1 PROCESS FOR. GRAFTI NG A FLUOROPCLYMER AND MULTI LAYER STRUCTURES COVPRI SI NG
TH' 'S GRAFTED POLYMER 5 Field of the invention Fluoropolyners, for exanple

t hose 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 qualities are exploited for various fields of

application. For exanple, nention may be made of the nanufacture of
extruded or injection-noulded parts for the chem cal engineering industry
or for microel BBOGHESIOR IGRAGENG i FHEOROPOIGYMERANINABITELAYER f or

transporting gases i L Las..0r coatings
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15 el ements for electrical engineering uses. However, this chem cal

I nertness of fluoropolyners neans that it is difficult to bond them or
conbi neSthemwith other materials. The present invention discloses a
process in ' Lve functional group is fixed onto a fluoropol yner.
Thi s fIuor%%gﬁgﬁg?ﬁfﬁﬁ@?nnndified may be easily bonded to or conbined with
ot her materi al s FlaRopdlgmpns0 €&rs sxiiple Nthodenbigyet | @in vixphidesd $lubsidéerelr2=0IENdi ng

t he quorop}(}JQ%rrer ith the functional nmpnoner that it is desired to graft
onto the s&VH %ﬁoﬁMWBF pRlyvipelidens e flugrida)y age Jerodinn dey, offer; ggesiisnt

divided fo a : 1S jLragl ' r af t he.
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powder or filmin a solution of "a 30 nonormer chosen fromthe group
conpri si ng impeyicabliediictssioy fransporting p3ses oy hydrocarhbhsy the grogoctiyl ofefilmey or

2-vi nyl i di - vi nyl i dine, 2-nethylz5-vinyl i dj .
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di met hyb amelegqdneit eléctaiedlyengin@eritl wes,hy| am nopropyl nethacryl ate,

di et hyl am noet hﬂ acrylate,
owever, this chemical 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 other materials.
20  The process of the invention consists in meli-blending the fluoropolymer with the
functional monomer that it is desired to graft onto the said fluoropolymer and then the
mixture obtained, being in divided form such as granules, is irradiated in order to graft

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 2 solution of a
30 monomer chosen from the group comprising acrylamide, styrene, methylstyrene, allyl
glycidyl  ether, 2-vinylpyridine, 4-vinylpyridine,  2-methyl-5-vinylpyridine,
dimethylaminoethyl acrylate, dimethylaminoethyl methacrylate, dimethylaminopropyl



di et hyl am no et hyl nethacryl ate, diethylam nopropyl acrylate,

di et hyl am nopropyl nethacrylate, di et am nopropyl nethacryl am de,

N-vi nyl pyrrolidone, N-vinylcaprolactam 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
powder or fdctylatey neanehpbmimpraiydg rmethadrylace, i n dithelaghsames of adyeen,
and c) - then subj ecting the grafted copolymer obtained to a chem cal
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Rssenl § 1 SN Eo I LI PRGRTAEF Ao ORI HIPTOETE B @IDERidset os es
a process ffjordebivdabralmintiRiisaidedoddigt | onal  nonomer onto the surface
of a powdered fl uoropol yner. Powdered mal el c anhydride is blended with the

f I uor opol ymer arkd - m@iﬂiat!rt&tiwaneregnﬂted povedgyor Yk foy|revass béipnizing radiatien in t he
air contai gﬁd I n thg ge has.been expell ed, the bag containing the powder
blend is 2 gﬁ%seg IPﬁﬁ‘i‘ation of between 3 and 6 Mad. Accordi ng to a

variant, the rralcgtmn anfucdnd diee g&ﬂéﬂ%@blgﬂ@rldbtm NE chémRaPb fdaetibPn | S
m xed W|th t he powdered  f| uoropol yner an hen the acetone is evaporat ed.

The naifri &r ¢r§0tqﬁ>efpr|anrlaaica<tl@@ﬁcép§ ongih oxhen thre @rafiedfmerpmgr dnes mot i an s
then used i;p.multilayer structures. In all the exanples, only
fluoroel astoners are used. 25 The peel force between a Iayer of

f1 uoropol yner griatdne dhppticaticai WD 00/17889 diacieses fowedcabletjackets cngirkelg, in
material is insufficient, for ny appl.icatiaqns, particularly in structures

that i ncl ud¥cesH9 adpysidormed fom aﬁcﬁﬁ‘ﬂ%‘@ﬁlkﬂ@ﬁﬂ’lﬁtﬂa’tﬂ@? a'ﬂl%infiF W@Weglner
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to be obt aif@thmed onto the surface of 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.

25 The peel force between a layer of fluoropolymer grafted according to the above
prior art and another material is insufficient for many applications, part.icularly 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  obtained, 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 peel forces to be obtained.



Brief description of the invention The present invention relates to a
process for grafting an unsaturated nonarer onto a fluoropolyner, in
which: 5 a) the fluoropolyner is nelt blended with the unsaturated nononer;
b) the blend obtained in a) is nade in the formof filnms, sheets, granul es
or powder; c) the products fromstep b) are exposed, in the absence of
air, to photon (y) or electron (J3) irradiation wwth a dose of between |
and 15 Mad; and 10 d) the product obtained at c) is optionally treated in
order to repove. all or part. of  the unsaturated nononer that has not been
grafted ont BUEhdeseTRiRIShs uEntiophe grafted fl uoropol ynmer thus obtained can

be used as such ’lq{e eﬂt lv@ﬂﬂ)neﬂefatﬁ%rto \SérBQesquT %@ffﬁ'ﬁ Anul?r{s ﬁ?elte\ﬁ'ﬁfonﬁ %r not

grafted or with an uor opol ymer W th suc
exanpl e, amnanaﬂummppitymcrmnwhm exanpl es of acrylic 15 poI ymars nment | on

may be pade of P act. nodi.fiers o he core/shell /pe. The
i nventidn al so F‘% r‘?%’ Frue té’éeqdﬁimﬁt%?mﬁa%e gg)gpmg e layer of

this grafted flyewopRhy WBtaiAdinad) s&Adde BNhel RYA! oOfiln)ChERE, JBRhLAL 81' The
invention also relates to the use ‘of these structures for obtaining a

barrier ef fpewder; 20 These structures are barrlers to many fluids and in
particular to pe and t ondi tioni.n These structures may
be forned into 635) }{elggductt% @St@’o AF fapsedy; EWBE%Q Yhdo R&‘@E"é’e@ Obf aII
sorts. Thewidthin o)SealitiG WHsaldde bfbdwhbid MndM 4 Diriliafl Packaging is made.
25 The conbi nedngﬁs)z gf 611 Tl uoraopo?yrrer %rrperrrea%?% t'o apol ar fluids and of

a pol¥dlefini rd;)dtermadhloeobtanmdlaac) i bptiatelly trepiad tin oxdentol igmbeaell bepat ofis it
allows a barrier t be obtajn is very ef i ve agai nst petrols
cont ai ni ng q‘&lf?%ﬁ%%@ﬂn%}?erl\’bgﬁlﬂﬁ?% enjgzaftsdiopfppthe %‘0%0 W%ene and 15%
met hanol by vol un@)srfied HubrdpbdhbthteSainéP %n Bemgtaéa?c adf}% %%%Iﬁtéﬂmepl ) -

30 The invention aI so relates to structures I n whi | uoropol yner is
used to prathethe mﬂump@mr bat nhtegaﬁgd/@rsmﬂu@mthasﬂudampolgmf toedvith

f1 uoropol YR IR }5019‘1%&3‘14331616 fotrsex%?)leo an acryllc polymer. As examples of acrylic
15  polymers, mention may be made of PMMA and impact modifiers of the core/shell type.

The invention also relates to structures that include at least one layer of this
grafted fluoropolymer and at least one layer of another material.

The invention also relates to the use of these structures for obtaining a barrier
effect.

20 These structures are barriers to many fluids and in particular to petrol and to air-
conditioning fluids.

These structures may be formed into bottles, tanks, containers, pipes, hoses and
vessels of all sorts. They may also be converted into films with which packaging is
made.

25 The combined use of a fluoropolymer impermeable to apolar fluids and of a
polyolefin impermeable to polar fluids is particularly beneficial as it allows a barrier to
be obtained that is very effective against petrols containing liquids such as M15 (42.5%
isooctane, 42.5% toluene and 15% methanol by volume) or TF1 (45% toluene, 45%
isooctane and 10% ethanol).

30 The invention also relates to structures in which the fluoropolymer is used to

protect substrates.



a blend, as nentioned above. The invention also relates to the bul k-grafted
fluoropolymer. It relates to the bulk-grafted fluoropolyner as a blend
either with the sanme fluoropolymer but not 5 grafted, or with another

fl uoropol yner or with another polynmer such as, for exanple, an acrylic

pol ymer. As exanples of acrylic polyners, nention nmay be nmade of PMVA and
inpact nodifiers of the core/shell type. :Detailed description of the

i nvention 10 ThEIntt](ﬁil’ﬁbdvbuﬁﬁﬁﬁﬁlsyﬂfefgﬁtﬂw&hﬂﬁﬂﬁﬂ)@ﬁer&ﬂ? POhyearsn ithekn bags i n
its chain at |east one nononer chosen from conpounds containing a vinyl

group capalsi tlengk apmentiongdiahovesr der to be pol ymerized and that contains,
directly attacheg, Iav&moa éiéd“)‘élatgg R e Bl ﬁ@fetd ﬂx?d}ﬁ%élkl%{ '19%1%%5%
r uor exanpl es

| east one fluoroal kyl group o east
of nononer s}.mlk#guaﬁed)rﬂumypoﬂzﬁneraahe adflend mtherf Wuhrthele;amw ﬂlydrbpkﬂmer bat mbtior i de

VDF rifl uoroethyl] ene hl orotr.i fl uoroet ne CTEE)
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per f 1 uor o gbK¥ic pmﬁyér)A@&mﬁpies @f%m@ﬁao drk URERORRY yse Iﬂad%f)m
(PWE), perfludro(ethyl vinyl) ether E and perfl uoro(propyl vi nyI)

et her (PPVBppactmdlﬁQrapﬁ(lmcereehlm}l@m) perfl uor o( 2, 2-di met hyl - 1, 3- di oxol e)
(PDD); the product of 20 fornula CF2=CFOCF2CF( CF3) OCF2CF2X in V\/ni ch Xis
SQ2F, CO2H, CH2OH, CH2OCN or CH2OPQ3H; the product of formula

CF2=CFOCF2 Ch2@a{leddeschigti®t #THe invehtiod or mul a F(CF2) " CH2OCF=CF2 in which n is
1, 2, 3, 4 or 5; the product of fornmula RICH2OCF=CF2 in which Rl is

hydr ogé® or F( Cfiezemn fugrqpslymenthus degotes, anyipolyperdhet hasfin its ohainl a least

Egrc?rugr_l(z) bhpy n%t}legﬁlelés%ﬁ%%: %31%38\@1%5)20? *I]I}%%glpn lgf g caﬁ%)le of opening in

2-trifluor @mhybe @o@;&nzéd bifid that Contaipns, AdROWy affdvbed tdiioEallgRup,MYeRe a
honmopol yner or_ a copoly it may also contain non-fluor| nated nononers

such as et Iyf @H@nn%f)me%a!ﬁfﬁt gne ﬂH‘éTOF]lkagfeléB py#tdeast eneupseslkexpgroupo A
homopol yners andy £ %ﬂjﬁ&%ﬁn&{onﬁérg%&%ﬁ%g Hé)fﬂagg of VB? H&ﬁ&ee vﬁlggﬁﬁen

containing at |east 50% by wel ght he cononone en from5

chl orotbi f lfimoridet KYD&me t(iCiTGMepthyheme af(VEd ¥, o phbpyirfiueroetiyine (CTFE), 1,2-
trifluoroet hié{Llloergg 3$l>3/nFe3) t%tr}gﬁtgo?'gé ;rllellljé) ' OE(‘Il"lt‘lﬂ;enehe(x-lz;.fFIEgr;opropylene (HFP};
perfluoro(alkyl vinyl) ethers, such as perfluoro(methyl vinyl) ether (PMVE),
perfluoro(ethyl vinyl) ether (PEVE) and perfluoro(propyl vinyl) ether (PPVE);
perfluoro(1,3-dioxole); perfluoro(2,2-dimethyl-1,3-dioxole) (PDD); the product of

20  formula CF,=CFOCF,CF(CF3;)OCF,CF.X in which X is SO,F, CO,H, CH,OH,
CH,OCN or CH>0OPOsH; the product of formula CF;=CFOCF,CF>SO,F; 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

formula R;OCF=CH,; in which R3 is F(CFy),- and z is 1, 2, 3 or 4

25  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.
For example, the fluoropolymer is chosen from:
30 = homopolymers and copolymers of vinylidene fluoride (VDF) preferably

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



honopol ymers and copol yners of trifluoroethylene (VF3); and ™ copol yners,
and especially terpolyners, that conbine&the residues of the 5
chlorotrifluoroethylene (CTFE), tetrafluoroethylene (TFE),

hexaf | uor opropyl ene (HFP) and/or ethylene units and optionally VDF and/or
VF3 units. Mention may al so be nade of ethyl ene/tetrafl uoroethyl ene (ETFE)
copol yners. Advant ageously, the fluoropolyner is polyvinylidene fluoride

( PVDF) homﬁmmmbm@ﬂaycsﬂeoqcmtﬂ),. hBEﬂ@f@b&pﬁﬁleﬂehﬁimﬂﬁiﬁﬂ%é{hﬂ%n@f(vgg}ig t
y

50% nore 10 preferably at | east 75% and even better at |east 85%V
wei ght . Thaénd (risilyaractliviene 4§GBYt ageousl y HFP. Advant ageously, the PVDF has

a viscosity rangj . I sity being

nmeasur ed at 230%0\%% g Eryg{%%%%ré%%g@é&eo? g%gugl%-e ﬁ‘yb%’.‘t’?gﬂa/j’ %g% |l ary

rheonet er. TheseopMpersaraadi aspeaially wetgolynérs,e that ccomtiinial sho redeksi of akd i on
nmoul di ng. 15 Preferably, t h a vjiscosjity ranging from 300 Pa.s to
1200 Pa.gl s, Cgl‘?éotvﬂ%&?&ﬂkﬂﬁneRgﬂﬁgmﬁ‘a&ﬁ}"é@ﬂéﬁe@@ i hexafuepmpylens 4HEF) 100 s
-1 using_a a6@Bk bidlee LAROIRI Giond WY DRARGR 48! dhinder the brand KYNAR(r)
710 or 720 are peffectly suita%Pe or this fornulation. As exanple of the
unsat ur at ed gr afMeénipnmonoater be made ofathylene/totrafiwmstectbflen@(ETHE) wopgllyimersaci ds

and their derivatjves, acjd ghlogides, isocyanates, .oxazolj nes, |L.des,
am nes and hydr dXt" lLS?'.g‘e(ES%jé’r’rpI%?ees POrgRUymgr a_igecp WBYJ@P?;@BF@% _gé)@ﬁ*:hose_
having 2 t @oRdp6 NordeGPBymEN CPref@sbIAC i PYDIMRLARAGSY hi GeastT8084 Cmokdimari c
and itaconic acids. The functional derivatives of these acids conprise,
for ex&fpl erciemghlyhtletet75% 9né evanchatignat loass 35%nYQE btevdightt Theeom@®nariise
derivative |ts (such as alkali netal salts) of unsaturated
carboxylic%dgggﬁgsﬁﬂtn ifon may al so be made of undecyl enic acid.

Unsat ur at ed di ca{dvantibésusBs tHtSPVIDFiHag adviéddsibP raainpofomtIQ0Paang J000iPa.s,
functional  derivatives, particularly their anhydrides, gre particularly
preferred dRabiScoRfymRsargiteasuredrabd30°; ¥t s gheep delseris Wonphsing a qapilary
exanpl e, Sinfeter! i ' | (o LG | ni .

cycl ohex- 2? i(lane- I?IZ- gl galf‘g}g)‘r(“%”%lfégﬂ{ g;'f!-mrtns\t Hy%ugt%/%%g%;é@%&le%é ?Ld,jgcﬁfogi I@%?lglc%yl i C,
bi cycl 0§ 2. Prdfefahbyp theSP €DE-Has 3-diwaity eangirigcfrand 00 Pa.s to 1200 Pa.s, the viscosity

"t cont o, PUTEMeEsR LI L § SR RES SE Rl Sres GRaly DS boxyl | c,
4-met hyl enecycl g -#hvBP€30ld under the brand KYNAR® 710 or 720 are perfectly suitable
for this formulation.
As example of the unsaturated grafting monomer, mention may be made of
20 ._ carboxylic acids and their derivatives, acid chlorides, isocyanates, oxazolines, epoxides,
amines and hydroxides.
Examples of unsaturated carboxylic acids are those having 2 to 20 carbon atoms, such
as acrylic, methacrylic, maleic, 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-5-ene-2,3-dicarboxylic and

x-methylbicyclo[2.2.1Thept-5-ene-2,3-dicarboxylic  acids and maleic, itaconic,



1, 2-di carboxylic, bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic and x-nethyl -
bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 2-di car boxyl i€ anhydri des. Exanpl es of other
grafting nononmers conprise Cl1-C8 al kyl esters or glycidyl 5 ester
derivatives of unsaturated carboxylic acids, such as nethyl acryl ate,

met hyl ntthacrylate, ethyl acrylate, ethyl nethacrylate, butyl acrylate,
butyl methacrylate, glycidyl acrylate, glycidyl nethacryl ate, nonoethyl

mal eat e, dioitrdephiciall@aicinic, fﬁ}fﬂmﬂei-hydnefllﬂmfoafb‘@xyl@d Einbitlylehbéyriihek &-enc-
nononet hyl itaconate and diethyl itaconate; —am de derivatives of

unsat ur at ed-<8iBORFVe ac |W°1§%8H]E@téc¢5¢f2a3rﬂﬂ‘éf ogihacr ¢dhni demetlylt he
nonoam de . acid, the N-nonoethyl am de
of rmalei cq;éc"{égl,[f Aﬂﬁt%-%lfeet’ y am 321“8%“}{@@%52 acid, the N nonobutyl a-m de
of mal ei ¢ aci d,Exahpléy, oF athérugrafiang Iden@ﬁermbmpmsaﬂgd:g dlbyl exmroaneeidst
fUITB.I’IC aci d, amd of furnarjic acid,, K the N nonoethylam de of

fumari c>aci%er t(ﬂ’ﬁ‘vﬂ“ﬁsd‘? cPPSAFUATeH CAROXYPIG Akids, SHER S T Y aPWJﬂ’ﬁ%bﬁ’FShyém de
of famaric rﬁ&h&rﬁﬁfé thR/1 Mchistieb iyt ah&hslgyiate, %ﬁt)fl LHcPf?}EﬂeC bﬁﬁ}ll 3neth£@r§'l%te

derivatives of unsafurated carboxylic acids, such mal el
N-but yl mal elydidid antylate.prglygiiylal methidplatean chomethy] smbltegtepfdmthght ovabeteg]

carboxylic__acid ch acryl ate net hac t assi um
acryl ate afdPot© ?Eéﬁﬁfﬁ?f ﬁeetd %‘W‘%FE”M %E?ﬂ‘%%ﬂ’ddg“?‘at%ﬁ?@@&aﬁﬁﬁﬁgw e is
used. 20 Stagpdéderivatioes 6f18dattted hr @(ﬂ%’h@&&id@,gsudﬁ\éb GErylaBHEd) MGhAF1aMERI S Or
m xers _used in the thernoplastics in ustrg Regar di hg t he proportions of

the fl4Bropest roresmidsplimeeigrasid, dhadismidon mﬂelc aclldethgrl“&mmrethﬁﬂanﬁde of
fl | b 9o99:,:9%
uor opol'y z{lelbsacgfw[ﬁ@tl@ﬁe&% %Inl@%l 0 g%‘:leggﬁ: B¢ e‘#er 3 g?l?]u 1 c{? ?]'el%f o5

10% of unsa urat ed’nonorer spec
f | uor opol yneid, ﬂ&Nm&ﬂbﬁ@lﬁmdQSf aidioncid, th&xﬁcmo&%défofmaﬁ@é@a aﬁe dRagaer ,

respectivel After step a) i s observed that th

f 1 uor opol yﬁér%ﬁ’é‘&t‘iﬁ‘ t & Nﬂﬁ%ﬂlyﬁﬁ’@ﬁﬂ thﬁgnqrt?s?"lﬁ:b&ﬁ Nii§-diggthgleusdsr of he
unsat urat ey ARRoner, "hAN-RAAOAGRM bPIRRT. Akid B o RN ShudhfRidbe TH S
proportion depends on the vo |ty an e nature o urated

mononet s | durhamdt acmﬂhemmndcre.ratwss Uﬁnnmiurandtctad)ceqdm urd&is @utcht imemnﬂenafdeand i's
B e AT I Sh S Eimbe I B Solof Bt ALt
the air isaeMBeuRds 3ouhnRRA1AEERIRGE nRicEN S EfbtasifinT acrylate and potassium
methacrylate.
Advantageously, maleic anhydride is used.
20 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 monomer,
the proportion of fluoropolymer 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.
After 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 c), the products recovered after step b) are advantageously

packaged in polyethylene bags, the air is expelled and then the bags are closed. As



regards the nethod of irradiation, it is equally possible to use electron

i rradi ation, nore conmmonly known as beta irradiation, and photon

irradi ation, nore conmonly known as gamma irradiation. Advantageously, the
dose is between 2 and 6 Mad and preferably between 3 and 5 Mad. 5 Wth
regard to step d), the ungrafted nononer may be renoved by any neans. The
proportion of grafted nononmer with respect to the nononer present at the

start of ségpdcthe nfetial yEieRdRBoRANHisIGRy fossasdionge RRRArBh RAdi NI nfopé vent s
inert wwth respect_to the fluoropolyner and to the grafted functional

groups may isemEnly kepvgi s betpjrradiaiiop) and phitiemirrediation. mateyeemmaenly newes f or
th fti 0 [ , £
bossir e, | HamueiRRRER KRGy olSy, BEUo0ls Sfedt 13 BNIE dnd bRGBIEL?

The i nvent ibetweghSanddl el to structures. As exanples of structures

accordipng to thg jnvention, ntion npy be nmade of that conprising, in
successron: - agﬁﬁﬁ AEFaTd I Hi ﬂé%H%%gﬁe%T{OHO@ﬁlémﬁy &e demevedeby ABhBE#ISt ed or

stored, CoMteyibRiae of ANLASJuoHRE QN IR+ B BE hRthofE At b 4ldf of

invention and, directly atta to the I'atter, erther an outer polyolefin
| ayer or asteployd edtween 30/ard HiGo.ah waslieg opahtiemividh sblygets ineft Witk respay tdoe

pl aced between the .polyol efin | ayer .and the pol yam.de | ayer. This structure
is useful %\ﬁ%ﬁumgym\?’g?ﬁ(ﬁ?éﬂ%ﬁaﬁ?@ flﬂ@ﬁ%zﬁ gﬁ@%rﬂﬁﬂyﬁ Ctaﬁn%ie%'r ‘?ir‘?f‘?mf’{ﬁ s
structure iwhehud@gictantlyad@s iPlisdd #R1tAP RrMTRE,, cHIGBHETRR YndPVEF uédr foE thE) -
deposited beside the grafted 20 fluoropolyner. That is to"say the structure

conpr i s@s, WashiggcHds gilsorpossibleayeere simplyl tovapwiy degas the pfastugbtegoRYBE irf or
ETFE), a | %%ﬁrc consisting of the fluoropolyner grafted according to the
i nvention and,”directly attached to the latter, either an outer polyolefin

layer or a pol yathefihvenkiay @lsoaBlitedno QtietirdOAY aRurtplel ¥ Stiuctdies atdydihg @

grafted fluoropolyner iis a tie |ayer between the PVDF (or ETFE) | ayer and

the pol yol d8§ Hven{ieas mepisonymay g magde pbthaheAmneising in syecessione gr af t ed

fl uoropol yner | ayer | e L Lher Wit lL.ugrono . t not

grafted, or wt h)égﬁlnc{%eﬁéa?e{)inu%%a%%mt?&%éﬂvb&t% Etréaﬁ\%t 3 OP%S yh%éréggég%ggs,

f or exabpl ¢he Aworapolyiner grafiey aedordiAg te enipbasioafandcdivdctlg afiadhed®s the lan@nt i on

may be made.pof PMVA and i ct nodifiers_of the core/shell type. In the

above. st ru&lfas otk Hogv%%@sal@mreor@dm&%@} Iaafsrt Pl QUi @mléﬂlawr- A tie

f1 uoropol yeek b | i : ' l'ized
y be3RabdBdtwadt e 1Rk MPIEH Bhd ﬂﬂé%ly@uh@yagi% @{11115 MRfckhre 28

pol yol efin having functional “groups capable of reactin
f unct i onal ugefolfss metaf-veldclompetrot taaks.| Anoojing yorervariaip thie sawitre, in¢lixdessd ei ¢

anhydri de li'%ser %?eﬁuo%f?‘&%q%%’r, Olg]rte%ratlbrf}? }I\l/ﬂlgr(%Poé'lyl;EE ’dei[)gs?ted 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



8 functionalized polyolefin |ayer consists of a copolyner of ethylene with
glycidyl nethacrylate and optionally wigh an al kyl acrylate, optionally in
a blend with polyethylene. In the above structures, the inner |ayer in
contact with the fluid to be transported 5 or stored may contain carbon

bl ack, carbon nanotubes or any other additive capable of making it
conductive in order to prevent static electricity frombuilding up. As

anot her ex@fdiondlize8 L Fd1ed16i€ Jays COnEistgof @ b&}%lmaﬁafleﬂmeﬂmaﬁmoglymm be
made of t hat corrprl sin I n succession: - ayer consi sting of

f1 uor opol ymsthagrdste cend cpiipmallyy wigh tane alkal eaerylais, optigngllyadeda Hdendevith wo
pol yol efl n h@gﬁ% Th| s structure is useful for notor-vehicle petrol
tanks. In t oveE structures, it is possible to place, between the
graft ed fI uor opdxh jh&}jbové ayﬁmramdhﬂmaephyémhhopt@bw\oitleﬂierfldlaytebétram;pbﬂy@r of

functlonallzed yol efin V|q§ functi onal géoups capabl e of reacting

Wi th the fGhEOTSHERY g?tsalascagm & Griben tRROtYBeS: T ARV A IMFIVGFGPabé%aﬁ'pI e,
i f naleicg{ggg{y I the | ayer of
functionali ze F.&h g‘?‘l’ér?ﬁ;%g%és}itgh %%o%%%gj ﬁ%?%eet%gﬁghe W th

gl yci dyl net hac n"gsl a'tt)éieamdampw cﬁfrﬁitdc;urw tdvortingitk e meentiont epentipt inmayabé y i n

a blend with Qo% t‘h Iene Accordi ng to another variant, the grafted
f1 uor opol ymfrd ﬁ? FOMRISINg MLEUFCETSIFer with the sanme fluoropol ymer, but not

grafted, or wit haazayérhwnsﬁané Io@%@ﬁﬁioydﬂ%uylﬁér Eﬂaﬁ@d %@éﬁrﬁﬁr tlaoilﬂé”i%(zerﬁiéﬁh as,
for exarrple an acrylic polyner. As exanples of acr ymers, nention

maybe hade plkcedimmvean twe pobiolefinddyers cFlis @fructuteelscxsc i/ ﬁnenotowplaclemtrahot her
exanpl e of ShLuctures according to the invention, nmention nay be made of
that conprisiing, in succession: 25 - an inner Iayer in contact with the

fluid to be tramsperdbede ruchired, @ds p6aitié & plage, BEtwekh thd riREPPpHYmerF af t ed
according to the_invention and, di rectly attached to the latter, an outer

pol yami de faxyernd preordaty dolialefin layses; gl layer ofrBistionalined |p91310LPéin b‘%@& or
resce. pACCRRARL Byl Sl of P DN HECLBGIAS Py BN S
fl uor op®l ylﬂlB.Dropﬂilya’(erJ Fdro esayplehef 8l rarﬂiydnée chaxprieses graﬂedspﬁmesﬁe on, a
t o1 or oBUmARBETTa 5 iPEE Gt BTNEORDZEhIRIEHR (OSB! a Copolsmer OF
ethylene with glycidyl methacrylate and optionally with an alkyl acrylate, optionally in
a blend with polyethylene. According to another variant, the grafted 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 example of structures according to the invention, 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 fluoropolymer. That is to say the
30  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, an outer polyamide layer. The layer of grafted



directly attached to the latter, an outer polyam de |ayer. The | ayer of
grafted 9 fluoropolymer is a tie |layer lsetween the PVDF or (ETFE) | ayer and
t he pol yam de |ayer. According to another variant, the grafted
fluoropolyner layer is a blend either wth the sane fluoropol ynmer, but not °
grafted, or with another fluoropolynmer or with another polymer such as,
for exanple, an acrylic polynmer. As exanples of acrylic 5 polyners, nention

may be maddluofopdifercisch tiepaet betebchi the PVADF IARGETPES/ 188 dndt thE §olyahiger di ng
t o anot her errbodl ment, the structure_ of the invention conprises a |ayer

consi sti ng JSfraAeroading do mnetden paiapiethe &Efnddilvrgord ymee layey e ibkand pﬁl’é’@éd

bet t u r ol

Accor ding +tEae @ uiraiier, Bl SoC HaHeh, Swidl AHBBEH BBy @ i 0S,

is a blend aaothh:epol\mteh sutte aé,Ofosaammple,lmnomylychnyn’fmtAsod;fxagipba‘st(ﬁdacrp]icvm th
anot her quo ol yner, or wi.t h Ot:i" ol yner sucél as or exalEr;g

acryl i ¢ polPhEhers, juention mayhe mgdegf §11 MW?P@F*S‘“O ifersaf she cpsg/shedl trggle of

PMVA and i npact md&écbﬁ'h?goetanbﬁm%r eRbBARIAL, lihd ytaﬁ:mrlerbfttﬁeem%m}/&l Syl €s,

it is possible to place ween the grafted fluoropol ayer "and the
pol yam de ladgyer coamﬂm,g@f acgrafteshudropeljinetiaqeotdim:to thawmwgtmmpkacecbmeemS

groups capabl a th the functipnal raffe nto the

f 1 uor opol y%’gP po ﬁﬁ"g Cl ? mﬁlﬁ ﬁrﬁdfﬁ‘?ﬁ&? |% ﬁgﬁﬁgfq b{\% g topgn

pol yani de. aﬂVarfti'gQOﬁ@@MBocﬁfrfeﬂﬁtthlé Sfaftell hmor@mméxawér ish BRAd ftherMvith thde
fluid to be transported or stored may contain =bon bl ack, carbon nanotubes

or anyl®t hermadhioranpbyreerp bt sotograftpdikimyith tanetie é@t@@lmrmfd‘éﬁh tapofhervent
Seaor i o Dbl shick B0 Bob Wdefibid Sl Rery RO 0fyr0 S SRR SR BRLY >

accordi ng 5t°' 6

successi Onmentlaﬂm'wtl:ermdcﬁyﬁPWAgirﬂflh@dcﬁmbkﬁﬁeﬂ@fmorﬂihdlh d: nvent ion and,
directly attached to the latter, a Ia)ier of a substrate. e grafted

f1 uor opol yrer | &3 8ie abgvegtpigtuges. if is agssible i plags, bedteen thy &rh%e%ﬂwppﬁwer The
b
substrate MRkrHRdane PRARAN 1Bkr! DoRP Yt f%ct?onaﬁ&e%h})&%n\é? Gl Rh

architectu conpon I'ng t'o a varl ant s-struct uge |n udes a

| ayer 0§ f Igomwpemapabdenf rqacedge withl the BMDEondl goqd; grefiedl entohthe Jluatdpalymer,
fl uoropoly is to say .the str tur ri ses, in succession, a

. That ..
| ayer of flrﬁ?}rﬁﬁﬁ‘ﬁga Ife‘?p?}WE‘FE APE GompRfpgEe W Iﬂéey% YEPHEi sting of the
f1 uor opol ymer gmiﬁe%oa@aa{c@ﬁreg tﬁ@mh&elayé}‘&ﬁ%ht@& Wit ihe fllid 6Ebd ¥apbaehed to

the latter ayer of a substrate. The |ayer of grafted fl uoropolyner 30
is atiel @yéﬁor&mﬁbemt@mwaﬁ)@ﬁ)wdy@arbandlanmbmmeutkrladglm've cApahde df ng to
anot her 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 1is 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 fluoropolymer or with another polymer such as, for



variant, the grafted fluoropolyner layer is a blend either with the sane

fl uoropol yner, but not grafted, or w thoanother fl uoropolyner or with

anot her pol yner such as, for 10 exanple, an acrylic polyner. As exanples of
acrylic polyners, nmention may be made of PMVA and inpact nodifiers of the
core/shell type. In the above structures, it is possible to place, between
the grafted fluoropolynmer |ayer and the substrate |ayer, a |ayer of

functi onal iezgdplephy a&klibd pulyier.f Af ekdrasiad oQﬁ&yﬂﬂSFOIM@pﬁ{Hnﬂoﬂﬁndyﬂ%lﬁlhﬂkg_ with
the functional qgroups grafted ontq the flugropolyner, this polynmer being
conpat i bl e MEMMARndImpaetedifiery pé theroare/delltyRfor opol ymer or PVDF used as

| ayer for protegii Hpﬁﬁi . . | I Il lzer
and/ or radi atio(rilila sg?“tggn | ’Ztr]gﬁxﬁshlggg}@%%ﬂk ureglzﬁﬁea% %‘Plﬁrlgoﬁrh}lf)(g Sfed by
st andar d t égjenhndithe, subsirate lager, 4 liyexaf fuactivmalizelepol yrusd lewvingcfaaationab oopd| ow

moul di ng, coatin extrusigon coating. .The invention also relates to . the

bul k- grgf t éapathll%gf 65"(??“9&61”.%1 =Y Pg%f]l ETePRS S@E‘F@)\M% thg fuprropshimee: tigs
used: 15 KyRfhidrbei ng@aﬁﬁ{%i@qﬁppmsﬁ%_r from Atofina, having an WI (nelt
vol une index) of 10 cnB/10 mn (230C 5 kg). Exanple 1: (according to the

i nvention) A bl divg grdfiedyfhemropobyménapP VIO msott asflayea femutoRotifg a wahistiate rody

mal eic 20 anh | de repared. ., This. bl en ) epared using a

toi e scr eweaRprbe o B B RES ey o ol BB of 10 Kg/h. After
the extrusion stEpse Lurddufds FRlyebs manwMetutede byesmhdad tedhhifBeshr KRHChs the
rest being lost during the extrusion step. The product thus prepared was

put inl® sEalrBon|coeftRisiAm, peRyEusiPhdlvav paykling: ceatingeexirusionngatingd to 3 M ad.
A 40% d f ' ' - ' ed after 25 a
L oe Db oy A V5 LT R B R

di ssol uti oni precipi I'o0Nn"'S

(mal ei c-anhydride-grafted PVDF) was then placed under vacuum overni ght at

130C in order to renove the residual maleic anhydride and the hydrofluoric
aci d |iber aE8"RM6li ng irradiation. A three-layer structure was produced by

t he conpre ' der 1 bar, of an MA-g-PVDF | ayer A
%%ggll%ﬂg ghgﬂgoﬁfme% %Paguséﬁl

(t hi ckness: nded to a layer B of a 30 blend of (i) 50% by wei ght
of Lot aber (anﬁ@éﬂ!ﬂ( tA i FAKDE SomaboDmggr) fromhAtifing s having tany Mavie (mgely oiotlyhe

ethacry! ate, CORPly IR Sl oty ' 2t 1900216 kg

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 10 kg/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) 50% by weight of Lotader® 8840 (thickness: 100 pm), which is an
ethylene/glycidyl methacrylate copolymer of 5g/10min MFI at 190°C/2.16 kg
(containing 92% ethylene and 8% glycidyl methacrylate by weight), and (i) 50% of



(containing 92% et hyl ene and 8% gl yci dyl nethacryl ate by weight), and (ii)
50% of 11 Stanylex(r)1016 F pol yethylengi(an LLDPE of 1.1 g/I10 mn M at
190C/ 2. 16 kg) which was itself bonded to a | ayer C consisting of MS201N
Hi gh-density PE (0.950 density; 8 g/10 mn M-l at 190C 2.16 kg)
(thickness: 500 mp). At t = 0, an adhesive strength of 30 NVNcm was neasured
at the AABinterface, 5 and the B/Cinterface could not be peeled. The

struct ure \asmilex®i6BFi poldihylene arn LLDBBCof AfIt@10 ABn GAVE at 196°ILNB&EYT €
showed no del ami nation and a force of 15 Ncmwas neasured at the A

i nterface. Witkwasfgelfbgndedstor udaysr £ opnsisting o MR G100 Highr-densdy REeék9% 60C,
th | f tgﬁfﬁf‘ﬂ' Avad Ny ly 30 N 10
Ex:ngfa: 2: Qf(;fé% g At Ve exag%ﬁg@%'%gthg%%aggo Q%WEV%F fromC,T\t of i na and

2% by wei ght of Arei=e0can adtiegiveistength ofB0Spamedas Teasured anthewad3 ptaifasepd
using a_tw n-scr extruder at 230C and 150 rpmw th an oytput of 10 kg/h.
After tFRe @Re by ilerdare cpullopasibermerlod TR HAptT ates dumEr e dh ALY fuct

product, thpeteatedsd M)s! Betsnltthid \Golile nﬁggragﬁh%nz&tan; foldbfof IENRELCHHLT

t hus prepared was put int o al um ni um sea ags. hree-1 ayer structure
was pr oduceackdsyred ¢ the iyB dstsrface. ndlidrdihn gA/BAC sBR0Gre wiaslvacuinpdried dér ame MA +

500% by et GHRERGY OF 6 ST Iret e e o B B ey pyety SO (1)

et hyl ene/ gl yci dyl met hacryl ate copolynmer of 5 g/10 min Ml at 190C 2. 16 kg
(92% 20 et hyl ene and 8% gl yci dyl netbacrylate by weight), and (ii) 50% of
St anyl &R 1dpanple gv(cpmpayatiyreexampleh was itsel f bonded to a |ayer C

consi sting of i gh> Y i S; jm. AL, t = 0,.an
adhesi ve str eng/{%o%%\[l’dfoﬁlﬁ( m%Pw?strr%XEEr {gégla?\ K{ﬁrga A ‘g%?/ ﬁtbg)r ?Néaﬁg‘t a?fc_ima{eﬁce B/ C
interface cahdhideovasqgepeed.athis Hlbel Ghs prepatee uiag aitiesGed ekfiuddkat DBEIC at

60C. 25 After 15 days, the structure exﬁi bi ted del am nati on Lat the A/B
interface. a4 ahTemswithaar ougnuspft ) kafb Afteeribs srirusion stare 1612 kginmrlero

PVDF from ALofifa I%Hﬂir%dq%?tﬂé( p%ug{'tthé#es{rﬁn]—:iﬁ.g Gost gigp}ﬂg{thggéwgggtgﬁﬁ‘go rpm

This bl end was prepared using a twn-screw extru
wi t h ah5outppeducbthul Prefpareld wabfpeintd dleminétmusseledbagsep, 0. 45% of mal ei ¢

anhydride remai ned in the product, the regst heing |ost during the_extrusion
step. The proddeteslayeps r&d‘”%"ﬁ%‘i‘”"ﬁistm g‘f’s PSP RS B&@g FCrhese
bags were /@& 1 bar, of an MA + PVDF layer A (thickness: 500 um) 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 (ii) 50% of Stamylex® 1016 F
polyethylene, which was itself bonded to a layer C consisting of MS201N High-density
PE (thickness: 500 pmy),
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
30 and 150 rpm with an output of 10 kg/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



12 irradiated to 3 Mad. A 50% degree of grafting was determ ned - this was
checked after a dissolution/precipitatipn step. The MA-g- PVDF product was
t hen pl aced under vacuum overnight at 130C in order to renove the residual
mal ei ¢ anhydride and the hydrofluoric acid liberated during irradiation. 5
A three-layer structure was produced by the conpression noul di ng, at 220C
under | bar, of an MA-g-PVDF layer A (thickness: 500 gm) bonded to a |ayer

B of a bl ensdiakdtd} Mo@do R0 ée 6ff grhﬁf&lgdﬁs(deienﬁﬁﬂsﬁ (tlﬁlbwakmﬁécsced h@er pin),
which is an _ethylene/glycidyl net hacM\;&ate copolérrer of g/ 10 mn M-I at

190C/ 2. 16 RgdisplBtieniprgFintatomnstoph yihenMArgd \GOF gprp Cdywaﬁéleqﬁa@wptbt@dw

h f tsel f
bonded § o Sar ik buadibear 13- BTG (LIS dhe PRI M RLEHIIHED alnd * 25,
m. At t lﬁdroéluoaclhadﬂmerasadrcmmgglmaﬂlatﬁﬁl N/cm was neasured at the A/B

interface, and the B/[C interface could t he peeled, The structure was
i mersed in |\/|15‘°f§§ e-layer gigstur, warprféwﬁﬁ%y 3{?— nyyession, eul EWH 245C

del ani nat i epdanfba, b4 MAL BYDN 168 MR $thiRnBRASH fFh) %niéa%ﬁe{ ﬁ&blnhe&ffaace

After the AVB/C structure was vacuumdried for one "week at 60 t he peel
force bet wé)éemdAOEr(d 80%aby ayeight of dsataded” 88d0éthicknsssN/1OMynEix awlpikle 4 an

(accordi ng t,0 yent i A bl end.of Ky PV om and 2%
by el ght SRR ek, SO Rt i o Tomin, BEdndl Wo0 GG~
using a tWgorSahiw %reﬁ@@d’neadndm%l?r@ﬂﬂ heaéRie'by Rveght) Whe Yii) (Sf)%le kg/ h.
After the extrusion ste 8% of eic anhydride remained in the
product?® t fsamdsx Heling quxqﬂndmei wlichheae itselfi Soadedstoep laypneC cpneisting of hus

pr epar ed 0 | I These bags were then

i rradi at ed %@W% deifg%ﬁ/gé@é@g&oﬁ%ﬁg%i ng was determned - this was
checked after 2Ata =€ saphdlesivn/spesgh PIBINLM #heheaduied MAthg- AN DMt er
was then extruded under. vacuumin order to allow devol ati I i zation of the

engrafted 8pedeB/C mierfacecopldngt bemegle Fiee stEctuse s cBmeRy tlhé/lbﬁ)ﬁi?} 85si on
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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 um) 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 methacrylate copolymer of 5g/10min MFI at 190°C/2.16 kg
(containing 92% ethylene and 8% glycidyl methacrylate by weight), and (ii) 50% of



Stanyl ex(r) 1016 F pol yet hyl ene which was itself bonded to a | ayer C
consisting of MS201N Hi gh-density PE (tBickness: 500 M. At t = 0, an
adhesive strength of 30 NNcmwas neasured at the A/B interface, and the
B/Cinterface could not be peeled. The structure was i mMmersed in ML5 fuel
at 5 60C. After 15 days, the structure showed no del am nation and a force
of 15 NNcmwas neasured at the AB interface. After the A/B/C structure was

vacuum dri egarh@ex®0616 PESHyhyl&ERCwhidhewne akelf Bbsdeddat mmr%t: a:eﬂsﬁmgaéf agai n
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checked, as nei tft%er air nor dust nust able to escape fromthe bag. The
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of grafting ow t he ection Iimt erc an Mad not
grafted ontveek 6@, drepest fosearfetwecnod ahth 8 VAALRIEamoneianred Bxangdy 60 BY/cm.
(according to the invention) 20 A blend of Kynar 720 PVDF from Atofina and
0.5% by wei ght of maleic anhydride was prepared. This bl end was prepared

using a t Wekaafiles @6hipatStivedxadifly: and 150 rpmwith an output of 10 kg/h.
After the extrusion step, 0.45% of nmaleic anhydride remained in the

product? the rest P%@dﬂi@lel‘ldscormmmggfmaremrﬂ}éﬁ)ﬁ 62@10@) Wﬂmvnaalep:rzmiiudmdet hus

d t b Th
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then placed under. vacuum overnight at 130C i n or to renove the residual

mal ei ¢ anhypafsible ferytherhas. Fyaivegting of the bagivps|chieded: ascheither 2ignor dustimast on. A
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kg (92% et %Yzlf?eﬁ%nme SUteah¥&sthfhce of the PVDF powder.

Example 6: (according to the invention)

20 A blend of Kynar 720 PVDF from Afofina 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 10 kg/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

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 pm) which is an ethylene/glycidyl methacrylate



met hacryl ate by weight), and (ii) 50% of Stanylex(r)1016 F pol yethyl ene and
the layer C consisting of MS201N hi gh-density PE (1000 m). At t = 0, an
adhesive strength of 70 NNcm was neasured at the AAB interface, 5 and the
B/Cinterface could not be peeled. The structure was i mMmersed in ML5 fuel
at 60C. After 22 days, the structure showed no del am nation and a force of
20 Ncmwas neasured at the A/IB interface. After the C B/ A/B/C structure
was vacuumddpbgthel f 99£10 MBEREL @Q@m@/@gém%epz‘wr& 166d WReNgA BRMidF Was

agai n neasured, nanely 70 NNcm 10 Exanple 7: _(according to the rnvention)

A bl end of Wethagrylatechypyeisht)r &is () dPVnel Staaylex BP10.Ei nphyetiflencadng the layer

anhydri de r 1Sl . red using a tw n-screw extruder
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1. 8% of mal ei c Ainty dy it edlicsivei saeflgth roft TENRIO d€ imeabilied ke e AE Ngelfas]

usi on step. The 15 product thus prepared was put into seal ed

during the ext ;
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di ssol uti on/ pr ec?cp]in% at igyéhm??*erg?eﬂf}‘i%ﬁ%?g@g\?@‘gé%° 3%ntd a‘/\g)gcet%fezr? I\euf Fided
under vacuuneasimed af therA/Bantifacay Adeer dhea/B/AZBYO structfre he vangmaditieldfos prei es.
A three-layer.s re t hen coextryded, this consistin f _an

Vg pvor sk G M Cpet] RSl apilE st mesar e BA0EmD I end of
(i) 50% by weight of Lotader(r) 8840 (thickness: 50 pm, which is an

et hyl ene/ gl yci dyl methacrylate copolynmer of 5 g/I0 mn MFI at 190C 2. 16 kg
(92% et by| aixansple 7804cgbndinglid theiBvdntiony! at e by wei ght), and (ii) 50% of
Stanyl ex(r) 1016 F p(ﬂsyﬁt yl ene,  which was itself bonded to a | ayer C
consi sting of 204PAdGET HgRr JelsPVPEpfrom Witelipregrd 2% biporsightyof malsic = o,

an adhesi vengid8Rak 4 r?gtépag%ﬁ. pwggslrﬁgg@@\_lyﬁgﬁgp&%g u@hgta%nﬁégeév%ﬁ'gﬁ%ﬁa?m% Selt he

B/C interface could ructuré& was I nmerse
at 60C. Afandrli)5poaysth ameugt udt U kg/Bhdufed the edehson rsédpi, dn8%naf maleie ce of

g e TR L IR T SR NS
95,7, PRyt A0 B PLAMS bt [ 00 0
i s melt. bl anadatedite b Miad. &% dexes grgﬁiblggya;s determined - this was checked after
a dissolution/precipitation step. The MA—g-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 pm), 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. After 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.



b) the blend obtained in a) is nmade in the formof filnms, sheets, granules
or 5 powder; c) the products fromstepip) are exposed, in the absence of
air, to photon (y) or electron (P) irradiation with a dose of between 1
and 15 Mad; and d) the product obtained at c) is optionally treated in
order to renove all or part of the unsaturated nononer that has not been
grafted onto the fluoropolyner. 10 2. Process according to Claiml, in
which the fluoropolynmer is PVDF. 3. Rrpgge$s according to Gaim2, in which
t he PVDF contains_at |east 85% VDF by weight. 4. Process accor d| ng to any
one of the pr ecéde&e%"olfali graftinganymsetiratedmongReroniad ﬂuorﬁpdmr, in svhigl: ef i

anhydride. 15 5., eqﬁl%ﬁ;ﬁ) ?)ﬁ'ﬁ& 1gh1réﬁbtlé?ldgﬁ¥nt?ﬂﬁe Qlflsaur;?te(ﬂn%c LOg claims, in

whi ch t he propor Ion uor opol ymer PRS0 to 99. 9% f or

0.1 to 10% of um3éeublahd dbtainzdoifed), is rsdeeit th‘éEﬂ'oym (ﬁ” fildis) GB&ds, agamilel 8g to
Claim5 in ich the proportion of fluoropolynmer is from95 to 99.9%for
0.1to %é‘P fisat ur at ed nononer, respectively. 20 7. Process according to

S nae W ad e SRR Ren b bl flheli S he ERANAL bERr, (I HhbichTyDBE Ve

2 and 6 Mad. 8.”Structures c I"si n one er o

f | uor opol yrmrctrpﬁqgaﬁe@ian@x:wahdld@ge@ﬂbehbeexprmepsswéd-aﬁ& one of the
precedi ng clains_and at |east one |ayer of another material. 25 9.

Bottles, tanks, d}&wtmpdust sbtaisepatc) inoptianally ssie in order fosemaue plhokpayt of

manuf act ur cture corrprl sing an
|aye?ﬁ’e. YAk BhOHEL SR, B el o PSP b et

consi stong of tRePgicadstaecbriiingas Oainyies whtvhith@dtoropelyaee W RVIDE. to any one
of Clainms 1 to 7 and, directly attached tq the |latter, an outer E(Ol ol efin

|l ayer. 30 11. S&r B&C&%Séicewﬁwﬂute Glgjmags nAvhish theyRYDY goutains at leagt; &5 fluid
to be tragsRaigd or stored, nmade of the grafted fluoropolyner
manuf act ured acctording to any 16 one of Clainms | to 7 and, directly
attached to the 4l Btocess, accopdihgofoetany omey @f thed proceding eclainpo| inamhith It/ er .
|1§ St ruct tljlglseah%%&:grnclién% etr% n?al%{cnz;nlllo 19, 11, in which a PVDF (or ETFE) |ayer
15 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.

20 7. Process according to any one of the preceding claims, in which the irradiation
dose is between 2 and 6 Mrad.

8. Structures 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.

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

10. 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.

30 11. Structure comprising an inner layer in contact with the fluid to be

transported or stored, made of the grafted fluoropolymer manufactured according to any



pl aced beside the grafted fluoropolyrner layer. 5 13. Structure according
to either of dains 10 and 11, in whichig |layer of fanctionalized pol yner
havi ng functional groups capable of reacting with the functional groups
grafted onto the fluoropolyner is placed between the grafted fl uoropol yner

| ayer and the polyolefin layer. 14. Structure conprising a |layer consisting
of the grafted fluoropolyner 10 manufactured according to any one of
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bet ween t ol de | . 10. Structure according to any one of C ains
16 to 18, V\qﬂ?‘?m%@ﬁl ql@éf“@ffer functional i zed pol yi ner having functional
groups capabl e of4, Sﬁﬁé’tﬁfeng:oﬁ‘ﬂphgﬁn?hQ fa&’&thbﬂsﬂﬁ ng %P &E()%ﬁegrﬁ{l&%golgmeﬁ the
fluoropol yner is placed between gifafted fl uoropoly | ayer e

pol yaml@e |magmufacturied sacmmmgltombmmobfpﬁlama théi, rp@acc@ﬂvpeztaebltwovpcﬂyplem

pol yam de. ,20. Structure according to any one of Clains 10 to 19, in which
the inner I'B&F in contact with the fluid to be transported or stored may

contai n carbon bisagkucté®s Redbrdidl ATMiMbEs, ar wAle at hser agdiincuendRedbl e
of making it conductive in order to prevent static electricity from
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15  one or both polyolefin layers.

16. 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. Structure according to Claim 16, in which a PVDF (or ETFE) layer is placed

20  beside the grafted fluoropolymer layer.

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

19. 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

25  groups grafted onto the fluoropolymer is placed between the grafied fluoropolymer
layer and the polyamide layer, this functionalized polymer being compatible with the
polyamide.

20. 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

30 nanotubes or any other additive capable of making it conductive in order to prevent

static electricity from building up.



22. Structure according to Caim21, in which a PVDF |ayer is placed beside
the 5 grafted fluoropolyner |ayer. 23.1%tructure according to Caim21 or
22, in which a layer of fimetionalized polynmer having functional groups
capabl e of reacting with the functional groups grafted onto the

fl uoropol yner is placed between the grafted fluoropol yner |ayer and the
substrate layer, this functionalized pol yner being conpatible with the

substrate. 10 243, SrhdiGleopMeRQl & difderd ﬁy@rebng%g)sf t‘ﬁ'eﬁgrﬁﬁedlﬁ)uérgﬁﬁ%neﬂ n

which the grafted fluoropolyTner layer is a blend either with e’ sane
f | uor opol yimasyufachued aesordingto asyy, ongof Gldimg 14e drands dirdctly ptigebied taethe dattepi a h

anot her poI for exanple, an acrylic polyner. 25. Bul k-grafted
f 1 uor opol yms"? E%g%u%%ol yner according to Claim?25, in which the

f1 uoropol yner i 2P¥pctuAccdigingt® Claecr, th Whiche BVBFMaydbis placedttesidettite PVDF
contains at | east 85% VDF by weight. 28. Polymer according to any one of
O ai ns 25 Eafted flqoronrghyraer Ja¥is- unsat urated rnononmer is mal ei ¢ anhydride. 20

oroporton of - Prusraaf RO LRI 2 bk o RS pebifgliocd

10% of  uns gblymaer delvimg fomeional gremsempablebf/rea&mg pzol ;Imefnncammlrg‘bu;g; grofi€éd ai m

29, in which the pro or i on .of fluyqropoly from9 9.9% for 0. 1

to 5% of ufi E}’rﬁaﬁ 1s nare ﬂ? graﬁed f{ uoropo ymer ayer and the
substrate layer, this functlonahzed polymer being compatible with the substrate.

10 24, Structure according to any one of Claims 10 to 23, in which the grafied
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.

25. Bulk-grafted fluoropolymer.

15 26. Polymer according to Claim 25, in which the fluoropolymer is PVDF.

27. Polymer according to Claim 25, in which the PVDF contains at least 85%
VDF by weight.

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

20 29. 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.

30. Polymer according to Claim 29, in which the proportion of fluoropolymer is

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



