO wWith e
I nvent.i on and directly attached to the latter, a Ia%er of a substrate.

The RByersagic Hroropelymer. bitous| gratied, 35 Wih another | fupeopobymercen withcaURE | ayer

and the I | r avarl : afted
fl uor opoméﬁgﬁgéﬁ&a‘a n%idder{]fg% Ir}c %lgg{?tl%héﬁ‘ Sség[r?}en%? %Su%¢ ‘J’(;‘%% yH%lty,mer%ut not
graf t ed, mentwinthanbotriade of PMMApmdyimpactahodificls i &ee/shel (yger such as, for

it 10 exanpl n acrylic polyner. As exanples of acrylic polyners,
mention may b:I“rfEﬁ@gové’fStrlgRﬁWSa &P Q’i? toplace bepwccphe ﬁ‘éﬂ%ﬁép@ﬁ@]mqupe.

oo aIaye: i el Hoigamidd Laver RORLPof, diBcRlAfifd BEINRE ha G, ALRLLES
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pol y¥er rerouprgcdpablet oforeadtingr with she Surcéipadll groops prasied iontp thict fludrbpolfmegt i onal

Phe Supsris Bt N R By by Wb opeNERHE: 2 Tayer for
protecting a shhhé&béve sHturé) Hedhherd IRferts BhtabMyvith AR f1id 86 Be HAHRited
radi ati on-absorbent fillers. :
~or stored may contain carbon black, carbon nanotubes or any other additive capable of
making it conductive in order to prevent static electricity from building up.
20 As another example of structures according to the invention, mention may be
made of that comprising, in succession:

- an outer layer of grafted fluoropolymer of the invention and, directly attached
to the latter, a layer of a substrate. The grafted fluoropolymer layer is used as a layer for
protecting the substrate, The substrate may be a component of the body of a motor

25 vehicle or an architectural component. According to a variant, this structure includes a
layer of fluoropolymer, preferably PVDF, placed beside the grafted fluoropolymer. That
is to say the structure comprises, in succession, a layer of fluoropolymer, preferably
PVDF, a layer consisting of the fluoropolymer grafted according to the invention and,
directly attached to the latter, a layer of a substrate. The layer of grafted fluoropolymer

30 is a tie layer between the PVDF layer and the substrate layer. According to another
variant, the grafted fluoropolymer layer is a blend either with the same fluoropolymer,

but not grafted, or with another flucropolymer or with another polymer such as, for



‘These structures may be manufactured by standard techni ques, such as 10
~extrusion, coextrusion, coextrusion bl ey noul ding, coating, extrusion
coating. The invention also relates to the bul k-grafted fl uoropol yner.
[ Exanpl es] The follow ng fluoropol yner was used: 15 Kynar(r) 720: A PVDF
homopol ymer from Atofina, having an MI (nelt volunme index) of 10 cnB/10
mn (230C/5 kg). Exanple 1: (according to the invention) A blend of Kynar
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190C/ 2. 16 kg) (thickness: 500 mj. At t = 0, an adhesive strength of 30 NNcm

was neasured at the A/Binterface, 5 and the B/C interface could not be
peel ed. TH&EM&sEt ure was i mmersed in ML5 fuel at 60C. After 15 days, the
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Example 1: (according to the invention)

A blend of Kynar 720 PVDF from Atofina and 2% by weight of maleic
20 anhydride was prepared. This blend was prepared using a twin-screw extruder at 230°C
and 150 rpm with an output of 10kg/h. After the extrusion step, 1.8% of maleic
~ anhydride remained in the product, the rest being lost during the extrusion step. The
product thus prepared was put into sealed aluminium bags. These bags were then
irradiated to 3 Mrad. A 40% degree of grafting was determined - this was checked after
25  a dissolution/precipitation step. The MA-g-PVDF product (maleic-anhydride-grafted
PVDF) was then placed under vacuum overnight at 130°C in order.to remove the

 residual maleic anhydride and the hydrofluoric acid liberated during irradiation.
A three-layer structure was produced by the compression moulding, at 220°C
under 1 bar, of an MA-g-PVDF layer A (thickness: 500 um) bonded to a layer B of a
30 blend of (i) 5.0% by weight of Lotader® 8840 (thickness: 100 pm), which is an
'ethylene/glycidyl methacrylate copolymer of 5g/10min MFI at 190°C/2.16kg
(containing 92% ecthylene and 8% glycidyl methacrylate by weight), and (ii) 50% of



A bl end of Kynar 720 PVDF from Atofina and 2% by wei ght of maleic

anhydri de was prepared. This bl end was 1jgrepared using a tw n-screw extruder
at 230C and 150 rpmwi th an output of 10 kg/h. After the extrusion step,
1.8% of maleic anhydride remained in the product, the rest being | ost
during the extrusion step. The 15 product thus prepared was put into

al um nium seal ed bags. A three-layer structure was produced by the
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using a me%?saéglfé%e&eﬁh@rmegl?e ﬁbA"?g ngag 8N PSEUERD BamslYotl BlEm.of 10
kg/h. After the extrusion step, 0.45% of mal eic anhydride remained in the
product, the rest being lost during the extrusion step. The product thus
prepar@d Keample 2; (pompasativeexamplehi um bags. These bags were then 12

irradiated to : 9 r rafti wa termned - .this was
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bonded t OuddéralyBdr, 6f &0 VA St PUBFOhyer A (thickness: 500 pm) bonded to a layer B of a

blend of (i) 50% by weight of Lotader® 8840 (thickness: 100 pm) which is an
ethylene/glycidyl methacrylate copolymer of 5 g/10 min MFI at 190°C/2.16 kg (92%
20  ethylene and 8% glycidyl methacrylate by weight), and (i1) 50% of Stamylex® 1016 F
- polyethylene, which was itself bonded to a layer C consisting of MS201N High-density
PE (thickness: 500 pm).

At t=0, an adhesive strength of 1 N/cm was measured at the A/B interface and
the B/C interface could not be peeled. The structure was immersed in M15 fuel at 60°C.

25  After 15 days, the structure exhibited delamination at the A/B interface. |

Example 3: (according to the invention)
A blend of Kynar 720 PVDF from Atofina and 0.5% by weight of maleic
anhydride was prepared. This blend was prepared using a twin-screw extruder at 230°C
73.0 ~and 150 ;pm with an output of 10kg/h. After the extrusion step, 0.45% of maleic
anhydride remained in the product, the rest being lost during the extrusion step. The

product thus prepared was put into sealed aluminium bags. These bags were then



"M5201N Hi gh-density PE (thickness: 500 m. At t = 0, an adhesive strength
of 25 NNcmwas neasured at the A/B intepface, and the B/Cinterface could
~not be peeled. The structure was imersed in M5 fuel at 60C After 15
days, the structure showed no delam nation and a force of 14 NNcmwas 15
measured at the A/B interface. After the A/B/C structure was vacuumdri ed
for one week at 60C, the peel force betvveen A and B was agai n neasured,

nanel y 25ir¥dgaed toExBrRd.eA $0% @sses 6f WACddthhBitdl -GRiks vhsiiheaedadicKy nar
720 PVDF f;ﬁn1Atof|na and. 2% by wei g t mal ei ¢ 20 anhydri de was
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devol atilization of the un rafted species. A thr |'ayer structure was
produced blgnd hef ﬁt)niﬁ%slzy omclglmmﬂulagadea? 8841D¢th1¢kmdsl: ]:DOl:pan), whichnisMéa g- PVDF
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| ayer C CM@'O NI OJe{lﬁMé‘g% y PE (thickness: 500 pm. At t =

0, an adhesive s asured at the A/B interface, and

the B/Cinterfage =d}2lﬂndadh9§1vbetrﬁﬁgih®¢ 25W/%n§Wa§%dd§1ﬁec‘I‘@§ tHe RS $8€rfhdb, M 5
fuel at 5 60C._After 15 days, the structure showed no del am nati on and a

force of amsl W&M&a&erﬁﬁ%wlédwabemlew Bhe strusirg veas lmmq:ésedtlné\w et at
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and B was agai n neasu conpar a |ve
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mal ei ¢ an rid s .prepared. .The blending was carried out in a
t ur bol at o\f‘%qb’f‘t @ocn'iwg@s%@cﬂb& tWefeh dod st asaingasyredentaelyBagV/eme bag

was seal ed, taking care to expel as nuch air as

Example 4: (according to the invention)
A blend of Kynar 720 PVDF from Atofina and 2% by weight of maleic
20  anhydride was prepared. This blend was prepared using a twin-screw extruder at 230°C
and 150 rpm with an output of 10kg/h. After the extrusion step, 1.8% of maleic
anhydride remained in the product, the rest being lost during the extrusion step. The
product thus prepared was put into sealed aluminium bags. These bags were then
irradiated to 3 Mrad. A 40% degree of grafting was determined - this was checked after
25 a dissolution/precipitation step. The MA-g-PVDF polymer was then extruded under
vacuum in order to allow devolatilization of the ungrafted species.
A three-layer structure was produced by the compression moulding, at 220°C
under 1 bar, of an MA-g-PVDF layer A (thickness: 500 pm) bonded to a layer B of a
blend of (i) 50% by weight of Lotader® 8840 (thickness: 100 pm), which is an
30  ethylene/glycidyl methacryléte copolymer of 5g/l0min MFI at 190°C/2.16kg
(containing 92% ethylene and 8% glycidyl methacrylate by weight), and (ii) 50% of



possi ble fromthe bag. The sealing of the bag was checked, as neither air
nor dust nust be able to escape from the bag. The latter underwent beta
irradiation to 6 Mad (10 MeV 15 beta). The powder, infrared-analysed after
heating in an oven overnight at 130C, had a degree of grafting bel ow the
detection limt < 0.05% The maleic anhydride had not grafted onto the

out ernost surface of the PVDF powder. Exarrpl e 6: (according to the

i nventi 0n$ta 1e9<®bl|0‘?6¢ BlW&nJ%@ndﬁv%s i 58%&;& ﬁf"aalggeroc%@lggmﬁbght of ,
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Mad. A 50% degree of grafting was determined - this was checked after a
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of a B/ AB/Cstructure, with the |ayer A consisting of MA-g-PVDF

(thickness: 200 pm, the layer B consisting of a blend of (i) 50% by wei ght

of Lot adgka @8- I-.&}h KNAR% e which is an ethyl ene/glycidyl
-met hacryl at% ? (éopo ynmer of&gﬂ’lgio mn Ml at 190C/ 2.16 kg (92% et hyl ene
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2% by vvelgﬁht of mal eic anhydride was prepared. This bl end was prepared
usi ng a tdfgeesef enfiing belowr the: detegion lmi 16.05Yep hhei mhleanardydpde hod ned kg/ h.

After t hegr%ﬁ&& Yitb M SdiERnost s BN of IR FUDE powder.

Example 6: (according to the invention)

20 A blend of Kynar 720 PVDF from Atofina and 0.5% by weight of. maleic
anhydride was prepared. This blend was prepared using a twin-screw extruder at 230°C
and 150 rpm with an output of 10kg/h. After the extrusion step, 0.45% of maleic
anhydride remained in the product, the rest being lost during the extrusion step. The
product thus prepared wasr put into sealed aluminium bags. These bags were then

25 irradiated to 3 Mrad. A 50% degree of grafting was determined - this was checked after
a dissolution/precipitation step. The MA-g-PVDF product was then placed under
vacuum overnight at 130°C in order to remove the residual maleic anhydride and the
hydrofluoric acid liberated during irradiation.

A five-layer structure was reduced by the compression moulding, at 220°C

30  under 1bar, of a C/B/A/B/C structure, with the layer A consisting of MA-g-PVDF
(thickness: 200 pm), the layer B consisting of a blend of (i) 50% by weight of
Lotader® 8840 (thickness: 100 wm) which is an ethylene/glycidyl methacrylate -



anhydride remained in the product, the rest being |lost during the extrusion
step. The 15 product thus prepared wasigut into seal ed al um ni um bags.
These bags were then irradiated to 3 Mad. A 40% degree of grafting was
~determned - this was checked after a dissolution/precipitation step. The
MA- g- PVDF product was then extruded under vacuumin order to allow

devol atilization of the ungrafted species. A three-|ayer structure was t hen

coext r udedopdifther SENS LA BRI MQO%BW@&yg %%%a&%geﬁre(&nﬁ' ?@%50 m

bonded to a | ayer Lot
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(thi ckness: = 0, an adhesive strength of 30 N cmwas
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the A/ B i nteesuratat. thé\fAﬂBnntteffeceﬁJAmeEt}&t CHB/ABA SAfhita kil Fhéliunedritdforone 30
- week at 60C ﬁ\@%eﬁﬁ Lé’ blg[m en A and B.was agai n neasured, nanely 30
Ncm 15 VEHf RsELosc REtwernA and B was agrimmgrsired nawalymd NSt 0 a
fluoropolyner, in which: a) the fluoropolyner is nelt blended with the

“unsaturated nononer; b) the blend obtained in a) is made in the form of

filmslLo shEehmplgT:aavtadi totm@\tﬁl&rnuoﬁ) the products fromstep b) are
exposed, in thibgt)sen air hot on 2_1 el ectron (p) irradiation
with a dose of of Kman 728 RYBE. . frgd AddfinhangrBduby vm;glm cnfean@tewc) is

optional | ynHvigat 6 P?%ﬁtaﬁﬁts%léﬂﬁf%@b%ﬁ ratttvr.r(tJf t he % 83&)68

nononmer that has no en grafte ropo

accor di ngand 160 gimm wtthl an \ohipoh of hl&) ltg/htoﬁmﬁltkér&iktruﬁoi?\% BS%be)@x@eﬂﬁc
according_to . Caim?2 in ich the PVDF contains at |east 85% VDF by

wei ght . 42npdgde remaioed it f‘gP’EO(S‘uathoWét being Hestfusmg e pxpsipasten Thghi ch
the imsapedaéethuSREpREd was BhtCinfo JBYE ahlimium bags. These bags were then

irradiated to 3 Mrad. A 40% degree of grafting was determined - this was checked after
a dissolution/precipitation step. The MA—Q—PVDF product was then extruded under
vacuum in order to allow devolatilization of the ungrafted species.

A three-layer structure was then coextruded, this consisting of an MA-g-PVDF

20 layer A (thickness: 150 pm) bonded to a layer B of a blend of (i) 50% by weight of
Lotader® 8840 (thickness: 50 um), which is an ethylene/glycidyl methacrylate
copolymer of 5g/10min MFI at 190°C/2.16 kg (92% ethylene and 8% glycidyl
methacrylate by weight), and (ii) 50% of Stamylex® 1016 F polyethylene, which was
itself bonded to a layer C consisting of 2040 ML55 high-density PE (thickness:

25 800 pm).

At t=0, an adhesive strength of 30 N/cm was measured at the A/B interface,
and the B/C interface could not be peeled. The structure was immersed in M15 fuel at
60°C. After 15 days, the structure showed no delamination and a force of 15 N/cm was
measured at the A/B interface. Afier the A/B/C structure was vacuum-dried for one

30  week at 60°C, the peel force between A and B.was again measured, namely 30 N/cm.



5. Process according to any one of the preceding clains, in which the
proportion of fluoropolyner is, by weight, from90 to 99.9%for 0.1 to 10%
of unsaturated nonomer, respectively. 6. Process according to Caimb5, in
which the proportion of fluoropolymer i.s from95 to 99.9%for 0.1 to 5% of
unsat urated nononer, respectively. 7. Pfocess accor di ng to any one of the
preceding clainms, in which the irradiation dose is between 2 and 6 M ad.
8. Anmultilayer structure conprising at |east one |layer of the grafted
fl uoropol yner prepared according to the process of any one of the
preceding cl ai @ A3@ at | east one |ayer of another material. 9. Bottles,
tanks, containers, pipes, hoses, vessels, filnms and packagi ng manufactured
with the nultillayer Processér grafing in @satirateBmordther dhtoadlifordpalymer, mtwhivhi ur e
conpri sing an inner r in contact, with th fluid.to be transported or
stored, consisting 3thﬁ¥ﬁueoro PW%&W#HS@B‘EN%@EWMWWWQW;M according to
any one of Cl ainms 1b)thebleatddbtaiticd @Cd)liymadd iachedrh of ik, sHedth [ Binuld@Ry OUt er
polyolefin layer. 11. A multilayer structure conprising an inner layer in
contact with the flui®™ be transported or stored, made of the grafted
fl uor opol.yner manuf [ 7 f. I T8 to 7 and,
directly attached tgﬁ%ﬁ%rg%ﬁs?%%% bg%]e%&og% lr?h%él)?gerggea(%gl r’S?\gﬂo(tjolﬁlt(brmpoI yam de
| ayer. 12. The nul t eleayea (B)atadiatinwith 2 TdetRent 1ol PimadlfPdor 11, in which a
PVDF (or ETFE) Iaygr is placed gesi'de the grafted fluoropol yner |ayer. 13.
The multilayer struftfhgRe %%’Fa(‘:l’le 8 2 i ortiopplyireged imoderig reppvedpr part ofi n whi ch
a layer of functi 0nﬂil‘:hﬂ@ﬂraﬂ:@'niﬁﬂ@rﬁer%ﬂa@gotfb%(‘g}dﬁ@@&hoﬁéﬂﬁﬂ?@ofgﬁﬁ?bl e of
reacting with the functional groups grafted onto the fluoropolyner is
pl aced between2t he Pigpess aceerding ipdriapmd) iprvwhichtefupropaiyingr P VB3 yol ef i n | ayer.
14. A multilayer st. IS dn AYE PSSt n rafted
fl uor opol yner rgr'anuf g%?%%’%:gorg@%r%@ﬁg%%hgﬁéwgne (ff)mﬂ]%%trg}eg&%%”g&?? pl aced
bet ween two pol yol eby weiglyers. 15. The nultilayer structure according to
Clai m 14, i-nmﬁaichglayer of .. ) L .
. rocess according to any one of the preceding claims, in which the
unsaturated monomer is maleic anhydride.
5. Process according to any one of the preceding claims, in which the proportion
of fluoropolymer is, by weight, from 90 to 99.9% for 0.1 to 10% of

unsaturated monomer, respectively.
6. Process according to Claim 5, in which the proportion of fluoropolymer is

from 95 to 99.9% for 0.1 to 5% of unsaturated monomer, respectively.

7. Process according to any one of the preceding claims, in which the irradiation
dose is between 2 and 6 Mrad.
8. A multilayer structure comprising at least one layer of the grafted fluoropolymer

prepared according to the process of any one of the preceding claims and at least
one layer of another material.

9. Bottles, tanks, containers, pipes, hoses, vessels, films and packaging
manufactured with the multilayer structure of Claim 8.

10. A multilayer structure comprising an inner layer in contact with the

- fluid to be transported or stored, consisting of the grafied fluoropolymer

manufactured according to any one of Claims 1 to 7 and, directly attached to the
latter, an outer polyolefin layer. |

11. A multilayer structure comprising an inner layer in contact with the

fluid to be transported or stored, made of the grafted fluoropolymer manufactured

according to any



functionalized pol yol efin having functional groups capable of reacting with
the functional groups grafted onto the fluoropolyner is placed between (he
grafted fluoropolynmer |ayer and one or both polyolefin |layers. 16. A

nul tilayer structure conprising an inngf layer in contact with the fluid
to be transported or stored, consisting of the grafted fluoropol yner

-manufactured according to any one of Clains 1 to 7 and, directly attached

to the latter, an outer polyanide layer. 17. The nultilayer structure
according to Claim116, in which a PVDF (or ETFE) layer is placed beside
the grafted fluoropolyner layer. 18. The nultilayer structure according to

daim 16, conprisi ngydraiahd £Q 7a£a,la9mp<aé@eﬂarw haveL %@%ﬁ%?@&%&& two
I gto

pol yam de layers. 19. The nultilayer structure accof ny one of
Clainms 16 to 18, i noutgppolypmide lagsger of functionalized pol ymer having

functional grou o ctin i th.the functiona u rafted
onto the fluor O%ZI y%eg‘%g!ﬂglag%rasg%g& %:?a(fr&"\,\{ﬁ 9 lg?fal?ft"égl’lfﬁ?%lé}’@%gﬂr | ayer
and the pol yam de | &yeiis pldckd isidé the gifralithbiopadgng@tyyther bei ng conpatible with
t he pol yam de. 320. ﬂie n]JJti | ayer structure according to any one of Cains
10 to 19, ‘in which tRE™HHEF STUMEP ap5prdinhtomberpliHaimtd Orandilds ingvhigh
transported or storethysByf fofibmilifed peRHmbHAviRk AG&iond BoRRRafBR O RGHe Qi any

ot her additive capable of making it conductive in order to prevent static
electricity from bufhe&inpipnggroupyerafied onfpyihe feropalyngesiis pleced between honpr i si ng

an outer | ayer consihldtioRlpolif: Bi@uhefle fyifERROLYer manuf act ur ed
. ; )

according to any oné of Clarns 110 and, directly attached to the
latter, a |ayeldof A multleyeratrectu?Zomptisingrulldyed cysstingtof et grifeedaccor di ng to
Claim21, in which PVDE | ayer s pl.aced,. beside t rafted fl yoropol yner
| ayer. 23. The mul tﬁ?(g%orlynsl?rr%a&l%?tggg(":‘EC(S’Fdd‘i‘gnt& a‘i.‘yoonél"g‘e“‘?ﬁ‘fil ‘8?7’ Qlé‘feﬂi n which a
llayer of functi onabétzed tpobolpsefidiantsng functional groups capable of

reacting with tlge éllﬁlnct onal groups grafted onto the fluoropolyner is
pl aced between't'he (PEPIEERYF FHHSTBHIACHIEE to Sdm Idnin wiieh 3 lpyex ofat e | ayer,

et o Eeme el LN BRI, T
- the functional groups grafted onto the fluoropolymer is placed between (he
. grafted fluoropolymer layer and one or both polyolefin layers.

16. A multilayer structure comprising an inner layer in contact with the
fluid to be transported or stored, consisting of the grafted fluoropolymer
manufactured according to any one of Claims 1 to 7 and, directly attached to the
latter, an outer polyamide layer. |

17. The multilayer structure according to Claim 16, in which a PVDF (or ETFE) layer
is placed beside the grafted fluoropolymer layer.

18. The multilayer structure according to Claim 16, comprising a grafted
fluoropolymer layer placed between two polyamide layers.

19. The multilayer structure according to any one of Claims 16 to 18, in
which a layer of functionalized polymer having functional groups capable of
reacting with the functional groups grafted onto the fluoropolymer is placed
between the grafted fluoropolymer layer and the polyamide layer, this
functionalized polymer being compatible with the polyamide.

20. The multilayer structure according to any one of Claims 10 to 19, in which the
inner layer in contact with the fluid to be transported or stored may contain
carbon black, carbon nanotubes or any other additive capable of making it

- conductive in order to prevent static electricity from building up.



grafted fluoropolymer layer is a blend either with the sane fl uoropol yner,
or with another fluoropolyner or with another polyner

such as, for exanple, an acrylic polymer. 25. Bul k-grafted fl uoropol yner
manuf actured in a process according t claim11. 26. Polynmer accordi

but not grafted,

Claim25, in which the fluoropolyner i PVDF. 27. Pol ymer according to

ng to

Claim25, in which the PVDF contains at | east 85% VDF by weight. 28.

Pol ynmer according to any one of Clainms 25 to 27,
nmononer i s mal eic anhydri de.

i n which the unsaturated
29. Polynmer according to any one of Cains 25

to 28, in which the proportion of fluoropolyner is, by weight, from90 to

99.9% for 0.1 to 10% of unsaturated nononer,

accordi ng to Chbai MIBdmultiRyeMitneiré SenpRSRPAH Juiepﬁyé?t:orfsisﬁ&%’ & nga@E@(ﬁ s

to 99.9%for 0.1 to 5% of unsaturated nononer, respectively.

22,

23.

24.

25.

26.
27.

.28,

29

30.

fluoropolymer manufactured according to any one of Claims 1 to 7 and, directly
attached to the latter, a layer of a substrate.

The multilayer structure according to Claim 21, in which a PVDF layer is placed
beside the grafted fluoropolymer layer.

The multilayer structure according to Claim 21 or 22, in which a layer of
functionalized polymer having functional groups capable of reacting with the
functional groups grafted onto the flucropolymer is placed between the grafted
fluoropolymer layer and the substrate iayer, this functionalized polymer being
compatible with the substrate.

The multilayer structure according to any one of Claims 10 to 23, in which the
grafted fluoropolymer layer is a blend either with the same fluoropolymer, but not
grafted, or with another fluoropolymer or with another polymer such as, for

example, an acrylic polymer.
Bulk-grafted fluoropolymer manufactured in a process according to

claim 1. '

Polymer according to Claim 25, in which the fluoropolymer is PVDF.
Polymer according to Claim 25, in which the PVDF contains at least 85% _
VDF by weight. |

Polymer according to any one of Claims 25 to 27, in which the unsaturated
monomer is maleic anhydride.

Polymer according to any one of Claims 25 to 28, in which the proportion of
fluoropolymer is, by weight, from 90 to 99.9% for 0.1 to 10% of unsaturated
monomer, respectively.

Polymer according to Claim 29, in which the proportion of ﬂuoropolymér is

from 95 t0 99.9% for 0.1 to 5% of unsaturated monomer, respectively.

respectively. 30. Polyner

from 95



