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FIG. 1

(57) Abrégée/Abstract:

Articles comprising carbon composites are disclosed. The carbon composites contain carbon microstructures having interstitial
spaces among the carbon microstructures; and a binder disposed In at least some of the interstitial spaces; wherein the carbon
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(57) Abrege(suite)/Abstract(continued):
microstructures comprise unfilled voids within the carbon microstructures. Alternatively, the carbon composites contain: at least two

carbon microstructures; and a binding phase disposed between the at least two carbon microstructures; wherelin the binding
phase comprises a binder comprising one or more of the following: SI02Z; Si; B; B203; a metal; or an alloy of the metal; and
wherein the metal Is at least one of aluminum; copper; titanium; nickel; tungsten; chromium; iron; manganese; zirconium; hafnium;
vanadium; niobium; molybdenum; tin; bismuth; antimony; lead; cadmium; or selenium.
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ARTICLES CONTAINING CARBON COMPOSITES AND METHODS OF
MANUFACTURE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 14/514510, filed

on October 15, 2014, which 1s incorporated hereimn by reference in 1ts entirety.

BACKGROUND

[0002] Graphite 1s an allotrope of carbon and has a layered, planar structure. In
cach layer, the carbon atoms are arranged 1n hexagonal arrays or networks through covalent
bonds. Different carbon layers however are held together only by weak van der Waals
forces.

[0003] Graphite has been used m a variety of applications including electronics,
atomic energy, hot metal processing, coatings, acrospace and the like due to 1ts excellent
thermal and electrical conductivities, lightness, low friction, and high heat and corrosion
resistances. However, graphite 1s not ¢lastic and has low strength, which may limit its further
applications. Thus, the industry 1s always receptive to new graphite materials having
improved elasticity and mechanical strength. It would be a further advantage 1f such

materials also have improved high temperature corrosion resistance.

BRIEF DESCRIPTION

[0004] The above and other deficiencies mn the prior art are overcome by, 1 an
embodiment, a carbon composite and an article comprising the carbon composite. In an
embodiment, the article comprises a carbon composite containing carbon microstructures
having interstitial spaces among the carbon microstructures; and a binder disposed 1n at least
some of the interstitial spaces; wherein the carbon microstructures comprise unfilled voids
within the carbon microstructures.

[0005] In another embodiment, the article comprises a carbon composite
containing: at least two carbon microstructures; and a binding phase disposed between the at
least two carbon microstructures; wherein the binding phase includes a binder comprising one
or more of the following: S10,; S1; B; B,0Os; a metal; or an alloy of the metal; and wherein the
metal 1s at least one of aluminum; copper; titanium; nickel; tungsten; chromium; iron;
manganese; zirconium; hafnium; vanadium; niobium; molybdenum; tin; bismuth; antimony;

lead; cadmium; or selenium.
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[0006] A method of forming an article comprises at least one of shaping or
machining the carbon composite.

[0007] In an another embodiment, a method of forming an article comprising a
carbon composite comprises: compressing a composition containing carbon and a binder at a
temperature of about 350°C to about 1200°C and a pressure of about 500 psi to about 30,000
ps1 to form the article; wherem the binder comprises one or more of the following: S10;; Si;
B; B,Os; a metal; or an alloy of the metal; and wherein the metal 1s at least one of aluminum;
copper; titantum; nickel; tungsten; chromium; 1ron; manganese; zirconium; hatnium;
vanadium; niobium; molybdenum; tin; bismuth; antimony; lead; cadmium; or selenium.

[0008] In yet another embodiment, a method for forming an article comprising a
carbon composite comprises: forming a compact by pressing a composition comprising
carbon and a binder; and heating the compact to form the article; wherein the binder
comprises one or more of the following: S10;,; S1; B; B,0s3; a metal; or an alloy of the metal;
and wherem the metal 15 at least one of aluminum; copper; titanium; nickel; tungsten;
chromium; 1ron; manganese; zirconium; hafnium; vanadium; niobium; molybdenum; tin;
bismuth; antimony; lead; cadmium; or selentum.

[0009] A method of producing hydrocarbons from a subterrancan location having
an ambient temperature of greater than 750°F comprises: employing one or more of the
articles.

[0010] A method of 1solating or completing a wellbore comprises deploying an

apparatus comprising on¢ or more of the articles m a wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following descriptions should not be considered limiting 1n any way.
With reference to the accompanying drawings, like elements are numbered alike:

[0012] FIG. 1 1s a scanning ¢lectron microscopic (“SEM”) image of a composition
contaming expanded graphite and a micro- or nano-sized binder blended at room temperature
and atmospheric pressure;

[0013] FIG. 2 1s a SEM 1mmage of a carbon composite formed from expanded
graphite and a micro- or nano-sized binder under high pressure and high temperature
conditions according to an embodiment of the disclosure;

[0014] FIG. 3 1s a SEM 1mage of carbon microstructures according to another

embodiment of the disclosure;
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[0015] FIG. 4 1s a schematic 1llustration of a carbon composite according to an
embodiment of the disclosure;

[0016] FIG. 5 shows stress-strain curves of (A) natural graphite; (B) expanded
graphite; (C) a mixture of expanded graphite and a micro- or nano-sized binder, where the
sample 1s compacted at room temperature and high pressure; (D) a carbon composite
according to one embodiment of the disclosure compacted from a mixture of expanded
graphite and a micro- or nano-sized binder at a high temperature and a low pressure (also
referred to as “soft composite™); and (E) a carbon composite according to another
embodiment of the disclosure formed from expanded graphite and a micro- or nano-sized
binder under high pressure and high temperature conditions (also referred to as “hard
composite’);

[0017] FIG. 6 shows loop test results of a carbon composite at different loadings;

[0018] FIG. 7 shows hysteresis results of a carbon composite tested at room
temperature and 500°F respectively;

[0019] FIG. 8 compares a carbon composite before and after exposing to air at
500°C for 5 days;

[0020] FIG. 9 (A) 18 a photo of a carbon composite after a thermal shock; FIG. 9
(B) 1llustrates the condition for the thermal shock;

[0021] FIGS. 10A-C compares a carbon composite sample before (FIG. 10A) and
after (FIG. 10B) exposing to tap water for 20 hours at 200°F, or after exposing to tap water
for 3 days at 200°F (FIG. 10C);

[0022] FIGS. 11A-C compares a carbon composite sample before (FIG. 11A) and
after (FIG. 11B) exposing to 15% HCI solution with inhibitor at 200°F for 20 hours, or after
exposing to 15% HCI solution at 200°F for 3 days (FIG. 10C); and

[0023] FIG. 12 shows the sealing force relaxation test results of a carbon composite

at 600°F.

DETAILED DESCRIPTION

[0024] The mventors hercof have found that carbon composites formed from
graphite and micro- or nano-sized binders at high temperatures have improved balanced
properties as compared to graphite alone, a composition formed from the same graphite but
different binders, or a mixture of the same graphite and the same binder blended at room
temperature under atmospheric pressure or high pressures. The new carbon composites have

excellent elasticity. In addition, the carbon composites have excellent mechanical strength,

3



CA 02964230 2017-04-10

WO 2016/060765 PCT/US2015/049938

heat resistance, and chemical resistance at high temperatures. In a further advantageous
feature, the composites keep various superior propertics of the graphite such as heat
conductivity, electrical conductivity, lubricity, and the like.

[0025] Without wishing to be bound by theory, 1t 1s believed that the improvement
in mechanical strength 1s provided by a binding phase disposed among carbon
microstructures. There are either no forces or only weak Van der Waals forces exist between
the carbon microstructures, thus the graphite bulk materials have weak mechanical strength.
At high temperatures, the micro- or nano-sized binder liquefies and/or softens so that it 1s
dispersed evenly among carbon microstructures. Upon cooling, the binder solidifies and
forms a binding phase binding the carbon nanostructures together through mechanical
interlocking.

[0026] Further without wishing to be bound by theory, for the composites having
both improved mechanical strength and improved elasticity, 1t 1s believed that the carbon
microstructures themselves are laminar structures having spaces between the stacked layers.
The binder only selectively locks the microstructures at their boundaries without penetrating
the microstructures. Thus the unbounded layers within the microstructures provide elasticity
and the binding phase disposed among the carbon microstructures provides mechanical
strength.

[0027] The carbon microstructures are microscopic structures of graphite formed
after compressing graphite into highly condensed state. They comprise graphite basal planes
stacked together along the compression direction. As used herein, carbon basal planes refer
to substantially flat, parallel sheets or layers of carbon atoms, where each sheet or layer has a
single atom thickness. The graphite basal planes are also referred to as carbon layers. The
carbon microstructures are generally flat and thin. They can have different shapes and can
also be referred to as micro-flakes, micro-discs and the like. In an embodiment, the carbon
microstructures are substantially parallel to each other.

[0028] There are two types of voids 1in the carbon composites - voids or interstitial
spaces among carbon microstructures and voids within each individual carbon
microstructures. The interstitial spaces among the carbon microstructures have a size of
about 0.1 to about 100 microns, specifically about 1 to about 20 microns whereas the voids
within the carbon microstructures are much smaller and are generally between about 20
nanometers to about 1 micron, specifically about 200 nanometers to about 1 micron. The

shape of the voids or interstitial spaces 1s not particularly limited. As used herein, the size of
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the voids or mterstitial spaces refers to the largest dimension of the voids or mterstitial spaces
and can be determined by high resolution electron or atomic force microscope technology:.

[0029] The mterstitial spaces among the carbon microstructures are filled with a
micro- or nano-sized binder. For example, a binder can occupy about 10 % to about 90 % of
the mterstitial spaces among the carbon microstructures. However, the binder does not
penetrate the mmdividual carbon microstructures and the voids within the carbon
microstructures are unfilled, 1.e., not filled with any binder. Thus the carbon layers within the
carbon microstructures are not locked together by a binder. Through this mechanism, the
flexibility of the carbon composites, particularly, carbon composites containing expanded
graphite microstructures can be preserved.

[0030] The carbon microstructures have a thickness of about 1 to about 200
microns, about 1 to about 150 microns, about 1 to about 100 microns, about 1 to about 50
microns, or about 10 to about 20 microns. The diameter or largest dimension of the carbon
microstructures 1s about 5 to about 500 microns or about 10 to about 500 microns. The
aspect ratio of the carbon microstructures can be about 10 to about 500, about 20 to about
400, or about 25 to about 350. In an embodiment, the distance between the carbon layers in
the carbon microstructures 1s about 0.3 nanometers to about 1 micron. The carbon
microstructures can have a density of about 0.5 to about 3 g/cm’, or about 0.1 to about 2
g/cn .

[0031] As used herein, graphite includes one or more of the following: natural
oraphite; synthetic graphite; expandable graphite; or expanded graphite. Natural graphite 1s
oraphite formed by Nature. It can be classified as “flake” graphite, “vemn” graphite, and
“amorphous” graphite. Synthetic graphite 1s a manufactured product made from carbon
materials. Pyrolytic graphite 1s one form of the synthetic graphite. Expandable graphite
refers to graphite having intercallant materials inserted between layers of natural graphite or
synthetic graphite. A wide variety of chemicals have been used to intercalate graphite
materials. These mclude acids, oxidants, halides, or the like. Exemplary mtercallant
materials include sulfuric acid, nitric acid, chromic acid, boric acid, SOz, or halides such as
FeCls, ZnCl,, and SbCls. Upon heating, the intercallant 1s converted from a liquid or solid
statec to a gas phase. (Gas formation generates pressure which pushes adjacent carbon layers
apart resulting in expanded graphite. The expanded graphite particles are vermiform in
appearance, and are therefore commonly referred to as wormes.

[0032] Advantageously, the carbon composites comprise expanded graphite

microstructures. Compared with other forms of the graphite, expanded graphite has high
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flexibility, high compression recovery, and larger anisotropy. The composites formed from
expanded graphite and a micro- or nano-sized binder under high pressure and high
temperature conditions can thus have excellent elasticity in addition to desirable mechanical
strength.

[0033] In the carbon composites, the carbon microstructures are held together by a
binding phase. The binding phase comprises a binder which binds carbon microstructures by
mechanical interlocking. Optionally, an mterface layer 1s formed between the binder and the
carbon microstructures. The mterface layer can comprise chemical bonds, solid solutions, or
a combination thercof. When present, the chemical bonds, solid solutions, or a combination
thercof may strengthen the mterlocking of the carbon microstructures. It 1s appreciated that
the carbon microstructures may be held together by both mechanical interlocking and
chemical bonding. For example the chemical bonding, solid solution, or a combination
thercof may be formed between some carbon microstructures and the binder or for a
particular carbon microstructure only between a portion of the carbon on the surface of the
carbon microstructure and the binder. For the carbon microstructures or portions of the
carbon microstructures that do not form a chemical bond, solid solution, or a combination
thereof, the carbon microstructures can be bounded by mechanical interlocking. The
thickness of the binding phase 1s about 0.1 to about 100 microns or about 1 to about 20
microns. The binding phase can form a continuous or discontinuous network that binds
carbon microstructures together.

[0034] Exemplary binders include a nonmetal, a metal, an alloy, or a combination
comprising at least one of the foregoing. The nonmetal 1s one or more of the following: S10;;
S1; B; or B,Os. The metal can be at least one of alumimum; copper; titantum; nickel;
tungsten; chromium; ron; manganese; zirconium; hafnium; vanadium; niobium;
molybdenum; tin; bismuth; antimony; lead; cadmium; or selentum. The alloy imncludes one or
more of the following: aluminum alloys; copper alloys; titanium alloys; nickel alloys;
tungsten alloys; chromium alloys; 1ron alloys; manganese alloys; zircontum alloys; hatntum
alloys; vanadium alloys; niobium alloys; molybdenum alloys; tin alloys; bismuth alloys;
antimony alloys; lead alloys; cadmium alloys; or selenium alloys. In an embodiment, the
binder comprises one or more of the following: copper; nickel; chromium; 1ron; titanium; an
alloy of copper; an alloy of nickel; an alloy of chromium; an alloy of iron; or an alloy of
titantum. Exemplary alloys include steel, nickel-chromium based alloys such as Inconel™,
and nickel-copper based alloys such as Monel alloys. Nickel-chromium based alloys can

contain about 40-75% of N1 and about 10-35% of Cr. The nickel-chromium based alloys can
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also contain about 1 to about 15% of iron. Small amounts of Mo, Nb, Co, Mn, Cu, Al, T1, Si,
C, S, P, B, or a combination comprising at least one of the foregoing can also be mcluded 1n
the nickel-chromium based alloys. Nickel-copper based alloys are primarily composed of
nickel (up to about 67%) and copper. The nickel-copper based alloys can also contain small
amounts of rron, manganese, carbon, and silicon. These materials can be 1n different shapes,
such as particles, fibers, and wires. Combinations of the materials can be used.

|0035] The binder used to make the carbon composite 1s micro- or nano-sized. In
an embodiment, the binder has an average particle size of about 0.05 to about 10 microns,
specifically, about 0.5 to about 5 microns, more specifically about 0.1 to about 3 microns.
Without wishing to be bound by theory, it 1s believed that when the binder has a size within
these ranges, 1t disperses uniformly among the carbon microstructures.

[0036] When an interface layer 1s present, the binding phase comprises a binder
layer comprising a binder and an interface layer bonding one of the at least two carbon
microstructures to the binder layer. In an embodiment, the binding phase comprises a binder
layer, a first interface layer bonding one of the carbon microstructures to the binder layer, and
a second interface layer bonding the other of the at least two microstructures to the binder
layer. The first interface layer and the second interface layer can have the same or different
compositions.

[0037] The interface layer comprises one or more of the following: a C-metal bond;
a C-B bond; a C-S1 bond; a C-O-S1 bond; a C-O-metal bond; or a metal carbon solution. The
bonds are formed from the carbon on the surface of the carbon microstructures and the
binder.

[0038] In an embodiment, the interface layer comprises carbides of the binder. The
carbides include one or more of the following: carbides of aluminum; carbides of titanium;
carbides of nickel; carbides of tungsten; carbides of chromium; carbides of ron; carbides of
manganese; carbides of zirconium; carbides of hatnium; carbides of vanadium; carbides of
niobium; or carbides of molybdenum. These carbides are formed by reacting the
corresponding metal or metal alloy binder with the carbon atoms of the carbon
microstructures. The binding phase can also comprise S1C formed by reacting S10; or Si
with the carbon of carbon microstructures, or B4C formed by reacting B or B,Os with the
carbon of the carbon microstructures. When a combination of binder materials 1s used, the
interface layer can comprise a combination of these carbides. The carbides can be salt-like

carbides such as aluminum carbide, covalent carbides such as S1C and B4C, interstitial
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carbides such as carbides of the group 4, 5, and 6 transition metals, or intermediate transition
metal carbides, for example the carbides of Cr, Mn, Fe, Co, and N1.

[0039] In another embodiment, the interface layer comprises a solid solution of
carbon such as graphite and a binder. Carbon has solubility in certain metal matrix or at
certain temperature ranges, which can facilitate both wetting and binding of a metal phase
onto the carbon microstructures. Through heat-treatment, high solubility of carbon 1n metal
can be maintained at low temperatures. These metals include one or more of Co; Fe; La; Mn;
N1, or Cu. The binder layer can also comprise a combination of solid solutions and carbides.

[0040] The carbon composites comprise about 20 to about 95 wt. %, about 20 to
about 80 wt. %, or about 50 to about 80 wt. % of carbon, based on the total weight of the
composites. The binder 1s present 1n an amount of about 5 wt. % to about 75 wt. % or about
20 wt. % to about 50 wt. %, based on the total weight of the composites. In the carbon
composites, the weight ratio of carbon relative to the binder 1s about 1:4 to about 20:1, or
about 1:4 to about 4:1, or about 1:1 to about 4:1.

[0041] FIG. 1 1s a SEM mmage of a composition containing expanded graphite and a
micro- or nano-sized binder blended at room temperature and atmospheric pressure. As
shown 1 FIG. 1, the binder (white area) 1s only deposited on the surface of some of the
expanded graphite worms.

[0042] FIG. 2 1s a SEM 1mmage of a carbon composite formed from expanded
graphite and a micro- or nano-sized binder under high pressure and high temperature
conditions. As shown m FIG. 2, a binding phase (light areca) 1s evenly distributed among the
expanded graphite microstructures (dark area).

[0043] A SEM mmage of carbon graphite microstructures 1s shown i FIG. 3. An
embodiment of a carbon composite 1s illustrated m FIG 4. As shown m FIG. 4, the composite
comprises carbon microstructures 1 and binding phase 2 locking the carbon microstructures.
The binding phase 2 comprises binder layer 3 and an optional mterface layer 4 disposed
between the binder layer 3 and the carbon microstructures 1. The carbon composite contains
interstitial space 5 among carbon microstructures 1. Within carbon microstructures, there are
unfilled voids 6.

[0044] The carbon composites can optionally comprise a filler. Exemplary filler
includes one or more of the following: carbon fibers; carbon black; mica; clay; glass fibers;
ceramic fibers; or ceramic hollow structures. Ceramic materials include S1C, S13N4, S10,,
BN, and the like. The filler can be present in an amount of about 0.5 to about 10 wt. % or
about 1 to about 8%.
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[0045] The composites can have any desired shape including a bar, block, sheet,
tubular, cylindrical billet, toroid, powder, pellets, or other form that may be machined,
formed or otherwise used to form useful articles of manufacture. The sizes or the dimensions
of these forms are not particularly limited. Illustratively, the sheet has a thickness of about 10
um to about 10 cm and a width of about 10 mm to about 2 m. The powder comprises
particles having an average size of about 10 um to about 1 cm. The pellets comprise particles
having an average size of about 1 cm to about 5 cm.

[0046] One way to form the carbon composites 18 to compress a combination
comprising carbon and a micro- or nano-sized binder to provide a green compact by cold
pressing; and to compressing and heating the green compact thereby forming the carbon
composites. In another embodiment, the combination can be pressed at room temperature to
form a compact, and then the compact 1s heated at atmospheric pressure to form the carbon
composite. These processes can be referred to as two-step processes. Alternatively, a
combination comprising carbon and a micro- or nano-sized binder can be compressed and
heated directly to form the carbon composites. The process can be referred to as a one-step
pProcess.

[0047] In the combination, the carbon such as graphite 1s present i an amount of
about 20 wt.% to about 95 wt.%, about 20 wt.% to about 80 wt.%, or about 50 wt.% to about
80 wt.%, based on the total weight of the combination. The binder 1s present in an amount of
about 5 wt. % to about 75 wt. % or about 20 wt. % to about 50 wt. %, based on the total
weight of the combination. The graphite in the combination can be 1n the form of a chip,
powder, platelet, flake, or the like. In an embodiment, the graphite 1s in the form of flakes
having a diameter of about 50 microns to about 5,000 microns, preferably about 100 to about
300 microns. The graphite flakes can have a thickness of about 1 to about 5 microns. The
density of the combination is about 0.01 to about 0.05 g/cm’, about 0.01 to about 0.04 g/cm’,
about 0.01 to about 0.03 g/cm’ or about 0.026 g/cm”. The combination can be formed by
blending the graphite and the micro- or nano-sized binder via any suitable methods known m
the art. Examples of suitable methods include ball mixing, acoustic mixing, ribbon blending,
vertical screw mixing, and V-blending.

[0048] Referring to the two-step process, cold pressing means that the combination
comprising the graphite and the micro-sized or nano-sized binder 18 compressed at room
temperature or at an elevated temperature as long as the binder does not significantly bond
with the graphite microstructures. In an embodiment, greater than about 80 wt.%, greater

than about 85 wt.%, greater than about 90 wt.%, greater than about 95 wt.%, or greater than
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about 99 wt.% of the microstructures are not bonded 1n the green compact. The pressure to
form the green compact can be about 500 psi to about 10 ksi and the temperature can be
about 20°C to about 200°C. The reduction ratio at this stage, i.e., the volume of the green
compact relative to the volume of the combination, 1s about 40% to about 80%. The density
of the green compact is about 0.1 to about 5 g/cnm’, about 0.5 to about 3 g/cnr’, or about 0.5 to
about 2 g/cn .

[0049] The green compact can be heated at a temperature of about 350°C to about
1200°C, specifically about 800°C to about 1200°C to form the carbon composites. In an

embodiment, the temperature is about £20°C to about £100°C of the melting point of the

binder, or about £20°C to about £50°C of the melting point of the binder. In another
embodiment, the temperature 1s above the melting point of the binder, for example, about
20°C to about 100°C higher or about 20°C to about 50°C higher than the melting point of the
binder. When the temperature 18 higher, the binder becomes less viscose and flows better,
and less pressure may be required 1 order for the binder to be evenly distributed n the voids
among the carbon microstructures. However, 1f the temperature 18 too high, 1t may have
detrimental effects to the mstrument.

[0050] The temperature can be applied according to a predetermined temperature
schedule or ramp rate. The means of heating 1s not particularly limited. Exemplary heating
methods include direct current (DC) heating, induction heating, microwave heating, and
spark plasma sintering (SPS). In an embodiment, the heating 1s conducted via DC heating.
For example, the combination comprising the graphite and the micro- or nano-sized binder
can be charged with a current, which flows through the combination generating heat very
quickly. Optionally, the heating can also be conducted under an nert atmosphere, for
example, under argon or nitrogen. In an embodiment, the green compact 1s heated in the
presence of arr.

[0051] The heating can be conducted at a pressure of about 500 psi to about 30,000
ps1 or about 1000 ps1 to about 5000 ps1. The pressure can be a superatmospheric pressure or
a subatmospheric pressure. Without wishing to be bound by theory, 1t 1s believed that when a
superatmospheric pressure 1s applied to the combination, the micro- or nano-sized binder 18
forced mto the voids among carbon microstructures through infiltration. When a
subatmospheric pressure 18 applied to the combination, the micro- or nano-sized binder can
also be forced into the voids among the carbon microstructures by capillary forces.

[0052] In an embodiment, the desirable pressure to form the carbon composites 1s

not applied all at once. After the green compact 1s loaded, a low pressure 1s initially applhied
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to the composition at room temperature or at a low temperature to close the large pores in the
composition. Otherwise, the melted binder may flow to the surface of the die. Once the
temperature reaches the predetermined maximum temperature, the desirable pressure required
to make the carbon composites can be applied. The temperature and the pressure can be held
at the predetermined maximum temperature and the predetermined maximum pressure for

about 5 minutes to about 120 minutes. In an embodiment, the predetermmed maximum

temperature is about £20°C to about £100°C of the melting point of the binder, or about

+20°C to about £50°C of the melting point of the binder.

[0053] The reduction ratio at this stage, 1.¢. the volume of the carbon composite
relative to the volume of the green compact, 1s about 10% to about 70% or about 20 to about
40%. The density of the carbon composite can be varied by controlling the degree of
compression. The carbon composites have a density of about 0.5 to about 10 g/cn’, about 1
to about 8 g/cm’, about 1 to about 6 g/cm’, about 2 to about 5 g/cm’, about 3 to about 5
g/cnr, or about 2 to about 4 g/cn .

[0054] Alternatively, also referring to a two-step process, the combination can be
first pressed at room temperature and a pressure of about 500 psi to 30,000 psi to form a
compact; the compact can be further heated at a temperature of about 350°C to about 1200°C,

specifically about 800°C to about 1200°C to make the carbon composite. In an embodiment,

the temperature is about £20°C to about £100°C of the melting point of the binder, or about

+20°C to about £50°C of the melting point of the binder. In another embodiment, the
temperature can be about 20°C to about 100°C higher or about 20°C to about 50°C higher
than the melting point of the binder. The heating can be conducted at atmospheric pressure mn
the presence or absence of an mert atmosphere.

[0055] In another embodiment, the carbon composite can be made from the
combination of the graphite and the binder directly without making the green compact. The
pressing and the heating can be carried out simultancously. Suitable pressures and
temperatures can be the same as discussed heremn for the second step of the two-step process.

[0056] Hot pressing 1s a process that applies temperature and pressure
simultancously. It can be used 1in both the one-step and the two-step processes to make
carbon composites.

[0057] The carbon composites can be made 1n a mold through a one-step or a two-
step process. The obtamed carbon composites can be further machined or shaped to form a
bar, block, tubular, cylindrical billet, or toroid. Machining includes cutting, sawing, ablating,

milling, facing, lathing, boring, and the like using, for example, a miller, saw, lathe, router,
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clectric discharge machine, and the like. Alternatively, the carbon composite can be directly
molded to the useful shape by choosing the molds having the desired shape.

[0058] Sheet materials such as web, paper, strip, tape, foil, mat or the like can also
be made via hot rolling. In an embodiment, the carbon composite sheets made by hot rolling
can be further heated to allow the binder to effectively bond the carbon microstructures
together.

[0059] Carbon composite pellets can be made by extrusion. For example, a
combination of the graphite and the micro- or nano-sized binder can be first loaded m a
contamer. Then combination 1s pushed mto an extruder through a piston. The extrusion

temperature can be about 350°C to about 1200°C or about 800°C to about 1200°C. In an

embodiment, the temperature is about £20°C to about £100°C of the melting point of the

binder, or £20°C to about £50°C of the melting point of the binder. In another embodiment,
the extrusion temperature 1s higher than the melting point of the binder, for example, about
20 to about 50°C higher than the melting point of the binder. In an embodiment, wires are
obtamned from the extrusion, which can be cut to form pellets. In another embodiment, pellets
arc directly obtained from the extruder. Optionally, a post treatment process can be applied
to the pellets. For example, the pellets can be heated 1n a furnace above the melting
temperature of the binder so that the binder can bond the carbon microstructures together if
the carbon microstructures have not been bonded or not adequately bonded during the
extrusion.

[0060] Carbon composite powder can be made by milling carbon composites, for
example a solid piece, through shearing forces (cutting forces). It 1s noted that the carbon
composites should not be smashed. Otherwise, the voids within the carbon microstructures
may be destroyed thus the carbon composites lose elasticity.

[0061] The carbon composites have a number of advantageous propertics and can
be used 1n a wide variety of applications. In an especially advantageous feature, by forming
carbon composites, both the mechanical strength and the elastomeric properties of the carbon
such as graphite are improved.

[0062] To 1illustrate the improvement of e¢lastic energy achieved by the carbon
composites, the stress-strain curves for the following samples are shown in FIG. 5: (A)
natural graphite, (B) expanded graphite, (C) a mixture of expanded graphite and a micro- or
nano-sized binder formed at room temperature and atmospheric pressure, (D) a mixture of
expanded graphite and a micro- or nano-sized binder formed at a high temperature and a low

pressure (“soft carbon composite”); and (E) a carbon composite formed from expanded
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graphite and a micro- or nano-sized binder under high pressure and high temperature
conditions (“hard carbon composite”). For the natural graphite, the sample was made by
compressing natural graphite in a steel die at a high pressure. The expanded graphite sample
(B) was also made 1n a similar manner.

[0063] As shown in Fig. 5, the natural graphite (A) has a very low clastic energy
(arca under the stress-strain curve) and 1s very brittle. The elastic energy of expanded
graphite (B) and the elastic energy of the mixture of expanded graphite and a micro- or nano-
sized binder compacted at room temperature and high pressure (C) 1s higher than that of the
natural graphite (A). Conversely, both the hard and soft carbon composites (E and D) of the
disclosure exhibit significantly improved elasticity shown by the notable increase of the
clastic energy as compared to the natural graphite alone (A), the expanded graphite alone (B),
and the mixture of expanded graphite and binder compacted at room temperature and high
pressure (C). In an embodiment, the carbon composites of the disclosure have an elastic
clongation of greater than about 4%, greater than about 6%, or between about 4% and about
40%.

[0064] The clasticity of the carbon composites 1s further illustrated m Figs 6 and 7.
FI1G. 6 shows loop test results of a carbon composite at different loadings. FIG. 7 shows
hysteresis results of a carbon composite tested at room temperature and 500°F respectively.
As shown in FIG. 7, the elasticity of the carbon composite is maintained at 500°F.

[0065] In addition to improved mechanical strength and elasticity, the carbon
composites can also have excellent thermal stability at high temperatures. FIG. 8 compares a
carbon composite before and after exposing to air at 500°C for 5 days. FIG. 9 (A) is a photo
of a carbon composite sample after a thermo shock for 8 hours. The condition for the thermal
shock 1s shown m FIG. 9(B). As shown in Figs 8 and 9(A), there are no changes to the
carbon composite sample after exposing to air at 500°C for 5 days or after the thermal shock.
The carbon composites can have high thermal resistance with a range of operation
temperatures from about -65°F up to about 1200°F, specifically up to about 1100°F, and more
specifically about 1000°F.

[0066] The carbon composites can also have excellent chemical resistance at
clevated temperatures. In an embodiment, the composites are chemically resistant to water,
oil, brines, and acids with resistance rating from good to excellent. In an embodiment, the
carbon composites can be used continuously at high temperatures and high pressures, for
example, about 68°F to about 1200°F, or about 68°F to about 1000°F, or about 6&°F to about

750°F under wet conditions, including basic and acidic conditions. Thus, the carbon

13



CA 02964230 2017-04-10

WO 2016/060765 PCT/US2015/049938

composites resist swelling and degradation of properties when exposed to chemical agents
(¢.g., water, brine, hydrocarbons, acids such as HCI, solvents such as toluene, etc.), even at
clevated temperatures of up to 200°F, and at clevated pressures (greater than atmospheric
pressure) for prolonged periods. The chemical resistance of the carbon composites 1s
illustrated in Figs 10A-10C and 11A-11C. FIGS. 10A-10C compares a carbon composite
sample before and after exposing to tap water for 20 hours at 200°F, or after exposing to tap
water for 3 days at 200°F. As shown in FIG. 10, there are no changes to the sample. FIGS.
11A-11C compares a carbon composite sample before and after exposing to 15% HCI
solution with inhibitor at 200°F for 20 hours, or after exposing to 15% HCI solution at 200°F
for 3 days. Again, there are no changes to the carbon composite sample.

[0067] The carbon composites are medium hard to extra hard with harness from
about 50 m SHORE A up to about 75 n SHORE D scale.

[0068] As a further advantageous feature, the carbon composites have a stable
scaling force at high temperatures. The stress decay of components under constant
compressive strain 18 known as compression stress relaxation. A compression stress
relaxation test also known as sealing force relaxation test measures the sealing force exerted
by a seal or O-ring under compression between two plates. It provides definitive mformation
for the prediction of the service life of materials by measuring the scaling force decay of a
sample as a function of time, temperature and environment. FIG. 12 shows the scaling force
relaxation test results of a carbon composite sample at 600°F. As shown in FIG. 12, the
sealing force of the carbon composite 1s stable at high temperatures. In an embodiment, the
sealing force of a sample of the composite at 15% strain and 600°F is maintained at about
5800 ps1 without relaxation for at least 20 minutes.

[0069] The carbon composites are useful for preparing articles for a wide variety of
applications including but are not limited to electronics, atomic energy, hot metal processing,
coatings, acrospace, automotive, o1l and gas, and marine applications. The carbon
composites may be used to form all or a portion of an article. Accordingly, articles
comprising the carbon composites are provided. The articles include a sealing element, a
heat release or exchange element, or a friction reducing element.

[0070] Illustrative sealing elements include, for example, seals such as static seals
or dynamic seals; secal seats; packoffs seals such as retrievable cementing packoft, polished
bore receptacle packoff, wircline packoft; packers; joint sheets; gaskets; bridge plugs;
packing, such as pump packing, valve packing, or the like. There can be overlap among

different types of scaling elements. Static seals refer to seals between two stable and
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immovable components and mclude C-rings, E-rings, O-rings, U-rings, T-rings, L-rings,
rectangular rings, square rings, x-sectioned rings, and the like. Dynamic seals are not
particularly limited and mclude any seals between a pair of relatively movable members. A
gasket 18 a mechanical seal which fills the space between two or more mating surfaces.
Exemplary gaskets include high performance gaskets subject to pressure and heat, for
example, head gaskets and exhaust gaskets for automobiles and flange gaskets for refineries.
The scaling elements have excellent elastic properties. Thus they can fill in the gaps and
imperfections m the surfaces to be sealed providing fluid-tight or airtight seals. The sealing
clements can further have high heat resistance and durability and can be used m a wide
temperature ranges.

[0071] The carbon composites of the disclosure have high thermal conductivity and
anisotropy and can be used to manufacture heat release or exchange clements. Heat release
clements are typically used for rapidly releasing heat generated from electronic devices or
components such as computer, CPU, and power transistor. Heat exchange elements transfer
heat from one medium to another and are used n space heating, refrigeration, air
conditioning power plants, chemical plants, petrochemical plants, petroleum refineries,
natural gas processing, sewage treatment, and the like. Illustrative heat release or exchange
clements include heat sinks, cooling systems, heating radiating components, and heat
cxchangers. In an embodiment the heat release element 1s a heat sink for laptop computers
which keeps them cool while saving weight.

[0072] The carbon composites of the disclosure have high strength, high hardness,
and superior self-lubricating properties. Thus articles comprising the carbon composites can
be a friction reducing element such as bearings, bearing seats, coatings, and the like.

[0073] The articles can be a downhole element. Illustrative articles include seals,
high pressure beaded frac screen plugs, screen base pipe plugs, coatings for balls and seats,
compression packing elements, expandable packing elements, O-rings, bonded seals, bullet
seals, sub-surface safety valve seals, sub-surface safety valve flapper seal, dynamic seals, V-
rings, back-up rings, drill bit seals, liner port plugs, atmospheric discs, atmospheric chamber
discs, debris barriers, drill in stim liner plugs, mflow control device plugs, flappers, seats, ball
seats, direct connect disks, drill-in linear disks, gas lhift valve plug, fluid loss control flappers,
clectric submersible pump seals, shear out plugs, flapper valves, gaslift valves, and sleeves.

[0074] The carbon composites have a high thermal resistance with a range of
operation temperatures from about -65°F up to about 1200°F. Accordingly, the downhole

articles such as packers can be used to produce hydrocarbons from a subterrancan location
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having an ambient temperature of greater than 750°F or greater than 1000°F. In an
embodiment, the articles of the disclosure are continuously resistive to one or more of
thermal cracking, thermal degradation or thermal decomposition, at an ambient temperature
of greater than 750°F for more than 30 days. As used herein, “continuously resistive” means
that less than about 10 wt%, less than about 5 wt.%, less than about 2 wt.%, or less than about
1 wt.% of the carbon composite or the article containing the carbon composite 1s thermally
cracked, thermally degraded, and/or thermally decomposed.

[0075] The downhole articles can also be used to 1solate or complete a wellbore.
The method comprises deploying an apparatus comprising one or more of the downhole
articles m a wellbore. For example, the article can be of a type suited for filling an annulus
within a borehole 1n a location surrounding one or more production tubulars. As used herein,
the term "production tubulars” 1s defined to include, for example, any kind of tubular that 1s
used in completing a well, such as, but not limited to, production tubing, production casing,
intermediate casings, and devices through which hydrocarbons flow to the surface. Examples
of such article include, 1n non-limiting embodiments, annular 1solators used to block off non-
targeted production or water zones, and the like.

[0076] The articles can be made directly from a composition containing carbon such
as graphite and a binder through a one-step or a two-step process under the same conditions
as described herem for carbon composites by choosing a mold having the desired shape.
Alternatively, the articles are formed from carbon composites by shaping or machining or a
combination thercof. Shaping includes molding, extruding, casting, and laminating.
Machining includes cutting, sawing, ablating, milling, facing, lathing, boring, and the like
using, for example, a miller, saw, lathe, router, ¢lectric discharge machine, and the like. The
forms of the carbon composites used to make the articles are not particularly limited and
include for example powders, pellets, sheets, bars, blocks, tubulars, cylindrical billets,
toroids, and the alike.

[0077] All ranges disclosed herem are inclusive of the endpoints, and the endpoints
ar¢ independently combinable with each other. The suffix “(s)” as used herein 1s intended to
include both the singular and the plural of the term that 1t modifies, thereby mncluding at least
one¢ of that term (¢.g., the colorant(s) includes at least one colorants). “Or” means “and/or.”
“Optional” or “optionally” means that the subsequently described event or circumstance can
or cannot occur, and that the description includes instances where the event occurs and
instances where 1t does not. As used herein, ‘“‘combination’ 1s inclusive of blends, mixtures,

alloys, reaction products, and the like. “A combination thereof” means “a combination
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comprising on¢ or more of the listed items and optionally a like item not listed.” All
references are incorporated herem by reference.

[0078] The use of the terms “a” and “an” and “the” and similar referents m the
context of describing the invention (especially 1 the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Further, 1t should further be noted that the terms ““first,”
“second,” and the like herem do not denote any order, quantity, or importance, but rather are
used to distinguish one element from another. The modifier “about” used m connection with
a quantity 1s inclusive of the stated value and has the meaning dictated by the context (e.g., it
includes the degree of error associated with measurement of the particular quantity).

[0079] While typical embodiments have been set forth for the purpose of
illustration, the foregoing descriptions should not be deemed to be a limitation on the scope
herein. Accordingly, various modifications, adaptations, and alternatives can occur to one

skilled 1n the art without departing from the spirit and scope herein.
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CLAIMS

1. An article comprising a carbon composite containing

carbon microstructures (1) having interstitial space (5)s among the carbon
microstructures (1); and a binder disposed 1n at least some of the iterstitial space (5)s;

wherem the carbon microstructures (1) comprise unfilled voids (6) within the carbon
microstructures (1).

2. The article of claim 1, wherein the carbon microstructures (1) comprise
microstructures of graphite; and the binder comprises one or more of the following: S10,; Si;
B; B,Os; a metal; or an alloy of the metal; and wherein the metal 1s one or more of the
following: aluminum; copper; titanium; nickel; tungsten; chromium; 1iron; manganese;
zirconium; hafnium; vanadium; niobium; molybdenum; tin; bismuth; antimony; lead;
cadmium; or selenium.

3. An article comprising carbon composite containing:

at least two carbon microstructures (1); and

a binding phase (2) disposed between the at least two carbon microstructures (1);

wherein the binding phase (2) comprises a binder comprising one or more of the
following: S10;; S1; B; B,O3; a metal; or an alloy of the metal; and wherein the metal 1s one
or more of the following: aluminum; copper; titanium; nickel; tungsten; chromium; iron;
manganese; zircontum; hafnium; vanadium; niobium; molybdenum; tin; bismuth; antimony;
lead; cadmium; or selenium.

4. The article of claim 3, wherein the carbon microstructures (1) comprise
microstructures of graphite.

5. The article of claim 3 or claim 4, wherem the binding phase (2) comprises a
binder layer (3) and an mterface layer (4) bonding one of the at least two carbon
microstructures (1) to the binder layer (3), wherein the mterface layer (4) comprises at least
on¢ of the following: a C-metal bond; a C-B bond; a C-S1 bond; a C-O-S1 bond; a C-O-metal
bond; or a metal carbon solution.

0. The article of any one of claims 1 to 5, wherein the article 1s a sealing element,
a heat release or exchange element, or a friction reducing clement.

7. The article of claim 6, wherein the secaling element 1s a scal; a seal seat; a seal
assembly; a packoft seal; a packer; a joint sheet; a gasket; a bridge plug; or packing; the heat
release or exchange clement 1s a heat sink; a cooling system; a heating radiating component;
or a heat exchanger; and the friction reducing clement 1s a bearing; a bearing seat; or a

coating.
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8. The article of claim 7, wherein the seal 1s a static seal; a dynamic seal; a
retrievable cementing packoft; a polished bore receptacle packoft; a wireline packoff; a head
gasket, an exhaust gasket, a flange gasket; a valve packing; or a pump packing.

9. The article of any one of claims 1 to 8, wherein the article 1s a downhole
clement comprising a seal, a high pressure beaded frac screen plug; a screen base pipe plug; a
coating for balls and seats; a compression packing clement; an expandable packing clement;
an O-ring; a bonded seal; a bullet seal; a sub-surface safety valve seal; a sub-surface safety
valve flapper seal; a dynamic seal; a V-ring; a back-up ring; a drill b1t seal; a liner port plug;
an atmospheric disc; an atmospheric chamber disc; a debris barrier; a drill in stim liner plug;
an inflow control device plug; a flapper; a secat; a ball seat; a direct connect disk; a drill-in
linear disk; a gas lift valve plug; a fluid loss control flapper; an electric submersible pump
scal; a shear out plug; a flapper valve; a gaslift valve; or a sleeve.

10.  The article of any one of claims 1 to 9, wherein the article 1s continuously
resistive to one or more of thermal cracking, thermal degradation or thermal decomposition,
at an ambient temperature of greater than 750°F for more than 30 days.

11. A method of forming an article of any one of claims 1 to 10 comprising at
Ieast one of shaping or machining the carbon composite.

12. A method of forming an article comprising a carbon composite, the method
comprising: compressing a composition contaming carbon and a binder at a temperature of
about 350°C to about 1200°C and a pressure of about 500 psi to about 30,000 psi to form the
article;

wherein the binder comprises one or more of the following: S10,; S1; B; B,0Os; a
metal; or an alloy of the metal; and

wherein the metal 1s at least one of aluminum; copper; titanium; nickel; tungsten;
chromium; 1ron; manganese; zirconium; hafnium; vanadium; niobium; molybdenum; tin;
bismuth; antimony; lead; cadmium; or selentum.

13. A method for forming an article comprising a carbon composite, the method
comprising:

forming a compact by pressing a composition comprising carbon and a binder; and

heating the compact to form the article;

wherein the binder comprises one or more of the following: S10;; S1; B; B,0Os; a

metal; or an alloy of the metal; and
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wherein the metal 1s at least one of aluminum; copper; titanium; nickel; tungsten;
chromium; 1ron; manganese; zirconium; hafnium; vanadium; niobium; molybdenum; tin;
bismuth; antimony; lead; cadmium; or selentum.

14. A method of producing hydrocarbons from a subterranean location having an
ambient temperature of greater than 750°F using one or more articles of claim 9.

15. A method of 1solating or completing a wellbore comprising deploymg an

apparatus comprising on¢ or more of the articles of claim 9 1n a wellbore.
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FIG. 1
FIG. 2




CA 02964230 2017-04-10

PCT/US2015/049938

WO 2016/060765

2/9

¢ Dl

\rrrrrrrrrrrrrPILY

ot oS

-l- L AAML LA tb-

- LN )
AT AR o,
o 0 /
LS S e,
7 \N\\Nﬁ\.‘“\\u\\‘ AT

7 /

T e a

a1
\\nu.\.:..\u...... L84
N, s S
RIS
N o
AR . %
. oo
- l-\uu )
: e L R Y
e e .- apatt Lz
7 R
s - ‘.- (L AR
" T,
N ‘l ll lll
> ) .
e o
AN A 4
i SRy, z S
. N R R (
. % ALy Gty
. et e '

t)
SR A
I \uu.. =

=
N
N
.
N
N

)

e
%

g
o
e

LSy

&/
& .
D i vy :




PCT/US2015/049958
3/9

CA 02964230 2017-04-10

WO 2016/060765

v "Old

N
O
...... - o IR0 e . o N S
.................. e n e S Sl e : Ry el e e e Tt e
e, A & SRl & \. = .

R

e o s e A 77
LT “\\ e A

A ; s \ \ -
2 s \\.\““\ \\\ 5750 .\\\\ &\“ ‘

i Z\ .
.

CAL)
0% e
\\ .\\.\.\ STy - - .
% @\%\\wﬂ\.\ﬁ\\wﬁ“wvu\\ ! . e : \\
I o 7 /,
\\%\\X\»& : o 2 95050507
22 : 2 4
I, L i \\n\x\\%\‘“\\.

Z
/ N
i H\vox“\ \\ 745

v \\m\\.\\

O . . . g g S Y eeee - .- e e pems_ meseaeaas oatt
s DO . e e e sl Tr v - O A e L A Rt

7

\\\ T /T 7 “‘.\.\\.
il \.»x\ & oo TR

DR ST A At

X A DX KL X ORI P e e e

e i i i R .

v

u\\.\\ Ca

e

'
S
&

.

.
'

v rmavewy
.

“hs
.

3
53
b
0



PCT/US2015/049958
4/9

CA 02964230 2017-04-10

WO 2016/060765

§ Ola

ST IRITNIS TSI EIIL I PPL J O Ly o Lo I T SR DG LN N LRSS VIS ON P INN NS PP OIS S ISPV AL, T A E A T AT AL AT E 8NP BNV NSNS DI EIII AP AN L IIIITIIOT I L AL PEANA [ IO AT AT TS L 2 NS NN I OSSO OSSO T PPN P T o T e T e eSS b S CENN LSS PN ONEEONGEN 28I S E PN EET N AT AT P ORI h SV TV OO O PO P O ANES PPN PO NN PP PO T F I P N Tl Syl S EE TR LT T8 0 SN ISP DN P LIPS A SV ONN N O N TN I TN S 7SI TSI T L7 1 f S s ad S o DS T ENA L LN L LN PG NI LN IS IS E I N I TN A OO O AT RN AT T e el e e e

>

% Uledls
%09 %S %0t %S¢E %0¢€ %S¢ %0¢ %ST %01 %5 %0

. Ld
M W. ; M ., .m
. > + -,
Yrsvsssavasannrar tvarrar Yrewvrs Pt r b P b P P P P P 4 P IR A A AR I P I A A SIS I N S A A A A A A A AR AR AR AR A AR A AR O ww b T—— Yerrrve PP IV r vt P A AT fp g kA A A A AP A AAN S AR AR SASSIAN SIS PEs s rEsassvesvnarrrarrtfrrtr v tvdd POVttt arivittancsirasinissssssnnsnnanssnnanaan -unua'-suuouuu\%\\ PP It PP S A C S Pt BA) A AP A S AL AR AR AR AT NS AVARrrrrrrrr/resssresavatssssrrsverravavrrrrdfvdVrrvitstt vt rddasagansaaniadifasassassssssravevreravarerereranre bevrer trwwer L D L e L Lttt ot es ...-vu\.-uvx.c\vc\u.u.uh.#wh.n.u.n.n..c...-hh.u.ﬂ.u&.uv..unﬂOrNHH.rS\S.RNNNNMNNRNNMN.ﬂ-..‘.
g DXRIEAR -
D

& .“..\-\ {\
“ RN P A R AT A ] v, o AP AP A A
A S ot B PALAR Oy 8k
e
e

Nl
[ 4

-

an
SRt vas b o b o de s ddmbu st b Pu vttt 4ttt ilArINST RIS+t AnL

v . NN NN AT s 5 q )
o DA EIS v w( N s X A . A M)
..c»:».run..... b A4S L CROE D .m.&uvo\{\}:n{vw.va%.(&(ﬂ.ﬂ U..AI.VMKJ.\V. B A oy .....A».\...'UM.MN?. R §

~

e L
RS T
A wE
RS 5

2 AN vav)m%..wﬁ)\ 5

R ﬂ.n#.v».uu.u.vk.'uwuw T :
Y . "

- -\

spssyabavaban

NRTNNER

Y

-s‘(:"‘.' ”
PRI
A AR R AR

WW\M\““\\“\\“wAs\mM\\m
H
>

4
.
Q
%
A
.nu..mnw. )
adns
S

..lltn -
\ l\“l

Al

M2
ol
e
ane
A
LA L L T R AR L L L A L L S R S A S AN N L e A A N L S AN A R LA A AR S AL S S L

AAARR
AL

LoD,
AN
Y
\'i

shadbdine

() @usodwo)
1}0S

(D) INIXIAL
19puiq/atiydel papuedx3

-
-
-
(o)
(1Sd) 59418

X
NI
s

v L7 o

G A O AR RS TRR NR
o,
U

d{:?r
N,
'x

(3) susodwo) piey

AR AR AL RS LR LA S A L L L L R AN R L e A R A A R L A AN A AL A R L R A L Ll L

MMWM\\MW‘AV&M“\ng AR T W R R L VR A WA

sdesn

A N A ARRAL A AL AN | e S Y S e e

- 000<T

AN 3, B A, L A 4 i A, & S AALAA LA S A B0 L B LA AL VA LAARLLL L ALLL L AL R AL AR AL L LN LA AL L A n s a st asabalrasnasbobobonasnnnasaeyradtandaduedayibohad hndbaihhy i hidddn \ R R RALALA LA L WAL LLASLE ARSI LS | LASASAA VAL LS AL S L oL LA AA LS Anan s sanbhahrhrde habhhhidrabh \“‘W\WM

AR T R R L A R AL RS A A A RS S A A A e Ll

AAAAA

B e s e e et GV L TR E TPV VEEE PR NPT E P PP TP R PSR T PP PP PR PL A LA PAL T LS L b sk de Rl ol 20 ae g e o o o o o S oINS A o B BB A ABPBAPPPAPPPPPIBT D OD S DO DD DB B DD DA B [ BB B OBl ¥ PG B BV BT Al 3 B o i 1IN NINASAA A 9 NSNS GBS APBBBP I CA NP DAPBBPR CPACAAACARRDS AL ATARS A, e S R T Lt o o e e i e e e afat et e e e b PV Bl Wi i b A N A A o AN A P OIS PP PIPPPPASPTASDOAAABBRPRBBDCBBY AL DL kB82S



CA 02964230 2017-04-10

PCT/US2015/049938

WO 2016/060765

/

YW e e e e e e e e e e e e R e ) VR T e 1 e T e 8 Y Y O e T O T W S W W N e e 88 0 e Y e T e Y Y e e e

9 'Ol

PP E S IS f pr i) 8 P § S G g L d gl oty W i p v d s 8w AR T A LN T 80 SV 8 IS GA A A A A AL A AN A A AL AT Al A A A LSS S PP NP PP S GG ARG A GN G N P’ i d s i f el srew i wld b BN i T w ke dww S i DS A NS ws i dadawd L a S A e AT A AR A A A AR LA A A B AN A A EEE R AT SO s LT & AT TS E S SN S Y s

m
-
r
b
v
r
\ - W
M
’
v
M
. -
- g L L e e L L L] Sy L il oA Y. Sl »
7 §
- z 2
ey A w.
’
£
»
»
»
r
»
r
r
r
r
L P e ) v OV I L VS Ph s d o S pua NawA AN TGS AN avrde e VAT A Ao, awa TN A S S N e S e e aad kg m
-
-
’
m s
5 P
- v
4 -
-
’ -
s ¢
3 .
z %
“ J ’
z H
z v
7 -
-
> 14
LAAT L BIY Y P BB DY P D INNNNI L PN P IPDPIIIIIIIPINIPINN DD PP NIPPIPISPIY DL PPPISTIINS L LIPS S PP DL T EET N LGNS IS L A A N I T AL A A8 VTN NG L 5 TN OO0 TN C PPN SN S WINPT DI 0SSP P r P e e PP e o N e e P e NN ISP AR PR p PN > S -
£
r
-
£
a
» 13
< -
p’ £
.
¢ " M
-
~
[
r
-
r
M »
v
P -
* :
B A A A A A A S N R I N NN S AR A A AR AAAAAAAAAAARAAAARARAR P T AT AATEARRS FaAra A AN I T T I A A A N AN T ST I P P P P R P R AT AT I AT T T P T Y P PR T Y YR Y Y Y YR Y Y Y Y Y Y v e vy~ wwwres reerr e ewvdrvd=vrrdldbmmy r rh v o o v d bl god g F BB G A G A L BBLBAG S P AP AAL L BB BAEBAD AT BB A BBAB BB CABBAABLABBBBELBLLBBLBBLLABBABBBABBBBL BB BBLCABBLBLBEEALCACAAAABCLBL L AL AAAAALLAAmAATEFESSSsAsAN SRR RAFERRRRaAS l!-!!l-!‘-h‘!c H
-
-
-
7 1
-
-
-
-
L ¥
-
L T 2
¥
-
4
-
“ -
: Y
. <
x4 ‘ e
X )
¢ - .
W 4 ' -
THRIPPIILPE DI I RSP IEE TSNS E L AL NI I =58 PECLL P AT i TIRIE L EEIEL ETETIETIGIE IS L L A S PTESSOPCO PO OEEEE PP PP PP PR PSS PN L E PPN & BN NAE A PRI PNAAS ISP I IPASIAADISD DD BIIDIPPSNIPIP SIS SIPPPIIIDNRTL ADI 2 NI IIASIPT SIISS SIANSIIIL I TSI INLTT SAPIT SIS P LI TEEE PILISRI L PELET IS PE AT IS PIEPIIE LSS E LSNPS & §555\§3\N§N§5\2\N§§§§3§§ :
S [4
/ v
-
-
e
2 b
q ’
2 ¢
¢ 2
- -
a ;
s :
v
“ v
3 £
z by
- -
" ¢
' s
J r
rs be
e -~
SssssEs.sEsssEwERsEREES A AN A AR AAS A AAAARAAT S RARS PSP ArE S EE T rS S AT A S YN SEYY AEEPY E P PR T AT YT YR T YYTYTY S YT YTYYTYTYYYT ST YCT YT YYYTYTYYYTYTYYYTTYTYSIUT T rr v vt v b v A v v by b A A A A A A A A A A A A h A S A by P Ay A A AR A A A A A AAS SR AAAAT AR AT AT AN AN A A A A A AN A A A A A A AN LA A A A AN AT rI S PP AP IS IV PP YR Y Y YT ASYEYYsNYYYRFYFSFYTYRFYYYRFYSIbvdv vy vy ~
-
¥
Ed
>
b4
v
-
.
~
by
08 A B rrsS s S e ssss st s nsEe s s rsssnn sresnsst st ssntnnnnnnsriatrarssrars vEver sty rsvevorve rresseesruereeerevriieryrrvYrVTTIYTYY FRITerrrrerrrr Y. P ry. cem ey ey mnyedenyennymnnnbindndd Ahhebenne cenndeddd AASASAndendsdad s Pl ate d VL se d 8L RIASASSA S BPA A SAL A A S SSa SRS S S P.S AN AA8 480NNl NS PEEEEriiiEi0EEEEELENErEErErEEENrFIYYYIYYYYIvIVIIYYYIIYYIVIYYIrY PP rvYYeayan v rveprereayrrarrYayayammtinton Mlacctdddbndonnntdnnaduddnnnddliecdacatdtiadbbtodactitosnnd



PCT/US2015/049958
6/9

CA 02964230 2017-04-10

WO 2016/060765

3 9l

- . et ML L L
O I O R T i I S K

D '’

L ARAL IR AR RO IS LLCREEE Sl § BB VWV g oo i d AAA b, BRSSP A A AR B4 AAN B BE BB BPBPPAP D DPPIPISPDSPP PRSP, - > WALy i AP P E S EPN SIS,

!
|
:
|
|
;
§
|
|

%) Ulells
T 0T 8 9 174 V4

. - -
> - . . . wipie
1\%’\;\\;\t)vE%\\}..\\a\u..\.)\tbD.Dll}il.!‘.\.(VR!IR\Snl\%-fll\llﬂ.\\}l(\(.\zt}(\\\ -, W . e \(3!}!%”%%\3\\\\({\\( B e o N P N P L L s 2L

-

shurdbbbvideny \EE\ -k
-
.
.

1
-

400G 1B 159 | wwwmmme e A A A P msmsisismssssss o

egssprrrqunnshh

ADADIIIANAT ABIBIIP T IIAIAPI AT ILAIR ORI LI BI I NI IS I IPL S d 88 I A I A BEA 8 o PIDIIIL PIE PPPIS T APPSO, OV NI AL NIGNANADAAABINAD AP ADI B NADDPSINISNIPPINNPD PTPINNPESNPSS, =
m H m “ m w - . o - L . Cad BASBLLARL L AT AIANS LA LI EEA LI TCEOLT AN CIOEINTT NP PNNNAS -

*
AT PR YA AN r o A - A aaa, e, fagnsnwarnvanpnws £ D T S LT et R et e s e L T P P C L T P TR R P L PO L Pt TN
-

NN

(15)1) ssans

T T T T T T e s e A B AR B B BB RSB C vivA Wamird A n i & B OSSN AAADAADDID P ADPPSPPPPPSPPIPIIPLIND BPSD DD DD DA AAN DDA BN RS

7

N e Y P R e A Y P AV S N TN S T (A e ge e e e Y Y g v 0 e W P W e n W a b P Y Y Y R W R Y YR e WP Y Y Y Y PR R EALR SN REN ] AN

3
3
L
.
E
-III-DIDDI(OODECOODDDD'DDDDDD
.
.

“

PP PP PP e rmrrrrrrd m vy v rr e r b Yy r rm A hhd b e yy b dnddddddd ch T A A AN AA AN AL A A A A A A A S A A A AR N A A AN A S A A AN AT ISR NN AN YR VR R P PP PP P PP Y YR YYYYYY rv S rr v v v rr v v E b d g b A e b P A AP AL AL AL AL AR AAAL A AL AZAASAAFFER R SRR EEREE RSN REF YR FaFYFFFFFFPFF FrrrYrFrre Y “vrrerb=vry v -t b4 +* Assrssssvesssssssraveavaversvnnrdresd m N

DA R L AN A I LA E R EL o b )

FERa LR LR R AR AL L RY] R R e R e e e b R S N R e s L T e R T R A A R L T S L

” "r g ,a elannnssfepps s snlenanss s sbomanninanbontbdabndbndd de
B L T L T e L L L L L L L T L T L R L s e T vevvy v vr=vy EELE DL ST B e L e e e e e e e it b LU AL LS AR LS L AL LE AL LEL LA AL AARAR SRR Lol d il S kSl £ 4 5 Sttt Sttt AlbfLLsLsssab L ETLRERLELIYTRARARTTIATYIYYYIN YA Y il



CA 02964230 2017-04-10

PCT/US2015/049938

WO 2016/060765

719

LI (LA AN NP OSSN OSSN N AP I LN NI PN 2 P A AN B PPLS L &b Fa il sl i i il il PN BN N P PP AN NS NP I PP IIS DS I TR W e TS SN T/

AN A AVALAASE LA LA L LG AL LA AT AR S AT LA RS LA AR 0 TR AR R A A A VASAAGA L VS S VAAALS AR W AR A AR AR Y b

()6 ‘Ol

(1H) dwiL

8 9 1% [4 0

Prrrr s s rd sV ravt vV P /vt R PAMA LIS AR PALARARAARAAR AR ARARAAREAArFes re Y CovwrwdsvevdorededoedevbaddrP=444 4444404408484 danrararrisasraranrsnsssvea - /s rhivavat bradavirrme Cabr—brv P4 440440040400

- &
v AT VOV TR OTE PR PEPPS s arrr AR~ e N
A

Yéw

(RS ) h‘b’)’)’l'«’}d‘\mﬁf

rurrdsrratrerefttr bttt ttt i P L L L = L L L L L L/ e e T R/ L R L P e e e P e P P P PP L L R/ AL Ll L Ll L L L LR L o T VAR b LA Lo s s d oS ad add Lol d bl "7 sk el debenl bbbl bl e e i sl

§

4

4

T AT

i

:

; 1

; ; :

; N :

s N

s 3 E

N ;

:

s {

b

NAEENRN N
: 3

: : :

3

| 3 |

!

i

NN

» \“\ H

:

s

: §

E

: 2 H
%

RREEENARAN
SNRANNAR

R R VR
A

NN
DVRETRNEEENS
W

%
AT %%\%%&\\%\ 2 Al g \§§

N
|

£
-
»
»
- »
>~
»
-
v
B I S ddd sttt gi\ti)‘m’(‘\\\\\\\t}tuttgtgggiii(%%%%%l(‘???.ou\n.\ll(hﬂc.\r
————— . w— - Sl B Pkl - L e e Anr o et eAf -

009

a?.?‘&?s‘it\\\zgg\a\!g%;é

MR A & R VAARALLAS A A S A L e n s s iy on L b GAn st tatab a4 od o bal AAGAARAALLANAS AL S A RSAA L L AR s L s ba e LAn s s s ASALALLLAL L af Ll a AR AR LAAAA A RAA VYR VA MR S R VA ALY




PCT/US2015/049958
/

CA 02964230 2017-04-10

WO 2016/060765

JLL 'Ol

dil Sl Vil Dl

4,002 ‘sAep 4,002 1Y 0¢

. ,u.u..‘.
RS
RCRIRS

"

0L Ol d01l SOl4 VOl "Olid

W@%\?{Q‘

et
< 7%
A%

/ D . - .
7 A e : g
” Y SIS e >, o (A L S y
i S S
% B 447, v
Y 0
AXTY, \\ IS A S -“k\\ \ \ e &
7 i
A T k\\. A T A \\\

%

.00 ‘she .00Z 1Y 02




CA 02964230 2017-04-10

PCT/US2015/049938

WO 2016/060765

9/9

e A Y Y T e e e e VY e e e YR Y T W P Y O e 8 8 0 Y i ey e 8 ey e T O T T P e e e ) e e e e Y Y Y e e e e P 4 N R e e VR A A A e e S S S T P R RN TV A R SN PR P NIV R P A SRR AN PR PR P R P T R R Ay uvﬁ*\’“*\h\\\\\\\%‘m*mwmm*ﬂ}

1
i

e T e e - \%g-\)-)\S\lrn){)c))g;\;\n!n{£§§{n\){.nn{nu\5.ivll1
’ -
’ H < $

- 00vT 002T 000T 008 009 00% 002 0

BT N e R ) s s e )

S P NENFRFNREFRF NI LRV EETF RNNT LF D LT NIRRT R EE PN A Rt e AT NP RE I TSV PP REFF o R N A S S o L o a3 a3 G g g e N e o Py S e Py

AN e

NN \\i
2
Il--l--l--i---ll-‘v(w--llll-Iol’)lri NARNH44a TN o b P e 4NN datRR "N

13
.
RN TV S TE PPN PN P PP PP PP P P NS PN D NN P PP NN ID S ININD NS DN P BB AN D I DD DB D DL BPPIEIINGPIPISIIPLPISSIPISSPSDT SBPLPSSSIPPISIL LIPS INSIITIL =B OSBL I INPLLPITE S PLPE L PL I I OO T O TN NI NN A VNN IO 0 8 0 O T TS SO s oSS A r A AN P Pt e PR Do A SRS BB PP PPN PINIS SN )\S\\\\\“&\.

Lo L EA LN a8 S0 AR A A A N A A A A A AN E AT A A ik A A AA A AT A A A AT IV AN T OV AV S VA ANV AN OAANAAAAVL SOV AVCAAVIT NP COCCONS OO O 0L 0 0S4 #d by h BB f o ptr it 8 SN f ottt r S et r P ra B s d Hds AN A s avn AR IV N S A A 2 P TN A A A A A A AN AN A S AN ANV

A A s S EE SN
!
!
:

V4
Z

SRR

G e A A a r 8 \w\\\\\\\\v\\\\\\\\ \\ 7 ;
BB B o iy
7

.
s
s
s
T
z
, :
:
7 s
:
7% 7400 A 7. 4 3
. :
i " b4
:
a
-
s
:
v
*
A AN AR T A AR AR A AR AR AR BRI AT TR AT AT AT R PP P ATYP PP P PR PR TAA TR Tas s T T FssrFssadruaryryrryrvyryrryrtrrrrrrd Prédvrdrrvdvrrrédrvrvrtvitvrey KOO‘O!O‘!‘(OONOI’
*
*
*
3
z
-
s

PP r I R R AT T R R TR R PR r s s A R A N VAN R rd NN R R P A NPT T YT R T Y T TR T T R R T Y Y P AV T YTV P YT T TP T TYTRRTETRATR P AR PR A PR LHARA AR AR LA R AR RARRITEARARRITRITIRNNTRTIATIIRIARAN NI NE B agama g n g

N

*
A A 0 0 A I A IS B A 088,88 A A A A AR S S A AR A AR AT AL AR AR AR AR AL AAT L AN T AAAT R CRRDIS LB RBAL 8 UD QL8 DALV D 8 e N o I P NI I P A e I AN S8 e 8 0 0 P 0 0 1 N I I 0 I N N B I 0 0 B I LR N 3 BB IN INB  8 E R E R R AR A AR A AAA AL A A AT P AL RN AR PR P s rar Y= N

0

000¢-

000¢-

000%-

000S-

E

[1sd] ssaa3s

AN TN R T Y Y Y T W e e Y O 0 R Y 9 Y Y R e W N R R PN Y Y N e R I N Y P Y W R A 4 N e e R R R R E R R R N R N A A N S Y A W R R R R T R R R RN Y W W W Wy

;

.
REARRRTRRRRN

|

WAy

s i A LR AR 2SS S S 2 )

RN R e e e R R e S S L






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - abstract drawing

