WO 2004/ 096903 PCT/ FR2004/ 001013 Thernopl astic material conprising
nanonetric |anellar conpounds The present invention relates to materials
conprising a 5 thernoplastic matrix and at |east particles based on
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PRIOR ART

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

in particular, the barrier properties to gases or to

liguids or the mechanical properties.

To reduce the permeability, it is possible in
20 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 1s because the -
gases or the 1liquids have to follow a much longer
25 pathway Dbecause of these obstacles arranged in
successive strata. Theoretical models regard the
barrier effects as becoming more pronounced as the
aspect ratio, that is to say the length/thickness
ratio, increases.
30
The lamellar nanofillers which are most widely
investigated today are clays of smectite type, mainly
montmorillonite. The difficulty of use lies first of
all in the more or less extensive separation of these
35 individual lamellae, that 1s 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



the exfoliation, use is nmade of an "intercalation" technique, which
consists in swelling the crystals with -2 organic cations, generally

.quat ernary amoni um cations, which will conpensate for the negative charge
of the |lanellae. These crystalllne al um nosilicates, when they are
exfoliated in a thernoplastic matrix, &xfst in the 5 form of individual
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to employ in thermoplastlc matrices.

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 liguids and to gases and/or

good mechanical properties, such as, for example, a



of nonexfoliated nanonetric |anellar conpounds, exhibit 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 high tenperatures. 5
The particles according to the present Jimvéntion are present in the
thernoplastic matrix in the formof nanonetric |anellar conpounds, that is
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The thermoplastic compositions obtained thus have
fluidity and mechanical gqualities required 1in the

15 industry for the conversion of these polymers.

The term “composition possessing barrier properties to
gases and liguids” 1is 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 1s impermeable, of nonpolar solvents, in
particular the representative solvents of gasolines,
such as toluene or isooctane, and/or polar solvents,

such as water and alcochols.

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.

The term “nanometric lamellar compound” is understood



35 nunber of the particles are in the formof nanonetric |anellar conpounds
exhi biting an aspect ratio of less than or equal to 100. The term
"nanonetric | anellar conpound” is understood - 4 to nmean a stack of several
| anel | ae exhibiting a thickness of the order of several nanoneters. The
nanonetric lanellar conmpound according to the 5 invention can be

noni ntercal ated or el se intercal ated by an.interc Iatlo
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compounds exhibit an aspect ratio of less than or equal

to 50, more preferably of less than or equal to 10,
15 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.

The term “a nanometric compound”, within the meaning of
20 the present invention, 1is understood to mean a compound
having a dimension of less than 1 pm. Generally, the
particles of nanometric lamellar compounds of the
invention exhibit a length of between 50 and 900 nm,
preferably between 100 and 600 nm, a width of between
25 100 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
(TEM) or scanning electron microscopy (SEM).
30
Generally, the distance between the lamellae of the
nanometric lamellar compound is between 5 and 15 A,
preferably between 7 and 10 A. This distance between
the lamellae <can be measured by crystallographic
35 analytical techniques, such as, for example, X-ray

diffraction.

According to the present invention, 50% by number of

the particles are in the form of nanometric lamellar



preferably between 7 and 10 A This distance between the |anellae can be
nmeasured by crystallographic 35 anal ytical techniques, such as, for exanple,
X-ray diffraction. According to the present invention, 50% by nunber of
the particles are in the formof nanonetric lamellar - 5 conpounds
exhibiting an aspect ratio of less than or ~ equal to 100. The ot her
particles can be in partlcular, in the formof indivi Ilae for
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the invention ca optlonally be gathered together in the form of aggregates
and/ or agglonerates in the thernoplastic matri x. These aggregates and/ or
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15 The particles according to the invention can optionally
be gathered together in the form of aggregates and/or
agglomerates in the thermoplastic matrix. These
aggregates and/or agglomerates can in particular
exhibit a dimension of greater than one micron.

20
Use may also be made, for the present invention, of
particles of hydrated nanometric lamellar compounds
based on zirconium, titanium, cerium and/or silicon
phosphate, such as, for example, monohydrated or

25 dihydrated compounds.

Use 1s ©preferably made, according to the present
invention, of zirconium phosphate, such as oZrP of
formula Zr (HPO4), or yZrP of formula Zr (H,PO4), (HPO,) .
30
It is also possible, according to the invention, to
treat the particles based on zirconium, titanium,
cerium and/or silicon phosphate with an organic
compound before introduction into the thermoplastic
35 matrix, 1in particular with an aminosilane compound,
such as, for example, 3-aminopropyltriethoxysilane, or
an alkylamine compound, such as, for example,

pentylamine.



It is also possible, according to the invention, to treat the particles
based on zirconium titanium cerium and/or silicon phosphate with an
organi ¢ compound before introduction into the thernoplastic 35 matrix, in
particular with an am nosil ane conpound, such as, for exanple,

3-ami nopropyl triethoxysilane, or an al“kfﬁl am ne conpound, such as, for
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nonomers. More speC|
are preferably chosen from the group consisting of:

polyamides, polyesters, polyolefins and polyl{arylene
15 oxide)s, and the blends and copolymers based on these
(co)polymers.

Mention may be made, as preferred polymers of the
invention, of semicrystalline or amorphous polyamides
20 and copolyamides, such as aliphatic polyamides,
semiaromatic polyamides and more generally 1linear
polyamides obtained by polycondensation Dbetween a
saturated aliphatic or aromatic diacid and a saturated
aliphatic or aromatic ©primary diamine, polyamides
25 obtained by condensation of a lactam or of an amino
acid, or linear polyamides obtained by condensation of
a mixture of these various monomers. More specifically,
these copolyamides can, for example, be
poly(hexamethylene adipamide), polyphthalamides
30 obtained from terephthalic and/or isophthalic acid, or
copolyamides obtained from adipic acid, from
hexamethylene diamine and from caprolactam. According
to a preferred embodiment of the invention, the
thermoplastic matrix 1s a polyamide chosen from the
35 group <consisting of polyamide 6, polyamide 66,
polyamide 11, polyamide 12 and poly (meta-
xylylenediamine) (MXD6), and the blends and copolymers

based on these polyamides.



t hese copol yam des can, for exanple, be poly(hexanethyl ene adi pam de),

pol ypht hal am des 30 obtained fromterephthalic and/or isophthalic acid, or
copol yam des obtained from adi pic acid, from hexanethyl ene diam ne and from
caprolactam According to a preferred enbodi nent of the invention, the

t hernopl astic matrix is a pol yani de chosén-fromthe 35 group consisting of
pol yam de 6, pol yam de 66, polyam de 11, polyam de 12 and pol y(neta-
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addition, optionally comprise particles of nanometric
lamellar compound comprising an intercalation agent
15 which 1is 1intercalated between the lamellae of the
particles and/or an exfoliation agent which is capable
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
20 can be nanometric lamellar compounds based on
zirconium, titanium, cerium and/or silicon phosphate or
any other type of compound, such as: natural or
synthetic clays of the smectite type, such as, for
example, montmorillonites, laponites, lucentiles or
25 saponites, lamellar silicas, lamellar hydroxides,
acicular phosphates, hydrotalcites, apatites and

zeolitic polymers.

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

35 triethanolamine.

The composition of the invention can also comprise
other additives generally used in compositions based on

a thermoplastic matrix, such as, for example:



exanpl e, nontnorillonites, laponites, lucentiles or 25 saponites, lanellar
silicas, lanellar hydroxides, acicular phosphates, hydrotalcites, apatites
and zeolitic polynmers. The intercal ation and/or exfoliation agents can be
30 chosen fromthe group consisting of: NaOH, KOH, LiOH NH3, npnoam nes,
such as n-butyl am ne, diam nes, such as thex_anet hyl enedi anm ne or

2- et hyl pent anet hyl enedi ami ne, am no acids, such as am nocaproic acid and
am noundecanostalacl izesnd aniifdecaltédolol f9ehich aPlaFi¢izehanol &hfBe. The
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reinforcing additbMes, S46dsoSn VARSI | CEHA Chanmpllent gpeabatednar
noni ntercal ated” and exfoliated or nonexfoliated), kaolins, talcs, .
grafted with maleic anhydride, making possible adhesion
to polyamide, dispersing agents, scavengers or
absorbers of active oxygen, and/or catalysts.
15
The composition of the invention can also comprise
inorganic reinforcing additives, such as
aluminosilicate clays (intercalated or nonintercalated
and exfoliated or nonexfoliated), kaoclins, talcs,
20 calcium carbonates, fluoromicas, calcium phosphates and
derivatives, or fibrous reinforcements, such as glass

fibers, aramid fibers and carbon fibers.

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

the composition according to the present invention.

A first process consists in mixing at least particles
30 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
in subsequently polymerizing. The polymerization
35 processes employed 1in the context of this embodiment
are the usual processes. The polymerization can be
interrupted at a moderate degree of progression and/or
can be continued to the solid state by known post-

condensation technigues.



20 cal ci um car bonates, fluorom cas, cal cium phosphates and derivatives, or
fibrous reinforcenents, such as glass fibers, aramd fibers and carbon
fibers. Any nethod known to a person skilled in the art which 25 nmakes it
possi ble to obtain a dispersion of conpounds in a thernoplastic conposition
can be used to prepare the conpositiom d&cording to the present invention.
A first process consists in mxing at |east particles 30 based on
zirconium titanium cerium and/or silicon phosphate in the form of

nanometric | aggbiREr CYRRWS c¥hENsFONAREIS: &l OB tOl I QeI saptidles

t hermopl astic. matrix, before or during the polynerizatiaqon stage, and in
subsequent | y PeP§Rer®Zi gL e B yreriFEt on §§rﬁpﬁbe§§§20énpgb§éﬂopn t he
context of thpsoephetdenent thay efdéhe Usudanpmeeesseslandlel 0! yorpobzatison can
be interrwupt rat e . degree of, progression_and/or _can_be_gontinued

E ed at a ngde g g b
to the solY d ¥thPe By KROWICBLEETEonlidhSAFT on PecRAf GUEELEE 9tPanbbher
process consimbdten riodmg awdl| eastogardnallegs shhgedtangzithonmirtutet ani um

cerium and/ or_silj,con . phos te.l f. f Qgp?gg I C ar .
conmpounds 5 vv|t§h éaheto%elrrpr%’pl f%gt%i cegrirgrtr‘}%?% 1:}%”‘6%“ cu ariéllrll t eEew:_\dr(rédl ten form
and in optionarfigrstibj eorhget e aviogt Wispars ishearinglo f oriexanpeendr an
extrusion devbgema!dé gEdey ttG?ziH"—%g'f%% e POOEL It SRET SEeR30 T Jo thLg, use
may be made of a tw n-screw extruder of ZSK30 type into 10 which a pol yner
in the mol& enwBigheaamPlfe mabonthei BoltghelSltat sc Gsbuble aBeBPBrRE1EO t he

invention, fofanexagpl ecbhpbiedpowdeodamny ale itid odusesntidn] s rpessible
for said powder to_conprise aggregates and/or agglonerates of particles

{
according to Eh&™PhFentFontRa5 %@r3%%@%es§r€bn§P§F§%Pﬁeﬁrxi § als

t her nopl asti Cpossible for said powder to comprise aggregates and/or

agglomerates of particles according to the invention.

15
Another process consists in mixing a thermoplastic
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

20 zirconium, titanium, cerium and/or silicon phosphate in
the form of nanometric lamellar compounds and a
thermoplastic matrix, it being possible for said
composition to be prepared, for example, according to
one of the processes described above.

25
There 1is no limitation on the form under which the
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

30 of polyamide-based barrier materials, an advantageous
embodiment consists in introducing, into the
polymerization medium, a dispersion of the nanometric
lamellar compound in water. In the context of
polypropylene-based materials, an advantageous

35 embodiment consists in mixing the polypropylene matrix,
preferably in the molten state, with a powder formed of

nanometric lamellar compound.

The nanometric lamellar compounds used in the process



matrix, in particular in the nmolten form and at | east one conposition,
such as, for exanple, a concentrated mxture, conprising at |east particles
.based on 20 zirconium titanium cerium and/or silicon phosphate in the
formof nanonetric |anellar conpounds and a thernoplastic matrix, it being
possi ble for said conposition to be pFeeréd for exanple, according to
one of the processes described above. 25 There is no limtation e form

under whi ch t RECOREMBHet FPC IQﬁeH%ﬂVQHﬁﬁﬁﬁumF%%n be |ﬁ??bHEEE8a$ﬁF8 t he
medi um f or th@nayat:he§n5eef:auheeaher mapl agti cCpebymar addb tiibho afnobhen

thernDpIastlc Ln_the_cantext 300 yanlde based barrie

materi al s, ggeﬁﬁ?éa£50§ eﬁﬁ%‘oﬁénte3%ﬁ§ 5"h i nt$od C|ng %o t he
polynerizatlonaHBMBUHuca wamﬂﬂkaKWIobmphendammuﬁtlcnotammdsulmonpound in
e ot NocBRBLEEL OfexROLYDLOBY! e0e: basedy TaLel Aoty 0 aduaRt agpous 35

enbodi nent consists In mXing golypro ene matrix y in
mol t en st at e, caphAuBdpowdera S ofPredobfInnd |ﬂﬁqupﬂkﬁﬁﬂﬂE@C@@ﬁ%b@%dtOThe

nanonmetric | apgkl apyeappaYnds Heednibn thevierocess - 10 according to the
invention can be nonintercalated and/or intercalated. In all cases,

addition of an intercalation and/or exfoliation agent to the nanonet ri c

lamel | ar conpoHAd {M$EnHObnT eSS i o tedIPItR) € aexfidllicat | eptafingd doy
nanonetri.c Ia | | ar gﬁpound SO_as, to ob aln t he coqng|t|oq%accord|ng to
the i nvertd on 8§m689| n ab&i’é“peﬁfe i en?t ontifso TR EL 0 ¥ ti eP¥s

obt ai ned by tRetmopilagtibe cospostdi@n ofteicheiiguegnti suachy ay,  for

thernnplastlcegonv$r3| on, t & hn| ue, sgg@hags fQ§n;%é§5E|fe ngg§5ggghon,
such as, for nB ru5|on ! ! b-e

of sheets and films or extrusion blow-molding; by
molding, such as, for example, compression molding,
15 thermoforming molding or rotomolding; or by injection,
such as, for example, Dby injection molding or by

injection blow-molding.

The preferred articles of the invention are in
20 particular components, films, sheets, pipes, hollow or
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
25 contact with gasolines, such as pump components,
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
30 example polyester-based thermosetting composites
comprising glass fibers as fillers, for molding,
bitumen sheets, or as protective or separating film
during conversion operations, for example for vacuum
molding.
35
The composition according to the present invention can
be deposited or combined with another substrate, such
as thermoplastic materials, for the manufacture of

composite articles. This deposition or this combining



of sheets and filnms or extrusion bl ow nolding; by nolding, such as, for
exanpl e, conpression nol ding, 15 thernoform ng nolding or rotonol ding; or by
injection, such as, for exanple, by injection nolding or by injection

bl ow nol di ng. The preferred articles of the invention are in 20 particular
conponents, films, sheets, pipes, hol | owtbr~sol i d bodi es, bottles, conduits
and/ or tanks. These artlcles can be uied i N, nuner ous fleld such as, for
exanpl e, the S&fontH | eCPAGLSEr y,O%bichP4s cbRBui &Y ¢ oS fhefs,

i njection setspegbnpehent sroaning,i ricat2ngGordwainsidingasobingsctsonh as
punp conpone nt ai S su r ex gi ng
for solid ornquU|§8foo @ruffsﬂggéggéggr QQJ%ggghe |csgﬂ§ot??£§£§ d filns.
These articl eduthhlaysy Peruskdréor adre packégrmgdof0§tanﬁrngrnamereals,
for 30 examp fapolyesherbaser INSLABSELL hA0 COMPOST LER ORI | ShRg. gl ass
fibers as fil for ng, brtunen sheets, or as protective or
separating f|lﬂyeﬁarpﬁg é@nwmmﬁkne%peretp@ﬁ§trﬂ§ﬁoexémﬂeﬂaxﬁr@aEHUhm

mol di ng. 35 Thge COIPARId OBt REFON ARG st O h@n@reeerr&oﬂéweﬂém&ﬁﬁaeu@e
deposited or conbined with another "substrate, such as thernoplastic

material s, foPO+WBERANUF #OFUr eSHRTP LB &SilE taptliedices . Rﬁrﬁpﬁ%ﬁﬁéﬁﬁﬁon or

this conbinln@oi l&lnyﬁncbﬁoﬁﬁﬁébeQrOFbl9Yeth§l§ﬁ@“ﬂe@%bh@ﬂ&lﬁ@é

coextrusi Lan, roIYlng, coating, overnolding, coinjection nolding and
nultilayer injection blownolding. Miltilayer structures can be fornmed of
one or nore 5Thayéddmef oratdrdstls GMM@rdbngihedthemrbﬂﬂmmrmxiéhbgeorlayers

can be combi ned. yi 2, ¢0eX{LUS! O fal AYOLS Wil LRBEAOT JRLE QI clavers of

one or nore er nopl a
the conversion of thermoplastics. The sheets or the

panels can be cut up, thermoformed and/or pressed in

15 order to give them the desired shape.

The term “and/or” includes the meanings “and”, “or” and
all the other possible combinations of the elements
connected to this term.

20
Other details or advantages of the invention will
become more clearly apparent 1in the 1light of the

examples given below solely by way of indication.

25 EXPERIMENTAL PART

Example 1: Preparation of a compound based on

crystalline zirconium phosphate

The following reactants are used:
- hydrochloric acid (36%, d = 1.19),
30 - phosphoric acid (85%, d = 1.695),
- deionized water,
— zirconium oxychloride (in the powder form) at 32.8%
as Zr0O;.

35 Stage a): Precipitation
A 2.1 mol/l as Zr0O; aqueous zirconium oxychloride

solution is prepared beforehand.

The following are added at ambient temperature to a



pol ymers, for exanple polyethylene, polypropylene, poly(vinyl chloride) or
pol y(ethyl ene terephthalate). 10 The filns or sheets thus obtained can be
.uniaxially or biaxially drawn according to the known techni ques for the
conversion of thernoplastics. The sheets or the panels can be cut up,

t her nof ormed and/or pressed in 15 orderlﬁo—give them t he desired shape. The
term"and/or" includes the neanings "and", "or" and all the other possible
conbi nat i ons dFlrkhedel ehehfs re8RAGEFed to this term 20 Other details or

advant ages of -t hg,dreenitd0ne: Widid becomw ﬁure clearly apparent in the |ight
of the exanple%D iven beIOM/(yler by ﬁa% i ndi cation. 25 EXPERI MENTAL
PART Exanpl e 1: Hiorr i a conpod 6ased on crystalline zirconium
phosphat e The- fd@xmmrgpd%wﬁﬂewns are u$edml- hydrochloric acid (36% d =
1.19), 3@ - phosphoric acid (85% d = 1.695), - deionized water, -

zi rconiumoxychloride (in the powder form at 32.8% as ZrQ2. 35 Stage a):
Preci pitati onRAt2rl swlr¥timg 22 aducous,zi t€¢onbumakydhleor Pdé medlVdtion is

prepared bef orehapds T%J&!Aﬂmngo@ya added at @tggﬁﬁ?énfe% at ypReho a -

12 stirred 1 ['iter reactor: - orlc acid . phorlc acid 50
m - Dei oni zeanWARBPUSEY With a flow rate of 5.7 ml/min.

10 Stirring is maintained for 1 hour after the end of the

addition of the zirconium oxychloride solution.

After removing the agqueocus mother liquors, the
precipitate is washed by centrifuging at
15 4500 revolutions/min with 1200 ml of 20 g/l H3PO; and
then with deionized water, until a conductivity of the
supernatant of 6.5 mS 1is achieved. A cake based on

zirconium phosphate is obtained.

20 Stage b): Crystallization
The cake 1s dispersed 1in 1 liter of 10M agueous
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

25 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 based on crystalline zirconium phosphate is
obtained. The cake resulting from the final

30 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.

A dispersion of a crystalline compound based on
35 zirconium phosphate is obtained, the characteristics of

which are as follows:

- Size and morphology of the particles: analysis using

a Transmission Electron Microscope (TEM) demonstrates

the production of a lamellar structure, the lamellae of



After stirring the mxture, 140 m of the 2.1 nol/|l aqueous zirconium
oxychl oride solution are added continuously with a flowrate of 5.7 m/mn.
.10 Stirring is maintained for 1 hour after the end of the addition of the
zi rconi um oxychl oride solution. After renpving the aqueous nother |iquors,

t he preC|p|tate is washed by centrifugi h§ at 15 4500 revol utions/nmin with
1200 m of 20 g H3PO4 and then with gﬁlonlzed %@ter unt|I a conduct|V|ty
of the superfBt&ht SRIPE nB i L ZnhPévectietakd as&ddort 0% ifeonit fiin
phosphate is phtaibeds ZQréiag@mﬁbse&Iyﬁﬁaki|$abmﬂﬂ dite saketbatdaspersed in
1 liter of 10M aqueo phor| CI ution d_.the dis er5| n_t hus
obtained is tpgﬁgﬁg?? &4?%$;ae2 I gh%%c?%?sa gptE%% qxi ed Fg °I¥sc.
Thi s t enper at the idinacbnanneperpenaléﬁlb@urSo Tbhedigbetsﬂebsobbaungd is
washed by ¢ ce [ 1.i:h i gpi zed water until a conductivity for the
supernataé% o?EFgéggtﬁg g%En%glﬁsﬂgchleved A cake based on crystalline

zi rconi um phosphébe Bsalgbtai ne@moTtd redies r ésud t imgeduehi @he $Enalhgo

centrifuging ksytedispaEsgdakB @@tg@o4 ]ggotqaggt ina solution giving a

solids content in_the region of H of the dlsperS|on i s between 1
and 2. A d|sper§Péhd6fCQnE?9§taﬂﬁlﬁe d@ﬁp&ﬁﬁ@hﬁésed on 35 zirconium
phosphate is obpakneds.the characterlstlcs of which are as follows: - Size

and norphol ogy of the E |cI anal ysis using a Transm ssion El ectron
M croscope ( TEMyOREHGHLYF ?es Pﬁe production of a lanellar structure, the
| anel |l ae of - 13 which exhibit a size of between 100 and 200 nm The

part i ol es areqeomppsed ot acstack ol subshant i ALY oRRLAL' of okaeli2e

intercalated by an organic base (Stage c))

The product resulting from example 1 1s neutralized by

15 addition of hexamethylenediamine (HMD): a 70% agueous
HMD solution is added to the dispersion until a pH of 5
is obtained. The dispersion thus obtained is
homogenized using an Ultraturrax. The final solids
content 1is adjusted by addition of deionized water

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

Example 3: Polyamide-based material

A polyamide 6 having a viscosity number of 200 ml/g,

25 measured in formic acid (Standard ISO EN 307), is
synthesized from caprolactam according to a
conventional process. This polyamide 6 is referred to
as material A. The granules obtained are referred to as
granules A.

30
A polyamide 6 having a viscosity number of 200 ml/g,
measured in formic acid (Standard ISO EN 307), is also
synthesized from caprolactam according to a
conventional ©process while introducing, into the

35 polymerization medium, an aqueous dispersion comprising
either 2ZrPi (HMD) of example 2 or ZrP of example 1.
Thus, 1% or 2% by weight of ZrP or ZrPi (HMD), with
respect to the total weight of the polyamide, 1is
introduced.



the direction perpendicular to the platelets being 5 between 50 and 200 nm
- XRD anal ysis denonstrates the production of the crystalline phase

-Zr (HPO4) 2' 1H20 (azZrP). - Solids content: 18.9% (by weight). - pH 1.8. 10 -
Conductivity: 8 nS. Exanple 2: Process for the manufacture of azZrP

intercal ated by an organi c base (Stage 01)‘3 The product resulting from
exanple 1 is neutralized by 15 addition of hexanethyl enediam ne (HVD): a
70% aqueous HWD solution is added to the dispersion until a pHof 5 is

obt ai ned. Thenflispepsignetriustabhai ngte | sarthiomsgerw retknsi ageantddadt ur r ax.

The final solids cantent is adjusted b dditign o onj ze ter-20
(solids contehtt© 158 £0Hy SRei gh@?e. e &ﬁ(ﬁedsuctgobtéol gdlégl s rgé: errcjéa% to as
ZrPi (HVD). BEceabee 3t. PoTlyam deabased nét ecioalprAsgol Yarfiide 61Mavi nyf a

Vi scositycnu 0 , ur in k. | d ar SO EN
307), is SSyﬁge@ee?f r g*r#%apgggggggn agggr di“’%%h{ggca%coné%@{%naﬁq%r ocess.
Thi s pol yam deesidea} efcapred acd atas Faterilals APureSgrantiPes TAEIHRY are

referred to asre gfﬁﬂé%@éd/%in?»goﬁwﬁgy@aw@ G ohaviay 8 md S S dur Huder  of

200 m /g, neasured in formc acid (Standard ISE EN 30%% is also _,
synt hesi zed f3%®n EBBPoIHESAM WRERT ditRY t'FF W RonVelit Po PrLr Gless! Wl e

i ntroduci ng, fdéut 014 heodbs pol yneri zati on nmedi um an aqueous di spersion
conpri siq either ZrPi (HVD) of exanple 2 or ZrP of exanmple 1. Thus, 10 or
2% by wei%ht of ZrP or ZrPi (HVD), with respect to the total weight of the
pol yam de, i shnahtsdeludéed. transmission electron microscopy of the

granules B shows that the ZrP introduced during the
polymerization of the polyamide remains in the form of
a nanometric lamellar compound (lamellae) in the

15 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
compounds, is 3.

20
Analysis by transmission electron microscopy of the
granules C shows that the ZrPi (HMD) introduced during
the polymerization of the polyamide results 1in the
complete exfoliation of the ZrP 1in the form of

25 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.

Test specimens are manufactured from the granules A, B

30 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.

35 Various tests were carried out on the test specimens
according to the measurement methods indicated below in
order to determine the mechanical properties of the
materials:

- Heat deflection temperature (HDT), measured according



- 14 After polynerization, the various polyners are fornmed into granules.
The granules B conprise ZrP of exanple 1. The granules C conprise ZrPi
-(HVD) of 5 exanple 2. The granul es are washed to renove the residual
caprolactam For this purpose, the granules are imrersed in boiling water
for two tinmes 8 hours and are then drleld5under | ow vacuum (< 0.5 nbar) at

110C for ho ans SI on-el egctron mcroscopy of the
granul es B shqﬂ/\/ggrqar{%f% Eﬁn@%f %‘ffi n%ft G lQ?ymarl zation of the
pol yam de rencalMtsdu]ménhenfe@lsmr@‘d alnanotﬁeer |1cnpm1tt3| lpendcdmpoundtll el | ae)
in the 15 poI n rP,d t

pol yneri zati onasﬁea%%% %?%Eﬁ%ta gggrgr e? ‘Idggmgs ec%{%b?%trl l(}R‘elcgzglltcuolfat ed
from t he neasit%ernent(&neravheoft hf ckpiesss hndiivd tahesltéﬁétllﬁlgof apgikenaionet ri c
| anel | ar scompgynds, is 3. 20 Analysis by transmi ssion el ectron m croscopy
of the granules C shows that the ZrPi (HVD) introduced during the

pol yneri zation of the polyam de results in the conplete exfoliation of the
ZrP in the forie ofe25uiadint duahrZi Bdl atel bae iprddshe thel yiar e medsix. The
aspect ratio, calculated fromthe neasurenents of the thickness and of the
| engt h of t heP G | ae, is 250. Test specinens are manufactured fromthe
granules A; B 30 or C. The test specinens have a wwdth of 10 nm a length
of 80 nd a thickness of 4 mm Thegit%gi%eéspem mens are conditioned at 28C
and at 0%relative humdity. 35 Vari ts were carried out on the test
speci mens according to the neasurement methods indicated below in

Impact o 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 1s measured according to Standard
ISO 133 after drying the polymer overnight at 110°C

15 under 0.267 mbar. The viscometer used 1is 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.

20 Table 2
Compound MFE'I
Material A (PA 6) 27.7
PA 6 + 2% ZrP 23.5
PA 6 + 2% ZrPi (HMD) 12.2

Example 4: Preparation of plastic pipes

The granules A, B or C resulting from example 3 are
25 formed by extrusion on a device of TR 35/24 GM type
with the Mac.Gi trademark, the pipes produced having a
thickness of 1 mm (external diameter of 8 mm; internal

diameter of 6 mm), the diameters and the thicknesses of



order to determ ne the nechanical properties of the materials: - Heat
defl ection tenperature (HDT), neasured according - 15 to Standard |ISO 75,
under a load of 1.81 NNmm . - Mdulus, nmeasured with the inpact pendul um
with a distance between supports of 60 nm_a hammer weight of 824 g
(energy of 2 joules) and a starting angl‘eléf = 5 160. The neasurenents
carried out are_presented in the table below _10 Table 1 act Heat

np
defl ecti on Sanpt&snBd®ISFst &fpetht AT (Mt ®ri GRTAYEPA 6P885258PA 6 +
ZrPi (HVD) 1%i4218kaPA16ty ZRtEE67087 The nelt flow i ndex is neasured
according to Standard |1SO 133 after drying the polyner overnight at 110C 15
under 0.267 nbar. The visconeter used is a Cbhttfert MPSE with a die of 2
mm The Ml isTéxpressedsi n pyydidred n. cPhprisasur éneritderdriecaiar riledesst at

278C uth 8 10ad:0tnal00:0t 2R aRabig - amaundifd, Waterial A (PA 6)27. 7 PA
6 + 2% ZrP23.5 PA6 + 2% ZrPi (HVD)12.2 Exanpl e 4. Preparation of plastic

pi pes The granules A, B or Cresulting fromexanple 3 are 25 fornmed by

extrusion on art¢eVi ERaPhcTR 35{24sCOM# YRPRe WhdbdNEMACabe taademmnlowd he

pi pes produced having a thickness of 1 mm (external _dianeter of 8 mm
i nt er nal (the alues are glven respectively for the 1internal,

external and central layers):
10 - 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
per sgquare inchj,

15 - vacuum: -0.2 bar.

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

20 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 load divided by the

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

25
The mechanical measurements are mentioned in the
following table:
Table 3
30
Samples Tensile strength
(N/mm?)
Material A (PA 6) 49
PA 6 + ZrPi (HMD) 2% 61
PA 6 + ZrP 2% 85

Example 5: Permeability to M15 gasoline and to lead-

free gasoline




diameter of 6 mm, the dianeters and the thicknesses of - 16 the pip
bei ng nmeasured before carrying out the perneability tests. The pipes
.produced conprise 3 identical layers 5 (internal, external and centr
The characteristics of the processing are as follows (the va
are given respectively for the internat,17external and central |ayers
tenperature of the extruder: 230/230/230C, - screw speed: 8/9/3 rpm
not or torque: The7/Begngabidiper el - the r IAGPWUL It eskur efo M15
2000/ 1900/ 22092581 1 HBOUAES e RN SAUANSy | AEA ur 1By thECUWBs - Oh 2ybaght The
pi pes are subsequent%é%gﬁored %% 23C and. 0 % (relative humdlty%6

| ayer).

h. 20 The tensFl e?st

cell), p

ul |

fORs fbastf&d bh™Gn | ASEr oh2HEDBS (RBBERN
rakempb® amhnendripdt iial anseparatiratenfvddeun) aas: 740C mior

nmeasur enent s are Pﬁakgyla%gg O%g&%%u%aSiéégstrg%QCMiifﬁ%@dedipﬂ tﬂ;ﬁ

circul ar area of

pipeover ‘an-avera 5 sanpl €s: e nmec

measur enent s aagohenei omedle¢ad-tfiece f ghbowing tealdl ethdabked3 Bibes are

LT LS HTOL el A0 80,2 S, (A0

PA 6 + ZrP 2

gasol i ne

10

15

20

25

30

precision balance. The pipes are subsequently placed in
an oven at 40°C for 45 days. The pipes are weighed at
regular time intervals and the loss in weight 1is
recorded. The permeability 1s thus measured under

static conditions.

The M1l5 gasoline 1is composed, by volume, of: 15%
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
(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, 1is

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);
and subsequently permeable to the toluene + isooctane
mixture (which subsequently passes through the walls of

the pipes).

es

al
| ues
): 10 -

for 48
ad
The

i cal

2961
free



- 17 The perneability of the various materials to M5 gasoline was
eval uated by neasuring the loss in weight as a function of the time. The
.various pipes of exanple 4 are dried in an oven under vacuumat 70C for 5
12 hours. The various pipes are filled with M5 gasoline or |ead-free
gasoline and the said pipes are stopperéa ~The pipes, thus filled, are
wei ghed on a precision balance. The pipes are subsequently placed in an
oven at 40C for 45 days. The pipes ardadigtfed at 10 regular time intervals
and the loss in weight is recorded. The perneablllty is thus nmeasured under
static condifTons. The M5 gasoiine | s conpgsed, by VoI umg, of; 15% 1b
met hanol , 42| 5% t GPEBAESHA 42|54%49t886  and ( Fodugnet+ i npt HyAasehrane) | The
curve of loss in weight as a funsddin@anelitfg tiEBochbimaks| doyhsémir two
[
[

phases: a first induction phase 20 (correspandin 0.t he i ffusion of
fluid through—the wallof thelpi n‘ﬁ&gﬁt&ﬂﬂdwh ab
in the wei ght reftetrhel ph pes (sgorr espondi ng t t hespassagel of omeeor nore
fluids through the wal the pipe The pgerneabi]ity, heasured in nm m
/day1 i S 25g ::IPrP’lll6af QL%‘FZ";‘PP‘\ t !ﬂnpclpn?:\gé pn s{:iﬁ nﬁac _ M_h_e_&lS
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gasoline, it is observed, over tineg, that t he plpes are first perneable to
t he net hanol 30
and subseguen S S
subsequentd y ﬁhsse90ﬂﬁm@mghgtﬁ@UW@Blsnﬁsuhﬂﬂ@qn;ﬁﬁgm -e&BmpI%bBe 4re

ConpoundsMet hagol Igl yeng; thaadohr 88 BeLERabl! iiyhseagt ans0asldditr k.

The characteristics of the processing are as follows:

- temperature of the extruder: between 260 and 290°C,
10 - screw speed: 36 rpm,

- motor torque: 8-10 amperes,

- variable draw rate (film thicknesses between 50 and

70 pm) .

15 Several films were obtained having a thickness of 50 to

70 um.

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

according to the procedures described below:

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

specific conditions.

Measurement conditions:
30 - Temperature: 23°C,
- Humidity: 0%, 50% or 903 RH,
- Measurements with 100% oxygen on 3 test specimens of
0.5 dm?,



permeabi lityperneability Material A (PA 6)925.40.6 PA 6 + 1% Zr P342. 280. 27
Exanple 6: Barrier filmconprising zirconium phosphate 5 The pol yner
granules resulting fromexanple 3 are forned by extrusion on a device with
the CVMP trademark. The characteristics of the processing are as follows: -
tenmperature of the extruder: between 2601dnd 290C, 10 - screw speed: 36
rpm - notor tors%@e 8-10 anperes, - variable draw rate (filmthicknesses
bet ween 50 and hiﬁllzal@%é\/@r“éef f44 iy were obtai ned having a thi ckness of
50 to 70 m Therdddumeradrer chngidé ormekmdn 28Q ¢ or 48 hours, the RH
(relative humdity) ranging fromO0%to 90% before 20 being subjected to the
determ nation of their perneability to oxygen, carbon di oxi de and water
accordi ng to Phempebiéduyesodeschbiobedibelio: Perneability to oxygen: 25 The
oxygen trans I ficLent Ls_nea ac to ™
D3985 und{(jagr1 még%gl??lg%ﬁ%g é%em Hﬁg co%#?clq%ns & ggﬁ?emﬁﬁ@%ﬁgég. éﬁs

- TerrperatureCOQQClClthlmaﬂerdJO% 50% ore 90@cRAent MeaguPeRehbsOnrEh 100%
oxygen on 3 tgshe8PACI HEE'éme:o Qa%hq{%‘ dete?z%lon geabilyyzation time: 24 h, -
Measur enent devi ce: Oxtran 8 ermeabi lity to car bon "di oxi de: Measur enment
of the carbon dioxide transm ssion coefficient according to the docunent

| SO DI'S 15109M@asurement conditions:
10 - Temperature: 23°C,
- Humidity: 0% RH,
- Measurements on 3 test specimens of 0.5 dm?,
- Stabilization time: 48 h,

- Measurement device: Oxtran 2/20.

15

Chromatographic conditions:

- Oven: 40°C,

- Columns: Porapak Q,

- Flame ionization detection, the detector Dbeing
20 preceded by a methanization oven.

Calibration of the chromatograph with standard gases

with a known concentration of carbon dioxide.

25 Permeability to water vapor:
Determination of the water vapor transmission
coefficient according to Standard NF H 00044 (Lyssy

device).

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

- Measurements on 3 test specimens of 0.5 dm?.

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



the aminosilane i1is added to the dispersion until the

Annex B (chromat ographi c detection nethod). Measurenment conditions: 10 -
Tenperature: 23C, - Humdity: 0% RH - Measurenents on 3 test speci nens of
.0.5 dm, - Stabilization time: 48 h, - Measurenent device: Oxtran 2/20. 15
Chr omat ographlc conditions: - Oven: 40C, - Columms: Porapak Q - Flane
i oni zation detection, the detector bengOZt) preceded by a nethani zation
oven. Calibration of the chromatograph with standard gases wth a known
concentration of carbon dioxide. 25 P Plity to water vapor:
Determ nati on of the water vapor transm ssion coefficient according to
St andard NF [H 000474 %f\; devi ce). BO Measur enmgnt CGOI’ldlstkl ons: _ -
Tenper at ur e:| 38C, ghegs 90%RH MageEiRt dhe ofi 3%tleSP SpbAens of
.5 dnR2. 35 [Cali bratl on W t h ref erence fi(ersshaviing argr adedzrmer(mempi | ity
of 26.5, 14 ang 2.1 EEZ - 2% abl g Compoundsivat er]i al APA 6 29PA
6 + 2% (PA 6) ZPZrPi Tooperttedbi |l |ty 5.3 960%2 23 2
(cnB. M m . 24h. baey® (iiﬁi?elf megbibar)y - 50%RH0. 60. 170. 24 (crrB. nm m . 24h. bar)
I 0
O02Per meabi [ 1ty - 20081, 590, 550,80, 0.6 0.17 0.24
(cm®.mm/m?.24h.bar)
O; Permeability - 90% RH 1.59 0.55 0.80
(cm®.mm/m?.24h.bar)
CO, Permeability — 0% RH 4.18 0.57 0.98
(cm’.mm/m?.24h.bar)
H,O Permeability - 90% RH 8.31 4.07 5.85
(g.mm/m?.24h.bar)
Example 7: Process for the manufacture of aZrP powder
5 o0ZrP is prepared as mentioned in example 1, apart from
the fact that, during the crystallization stage of
stage Db), the cake is dispersed in 1 liter of a 12.6M
aqueous phosphoric acid solution, the dispersion thus
obtained being transferred into a 2 liter reactor and
10 then heated to 125°C. The other stages of the process
are retained. )
An oZrP similar to that of example 1 is thus obtained,
with, however, a lamellar structure being obtained for
15 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. The dry product is thus a powder referred to
20 as ZrP.
Example 8: Process for the manufacture of a powder
formed of aZrP treated with an aminosilane
The dispersion before drying of example 7 1s treated by
25 addition of 3-aminopropyltriethoxysilane (aminosilane):



(cnB. nm nR. 24h. bar) CO2Perneability - 0%RH4. 180. 570. 98 (cnB. nm nR. 24h. bar)
H2OPerneability - 90%RH3. 314. 075.85 (g. nm nR. 24h. bar) Exanple 7: Process for
t he manufacture of aZrP powder 5 aZrP is prepared as nentioned in exanple 1,
apart from the fact that, during the crystallization stage of stage b),
the cake is dispersed in 1 liter of a"1Z16M aqueous phosphoric acid
solution, the dispersion thus obtained being transf rre? into a 2 liter
reactor and PEARES Aeiteded 129l ghel viherts8age8dof N Re praocedde are
retai ned. An@&pRrsiid arhe t kattahexany e vwhshed,husobt@imed; e h,
however, a | anel.l ar .structure bei ng.obtai ned f.or, 1.5 which_the _| ang|-ae
exhibit a si 7&0F et P00 afy %ﬁo%ﬁﬁp eS8t spersion'rE &lbseqient Iy
dried in an dven ldi BOCThéoprisuet Theugslr yopeddadt iiss tdisraegpondersr ef erred
to 20 ascZrB. | e .8 Process for the manufacture of a powder formed of
azrP trea%ed%ﬁﬁﬁgﬂg%é%%i%§§'lane The di spersion before drying of exanple 7
is treated by 25 addition of 3-am nopropyltriethoxysilane (am nosil ane) :
the am nosi | ang i3 Addedi4Q tshe di speidpn updd | the - 2b1prfRnedave been
conpletely n T = : i i us i IS Washed,
to renmove t h&OMOROIFRAT FSSbI, and is then dried in an oven at 90C for 15

h. The produgt ddiisciicdned bsseel @hr%@lty@)r%yl%r@ P(e ngsél ane.zxanpl e
Do o e e POl YR Oy el O OPY Y oL, L850 A ANOCORYS e

based on

following conditions: A mixture comprising 96.8% of
isotactic polypropylene homopolymer resin as granules
with a melt flow index (according to Standard ISO 1133)
of 3 ¢g/10 min at 230°C under a load of 2.16 kg, 3% of
15 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
coefficient of 0.7 and a trough temperature of 150°C,
20 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 plagques of 100 mm by 100 mm
by 4 mm. Test specimens with dimensions of 80 mm by

25 10 mm by 4 mm are subseqguently cut out.

Analysis by transmission electron microscopy of the
test specimens shows that the ZrP and the
ZrP/aminosilane introduced into the polypropylene
30 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
bending according to Standard ISO 178 and by notched
35 Charpy impact according to Standard ISO 179.

The test conditions used are as follows:
- Three-point bending: 5 test specimens with ISO

dimensions tested at 23°C under the conditions drawn up



10 of exanple 7 or exanple 8 is prepared under the follow ng conditions: A
m xture conprising 96.8% of isotactic polypropyl ene honopol yner resin as
granules with a nelt flow index (according to Standard | SO 1133) of 3 g/10
mn at 230C under a |load of 2.16 kg, 3% of 15 inorganic filler, dried in an
oven at 90C for 16 h, and 0.2% of |rgarex B225 antioxidant is prepared in a
Brabender m xer equi pped with Wh0 rotors with a rotational speed of the
rotors of 12%% prRarglasd 1550 L doefficient of 0.7 and a trough tenperature of
150C, 20 for -andtmhaf Theirdpby Thepaicxtures tdss ofped neshar esiterngaf or med
in a press at 200C for 10 m.nutes under pressure_of 200 bar .and are then
cooled at 15CEERHOH MR e et 980" Hal %c}af%r mp aﬁgeé%of 2P0 T F 100 mm
by 4 mm Testa spedinensofnvi thraamrensi ons 6f. 280mmm dye 2% sk@dmaby 28 9m ar e

subsequently . Si .S 1.SSI i, C copy of the

t est spec%rrer@%%rg\tfj\grshet %q‘!(%&r?el#% %%1%%??%%%7?%%%@%% :l{ﬁ?'rod‘uced into

t he pol ypropyl érens30 yened hsulatedheffornibe denandiesriod ItdeelVaridshpound
(lamel | ae) Wd:tCEn Aspect ratio of less than 100. These test specinmens are
characterize 3} thr ee. poi nt bending according to Standard |1SO 178 and by
notched 35 Charpy inpact according to Standard | SO 179. The test conditions
used are as fo]l ewss -elRSEe POitte bendigng: Bol ¢ptoppeehaENse ¥ N =30

di mensi ﬁ.ﬁ;? tested at 23C énder t he Cé)ndltl ons_drawn up - 25. bé St andard | SO
178. - ch&F CRFIRF | APdcte Va4t spaceRens % tRTSST OB RS BnE Shot ched
using a bl adecteut fatl14b-andphaying resriadi.usTiod muongatemenats G2y iwd are
tested at 23C t5 underretshe 1:ceoopdiir'{i ns éig ann lyeolotw, Standard | SO 179. -
Density: cal SHated £1°0m tThe Uensi T es o]? T he Vari ous

Table 6
15
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 + ZrP 0.94 1.35 6.7
(example 7)) 3%

PP + ZrP/aminosilane 0.94 1.53 5.5 i

(example 8) 3%

An enhancement in the mechanical ©properties, in
particular the modulus and/or the impact strength, is
thus observed with the polypropylene comprising ZrP as
20 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
the invention exhibit enhanced properties of resistance
to scratching and strains at break under tension, with
25 respect to the virgin polypropylene resin processed and

evaluated under the same conditions.



conmponents. In this exanple, the virgin polypropylene resin was 10
processed and eval uated under the sanme conditions as the filler-conprising
resins. The nmeasurenents carried out are presented in the table bel ow

Tabl e 6 15 Fl exural Not ched i npact Sanpl eDensitynodul usstrength (GPa)(kJ/ m)
PP homopol ymf{Q 2998 /DR PP + tal ¢ 209E062. 433 PPRFgﬁﬁﬁgéhﬁKéQQQhé

(exanple 7) 3~ PP + ZrP/ am nosil ane0. 941.535.5 (exanple 8) 3% An enhancenent

in the nechani cal properties, iﬂﬂéﬁgiggﬁgéiggéigﬁnodulus and/ or the inpact
strength, is thus observed wt é conprising ZrP as 20
filler of the invention exhibiting a simlar density to the filler-free

polypropylenq; Nbﬁgove%bm§%shii%%pareEEPpEQ%Enghe polLypropyl enes conpri sing
I't “enhan

ZrP as fillers of = the i'nvention exhi | ed properties of resistance
t o scrat chi ng-hemhatlasd s anabr eak andd@antassicsh, baged 25 rdssegtium t he

virgin potypr LN, resi n.progessed angd ,.eval uat ed-gpder tgﬁbégﬂg% ,
conditioné. R%%04 d96903ce 33" PCTI FRO004/ 001013 VAT | S CLALMED 1S 1. A

conposi ti on cBFEa&iangzad | éasttione atheldapt astOzc Rut MUEladd par tihd es

based on zi rg&aw&rale%tiat@@i umg Cerbumeapgl/ Ob£Si hizg@maiasPhatfneliar
characterized in that at | east 50% by nunber of the articles are in the

form of nanorfétHX PRELPIES RS 28RAFDI thHg AnCaspees r 5PRB &T | ess
t han or equal to 100.

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.
15
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.
20
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 1in the form of nanometric lamellar -
compounds exhibiting an aspect ratio of less than or
equal to 100.

N
U

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

30 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

35 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



equal to 100. 10 2. The conposition as clained in claim1l, characterized in
that the particles of nanonetric |anellar conpounds exhibit an aspect ratio
of less than or equal to 50. 15 3. The conposition as clainmed in either one
of claimse 1 and 2, characterized in that the particles of nanonetric

| anel | ar conpounds exhi bit an aspect ratddo ~ | ess than or equal to 10. 20
4. The conp05|t|on as clalned in any one of clalns characterized in
that at |east-98(% d ?Eﬁ¥|%Fe§O%PElFﬁSt%§OPOP / Fonéﬁbnetrlc
| anel | ar comgommmﬁhbdﬂﬁnpafmn@&9§swﬁtm ragpoecof tbesaet hamadr wedwhequal to
100. 5. The ¢ S|t|on as .claimed in any one of clains 1 to 4,
characterlzeé%q% 0 Ihunber of the particles are in the form of
nanonetrlc Ianellar 30 conpounds exhi biting an aspect ratio of |ess than or

equal to 4 6. C on as.c a n f elai to 5,
charact orized i n_tha iRearm o8 TeRaREy Lf 0] of Bifnt 1
particles mﬁﬂh>réspe@har@ﬂtﬁél¥©@aﬂllméhgﬁt bmetrnamﬁmﬁﬁ%ﬁ¢|<&¢meﬂlarhe

conposi tion agJAINEd d BANg e Ofr @i dhosptatd 0 6, characterized in
that it conprises from0.1 to 5% by wei ght “of particles Wi th respect to the

total weight of the conposition. 5 8. The conposition as clainmed in any one
of claims 1 d.0 7 rHehaiagiedizashiast Bahihbe nanaiwey roge | afeldlaimscanmpound

'S basedlgn %kfcgp'%gkeggi Q%E%d in that it additionally comprises
particles in the form of nanometric lamellar compounds

comprising an intercalation and/or exfoliation agent.

10. The composition as claimed in any one of claims 1
15 to 9, characterized in that the thermoplastic matrix is
composed of at least one thermoplastic polymer chosen
from the group consisting of: polyamides, polyesters,
polyolefins and poly(arylene oxide)s, and the Dblends
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
25 12 and poly(meta-xylylenediamine)s, and the blends and

copolymers based on these polyamides.

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

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

- 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



9. .The conposition as clainmed in any one of clains 1 10 to 8, characterized
inthat it additionally conprises particles in the formof nanonetric

| anel | ar conpounds conprising an intercal ation and/or exfoliation agent.

10. The conposition as clained in any one of clains 1 15 to 9,
characterized in that the thernoplastic MatTix is conposed of at |east one

t her nopl asti ¢ _pol r chosen, fromthe group consisting of: polyam des,

pol yesters, %ﬁ%ﬁ%%@%l%%‘??’l e é)oxi de)s, and the bl ends and

copol yners based qolhese {00y pdiynetsrn@fl d4tiJheattomposition as clained in
any one of clains 1 to 10, characterized in that the thernoplastic matrix
is a pol yam de chosen fromthe group consisting of: pol yam des 6,

pol yami des 66,4 .poldyapiedessq1fopolthanimpeiZEtireanelf a composition as

pol y(net asxylylenedi amhne)s, and tdye bhengs andi,copol ypersibasad am these
pol yam des. 12. The conposition as clained in any one of clains to 11,

char act eri zedi*inhat t heashePabpl a$EF cLAEEAI R13F 1TECR 138y dHdidH Whosen
fromthe grouyRciapsi shhlgoef | sinalawet hybesephPetyprepyl ene, pekwi sajxutyl ene
and pol ynet hyl pentene, and their bl ends and/or copolynmers. 13. A process
for the manuffEtART10fC a LBWPOSPEi off CFPOURSISe| a‘?‘?’r‘gd Pn dfPoPIFs diGins 1
to 12, consistddwixn: mxing at | east particles based on zirconium

titani um cerium and/or silicon phosphate in the form of nanonetric

| anel | ar 80rrpounds wi th nononers and/or oligonmers of a thernoplastic

matri x, beforle.or Austagess 25ort lrbepalamerd datrieono 5t ageompod ipdloymers zi ng

the Lher mopl asit] g JIRL§LX o 1d- ADIgEess oL Lhe, ganuf ackype; ot s goCarpposi ti on
as 5 clained’in any one © cParms 1 to 12 consisti'rlg I'n hi Xi'ng~at™ | east
particl es bageikioww zigtonlemsttioani uhermoplastic matrix and one

composition comprising at least particles based on
15 zirconium, titanium, cerium and/or silicon phosphate in
the form of nanometric lamellar compounds and a

thermoplastic matrix.

16. The process as claimed in any one of claims 13 to
20 15, characterized in that the particles based on
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.

25 17. The process as claimed in any one of claims 13 to
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



cerium and/or silicon phosphate in the formof nanonetric |anellar
conpounds and a thernoplastic matrix. 10 15. A process for the nmanufacture
.of a conposition as clained in any one of clains 1 to 12, consisting in

m xing at | east one thernoplastic matrix_and one conposition conprising at

| east particles based on 15 zi rconi um~t4%ani um cerium and/or silicon
phosphate in , the form of nananetric _|anellar conmpounds and a thernoplastic
Tatrix. 16, THe BPBGess” adScl NP ATARy Oe GFOCPal RIS E ORI 26 1158
characterizedfiimt hat tsheepgrtacl gspbased o IZigweorirumsolliitanbydyy, cefi um
and/ or silicgg.ghfsphate i n .éhenforn%ofknanonetric | amel | ar conpounds

exhi bit an % E e?aﬁi%9%§u+ s3 ?h%n of équal to 100. 25 17. The process as
claimed in any one of clainms 13 to 16, characterized in that the particles
based on =zirconium titanium ceriumand/or silicon phosphate in the form
of nanometric |anmellar conpounds are intercal ated and/or nonintercal at ed.
30 18. A process for the manufacture of an article, <consisting in formng a
conposition obtained as clained in any one of clains 1 to 12 with an
extrusion, nolding or injection nolding device. 35 19. An article, obtained
by formng a conposition as clainmed in any one of clainms 1 to 12. 20. The
article as clainmed in claim19, characterized - 26 in that it is chosen
fromthe group consisting of a film a sheet, a pipe, a hollow or solid
body, a bottle, a conduit and a tank.



