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PRIOR ART

15 It is known from the prior art to use fillers to modify
certain properties of thermoplastic matrices, such as,
in particular, the barrier properties to gases or to

liguids or the mechanical properties.

20 To reduce the permeability, it is possible in
particular to add lamellar nanofillers to the
thermoplastic matrix. Such a reduction in permeability
is attributed to an effect of ™“tortuousness” brought
about by the lamellar nanofillers. This is because the

25 gases or the 1liguids have to follow a much longer
pathway because of these obstacles arranged in
successive strata. Theoretical models regard the
barrier effects as becoming more pronounced as the
aspect ratio, that 1is to say the length/thickness

30 ratio, increases. '

The lamellar nanofillers which are most widely
investigated today are clays of smectite type, mainly
montmorillonite. The difficulty of use lies first of
35 all in the more or less extensive separation of these
individual lamellae, that is to say the exfoliation,
and in their distribution, in the polymer. To help in
the exfoliation, use 1is made of an “intercalation”

technique, which consists in swelling the crystals with



techni que, which consists in swelling the crystals with - 2 organic
cations, generally quaternary ammoni um cations, which will conpensate for
the negative charge of the |anellae. These crystalline alum nosilicates,
when they are exfoliated in a thernoplragtic matrix, exist in the 5 form of
i ndi vidual |amellae, the aspect ratio of which reaches values of the order
of 500 or norergdhis, cabidate, geneviadilogn e dxeer ywealemonitinecptionsart to
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phosphate. In the form ;of  nenexfoLiated nanometric Iamellar conpounds,

15 It is thus desirable to develop fillers which make it
possible to obtain effective levels of impermeability
for thermoplastic matrices while avoiding the

abovementioned disadvantages.

20 Alternatively, to enhance the mechanical properties of
thermoplastic matrices, fillers, such as glass fibers
or talc, for example, can be added. However, the
addition of fillers of this type in significant
proportions to obtain required mechanical properties

25 increases the densities of the materials obtained.

There thus exists a need to demonstrate fillers which
can be added in a small amount to the matrices while
retaining a correct level with regard to the mechanical

30 properties.

THE INVENTION

The Applicant Company has demonstrated, in an entirely

surprising way, that materials based on a thermoplastic
35 matrix comprising ©particles based on zirconium,
titanium, cerium and/or silicon phosphate, in the form
of nonexfoliated nanometric lamellar compounds, exhibit
good barrier properties to liquids and to gases and/or

good mechanical properties, such as, for example, a



good barrier properties to liquids and to gases and/or good nechani cal
properties, such as, for exanple, a - 3 good nodul us/inpact conprom se,
and/or a tenperature stability which allows it to be handl ed and used at
hi gh tenperatures. 5 The particles accordﬁng to the present invention are
present in the thernoplastic matrix in the formof nanonetric |anellar
conmpounds, iﬁ@oderEﬂéww4#mn¢@¢ fOMRIsMis et ack bfoBever sempgrattigze. 10
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nanonetric
fluidity and mechanical qualities required in the

15 industry for the conversion of these polymers.

The term “composition possessing barrier properties to
gases and liquids” is understood to mean a composition
which exhibits a reduced permeability with regard to a
20 fluid. According to the present invention, the fluid
can be a gas or a liquid. Mention may in particular be
made, among the gases to which the composition exhibits
a low permeability, of oxygen, carbon dioxide and water
vapor. Mention may be made, as liquids to which the
25 composition 1is impermeable, of nonpolar solvents, in
particular the representative solvents of gasolines,
such as toluene or isooctane, and/or polar solvents,

such as water and alcohols.

30 DETAILED ACCOUNT OF THE INVENTION

The present invention relates to a composition

comprising at least one thermoplastic matrix and
particles based on =zirconium, titanium, cerium and/or
silicon phosphate, in which composition at least 50% by
35 number of the particles are in the form of nanometric
lamellar compounds exhibiting an aspect ratio of less

than or equal to 100.



| anel | ar conpounds exhi biting an aspect ratio of less than or equal to 100.
- 4 The term"nanonetric |anellar conmpound"” is understood to nean a stack
of several lanellae exhibiting a thickness of the order of several
nanoneters. 5 The nanonetric | anellar c‘on4po‘und according to the invention
can be nonintercal ated or else intercalated by an intercalation agent, also
referred to aBhewdlghmg nagenetrig Hwmelkkaw " goppeundit i bs undergdosihod t o
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exhibit a | enggbnef between 50 and 900 nm 25 preferably between 100 and 600
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compounds exhibit an aspect ratio of less than or equal
15 to 50, more preferably of less than or equal to 10,
particularly of less than or equal to 5. Preferably,
the particles of nanometric lamellar compounds exhibit

an aspect ratio of greater than or equal to 1.

20 The term “a nanometric compound”, within the meaning of
the present invention, 1is understood to mean a compound
having a dimension of 1less than 1 pm. Generally, the
particles of nanometric lamellar compounds of the
invention exhibit a length of between 50 and 900 nm,

25 preferably between 100 and 600 nm, a width of between
100 and 500 nm and a thickness of between 50 and 200 nm
(the length representing the longest dimension). The
various dimensions of the nanometric lamellar compound
can be measured by transmission electron microscopy

30 (TEM) or scanning electron microscopy (SEM).

Generally, the distance between the 1lamellae of the
nanometric lamellar compound is between 5 and 15 A,
preferably between 7 and 10 A. This distance between
35 the 1lamellae can be measured by crystallographic
analytical techniques, such as, for example, X-ray

diffraction.



anal ytical techni ques, such as, for exanple, X-ray diffraction. - 5

According to the present invention, 50% by nunber of the particles are in

the formof nanometric lamellar conpounds exhibiting an aspect ratio of

| ess than or equal to 100. The other particles can be in particular 5 in

the formof individual |amellae, for exanr';l) pobt ai ned by exfoli at| on of a
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) particles are 1in the form of nanometric lamellar
compounds exhibiting an aspect ratio of less than or
15 equal to 100.

The particles according to the invention can optionally
be gathered together in the form of aggregates and/or
agglomerates in the thermoplastic matrix. These
20 aggregates and/or agglomerates can in particular

exhibit a dimension of greater than one micron.

Use may also be made, for the present invention, of
particles of hydrated nanometric lamellar compounds
25 based on zirconium, titanium, cerium and/or silicon
phosphate, such as, for example, monohydrated or

dihydrated compounds.

Use 1is preferably made, according to the present
30 invention, o©¢f =zirconium phosphate, such as oaZrP of
formula Zr (HPO4), or yZrP of formula Zr (HyPO4), (HPO,) .

It is also possible, according to the invention, to
treat the particles based on zirconium, titanium,
35 cerium and/or silicon phosphate with an organic
compound before introduction into the thermoplastic
matrix, in particular with an aminosilane compound,

such as, for example, 3-aminopropyltriethoxysilane, or



matrix, in particular with an am nosilane conpound, such as, for exanple,
3-am nopropyl triethoxysilane, or - 6 an al kylam ne conpound, such as, for
exanpl e, pentylam ne. The conposition agcgrding to the invention can
conprise 5 from0.01 to 30% by wei ght of particles according to the
invention with respect. tg the total weight of the conpasition, preferably
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by weight, very particularly from1l to 3% by weight. The conposition of the
i nvention conprises, as main constituent, a thernoplastic matrix conpri sing
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such as al i pHetTR® ?%ﬁﬂﬂd8§?fe§8ﬁ£§r ?cgﬁaﬁyg%ﬂ%egyaMfﬁéﬁﬁ!g@ﬂé?ally
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various nonong htIf\/bre specifically, these copol yam des can, for exanple,

S
be poly( hexarféelt%y ene adi panmi de), pol ypht hal am des obtained from
terephthalic and/or isophthalic acid, or

) The composition of the invention comprises, as main
constituent, a thermoplastic matrix comprising at least

15 one thermoplastic polymer. The thermoplastic polymers
are preferably chosen from the group consisting of:
polyamides, polyesters, polyolefins and poly(arylene
oxide)s, and the blends and copolymers based on these
(co)polymers.

20
Mention may be made, as preferred polymers of the
invention, of semicrystalline or amorphous polyamides
and copolyamides, such as aliphatic polyamides,
semiaromatic polyamides and more generally linear

25 polyamides obtained by polycondensation between a
saturated aliphatic or aromatic diacid and a saturated
aliphatic or aromatic primary diamine, polyamides
obtained by condensation of a lactam or of an amino
acid, or linear polyamides obtained by condensation of

30 a mixture of these various monomers. More specifically,
these copolyamides can, for example, be
poly (hexamethylene adipamide), polyphthalamides
obtained from terephthalic and/or isophthalic acid, or
copolyamides obtained from adipic acid, from

35 hexamethylene diamine and from caprolactam. According
to a preferred embodiment of the invention, the
thermoplastic matrix 1is a polyamide chosen from the
group consisting of ©polyamide 6, polyamide 66,
polyamide 11, polyamide 12 and poly (meta-



copol yam des obtained from adi pic acid, from 35 hexanet hyl ene di am ne and
fromcaprolactam According to a preferred enbodi nent of the invention, the
thernoplastic matrix is a pol yam de chosen fromthe group consisting of
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15 The composition according to the invention can, in
addition, optionally comprise particles of nanometrié
lamellar compound comprising an intercalation agent
which 1s intercalated between the lamellae of the
particles and/or an exfoliation agent which is capable

20 of exfoliating the lamellae of the particles, so as to
completely separate the lamellae from one another in
order to obtain individual lamellae. These particles
can Dbe nanometric lamellar compounds based on
zirconium, titanium, cerium and/or silicon phosphate or

25 any other type of compound, such as: natural or
synthetic clays of the smectite type, such as, for
example, montmorillonites, laponites, lucentiles or
saponites, lamellar silicas, lamellar hydroxides,
acicular phosphates, hydrotalcites, apatites and

30 zeolitic polymers.

The intercalation and/or exfoliation agents can be
chosen from the group consisting of: NaOH, KOH, LiOH,
NH;, monoamines, such as n-butylamine, diamines, such as
35 hexamethylenediamine or 2-methylpentamethylenediamine,
amino acids, such as aminocaproic acid and
aminoundecanoic acid, and amino alcohols, such as

triethanolamine.



30 zeolitic polymers. The intercal ation and/or exfoliation agents can be
chosen fromthe group consisting of: NaCOH, KOH, LiOH, NH3, nonoam nes, such
as n-butyl am ne, diam nes, such as 35 hexanet hyl enedi am ne or

2- met hyl pent aret hyl enedi ami ne, amino aci®s, such as ami nocaproic acid and
am noundecanoi ¢ acid, and am no al cohols, such as triethanolamne. - 8 The
conposi tion dfhe¢ hecampasitt von carf altde cdmyeingd orot lvan addisti vesmgeneeal | y
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styrene, adhesion promoters, for example polyolefins
15 grafted with maleic anhydride, making possible adhesion
to polyamide, dispersing agents, scavengers or

absorbers of active oxygen, and/or catalysts.

The composition of the invention can also comprise
20 inorganic reinforcing additives, such as
aluminosilicate clays (intercalated or nonintercalated
and exfoliated or nonexfoliated), kaolins, talcs,
calcium carbonates, fluoromicas, calcium phosphates and
derivatives, or fibrous reinforcements, such as glass

25 fibers, aramid fibers and carbon fibers.

Any method known to a person skilled in the art which
makes it possible to obtain a dispersion of compounds
in a thermoplastic composition can be used to prepare

30 the composition according to the present invention.

A first process consists in mixing at least particles
based on zirconium, titanium, cerium and/or silicon
phosphate in the form of nanometric lamellar compounds
35 with monomers and/or oligomers of a thermoplastic
matrix, before or during the polymerization stage, and
in subsequently polymerizing. The polymerization
processes employed in the context of this embodiment

are the wusual processes. The polymerization can be



makes it possible to obtain a dispersion of conpounds in a thernoplastic
conposition can be used to prepare 30 the conposition according to the
present invention. A first process consists in mxing at |east particles
based on zirconium titanium cerium and/dr~silicon phosphate in the form
of nanonmetric |anmellar conpounds 35 with nononers and/or oligonmers of a

t her nopl ast i cinharrbrtedefadr e2 onodarfhg degnssl yaerpragreasspPagenddivd in
subsequent |y pOLY TR | 213 ok PRLYMBR ZId 1A BROGESSEY SRbAYegJdt ! he
context of this enbodinent are the usual processes. pol ynmerization can
be - 9 inter¢opdeasatiannbeehaigu@sgr ee of progression and/or can be
continued to the solid state by known post- condensation techniques. 5

Anot her process consists in mxing at |east particles _based on zirconium
titani um TerPDAFBRE/ AFAGIITORONBASEBhAIE PRXERE dr i oRShaReFEGles

lanel | ar conpgyldy ¥ht hzarébeiampl asid fn L | et fumardidcdAr §in itde
nolten form and in optionally subjecting the m xture 10_to shearing, for
exanpl e i n anPBREPHELEN idevie, IPAM SfdeRIITrioducedBe§odd FREPSISS. To

do this, use gayh bg magerfbpaabwil- SGaeWiext ryder pafrt49K3Qrt ype i e  which
a polynmer in thitrmlt n state and the nanoir!ftri c. lanellar con‘g_;g{&%re

accordi ng to PREEPRAVERTN, 2Rgr 15 SREMPRRIEN PP ISSHISS f bR
i ntroducead |tol sshgosshd) e ffar sabdppewdat ta; ceRpruseoaggiegbtes dmd/ or

aggl onerates of particles accordin o,the inventign. ., Angther process
Consi sts in nPAFRS KO REPRBHcact | 40050 b He Lon: par: AeuPRRS n e IR t en
form and at beastadenefcompdsiin-etresuchxaspdbor ekadpksl atypaceaemtmcat ed
m xture, CcONPLLSERY Al dRARE PALLLALES 238D QL 2T LEANLND i aniym. cerium
and/ or silicon %ﬁosﬁhé%e |n-rtﬁé ?ornlg %%nonetrlc ﬁaneﬁggp 56Hpoun s and a
lamellar compound according to the invention, for
15 example in the powder form, are introduced. It 1is
possible for said powder to comprise aggregates and/or

agglomerates of particles according to the invention.

Another process consists in mixing a thermoplastic
20 matrix, in particular in the molten form, and at least
one composition, such as, for example, a concentrated
mixture, comprising at least particles based on
zirconium, titanium, cerium and/or silicon phosphate in
the form of nanometric lamellar compounds and a
25 thermoplastic matrix, it being possible for said
composition to be prepared, for example, according to

one of the processes described above.

There 1is no limitation on the form under which the
30 nanometric lamellar compound can be introduced into the
medium for the synthesis of the thermoplastic polymer
or into a molten thermoplastic polymer. In the context
of polyamide-based barrier materials, an advantageous
embodiment consists in introducing, into the
35 polymerization medium, a dispersion of the nanometric
lamellar compound in water. In the context of
polypropylene-based materials, an advantageous

embodiment consists in mixing the polypropylene matrix,



25 thernoplastic matrix, it being possible for said conposition to be
prepared, for exanple, according to one of the processes described above.
There is no limtation on the formunder_which the 30 nanonetric |anellar
conpound can be introduced into the nedifinTfor the synthesis of the

t hermopl astic polymer or into a nolten thernoplastic polyner. In the
context of pofgterakelpasedtbar modtemtsdrital,s widh alveewageolisrmendbodi nent

consists in iﬁgﬁ§m%@%Pg,léﬂgglgpecgﬁpgghgqerization medi um a di spersion of
ane

t he nanonetric ar  conpound rn"water. In the context of
pol ypr opyl ene-based materials, an advantageous enbodi nent consists in

m xing the pobypr aRKRRS YT Mdme11dP cgg%fo%'h@%' Yus8athe nphdep elakg, W th

a powder fornmed of nanonetric |lanellar npound. The nanonetric |anell ar

conpounds SuseAC¢Prdhedpr besshes dAVENdiLRR t Fahe PaveRPnénteasapated

noni ntercal atgdy/apd/ prrbptergakat edinl naahl eases, addytikvnof @ an
i ntercal ation and/ or_exfoliation agent to the nanonetric |anellar conpound

nust not resulBRteRCataRHPRt e 8RA4PTat i G¥ ISl isdiiPhan@®ertc | BRel | #he10

conpound, sO BsnéRePbial N 1hR 19 OSELBBuABCOEINY t Aott herddlyphti @R as
defined above. The invention also relates to articles obLalneg by __form ng
the conpositicFBiethe ISTEITABY afy 13°ther AERICRGGTE ConvEFSILeRT

techni quep suebmpsundpr sexamls bSytexhr Ehieooniedl ttion f @Ecexampbeto
extrusion of_sheets a ns oL extruglon bl ow nol di ng; by nol ding, such

d fil .
as, for exanpteS %%ﬁﬁ?géngﬁsnggﬁFﬁﬁg 3PHREFnof or ni ng nol di ng or rotonol di ng;

or by injection, 20 such as, for exanple, by injection nolding or by
injegtion bl oy pol ding. . 10§ PILISTred Ardd ches AN VeI QLY e
forming the composition of the invention by any
15 thermoplastic conversion technique, such as, for
example, by extrusion, such as, for example, extrusion
of sheets and films or extrusion blow-molding; by

molding, such as, for example, compression molding,
thermoforming molding or rotomolding; or by injection,
20 such as, for example, by injection molding or by

injection blow-molding.

The preferred articles of the invention are in
particular components, films, sheets, pipes, hollow or
25 solid bodies, bottles, conduits and/or tanks. These
articles can be used in numerous fields, such as, for
example, the automobile industry, such as conduits or
tanks for fuels, injection sets, components coming into
contact with gasolines, such as pump components,
30 containers, packaging, such as, for example, packaging
for solid or liquid foodstuffs, packaging for
cosmetics, bottles and films. These articles can also
be used for the packaging of starting materials, for
example polyester-based thermosetting composites
35 comprising glass fibers as fillers, for molding,
bitumen sheets, or as protective or separating film
during conversion operations, for example for vacuum

molding.



particul ar conmponents, filnms, sheets, pipes, hollow or 25 solid bodies,
bottl es, conduits and/or tanks. These articles can be used in nunerous
fields, such as, for exanple, the autonobile industry, such as conduits or
tanks for fuels, injection sets, conponehis—conming into contact with
gasol i nes, such as punp conponents, 30 containers, packaging, such as, for
exanpl e, packBge ngompositsabind agrcdrdjirigl footbeuffresepackagvegtion can
cosnetics, b I fidl 2 _articl | so e for e
packagi ng ofq%%aﬁgpﬁgq%gpegﬁélggﬁggpgdefgﬁ%fegggFgggté?ﬂﬁ%géﬁg?heﬁﬁ%getting
conposi tes 3masonprérioplyshss fnatesiasstil Fers, ther mehdifagturlsi t afen
sheets, or ascHRQOELLlve Qi SeRArabhig [dddBs duldido CoRMEr S BRBRRLAL ONS,
for exanple for vacuum nolding. - 1 conposition according to the
present | fAventdn &en beryépdsi t@et or bkyonbthed windwmnotedrthasihst £ate, such

as thernopl ast | ial s . he fact 0S| kches. This
deposi tion oré% ?gP%%%%?hiﬁaﬁgaggﬁ_égﬁggf§§e3$§ﬁ§§%§§€ﬂg'k%%&ﬂﬁﬁggﬁégs for
coextrusi on, ’elding, cead ng, MevethdYerng, ldviagtd@n on PABrFdME4dand -

mul tilayer inyectionyblovstmloinges MYd i bayekosheHCtgEeSLan fle fgh-aged of
one or nore Jayers of materials according to the invention., These 10 | ayers
can be conbi nE¥YSTa CeRIRRT LT i 8CLRYFELEMWI th tBRe IV eRFEPDt hdPeF8yers of

one or mane theyapPl ashi be RAMBIS] (05 evamphespenyeliy| BAers with

pol ypropyl ene, pol y(vinyl chloride) or | y(ethyl ene terephthalate). 15 The
filnms or shee?%etﬁﬁsgﬁﬁF%iﬂEﬁeEa&a ErﬁnﬁggiéﬁﬁyQﬁ'm%ﬁ%xFBEF?OH#éﬁﬁlc

according to pheykeswn t €eini geesmpde the yeamwarssiedn opolbproppllaski,cs. The
AN e N TR T e R A S
15 The films or sheets thus obtained can be uniaxially or
biaxially drawn according to the known techniques for
the conversion of thermoplastics. The sheets or the
panels can be cut up, thermoformed and/or pressed in
order to give them the desired shape.
20
The term “and/or” includes the meanings “and”, “or” and
all the other possible combinations of the elements

connected to this term.

25 Other details or advantages of the invention will
become more clearly apparent in the 1light of the

examples given below solely by way of indication.

EXPERIMENTAL PART

30 Example 1: Preparation of a compound based on

crystalline zirconium phosphate

The following reactants are used:
- hydrochloric acid (36%, d = 1.19),
- phosphoric acid (85%, d = 1.695),
35 - deionized water,
- zirconium oxychloride (in the powder form) at 32.8%

as Z7Zro0,.



20 The term "and/or" includes the neanings "and", "or" and all the other
possi bl e conbi nati ons of the el enents

connected to this term 25 Oher

details or advantages of the invention will becone nore clearly apparent in
the light of the exanples given belowsbety by way of indication.

EXPERI MENTAL PART 30 Exanple 1: Preparation of a conpound based on

crystal li ne Ataxpniaim phosphaieaThenf ol | owi ng reactants are used: -

hydr ochl ori ¢ ,aci 9 =1.1 - oric acid ((85% = ), 35
-~ dei oni zed V\th eérjjﬁﬁgoz/?/rgoma%m (%)xr)(/)(’:hl Sgiﬁgg}p‘l in Zﬁhlgccdpngl\l\légr %?%?léf@g 8% as
Zr. - 12 - Stlagel@) iPreespiredioafarehangel /1 as Zr 02 aqueous zirconium
oxychloride solution is prepared beforehand. 5 The foll ow ng are added at
anbi ent tenperature to a stirred 1 liter reactor: - Hydrochloric acid 50 n

- Phosphobi ¢ Hed dfsdlewing pereniaddbdwedr asbient mMemMPeRatwrer ingat he

m xture, 140 . . ueous zirconi um oxychl oride solution are
iHed N > ct &\

added

continuously wth a .
mai nt ai ned for HyAsachaptéf eFéddend of 2P h8l addition of the zirconium

flowrate of 5.7 mM/mn. 15 Stirring is

oxychl oride sol ghi,@Bhoffiberchi@mvi ng thg ggueous nother liquors, the

m

of 20 g/l
10

15

20

25

30

35

TBﬁ@AOQHGed water

After stirring the mixture, 140 ml of the 2.1 mol/l
aqueous zirconium oxychloride solution are added

continuously with a flow rate of 5.7 ml/min.

Stirring is maintained for 1 hour after the end of the

addition of the zirconium oxychloride solution.

After removing the aqueous mother liquors, the
precipitate is washed by centrifuging at
4500 revolutions/min with 1200 ml of 20 g/1 H3PO; and
then with deionized water, until a conductivity of the
supernatant of 6.5 mS 1s achieved. A cake based on

zirconium phosphate is obtained.

Stage b): Crystallization

The cake 1s dispersed in 1 1liter of 10M aqueous
phosphoric acid solution and the dispersion thus
obtained is transferred into a 2 liter reactor and then
heated to 115°C. This temperature is maintained for 5
hours. The dispersion obtained is washed by
centrifuging with deionized water until a conductivity
for the supernatant of less than 1 mS is achieved. A
cake Dbased on crystalline =zirconium phosphate 1is
obtained. The cake resulting from the final
centrifuging is redispersed in water, so as to obtain a
solution giving a solids content in the region of 20%.

The pH of the dispersion is between 1 and 2.

precipitate is washed by centrifuging ?}30 11219 4500 revolutions/mn with 1200



then with deionized water, until a conductivity of the supernatant of 6.5
nS is achieved. A cake based on zirconium phosphate is obtained. 25 Stage
b): Crystallization The cake is dispersed_in 1 liter of 10M aqueous
phosphoric acid solution and the dispersitén~thus obtained is transferred
into a2 liter reactor and then heated to 115C. This tenperature is

mai nt ai ned foR 5d3Gpessdeon Thef di 8pecsiven adBiaienedcomspmastiedbpged on
centrifuging yi LRASLANGREG ALE Utdde & eandueh bV ERY Qe e stipgrnat ant
of less than |ev§d cake based ©on crystafr I'i'ne zirconi um
phosphate i s WbbEhi RES. a$hé°éé@é’sr esulting fromthe final 35 centrifuging is

redi spersed i D Water o3P0 @Srib I Bratheoldd i oNnc ph i Nngna19ekisdsisGoRf ent in
the region of 20% 'I@he pH oﬁf t%gé}gl sper si onﬁ%s bet ween I11 §, S. CHC?

di spersi o of 2a THIRTRAFIHN ¢ FAFGHIOTHaEEET BACORET cOMMim &%Wr@ﬁ%

obt ai ned, thetghapaek@kitionCHOfa MMEI £ es@f_sué@hkewsthe JagR1aRE of
nDrphoIogy of the particles: analysis usjn 5 a ransn153|on El ectron

M croscope (TEMCBerforsthit ed@ $hee pddukefvgenr W0 amdid af 08t Plict &t he
| anel | ae of p@lrﬁﬂc?zébl bat:ea Sb@go 8éd bes preen JsQCaca@d &00 supstHipanticl es

are conposed of a bst anti al aral |l el |l ae, the thickness
of the st ackspatré‘ﬁj) io ‘?‘%‘Ctl %]r? JE}}‘/b‘éEH?EEI &1t gglgheSB?%Fﬁl &k ng
bet ween aﬂ)andhEOOdeEct1XRD peabyaidd ciesmnstivat ehd he lertedusdd ombedfng he

crystalline pha (HRO4 H20 (aZrP). - Solids content: 18.9% (by
wei ght). 15 Q gﬁeei‘ 5“8 }‘éo%cgé P]‘r\/lty 8 nB. Exanple 2: Process for the

manuf act ure of ARDP analysis demonstrates the production of the
) crystalline phase Zr (HPO4),-1H,0 (aZrP).
- Solids content: 18.9% (by weight).
15 -~ pH: 1.8.
~ Conductivity: 8 mS.

Example 2: Process for the manufacture of ozZrP

intercalated by an organic base (Stage c))

20 The product resulting from example 1 is neutralized by
addition of hexamethylenediamine (HMD): a 70% aqueous
HMD solution is added to the dispersion until a pH of 5
is obtained. The dispersion thus obtained is
homogenized wusing an Ultraturrax. The final solids

25 content 1is adjusted by addition of deionized water

—

(solids content: 15% by weight). The product obtained
is referred to as ZrPi (HMD).

Example 3: Polyamide-based material

30 A polyamide 6 having a viscosity number of 200 ml/g,
measured in formic acid (Standard IS0 EN 307), 1is
synthesized from caprolactam according to a
conventional process. This polyamide 6 is referred to
as material A. The granules obtained are referred to as

35 granules A.

A polyamide 6 having a viscosity number of 200 ml/g,
measured in formic acid (Standard ISO EN 307), 1is also

synthesized from caprolactam according to a



intercal ated by an organic base (Stage c)) 20 The product resulting from
exanple 1 is neutralized by addition of hexanethyl enediamne (HVD): a 70%
aqueous HWD solution is added to the di sEersi on until a pHof 5 is

obt ai ned. The di spersion thus obt ai ned i honogeni zed using an U traturrax.
The final solids 25 content is adjusted by addition of deionized water

(sol i ds cont eranversos oyalei GROcessThewhi bductimpredwedndi s reftar r etiheo as
ZrPi (HWVD). 3, apgi.derhas j } : Khg a
i scosi Ly number e oo e e  aner TP EN
307), is syrﬂh‘é‘%ﬁ%e@l’fprlom(gﬁmol%t &meERd6r di n§rt 2P ©dnveramBAsl Lprocess.

This polyam dgmbs | s1gef@rred g, peigpterdal zAp We granul gavmbt ai,ned are
referred to as 35 granules A "A polyam de 6 having a viscosity nunber of
200 m /g, 2 meERIRREL i ntPorFie akPERi StweHeRE 19D EN8O7POlYamiPse 1S

synt hesi zed fyomeapso&yactam according to a - 14 conventional process while
introducing, into the polynerization nmedium an aqueous di spersion
conprising either ZrPi (HVD) of exanple 2 or ZrP of exanple 1. Thus, 1% or

2% by wei ght oft e Ppon yailii zaEtidh,, vhéh variespecpol omehe tital foemght of
the polyamde, is 1ntroduced. @{Jter %gg%l rization the.variqzuégs(%pol mer s
are formed it gr SFGRE-SSthe (P Enul Stpr Fse SPRPHESC10 npPe 1. The
granul es 1C cospdmpske Zt Pi ThidD) getnelaspl € 2.cokper igeanud Bi ar ¢iMBshedft o
remove the residual caprglactam For this purpose, . the granul es
| mersed i n BORTTRGS vt or TPer BRETPIREs SHrour Pl are L AEHoEE efPEnder
| ow vacuum ( <c@sbdwdhr )cagirdlld@ a5 for 1Bhhsursurpose, the granules

) are immersed in boiling water for two times 8 hours and
are then dried under low vacuum (< 0.5 mbar) at 110°C

15 for 16 hours.

Analysis by transmission electron microscopy of the
granules B shows that the ZrP introduced during the
polymerization of the polyamide remains in the form of
20 a nanometric lamellar compound (lamellae) in the
polyamide matrix. Exfoliation of the ZrP during the
polymerization has therefore not occurred. The aspect
ratio, calculated from the measurements of the
thickness and of the length of the nanometric lamellar

) 25 compounds, is 3.

Analysis by transmission electron microscopy of the
granules C shows that the ZrPi (HMD) introduced during
the polymerization of the polyamide results in the
30 complete exfoliation of the ZrP in the form of
individual ZrP lamellae in the polyamide matrix. The
aspect ratio, calculated from the measurements of the
thickness and of the length of the lamellae, is 250.

35 Test specimens are manufactured from the granules A, B
or C. The test specimens have a width of 10 mm, a
length of 80 mm and a thickness of 4 mm. The test
specimens are conditioned at 28°C and at 0% relative

humidity.



Anal ysis by transm ssion el ectron mcroscopy of the granules B shows that
the ZrP introduced during the polynerization of the polyamde remains in
the formof 20 a nanonetric |anellar conpound (lamellae) in the polyam de
matrix. Exfoliation of the ZrP during thes polynerization has therefore not
occurred. The aspect ratio, calculated fromthe nmeasurenents of the

t hi ckness and of the length of the nanonetric lanellar 25 conpounds, is 3.
Anal ysis by transm ssion el ectron m croscopy of the granules C shows that
the ZrPi (HVDJaTIRUDAGEEEF SAUYERY QLSS yaeEi 24t i BReoftate pBRFAREHE

results in the-30-gonp! eberaxl aldaaliremedfc e Hedy | thdheatodmeh owi A vi dual
ZrP lanellae in_the polyam de matrix. The aspect ratio, calculated fromthe

measur ement s 9¥d¢he tQ hPCkSETENEndtBE (TRCIIPYERL ofPEIRFT MRS | & 8e250. 35
Test specisnengaes£ispouf actured fromthe granules A, B or C. The test
speci nrens have a w dth ?f 10 mm_a length of 80 mmand a thickness of 4 mm
The test speciheds 9PELBGRAPRI §RERSIAEIGE HPT:: 867 RPEERVACCREM By, -
15 Various teststaederéarsoedsputinaart helbeast oFpacismemymmdccording to the
measur enent et hods. i ndi cat ed bel ow.i.n der.to determ t he nechani cal
properties of tHAIUE %gt 15378 D dgheecjflf‘%ﬁc eereé?cg‘ﬁH% %‘) a
measur ed accodilst@ncée obStaredar duffOrts «fhdéd aml oad dmrdeBlwdd gh?. of
Modul us, as d with the i C ndul um wi th a i st.ance hetween supports
of 60" mri0a rene? Wbt Tho a5 et By of FIRUTEY ARIECeR Prhg
angl e of 1600D60The neasurenents carried out are presented in the table
bel ow.

)

The measurements carried out are presented in the table

below.
15
Table 1
Impact Heat deflection
Samples modulus temperature
(MPa) (°C)
Material A (PA 6) 3852 58
PA 6 + ZrPi (HMD) 1% 4451 85
PA 6 + ZrP 1% 4670 87

) The melt flow index is measured according to Standard
20 ISO 133 after drying the polymer overnight at 110°C
under 0.267 mbar. The viscometer used is a Gottfert
MPSE with a die of 2 mm. The MFI 1is expressed in
g/10 min. The measurements are carried out at 275°C

with a load of 2160 g.

25
Table 2
Compound MFI
Material A (PA 6) 27.7
PA 6 + 2% ZrP 23.5
PA 6 + 2% ZrPi (HMD) 12.2




15 Table 1 Inpact Heat deflection Sanples nodulus tenperature (MPa) (C
Material A (PA 6) 3852 58 PA 6 + ZrPi (HWD) 1% 4451 85 PA 6 + ZrP 1% 4670
87 The melt flow index is nmeasured according to Standard .20 | SO 133 after
drying the polyner overnight at 110C un8@r~0. 267 nbar. The viscometer used
is a Gottfert MPSE with a die of 2 nm The MFl is expressed in g/10 mn.
The neasureneixampie éarPrepapatian ofs5plawitil gpipesd of 2160 g. 25 Table 2
Conmpound MFI t erd PA 6)s 2Z..7 ~ P % Zr ) #FF@JJr %.Zr Pi
(HWD) 12.2 - g%@-%ékg%%@§£4§'Pf%péfaffoﬁegﬁtgﬁé?figréﬁpggp e er%nﬁ%&é A B
or C resul ti nfo¥Redth &MnpREr8sape $wr Peddpylest reki R P2 UM cayde TR
35/24 GM type,; ¥ht BhbheMae Gt td Sdemsg K, th@epﬂ'plé%s pFroduced havaﬂg 3 S

t hi ckness of 1 nm (external dianeter of 8 mm internal dianeter of 6 ,

t he di anefer sthgkppest RfckndsseteBieridt FipBetsa f ntadl ed NS HRE

carrying out 4hgmeP&FnNBaDK! hy,t @%leS ditthekte PifRS PROJUEEEKABBBELSS £3
identical |ayers internal, external and central | ayer

. The
characteri stit3®of PLR8Spr B8&8Yi nFea ¥ red 1 AGIREE (¢ ErgéPEesoéFe gheen
respectively hpormeéieilntgroakts.15 external and central |ayers):

10 The ©pipes ©produced comprise 3 identical layers

(internal, external and central layer).

! The characteristics of the processing are as follows
(the wvalues are given respectively for the internal,
15 external and central layers):
- temperature of the extruder: 230/230/230°C,
- screw speed: 8/9/3 rpm,
- motor torque: 4.7/3.8/4.6 amperes,
- extrusion outlet pressure: 2000/1900/2200 psi (pounds
20 per square inch),

- wvacuum: -0.2 bar.

The pipes are subsequently stored at 23°C and 0% RH
(relative humidity) for 48 h.

25
The tensile strength is measured on an Instron 4500
(100 kN load «cell), pull rate: 50 mm/min, initial
separation of the Jjaws: 40 mm. The measurements are
calculated on the basis of the 1load divided by the

30 circular area of the pipe over an average of 5 samples.

The mechanical measurements are mentioned in the

following table:



- tenperature of the extruder: 230/230/230C, - screw speed: 8/9/3 rpm -
notor torque: 4.7/3.8/4.6 anperes, - extrusion outlet pressure:

2000/ 1900/ 2200 psi (pounds 20 per square_inch), - vacuum -0.2 bar. The
pi pes are subsequently stored at 23C andl 0% RH (relative humdity) for 48
h. 25 The tensile strength is nmeasured on an Instron 4500 (100 kN | oad
cell), pull rate: 50 minin, initial TedPgaration of the jaws: 40 mm The
nmeasurenents are calculated on the basis of the |oad divided by the 30
circular are ' €s" cal
measur ement s| are nenti oR8®PLASt he fol |l ow ng tafeasile Btremgitl 3 Sanpl es
Tensile strepgth (N m2 ) Material A (HA 6) 49 PA Gnym&?Pl (HVMD) 2%[61 PA
6 + ZrP 2% 85— Exanpte—5—FPermeabi ity to M5 —gasottmeand—totead=—5"f ee
gasol i ne The| per meMdreriglof (BB Yari ous jmaterials to MBS gasoline was
eval uated by} measiy i1, t71%4 ogfupn yei ght| as a functigy of the tinme. fThe
vari ous pipes—of—exanmpte 4 —are drred—Tnjanovenmrunder_vacuumat—70€for 10
12 hours. The variouBRpPpesZ8Pe2fi|led wilth M5 gasol i%% or |ead-free
gasoline and the said pipes are stoppered. The pipes, thus filled, are
wei ghed on a precision bal ance. The pipes are subsequently placed in an
oven at 40C fk 5ldabs PHiangah ¥ e t@ej Mhed ggsoline and to lead-

5 free gasoline

The permeability of the wvarious materials to M15
gasoline was evaluated by measuring the loss in weight
as a function of the time. The various pipes of
example 4 are dried in an oven under vacuum at 70°C for
10 12 hours. The various pipes are filled with M15
gasoline or lead-free gasoline and the said pipes are
stoppered. The pipes, thus filled, are weighed on a
precision balance. The pipes are subsequently placed in
an oven at 40°C for 45 days. The pipes are weighed at
15 regular time intervals and the loss in weight 1is
recorded. The permeability is thus measured wunder

static conditions.

The M15 gasoline 1is composed, by volume, of: 15%
) 20 methanol, 42.5% toluene and 42.5% isooctane (2,2,4-

trimethylpentane).

The curve of loss in weight as a function of the time

breaks down into two phases: a first induction phase
25 (corresponding to the diffusion of the fluid through

the wall of the pipe) and then a second phase of

reduction in the weight of the pipes (corresponding to

the passage of one or more fluids through the wall of

the pipe). The permeability, measured in g.mm/m?/day, is
30 calculated from the slope of the second phase.

With the M15 gasoline, it is observed, over time, that
the pipes are first permeable to the methanol (the

methanol passes first through the walls of the pipes):



15 regular tinme intervals and the loss in weight is recorded. The
pernmeability is thus nmeasured under static conditions. The ML5 gasoline is
conposed, by volunme, of: 15% 20 methanol, 42.5%tol uene and 42.5% i sooct ane
(2,2,4- trinethyl pentane). The curve of 1Bss in wei ght as a function of the
time breaks down into two phases: a first induction phase 25

(cor respondi ngn€ o stps egieMIsivonPeFmeable| ficd Ehe oligh uehe whl I seoatkaepi pe)
and then a segppehpBagenth LeBERMHIR (s ¥ Ok r Slgh NenBi R 1s of
(corresponding to  the passage of one or nore fluids t%rough the wal |l of

the pipe). ThelpeP#B8BIFity, measured in g. MM M2 /day, is 30 cal cul ated
fromthe slope of the second phase. Wth the ML5 gasoline, it is observed,
over time, that the pipes are first Eergﬁab|e to the nmethanol (the

met hanol &asses first through the wall € the pipes); - 18 and
subsequently perneable to the toluene + isooctane m xture (which
subsequent | y[passes through the [TS of _ tHe pipes). o Table 4 Conmpouhds
Met hanol Tol pene $°PRIPY ee Ferﬁﬁﬁ%ﬁ??%y iso&@ﬁ&ﬁ eghsol| i mePaBdFRBabill ity
perneability| Material A (PA 6) |Fermedbl1btyHA Gsbottarde P B4 Fad8lihe7
Exanple 6: Barrier filmconpriging zirconi um phosphat.e __The pol .granul es
reSer)ti ng frpm-exanple-3-—are 10forned by e,u;gﬁ’éxf‘%%’f}ﬁ'tg-%@\i&%&ﬁe CWP
tradenmark. [Theitelhaeache(istd)cg of the processingsase as fol |l ovsie -

t enperature pf e _extryuder: begtween 260 and 290 - SCrew speed. 36 fpm
15 - notor t thfg‘ 68+lg‘a..yere 32 .28 855

~

Example 6: Barrier film comprising zirconium phosphate

The polymer granules resulting from example 3 are

10 formed by extrusion on a device with the CMP trademark.

The characteristics of the processing are as follows:
- temperature of the extruder: between 260 and 290°C,
- screw speed: 36 rpm,

15 - motor torque: 8-10 amperes,

- variable draw rate (film thicknesses between 50 and

70 pm) .

Several films were obtained having a thickness of 50 to
y 20 70 pm.

The films are conditioned at 23°C for 48 hours, the RH
(relative humidity) ranging from 0% to 90%, before
being subjected to the determination of their
25 permeability to oxygen, <carbon dioxide and water

according to the procedures described below:

Permeability to oxygen:
The oxygen transmission coefficient 1is measured
30 according to Standard ASTM D3985 under the following

specific conditions.

Measurement conditions:

- Temperature: 23°C,



- variable draw rate (filmthicknesses between 50 and 70 m). Several filns
wer e obtai ned having a thickness of 50 to 20 70 pm The filns are

condi tioned at 23C for 48 hours, the RH srel ative humdity) ranging from 0%
to 90% before bei ng subj ected to the d% erm nation of their 25
perneability to o ﬁbo%}dol oxi de and water according to the

pr ocedur es descri S i19% Iii'o oxygen: The oxygen transm ssion

coefficient is mﬁﬁﬁuﬁﬁmhedﬂk a@mgﬁdnog°t@x§@@ndaﬁﬂ A D395 cndas bife

foll owi ng speci fisc(fg}l@ndi tions. Measurenent conditions: - Tenperature: 23C,
- 19 - - Hum di tOy: % '50% or 90% RH, - Measurenents with 100% oxygen on 3
t est speci nens (Sfta}:ﬁ.lﬁzm‘dlon tStnadbd |24 dtjon tinme: 24 h, 5 - Measurenent

devi ce: tran ﬂ ePer e|VI A tery C? car bo ?b oxi de: Measurenent of the
carbon di oxi de e?r'f‘surﬁ SR on Cost%i HEhte %c ding to the docunent 1SO DI S
15105-2 10 Annex B (chr omat ogr aphi ¢ detecti on nethod). Measurenent

condi tions: e, Hum di.t 0% RH, 15 - Measurenents on 3
t est speci rrens ﬁ%#& to %girbgl ol |d;n§ |(§Jiné ‘time: 48 h, - Measurenent

devi ce: Oxt raMea!sQﬁemeEhr omafogr bbhi ¢ cembbhi ondio2@de Ovémané®lssio@ol umms:
Porapak Q coefficient according to the document ISO DIS 15105-2
10 Annex B (chromatographic detection method).

Measurement conditions:
/ - Temperature: 23°C,
- Humidity: 0% RH,
15 - Measurements on 3 test specimens of 0.5 dm?,
- Stabilization time: 48 h,

- Measurement device: Oxtran 2/20.

Chromatographic conditions:
20 - Oven: 40°c,
- Columns: Porapak Q,
- Flame ionization detection, the detector being

preceded by a methanization oven.

25 Calibration of the chromatograph with standard gases

with a known concentration of carbon dioxide.

Permeability to water vapor:

Determination of the water vapor transmission
30 coefficient according to Standard NF H 00044 (Lyssy

device).

Measurement conditions:
- Temperature: 38°C,
35 — Humidity: 90% RH,

- Measurements on 3 test specimens of 0.5 dm?.

Calibration with reference films having a graded
permeability of 26.5, 14 and 2.1 g/m?.24 h.



FIl ane ionization detection,
nmet hani zati on oven.
with a known concentration of carbon di oxide.
Det erm nati on of the water vapor t r ansmi 48i on

Standard NF H 00044 (Lyssy device).

38C,

35 -

Hum dity: 90% RH,

the detector being preceded by a
25 Calibration of the chromatograph with standard gases
Pernmeability to water vapor:
30 coefficient according to
Measur enent conditions:
Measurenents on 3 test specinens of 0.5 dnZ.

Tenper at ure;

Calibration with reference filns havi Rg A grsaded perneability of 26.5, 14

and 2.1 g/nR.24 h.
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0O, Permeability - 90% RH
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1.59

0.55
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CO, Permeability - 0% RH
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Example 7:

Process for the manufacture of aZrP powder

aZrP is prepared as mentioned in example 1,

the

fact that,
stage b),

during

the

aqueous phosphoric acid solution,

crystallization

apart from

stage of

the cake is dispersed in 1 liter of a 12.6M

the dispersion thus

10 obtained being transferred into a 2 liter reactor and
then heated to 125°C.

are retained.

The other stages of the process

An 0ZrP similar to that of example 1 is thus obtained,

15 with, however, a lamellar structure being obtained for
which the lamellae exhibit a size of between 300 and

500 nm.

The dispersion is subsequently dried in an oven at 90°C
for 15 h.

as arbP.

20 The dry product is thus a powder referred to

the

formed of aZrP treated with an aminosilane

Example 8: Process for manufacture of a powder

25 The dispersion before drying of example 7 is treated by

addition of 3-aminopropyltriethoxysilane (aminosilane):



then heated to 125C. The other stages of the process are retained. An aZrP
simlar to that of exanple 1 is thus obtained, 15 with, however, a |anellar
structure being obtained for which the |anmellae exhibit a size of between
300 and 500 nm The dispersion is subsedliently dried in an oven at 90C 20
for 15 h. The dry product is thus a powder referred to as ZrP. Exanple 8:
Process for tt@ﬁrnﬂmﬁnnﬂuhinQﬁla.pﬁ#géi tborthsl dﬁsazrplpneam@ﬂlhﬁﬁhean
am nosi | ane 23, Jhgndi §R6ES kROl HY éﬂ]&@i}p%c—%tfé( § ZNI/§ Lr gt edrly
addi tion of 3-am nopropyltriethox ane “(am nosi ane
ani nosi | ane i 418@H6E81P8 t hBUE| spk §F~6ﬁdun€~isl vREhegr ot /s H&\V@V@eer‘ihe
conpl etely nel:'éé%héﬁda(lwoﬁo-l 1)andThfs théﬂeﬁ%'l%@l tihusapbdpéRedti $owashed,
to renove the residual alcohol, and is then dried in an oven at 90C 5 for
15 h. The Jpr ofREt 1ohdls obrai Readnstr éhars Pt ained ZEP/LRRSIRS ] ahe. axanpl e
9: Mterial bgspdspnndspebypropyl ene honopolyner resin 10 A nanoconposite
based on pol ypropyl ene (PP) and on ZrP of exanple 7 or exanple 8 is
prepared under the followi ng conditions: A mxture conprising 96. 8% of
I sotactic pol ypampykene hamepekyner pesed as ghanul @s  Wpbhya ridhyll ehleow
i ndex (accor CIE n@ L0 Standar d . TSO TI33) 15 of 3 ¢g7I0 mn at Z30C under a | oad
of 2.16 kg, |ler, dried in an oven at 90C for 16 h, and
0. 2% of lryanAX nBA2% otiplosdtied b sed @ﬂiepaﬂ@ﬁrbpyaenBr atrEmdesndi ar zequi pped
with Wo0 rotors with a at i onal f the rotorso 125 rpm filling
20 coeffi ci en‘P%of eﬁia‘?lp&r?d()’t tHough”® ?‘gﬂ‘g%rgtuﬁé of rfébacr f ofiige EI rréC%O
m n. The m xt ivgé3owhng obbadnedoase A mixture compri51ng 96.8% of

)

isotactic polypropylene homopolymer resin as granules
with a melt flow index (according to Standard ISO 1133)
15 of 3 g/10 min at 230°C under a load of 2.16 kg, 3% of
inorganic filler, dried in an oven at 90°C for 16 h,
and 0.2% of Irganox B225 antioxidant is prepared in a
Brabender mixer equipped with W50 »rotors with a
rotational speed of the rotors of 125 rpm, a filling
20 coefficient of 0.7 and a trough temperature of 150°C,
for a time of 5 min. The mixtures thus obtained are
thermoformed in a press at 200°C for 10 minutes under a
pressure of 200 bar and are then cooled at 15°C for 4
minutes at 200 bar to form plaques of 100 mm by 100 mm
25 by 4 mm. Test specimens with dimensions of 80 mm by

10 mm by 4 mm are subsequently cut out.

Analysis by transmission electron microscopy of the
test specimens shows that the ZrPp and the
30 ZrP/aminosilane introduced into the polypropylene
remains in the form of a nanometric lamellar compound
(lamellae) with an aspect ratio of less than 100.

These test specimens are characterized by three-point
35 bending according to Standard ISO 178 and by notched

Charpy impact according to Standard ISO 179.

The test conditions used are as follows:



thernofornmed in a press at 200C for 10 m nutes under a pressure of 200 bar
and are then cooled at 15C for 4 mnutes at 200 bar to form plaques of 100
nm by 100 mMmm 25 by 4 mm Test specinens with dinmensions of 80 nmby 10 mm
by 4 mm are subsequently cut out. Analysis by transm ssion el ectron

m croscopy of the test specinmens shows that the ZrP and the 30

Zr P/ am nosi | an€Hrde-gehiced | béndfiheg: polSypriopyt enepeedrmiens | iwitie f D6 of a
nanonetric | ayel |l ar. conp ( Lae it h ect, ratio ess than
100. These teC{re mesngsrelc(?n ntgg%lt?%d c%grngét gr i)‘l?\ggtrbf%i%h%zogq%coloqln?ﬁé 3%9 véllﬁdlﬁﬁg
accordi ng t oSt #rab 1A IT8L 8hd by notched Charpy inpact according to
Standard 1 SO_1 t est di.t] _used are.as L. « - -

Thr ee- poi nt beé\gltncg: qS @satr%%eé‘ﬁdr?%% Wi %h ?g%t dlsﬁgﬁg?l\g?iss tgéf%}eld %1?0230
under t he5contiintérogisornly ampit alped bypsSngndarkladdBO ¢¥B. at Ndt cherid Chavpygi npact :
5 test specinegn L I i o] tehegd, usi-ag L age t,3b-~45 and
having ara |u§ag?h%ur€§1&?g§gg% .258%n32€§htesteg@atéigd%gun er ?h%

condi tions drawenpiy Sthidakens Srawg. up pgnstepdasdl é§Catldd-from t he

densities of Ihe Yoy pUsca fONPLPEAt $rodlthl Waing i@l & the Yhtgbfls
pol ypropyl ene resin was processed and eval uated under the sane conditions
as the fill FUERMIRSIng resins. The nmeasurenents carried out are
presenteggin the table below 15 Table 6 Flexural Notched inpact Sanple
Density nodul us strength gGPa) 1ng/nQ% , )

In this “example, he virgin polypropylene resin was
processed and evaluated under the same conditions as
the filler-comprising resins. The measurements carried

out are presented in the table below:

15
Table 6
Flexural | Notched impact
Sample Density modulus strength
(GPa) (kJ/m?)

PP homopolymer 0.92 1.37 4.6
PP + talc 20% 1.06 2.43 3

PP + ZxP 0.94 1.35 6.7
(example 7) 3%

) PP + ZrP/aminosilane 0.94 1.53 5.5

(example 8) 3%

An enhancement in the mechanical properties, in
20 particular the modulus and/or the impact strength, is
thus observed with the polypropylene comprising ZrP as
filler of the invention exhibiting a similar density to
the filler-free polypropylene. Moreover, it is apparent
that the polypropylenes comprising ZrP as fillers of
25 the invention exhibit enhanced properties of resistance
to scratching and strains at break under tension, with
respect to the virgin polypropylene resin processed and

evaluated under the same conditions.



PP honopol yner '0.92 1.37 4.6 PP + talc 20%1.06 2.43 3 PP + ZrP 0.94 1.35
6.7 (example 7) 3% PP + ZrP/am nosilane 0.94 1.53 5.5 (exanple 8) 3% An
emhancenent in the nechani cal progertles in 20 particular the nodul us
and/ or the inpact strength, is ts” observed with the pol ypropyl ene
conprising ZrP as filler of the invention exhibiting a simlar density to
the filler-free poIypropyﬂgﬁgfgiégééﬂggTEiq is apparent that the

pol ypr opyl enes conprising ZrP as fillers of 25 the invention exhibit
enhanced properti fd reS|s%g9cgnlto sc&ggfhlngianq_%ggalggeat break under
tension, Wth respeé} ThHe viTgin pSPyproﬁ§lene resin processed and
evaluatedthﬂdendhhelsamatcnmdandopsrtiéieﬂN%ﬁEeHS<ﬁLA¢AE§bdrSm,l A nol di ng

compos {1 90 SATRY | $00.41 hEAY A8 CANBEAMALAR | gpgBLLicand particles

based on Zirconi Um tanium cerium a I'i con pho ate
characternzedhatnathé@a%u J0&adty 50%by nbinbee B&rthéEEaﬁﬂﬁches are in the

formof napometyic Lamellarcompounds hayi NG oudiiensian of ol ess than lum

exhibiting an aspect ratio, which is the greatest dinmension, generally the
| engt h, t gimenreophicdk ness ofhaphd Uarfefeb Y aarel @%H’ecéorﬁﬁi&r"?d of less than

or equal uﬁléOQs %hengemo%h}héﬁ)ﬁ(ﬁls gbaéARd @h@'@éx’iqq]h GRaracterized in
that the particles of nanonetric |anellar conpounds ex ibit an aspect ratio

of |ess thAn Shiekppis t%fSGhGSna?ﬁ@eEﬁ%bo%@Fﬂ&ﬁra§“EP8Pﬁ%d °h ei ther one of
claims 1 1888 thanCharapiaarigedod.n that the particles of nanonmetric |anellar
conpounds exhi bit an aspect ratio of less than or equal to 10.

2. The composition as claimed in claim 1, characterized
in that the particles of nanometric lamellar compounds

exhibit an aspect ratio of less than or equal to 50.

3. The composition as claimed in either one of claims 1
and 2, characterized in that the particles of nanometric
lamellar compounds exhibit an aspect ratio of less than

or equal to 10.

4, The composition as claimed in any one of claims 1 to
3, characterized in that at least 80% by number of the
particles are in the form of nanometric lamellar
compounds exhibiting an aspect ratio of less than or

equal to 100.

5. The composition as claimed in any one of claims 1 to
4, characterized in that 100% by number of the particles
are in the form of nanometric lamellar compounds

exhibiting an aspect ratio of less than or equal to 100.

6. The composition as claimed in any one of claims 1 to
5, characterized in that it comprises from 0.01 to 30% by
weight of particles with respect to the total weight of

the composition.

7. The composition as claimed in any one of claims 1 to

6, characterized in that it comprises from 0.1 to 5%



4. The conposition as clained in any one of clains 1 to 3, characterized in
that at | east 80% by nunber of the particles are in the formof nanonetric
| amel | ar  conpounds exhi biting an aspect Eatlo of less than or equal to
100. 5. The conp05|t|on as clalned in any one of clains 1 to 4,

har act t hat % b f the particl the,f f
anometr1 ¢ | A1 Y51 SEbnBbuRBL E VAR My FAT R pects 1B otBF o c¥e EREn o1

equal to 100.of6th§heompapbsibnon as claimed in any one of clainms 1 to 5,
characterized in that it conprises fromO0.01 to 30% by weight of particles
with respect to the total weight of the conposition. 7. The conposition as
clainmed in any. oneTlmé cbm‘pnrsitibn a3, clwimeed einzedyi orichadf | tledmpr ilses

(1 OMm 0 Lok0 o287 724 GRUpARlgls Al PARtIGlEs Wi GESRREl.L0. t henbaiay wel ot
§ T one Of clains

of the composi® 05|t|on as 1 5
to 7, charactemmpe@ndnlshaaseﬁeonanmnebnnumlahebp@ateconpound i s based on
zi rconi um phosphate. 9. The conposition as clained in any one of clains 1
to 8, characterized in that it additionally conprises 10 particles in the
form of nanon®tri cThanepmaesddipournds Tonpredi kg any mne caf aclaamand/ or

exfoliation ageng. & I £PPPSit Oahaaé ¢ kai R 1 b 3y) fn%oﬁlfprcils%'sns 1

to 9, characterlzed In that the thernoplastic matrix is 1 osed of at
| east oné O hePa®hl abes c ipolihrerfehdseh nﬁﬂ&mﬁﬂﬁ%%ﬂ¥ﬁmﬁ%bﬁ§l§Pmﬁ@u@ﬂs

pol yami des, p@&ﬂﬁ@?i@iﬁg aRokyebebhnataBd RAHYOR ¥heRa i@tide) Sagand the
bl ends and copol ynmers” based on these (co)pol yners. 20 11. The conposition

as claimed in any one of clainms 1 to 10, characterized in that the
t her hopl asti c1omt rtke tompopakyam des chnsafedr oM bhe Wripo£oBshshisNg of

to 9, characterized in that the thermoplastic matrix is
15 composed of at least one thermoplastic polymer chosen
from the group consisting of: polyamides, polyesters,
polyolefins and poly(arylene oxide)s, and the blends

and copolymers based on these (co)polymers.

20 11. The composition as claimed in any one of claims 1
to 10, characterized in that the thermoplastic matrix
is a polyamide chosen from the group consisting of:
polyamides 6, polyamides 66, polyamides 11, polyamides
12 and poly(meta-xylylenediamine)s, and the blends and

25 copolymers based on these polyamides.

12. The composition as claimed in any one of claims 1
to 11, characterized in that the thermoplastic matrix
is a polyolefin chosen from the group consisting of:
30 polyethylene, polypropylene, polyisobutylene and
polymethylpentene, and their blends and/or copolymers.

13. A process for the manufacture of a composition as
claimed in any one of claims 1 to 12, consisting in:

35 - mixing at least particles based on zirconium,
titanium, cerium and/or silicon phosphate in the form
of nanometric lamellar compounds with monomers and/or
oligomers of a thermoplastic matrix, before or during

the polymerization stage, and



pol yam des 6, pol yam des 66, polyam des 11, polyamdes 12 and

pol y( et a- xyl yl enedi am ne)s, and the blends and 25 copol yners based on

t hese pol yam des. 12. The conposition as _clainmed in any one of clains 1 to
11, characterized in that the thernopl astPc matrix is a pol yol ef i n chosen
fromthe group consisting of: 30 pol yethyl ene, pol ypropyl ene,

pol yi sobut yl ene areolyo¢yheing| pbat thermapdasheicr maiterigs and/ or copol yners.
13. A process for the nmanufacture of a conposition as «clainmed in any one of
claims 1 to 12, consisting in: 35 - mxing at |east particles based on
zirconium ti4anidnpreeeFamiaid/ e sﬁﬂanégac‘phﬁgpl@aﬁ @ | pompesibian 6p

nanonet ric | anel]Rky CaMPosREs oM ho Fonaneis andiy 19! i GUIFRISSOfn@ in
t hermopl astic matrix, before or during the polynerization stage,” and - 25 -
pol yneri zPng theindep hoprasti Pamiticles ased Mmces5CPBiUlhetABADESE Y Ur e Of

a conposi tion-@s;i ukl aiRY dr a8yl PEén Of phlcaipatk t0id2, te@NSisd+MI bE 5
m xi ng at |east particles _based on zirconium titanium cerium and/or
silicon phosphRe¢H the £GMRIGRT naFIMRPLRES | afBd ard cohPBLRaARlasd 18
t her nopl asti gpa#®ixi x. 10 15. A process for the manufacture of a conposition
as clained in any one of clains 1 to 12, consisting in mxing at |east one
t hernopl astic nmatrix and one conposition conprising at |east particles
based on10zi rcedni um prbtassurforcetheinmandfaetairki @@ phospbas etionlast he
f or m of nanorreiri c lLanmell ar _conpounds and a tlhqchOrmEhasti C matrix.

15,

16. The
process as clar FBEET n *&hy3Bhe B cPhi 2t o ar S 'Y nifhat the
particl es bagseitlximg 28tzi leasitumontd t arfiermorgkastie andaorisi | endn phesphat e

in the forﬁlq;oﬂgggfgighc &8ﬂ8££§£n80n99unggag{hiBgEtﬁgles based on
zirconium, titanium, cerium and/or silicon phosphate in
15 the form of nanometric lamellar compounds and a

thermoplastic matrix.

16. The process as claimed in any one of claims 13 to
15, characterized 1in that the particles Dbased on
20 zirconium, titanium, cerium and/or silicon phosphate in
the form of nanometric lamellar compounds exhibit an

aspect ratio of less than or equal to 100.

17. The process as claimed in any one of claims 13 to
| 25 16, characterized in that the particles based on
zirconium, titanium, cerium and/or silicon phosphate in
the form of nanometric lamellar compounds are

intercalated and/or nonintercalated.

30 18. A process for the manufacture of an article,
consisting in forming a composition obtained as claimed
in any one of claims 1 to 12 with an extrusion, molding

or injection molding device.

35 19. An article, obtained by forming a composition as

claimed in any one of claims 1 to 12.

20. The article as claimed in claim 19, characterized

in that it 1s chosen from the group consisting of a



aspect ratio of less than or equal to 100. 17. The process as clainmed in any
one of clains 13 to 25 16, characterized in that the particles based on
zirconium titanium cerium and/or silicon phosphate in the form of
nanonetric |anellar conmpounds are interd@lated and/or nonintercal ated. 30
18. A process for the manufacture of an article, consisting in formng a
conposi ti on dhtlan hech ashekai,ned pipapy ®nehdfloy aios Bdlddl2 beidyh aa

ext rusi on, | di or injection moldjing, device. 35 19. An article, obtained
by form ng g%cogtr%ges’l tg o%&%(gul%lg?%% {fﬁgghy one of clainms 1 to 12. 20. The
article as clained in claim19, characterized in that it is chosen fromthe
group consisting of a - 26 film a sheet, a pipe, a hollow or solid body, a
bottle, a conduit and a tank. }



