(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
06 August 2020 (06.08.2020)

‘O 00 0T 0
(10) International Publication Number

WO 2020/157256 Al

WIPO I PCT

(51) International Patent Classification:
CO8K 3/04 (2006.01)

(21) International Application Number:
PCT/EP2020/052390

(22) International Filing Date:
31 January 2020 (31.01.2020)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
19154814.8 31 January 2019 (31.01.2019) EP

(71) Applicant: BOREALIS AG [AT/AT]; Wagramer Strasse
17-19, 1220 Vienna (AT).

(72) Inventors: GKOURMPIS, Thomas; c/o Borealis AB,
44486 Stenungsund (SE). KADAR, Roland; Hokasvigen
22A, 43650 Hovas (SE). GASKA, Karolina; Gibraltar-
gatan 80, Lgh 1517, 41279 Géteborg (SE).

(74) Agent: KADOR & PARTNER PARTG MBB; Cor-
neliusstr. 15, 80469 Munich (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: POLYOLEFIN COMPOSITION COMPRISING CARBONACEOUS STRUCTURES HAVING IMPROVED THERMAL

CONDUCTIVITY

w0 20207157256 A1 |0 00000 KO 00 O 0 0

Fig. 2

(57) Abstract: The present invention describes a. A polyolefin composition comprising an olefin polymer base resin (a), and carbona-
ceous structures being reduced graphite oxide worm-like (rGOW) structures (b), wherein the polyolefin composition has a thermal con-
ductivity y satisfying the equation: y = 0, + oyx + ongx2 + a3x3, wherein x is the amount of said carbonaceous structures (b) in wt.% in the
polyolefin composition based on the total weight of the polyolefin composition, ay is a value in the range of 0.8-ato 1.2-a, wherein a is
the thermal conductivity of the olefin polymer base resin (a) in W/mK, a; is 0.1119 W/mK, a, is -0.0295 W/mK and a3 is 0.0027 W/mK.

[Continued on next page]



WO 2020/157256 A | [I 100000000 0O O

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2020/157256 PCT/EP2020/052390

POLYOLEFIN COMPOSITION COMPRISING CARBONACEOUS
STRUCTURES HAVING IMPROVED THERMAL CONDUCTIVITY

TECHNICAL FIELD

The present invention relates to a polyolefin composition comprising
carbonaceous structures having improved thermal conductivity. It also relates
to the use of the polyolefin composition in a power cable. Further, the invention
is also related to an article comprising the polyolefin composition, such as a

casing, capacitor dielectrics or a power cable.
BACKGROUND OF THE INVENTION

Thermally conductive polymer compositions for dissipating heat are of interest
in a number of applications, such as, for example, microelectronic devices such
as semiconductors, microprocessors, resistors, circuit boards and integrated
circuit elements. Thermally conductive polymer compositions are also used to
make motor parts, lighting fixtures, optical heads, medical devices, and

components for use in conjunction with a number of products.

Energy applications such as generator casings, capacitor dielectrics, cable
insulations and so forth require increased heat resistance. The heat resistance,
in turn, depends to a large extent on the thermal management or thermal
conductivity of the material used for theses application. Frequently polymers
are used as materials. However, like most polymers, polypropylene and
polyethylene have relatively low thermal conductivity of about 0.24 W/mK and
about 0.34 W/mK, respectively. Therefore the addition of thermally conductive

fillers is an alternatively route for increasing it.

The low bulk density of the thermally conductive fillers that are typically used in
polymer compositions proves quite difficult to handle creating a limitation on
the total percentage of solids that can be introduced. In addition, if thermally
conductive fillers having a relatively large particulate size are used, there can

be problems with the bulk-density of the resins. For example, it may be difficult
1
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to add thermally conductive fillers having relatively large geometric shapes and
structures to the base resin at loadings greater than about 40 to about 50% by
weight. Further, such high loading ratios make the final processing of such

resins difficult.

Moreover, it is often difficult to completely and uniformly disperse the thermally
conductive fillers throughout the base polymer because of the chemical
structure of these fillers. For example, boron nitride has inert surfaces that
cause this filler to be difficult to wet out and disperse in a base polymer. This is
particularly the case when graphite or boron nitride fillers are incorporated into
thermoplastic base resins. Thus, it can be difficult to add these thermally
conductive fillers in large amounts to the composition. Large fillers typically
used, such as boron nitride, can lead to extremely large agglomerates 500 um
in size which can be deteriorating for the final application and also minimize the

effectiveness in terms of thermal conductivity.

Therefore, it is an object of the present invention to provide a polyolefin

composition which overcomes the aforementioned problems.

It is a further object of the present invention to provide a polyolefin composition
which has low filler loading and at the same time improved thermal

conductivity.

It is another object of the present invention to provide a polyolefin composition
with uniformly dispersed thermally conductive filler and at the same time

enhanced mechanical properties.

SUMMARY OF THE INVENTION

It was found that this object can be achieved by a polyolefin composition

comprising
(a) an olefin polymer base resin, and

(b) carbonaceous structures being reduced graphite oxide worm-like
(rGOW) structures,

wherein the polyolefin composition has a thermal conductivity y satisfying the

equation:
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y =d, + a,x + ayx? + azx3,

wherein x is the amount of said carbonaceous structures (b) in wt.% in the

polyolefin composition based on the total weight of the polyolefin composition,
ao is a value in the range of 0.8-a to 1.2-a, wherein

a is the thermal conductivity of the olefin polymer base resin (a) in W/mK,

a1 is 0.1119 WimK,

az is -0.0295 W/mK and

as is 0.0027 W/mK.

The present invention also provides an article comprising the polyolefin

composition according to the invention.

The present invention also provides the use of the polyolefin composition

according to the invention in an article.

The invention provides several surprising advantages. Carbonaceous
structures according to the invention offer additional benefits compared to
classical filler reinforcement in polyolefin composition. These benefits are not
only improvement of mechanical properties, but at the same time improvement
of thermal and electrical conductivity. The polyolefin composition of the
invention can employ those properties for the improvement of energy
applications as well as injection moulded applications, such as casings. The
incorporation can be made either directly or by chemical modification of their

surface.

The invention provides technology-independent next-generation polyolefin
composition with minimal amount of filler, such as down to 0.1 wt.%, having

improved thermal conductivity and stability.

13 ”

The thermal conductivity of the polyolefin composition is denoted as “y” and
has the unit W/mK. Y is a function of the amount or filler content “x” of the
carbonaceous structures (b) in wt.% (percent by weight) in the polyolefin

composition. The thermal conductivity is measured as described below.
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ao is a value in the range of 0.8-a to 1.2-a, preferably in the range of 0.85-a to
1.15-a, more preferably in the range of 0.9-a to 1.1-a, and most preferably in
the range of 0.95a to 1.05-a. “a” is the thermal conductivity of the olefin

polymer base resin (a) in W/mK used in the polyolefin composition.

Preferably, ao is at least 0.25 W/mK, more preferably at least 0.27 W/mK, more
preferably at least 0.29 W/mK, more preferably at least 0.31 W/mK, and most
preferably at least 0.33 W/mK. Usually, ao is not higher than 5 W/mK.

Preferably, the polyolefin composition has a thermal conductivity of at least
0.36 W/mK at an amount of 0.25 wt.% of carbonaceous structures (b) based on

the total amount of said polyolefin composition.

Preferably, the polyolefin composition has a thermal conductivity of at least
0.36 W/ImK, more preferably at least 0.37 W/mK, at an amount of 0.5 wt.% of
carbonaceous structures (b) based on the total amount of said polyolefin

composition.

Preferably, the polyolefin composition has a thermal conductivity of at least
0.36 W/mK, more preferably of at least 0.40 W/mK, at an amount of 1 wt.% of
carbonaceous structures (b) based on the total amount of said polyolefin

composition.

The polyolefin composition is preferably obtained by melt-mixing the olefin

polymer base resin (a) with carbonaceous structures (b).

The term “filler loading” in the context of the present description refers to the
added amount of the carbonaceous structures (b) in weight percent in relation

to the weight of the total polyolefin composition.

The term “carbonaceous structure” refers to partially dispersed clusters of a
plurality of carbonaceous components, wherein each carbonaceous component
is constituted by allotropes of carbon, in particular graphite and graphene.
According to the present invention, the carbonaceous structures (b) of the
present invention are reduced graphite oxide worm-like (rGOW) structures, or
particles. The rGOW structure may comprise any number of reduced oxidized

graphene platelets, wherein at least some of the platelets are in a plane that is

4
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not parallel with that of an adjacent platelet, as shown in Fig. 1b. Although the
rGOW platelets are referred to as planar, they are typically not as planar as, for
example, graphene sheets, but rather include wrinkles and deformities that
result from the oxidation/reduction processes by which the structures have
been treated. As a result, the rGOW platelets are thicker than graphene sheets
although they still retain a generally planar shape having a diameter that is
several times greater than the thickness of the platelet. As can be seen in the
photomicrograph of Fig. 2, these platelets include multiple sub-sections that
are at distinct angles to each other. This unevenness contributes to the high

surface area and low density of the structures.

An adjacent platelet is defined as a platelet that is joined directly to the given
platelet on either major side of the given platelet. A platelet is not adjacent if it
is joined to the given platelet via only a third platelet. A platelet may be at an
angle to a first adjacent platelet on one side and retain a parallel structure with
a second adjacent platelet on the opposed side. Many of the platelets in an
rGOW structure can remain in a graphite configuration (see Fig. 1a) in which
they are parallel to each other and remain bound together by van der Waals
forces. This is for example illustrated by stacks s1 and s2 in Fig. 1b. Structures
of rGOW do not typically have extensive graphitic structures and different
embodiments of rGOW structures may be limited to parallel platelet composite
structures containing fewer than 15, preferably fewer than 12, more preferably
fewer than 11 adjacent parallel platelets. rGOW structures exhibit a structure
where any dimension of the structure, such as length L or diameter d, is
greater than the sum of thicknesses w of all the graphene platelets in the
structure. For example, if the thickness w of a single graphene platelet is about
1 nm, then an rGOW structure comprising 1,000 platelets would be greater
than 1 um in both length L and diameter d. These three-dimensional structures
also have an extension of at least 50 nm along each of the x, y and z axes as
measured through at least one origin in the structure. An rGOW structure is not
a planar structure and has a morphology that distinguishes it from both
graphite (stacks of graphene platelets) and individual graphene sheets. It is
notable however, that rGOW structures can be exfoliated into single platelets,

or stacks of platelets, that can have at least one extension along any of x, y
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and z axes that is less than 100 nm, preferably less than 50 nm, more
preferably less than 10 nm, or even more preferably less than 5 nm. After an
rGOW structure has been exfoliated, the resulting single platelets or stacks of

parallel platelets are no longer rGOW structures.

The rGOW structures described herein can comprise a plurality of graphene
platelets and in various embodiments may include greater than 10, preferably
greater than 100, more preferably greater than 1000 graphene platelets. In
various embodiments, the structures may be linear or serpentine, can take
roughly spherical shapes, and in some cases may be cylindrical. The structure
of an rGOW structure can be described as accordion-like because of the way
the structure expands longitudinally due to the alternating edges at which the
platelets remain joined. For example, as shown in Fig. 1b, at least some of the
adjacent graphene planes are not parallel and are at angles to each other. As
may be seen in Fig. 1b, at least some of the adjacent graphene planes may be
positioned at an angle a relatively each other, wherein the angle a may for
example be about 25°. Various embodiments may include one or more pairs of
adjacent graphene platelets that are joined at angles of, for example, 10°, 25°,
35°, 45°, 60° or 90°. Different adjoining pairs of graphene platelets may remain
joined at different edges or points, so the graphene platelets are not
necessarily canted in the same direction. If the adjacent graphene platelets
remain attached randomly to each other at platelet edges after expansion, the

structure will extend in a substantially longitudinal direction.

As may be seen in Figs. 1b and 2, the rGOW structure has a transverse
extension, or diameter d, and a longitudinal extension being substantially
perpendicular to the transverse extension, or length L. Further, each of the
platelets in the rGOW structure has an extension in the longitudinal direction,
or thickness w. rGOW structures thus have elongated, expanded, worm-like
structures that can have an aspect ratio, that can be preferably 1:1 or more,
more preferably 2:1 or more, more preferably 3:1 or more, more preferably 5:1
or more or most preferably 10:1 or more. Usually, the aspect ratio is not more

than 100:1, preferably not more than 50:1.



10

15

20

25

30

WO 2020/157256 PCT/EP2020/052390

The length L of an rGOW structure is the longest line that passes through a
central longitudinal core of the structures from one end to the other (Fig. 2).
This line may be curved or linear, or have portions that are curved or linear,
depending on the specific structure. The line runs substantially perpendicular to

the average plane of the platelets in any particular portion along the line.

The length L of the carbonaceous structures (b) is preferably at least 1.0 um,
more preferably at least 2.0 um, more preferably at least 5.0 um, more
preferably at least 10 ym or more preferably at least 100 pym. Usually, the

length L of the carbonaceous structures in not more than 1000 um.

The diameter d of the carbonaceous structures (b) (diameter of the circle
shown in Fig. 2) is preferably less than 200 um, more preferably less than 100
pm, more preferably less than 50 um, more preferably less than 20 um, more
preferably less than 10 um, more preferably less than 5 um, more preferably
less than 2 ym or more preferably less than 1 um. Further, the diameter d is
preferably greater than 50 nm, and most preferably greater than 100 nm, more
preferably greater than 400 nm, and most preferably greater than 800 nm.
Preferred diameter ranges include 50 nm to 200 uym, 100 nm to 100 um, 500
nm to 100 um, 500 nm to 50 um, 2.0 um to 30 uym, 2.0 pm to 20 um, 2.0 ym to
15 um, 2.0 pm to 10 pm, 1.0 um to 5 um, 100 nm to 5 pm, 100 nm to 2 um, 100
nm to 1 um. The diameter d of an rGOW structure along its length L need not
be constant and can vary by a factor of greater than 2, greater than 3 or

greater than 4 along the length L of the rGOW structure.

An rGOW structure may contain carbon, oxygen and hydrogen and may be
essentially void of other elements. A structure is essentially void of an element
if the element is absent or is present only as an impurity. In specific
embodiments, an rGOW structure can comprise greater than 80%, greater than
90%, greater than 95% or greater than 99% carbon by weight. Some structures
may include oxygen, and particularly covalently bound oxygen, at
concentrations by weight of greater than 0.1%, greater than 0.5%, greater than
1.0%, greater than 5.0%, greater than 10.0%, greater than 14.0%, less than
25%, less than 15%, less than 10%, less than 5.0%, less than 3%, less than

2% or less than 1.0%. Hydrogen content may be greater than 0.1% or greater

7
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than 1% by weight. Further, hydrogen content may be less than 1%, less than
0.1% or less than 0.01% by weight. Heteroatoms such as nitrogen or sulfur

may be present at amounts greater than 0.01% or greater than 0.1% by weight.

The carbonaceous structures (b) being reduced graphite oxide worm structures
can exhibit a low density. Preferably, the carbonaceous structures (b) have a
density of less than 100 g/L, more preferably of less than 50 ¢g/L, more
preferably of less than 30 g/L, more preferably of less than 20 g/L, and most
preferably of less than 10 g/L, and preferably greater than 5 g/L, more
preferably greater than 10g/L or more preferably greater than 15 g/L when
measured using ASTM D7481-09. If the rGOW structures are in the form of
clusters, the density may be between 15 g/L and 100 g/l. In these preferred
embodiments, the carbonaceous structures (b) have a density of between 15
and 100 g/L.

On the other hand, when densities are between 5 g/L and 15 g/L, the rGOW
structures are in the form of worms or densified worms. In these other preferred
embodiments, the carbonaceous structures (b) have a density of between 5
and 15 g/L.

Preferably, the carbonaceous structures (b) have a BET (Brunauer, Emmett
and Teller, ASTM D6556-04) surface areas of at least 200 m?2/g, more
preferably at least 300 m?/g, more preferably at least 500 m?/g, more preferably
at least 600 m?/g, and most preferably at least 650 m?2/g. Usually, the
carbonaceous structures (b) have a BET surface area of not more than 10000
m?/g, preferably not more than 5000 m?/g, measured according to ASTM
D6556-04.

The carbonaceous structures (b) may also exhibit high structure, and when
measured using oil absorption number (OAN) can exhibit structures of
preferably greater than 500 mL/100 g, more preferably greater than 1000
mL/100 g, more preferably greater than 1500 mL/100 g or mot preferably
greater than 2000 mL/100 g (ASTM D2414-16). Usually, the carbonaceous
structures (b) exhibit structures, measured using oil absorption number (OAN),
of preferably smaller than 50000 mL/100 g, more preferably smaller than 10000

mL/100g, measured according to ASTM D2414-16.
8
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One indicator of the oxygen content in the carbonaceous structures (b) is the
volatile material content of the structures. The carbonaceous structures (b)
have a volatile content, as measured by thermogravimetric analysis (TGA) from
125°C to 1000°C under inert gas, of preferably greater than 1%, more
preferably greater than 1.5%, more preferably greater than 2.0%, more
preferably greater than 2.5%, and most preferably greater than 5%. Further,
the volatile content by the same technique preferably less than 30%, more
preferably less than 25%, more preferably less than 20%, more preferably less
than 15%, and most preferably less than 10%. Traditionally, the high oxygen

content lowers the conductivity of a material and makes it insulating.

The oxygen content of the rGOW structures, when compared to the parent
graphite oxide, can be reduced by at least 25%, at least 50% or at least 75%.
Similarly, the energetic content of the structures (as measured by Differential
Scanning Calorimetry, DSC) can be reduced by, for example, at least 25%, at
least 50% or at least 75%. The decomposition energy of the rGOW structures
can be, for example, less than 150 J/g, less than 100 J/g, less than 50 J/g or
less than 20 J/g.

Preferably, the added amount of said carbonaceous structures is in the range
of from 0.1-10 wt.%, more preferably 0.15-5 wt.%, and most preferably 0.2-1

wt.%, based on the total weight of the polyolefin composition

The graphitic structure of an rGOW structure can be investigated by Raman
spectroscopy. Pure graphite has a Raman spectrum with a strong G band
(1580 cm') and non-existent D band (1350 cm'). Graphite oxide exhibits a
strong D band as well as G band. Reduced graphite oxide and rGOW structure
have a strong D band that in many cases is stronger than the G band (FWHM).
The ratio of the D band to G band may be greater than 1.0, greater than 1.1 or

greater than 1.2.

Structures of rGOW can often be differentiated from graphite and similar
materials due to differences in crystallinity. Crystallinity of rGOW structures can
be determined by Raman spectroscopy and in various embodiments the rGOW
structures can exhibit crystallinity values of less than 40%, less than 30% or

less than 20%. X-ray diffraction can also be helpful in differentiating between
9
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graphite and materials such as graphite oxide and rGOW structures that exhibit
different interlayer spacing than does graphite. Graphite has a strong XRD
peak between 25° and 30°, while rGOW structures typically have no discernible

peak in this range.

It is worth noting that the definition of carbonaceous structures (b) according to

the present invention does not include carbon nanotubes.

The processes described herein below can be used to produce reduced
graphene oxide worm (rGOW) structures, or particles. First, graphite oxide
from graphite, such as graphite particles, is produced. Graphite particles
are combined with a mixture of mineral acids such as nitric acid and
sulfuric acid. This mixture is then reacted with a strong oxidizer such as
chlorate ion, which can be provided via an aqueous chlorate salt solution.
The chlorate may be added to a reaction vessel at a constant rate. After a
pre-determined amount of chlorate has been added, the system is allowed
to purge for an extended period to complete the oxidation reaction and
allow the resulting chlorine dioxide to vent from the reaction mixture. The
resulting graphite oxide slurry can then be neutralized and/or

concentrated, for example by using the methods described herein.

The starting material graphite particles may be in any form such as
powder, granules or flakes. Suitable graphite can be obtained from any
available source, and in some cases natural graphite from Superior
Graphite has been found to provide acceptable results. Other providers of
graphite include Alfa Aesar and Asbury Carbons. In some embodiments,

graphite particles may have a Dgo of less than 100 um.

The acid solution that is to be combined with the graphite can be a mixture
of mineral acids such as nitric and sulfuric acid. The graphite, nitric acid
and sulfuric acid may be combined in any order, but in many embodiments
the graphite is added after the nitric acid has been mixed with the sulfuric
acid. Although other concentrations can be used, unless otherwise stated,
the embodiments described herein use 68-70 % nitric acid and 96-98%
sulfuric acid. Preferably, the weight ratio of nitric acid (on an anhydrous

basis, not including the weight attributable to the water content) to sulfuric
10
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acid can be, for example, between 0.2 and 0.4, more preferably between
0.25 and 0.35 or most preferably between 0.26 and 0.32.

It has been found that water can inhibit the graphite oxidation process and
that reducing the water content relative to the acid content can improve
reaction kinetics. This allows for a greater amount of graphite to be
oxidized with a fixed amount of acid, or allows for the same amount of
graphite to be oxidized with less acid. Preferably, the ratio of the weight of
total acid to graphite can be less than 15:1, more preferably less than 20:1,
more preferably less than 30:1, or most preferably less than 40:1. Specific
ranges include preferably between 10:1 and 20:1, more preferably between
10:1 and 30:1, and most preferably between 15:1 and 25:1. Preferably, the
weight ratio of total water to graphite can be less than 10.0:1, more
preferably less than 9.0:1, more preferably less than 8.0:1, more preferably
less than 7.0:1 or most preferably less than 6.0:1. One way of obtaining a
lower acid to graphite ratio is to lower the total water to acid ratio. As used
herein, "total water" is the sum of all sources of water that enter the
reaction vessel, including water from the aqueous chlorate solution and
water from the nitric acid. The water to acid ratio is the total water
compared to the total amount of acid added, on an anhydrous basis. It is
calculated at the time that all of the aqueous chlorate solution has been
added and the process is transitioning from the oxidation phase to the
purge phase. Preferably, the total water to acid ratio is less than 0.43:1,
more preferably less than 0.40:1, more preferably less than 0.35:1, more

preferably less than 0.30:1 or most preferably less than or equal to 0.26:1.

After the nitric acid, sulfuric acid and graphite have been placed in the
reaction vessel, chlorate addition is started. Chlorate ion (ClOs") can be
delivered as an aqueous solution of a chlorate salt or as a dry powder.
Chlorate salts may be selected from those including an ammonium or alkali
metal cation, such as potassium or sodium chlorate. Preferably, the chlorate
salt concentration (including the cation) in aqueous solution can be, by weight,
greater than or equal to 40%, more preferably greater than or equal to 50%,
more preferably greater than 55% or most preferably greater than 60%. The
weight ratio of chlorate to water of the chlorate solution can be in the range of
11
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preferably 0.8:1 to 2:1, more preferably 1:1 to 2:1 or most preferably 1:1 to
1.5:1. The total amount of chlorate used is proportional to the amount of
graphite being oxidized and the weight ratio of chlorate to graphite can be, for
example, between 2:1 and 10:1, more preferably between 2:1 and 8:1 or most
preferably between 3:1 and 6:1. Preferably, the weight ratio of chlorate to
water in the aqueous chlorate feed is greater than 1:1 and the ratio of chlorate
to graphite is greater than 3:1. Chlorate may be provided to the reaction
mixture at a constant or varied rate during the course of the reaction. In some
embodiments, it is provided at a constant rate of between 1 and 3 or between

1.5 and 2.5 grams of chlorate per hour per gram of graphite.

Preferably, a flow of gas, such as from a sparger, can be used to agitate
the reaction mixture and/or aid in the removal of chlorine dioxide (ClO2)
from the system. Appropriate gases and gas mixtures include nitrogen and
air. Chlorine dioxide is both toxic and reactive. To help retain the
concentration of chlorine dioxide at safe levels in the reaction mixture and
in the headspace above, a constant flow of gas, such as nitrogen or air,
can serve as a diluent to keep the chlorine dioxide below unsafe levels.
The sparger gas flow can serve to carry the chlorine dioxide gas to a trap
for safe destruction or disposal of the chlorine dioxide. Preferably, a flow of
gas through the reaction medium can also accelerate the removal of
chlorine dioxide from the medium, removing a product of reaction and thus
accelerating the oxidation process. In some cases, a gas flow such as in a
bubble column reactor can be used in the absence of any other agitation,

such as stirring or shaking.

Preferably, a flow of gas, such as from a sparger, can be used to agitate
the reaction mixture and/or aid in the removal of chlorine dioxide from the
system. Appropriate gases and gas mixtures include nitrogen and air.
Chlorine dioxide is both toxic and reactive. If the level of chlorine dioxide in
the reaction medium reaches saturation, pure chlorine dioxide bubbles can
develop with the potential to explosively decompose. To help retain the
concentration of chlorine dioxide at safe levels in the reaction mixture and
in the headspace above, a constant flow of gas, such as nitrogen or air,
can serve as a diluent to keep the chlorine dioxide below unsafe levels.
12
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After exiting the headspace area, the chlorine dioxide can be trapped and
disposed of safely. In some cases, the gas flow can also be accompanied

by stirring.

In instances where the reaction medium is agitated, by stirring for
example, chlorine dioxide can be removed by sweeping the headspace of
the reaction vessel. The lower explosive limit (LEL) of chlorine dioxide is
10% by volume, so the target limit for chlorine dioxide levels in the
headspace is typically below this level. Levels can be maintained below
10% by supplying sweeping gas at about 10 times the rate of chlorine
dioxide production. If the reaction rate is faster, then the volume of gas
should be increased proportionally. The transfer of chlorine dioxide from
the liquid medium to the headspace is dependent on the size of the
gas/liquid interface. As the volume of a reaction vessel is increased, the
ratio of the area of the gas/liquid interface to the volume of reaction
medium decreases according to L?/L® where L is the characteristic length
scale of the reaction vessel. As a result, as the size of the reaction vessel
increases, the reaction time and purge time need to be increased to
provide for the transfer of chlorine dioxide to the headspace. This leads to
extended production times that are not tenable in a production scale

operation.

It has been found that gas flow through the reaction medium can be
effective at removing chlorine dioxide during the chlorate addition reaction
phase, after completion of chlorate addition during the purge phase, or
during both phases. Gas flow, such as sparging, is particularly effective for
larger, production scale systems because it is not dependent on the size of
the surface area and headspace interface. One example of an oxidation
system 210 is shown schematically in FIG. 4A. System 210 uses
mechanical impeller 212 for agitating the reaction medium 220. Chlorine
dioxide gas entering the headspace from reaction medium 220 is
represented by arrow 214. Sweeping gas, such as nitrogen, is provided
through gas inlet 216. Sweeping gas including chlorine dioxide is removed

via gas exit 218 which leads to a trap or vent for disposal or reclamation.
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FIG. 4B schematically represents an embodiment of a hybrid reaction
system 230. System 230 includes mechanical impeller 212 as in the
embodiment of FIG. 4A. However, system 230 also includes sparger 232
that is positioned at the bottom of the reaction vessel and is fed by
sparging gas source 234. In the embodiment illustrated, the sparger is a
ring with 12 to 16 holes drilled in the top to channel gas bubbles under
the impeller 212. The spinning impeller breaks down and disperses the
gas bubbles to create a large gas/liquid interface. This large surface
area of gas/liquid interface provides for efficient transfer of chlorine
dioxide from the liquid to the gaseous phase. The sparging gas then
carries chlorine dioxide from the reaction medium 220 into the
headspace. The sparging gas can also dilute chlorine dioxide that is
present in the headspace. Gas exit 218 provides a pathway for the
mixture of sparging gas, water and chlorine dioxide to leave the reaction
vessel. One type of system that uses gas flow through the reaction
medium for agitation and mass transfer, without relying on mechanical
agitation, is a bubble column reactor. A bubble column reactor can

include a sparger but does not use a mechanical agitator.

FIG. 4C schematically depicts a bubble column system 250 that relies
exclusively on sparging gas for agitation and chlorine dioxide removal.
Note that the bubble column of system 250 has a large height to diameter
ratio and a low surface interface area to volume ratio. Preferably, bubble
column reactors can have height to diameter ratios of greater than 5:1,
more preferably greater than 10:1 or most preferably greater than 20:1.
They can be made of any material that is resistant to low pH, including
glass or PTFE lined steel. As can be seen from FIG. 4C, the residence
time of a gas bubble is extended due to the height of the column of
reaction medium. One specific embodiment includes a cylindrically shaped
reaction vessels having a diameter of 6 inches and a height of 40 inches.
In this embodiment, this reaction vessel can be charged up to the 25 inch
level with graphite and acid, leaving about 15 inches for headspace and
the addition of sodium chlorate solution. The headspace of the bubble

column reactor provides extra volume for expansion of the liquid phase
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that occurs as a result of the bubble volume contribution to the liquid
reaction medium. The absence of a stirring apparatus can free up space in
the vessel and allows for attachment of accessories such as pressure
inlets, gas exit vents, probes and pressure relief systems that might be
difficult to include with reactor designs that include stirrers or other

agitation devices.

Spargers used to provide sparging gas to bubble columns or alternative
reaction vessels can be of any design that can provide an adequate supply
of small bubbles capable of providing the desired amount of liquid/gas
interface. The sparger is in fluid communication with a gas supply, such as
nitrogen or air. Spargers can be made of materials that are resistant to the
low pH conditions of the graphite oxidation reaction medium. For example,
the spargers can be made from nickel alloys, polymers such as PTFE, or
glass. Sparger shapes can be selected to maximize the distribution of
bubbles across the cross-sectional area of the vessel. In various
embodiments, the spargers can take the shape of a ring, a disk, a plate, a
sphere, a cylinder or a spoked design where a plurality of perforated arms
extend from a central axis. Spargers can include a plurality of holes on
either the upper surface, the lower surface, or both. In other embodiments,
the sparger can be made from a porous material, such as sintered glass,
that does not include readily defined holes or perforations. In some cases,
multiple spargers can be used, and each sparger can be controlled

independently to allow for tuning of the bubble pattern.

Preferably, the graphite oxidation process is started by combining the nitric
acid and sulfuric acid in the reaction vessel. The graphite is then added to
the mixture and agitation is started by sparging the mixture with nitrogen.
Sodium chlorate solution is fed to the reaction mixture at a constant rate of
about 2 g/h chlorate per gram of graphite. After the target amount of
chlorate has been added, e.g., 5 g per gram of graphite, the addition
process is ceased and the purging phase is started. Sparging is continued
and the chlorine dioxide concentration in the reaction mixture is monitored.
When the chlorine dioxide level drops below a threshold, for instance
1000, 100, 10, 1 or 0.1 ppm by weight, the reaction is deemed complete
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and the graphite oxide product can be transferred to the concentration and

purification stage described below.

In other embodiments, different techniques for transferring chlorine dioxide
from the reaction medium to the head space can be used. For example, a
vacuum source such as a vacuum pump can be used to reduce the vapor
pressure in the head space. The low pressure in the reaction vessel
causes bubbles of chlorine dioxide to form in the reaction medium. The
chlorine dioxide bubbles rise upward through the liquid into the headspace.
A trap or other chlorine dioxide removal device can be positioned between
the reaction vessel and the vacuum source. In some cases, gas bubble
formation in the reaction medium can also agitate the medium and keep

graphite oxide particles suspended in the fluid.

Graphite oxide produced as provided above can be purified and
concentrated using techniques including filtration and centrifugation. It has
been found that dead end filtration, such as with a Buchner funnel, is
ineffective at purification and concentration of graphite oxide because the
resulting filter cake becomes too impermeable for obtaining reasonable
wash rates. As an alternative to dead end filtration, various tangential flow
filtration techniques were attempted. Tangential flow filtration involves
passing a slurry or suspension through a tubular membrane and collecting
permeate through pores that pass through the walls of the tubular
membrane. Tangential flow membranes can include ceramic tubular
membranes as well as hollow fiber polymer membranes such as those
made from polysulfone or polyvinylidene difluoride (PVDF). Ceramic
membranes typically have flow channels between 3 and 6 mm in diameter
while hollow fiber polymer membranes have flow channels of about 0.7 to
1.4 mm in diameter. Tangential flow rates for ceramic membranes are
usually about 5 to 10 m/s but are typically lower for polymer membranes
and can be, for example, about 1 or 2 m/s. As the graphite oxide slurry has
a corrosive pH, ceramic membranes may be preferred over polymer
membranes, although polymer membranes may be appropriate for some
embodiments. In various embodiments using ceramic membranes, linear
flow rates can be less than 7 m/s, less than 5 m/s, less than 4 m/s, less
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than 3 m/s or less than or equal to 2 m/s. In these and other embodiments,
the linear flow rates can be greater than 1 m/s, greater than 2 m/s, greater
than 4 m/s or greater than 6 m/s. In some cases, undesirable shear was
realized due to the use of a backpressure valve in the recirculation loop
that drives the pressure gradient across the membrane. This left a large
pressure drop resulting in shear formation at the backpressure valve. This
shear inducing problem was solved by eliminating the backpressure valve
and enclosing and pressurizing the entire retentate recirculation system,
including the headspace above the retentate reservoir. In this manner, a
pressure gradient across the filtration membrane can be maintained
without the use of the backpressure valve in the recirculation loop. The
enclosed system can be limited to pressure differentials of, for example, no
more than 15 psi, 10 psi or 5 psi. In some embodiments, shear conditions
can be further reduced by limiting the fluid flow path to curves and elbows

of less than 90°, for example, 45° or less.

One embodiment of a tangential flow system 300 is illustrated
schematically in FIG. 5. Tangential flow membrane 310 can be a tangential
flow membrane capable of filtering acidic aqueous suspensions. In one set
of embodiments, ceramic membranes from Pall Corporation can be used.
For instance, useful membranes may have a pore exclusion size of 0.1,
0.2, 0.65, 0.8 and 1.4 um and can have a membrane area of greater than
0.1 m?, greater than 0.2 m? or greater than 0.5 m2. Prior to contacting the
filter membrane, 7.5 liters of graphite oxide slurry, produced as described
herein, are quenched with from 15 to 60 liters of DI water. The quenched
slurry is then pumped from the quench tank to the retentate reservoir 320
using transfer pump 340. Retentate reservoir 320 can be pressurized to,
for example, greater than 2, greater than 5, or greater than 8 psi. This
allows for the elimination of a backpressure valve that would
conventionally be placed between the exit of the membrane 310 and
retentate reservoir 320. The quenched slurry is flowed into recirculation
loop 330 that includes tangential flow membrane 310. The graphite oxide
slurry is diafiltered at a transmembrane pressure of 9 psi until the volume

is reduced to about 5 liters. This volume is then washed with 20 to 30 liters
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of DI water by continuing diafiltration and adding water via DI water conduit
350 to retentate reservoir 320 at the same rate at which the permeate is
lost through permeate drain 360. Pressure is maintained in retentate tank
320 by pressurizing the headspace in the tank with pressurized gas source
370. The diafiltration process continues until impurities such as sulfate,
nitrate and chlorate are reduced to acceptable levels, for example, <1000
ppm sulfate or <300 ppm nitrate. These levels can be confirmed using, for
example, ion chromatography, or can be monitored in line using
conductivity detectors. If impurities are not reduced to acceptable levels,
additional water can be added to retentate reservoir 320, and diafiltration
can continue until the desired levels are reached. Once these levels are
obtained, the filtration process is continued without water replenishment
until the graphite oxide particles are concentrated to between 7.5 and 15%
by weight in water. This concentrated slurry is then drained and is ready

for high temperature spray drying and reduction as described below.

The resulting rGOW particles exhibited good morphology with a BET
surface are of greater than 600 m?/g. The particles were analyzed for
metal content by ICP and were found to contain on average, by weight, <
30 ppm Fe, < 20 ppm K, <1000 ppm Na, less than 20 ppm Si, less than
20 ppm Ti and less than 5 ppm (below the detection limit) of each of Ag,
Al, As, B, Ba, Ca, Co, Cr, Cu, Mg, Mn, Mo, Ni, Pb, Pt, Sb, Te, Tl, V, W, Zn
and Zr.

The graphite oxide can be reduced by removing some or all of the bound
oxygen groups from the graphite oxide. This process can also result in
high inter-graphene platelet pressure that expands the graphite oxide to
produce rGOW particles. This is different from some known reduction
processes whereby individual graphene oxide sheets are exfoliated from a
graphite oxide particle and subsequently reduced in a separate step. For
example, in one known process, graphite oxide can be exfoliated in dilute
solution and then chemically reduced or thermally reduced using, for

example, a spray reduction process.
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As described herein, a high temperature spray drying and reduction process
can be preferably used that allows for simultaneously drying and thermally
reducing the graphite oxide particles to rGOW particles. In contrast to
individual reduced graphene oxide sheets, rGOW particles include a plurality
of reduced graphene oxide sheets that are joined together, but in which at
least some of the reduced graphene oxide sheets are positioned in non-
parallel planes. By spraying a high concentration graphite oxide slurry into a
high temperature environment, e.g., greater than 300°C, the particles can be
dried and reduced in a period of time less than, for example, one second. In
certain embodiments, the residence time in the high temperature zone can be
from 0.5 to 5 seconds. The particles are exposed instantly to a temperature
that exceeds the accelerated decomposition temperature threshold. Any
additional energy released into the system by the decomposition reaction can
be retained in the system and provides additional energy for maintaining
temperature and for vaporizing the water fraction from the graphite oxide
particles. A controlled, continuous feed of slurry into the high temperature
environment allows the exotherm to be controlled and exploited, in contrast
to the batch heating of dried graphite oxide with its associated safety hazards.
An apparatus for high temperature drying, decomposition and reduction is
described below, along with a method embodiment of using the apparatus to

prepare rGOW particles.

One embodiment of a high temperature spray drying and thermal reduction
system 400 is shown in cross-section in FIG. 6. High temperature chamber
410 is in fluid communication with spray nozzle 420 and electrical gas
heater 440. High temperature chamber 410 can be electrically heated,
such as by resistance coils that are held in place around the chamber by
clips 450. Dry, reduced graphite oxide particles can be collected at outlet
460. Reduced particles can be cooled using cooling gas received via

cooling gas inlet 470.

High temperature chamber 410 can be cylindrically shaped and is sized

based on the desired rate of production. Spray nozzle 420 is constructed

and arranged to provide graphite to the interior of the high temperature

chamber 410. Nozzle 420 can be liquid cooled and can provide an
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atomized spray of a graphite oxide slurry to chamber 410. The slurry can
comprise a suspension of graphite oxide particles in water and the graphite
oxide particles can have an average size, for example, of between 5 and
50 um, and may fall into a size range having a D90 of less than 100, less
than 50, less than 35 or less than 10 um. Spray nozzle 420 can provide an
atomized flow of from about 300 to 1000 mL per hour of a slurry containing
between 7.5% and 15% graphite oxide by weight. Additional nozzle
configurations can provide increased flow rates for larger systems and

multiple nozzles may be used with a single high temperature chamber.

Conditions for operating one set of embodiments with the apparatus of

FIG. 6 are provided below in Table A.

Table A
Slurry pumping rate to spray dryer 300-900 ml/hr
Spray Dry Vessel temp 700-730 °C
IDrying gas temp and flow rate 900 °C at 100-200 slpm
Atomizing gas flow rate 12-30 slpm

As detailed above, rGOW particles can exhibit useful properties such as
high surface area and low density. The multiple steps involved with
producing rGOW particles such as oxidation, purification, concentration,
drying and reduction can all affect the properties of the final rGOW

particles.

A flow chart illustrating one embodiment of the production of rGOW
particles from graphite is provided in FIG. 7. Graphite particles are placed in
mixture of nitric acid and sulfuric acid and sparging is started. A supply of
chlorate is provided to the graphite reaction mixture to oxidize the graphite
to graphite oxide (GO). The reaction is allowed to run to completion during a
purging phase in which sparging is continued to remove chlorine dioxide

gas. The resulting slurry of GO is at a very low pH (less than .5) and is
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subsequently quenched with DI water. The quenched slurry is pumped to a
tangential filtration system where it is purified and concentrated. The
concentrated slurry is further neutralized by the addition of a base. The
neutralized slurry is then fed to a high temperature spray dryer where it is

simultaneously dried and chemically reduced to produce rGOWparticles.

In this context, reference is made to WO02019/070514, and in particular the
example section therein, which provides further details as to the production of

rGOW structures or rGOW particles as described and used herein.

The inventors have surprisingly found that carbonaceous structures (b) of the
present invention dispersed in an olefin base resin (a) may change their
morphology during compounding step, assumingly due to the dedensification.
Thus, the final polyolefin composition of the present invention possesses new

advanced and surprising properties, which enable new applications.

Throughout the description of the present invention, the term “polyolefin® or
“olefin polymer” encompasses both an olefin homopolymer and a copolymer of
an olefin with one or more comonomer(s). As well-known, “comonomer” refers

to copolymerisable monomer units.

The term “copolymer” refers to a polymer made from at least two monomers. It

includes, for example, copolymers, terpolymers and tetrapolymers.

The olefin polymer base resin (a) is preferably selected from the group
consisting of a C2 to Cs olefin homo- or copolymer. Preferably, the olefin
polymer base resin (a) is an olefin homopolymer or copolymer which contains
one or more comonomer(s), more preferable an ethylene homo- or copolymer
or a propylene homo- or copolymer, and most preferably a polyethylene, which
can be made in a low pressure process or a high pressure process. Preferably,
the olefin polymer base resin (a) is a copolymer of ethylene with at least one
comonomer selected from unsaturated esters or a heterophasic propylene
copolymer. The olefin polymer base resin (a) can e.g. be a commercially
available polymer or can be prepared according to or analogously to known

polymerization process described in the chemical literature.
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When the olefin polymer base resin (a), preferably polyethylene, is produced in
a low pressure process, it is typically produced by a coordination catalyst,
preferably selected from a Ziegler-Natta catalyst, a single site catalyst, which
comprises a metallocene and/or non-metallocene catalyst, and/or a Cr catalyst,
or any mixture thereof. The polyethylene produced in a low pressure process
can have any density, e.g. be a very low density linear polyethylene (VLDPE),
a linear low density polyethylene (LLDPE) copolymer of ethylene with one or
more comonomer(s), medium density polyethylene (MDPE) or high density
polyethylene (HDPE). The polyolefin can be unimodal or multimodal with
respect to one or more of molecular weight distribution, comonomer distribution
or density distribution. Low pressure polyethylene may be multimodal with
respect to molecular weight distribution. Such a multimodal polyolefin may
have at least two polymer components which have different weight average
molecular weight, preferably a lower weight average molecular weight (LMW)
and a higher weight average molecular weight (HMW). A unimodal polyolefin,
preferably low pressure polyethylene, is typically prepared using a single stage
polymerization, e.g. solution, slurry or gas phase polymerization, in a manner
well-known in the art. A multimodal (e.g. bimodal) polyolefin, for example a low
pressure polyethylene can be produced by mechanically blending two or more,
separately prepared polymer components or by in-situ blending in a multistage
polymerization process during the preparation process of the polymer
components. Both mechanical and in-situ blending is well-known in the field. A
multistage polymerization process may preferably be carried out in a series of
reactors, such as a loop reactor, which may be a slurry reactor and/or one or
more gas phase reactor(s). Preferably, a loop reactor and at least one gas
phase reactor is used. The polymerization may also be preceded by a pre-

polymerization step.

When the olefin polymer base resin (a), preferably polyethylene, is produced in
a high pressure process, a LDPE homopolymer or an LDPE copolymer of
ethylene with one or more comonomers may be produced. The LDPE
homopolymer or copolymer may be unsaturated. For the production of ethylene
(co)polymers by high pressure radical polymerization, reference can be made

to the Encyclopedia of Polymer Science and Engineering, Vol. 6 (1986), pp
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383-410 and Encyclopedia of Materials: Science and Technology, 2001
Elsevier Science Ltd.: “Polyethylene: High-pressure, R.Klimesch, D.Littmann
and F.-O. Mahling pp. 7181-7184.

The olefin polymer base resin (a) may include, but are not limited to,
copolymers of ethylene and unsaturated ester with an ester content of up to 50
wt%, based on the weight of the copolymer. Non-limiting examples of
unsaturated esters are vinyl esters, acrylic acid and methacrylic acid esters,
typically produced by conventional high pressure processes. The ester can
have from 3 to about 20 carbon atoms, preferably 4 to 10 atoms. Non-limiting
examples of vinyl esters are: vinyl acetate, vinyl butyrate, and vinyl pivalate.
Non-limiting examples of acrylic and methacrylic acid esters are: methyl
acrylate, ethyl acrylate, t-butyl acrylate, n-butyl acrylate, isopropyl acrylate,

hexyl acrylate, decyl acrylate and lauryl acrylate.

The olefin polymer base resin (a) according to the present invention may be
elastomeric ethylene/a-olefin copolymers having an a-olefin content of from 15
wt.%, preferably from 25 wt.%, based on the weight of the copolymer. These
copolymers typically have an a-olefin content of 50 wt.% or less, preferably 40
wt.% or less and most preferably 35 wt.% or less, based on the weight of the
copolymer. The a-olefin content is measured by 'C nuclear magnetic
resonance (NMR) spectroscopy as described by Randall (Re. Macromolecular
Chem. Phys. C29 (2&3)). The a-olefin is preferably a Cs-20 linear, branched or
cyclic a-olefin. Examples of Cs.20 a-olefins include propene, 1-butene, 4-
methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene,
1-hexadecene and 1-octadecene. The a-olefins can also contain a cyclic
structure, such as cyclohexane or cyclopentane, resulting in an a-olefin such
as 3-cyclohexyl-1-propene and vinyl cyclohexane. Although not a-olefins in the
classical sense of the term, for the purpose of this invention certain cyclic
olefins such as norbornene and related olefins, particularly 5-ethylidene-2-
norbornene, are encompassed by the term “a-olefins” and can be used as
described above. Similarly, styrene and its related olefins, e.g. a-
methylstyrene, are a-olefins for the purpose of this invention. lllustrative
examples of copolymers in the sense of the present invention include
ethylene/propylene, ethylene/butene, ethylene/1-hexene, ethylene/1-octene,
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ethylene/styrene and similar. lllustrative examples of terpolymers include
ethylene/propylene/1-octene, ethylene/butene/1-octene,
ethylene/propylene/diene monomer (EPDM) and ethylene/butene/styrene. The

copolymer can be random or blocky.

Copolymerization can be carried out in the presence of one or more further
comonomers which are copolymerizable with the two monomers mentioned
above and which, for example, may be selected from vinylcarboxylate esters
such as vinyl acetate and vinyl pivalate; (meth)acrylates such as methyl(meth)-
acrylate, ethyl(meth)acrylate and butyl(meth)acrylate; (meth)acrylic acid
derivatives such as (meth)acrylonitrile and (meth)acrylamide; vinyl ethers, such
as vinylmethyl ether and vinylphenyl ether; a-olefins such as propylene, 1-
butene, 1-hexene, 1-octene and 4-methyl-1-pentene; olefinically unsaturated
carboxylic acids, such as (meth)acrylic acid, maleic acid and fumaric acid; and

aromatic vinyl compounds, such as styrene and alpha-methyl styrene.

Preferred comonomers are vinyl ethers of monocarboxylic acids having 1-4
carbon atoms, such as vinyl acetate and (meth)acrylate of alcohols having 1-8
carbon atoms, such as methyl(meth)acrylate. The expression ”(meth)acrylic
acid” used herein is intended to include both acrylic acid and methacrylic acid.
The comonomer content in the polymer may be present in the amount of 40

wt% or less, preferably 0.5-35 wt%, more preferably 1-25 wt%.

Other examples of theolefin polymer base resin (a) are: polypropylene, e.g.
homopolypropylene, propylene copolymer; polybutene, butene copolymers;
highly short chain branched a-olefins copolymers with an ethylene co-monomer
content of 50 mole percent or less; polyisoprene; EPR (ethylene copolymerized
with propylene); EPDM (ethylene copolymerized with propylene and a diene
such as hexadiene, dicyclopentadiene, or ethylidene norbornene); copolymers
of ethylene and an a-olefin having 3 to 20 carbon atoms such as
ethylene/octene copolymers; terpolymers of ethylene, a-olefin and a diene;
terpolymers of ethylene, a-olefin and an unsaturated ester; copolymers of
ethylene and vinyl-tri-alkyloxy silane; terpolymers of ethylene, vinyl-tri-alkoloxy
silane and an unsaturated ester; or copolymers of ethylene and one or more

acrylonitrile and maleic acid esters. Further, the olefin polymer may comprise
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ethylene ethyl acrylate. The comonomers can be incorporated randomly or in

block and/or graft structures.

The olefin polymer base resin (a) preferably comprises or consists of a
heterophasic olefin copolymer, e.g. a heterophasic propylene copolymer. The
heterophasic propylene copolymer may preferably be a heterophasic
copolymer comprising a propylene random copolymer as matrix phase
(RAHECO) or a heterophasic copolymer having a propylene homopolymer as
matrix phase (HECO). A random copolymer is a copolymer where the
comonomer part is randomly distributed in the polymer chains and it also
consists of alternating sequences of two monomeric units of random length
(including single molecules). It is preferred that the random propylene
copolymer comprises at least one comonomer selected from the group
consisting of ethylene and Cs-Cs alpha-olefins. Preferred C4-Cs a-olefins are 1-
butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-heptene or 1-octene,
more preferred 1-butene. A particularly preferred random propylene copolymer
may comprise or consist of propylene and ethylene. Furthermore, the
comonomer content of the polypropylene matrix preferably is 0.5 to 10 wt.%,
more preferably 1 to 8 wt.% and even more preferably 2 to 7 wt.%. For
combining optimum processability with the required mechanical properties, the
incorporation of the comonomer can be controlled in such a way that one
component of the polypropylene contains more comonomer than the other.

Suitable polypropylenes are described e.g. in WO 03/002652.

The olefin polymer base resin (a) is preferably an ethylene-a-olefin having a
density in the range of 860 to 935 kg/m?* more preferably 910 to 930 kg/m?,
and an MFR2 (190°C/2.16kg) measured according to ISO 1133 in the range of
0.5 to 50.0 g/10min, more preferably in the range of 0.75 to 25.0 g/10min, most
preferably 1 to 10.0 g/10min.

The polyolefin compositions is preferably crosslinkable. “Crosslinkable” means
that when the polyolefin composition is used in cable applications, the cable
layer can be crosslinked before the use in the end application thereof. In
crosslinking reaction of a polymer, interpolymer crosslinks (bridges) are

primarily formed. Crosslinking can be initiated by free radical reaction using
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irradiation or preferably using a crosslinking agent, which is typically a free
radical generating agent, or by the incorporation of crosslinkable groups into
polymer component(s), as known in the art. Moreover, in cable applications,
the crosslinking step of the composition is typically carried out after the

formation of the cable.

The free radical generating crosslinking agent can be a radical forming
crosslinking agent which contains at least one —-O-0O- bond or at least
one -N=N- bond. More preferably, the crosslinking agent is a peroxide,
whereby the crosslinking is preferably initiated using a well-known peroxide
crosslinking technology that is based on free radical crosslinking and is well
described in the field. The peroxide can be any suitable peroxide

conventionally used in the field.

Crosslinking may also be achieved by incorporation of crosslinkable groups,
preferably hydrolysable silane groups, into the polymer component(s) of the
polyolefin composition. The hydrolysable silane groups may be introduced into
the polymer by copolymerisation of e.g. ethylene monomers with silane group
containing comonomers or by grafting with silane groups containing
compounds, i.e. by chemical modification of the polymer by addition of silane
groups mostly in a free radical grafting process. Such silane groups containing
comonomers and compounds are well-known in the field and are commercially
available. The hydrolysable silane groups are typically then crosslinked by
hydrolysis and subsequent condensation in the presence of a silanol-
condensation catalyst and water trace in a manner known in the art. Also,

silane crosslinking technique is well-known in the art.

Preferably, the crosslinkable composition layer comprises crosslinking
agent(s), preferably free radical generating agent(s), more preferably peroxide.
Accordingly, the crosslinking of at least the insulation layer, and optionally, and
preferably, of the at least one layer, is preferably carried out by free radical
reaction using one or more free radical generating agents, preferably

peroxide(s).

When peroxide is used as a crosslinking agent, then the crosslinking agent is

preferably used in an amount of less than 10 wt.%, more preferably in an
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amount of between 0.05 to 8 wt.%, still more preferably in an amount of 0.2 to
3 wt.% and even more preferably in an amount of 0.3 to 2.5 wt.% with respect

to the total weight of the polyolefin composition to be crosslinked.

Non-limiting examples of peroxidic crosslinking agents are organic peroxides,
such as di-tert-amylperoxide, 2,5-di(tfert-butylperoxy)-2,5-dimethyl-3-hexyne,
2,5-di(tert-butylperoxy)-2,5-dimethylhexane, tert-butylcumylperoxide, di(tert-
butyl)peroxide, dicumylperoxide, butyl-4 4-bis(tert-butylperoxy)-valerate, 1,1-
bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, tert-butylperoxybenzoate,
dibenzoylperoxide, bis(tert butylperoxyisopropyl)benzene, 2,5-dimethyl-2,5-
di(benzoylperoxy)hexane, 1,1-di(tert-butylperoxy)cyclohexane, 1,1-di(tert
amylperoxy)cyclohexane, or any mixtures thereof. Preferably, the peroxide is
selected from 2,5-di(tert-butylperoxy)-2,5-dimethylhexane, di(tert-
butylperoxyisopropyl)benzene, dicumylperoxide, tert-butylcumylperoxide,

di(tert-butyl)peroxide, or mixtures thereof.

Further, the polyolefin composition can comprise further additive(s), such as
antioxidant(s), stabiliser(s), water tree retardant additive(s), processing aid(s),
scorch retarder(s), filler(s), metal deactivator(s), free radical generating
agent(s), crosslinking booster(s), flame retardant additive(s), acid or ion
scavenger(s), additional inorganic filler(s), voltage stabilizer(s) or any mixtures

thereof. Additives are typical use in total amount from 0.01 wt.% to 10 wt.%.

Non-limiting examples of antioxidants are sterically hindered or semi-hindered
phenols, aromatic amines, aliphatic sterically hindered amines, organic

phosphites or phosphonites, thio compounds, and mixtures thereof.

Preferably, the antioxidant is selected from the group of diphenyl amines and
diphenyl sulfides. The phenyl substituents of these compounds may be
substituted with further groups such as alkyl, alkylaryl, arylalkyl or hydroxy

groups.

Preferably, the phenyl groups of diphenyl amines and diphenyl sulfides are
substituted with tert-butyl groups, preferably in meta or para position, which

may bear further substituents such as phenyl groups.
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More preferred, the antioxidant is selected from the group of 4,4'-
bis(1,1'dimethylbenzyl)diphenylamine, para-oriented styrenated
diphenylamines, 6,6'-di-tert-butyl-2,2'-thiodi-p-cresol, tris(2-tert-butyl-4-thio-(2'-
methyl-4'hydroxy-5'-tert-butyl)phenyl-5-methyl)phenylphosphite, polymerized
2,2,4-trimethyl-1,2-dihydroquinoline, or derivatives thereof. Of course, not only
one of the above-described antioxidants may be used but also any mixture

thereof.

The amount of an antioxidant is preferably from 0.005 to 2.5 wt.%, based on
the weight of the total polyolefin composition, more preferably from 0.005 to 2
wt.%, still more preferably from 0.01 to 1.5 wt.%, and even more preferably

from 0.04 to 1.2 wt.%, based on the weight of the total polyolefin composition.

The scorch retarder (SR) is a well-known additive type in the field and can i.e.
prevent premature crosslinking. As also known the SR may also contribute to
the unsaturation level of the polymer composition. Examples of scorch
retarders are allyl compounds, such as dimers of aromatic alpha-methyl alkenyl
monomers, preferably 2,4-di-phenyl-4-methyl-1-pentene, substituted or
unsubstituted  diphenylethylenes, quinone  derivatives, hydroquinone
derivatives, monofunctional vinyl containing esters and ethers, monocyclic
hydrocarbons having at least two or more double bonds, or mixtures thereof.
Preferably, the amount of a scorch retarder is within the range of 0.005 to 2.0
wt.%, more preferably within the range of 0.005 to 1.5 wt.%, based on the
weight of the total polyolefin composition. Further preferred ranges are e.g.
from 0.01 to 0.8 wt.%, 0.03 to 0.75 wt.%, 0.03 to 0.70 wt.%, or 0.04 to 0.60
wt%, based on the weight of the total polyolefin composition. One preferred SR

added to the polyolefin composition is 2,4-diphenyl-4-methyl-1-pentene.

Examples of processing aids include but are not limited to metal salts of
carboxylic acids such as zinc stearate or calcium stearate; fatty acids; fatty
amids; polyethylene wax; copolymers of ethylene oxide and propylene oxide;

petroleum waxes; non-ionic surfactants and polysiloxanes.

Non-limiting examples of additional fillers are clays precipitated silica and

silicates; fumed silica calcium carbonate.
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It is intended throughout the present description that the expression
"compounding" embraces mixing of the material according to standard methods
to those skilled in the art. Non-limiting examples of compounding equipments
are continuous single or twin screw mixers such as Farell™, Werner and
Pfleiderer™ _ Kobelco Bolling™ and Buss™, or internal batch mixers, such as

Brabender™ or Banbury ™.

Any suitable process known in the art may be used for the preparation of the
polyolefin compositions of the present invention such as dry-mixing, solution
mixing, solution shear mixing, melt mixing, extrusion, etc. It is however
preferred to prepare the polyolefin composition by melt-mixing said olefin
polymer base resin (a) with carbonaceous structures (b), preferably in an

extruder, such as a Brabender compounder.

One suitable process for producing the inventive polyolefin composition
comprises pre-mixing of the carbonaceous structures (b). Pre-mixing as used
herein shall indicate that the mixing occurs before the resulting mixture is
contacted and mixed with the olefin polymer base resin (a). The premixing may
be conducted in a dispersant such as isopropanol. Preferably, the olefin
polymer base resin (a) is subsequently added to the dispersed carbonaceous
structures (b) and/or filler mixture, before the complete mixture is introduced

into a compounder, preferably an extruder, such as a Brabender compounder.

The present invention also provides a polyolefin composition obtained by melt-
mixing the olefin polymer base resin (a) with carbonaceous structures (b).
Preferably, melt-mixing is performed in an extruder. The temperature for melt-
mixing mainly depends on the type of olefin polymer base resin (a) employed.
Preferably, melt-mixing is carried out at a temperature in the range of 125 °C to
230 °C, more preferably 135 °C to 220 °C.

All embodiments of the polyolefin composition described above are also
preferred embodiments of the polyolefin composition obtained by melt-mixing

the olefin polymer base resin (a) with carbonaceous structures (b).
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That is, the polyolefin composition obtained by melt-mixing the olefin polymer
base resin (a) with carbonaceous structures (b) has preferably a thermal

conductivity y satisfying the equation:
y =a,+ a;x + ax? + azx®

wherein x is the amount of said carbonaceous structures (b) in wt.% in the

polyolefin composition based on the total weight of the polyolefin composition,
ao is a value in the range of 0.8-a to 1.2-a, wherein

a is the thermal conductivity of the olefin polymer base resin (a) in W/mK,

a1 is 0.1119 WimK,

az is -0.0295 W/mK and
as is 0.0027 W/mK.

The present invention also provides an article comprising the polyolefin
composition according to the invention. All preferred embodiments of the
polyolefin composition described above are also preferred embodiments of the
article comprising the polyolefin composition. Preferably, the article is a casing,

a capacitor dielectric, an insulation layer of a power cable or a pressure pipe.

The present invention also provides the use of the polyolefin composition
according to the invention in an article. All preferred embodiments of the
polyolefin composition described above are also preferred embodiments of the
use of the polyolefin composition. The article is preferably is a casing, a

capacitor dielectric, an insulation layer of a power cable or a pressure pipe.

The present invention further provides the use of carbonaceous structures
being reduced graphite oxide worm-like (rGOW) structures (b) for improving the
thermal conductivity of a polyolefin composition comprising an olefin polymer
base resin (a). Of course, said polyolefin composition also comprises said
carbonaceous structures, preferably in the amounts as described herein.
Preferably, the use of carbonaceous structures being reduced graphite oxide
worm-like (rGOW) structures (b) improve the thermal conductivity and at the

same time the mechanical properties and/or electrical properties of a polyolefin
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composition comprising an olefin polymer base resin (a). It has been
surprisingly found that the addition of carbonaceous structures (b) to said
polyolefin composition not only improves, i.e. enhances, the thermal
conductivity of the polyolefin composition. At the same time also the
mechanical properties and/or electrical properties of said polyolefin
composition are improved. All preferred embodiments of the carbonaceous
structures being reduced graphite oxide worm-like (rGOW) structures (b) and of
the polyolefin composition described above are also preferred embodiments of
the use of the carbonaceous structures being reduced graphite oxide worm-like
(rGOW) structures (b).

Below, the invention is described by virtue of non-limiting examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described by way of examples with

reference to the accompanying drawings, of which:

Fig. 1a Schematic graphite configuration

Fig. 1b Schematic structure of an rGOW structure

Fig. 2 SEM of an rGOW structure

Fig. 3 Thermal conductivity as a function of filler loading for the inventive
samples

Figs. 4a-c Three different embodiments of a graphite oxidation system

Fig. 5 Engineering diagram of one embodiment of a purification and

concentration system

Fig. 6 Cross-sectional view of one embodiment of a high temperature

spray dryer

Fig. 7 Flow chart showing the process of one embodiment of a

method to produce rGOW particles
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DETAILED DESCRIPTION OF THE INVENTION
Examples

1. Materials

(a) Polymer Base Resins

In all examples used the olefin polymer base resin was a standard HVDC-grade
low density polyethylene (LDPE). The LDPE was produced in a tubular reactor,
having an MFR2 (2.16 kg, 190 °C) of 1.89 g/10min and a density of 923 kg/m?3.

(b) Carbonaceous structures

CS is a carbonaceous structure which form clusters or worm-like structures and
are obtained from Cabot Corporation, Boston, MA, USA. CS can be obtained
by the process as described herein. The properties of the carbonaceous

structures are summarized in Table 1.

Table 1
BET Volatile PSD Density (g/L)
Sample ) Form
(m%/g) (%) (um)
CS 674 5.4 N/A Worms 8

2. Measurement methods and procedures
(a) Melt Flow Rate

The MFR2 was measured with 2.16 kg load at 190°C for polyethylene and at
230°C for polypropylene according to ISO 1133. The MFR21 was measured with
21.6 kg load at 190°C for polyethylene and at 230°C for polypropylene
according to ISO 1133.

(b) Melt temperature (Tm)

Differential Scanning Calorimetry (DSC) experiments were run on a TA
Instruments Q2000 device calibrated with Indium, Zinc, Tin according to ISO

11357-1. The measurements were run under nitrogen atmosphere (50 mL min-
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1) on 5£0.5 mg samples in a heat/cool/heat cycle with a scan rate of 10 °C/min
between -30 °C and 225 °C according to ISO 11357-3. Melting (Tm) and
crystallisation (Tc) temperatures were taken as the peaks of the endotherms

and exotherms in the cooling cycle and the second heating cycle respectively.
(c) Polymer density

The polymer density is measured according to the density immersion method
described in ISO 1183.

(d) Density of carbonaceous structures

Densities are determined using a method similar to ASTM D7481 — 09, i.e.

weighing a specified volume of material after at least three taps.

(e) BET surface area

BET is determined using ASTM D6556-04.

(f) Volatility

Volatilities are determined using thermogravimetric analysis under nitrogen.
(g) PSD

Particle size distribution is determined by scanning electron microscopy without

statistical analysis.
(h) Scanning Electron Microscopy (SEM) for Figure 2

The powder sample was sprinkled onto an aluminum stub affixed with
conductive carbon sticker for SEM imaging. The SEM micrograph was taken
using a Zeiss Ultraplus field emission SEM using the InLens secondary
electron detector. An acceleration voltage of 10kV, aperture of 7 ym and a

working distance of 2.6 mm were used to acquire this image.

The length L and diameter d of the carbonaceous structures were determined
by SEM.

(i) Thermal conductivity measurements
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Thermal conductivity was investigated by means of Hot Disc Thermal
Constants Analyser 2500 S (Hot Disk AB, Goéteborg, Sweden) which allows to
perform rapid, precise and non-destructive evaluation of thermal conductivity of
prepared nanocomposites. The principle of this method has been described by
S. Gustafsson, Rev. Sci. Instrum. 62, 797 (1991). All the measurements were
carried out according to ISO 22007-2. Namely, a Kapton insulated nickel
double spiral sensor with 2 mm radius was sandwiched between two identical
samples with dimensions around 40 mm x 40mm and with a thickness of 2 mm.
A constant power of 50 mW was applied for 1s and the generated heat
dissipated within the sample causing the temperature rise. The Kapton sensor
is utilized for both as transient heating and precise temperature reading due to
its accurately specified geometry and temperature coefficient. All tests were
performed at room temperature and the final results being the average values

of five measurements for each graphene concentration.
(j) Compounding

Filled polyolefin compositions having incorporated carbonaceous structures

were prepared as follows:

All samples were produced using a Brabender mixer (Plasticoder PLE-331).
The mixer was preheated to 170 °C prior to the addition of the resin. The resin
was added first followed by the filler, i.e. the carbonaceous structures. As soon
as all the components were added, the rotation speed was increased to 50rpm
and kept for 10 minutes. After the mixing was done, the composition was

pelleted and samples were prepared for the relevant tests.
3. Results

In the following Table properties of the obtained polyolefin compositions are
shown. In comparative example CE1 no filler has been added. Inventive

examples IE1 to IES use CS as filler in different amounts.

Table 2
Filler Loading Thermal
Sample Filler Type
(wt.%) Conductivity
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(W/mK)
CE1 - 0 0.33396
IE1 CS 0.25 0.37798
IE2 CS 0.5 0.37966
IE3 CS 1.0 0.42484
IE4 CS 2.5 0.47718
IE5 CS 5 0.502

As can be seen from Table 2 and Figure 3, adding even small amounts of
about 0.1 to 0.3 wt.% of carbonaceous structures to the olefin polymer base
resin an increase in the thermal conductivity values of about 13% with respect
to Comparative Example CE1 is surprisingly observed. This shows that already
small amounts of carbonaceous structures can efficiently improve the thermal
conductivity of polyolefin compositions. The invention thus provides the
production of technology-independent compositions with minimal amount of

fillers, down to 0.1 wt.% filler loading, having improved thermal conductivity.

Although the present invention has been described with reference to various
embodiments, those skilled in the art will recognize that changes may be made
without departing from the scope of the invention. It is intended that the
detailed description be regarded as illustrative, and that the appended claims

including all the equivalents are intended to define the scope of the invention.
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1.

CLAIMS

A polyolefin composition comprising
(a) an olefin polymer base resin, and

(b) carbonaceous structures being reduced graphite oxide worm-like
(rGOW) structures,

wherein the polyolefin composition has a thermal conductivity y

satisfying the equation:
y=da, + a;x + ayx? + azx3,

wherein x is the amount of said carbonaceous structures (b) in wt.% in
the polyolefin composition based on the total weight of the polyolefin

composition,
ao is a value in the range of 0.8-a to 1.2-a, wherein

a is the thermal conductivity of the olefin polymer base resin (a) in
WIimK,

a1 1s 0.1119 W/mK,
az is -0.0295 W/mK and
as is 0.0027 W/mK,

wherein the added amount of said carbonaceous structures is in the
range of from 0.1-10 wt.% based on the total weight of the polyolefin

composition.

The polyolefin composition according to claim 1, wherein the
carbonaceous structures (b) have a BET surface area of at least 200

m23/g.

The polyolefin composition according to claim 1 or 2, wherein the

carbonaceous structures (b) have a density less than 100 g/L.

The polyolefin composition according to claim 1 or 2, wherein the
carbonaceous structures (b) have a density of between 15 and 100 g/L,
or wherein the carbonaceous structures (b) have a density of between 5

and 15 g/L.
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10.

11.

12.

13.

The polyolefin composition according any one of the preceding claims,
wherein the carbonaceous structures (b) have volatile content of less
than 30%.

The polyolefin composition according to any one of the preceding
claims, wherein the length L of the carbonaceous structures (b) is at

least 1 um.

The polyolefin composition according to any one of the preceding
claims, wherein the diameter d of the carbonaceous structures (b) is

from 50 nm to 200 um.

The polyolefin composition according to any one of the preceding
claims, wherein the carbonaceous structures (b) have an aspect ratio of

length L to diameter d that is 1:1 or more.

The polyolefin composition according to any one of the preceding
claims, wherein the olefin polymer base resin (a) is selected from the

group consisting of a C2 to Cs olefin homo- or copolymer.

The polyolefin composition according to any one of the preceding
claims, wherein the olefin polymer base resin (a) is an ethylene homo-

or copolymer.

The polyolefin composition according to any one of the preceding
claims, wherein said polyolefin composition has thermal conductivity of
at least 0.36 W/mK at the amount of said carbonaceous structures of

0.5 wt.% based on the total amount of said polyolefin composition.

The polyolefin composition according to any one of the preceding
claims, wherein the olefin polymer base resin (a) is an ethylene-a-olefin
having a density in the range of 860 to 935 kg/m®* and an MFR2
(190°C/2.16kg) measured according to ISO 1133 in the range of 0.5 to
50.0 g/10min.

Article comprising the polyolefin composition as defined in any one of

the preceding claims.
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14. Use of carbonaceous structures being reduced graphite oxide worm-like
(rGOW) structures (b) for improving the thermal conductivity of a

polyolefin composition comprising an olefin polymer base resin (a).

15. Use according to claim 14, wherein the polyolefin composition is a

polyolefin composition according to any one of claims 1 to 12.
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