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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Application Nos. 11/451,199 filed on June 12, 2006, and 11/544,129
filed on October 6, 2006.

FIELD OF INVENTION

[0002] The invention relates to the formation of flame-retardant clay-polyolefin composites using non-metallocene
catalysts.

BACKGROUND OF THE INVENTION

[0003] Nanocomposites are materials containing two or more chemically dissimilar phases in which at least one of
the phases has a nanoscale dimension. Nanocomposites consisting of exfoliated clay lamellae dispersed in an organic
polymer matrix exhibit enhanced physical properties relative to virgin polymer, or to conventional macro- or microcom-
posites containing other inorganic fillers (e.g., glass fiber, talc, mica, carbon black) [1]. The enhancements may include
improved tensile and flexural properties, increased storage modulus, increased heat distortion temperature, decreased
flammability [32], decreased gas permeability, reduced visual defects and improved optical transparency [2].
[0004] The clay filler achieves these improvements at very low clay loadings (≤ 5 wt%), thus the material retains
desirable polymer properties such as light weight, low cost, solution/melt processability and recyclability. Uses for these
nanocomposite materials include molded automotive and appliance components (such as body panels, under hood
components, electrical/electronic parts and insulation, power tool housings) and furniture (such as seat components,
consoles), medical tubing, abrasion and chemical resistant coatings, food packaging materials (such as transparent
stretch films) and barrier layers for beverage bottles.
[0005] Clays such as kaolinite, hectorite and montmorillonite (MMT) have been investigated as mechanical supports
for single-site ethylene polymerization catalysts [3]. Usually the support is also treated with an organoaluminum co-
catalyst, such as a trialkylaluminum or an alkylaluminoxane, which serves to remove adsorbed water and passivate the
clay surface. It has also been suggested that alkylaluminum compounds can cause delamination of kaolinite [4]. In
general, the catalyst is adsorbed onto the co-catalyst-modified clay, where it is activated in situ by the co-catalyst surface
layer [5], [6]. Olefin uptake by the supported catalyst results in controlled particle growth, which is a desirable behavior
in polymerization reactor engineering.
[0006] Supporting metallocene catalysts on clays results in modest activity for ethylene polymerization [7], even in the
absence of alkylaluminum co-catalysts [8]. However these catalyst systems do not generate high quality nanocomposites;
the polyethylene they produce contains small clumps of unexfoliated clay.
[0007] The desirable physical properties of nanocomposites are observed only when clay sheets are highly dispersed
in the polyolefin matrix. The difficulty in making exfoliated clay-polyolefin nanocomposites originates in the immiscibility
of strongly associated hydrophilic clay sheets and hydrophobic polyolefin chains. In many varieties of clay, clay layers
are negatively charged due to isomorphic substitution of framework ions, generally cations. Interlayer cations provide
charge compensation and promote strong interlayer adhesion, which simple mixing with a polyolefin cannot effectively
disrupt.
[0008] One strategy to make the components of the nanocomposite compatible is to render the clay hydrophobic, by
replacing the interlayer ions with surfactants such as long chain alkylammonium, imidazolium or alkylphosphonium
cations (typically C18). This procedure generates an organically-modified layered silicate (OMLS). Methods employing
an OMLS in the preparation of polyolefin nanocomposites include:

• In situ intercalative polymerization, in which a catalyst adsorbed onto the OMLS, causes spontaneous delamination
upon addition of monomer. This strategy has been successfully applied to propylene polymerization using a zir-
conocene catalyst supported on methylaluminoxane (MAO)-treated OMLS [9], and to ethylene polymerization using
a Brookhart Pd catalyst supported on OMLS [10]. The Ziegler catalyst TiCl4, grafted onto a hydroxyl-containing
surfactant intercalated into MMT, was used for in situ polymerization of ethylene upon activation with triethylaluminum
[11]. Silica or titania nanoparticles synthesized in the interlayer spaces of an OMLS by a sol-gel method were treated
with an alkylaluminum and a metallocene to create a catalyst system for in situ polymerization [12]. In situ polym-
erization filling was achieved using MAO-treated clay and metallocene or constrained geometry catalysts with [13]
and even without [14], [15] surfactant modification of the clay. In the absence of surfactant, the clay was swollen
using an organic solvent.
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• Solution intercalation, in which high density polyethylene (HDPE) dissolved in a hot xylene/benzonitrile mixture is
stirred with dispersed OMLS [16];

• Melt intercalation, in which the OMLS is annealed with polymer above the softening point of the latter, either statically
or under shear. Since mixing is driven by interactions between the polymer and the clay, this method typically
requires a compatibilizer consisting of polymers or oligomers modified with polar sidechains or endgroups. For
example, nanocomposite formation was achieved by melt intercalation of propylene oligomers with telechelic OH
groups, followed by melt-mixing with unmodified PP [17]. Melt blending of PP and OMLS was achieved using a twin
screw extruder in the presence of maleated PP (i.e., functionalized with maleic anhydride side chains, PP-g-MA)
as the compatibilizer [18, 19, 20, 21]. A similar strategy was used to make nanocomposites by melt blending of PE-
g-MA [22], [23] or EPR-g-MA [23] with OMLS. A semifluorinated surfactant was used to create an OMLS with weaker
clay-surfactant interactions and a greater propensity to intercalate unmodified PP [24]. A method involving function-
alized surfactants which react to form chemical bonds with the maleated compatibilizer has been described [25].
Direct melt intercalation of ammonium-functionalized polypropylene chains into unmodified MMT was achieved,
presumably by direct cation exchange, without intermediate functionalization of the clay with surfactant [26].

[0009] Recently, the formation of nanocomposites with unmodified clay was achieved by making the polyolefin com-
ponent more hydrophilic. In the presence of the surfactant cetyltrimethylammonium bromide, micelles containing poly-
styrene were formed and adsorbed from solution onto dispersed clay [27].
[0010] Also recently, nanocomposite materials have been produced by adding an olefin to a suspension of acid-treated
layered silicate treated with a solution of a metallocene polymerization catalyst, causing olefin polymerization to form
the nanocomposite polymer [28]. Although described in broad encompassing terms, the specific preparations described
by the reference all require the use of a tripropylaluminum co-catalyst added to the slurry formed by mixing 4-tetrade-
cylanilinium-exchanged or HCl-treated clay to dry toluene.
[0011] A flame retardant is a material that exhibits either a delay in the start, or a decrease in the rate of propagation,
of a fire [30, 31]. Organic polymers can be made flame retardant by incorporating a large quantity (ca. 50 wt%) of an
inorganic (e.g., Mg(OH)2) or organic (e.g., brominated polystyrene) filler. Flame retardant properties may be obtained
at much lower filler content with nanocomposites. Potential uses for flame retardant nanocomposite materials include
molded furniture, automotive parts (such as body panels, under hood components) and appliance components (such
as electrical/electronic parts, power tool housings).
[0012] The first report of improved thermal stability in a polymer-clay composite involved a polymethylmethacrylate
(PMMA) - montmorillonite (MMT) clay system. At 10 wt% clay loading, this material exhibits an increase of 40-50 °C in
its thermal decomposition temperature relative to pure PMMA [33]. A nanocomposite prepared by sonication of silanol-
terminated polydimethylsiloxane (PDMS) with montmorillonite (10 wt%) decompose at a temperature 140 °C higher than
pure PDMS [34]. An increase in the decomposition temperature was observed upon melt intercalation of aliphatic poly-
imide (PEI-10) into clay [35]. An increase in the thermal decomposition temperature was observed for organically-modified
layer silicate (OMLS) nanocomposites with polypropylene-graft-maleic anhydride (PP-g-MA) [30,37], PP [38], and pol-
ystyrene (PS) [39,40], when compared to their pure polymer counterparts. In particular, thermogravimetric analysis
(TGA) experiments performed under N2 showed the onset temperatures for decomposition of polyethylene (PE)/OMLS
nanocomposites are approximately 20-30 °C higher than for pure PE [41].
[0013] Flammability properties: Cone calorimetry measurements have demonstrated decreased flammability for many
types of polymer-clay nanocomposites. The heat release rate (HRR), especially the peak HRR, is an important parameter
in evaluating fire safety [42,43]. The reduction in HRR and peak HRR shown by many polymer-clay nanocomposites
suggest a decrease in their flammability relative to the pure polymers. Delaminated clay-nylon-6 and -nylon-12 nano-
composites, as well as intercalated clay-PS and -PP nanocomposites, have shown substantial decreases in HRR [44].
Several PP and PP-g-MA nanocomposites also exhibit a reduction in HRR as measured by cone calorimetry [30,37,38,45].
The peak HRR of PE nanocomposites was reduced by 54% [41]. The US Federal Aviation Administration assesses
polymer flammability via the pyrolysis of milligram-sized samples in a pyrolysis-combustion flow calorimeter during a
linear heating ramp. The heat release rate is obtained by complete combustion of the pyrolysis gases. The ratio of the
specific heat-release rate (W/g) to the rate of temperature increase (K/s) is the heat-release capacity. The heat-release
capacity measured in this way has been shown to be directly correlated with the heat-release rate in forced flaming
combustion, which is a primary indicator of fire hazard (R. N. Walters, R. E. Lyon, J. Appl. Polym. Sci., 2002, 87, 548-563).
[0014] A more severe test of non-flammability is the capacity of a burning material to self-extinguish. Self-extinguishing
behavior of PEI-clay nanocomposites has been reported [36], however there is no report of this behavior in polyolefin-
clay nanocomposites. Similarly, no report has shown that a polyolefin/clay nanocomposite has achieved a UL94 V0
rating, which is a practical flame retardant material according to the Underwriter’s Laboratory’s fire test protocol [46].
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BRIEF SUMMARY OF THE INVENTION

[0015] The present invention provides a flame retardant composite and a method for forming flame retardant composite
materials containing a clay, which is accomplished with either an early or late transition metal first catalyst component,
without the use of alkylammonium modifiers to separate the clay layers, and without the use of an alkylaluminum second
catalyst component. In other embodiments, an alkylaluminum second catalyst component can be used with an early
transition metal first catalyst component.
[0016] The clay is selected from the group consisting of silicates and non-silicate compounds. The invention proceeds
by combining the clay with a first catalyst component that becomes activated for olefin polymerization when in contact
with the clay. An olefin is contacted by the activated catalyst - clay combination in the absence of an alkylaluminum
second catalyst component to form a composite polymer containing the clay. The first catalyst component can be selected
to provide a high or low melting point polymer. The first catalyst used particularly without the need or use of an alkyla-
luminum second catalyst component is a non-metallocene catalyst, most preferably a nickel complex bearing an α-
iminocarboxamidato ligand. A preferred first catalyst component, one that can be used with or without an alkylaluminum
second catalyst component, is tetrabenzylzirconium.
[0017] In a particular embodiment, sufficient silicate is used to constitute at least 30 weight % of the composite material
to prepare a high silicate-loaded composite masterbatch. A predetermined amount of one or more polyolefins can then
be blended with the masterbatch to obtain a composite polymer having a desired amount of silicate loading. In this
invention, the method to prepare a composite by blending the said masterbatch with a predetermined amount of polyolefins
is defined as the "masterbatch method."
[0018] The silicate material is a clay. In a more specific embodiment, the invention achieves high dispersion of montmo-
rillonite clay platelets in a polyethylene or polypropylene matrix by in situ polymerization of ethylene or propylene. The
clay is first acid-treated, causing disruption of its layered structure. The acid-treated clay is then treated with an organic
solvent solution of a polymerization catalyst, which contains Ni, an α-iminocarboxamidato ligand and an alkyl ligand.
Upon exposure to olefin, a polyolefin matrix is formed in which the embedded clay layers are mostly separated.
[0019] In particular embodiments, capped clay can be used to polymerize olefin in the presence or absence of an
organoaluminum second catalyst component. The capping of the Bronsted acid sites on the clay essentially passivates
the clay surface prior to the deposition of catalyst.
[0020] The invention allows a new flame retardant composite and preparation of flame retardant clay-polyolefin com-
posites which self-extinguish after ignition, and represents a simple, inexpensive, one-pot procedure for making silicate-
polymer composites without the need for time-consuming organic modification of the filler material or the use of expensive
surfactants. The flame retardant composite in the invention is not limited to a nanocomposite, and a flame retardant
composite is also allowed in which the dimension of the dispersed filler is not nano-scale but micron-scale.
[0021] With the invention, the use of organic solvents to swell the clay and/or dissolve the polymer is also greatly
reduced or eliminated. There is no need for compatibilizers, such as maleated polymers, whose lower molecular weights
and lower stability relative to the polyolefin component may result in degradation of composite performance [1]. The
composite material can be prepared with or without additional added flame retardants. With late transition metal catalysts,
there is no need for organoaluminum activators or other co-catalyst modification or passivation of the surface of the
layered filler, since the layered filler itself serves as catalyst activator. The improvements as described herein lead to
higher quality and less expensive flame retardant composite polymers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a more complete understanding of the present invention, reference is now made to the following descriptions
taken in conjunction with the accompanying drawing in which:

Figure 1 is a TGA graph showing decomposition of PE/clay composites in air; and

Figure 2 shows a table of char tests on PE-clay composites; and

Figure 3 shows a photograph of char test for PE-clay composites, recorded 1:20 min after ignition. Sample numbers
correspond to run numbers in Figure 2; and

Figure 4 shows a table of char tests on PP-clay composites; and

Figure 5 shows a photograph of char tests for PP-clay composites prepared by in situ polymerization, recorded 1:50
mins after ignition. Sample numbers correspond to run numbers in Figure 4; and



EP 2 038 343 B1

6

5

10

15

20

25

30

35

40

45

50

55

Figure 6 shows a photograph of char tests for PP-clay composites, recorded 3:00 mins after ignition. Sample numbers
correspond to run numbers in Figure 4.

Figure 7 shows TEM images of a 5.4 wt% LiMMT/PE composite prepared by in situ polymerization; and

Figure 8 shows TEM images of a 15 wt% LiMMT/PP composite prepared by in situ polymerization; and

Figure 9 shows an X-ray diffraction pattern of acid-treated montmorillonite; and

Figure 10 shows TEMs of polyethylene-clay composites with (A) 2.6 wt. % clay, (B) 10.6 wt. % clay, and (C)
ethylene/1-hexene copolymer with 2.4 wt. % clay; and

Figure 11 shows TEM images of an 11.1 wt% clay-polyethylene composite produced with a trimethylaluminum-
modified clay.

Figure 12 shows the heat release capacity of a 5.4 wt% LiMMT/PE composite.

Figure 13 shows the heat release capacity of a 5 wt% TIBA-LIMMT/PP masterbatch blended composite.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The invention provides a flame retardant composite comprised of at least a polyolefin, a layered clay, selected
from the group consisting of layered silicates and non-silicate compounds, and a component derived from a complex
containing a metal ion and a ligand containing a heteroatom (i.e., the said complex itself, or resulting products that are
formed in a process in which the said complex undergoes some chemical reactions), or a complex in which the said
complex has the formula MRx where M is an early transition metal, R is an alkyl or substituted alkyl ligand, and x is from
3 to 6.
[0024] The invention also provides a flame retardant composite comprised of at least a polyolefin, a layered clay,
selected from the group consisting of layered silicates and non-silicate compounds, and an organic compound that can
form a radical via pyrolysis or other decomposition process.
[0025] The invention provides a method for forming flame retardant clay-polyolefin composites by olefin polymerization
in the presence of a filler. Highly exfoliated nanocomposites can also be formed as disclosed in U.S. patent application
Ser. No. 11,451,199, filed June 12, 2006. However, exfoliation is not necessary for the production of flame retardant
composites of the present invention.
[0026] The filler is selected from the group consisting of nonlayered or layered silicates and non-silicate compounds,
and is combined with a catalyst that becomes activated for olefin polymerization when in contact with the filler. The
activated catalyst - filler combination is then contacted with olefin whereby to form a polyolefin composite material
incorporating platelets of the filler. The polymerization step can be accomplished without the use of an alkylaluminum
second catalyst component. In other embodiments, an alkylaluminum second catalyst component may be used with an
early transition metal first catalyst component.
[0027] More particularly, the filler and a late transition metal first catalyst component are added to a reactor followed
by the addition to the reactor of the olefin. As stated above, in an advantageous departure from the art, the polymerization
reaction can be carried out in the absence of an alkylaluminum second catalyst component. This allows significant
savings and simplification of the process. Indeed, where the late transition metal first catalyst component is a nickel
complex bearing an α-iminocarboxamidato ligand, when trimethylaluminum (a second catalyst component, present in
60-fold excess relative to the first catalyst component) is added as a scavenger to the reactor after addition of the filler
and first catalyst component, reactor fouling occurs. A larger excess of trimethylaluminum (350-fold relative to catalyst)
inhibits the polymerization. Moreover, when the second catalyst component is added to the clay prior to the addition of
the late transition metal first catalyst component, incorporation of the clay into the polymer matrix is compromised, and
the material is obtained is not a highly exfoliated nanocomposite.
[0028] In particular embodiments, sufficient layered filler is used to constitute at least 30 weight % of the composite
material, to prepare a high loaded composite masterbatch. A predetermined amount of one or more olefinic polymers
can be blended with the masterbatch to obtain a composite having a desired amount of loading.
[0029] As the filler, clay, clay minerals or compounds having a layered crystal structure of e.g. a hexagonal densely
packed-type, antimony-type, CdCl2-type or Cdl2-type, may be used. Specific examples of clay, clay minerals and layered
compounds useful as fillers include kaolin, bentonite, kibushi clay, gairome clay, allophane, hisingerite, pyrophyllite, talc,
a mica group, a montmorillonite group, vermiculite, a chlorite group, palygorskite, kaolinite, nacrite, dickite and halloysite.
[0030] The silicates to be used as a filler in the present invention may be synthesized products or naturally produced
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minerals. Specific examples of the silicates include alkaline silicates such as lithium silicate, sodium silicate, and potas-
sium silicate, alkaline earth silicates such as magnesium silicate, calcium silicate, and barium silicate, metal silicates
such as aluminium silicate, titanium silicate and zirconium silicate, and natural silicates such as an olivine group such
as forsterite and fayalite, a garnet group such as garnet, a phenacite group such as phenacite and willemite, zircon,
tricalcium silicate, merrillite, gehlenite, benitoite, beryl, cordierite, a pyroxene group such as enstatite, hypersthene,
diopside, spondumene, rhodonite and wollastonite, an amphibole group such as anthophyllite, tremolite and actinolite.
[0031] Particularly preferred as fillers are clay or clay minerals, and most preferred are montmorillonite and chlorite.
Fillers may be used alone or in combination as a mixture of two or more of them. Flame retardant nano-composites can
be formed using montmorillonite, while micro-composites can be formed using chlorite.
[0032] The fillers used in this invention are acid treated. Further, they may be used as they are without subjecting
them to any treatment, or they may be treated by X ball milling, sieving, acid treatment before use. They may be treated
to have water added and adsorbed or may be treated for dehydration by heating before use. They may also be treated
to exchange their interlayer cation by organic cation such as onium cations having aliphatic chains. Specific examples
of the onium cations include primary to quaternary ammonium cation and phosphonium cation. Specific examples of
the aliphatic chains are aliphatic chains which have 6-20 carbon atoms including hexyl, octyl, 2-ethylhexyl, dodecyl,
hexadecyl, and octadecyl, also the mixture of them such as hydrogenated tallow. Specific examples of the organic cation
include hexylammonium, octylammonium, 2-ethylhexylammpnium, dodecylammonium, trioctylammonium, dioctade-
cyldimethylammonium, and trioctadecylammonium. They may be used alone or in combination as a mixture of two or
more of them.
[0033] In one embodiment, the filler material is acidified by contacting it with a Bronsted acid (such as hydrochloric
acid, sulfuric acid, or any material which forms a strong acidic aqueous solution). The acid dissolves some of the aluminum
present in the clay and thereby partly disrupts the layered structure.
[0034] The acid-treated filler is dispersed with a small quantity of solvent (such as toluene), which can be done by any
suitable technique, and can use mechanical means if desired or needed such as by sonication or by high shear mixing
or wet ball milling.
[0035] As indicated, the first catalyst component is a non-metallocene catalyst. A non-metallocene catalyst is comprised
of a transition metal ion and a ligand that does not contain a cyclopentadienyl ring. The ligand for the said non-metallocene
catalyst preferably contains at least one heteroatom. Preferred heteroatoms are the atoms in group 15 and/or group 16
in the Periodic Table. In more detail, nitrogen, oxygen, sulfur, phosphorus, arsenic, and selenium atom are preferred for
the heteroatom in the said ligand. There is no limitation to the transition metal ion as long as the said complex based
on the metal ion has a function to polymerize α-olefins. An early transition metal or a late transition metal can be used
in this invention. A mixture of non-metallocene catalysts can also be used in this invention.
[0036] In a particular embodiment, the first catalyst component is a late transition metal catalyst, a nickel complex
bearing an α-iminocarboxamidato ligand. The acid-treated clay activates late transition metal catalysts containing α-
iminocarboxamidato ligands, i.e., catalysts from the family LNi(R)(S), where L is an α-iminocarboxamidato ligand, R is
an alkyl group (e.g., CH2Ph) and S is an ancillary ligand (e.g., PMe3) [28].
[0037] Most preferably, the nickel catalyst is a complex having the general formula I, II, III, IV or V:
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wherein:
M is Ni, Pt, Pd;
A is a π-allyl, a substituted π-allyl, a π-benzyl, a substituted π-benzyl, benzoyl or picolino ligand;
X is N, P or CH;
Y is O, CH2, or S;

Z is O or S
L is N or P or a structure that is capable of being a neutral two electron donor ligand;
L1 is a neutral monodentate ligand and L2 is a monoanionic monodentate ligand, or L1 and L2 taken together are a
monoanionic bidentate ligand, provided that said monoanionic monodentate ligand or said monoanionic bidentate ligand
is capable of adding to said olefin;
B is a bridge connecting covalently an unsaturated carbon and L;
R1, R2, R3A and R3B are the same or different and are each independently hydrogen, hydrocarbyl group, or substituted
hydrocarbyl bearing functional group;

the designation: 
is a single or double bond; and
R3B is nothing when B is connected to L by a double bond.
[0038] A particularly preferred catalyst is (N-(2,6-diisopropylphenyl)-2-(2,6-diisopropylphenylimino)propanamida-
to)Ni(η3-CH2Ph).
[0039] With late transition metal complexes, such as the nickel complex, no second catalyst components are required
to achieve typical polymerization activities of 1000 -15,000 kg polyethylene/ mol catalyst / hr at 30°C. The filler does not
need to be dried, although better activities are obtained with filler dried in vacuo for 12 hours at 100°C. In a typical
procedure, a solution of 8 mmol of the catalyst in toluene or hexane is stirred with 85 mg of dried filler under a N2
atmosphere. This catalyst suspension can be loaded directly into the reactor, or filtered, washed and resuspended in
fresh, dry solvent prior to use.
[0040] In other embodiments, early transition metal catalysts can be used as the first catalyst component to generate
composites, where the metal component of the catalyst can be any early transition metal, such as titanium, zirconium,
hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten. Any of a variety of alkyl or substituted alkyl
ligands can be used, particularly those which lack alpha-hydrogens, such as neopentyl, neosilyl, benzyl, adamantyl,
which are stable in the form MRx (where M is the metal, R is the alkyl ligand, and x is the number of alkyl ligands (from
3 to 6, usually 4).
[0041] In a preferred embodiment, an alkylaluminum second catalyst component can be advantageously used, that
is active in olefin polymerization when supported on clay, in combination with early transition metal first catalyst com-
ponents, as disclosed above. Preferred second catalyst components are trialkylaluminum or an alkyaluminoxane. A
particularly preferred second catalyst component is triisobutylaluminum (TIBA). The second catalyst component can be
added first to filler to remove adsorbed water and passivate the clay surface. The second catalyst component is also
able to cap many of the silanol groups on the clay surface, which would otherwise catalyze polymer decomposition and
deactivate early transition metal catalysts.
[0042] More extensive and more robust capping of the silanol groups can be achieved by converting them to trimeth-
ylsilyl groups to yield TMS-capped- LiMMT (TMS-clay). This achieved by stirring a suspension of LiMMT in neat chlo-
rotrimethylsilane for 2 hours under N2. The volatiles can be removed either under vacuum at 100 °C for 16 hours, or by
washing with fresh solvent. Activities for ethylene and propylene polymerization remain the same order of magnitude
when TMS- LiMMT treated with the second catalyst component is substituted for the second catalyst component-non-
TMS modified LiMMT. Polymerization with TMS- LiMMT and either early or late transition metal first catalyst components
can also proceed without the use of the second catalyst component, although activities are not as high. The clay can
also be capped with other silylating agents or treated with Bronsted bases (e.g., tertiary amines or phosphines).
[0043] When an olefin is contacted with the activated first catalyst component - filler combination, the olefin polymerizes
to form a composite material containing platelets of an acid-treated filler dispersed in the polyolefin matrix. It is believed
that Lewis acid sites, on certain acid-treated layered fillers, activate the catalyst to produce polymer between the layers
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of the layered filler and thereby separate or exfoliate such layers to a greater degree into the developing polymer matrix.
[0044] Preferably, the olefin used in the instant invention is selected from the group of olefins having from two to ten
carbon atoms. Such olefins include, for example, styrene, divinylbenzene, norbornene, ethylene, propylene, hexene,
octene, butadiene and mixtures thereof. Thus, the polymer product of or by way of the instant invention may be, for
example, a polyethylene, a polypropylene, a thermoplastic elastomer, or a synthetic rubber. It is also possible that larger
monomers (macromonomers) are formed in situ and incorporated into the polymer.
[0045] In a preferred embodiment, the olefin is ethylene or propylene. In another preferred embodiment, the olefin is
a combination of ethylene and an α-olefin, e.g., 1-hexene.
[0046] Preferably, the weight % of layered filler in the composite material is at least 0.5 %. In a preferred embodiment,
sufficient silicate is used to constitute at least 30 weight % of the composite to prepare a highly silicate-loaded composite
masterbatch. A predetermined amount of one or more olefinic polymers can be blended with the composite masterbatch
to obtain a composite material having a desired amount of silicate loading, e.g., from 0.1 to 20 weight %.
[0047] In a particularly preferred embodiment, a flame retardant polyethylene composite is formed by treating montmo-
rillonite with an alkylaluminum second catalyst component, and then with a tetrabenzylzirconium first catalyst component,
that becomes activated for ethylene polymerization when in contact with the clay, and contacting ethylene with the
activated catalyst - clay combination.
[0048] Polymerization of ethylene or copolymerization of ethylene with an α-olefin such as 1-hexene occurs at tem-
peratures from 10 to 70 °C, preferably between 20 and 50 °C. Since the polymerization is highly exothermic, it is desirable
to control the temperature with a heat exchanger to prevent overheating and decomposition of the catalyst above 70°C.
The polymerization can be terminated by exhaustion of monomer, by venting unreacted monomer, or by quenching the
reaction with a chain-terminating agent, such as hydrogen gas, carbon monoxide or a polar comonomer.
[0049] Thermal stability of polyolefin/clay composites: The thermal stability of polyethylene (PE)/clay composites was
assessed by thermogravimetric analysis (TGA). The TGA experiments were performed in air as the temperature was
ramped from 25 to 600 °C at a rate of 20 °C/min (Figure 1). The onset of decomposition for the composite materials
occurs at temperatures similar to that seen for pure PE made using the same catalyst activated by a homogeneous
Lewis acid, B(C6F5)3, in the absence of clay. The TGA graphs show that aerobic polymer decomposition occurs in at
least two stages. For pure PE, the first stage is barely detectable; most of the mass loss occurs in the second stage.
For the composites, the first stage extends to higher temperatures, resulting in slightly more mass loss for materials with
< 10 wt% clay, and considerably more for materials with > 10 wt% clay. The second stage of decomposition occurs at
substantially higher temperatures for all PE/clay composites, indicating that they are more thermally stable than pure
PE, even at low clay loadings.
[0050] Flammability of polyolefin/clay composites: A modified char test was used to evaluate flammability. Compres-
sion-molded bars (60 x 6 x 3 mm) were clamped vertically and ignited at the top with a butane lighter for 7 sec. The
amount of time required to either self-extinguish or burn completely was recorded.
[0051] The results of char tests with PE/clay composites are summarized in Figure 2, and a photograph of a char test
with a variety of TMS-clay-containing PE samples is shown in Figure 3. Samples 1-5 are composites prepared by in situ
polymerization, while samples 7-10 are composite materials made by the masterbatch blending method. Samples 7-8
were blended from a 52.8 wt% LiMMT/PE masterbatch, sample 9 was made with a 57.0 wt% masterbatch containing
TIBA-treated TMS-LiMMT, and sample 10 was blended from a 50.8 wt.% masterbatch containing only TMS-LiMMT (no
TIBA).
[0052] All of the PE composites, whether made by in situ polymerization or by the masterbatch method, resisted ignition
compared to PE containing no clay. Materials made by in situ polymerization, with or without TMS-capping (samples
1-5), self-extinguished. Samples 1-4 formed char on the surface of the bar. The formation of char prevents diffusion of
combustible volatiles that sustain the flame [2]. The material with the lowest clay loading (sample 1) had the shortest
self-extinguishing time. However, the blended materials (samples 7-10) burned faster than PE alone (sample 6) and
generated a lot of black smoke.
[0053] The results of char tests with polypropylene (PP)/clay composites are summarized in Figure 4. Representative
photographs of the char tests are presented in Figures 5 and 6. Samples 11a and 11b were performed with bars of
isotactic PP containing no clay. Two bars with high clay loadings, 20 wt% LiMMT/TIBA (sample 12) and 30 wt% TMS-
LiMMT (sample 13), were made by in situ polymerization. Three bars were made by the masterbatch method, blended
with isotactic PP to 5 wt% clay: sample 14 was blended from a 42.3 wt% LiMMT/TIBA/PP composite; sample 15 was
blended from a 76.9 wt% TMS-LiMMT/PP composite; and sample 16 was blended from a 35.1 wt% TMS-LiMMT/TIBA/PP
composite.
[0054] After ignition, sample 11a began to melt, causing liquid polymer to drip down the side. The sample burned
continuously for 1:44 min, until the flame reached the base and was extinguished manually. The LiMMT/TIBA-containing
composite (sample 12) did not drip but took only slightly longer (2:38 min) for the flame to reach the base, when it was
extinguished manually. On the other hand, the TMS-LiMMT/TIBA/PP composite (sample 13) self-extinguished 1:04 min
after ignition. At the end of the experiment, char was observed covering the top of both composites formed by in situ
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polymerization. Capping of the Brønsted acid sites, either by TIBA or TMS, retards catalytic decomposition of the polymer
to smaller hydrocarbon fragments. The isotactic PP bar (sample 11 b) took the shortest time to burn to the bottom of
samples 11b and 14-16 in Figure 6.
[0055] Unlike the blended PE composites, the blended PP composites showed flame retardant properties. All of the
PP-masterbatch blends (samples 14-16) burned slower than PP containing no clay. In addition, the material containing
TMS-LiMMT/ TIBA self-extinguished after 3:22 min.
[0056] As evident from the above, the flame retardant composites can be made directly, or using a masterbatch with
high clay loading (e.g., >50 wt%) which is subsequently blended with pure polymer (polyethylene, polypropylene, co-
polymers of ethylene with other α-olefins) to create composites with the desired clay loading. The method can be used
for composites of homopolymers such as ethylene and propylene, copolymers of ethylene with other α-olefins or with
functionalized monomers such as styrenes or norbornenes.
[0057] The method as disclosed in this application can be used to provide flame retardant properties to a variety of
objects. These objects include substrates to which the compound is applied, and molded items containing the compound.
[0058] The substrate can include parts of furniture, automobile body panels and under hood parts, parts of electronics
devices used (e.g. television, computers), parts of power tool housings, children’s toys, building (construction) materials
and furnishings for confined spaces (such as aircraft cabins and automobile interiors). The compound, which provides
the flame retardant property, can be added to the substrate in a variety of ways, such as spraying, dipping, painting,
injection, and extrusion. Details of these methods are well known to those of skill in the art.
[0059] The following examples will illustrate best practices of the invention.

EXAMPLE 1

[0060] A solution of TIBA (2.0 g of 1.0 M in hexanes), a second catalyst component, was added to LiMMT (1.3 g) in
15 g toluene, and a yellow solution of the air-sensitive first catalyst component, Zr(CH2Ph)4 (50 mg in 10 g toluene) was
mixed with the LiMMT/TIBA slurry for 15 mins at 20 °C. The slurry was washed twice, by removal of excess solvent,
resuspension in 20 g of fresh toluene, and stirring for 15 mins. After the final removal of excess solvent, the slurry was
resuspended in 70 g fresh toluene and placed inside a batch polymerization reactor. The reactor was pressurized with
689 kPa (100 psi) ethylene at 25 °C and prepolymerized for 15 min. The temperature was increased to 40 °C and the
polymerization allowed to proceed for an additional 45 mins. The reaction yielded 23.9 g of PE with a clay content of
5.4 wt%.
[0061] Typical polymerization activities are 150 kg PE/mol catalyst/hr at 40 °C and 30 kg PP/mol catalyst/hr at 50 °C.
Polymerization of ethylene is conducted between 25 and 60 °C, preferably between 40 and 50 °C. Since the polymerization
is highly exothermic, it is desirable to control the reactor temperature with a heat exchanger to prevent overheating and
decomposition of the catalyst above 70 °C. Ethylene is added on demand at 689 kPa (100 psi) once the temperature is
equilibrated. Typical clay loading after a 30 min polymerization at 40 °C is 15 wt%. In order to achieve a lower clay
loading material (<10 wt%), a pre-polymerization step is implemented. Ethylene is added at 25°C for 15 min, then the
temperature is raised to 40 °C for 45 min to obtain a 5 wt% PE/clay composite. Exfoliation of the clay layers is shown
in the transmission electron microscopy (TEM) images, Figure 7. Individual clay sheets are visible in profile as dark lines
against the light gray PE background.

EXAMPLE 2

[0062] The procedure of Example 1 can be repeated except that polymerization is carried out using propylene. Po-
lymerization is conducted between 30 and 60 °C, preferably between 40 and 50 °C. Since the polymerization is highly
exothermic, it is desirable to control the reactor temperature with a heat exchanger to prevent overheating and decom-
position of the catalyst above 70 °C. Typical clay loading for a 30 min polymerization at 50 °C is 40 wt%, but loadings
as low as 15 wt% have been obtained. Partial exfoliation of the clay layers at 15wt% loading is shown in the TEM images
in Figure 8.

EXAMPLE 3

[0063] LiMMT (2.5 g) was suspended in chlorotrimethylsilane (10 mL), and stirred at 20 °C for 2 hours. The volatiles
were removed by heating at 100°C under dynamic vacuum (16 hours at ≤ 10-4 Torr), then the solid was transferred to
a N2-filled glove box. A solution of TIBA (2.0 g of 1.0 M in hexanes) was added to the TMS-capped clay in 15 g hexanes,
and a yellow solution of the air-sensitive first catalyst component, Zr(CH2Ph)4 (200 mg in 10 g hexanes) was mixed with
the TMS-capped clay/TIBA slurry for 15 mins at 20 °C. The slurry was washed twice, by removal of excess solvent,
resuspension in 20 g of fresh hexanes, and stirring for 15 mins. After the final removal of excess solvent, the slurry was
resuspended in 70 g fresh hexanes, and placed inside a batch polymerization reactor, whose temperature was equilibrated
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at 50 °C. The reactor was pressurized with 965 kPa (140 psi) propylene and polymerization was allowed to proceed for
60 mins. The reaction yielded 8.9 g of polypropylene with a clay content of 30 wt%.

EXAMPLE 5

[0064] PP/clay composites prepared by the masterbatch blending method are flame retardant materials. The master-
batch was made using the method described above for the PP/LiMMT composite, but with a TMS-clay treated with TIBA
and 30 min polymerization time. A physical mixture of the 35.1 wt% TMS-clay-TIBA/PP composite (0.57 g) and pure PP
(3.43 g) was blended in a twin screw extruder at 170 °C for 8 min then extruded.

EXAMPLE 6

[0065] The clay can be ion-exchanged with cations other than Li. Thus, the procedure of Example 1 can be repeated
except that the clay is cation-exchanged with Na.

EXAMPLE 7

[0066] The acid treatment can be applied to clays other than montmorillonite, or to layered non-clay materials. Thus,
the procedure of Example 1 can be repeated except that the acid treatment can be applied to layered aluminum phosphate.

EXAMPLE 8

[0067] In manner similar to Example 6, the procedure of Example 1 can be repeated except that the acid treatment
can be applied to zirconium phosphate.

EXAMPLE 9

[0068] The method can be used for composites of copolymers of ethylene with other α-olefins or with functionalized
monomers. Thus, the procedure of Example 1 can be repeated except that the olefin is styrene.

EXAMPLE 10

[0069] In manner similar to Example 7, the procedure of Example 1 can be repeated except that the olefin is norbornene.

EXAMPLE 11

[0070] The ethylene pressure can be varied in order to alter the branch content of the polymer. Thus, the procedure
of Example 1 can be repeated except that the ethylene pressure is increased to 3500 kPa.

EXAMPLE 12

[0071] Chlorite (1.3 g) was treated with TIBA (2.0 g, 1.0M in hexanes) then stirred with tetrabenzylzirconium (10 mg
in 10 g toluene). The slurry was placed in a batch reactor and pressurized with 689 kPa (100 psi) ethylene. After 30 min
at 40 °C, the reaction yielded 10.1 g polyethylene with 12.9% clay loading. In the vertical burn test described (see
example 13 below), this material self-extinguished after 1:28 min. (See sample 5 in Figure 2).

EXAMPLE 13

[0072] A 5.7 wt% PE/LiMMT composite made with the eta-3 Ni catalyst by in situ polymerization was also shown to
self-extinguish. It self-extinguished after 3:51. [not shown in Figures ]. To make the composite, catalyst solution (9.6
micromol in 1 g of toluene) was added to a slurry of 200 mg of LiMMT in 100 g of toluene. The slurry was placed inside
a batch polymerization reactor. The temperature was equilibrated at 40 °C and ethylene (689 kPa, 100 psi) was added
on demanded for 30 min. The reaction yielded 5.3 g of PE with a clay content of 5.7 wt%.
[0073] A composite of 5.7 wt% PE/LiMMT was made by in situ polymerization with LNi(η3-CH2Ph) where L = (2,6-
diisopropylphenyl)-2-(2,60diisopropylphenylimino)propanamidato catalyst. A solution of the catalyst (9.6 mmol in 1 g
toluene) was added to a slurry of 200 mg LiMMT in 100 g toluene. The slurry was placed inside a batch polymerization
reactor. The temperature was equilibrated at 40 °C and ethylene (689 kPa, 100 psi) was added on demand for 30 min.
The reaction yielded 5.3 g polyethylene with a clay content of 5.7 wt%. This material was molded into a 60x6x3 mm bar,
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clamped vertically and ignited at the top. It self-extinguished after 3:51 min, compared to a bar of the same size of high
density polyethylene containing no clay, which burned completely in 7:32 min.

EXAMPLE 14

[0074] Acid-treated lithium montmorillonite was prepared by stirring a suspension of untreated clay in a solution of
Li2SO4 and concentrated H2SO4 for 5 hours. This material retains its sheet-like structure but the interlayer association
is greatly disrupted, as shown by the absence of an XRD (001) reflection at 2θ= 7°, as shown in Figure 9.
[0075] 85 mg Acid-treated lithium montmorillonite was partially dehydrated by heating at 100°C under a dynamic
vacuum (12 hours at ≤ 10-4 Torr) and then transferred to a N2-filled glove box. A dark orange solution of the air-sensitive
catalyst, LNi(η3-CH2Ph) where L = N-(2,6-diisopropylphenyl)-2-(2,6-diisopropylphenylimino)propanamidato (4 mg in 1
g toluene) was mixed with a slurry of 85 mg clay suspended in 26 g toluene for 30 mins at room temperature inside a
batch polymerization reactor thermostated at 25°C. The reactor was pressurized with 689 kPa C2H4 and polymerization
proceeded for 70 mins. The reaction yielded 3.2 g of polyethylene with Mw = 1,089,000 g/mol, a polydispersity index of
2.8 and a clay content of 2.6 wt%.
[0076] Evidence for nanocomposite formation is shown in the transmission electron microscopy (TEM) image of Figure
10A. Individual clay sheets are visible in profile as dark lines against the light gray polyethylene background.

EXAMPLE 15

[0077] The procedure of Example 14 was repeated except that 500 mg acid-treated lithium montmorillonite was used.
The result was a yield of 4.7 g of polyethylene Mw = 1,146,000 g/mol, a polydispersity index of 2.7 and a clay content
of 10.6 wt%. Evidence for nanocomposite formation is shown in the transmission electron microscopy (TEM) image of
Figure 10B.

EXAMPLE 16

[0078] The procedure of Example 14 was repeated except that 4 g of the solvent, toluene, was replaced with 4 g of
1-hexene, and polymerization proceeded for 30 mins. The reaction yielded 3.6 g of polyethylene with a clay content of
2.4 wt%. Evidence for nanocomposite formation is shown in the transmission electron microscopy (TEM) image of Figure
10C.
[0079] The images of Figure 2 show that most of the clay is exfoliated. Groups of less than 5 associated, possibly
intercalated, clay sheets are also present. High clay dispersion was observed up to 11 wt% loading, and in the presence
of co-monomer.

EXAMPLE 17

[0080] The clay can be cation-exchanged with cations other than Li. Thus, the procedure of Example 14 can be
repeated except that the clay is cation-exchanged with Na.

EXAMPLE 18

[0081] The acid treatment can be applied to clays other than montmorillonite, or to layered non-clay materials. Thus,
the procedure of Example 14 can be repeated except that the acid treatment can be applied to layered aluminum
phosphate.

EXAMPLE 19

[0082] In manner similar to Example 18, the procedure of Example 14 can be repeated except that the acid treatment
can be applied to zirconium phosphate.

EXAMPLE 20

[0083] The structure of the catalyst can be varied via the nature of the donor atoms and the substituents on the ligand
L, the initiating group R and the ancillary ligand S. Thus, the procedure of Example 14 can be repeated except that the
late transition metal Pd may be substituted for the late transition metal Ni.
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EXAMPLE 21

[0084] In manner similar to Example 20, the procedure of Example 14 can be repeated except that the late transition
metal Pt may be substituted for the late transition metal Ni.

EXAMPLE 22

[0085] In manner similar to Example 20, the procedure of Example 14 can be repeated except that the late transition
metal Fe may be substituted for the late transition metal Ni.

EXAMPLE 23

[0086] In manner similar to Example 20, the procedure of Example 14 can be repeated except that the late transition
metal Co may be substituted for the late transition metal Ni.

EXAMPLE 24

[0087] The method can be used for composites of homopolymers other than polyethylene. Thus, the procedure of
Example 14 was repeated except that the olefin was propylene and the catalyst was LNi(η1-CH2Ph)(PMe3) where L =
2-methylene-3-(2,6-diisopropylphenylimino)propoxide. A mixture of the catalyst (8 mg in 1 g toluene) and bis(1,5-cy-
clooctadiene)nickel (30 mg in 2 g toluene) was added to a slurry of 450 mg clay suspended in 55 g toluene. The reactor
was pressurized with 937 kPa C3H6 and the polymerization proceeded for 180 mins. The reaction yielded 1.4 g of a
polypropylene composite with a clay loading of 32%.

EXAMPLE 25

[0088] The method can be used for composites of copolymers of ethylene with other α-olefins or with functionalized
monomers. Thus, the procedure of Example 14 can be repeated except that the olefin is styrene.

EXAMPLE 26

[0089] In manner similar to Example 25, the procedure of Example 14 can be repeated except that the olefin is
norbornene.

EXAMPLE 27

[0090] The ethylene pressure can be varied in order to alter the branch content of the polymer. Thus, the procedure
of Example 14 can be repeated except that the ethylene pressure is increased to 3500 kPa.

EXAMPLE 28

[0091] The procedure of Example 14 can be used to make a masterbatch with high clay loading which then can be
blended with pure polymer (polyethylene, polypropylene, copolymers of ethylene with other alpha-olefins, etc) to create
composites with the desired clay loading. Thus, the procedure of Example 14 can be repeated except that a slurry of
0.25 g clay suspended in 40 g toluene can be treated with 1 mg of the catalyst of Example 14 (in 1 g toluene). The
reactor can be pressurized with 689 kPa C2H4 and polymerization can proceed for 4 mins, to yield polyethylene having
a clay content of at least 40 wt.%.

EXAMPLE 29

[0092] 500 mg of neat second catalyst component trimethylaluminum (TMA) was added dropwise to a rapidly stirred
suspension of 3 g acid-treated montmorillonite in 10 g toluene. The clay was then filtered and washed three times with
fresh toluene to remove unreacted TMA. A portion of the clay (626 mg) was resuspended in 70 g toluene and transferred
to a 300 mL Parr reactor. 1 g of catalyst solution (16 mg LNi(η3-CH2Ph) catalyst where L = N-(2,6-diisopropylphenyl)-
2-(2,6-diisopropylphenylimino)propanamidato in 3 g toluene) was added, the reactor was sealed and removed from the
glove box. After thermal equilibration at 40 °C with stirring, ethylene was added on demand at 689 kPa (100 psi) for 35
minutes. The activity is similar to that of the catalyst supported on unmodified clay, under similar conditions in the same
reactor. 5.6 g of material (containing 11.1 wt% clay) was recovered. It appeared fluffier (i.e., less granular) than materials
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previously produced using clay without TMA modification.
[0093] Figure 11 shows TEM images of an 11.1 wt% clay-polyethylene composite produced with TMA-modified clay
catalyst. While the clay is well-distributed in the polymer matrix, it is not highly exfoliated. This may be a consequence
of TMA-induced catalyst leaching, resulting in polymerization other both on and off the surface of the clay. The fluffy
appearance of the polymer is consistent with this explanation, since it resembles materials produced by homogeneous
acid-activated catalysts.

EXAMPLE 30

[0094] 31.1 g Acid-treated lithium montmorillonite was partially dehydrated by heating at 200°C under a dynamic
vacuum (12 hours at ≤ 10-4 Torr). The clay was then suspended in toluene (100 g) and transferred, under N2, to a 2 L
autoclave reactor containing 1 L toluene. A solution of the catalyst, LNi(η3-CH2Ph) where L = N-(2,6-diisopropylphenyl)-
2-(2,6-diisopropylphenylimino)propanamidato (16 mg in 5 g toluene) was transferred to the burst valve of the reactor.
The reactor was thermostatted at 40 °C. The catalyst solution was pushed into the reactor with ethylene at 1800 kPa,
creating the clay-supported catalyst in situ. The polymerization was allowed to proceed isothermally for 30 mins. The
reaction yielded 242 g polyethylene with a clay content of 13.2 wt.%.

EXAMPLE 31

[0095] 0.5 g Acid-treated lithium montmorillonite was partially dehydrated by heating at 100°C under a dynamic vacuum
(12 hours at ≤ 10-4 Torr) and then transferred to a N2-filled glove box. A solution of the catalyst, tetrabenzylzirconium
(140 mg in 2 g toluene) was mixed with a slurry of 2.5 g clay suspended in 80 g toluene for 30 mins at room temperature
inside a batch polymerization reactor thermostated at 55°C. The reactor was pressurized with 965 kPa C3H6 and po-
lymerization was allowed to proceed for 60 mins. The reaction yielded 8.65 g polypropylene with a clay content of 28.9
wt.% and a melting point of 148°C.

EXAMPLE 32

[0096] 430 mg Acid-treated lithium montmorillonite was partially dehydrated by heating at 100°C under a dynamic
vacuum (12 hours at ≤ 10-4 Torr) and then transferred to a N2-filled glove box. A solution of the catalyst
LNi(η1-CH2Ph)PMe3 where L = 3-(2,6-diisopropylphenylimino)-butan-2-one (16 mg in 2 g toluene) and Ni(COD)2 (37
mg in 1.5 g toluene) were mixed with a slurry of 430 mg clay suspended in 40 g toluene for 30 mins at room temperature.
The clay-supported catalyst was allowed to settle and the solvent decanted. 60 g fresh toluene and additional Ni(COD)2
(38 mg in 1.5 g toluene) was then added. The catalyst suspension was then transferred to a batch polymerization reactor
and thermostatted at 25°C. The reactor was pressurized with 965 kPa C3H6 and polymerization allowed to proceed for
180 mins. The reaction yielded 1.3 g polypropylene with a clay content of 33.1 wt.%.

EXAMPLE 33

[0097] A solution of TIBA (2.0 g, 1.0 M in hexanes), a second catalyst component, was added to LiMMT (1.3 g) in 15
g toluene. A solution of the first catalyst component, Zr(CH2Ph)4 (50 mg in 10 g toluene) was stirred with the TIBA/LiMMT
slurry for 15 mins at 20 °C. The solid was filtered and washed twice, by resuspension in 20 g fresh toluene, stirring for
15 mins, and filtering. After the final filtration, the solid was resuspended in 70 g fresh toluene, and placed inside a batch
polymerization reactor. The reactor was pressurized with 689 kPa (100 psi) ethylene at 25 °C for a 15 min prepolymer-
ization stage. The temperature was then increased to 40 °C and the polymerization allowed to proceed for an additional
45 mins. The reaction yielded 23.9 g polyethylene with a clay content of 5.4 wt%. In the vertical burn test described in
[0001], this material was found to self-extinguish in 0:40 min. (See sample 1 in Figure 2).
[0098] A 1.5 mg sample of the material described in the preceding paragraph was placed in a ceramic crucible and
inserted into a pyrolysis-combustion flow calorimeter at a load temperature of 75 °C. It was pyrolyzed in air (80% N2,
20% 02) as the temperature was ramped at a heating rate of 1 °C/sec up to 750 °C. The pyrolyzed gases were swept
into a combustor at 900 °C. The heat-release capacity, calculated by dividing the peak heat release rate by the heating
rate, was found to be 640 J/g °C, compared to 1475 J/g °C for high density polyethylene containing no clay. The heat
release profiles are shown in Figure 12.

EXAMPLE 34

[0099] A solution of TIBA (1.0 g of 1.0 M in hexanes), a second catalyst component, was added to a solution of the
first catalyst component, Zr(CH2Ph)4 (50 mg in 10 g toluene). The resulting solution was added to a slurry of LiMMT



EP 2 038 343 B1

15

5

10

15

20

25

30

35

40

45

50

55

(1.3 g) in 15 g toluene, and stirred for 5 mins at 20 °C. The solid was washed twice by filtration, resuspension in 20 g
fresh toluene, stirring for 10 mins and removal of solvent. After the final filtration, the solid was resuspended in 70 g
fresh toluene and placed inside a batch polymerization reactor. The reactor was pressurized with 689 kPa (100 psi)
ethylene at 25 °C for a 15 min prepolymerization stage. The temperature was increased to 40 °C and the polymerization
allowed to proceed for an additional 45 mins. The reaction yielded 11.3 g polyethylene with a clay content of 11.5 wt%.
In the vertical burn test described in Example 13, this material was found to self-extinguish in 1:12 min. (See sample 2
in Figure 2).

EXAMPLE 35

[0100] LiMMT (2.5 g) was suspended in chlorotrimethylsilane (10 mL), and stirred at 20 °C for 2 hours. Volatiles were
removed by heating at 100°C under dynamic vacuum (16 hours at ≤ 10-4 Torr), then the solid was transferred to a glove
box. A solution of the second catalyst component, TIBA (1.0 g, 1.0 M in hexanes), and a solution of the first catalyst
component, Zr(CH2Ph)4 (50 mg in 1 g hexanes), were stirred with a slurry of the TMS-capped clay (1.3 g) suspended
in 15 g hexanes for 15 mins at 20 °C. The slurry was washed twice by filtration, resuspension in 20 g fresh hexanes,
stirring for 15 mins and removal of solvent. After the final filtration, the solid was resuspended in 70 g fresh toluene and
placed inside a batch polymerization reactor, whose temperature was equilibrated at 40 °C. The reactor was pressurized
with 689 kPa (100 psi) ethylene and polymerization was allowed to proceed for 60 mins. The reaction yielded 14.1 g
polyethylene with a clay content of 9.3 wt%. In the vertical burn test described in Example 13, this material self-extin-
guished after 1:00 min. (See sample 3 in Figure 2).

EXAMPLE 36

[0101] LiMMT (2.5 g) was suspended in chlorotrimethylsilane (10 mL), and stirred at 20 °C for 2 hours. Volatiles were
removed by heating at 100°C under dynamic vacuum (16 hours at ≤ 10-4 Torr), then the solid was transferred to a glove
box. A solution of the first catalyst component, Zr(CH2Ph)4 (50 mg in 1 g hexanes) was stirred with a slurry of 1.3 g of
the TMS-capped clay in 15 g hexanes for 15 mins at 20 °C. The solid was washed twice by filtration, resuspension in
20 g fresh hexanes, stirring for 15 mins followed by removal of solvent. After the final filtration, the solid was resuspended
in 70 g fresh toluene and placed inside a batch polymerization reactor Polymerization was initialized at room temperature
(ca. 20 °C) by pressurizing with 689 kPa (100 psi) ethylene. The reactor was brought to 40 °C over the course of 20
mins with the aid of an external heater. The polymerization was allowed to proceed for a total of 60 mins. The reaction
yielded 8.71 g polyethylene with a clay content of 14.9 wt%. In the vertical burn test described in Example 13, this
material self-extinguished after 1:52 min. (See sample 4 in Figure 2).

EXAMPLE 37

[0102] LiMMT (2.5 g) was suspended in chlorotrimethylsilane (10 mL), and stirred at 20 °C for 2 hours. Volatiles were
removed by heating at 100°C under dynamic vacuum (16 hours at ≤ 10-4 Torr), then the solid was transferred to a glove
box. A solution of the second catalyst component, TIBA (2.0 g, 1.0 M in hexanes) and a solution of the first catalyst
component, Zr(CH2Ph)4 (200 mg in 10 g hexanes), were added to a suspension of the TMS-capped and TIBA-modified
clay in 15 g hexanes and stirred for 15 mins at 20 °C. The slurry was washed twice by filtration, resuspension in 20 g
fresh hexanes, stirring for 15 mins and removal of solvent. After the final filtration, the solid was resuspended in 70 g
fresh hexanes, and placed inside a batch polymerization reactor, whose temperature was equilibrated at 50 °C. The
reactor was pressurized with 965 kPa (140 psi) propylene and polymerization was allowed to proceed for 60 mins. The
reaction yielded 8.9 g polypropylene with a clay content of 30 wt%. In the vertical burn test described in Example 13,
this material self-extinguished after 1:04 min, compared to a bar of the same size of isotactic polypropylene which burned
completely in 3:22 min. (See sample 13 in Figure 4).

EXAMPLE 38

[0103] A polypropylene-clay masterbatch (76.9 wt% clay) was prepared using the method described in [0008], using
TMS-capped LiMMT and a polymerization duration of 60 min. A physical mixture of the masterbatch (0.26 g) and isotactic
polypropylene (3.74 g) was blended in a micro twin screw extruder at 170 °C for 8 min, then extruded to produce a
material containing 5 wt% LiMMT in polypropylene.
[0104] In the vertical burn test described in Example 13, the masterbatch blend prepared as described in the preceding
paragraph did not self-extinguish, but did require much more time to burn completely (11:56 min) compared to isotactic
polypropylene containing no clay (3:22 min). (See sample 15 in Figure 4).
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EXAMPLE 39

[0105] (CYHM) A polypropylene-clay masterbatch (42.3 wt% clay) was prepared by using the method described in
[0008], but with TIBA-modified LiMMT and a polymerization duration of 60 min. A physical mixture of the masterbatch
(0.47 g) and isotactic polypropylene (3.53 g) was blended in a micro twin screw extruder at 170 °C for 8 min, then
extruded to produce a material containing 5 wt% LiMMT in polypropylene.
[0106] In the vertical burn test described in Example 13, the masterbatch blend prepared as described in the preceding
paragraph did not self-extinguish, but did require much more time to burn completely (13:36 min) compared to isotactic
polypropylene containing no clay (3:22 min). The heat-release capacity of the masterbatch blend, measured as described
in [0003], was found to be 575 J/g °C, compared to 959 J/g °C for isotactic polypropylene containing no clay. The heat
release profiles are shown in Figure 13. (See also sample 14 in Figure 4).

EXAMPLE 40

[0107] (CYHX) A polypropylene-clay masterbatch (35.1 wt% clay) was prepared by using the method described in
[0008], but with TIBA-modified, TMS-modified LiMMT and a polymerization duration of 60 min. A physical mixture of the
masterbatch (0.57 g) and isotactic PP (3.43 g) was blended in a micro twin screw extruder at 170 °C for 8 min, then
extruded to produce a material containing 5 wt% LiMMT in polypropylene.
[0108] In the vertical burn test described in Example 13 the masterbatch blend prepared as described in the preceding
paragraph self-extinguished after 3:22 min. (See sample 16 in Figure 4).
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Claims

1. A method for preparing a flame retardant clay-polyolefin composite comprising:

firstly, disrupting the layered structure of at least one clay, selected from the group consisting of layered silicates
and non-silicate compounds, with an acid;
combining said acid-treated clay with an early or late transition metal first catalyst component that becomes
activated for olefin polymerization when in contact with the clay, in which said early or late transition metal
catalyst is a non-metallocene catalyst, and
contacting an olefin with the activated catalyst - clay combination either (a) in the absence of an alkylaluminum
second catalyst component or (b) in the presence of an alkylaluminum or an alkylaluminoxane second catalyst
component when the first catalyst component is an early transition metal catalyst, whereby to form a clay-
polyolefin composite incorporating platelets of said clay.

2. The method of claim 1 in which said clay is chlorite or montmorillonite.

3. The method of claim 3 in which said montmorillonite is treated by acid whereby to partly disrupt its layered structure.

4. The method of claim 1 in which said clay is treated with a Brønsted base or a silylating agent.

5. The method of claim 1 in which said olefin is a) ethylene, b) propylene or c) a combination of ethylene and an α-olefin.

6. The method of claim 1 in which sufficient clay is used to constitute greater than 0.5 weight % of the composite.

7. The method of claim 1 in which sufficient clay is used to constitute at least 30 weight % of the composite to prepare
a high clay-loaded composite masterbatch incorporating platelets of said layered clay.

8. The method of claim 7 including the step of blending a predetermined amount of one or more olefinic polymers with
said masterbatch to obtain a composite having a desired amount of loading.

9. The method of claim 1 in which said catalyst is a nickel complex bearing an α-iminocarboxamidato ligand.

10. The method of claim 9 in which said non-metallocene catalyst is a complex of the general formula I, II, III, IV or V :
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wherein:

M is Ni, Pt, Pd;
A is a π-allyl, a substituted π-allyl, a π-benzoyl, a substituted π-benzyl, benzoyl or picolino ligand;
X is N, P or CH;
Y is O, CH2, or S;
Z is O or S;
L is N or P or a structure that is capable of being a neutral two electron donor ligand;
L1 is a neutral monodentate ligand and L2 is a monoanionic monodentate ligand, or L1 and L2 taken together
are a monoanionic bidentate ligand, provided that said monoanionic monodentate ligand or said monoanionic
bidentate ligand is capable of adding to said olefin;
B is a bridge connecting covalently an unsaturated carbon and L;
R1, R2, R3A and R3B are the same or different and are each independently hydrogen, hydrocarbyl group, or
substituted hydrocarbyl bearing functional group;
the designation:

 is a single or double bond; and
R3B is nothing when B is connected to L by a double bond.

11. The method of claim 9 in which said α-iminocarboxamidato catalyst is (N-(2,6-diisopropylphenyl)-2-(2,6-diisopro-
pylphenylimino)propanamidato)Ni(η3-CH2Ph).

12. The method of claim 9 in which said α-iminocarboxamidato ligand is N-phenyl-2-(2,6-dimethylphenylimino)propan-
amidate.

13. The method of claim 1 in which said catalyst has the formula MRx where M is an early transition metal, R is an alkyl
or substituted alkyl ligand, and x is from 3 to 6.

14. The method of claim 13 in which the metal component is selected from titanium, zirconium, hafnium, vanadium,
niobium, tantalum, chromium, molybdenum, and tungsten, the alkyl or substituted alkyl ligand lacks an alpha-hy-
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drogen, and x is 4.

15. The method of claim 14 in which the alkyl or substituted alkyl ligand is selected from neopentyl, neosilyl, benzyl,
and adamantyl groups.

16. The method of claim 13 in which said catalyst is tetrabenzylzirconium.

17. The method of claim 1 in which the olefin is propylene and the amount of clay being used constitutes at least 30%
weight of the composite to prepare a highly clay-loaded composite masterbatch incorporating platelets of said clay.

18. A flame retardant clay-polyolefin composite producible by the method of any one of the preceding claims.

19. A product comprising the composite of claim 18, wherein the product is a substrate to which the composite is applied
or a moulded item containing the composite.

20. Use of the clay-polyolefin composite of claim 18 for providing flame retardant propertied to an object.

21. The use of claim 20, wherein the object is a substrate having a surface to which the composite is applied.

22. The use of claim 21, wherein the object is a molded item containing the composite.

23. The use of claim 21, wherein the substrate is a mold.

Patentansprüche

1. Verfahren zur Herstellung eines flammenhemmenden Ton-Polyolefin-Verbundstoffs, umfassend:

erstens das Aufbrechen der schichtförmigen Struktur mindestens eines Tons, ausgewählt aus der Gruppe
bestehend aus schichtförmigen Silicaten und Nichtsilicatverbindungen, mit einer Säure;
das Kombinieren des säurebehandelten Tons mit einer ersten Katalysatorkomponente aus einem frühen oder
späten Übergangsmetall, die für die Olefinpolymerisation aktiviert wird, wenn sie in Kontakt mit dem Ton kommt,
wobei der Katalysator aus frühem oder spätem Übergangsmetall ein Nichtmetallocenkatalysator ist, und
das Kontaktieren eines Olefins mit der aktivierten Katalysator-Tonkombination entweder (a) in Abwesenheit
einer zweiten Alkylaluminium-Katalysatorkomponente oder (b) in Gegenwart einer zweiten Alkylaluminium-
oder Alkylaluminoxan-Katalysatorkomponente, wenn die erste Katalysatorkomponente ein Katalysator aus ei-
nem frühen Übergangsmetall ist, wobei ein Ton-Polyolefinverbundstoff gebildet wird, in den Plättchen des Tons
integriert sind.

2. Verfahren nach Anspruch 1, wobei der Ton Chlorit oder Montmorillonit ist.

3. Verfahren nach Anspruch 3, wobei der Montmorillonit durch Säure behandelt wird, um seine schichtförmige Struktur
teilweise aufzubrechen.

4. Verfahren nach Anspruch 1, wobei der Ton mit einer Brønsted-Base oder einem Silylierungsmittel behandelt wird.

5. Verfahren nach Anspruch 1, wobei das Olefin a) Ethylen, b) Propylen oder c) eine Kombination von Ethylen und
einem α-Olefin ist.

6. Verfahren nach Anspruch 1, wobei ausreichend Ton verwendet wird, damit er mehr als 0,5 Gew.-% des Verbundstoffs
ausmacht.

7. Verfahren nach Anspruch 1, wobei ausreichend Ton verwendet wird, damit er mindestens 30 Gew.-% des Verbund-
stoffs ausmacht, um einen Verbundstoff-Masterbatch mit einer hohen Tonbeladung herzustellen, in den Plättchen
des schichtförmigen Tons integriert sind.

8. Verfahren nach Anspruch 7, das den Schritt umfasst des Mischens einer vorbestimmten Menge eines oder mehrerer
olefinischer Polymere mit dem Masterbatch, um einen Verbundstoff zu erhalten, der eine erwünschte Menge an
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Beladung aufweist.

9. Verfahren nach Anspruch 1, wobei der Katalysator ein Nickelkomplex ist, der einen α-Iminocarboxamidato-Liganden
trägt.

10. Verfahren nach Anspruch 9, wobei der Nichtmetallocenkatalysator ein Komplex der allgemeinen Formel I, II, III, IV
oder V ist:

wobei:

M Ni, Pt, Pd ist;
A ein π-alkyl-, ein substituiertes π-alkyl-, ein π-benzoyl-, ein substituiertes π-Benzyl-, Benzoyl- oder Picolino-
Ligand ist;
X N, P oder CH ist;
Y O, CH2 oder S ist;
Z O oder S ist;
L N oder P oder eine Struktur ist, die in der Lage ist, ein neutraler Zweielektronen-Donorligand zu sein;
L1 ein neutraler einzähniger Ligand ist und L2 ein monoanionischer einzähniger Ligand ist oder L1 und L2

zusammengenommen ein monoanionischer zweizähniger Ligand sind, vorausgesetzt, dass der monoanioni-
sche einzähnige Ligand oder der monoanionische zweizähnige Ligand in der Lage ist, sich an das Olefin zu
addieren;
B eine Brücke ist, die einen ungesättigten Kohlenstoff und L kovalent verbindet
R1, R2, R3A und R3B gleich oder verschieden sind und jeweils unabhängig Wasserstoff, eine Hydrocarbylgruppe
oder ein substituiertes Hydrocarbyl sind, das eine funktionelle Gruppe trägt;
die Bezeichnung
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eine Einfach- oder Doppelbindung ist und
R3B nichts beträgt, wenn B durch eine Doppelbindung mit L verbunden ist.

11. Verfahren nach Anspruch 9, wobei der α-Iminocarboxamidato-Katalysator (N-(2,6-Diisopropylphenyl)-2-(2,6-diiso-
propylphenylimino)propanamidato)Ni(η3-CH2Ph) ist.

12. Verfahren nach Anspruch 9, wobei der α-Iminocarboxamidato-Ligand N-Phenyl-2-(2,6-dimethylphenylimino)propa-
namidat ist.

13. Verfahren nach Anspruch 1, wobei der Katalysator die Formel MRx aufweist, wobei M ein frühes Übergangsmetall
ist, R ein Alkyl- oder substituierter Alkylligand ist und x 3 bis 6 beträgt.

14. Verfahren nach Anspruch 13, wobei die Metallkomponente unter Titan, Zirconium, Hafnium, Vanadium, Niob, Tantal,
Chrom, Molybdän und Wolfram ausgewählt wird, dem Alkyl- oder substituierten Alkylliganden ein Alpha-Wasserstoff
fehlt und x 4 beträgt.

15. Verfahren nach Anspruch 14, wobei der Alkyl- oder substituierte Alkylligand unter Neopentyl-, Neosilyl-, Benzyl-
und Adamantylgruppen ausgewählt wird.

16. Verfahren nach Anspruch 13, wobei der Katalysator Tetrabenzylzirconium ist.

17. Verfahren nach Anspruch 1, wobei das Olefin Propylen ist und die verwendete Menge Ton mindestens 30 Gew.-%
des Verbundstoff ausmacht, um einen Verbundstoff-Masterbatch mit einer hohen Tonbeladung herzustellen, in den
Plättchen des schichtförmigen Tons integriert sind.

18. Flammenhemmender Ton-Polyolefin-Verbundstoff, der durch das Verfahren nach einem der vorhergehenden An-
sprüche herstellbar ist.

19. Produkt umfassend den Verbundstoff nach Anspruch 18, wobei das Produkt ein Substrat, auf das der Verbundstoff
aufgebracht wird, oder ein geformter Artikel ist, der den Verbundstoff enthält.

20. Verwendung des Ton-Polyolefin-Verbundstoffs nach Anspruch 18 zum Bereitstellen von flammenhemmenden Ei-
genschaften bei einem Objekt.

21. Verwendung nach Anspruch 20, wobei das Objekt ein Substrat ist, das eine Oberfläche aufweist, auf die der Ver-
bundstoff aufgebracht wird.

22. Verwendung nach Anspruch 21, wobei das Objekt ein geformter Artikel ist, der den Verbundstoff enthält.

23. Verwendung nach Anspruch 21, wobei das Substrat eine Form ist.

Revendications

1. Procédé de préparation d’un composite d’argile-polyoléfine ignifuge comprenant:

premièrement, la rupture de la structure stratifiée d’au moins une argile, sélectionnée parmi le groupe constitué
des silicates stratifiés et des composés non silicatés, avec un acide;
la combinaison de ladite argile traitée par un acide avec un premier composant catalyseur métal de transition
précoce ou tardif qui s’active pour la polymérisation d’oléfine lorsqu’il se trouve en contact avec l’argile, dans
lequel ledit catalyseur métal de transition précoce ou tardif est un catalyseur non-métallocène, et
la mise en contact d’une oléfine avec la combinaison de catalyseur activé-argile soit (a) en l’absence d’un
second composant catalyseur d’alkylaluminuim soit (b) en la présence d’un second composant catalyseur
d’alkylaluminuim ou d’alkylaluminoxane lorsque le premier composant catalyseur est un catalyseur métal de
transition précoce, formant de là un composite d’argile-polyoléfine incorporant des plaquettes de ladite argile.

2. Procédé selon la revendication 1 dans lequel ladite argile est de la chlorite ou de la montmorillonite.
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3. Procédé selon la revendication 3 dans lequel ladite montmorillonite est traitée par un acide rompant de là partiellement
sa structure stratifiée.

4. Procédé selon la revendication 1 dans lequel ladite argile est traitée avec une base de Brønsted ou un agent de
silylation.

5. Procédé selon la revendication 1 dans lequel ladite oléfine est a) de l’éthylène, b) du propylène ou c) une combinaison
d’éthylène et d’une α-oléfine.

6. Procédé selon la revendication 1 dans lequel suffisamment d’argile est utilisée pour constituer plus de 0,5 % en
poids du composite.

7. Procédé selon la revendication 1 dans lequel suffisamment d’argile est utilisée pour constituer au moins 30 % en
poids du composite pour préparer un lot maître de composite chargé d’une teneur élevée en argile incorporant des
plaquettes de ladite argile stratifiée.

8. Procédé selon la revendication 7 comprenant l’étape de mélange d’une quantité prédéterminée d’un ou plusieurs
polymère(s) oléfinique(s) avec ledit lot maître pour obtenir un composite ayant une quantité souhaitée de charge.

9. Procédé selon la revendication 1 dans lequel ledit catalyseur est un complexe de nickel portant un ligand α-imino-
carboxamidato.

10. Procédé selon la revendication 9 dans lequel ledit catalyseur non-métallocène est un complexe de formule générale
I, II, III, IV ou V:

dans lesquelles:

M est Ni, Pt, Pd;
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A est un ligand π-allyle, π-allyle substitué, π-benzoyle, π-benzyle substitué, benzoyle ou picolino;
X est N, P ou CH;
Y est O, CH2, ou S;
Z est O ou S;
L est N ou P ou une structure qui est capable d’être un ligand neutre donneur de deux électrons;
L1 est un ligand monodenté neutre et L2 est un ligand monodenté monoanionique, ou L1 et L2 pris conjointement
sont un ligand bidenté monoanionique, à condition que ledit ligand monodenté monoanionique ou ledit ligand
bidenté monoanionique soit capable d’addition à ladite oléfine;
B est un pont liant de manière covalente un carbone insaturé et L;
R1, R2, R3A et R3B sont identiques ou différents et sont chacun indépendamment un atome d’hydrogène, un
groupe hydrocarbyle, ou un groupe hydrocarbyle substitué portant un groupe fonctionnel;

La désignation:
correspond à une liaison simple ou double; et
R3B n’est rien lorsque B est connecté à L par une double liaison.

11. Procédé selon la revendication 9 dans lequel ledit catalyseur α-iminocarboxamidato est le (N-(2,6-diisopropylphényl)-
2-(2,6-diisopropylphénylimino)propanamidato)Ni(η3-CH2Ph).

12. Procédé selon la revendication 9 dans lequel ledit ligand α-iminocarboxamidato est le N-phényl-2-(2,6-diméthyl-
phénylimino)propanamidate.

13. Procédé selon la revendication 1 dans lequel ledit catalyseur a la formule MRx lorsque M est un métal de transition
précoce, R est un ligand alkyle ou alkyle substitué, et x a la valeur de 3 à 6.

14. Procédé selon la revendication 13 dans lequel le composant métallique est sélectionné parmi le titane, le zirconium,
l’hafnium, le vanadium, le niobium, le tantale, le chrome, le molybdène, et le tungstène, le ligand alkyle ou alkyle
substitué ne possède pas d’hydrogène en position alpha, et x a la valeur de 4.

15. Procédé selon la revendication 14 dans lequel le ligand alkyle ou alkyle substitué est sélectionné parmi les groupes
néopentyle, néosilyle, benzyle, et adamantyle.

16. Procédé selon la revendication 13 dans lequel ledit catalyseur est le tétrabenzylzirconium.

17. Procédé selon la revendication 1 dans lequel l’oléfine est le propylène et la quantité d’argile utilisée constitue au
moins 30 % en poids du composite pour préparer un lot maître composite chargé d’une teneur élevée en argile
incorporant des plaquettes de ladite argile.

18. Composite d’argile-polyoléfine ignifuge pouvant être produit grâce au procédé selon l’une quelconque des reven-
dications précédentes.

19. Produit comprenant le composite selon la revendication 18, dans lequel le produit est un substrat auquel le composite
est appliqué ou un article moulé contenant le composite.

20. Utilisation du composite d’argile-polyoléfine selon la revendication 18 pour fournir des propriétés ignifuges à un objet.

21. Utilisation selon la revendication 20, dans laquelle l’objet est un substrat ayant une surface à laquelle le composite
est appliqué.

22. Utilisation selon la revendication 21, dans laquelle l’objet est un article moulé contenant le composite.

23. Utilisation selon la revendication 21, dans laquelle le substrat est un moule.
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