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PROCESS FOR PURE CARBON PRODUCTION, COMPOSITIONS, AND
METHODS THEREOF

[0001] Blank.

FIELD

[0002] The disclosure provides for methods of oxidizing carbide anions, or negative
ions, from salt like carbides at temperatures from about 150°C to about 750°C. In another aspect,
the disclosure provides for reactions with intermediate transition metal carbides. In yet another
aspect, the disclosure provides for a system of reactions where salt-like carbide anions and

intermediate carbide anions are oxidized to produce pure carbon of various allotropes.

BACKGROUND

[0003] Carbides are chemical compounds containing carbon and an element with
lower electronegativity, or less of an ability to attract electrons. Nearly all elements react
with elemental carbon to produce carbides. They are further classified into four groups: salt-
like carbides, covalent carbides, interstitial carbides, and intermediate transition metal
carbides. Salt-like carbides react with water and dilute acids to produce 1ons and
hydrocarbon gases. Intermediate transition metal carbides also react with dilute acid and
sometimes water to produce metallic cations, hydrocarbons and sometimes hydrogen.
[0004] Salt-like carbides are further broken down into methanides, acetylides, and
sesquicarbides. Methanides react with water to produce methane. Methane 1s a carbon atom
bonded to four hydrogen atoms in an sp3 hybridization. Two examples of methanides are
aluminum carbide (Al4C3) and beryllium carbide (Be;C). Acetylides are salts of the acetylide
anion C2 and also have a triple bond between the two carbon atoms. Triple bonded carbon
has an spl hybridization and two examples of acetylides are sodium carbide (Nay(C,) and
calcium carbide (CaC,). Sesquicarbides contain the polyatomic anion C3* and contains
carbon atoms with an spl hybridization. Two examples of sesquicarbides are magnesium
(Mg,C5) and lithium (L14C3).

[0005] U.S. Patent No. 1,319,148 defined an oxidization reaction to produce

potassium metal by reacting potassium cations (positive 1ons) with acetylide anions from
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calcium carbide. The reacting medium was molten potassium fluoride (mp = 876°C). This

1s shown 1n the reaction 1n Scheme (1) below.

Scheme |
CaC, +2KF —® CaF, + 2K + 2C(gaphitey reaction T > 800°C (1)

The other products of this reaction are calcium fluoride and graphite. Graphite 1s the most
thermodynamically stable form of elemental carbon, and this 1s therefore the favored product
at high temperature. This reaction, the reduction of the potassium 1on, takes place above
800°C which would be considered high temperature since 600°C is red heat.

[0006] Alkali metals can be prepared from electrolysis of molten salts. However,
U.S. Patent Number 1,319,148 1indicates that an oxidization reaction was used to make alkali
metals. Additionally, Concepts and Models of Inorganic Chemistry; Douglas B. McDaniel
D. 1965 Xerox Corp. describes how they purified alkali metals before the electrolysis of the
molten salts came 1nto use.

[0007] To produce the alkali metal, the temperature 1s above the melting point of KF
(mp = 858°C) which is high enough to vaporize K. (bp = 744°C). The products were

indicated as being CaF,, K", and the most thermodynamically stable form of carbon, graphite,

C (graphite)-

SUMMARY

[0008] The disclosure provides for a method of oxidizing carbide anions and/or
negative 1ons from carbides by oxidizing carbide anions at a reaction temperature of from
about 150 °C to about 750°C, wherein the reaction produces an allotrope of carbon in an spl
and/or sp3 configuration.

[0009] In another aspect, the disclosure provides for a method of producing pure
clemental allotropes of carbon by oxidizing salt-like carbide anions and/or intermediate
carbide anions at a reaction temperature of from about 150 °C to about 750°C.

[0010] In yet another aspect, the disclosure provides for a method of producing
diamonds by reacting carbides with molten metallic halide salts at a reaction temperature at a
reaction temperature of from about 150 °C to about 750°C.

[0011] The disclosure also provides for a method of controlling a carbon allotrope by
controlling the reduction potential of a low melting point halide salt reactant by varying the

reduction potential of cations and/or changing the temperature of the melt.
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[0012] In an aspect, the carbide anions are salt-like or intermediate carbide anions. In
another aspect, the salt-like carbide anions are selected from the group consisting of
methanides, acetylides, and sesquicarbides. In another aspect, the salt-like carbide anion 1s
calcium carbide.

[0013] In an aspect, the methods described herein produce an allotrope of carbon 1n
an spl configuration. In yet another aspect, the methods described herein produce an
allotrope of carbon 1n an sp3 configuration.

[0014] The disclosure also provides for methods described herein wherein the
reaction temperature is below about 150°C, below about 200°C, below about 250°C, below
about 300°C, below about 400°C, below about 500°C, below about 600°C, below about
700°C, or below about 800°C.

[0015] In yet another aspect, the disclosure provides for methods of oxidizing carbide
anions, or negative ions, from salt like carbides at temperatures in a range from about 150°C
to about 200°C, from about 150°C to about 250°C, from about 200°C to about 250°C, from
about 200°C to about 300 °C, from about 200°C to about 350°C, from about 200°C to about
400 °C, from about 250°C to about 400 °C, from about 200°C to about 500 °C, from about
250°C to about 500 °C, from about 300°C to about 600 °C, from about 400°C to about 600 °C,
from about 500°C to about 700 °C, from about 200°C to about 700 °C, from about 250°C to
about 750 °C, from about 150°C to about 750 °C, from about 150°C to less than 800 °C, from
about 250°C to less than 800 °C, from about 300°C to less than 800 °C, from about 400°C to
less than 800 °C, from about 500°C to less than 800 °C, or from about 600°C to less than 800
°C.

BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1 1s a chart that provides the enthalpies of formation for various
allotropes of carbon.

[0017] FIG. 2 provides for a representative block flow diagram for formation of
various allotropes of carbon, including a (1) reaction preparation, (2) chemical reaction, (3)

carbon separation, and (4) diamond purification aspect.

DETAILED DESCRIPTION

[0018] In an aspect, the disclosure provides for a method of diamond production

comprising, consisting of, or consisting essentially of (1) reaction preparation, (2) chemical
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reaction, (3) separation, and (4) purification methodologies described herein. A
representative methodology 1s described in FIG. 2.

[0019] In an aspect, the process starts by preparing the reactor in the controlled
atmosphere void of moisture and oxygen (1). In an aspect, the chemical reaction (2) follows
the reaction preparation portion. In another aspect, the separation and purification aspects
follow the chemical reaction (2). In yet another aspect, the separation and purification
aspects follow the chemical reaction (2) because the separation (3) 1s defined by the removal
of material that 1s not elemental carbon from the products of the chemical reaction (2) and the
purification (4) 1s the removal of any undesired elemental carbon produced by the chemical
reaction as well as any other trace materials remaining from the separation (3).

[0020] The (1) reaction preparation aspect of the process deals with preparing the
reactants to control the variables and the conditions of reaction; (2) the chemical reaction of
the respective reactants 1n a manner that 1s described herein; (3) the Separation aspect
includes the 1nitial removal of the un-reacted carbides and metallic salts, the metallic salts
produced by the reaction, the elemental metals produced by the reaction, and any/or metal
ox1ide produced; and the (4) Purification aspect 1s where the product 1s produced, for example,
diamonds. In an embodiment, (4) the purification aspect of the process can include the
removal of the sp2 and mixed hybridization carbon produced by the reaction along with the
removal of any remaining carbides, metallic salts, elemental metals, and metal oxides. In
another aspect, the disclosure provides for a method of carbon production comprising,
consisting of, or consisting essentially of any of the sub groups described in the (1) reaction
preparation, (2) chemical reaction, (3) separation, and (4) purification methodologies
described herein.

[0021] While, 1n an aspect, the overall process of producing diamonds can involve at
least three parts 1n an aspect, the disclosure also provides for a method of streamlining this
process by combining (3) separation and (4) purification aspects into a single aspect or single
step. For example, 1n an aspect, the disclosure provides for a method comprising, consisting
of, consisting essentially of (1) reaction preparation, (2) chemical reaction, and (3) separation

and the (4) purification methodologies as described herein.

(1) Reaction Preparation:

Reaction Preparation 1n a Moisture Free Environment:
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[0022] Different salt like and intermediate carbides react with water and/or dilute
acids to produce hydrocarbon gases and metal oxide. Almost all salt like and intermediate
carbides also react with moisture 1n the air. The reaction rate increases, as the carbide 1s
oround to the smaller particle sizes due to the increase 1n surface arca exposed to the
environment. Certain reactants, for instance aluminum carbide, will react with the moisture
in the air to produce alumina (aluminum oxide) which can complicate the separation process.
In an aspect, the disclosure provides for a method of removing the elemental metals and
metal oxides from the products of the reaction using dilute or concentrated acid while the
clemental carbon produced by the reaction remains unchanged.

[0023] In addition, metal salts, such as halide reactants, can also attract moisture from
the air to form a solution of the 10ns 1n water. Any moisture accumulated 1n the salt can enter
the reactor and react with the carbide. The moisture can also vaporize at the reaction
temperature increasing the pressure and altering the reaction conditions. Therefore, 1n an
aspect, the reactants can be loaded 1n an atmosphere controlled glove box. In another aspect,
the reaction conditions include an environment void of any moisture and oxygen. To
accomplish such a moisture free environment, the atmosphere can be prepared by flushing the
glove box many times with dry inert gas, for example, but not limited to, argon. Additional
steps can be taken to further reduce and control the moisture 1n the glove box. These steps
can include, for example, using a metallic salt as a desiccant inside the glove box and a
circulation system, which may include a fine particle separator and several moisture
separators. In an aspect, the glove box loading procedure includes evacuating the transfer
chamber several times to remove or minimize any moisture from entering the controlled
atmosphere.

[0024] In an aspect, the disclosure provides for a method of preparing the reactants
and the reactor 1n an 1nert environment where the reactants remain unchanged chemically
prior to the start of the reaction. In another aspect, the imnert environment 1s void or
substantially void of oxygen and moisture. In an aspect, the imnert environment contains only
trace amounts of oxygen and moisture. In yet another aspect, only the physical properties of

the reactant are altered prior to the start of the reaction.

Reaction Preparation 1n an Oxygen Free Environment:

[0025] In an aspect, preparation 1n an oxygen free environment 18 similar to

preparation 1n a moisture free environment. The preparation can be accomplished 1n a glove
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box that has been flushed multiple times with a dry inert gas. In an aspect, one difference
between the reaction preparation 1n an “oxygen free environment” verses a “moisture free
environment” 1s the removal of any trace amounts of oxygen remaining 1n the glove box after
the mert gas flush along with the trace amounts of oxygen entering from the transter chamber
when materials are loaded and unloaded. In an aspect, to remove the trace amounts of
oxygen, an oxygen scrubber or series of scrubbers, depending upon the reactants used and the
other conditions of the reaction, can be added to the glove box circulation system. The
circulation can also be designed to add additional items or bypass existing ones to achieve the

proper conditions for any carbide and metallic salts to be analyzed as reactants.

Reducing the Particle Size of the Carbide:

[0026] Many of the commercially available carbides are of the size of gravel, so the
particle size, generally, may be reduced to the size required for the reaction. In order to
reduce the particle size of the carbide, the disclosure provides a method to be used 1nside the
glove box. In an aspect of this method, the carbide 1s first cut into smaller pieces using a tile
cutter, then crushed with a pair of channel locks pliers, and finally ground to the proper
particle size using a mortar and pestle. The crushed carbide 1s thereafter passed through a
series of sieves to collect the desired particle size carbide for the process. As an alternative to
the above-described method, a small hand-operated roller mill or suitable crushing device,
which can be adjusted to create the desired particle size for the experiments, can be used to
produce the proper sized carbide particles.

[0027] In an aspect, the reaction described herein 1s a diffusion controlled reaction.
As such, the rate of reaction will be controlled by the overall surface arca available for
reaction. The rate of reaction includes properties such as porosity of the carbide and viscosity
of the liquid medium, not just the particle size of the reactant. In an aspect, the aluminum
carbide has a particle size of -300 mesh (44 microns) and the calcium carbide 1s 1n the form
of gravel. In another aspect, the calcium carbide 1s crushed to particle sizes of -20 mesh to -6
mesh. In yet another aspect, the calcium carbide 1s size 1s from about 10 microns to about 5
millimeters, from about 30 microns to about 3 millimeters, from about 100 microns to about

2 millimeters, or from about 30 microns to about 200 microns.

Reactor Shape and Orientation:
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[0028] Through experimentation and analysis of the materials produced by the
reaction, 1t was determined that once the metallic salts became molten and the reactants were
in a liquid solution and the contents of the reactor reach steady-state (this 1s also given that
the reactor 18 not agitated), the different material inside the reactor separated into layers based
on their respective specific gravities. Carbides do not dissolve 1in the molten salts. Therefore,
the reaction 1s between a solid phase and a liquid phase. It 18 not homogenous. The reaction
takes place at the contact surfaces of the molten salt and solid carbide. Such a mechanism
further confirms why surface area, 1in an aspect, can be an important parameter to consider.
Therefore, 1n an aspect, the reaction can occur at one vertical height where the reactants were
physically able to come together under the proper conditions to react.

[0029] In an aspect, 1t 1s advantageous to limit the contact surface of our reactor
configuration to have a limited contact arca. This 1s another parameter which has an
influence on the kinetics of the diffusion controlled reaction 1n reaction systems described
herein, which 1s non-turbulent inside of the reactor. Limiting the contact arca allows the
reaction to proceed at a rate slow enough so that the latent heat of crystallization does not
increase the temperature of the contact area to a point that sp2 carbon 1s produced. So this
parameter 1s influenced by the other reaction conditions. The importance of the parameter
can also decrease 1f we agitate the reactor. Any means that has the ability to increase the
contact arca would make a higher effective reaction zone. This can also be accomplished, for
example, by changing reactor orientation or by stirring. As a result, different reactor designs
and orientations may be utilized 1in an attempt to maximize the surface area of the horizontal
interface where the reaction can occur. In an aspect, the reactor prepared 1n the glove box 1s
made of glass and the reactants arc loaded 1inside. The glass reactor can be sealed 1n a
stainless steel tube so it can be removed from the glove box and the controlled atmosphere
conditions can be maintained nside throughout the reaction process. Initially, the reactors
included simple glass test tubes which varied in diameter based on the desired mass and ratio
of the reactants to be used.

[0030] To increase the surface area of the horizontal intertace where the reaction
occurs, the height of the reactors are decreased while maintaining the same amount of
material that the reactors can hold. One way to accomplish this 1s by orienting the reactors in
the horizontal rather than the vertical direction. But, because the reaction occurs 1n a liquid
medium, the open top test tube style reactors may not be sufficient. As a result, for some
experiments described herein, ampoule style glass reactors were utilized. This design

provides for both a simple and effective design.

7
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[0031] In an aspect, the disclosure provides for a method of altering the dimensions
and orientation of the chemical reaction vessel to control the surface area, shape, and
thickness of the reaction interface.

10032] In an aspect, several of the horizontally oriented reactors are progressing
through the purification part of the process. This has led to unexpectedly good results. In
another attempt to increase the interface surface area, in an aspect, multiple glass Petri dishes
are stacked one on top of the next in the same stainless steel tube. This allows for numerous,

large surface area reaction interfaces to be contained 1n the same stainless steel tube.

(2) Chemical Reaction:

Methods of Oxidizing Carbide Anions and/or Negative lons from Carbides

[0033] In an aspect, the disclosure provides for methods of oxidizing carbide anions,
or negative ions, from salt like carbides at low temperatures below about 600°C. In another
aspect, the disclosure provides for methods of oxidizing carbide anions, or negative 10ns,
from salt like carbides at temperatures below about 150°C, below about 200°C, below about
250°C, below about 300°C, below about 400°C, below about 500°C, below about 600°C,
below about 700°C, or below about 800°C. In yet another aspect, the disclosure provides for
methods of oxidizing carbide anions, or negative 1ons, from salt like carbides at temperatures
in a range from about 150°C to about 200°C, from about 150°C to about 250°C, from about
200°C to about 250°C, from about 200°C to about 300 °C, from about 200°C to about 350°C,
from about 200°C to about 400 °C, from about 250°C to about 400 °C, from about 200°C to
about 500 °C, from about 250°C to about 500 °C, from about 300°C to about 600 °C, from
about 400°C to about 600 °C, from about 500°C to about 700 °C, from about 200°C to about
700 °C, from about 250°C to about 750 °C, from about 150°C to about 750 °C, from about
150°C to less than 800 °C, from about 250°C to less than 800 °C, from about 300°C to less
than 800 °C, from about 400°C to less than 800 °C, from about 500°C to less than 800 °C, or
from about 600°C to less than 800 °C.

[0034] Oxidization means that the 1on being oxidized gives up electrons. The
negative 1ons of the salt like carbides are reacted to produce elemental carbon 1n 1ts various
allotropes, or crystal structures, with spl, sp2, and/or sp3 hybridizations. In another aspect,
the disclosure provides for reactions with intermediate transition metal carbides. In yet

another aspect, the disclosure provides for a system of reactions where salt-like carbide
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anions and itermediate carbide anions are oxidized to produce pure carbon of various
allotropes.

[0035] In an aspect, the first step of the reaction system 1s to oxidize the carbide 10ns
at temperatures described herein. The reactions use low melting point salts, for example
stannous chloride (SnCl,), that have melting points less than 280°C as the reactants. The
reaction medium 1s the molten salt, for example, molten stannous chloride. This means that
there 1s an excess of salt during the reaction which takes place in the molten salt liquid.
Chemically, the cation (positive 10n) of the salt 1s reduced to the elemental state. Therefore,
the stannous ion Sn"* would become elemental tin (Sn°). The standard reduction potential of
the stannous ion Sn"* is only about -0.136V. Reduction potential refers to the ability of a
chemical species to acquire electrons and thus have 1ts charge reduced. So not much energy
1s required to reduce the stannous 10n, therefore the reaction reacts to completion. There 1s an
excess of reduction potential in the carbide anions since they are shown to reduce the
potassium 10n 1n Equation (1) which requires -2.94V.

[0036] The reduction of Sn"* by acetylide or any carbide anion is not mentioned
anywhere in the literature. Only certain metallic salts are applicable for this reaction. It 1s
preferred that the cation of the salt does not produce a carbide by direct reaction with carbon
at low temperatures or the temperature of the reduction reaction. If the cation does produce
carbide, then pure carbon would not be produced. Examples of the preferred salts contain tin,
lead, mercury, and zinc. Furthermore, the salts must have a low melting point. The
temperature of the reaction must be high enough to melt the salts but low enough to control
the electronic hybridization of the carbon. As mentioned in the background information,
graphite 18 the most thermodynamically stable form of pure carbon. So 1f the temperature of
the reaction 1s too high, the pure carbon will form crystalline graphite 1n the sp2 hybridization
instead of the desired spl or sp3 hybridizations.

[0037] The next item 1n the reaction system 1s the low temperature oxidation of
methanides to produce diamond, or carbon 1n that has an sp3 hybridization. Aluminum
carbide (Al4C3) and beryllium carbide (Be,C) are the only two known salt like carbides that
produce methane when they react with water. The methane molecule contains a carbon atom
in the sp3 hybridized state, which 1s the same as diamond. The 1dea is to oxidize the
methanide anion in a controlled manner at temperatures low enough to maintain the
clectronic configuration, or sp3 hybridization and produce diamond. Thus, the controlled
oxidization of aluminum carbide at low enough temperatures will preferentially produce

diamonds. This reduction takes place at about 280°C and atmospheric pressure.
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[0038] Oxidation of the methanide (aluminum carbide) anion in molten tin halide salt
blends to produce diamond. There 1s no literature that mentions the reduction of aluminum
carbide much less anything that mentions this reaction to produce diamond, or sp3 hybridized
carbon. Experiments for this reaction have been carried out using stannous fluoride (SnkF2) and
stannous chloride (SnCl,), which have melting points of 214°C and 235°C, respectively. These

reactions can be seen 1in Equation (2) and Equation (3) below:

Equation 2

Al4C; + 6SnFy; — 6Sn® + 4AlF; + 3C° | giamond) reaction at T = 235°C (2)
Equation 3

AlC; + 6SnCl, — 6Sn® + 4AI1CL + 3C° (dgiamongy  reaction at T = 280°C (3)

The proof of the diamond, or carbon with sp3 hybridization, material produced was established
using X-Ray Diffraction patterns. Early diamond production studied certain metallic catalysts
needed to make diamonds. The fact that diamonds were produced using conditions described
herein 1s unexpected and provides support for the methodology described herein.

[0039] Since the chemical hypothesis to maintain the sp3 hybridization of pure

carbon 1s confirmed with the production of diamonds, it can extended to include the potential
superconducting material to maintain the spl hybridization of pure carbon. There have been
many different attempts to make this material but none have been successful. The process
begins with a carbide that contains carbon in an spl hybridized state. As mentioned in the
background information, acetylides have the ability to satisfy this requirement. The most
common example 1s calcium carbide (CaC;). However, spl carbon in the acetylide anion can
be reconfigured even at very low energy or low temperatures. A more desired reactant is one
that has a tendency to maintain the spl configuration throughout the rigors of the reaction.

The disclosure provides for two compounds that have the ability to act as a sufficient

reactant: magnesium sesquicarbide (Mg,C3) and lithium sesquicarbide (L14C3), also
mentioned 1n the background information. From the literature, for example “Crystal

Structure of Magnesium Sesquacarbide,” Fjellvaag, H., and Karen, P. Inorganic Chemistry,
Vol. 31 (1992): 3260-3263, a structural analysis using X-Ray diffraction was completed and
shows that two of the carbon atoms are equivalent with an spl configuration. With a hydrolysis
reaction, methyl acetylene (CH3;C,H) 1s produced. One terminal carbon, the methyl carbon (CHj)

end 1s sp3 1n nature while the other two carbons maintain their spl character. The goal 1s to

polymerize the
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carbon atoms while maintaining the spl configuration. This would produce a new allotrope
of carbon that has an sp1 configuration. Due to the electronic properties of such a material, 1t
may be a high temperature superconductor.

[0040] In another aspect, about less than 0.5%, about less than 1%, about less than
2%, about less than 3%, about less than 4%, about less than 5%, about less than 7.5%, about
less than 10%, about less than 15%, about less than 20%. about less than 25%, about less than
30%, about less than 35%, about less than 40%, about less than 45%, about less than 50%,
about less than 60%, or about less than 75% of the total yield includes material with a
diamond structure, for example, an sp3 carbon structure. In another aspect, about more than
0.5%., about more than 1%, about more than 2%, about more than 3%, about more than 4%,
about more than 5%, about more than 7.5%, about more than 10%., about more than 15%,
about more than 20%, about more than 25%. about more than 30%., about more than 35%,
about more than 40%, about more than 45%, about more than 50%, about more than 60%, or
about more than 75%, about more than 85%, or about more than 95% of the total yield
includes material with a diamond structure. In yet another aspect, about 0.1% to about 1%,
about 0.5% to about 2%, about 1% to about 2%, about 2% to about 5%, about 2% to about
7.5%., about 0.5% to about 10%, about 3% to about 10%, about 5% to about 10%, about 5%
to about 25%, about 0.1% to about 35%. about 0.1% to about 40%, about 0.1% to about 50%,
about 1% to about 50%, about 5% to about 50%, about 10% to about 50%, about 15% to
about 50%, about 25% to about 50%, or about 1% to about 95% of the total yield includes
material with a diamond structure. In an aspect, the yields of diamond are relative to the
“possible” products described 1n Figure 1.

[0041] In another aspect, about less than 0.5%, about less than 1%, about less than
2%, about less than 3%, about less than 4%, about less than 5%, about less than 7.5%, about
less than 10%, about less than 15%, about less than 20%. about less than 25%, about less than
30%, about less than 35%, about less than 40%, about less than 45%, about less than 50%,
about less than 60%, or about less than 75% of the yield includes material with a diamond
structure relative to the amount of graphene and amorphous carbon also recovered. In
another aspect, about more than 0.5%, about more than 1%, about more than 2%, about more
than 3%, about more than 4%, about more than 5%, about more than 7.5%, about more than
10%, about more than 15%., about more than 20%, about more than 25%, about more than
30%, about more than 35%., about more than 40%. about more than 45%, about more than
50%, about more than 60%., or about more than 75%, about more than 85%. or about more

than 95% of the yield includes material with a diamond structure relative to the amount of
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ographene and amorphous carbon also recovered. In yet another aspect, about 0.1% to about
1%, about 0.5% to about 2%, about 1% to about 2%, about 2% to about 5%, about 2% to
about 7.5%, about 0.5% to about 10%, about 3% to about 10%., about 5% to about 10%,
about 5% to about 25%, about 0.1% to about 35%. about 0.1% to about 40%, about 0.1% to
about 50%, about 1% to about 50%., about 5% to about 50%, about 10% to about 50%, about
15% to about 50%, about 25% to about 50%, or about 1% to about 95% of the yield includes

material with a diamond structure relative to the amount of graphene and amorphous carbon
also recovered.

[0042] In another aspect, the disclosure provides for a process wherein the yield from
the carbide starting material 1s more than about 5% pure carbon, more than about 10% pure
carbon, more than about 20% pure carbon, more than about 30% pure carbon, more than
about 40% pure carbon, more than 50% pure carbon, more than 60% pure carbon, more than
70% pure carbon, about more than 80% pure carbon, more than 90% pure carbon, or more
than 95% pure carbon.

(004 3] As discussed 1n the Chemical Reaction section, 1n an aspect, diamond growth
occurs at one vertical level inside the reactor, for example, at steady state with no agitation,
where the reactants meet at the proper conditions. The reaction that occurs 1s exothermic,
which means that 1t gives off heat. As the reaction progresses more heat 18 generated and that
heat 18 transferred through the rest of the reactor. Using the reaction conditions described 1n,
for example, Examples 1 - 3 heat 1s generated at the reaction site at a greater rate than 1S
transferred away from the reaction site. This means that as the reaction progresses and the
diamond crystal grows this arca inside of the reactor will continue to increase 1n temperature.
If the temperature at the reaction site increases above a certain level the thermodynamics of
the reaction will change. Specifically, 1f the temperature gets too high, the reaction will cease
producing diamonds and begin producing sp2 carbon. As this new reaction progresses, the
sp2 carbon will encapsulate the diamond and the growth of the crystal will stop. The

diamond crystal will then have a coating (armoring) of sp2 carbon at the surface.

Use of Inert Material to Alter the Heat and Mass Transfer of the Reaction and
Increase the Area of the Reaction Zone:

[0044] In addition to the carbide and metallic salt, in an aspect, additional materials
can be added to the reactor in order to alter the heat transfer and mass transfer during the
chemical reaction step of the process. In an aspect, additional materials can be any material

that 1s inert relative to the respective reactant and can withstand the conditions (for example,
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temperature, molten salt) inside the reactor. Examples include ceramic pellets or stainless
steel ball bearings. These materials can also increase the overall surface arca or volume of
the physical zone 1n the reactor where the chemical reaction takes place. These materials are
inert and therefore remain unchanged by the chemical reaction. In an aspect, the disclosure
provides for a method of altering the heat transfer and mass transfer properties inside the
reactor via the addition of excess reactant or inert materials that remain chemaically
unchanged by the reaction. In another aspect, in addition the carbide and metallic salt used as
reactants, inert material, catalysts (such as FeCls) and additives such as dopants to alter the
properties of the diamonds produced are added to the reactor and can be utilized with the

methodologies described herein.

(3) Product Separation:

Reduction of Elemental Metal from the Products of Reaction:

[0045] The products of the carbon producing reaction include elemental metals which
can be removed. In an aspect, removal of these metals from the other products of reaction
can be accomplished by using a reducing agent such as hydrochloric acid (HCI). In another
aspect, any acid which oxidizes the elemental metal produced can be used 1n the separation.
One key feature 18 to oxidize the metal, therefore removing it, while leaving the diamonds
(sp3 carbon) unchanged. The acid can also leave the sp2 and mixed hybridized carbon
unchanged to allow the opportunity to examine the sp2 and mixed hybridized carbon
produced 1n the future for additional products from the process. One potential use of the
nondiamond product 18 1n super capacitors. Once the reaction 18 complete and the stainless
steel transfer tube opened, the products of reaction are transferred to a separation vessel made
of polypropylene. In an aspect, the separation vessel 1s made of any material that 1s inert to
acids used to remove the elemental metals and metal oxides as well as any other solvents
needed for the separation process. In addition, the vessel should also be able to withstand the

enhanced gravity of the centrifuge which 1s also used for the separation process.

Use of Surfactants 1n the Separation Process:

[0046] During the separation process, salts and sp2 and mixed hybridized carbon act
as a glue to hold the particles together. The liquids used to dissolve away the salts which are
mostly water and alcohols and acids, create films and agglomerates which act to hold the

particles together, particularly the very fine particle size diamonds. The addition of
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surfactants acts to breakup any films and helps to separate the particles so they can be more

easily dissolved or dispersed by the liquids. In addition to separating the particles for dissolving,

the surfactant solutions act like a soap and force any undesired material from the surface of the
diamonds. Another advantage to the surfactant solutions in the separation process 1s decreasing
or increasing the settling rate of the fine material. Once the acids remove the elemental metals,
the densest material remaining 1s diamonds. Therefore the diamonds settle first based on the
particle size. The finer particle size diamonds remain suspended in the solution due to Browntan
motion. The surfactant solution changes the surface tension of the water used to dissolve the

salts. This lower surface tension allows the finer particle size diamonds to settle out of solution at
different rates.

[0047] In another aspect, surfactants may also allow a better separation of the diamonds
from the other material. In another aspect, different surfactants or surfactant mixtures can be
used to separate out the various products, and even separate the diamonds produced 1n the
reaction into various groups of different particle sizes. In another aspect, a silicone-based
surfactant can be used with the methodology described herein. Suitable surfactants for use with
the described methodology include those described in “Surfactants: A Practical Handbook,”
Lange, Robert K. Philadelphia, PA: Hanser Gardner Publications, Inc., 1999.

[0048] In an aspect, the disclosure provides for a method for recovering the fine particle
sized desired products from the water, alcohol, surfactant solution, heavy media or acids used in

the separation process by filtering the fine particles from the solutions.

Gravity Separation of the Diamonds Using Dense or Heavy Media:

[0049] The diamonds produced 1n the reaction can be separated from the other
products of reaction based on the differences in specific gravity of the materials. For
example, the products of the chemical reaction can be added to perchloroethylene a liquid
with a specific gravity of about 1.6, dibromomethane, specific gravity = 2.4, and/or
halogenated organic compounds used for gravity separation, specific gravity > 2.0.
Diamonds, with a specific gravity of about 3.3 will sink in the liquid and be separated from
any material with a specific gravity less than 1.6 which will float on the surface of the
perchlorotheylene. The gravity separation can be used for composite particles in the
Separation Step as well as tor diamonds 1n the Purification Step. In another aspect, any

chemical material or chemical compound can be used during this step based on the difference
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in specific gravity between the composition of interest, for example a diamond, and a

chemical material or chemical compound to be separated.

Removal of Un-reacted Carbides:

[0050] It 1s unlikely that all the reactants in the process will be completely consumed
by the reaction and converted to products, especially at reaction conditions optimized for
cconomics of the process. Therefore, un-reacted carbide will remain in the products of
reaction and have to removed or separated. The un-reacted carbide readily reacts with water
to produce hydrocarbon gases and metal oxide. In many cases, the metal oxide 1s easily
reacted away using the acid. Therefore in the transfer step from the reactor to the separation
vessel using the acid, water reacts with the carbide to produce acetylene and a metal oxide
which 1s then reacted by the acid. If there 1s any remaining un-reacted carbide 1n the products
of reaction after the acid treatment, 1t can be reacted with water or water 1n the surtactant
solution. Due to subsequent treatments with acids in the following steps, the metal oxide
produced will eventually be reacted and removed from the products of reaction.

[0051] In an aspect, the disclosure provides for a method of removing un-reacted
carbide from the respective targeted products of the reaction by reacting the carbide with

water and further reacting the metal oxide produced with acid.
Removal of Un-reacted Metallic Salts and Metallic Salts Produced 1in the Reaction:

[0052] The removal of the metallic salts produced by the reaction can be
accomplished using water or a surfactant solution, alcohols, or acids. During the separation
process the products of reaction are transferred into a separation vessel. The liquid which
dissolves the un-reacted metallic salts and the metallic salts produced in the reaction can be
added to the separation vessel and agitated for a period of time. The separation vessel can
then be left to settle and the liquid which dissolved the metallic salts decanted off or
removed. To accelerate the process and also to perform a better separation where the solid
material 1s forced out of solution, the separation vessels are placed 1in the bucket centrifuge.
In an aspect, the liquid 1n the separation vessel still contains the dissolved salts, which can
now be removed.

[0053] In an aspect, the disclosure provides for a method of removing the un-reacted
metallic salts and the metallic salts produced by the reaction from the products of the reaction

by dissolving the un-reacted products in water, alcohols, surfactant solutions, or acids.
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[0054] In another aspect, the disclosure provides for a method of separating and
dispersing individual solid particles from the respective reaction products with the use of
surfactant solutions. In another aspect, the method of separating and dispersing individual
solid particles from the respective reaction further comprises removing undesired, non-
targeted, or trace products of the reaction by dissolving and/or reacting undesired, non-
targeted, or trace products and subsequently removing from the mixture. In yet another
aspect, the desired products remain chemically unchanged by the reaction and can be purified
and classified into different products.

[0055] In another aspect, the disclosure provides for a method of separating,
removing, and/or classifying of undesired products of reaction by specific gravity using

heavy media liquids and/or surfactant solutions.

Reaction Separation of Elemental Metal from the Products of Reaction:

[0056] Elemental metal produced 1n the reactions described herein can also be
removed using other materials (for example, dibromomethane) that diffuses 1nto the
composite particles and reacts with any elemental metals produced 1n the reaction.
Dibromomethane, for example, has the ability to diffuse into the composite particles of the
products of reaction and react with the encapsulated metals. This method allows for all of the
clemental metal produced to be removed 1n a single step prior to the removal of the sp2
carbon, which separates any of the remaining composite particles. In an aspect, the products
of reaction are exposed to the material (for example, dibromomethane) for an adequate
resonance time to allow the diffusion into the composite particle and reaction with the
clemental metal. An example of an adequate resonance 1s several hours to several days. In
another aspect, an example of an adequate resonance 1s about 2 or more hours, about 5 or
more¢ hours, about 12 or more hours, about 1 or more days, about 2 or more days, about 3 or
more days, or about 5 or more days. In another aspect, an example of an adequate resonance
1s about 1 to about 4 hours, about 2 to about 12 hours, about 2 hours to about 1 day, about 6
hours to about 2 days, about 12 hours to about 2 days, or about 1 hour to about 3 days. This
rate of this reaction 18 governed by the diffusion of the species into the composite particles.
Therefore, an adequate resonance time will depend primarily on the size of the composite

particles and/or the viscosity of the liquid reaction medium.
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[0057] In an aspect, the disclosure provides for a method of removing the elemental
metal from the products of reaction of other material (for instance, dibromomethane) that

have the ability to diffuse into composite particles and reduce the elemental metal.

Removal of Metal Oxides from the Products of Reaction:

[0058] Many of the reactants used herein produce metal oxides that can be reacted by
various acids. However, there are reactants, for example, aluminum carbide, which produce a
metal oxide that does not react with acid. In the case of aluminum oxide 1t produces a
product called alumina or aluminum oxide. Aluminum oxide 1s very stable and does not react
with the acids. But it can be reacted by a solution of potassium hydroxide. Due to the use of
the potassium hydroxide solution, this 1s a more difficult separation because 1t requires the

addition of heat for the potassium hydroxide to remain 1n solution.

Recovery of the Fine Particle Size Solids during the Separation Step:

[0059] While separating the reacted elemental metals and dissolved metallic salts
from the elemental carbon, the liquid removed still contain a small percentage of solid
composite particles. In an aspect, the liquid removed contains, for example, about less than
0.5%. about less than 1%, about less than 2%, about less than 3%, about less than 4%, about
less than 5%, about less than 7.5%., about less than 10%, about less than 15%, about less than
20%, about less than 25% of solid composite materials. In another aspect, the liquid removed

contains, for example, about 0.1% to about 1%, about 0.5% to about 2%, about 1% to about

2%, about 2% to about 5%, about 2% to about 7.5%. about 0.5% to about 10%, about 3% to
about 10%, about 5% to about 10%., about 5% to about 25%, or about 0.1% to about 35%, of
solid composite material. In an aspect, the solid composite material contains diamonds along
with other products of reaction. These composite particles can be recovered from the
supernatant liquid using filtration or gravity separation. The recovered material can be

further processed to recover the diamonds produced.

Recovery of the Alcohol Solvents:

[0060] In an aspect, the disclosure provides for a system for recovery of alcohols and
heavy medium liquid. The recovery of solvents 1s likely to become important as the scale 1s
increased 1n order to accommodate commercialization. An example recovery system for the

alcohols 1s described herein.
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(4) Product Purification:

[0061] The diamond purification aspect 18 an additional step in the process which
removes the products of reaction that are not sp3 carbon (diamond). This step begins with
the removal of the sp2 carbon from the products of reaction. In an aspect, the removal of the
sp2 and mixed hybridized carbon can be accomplished with two different oxidative
procedures, the oxidation of the sp2 and mixed hybridized carbon in a hot oven and/ the
ox1dation of the sp2 and mixed hybridized in strong oxidative solutions, such as H,O; or
HNOs. Depending on the 1nitial reactants and reaction conditions used for the process, both
methods can be utilized to completely remove the sp2 carbon.

[0062] After the sp2 and mixed hybridized carbon 1s removed, the Purification part of
the process will be similar to the separation part which 1s why we believe we will eventually
be able to combine them 1nto one part of the process. The Purification part of the process has
achieved very good results, especially in removing the sp2 and mixed hybridized carbon.
[0063] In an aspect, the disclosure provides for method of reacting the sp2 hybridized
carbon from the remaining clemental carbon using concentrated acids while leaving the
remaining clemental carbon unchanged. The disclosure further provides for a method of
removing the sp2 hybridized carbon from the remaining clemental carbon by dispersing the
sp2 carbon 1n a surfactant solution while leaving the remaining elemental carbon unchanged.
In yet another aspect, the disclosure provides for a method of removing the sp2 hybridized
carbon from the remaining elemental carbon and classifying the remaining elemental carbon

into particle sizes using heavy media liquid or combinations of heavy media liquids.

Chemical Reaction to Remove the sp2 Carbon:

[0064] A factor in removing the sp2 and mixed hybridized carbon from the products
of reaction 1s to perform this task while leaving the diamonds (or sp3 carbon) unchanged by
the process. In addition to oxidizing the sp2 carbon to remove 1t, another option 1s to react
the sp2 carbon using one or more chemicals under the proper reaction conditions. One

example 1s the use of trifluoroacetic acid and concentrated hydrogen peroxide.

Use of Surfactants in the Purification Step:

10065] In an aspect, the use of surfactants in the purification process 1s nearly
identical to ‘Use of Surfactants in the Separation Step.” One difference 1s the reduced

particle size of the material in the purification step and the absence of sp2 and mixed
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hybridized carbon which will alter the conditions produced by the surfactant or surfactant

mixture.

Recovery of the Fine Particle Size Diamonds during the Purification Step:

[0066] This 1item 18 similar to the ‘Recovery of the Fine Particle Size Solids during the
Separation Step’. One difference 1s that at this point 1n the process, the solid material to be
recovered 1s diamond and not a composite particle. In addition, the particle size of the solids
will be decreased. In an aspect, the recovery method will include filtration or gravity

separation.

EXAMPLES

Example 1

In an oxygen moisture free environment, aluminum carbide, Al4C3; was ground to less than 20
mesh. A quantity of anhydrous stannous chloride, SnCl, was blended with the ground

aluminum carbide at twice the stoichiometric ratio for the reaction below

Al4Cs + 6SnCl, —» 4AICI; +6Sn + 3C

The blend was poured into a glass ampoule that was subsequently placed into a stainless steel
tube. The stainless steel tube was sealed and removed from the controlled environment. The
tube and its contents were heated to 280°C for 2 hours. The contents of the ampoule were
washed with 6M HCI to remove all the aluminum chloride, excess stannous chloride and Sn
metal. The remaining carbon was 1n two forms (1) a graphene like compressed set of platelets
and (2) a cubic/orthorhombic diamond like structure. The preponderance of the carbon

product was the latter structure.

Example 2

In an oxygen moisture free environment, calcium carbide, CaC, was ground to less than 20
mesh. A quantity of anhydrous zinc chloride, ZnCl, was blended with the ground aluminum

carbide at twice the stoichiometric ratio for the reaction below

3CaC, +37ZnCl; —» 3CaCl; + 37Zn + 6C
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The blend was poured into a glass ampoule that was subsequently placed 1n a stainless steel
tube. The stainless steel tube was sealed and removed from the controlled environment. The
tube and its contents were heated to 425°C for 2 hours. The contents of the ampoule were
washed with 6M HCI to remove all the Zinc chloride, calcium chloride, and Zn metal. The
remaining carbon was in two forms (1) a graphene like compressed set of platelets and (2) a
cubic/orthorhombic diamond like structure. The preponderance of the carbon product was the

latter structure.

Example 3

In an oxygen moisture free environment, calcium carbide, CaC;, was ground to less than 20
mesh. A quantity of anhydrous stannous chloride, SnCl, was blended with the ground

aluminum carbide at twice the stoichiometric ratio for the reaction below

3CaC, +3SnCl, —» 3CaCl, +3Sn + 6C

The blend was poured into a glass ampoule that was subsequently placed 1n a stainless steel
tube. The stainless steel tube was sealed and removed from the controlled environment. The
tube and its contents were heated to 280°C for 2 hours. The contents of the ampoule were
washed with 6M HCI to remove all the stannous chloride, calctum chloride, and Sn metal.

The remaining carbon was 1n only one form a graphene like compressed set of platelets
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CLAIMS

L. A method of oxidizing carbide anions, said method comprising: chemically oxidizing
carbide anions 1n a molten metal salt reactant at a reaction temperature range from 150°C to
750°C, where the reaction produces an allotrope of carbon in an spl and/or sp3
configuration from the oxidation of the carbide anions,.and also the reaction produces
elemental metal from the reduction of the cation of the metal salt, wherein the chemically
ox1idizing step takes place in the molten metal salt, and wherein the metal salt is in excess

relative to the carbide.

2. The method of claim 1, wherein said carbide anlons are salt-like or intermediate

carbide anions.

3. The method of claim 2, wherein said salt-like carbide anions are selected from the

group consisting of methanides, acetylides, and sesquicarbides.

4 The method of claim 2, wherein said salt-like carbide anions are acetylides.

5. T'he method of claim 1, wherein said reaction produces an allotrope of carbon in an

spl configuration.

6. The method of claim I, wherein said reaction produces an allotrope of carbon in an

sp3 configuration.

7. The method of claim 1, wherein said reaction temperature is in a range sclected from
the group consisting of from about 150°C to 200°C, from 150°C to 250°C, from 200°C to
250°C, trom 200°C to 300°C, from 200°C to 350°C, from 200°C to 400°C, from 250°C to
400°C, from 200°C to 500°C and from 250°C to 500°C.

8. The method of claim 1, wherein said reaction temperature is in a range selected [rom
the group consisting of from 300°C to 600°C, from 400°C to 600°C, from 500°C to 700°C,
from 200°C to 700°C, from 250°C to 750°C, and from 150°to 750°C.
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9. The method of claim 1, wherein said reaction temperature 1s 1n a range from 250°C to

400°C.
10. The method of claim 1, wherein said carbide anions comprise calcium carbide.

11. The method of claim 1, wherein the metal salt has a melting point of less than 250°C

as 4 reactant.

12. A mcthod of producing purc e¢lemental allotropes of carbon comprising: chemically
oxidizing salt-like carbide anions and/or intermediate carbide anions in a molten salt reactant
at a reaction temperature range from 150°C to 750°C, wherein the carbon forms from the
oxidation of the carbide anions, and also the oxidizing produces elemental mectal from the
reduction of the cation of the metal salt, wherein the chemically oxidizing step takes place in

the molten metal salt, and wherein the metal salt 1s in excess relative to the carbide.

13. The method of claum 12, wherein said salt-like carbide anions are selected from the

group consisting of methanides, acetylides, and sesquicarbides.

14, The method of claim 12, wherein the reaction produces pure elemental allotropes of

carbon with a sp1l or sp3 configuration.

15. The method of claim 12, wherein said reaction produces pure elemental allotropes of

carbon with a spl configuration.

16. The method of claim 12, wherein said reaction produces purc clemental allotropes of

carbon with a sp3 configuration.
17. The method of claim 12, wherein said reaction temperature is in a range selected from
the group consisting of from 150°C to 200°C, from 150°C to 250°C, from 200°C to 250°C,

from 200°C to 300°C, from 200°C to 350°C, from 200°C to 400°C, from 250°C to 400°C,
trom 200°C to 500°C and from 250°C to 500°C.
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18.  The method of claim 12, wherein said reaction temperature 1s 1n a range selected from
the group consisting of from 300°C to 600°C, from 400°C to 600°C, from 500°C to 700°C,
from 200°C to 700°C, from 250°C to 750°C, and from 150°C to 750°C.

19.  The method of claim 12, wherein said reaction temperature 1s in a range from 250°C

to 400°C.

20.  The method of claim 12, wherein the metal salt has a melting point of less than

250°C.

21.  The method of claim 12, wherein said reaction comprises reacting a sesquicarbide
with the molten metallic halide salt to produce a pure allotrope of carbon in the spl

configuration.

22. A method ot oxidizing carbide anions according to claim 1, wherein the reaction takes

place under an environment that is void of oxygen and/or moisture.

23. A method ot producing pure elemental allotropes of carbon according to claim 12,
wherein the reaction takes place under an environment that is void of oxygen and/or

moisture.

24. A method of producing elemental allotropes of carbon comprising: chemically
ox1dizing carbide anions in a molten metal salt reactant at a reaction temperature from 150°C
to 750°C, wherein the oxidizing reaction produces an allotrope of carbon in an spl, sp2,
and/or sp3 hybridization from the oxidation of the carbide anions, and also the oxidizing
produces elemental metal from the reduction of the cation of the metal salt, wherein the

chemically oxidizing step takes placc in the molten metal salt, and wherein the metal salt is in

excess relative {0 the carbide.

25. The method of claim 24, wherein said carbide anions are salt-like carbide or

intermediate transition metal carbide anions.
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20. The method of claim 24, wherein said carbide anions are salt-like carbide anions

which are methanides, acetylides, and sesquicarbides.

27. The method of claim 24, wherein said carbide anions are salt-like carbide anions

which are acetylides.

28. The method of claim 24, wherein said carbide anions are from calctum carbide,

magnesium carbide, or aluminum carbide.

29. The method of claim 24, wherein said carbide anions are from calcium carbide.

30.  The method of claim 24, wherein the carbide anions are from a carbide having a

particle size from 10 microns to 5 mm.

31.  The method of claim 24, wherein the carbide anions are from a carbide having a

particle size from 30 microns to 200 microns.

32. The mecthod of claim 24, wheren said reaction produces an allotrope of carbon in an

sp3 hybridization.

33. The method of claim 24, wherein said reaction produces an allotrope of carbon in an

sp2 hybridization.

34, The method of claim 24, wherein said reaction produces an allotrope of carbon in an

spl hybridization.

335. The method of claim 24, wherein said reaction produces carbon in the form of

graphene.

36. The method of claim 24, wherein said reaction produces carbon in the form of

platelets.

37.  The method of claim 24, wherein said reaction produces amorphous carbon.
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38.  The method of claim 24, wherein said reaction produces mixed hybridization carbon.

39.  The method of claim 24, wherein the carbon product comprises diamond crystal

having a coating of sp2 carbon on the surface.

40, The method of claim 24, wherein the yield of carbon from the carbide 1s more than
10%.

41. The method of claim 24, wherein the yield of carbon from the carbide 1s more than
30%.

42, The method of claim 24, wherein the yield of carbon from the carbide 1s more than
70%.

43, The method of claim 24, wherein the carbon product of the reaction is 1n particle
form.

44,  The method of claim 24, wherein said reaction temperature is in a range selected from

the group consisting of from 150°C to 200°C, from 150°C to 250°C, from 200° to 250°C,
from 200°C to 300°C, from 200°C to 350°C, from 200°C to 400°C, from 250°C to 400°C,
from 200°C to 500°C and from 250°C to 500°C.

45.  The method of claim 24, wherein said reaction temperature is in a range selected from
the group consisting of from 300°C to 600°C, from 400°C to 600°C, from 500°C to 700°C,
from 200°C to 700°C, from 250°C to 750°C, and from 150°C to 750°C.

46. The method of claim 24, wherein said reaction femperature 1S In a range from 250°C
to 400°C.
47.  The method of claim 24, wherein the reaction temperature is high enough to melt the

metal salt but low enough to control the hybridization of the carbon.
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48. The method of claim 24, wherein the oxidizing rcaction is carried out at a tcmperature

below 500°C.

49, The method of claim 24, wherein the oxidizing reaction ts carried out at a temperature
below 400°C.
50. The method of claim 24, wherein the oxidizing reaction is carried out at a temperature

below 300°C.

51. The method of claim 24, wherein said reaction further comprises adding a salt with a

melting point of less than 280°C as a reactant.

52. The method of claim 24, wherein the metal salt for the oxidizing reaction has a

melting point of less than 280°C.

53. The method of claim 24, wherein the excess is at least twice the stoichiometric ratio.

54, The method of claim 24, wherein the reaction takes place under an environment that

is void of oxygen and/or moisture,

55. The method of claim 24, wherein the oxidizing reaction is carried out without
agitation.

56. The method of claim 24, wherein the oxidizing reaction is carried out with agitation.
57. The method of claim 24, wherein the oxidizing reaction is carricd out in a sealed

reactor which 1s loaded at atmospheric pressure and heated.

58.  The method of claim 24, wherein the oxidizing reaction is carried out in a horizontally

oriented reactor.

59. The method of claim 24, wherein the oxidizing reaction is carried out in stacked

reactors.
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60. The method of claim 24, wherein the reaction is carried out with an additional

material added to the reactor to alter heat and mass transfer during the reaction.

61. The method of claim 24, wherein the reaction is carried out with use of dopants.

62. The method of claim 24, wherein atter the reaction 1s complete, the products of

reaction are transterred to a separation vessel.

63.  The method of claim 24, wherein the product of the reaction is separated with use of
surfactant.
64.  The method of claim 24, wherein the product of the reaction is separated with use of

gravity separation.

65. The method of claim 24, wherein after the reaction unreacted carbide is removed with

use of water and acid.

60. The method of claim 24, wherein after the reaction metal salts are removed with

water, alcohol, surfactant, or acid.

67. The method of claim 24, wherein after the reaction the reaction products are subjected

to oxidation in an oven or a strong oxidative solution.

68. T'he method of claim 24, wherein after the reaction the carbon is classified according

to particle size.

69. T'he method of claim 24, wherein as part of producing the allotrope of carbon, the
method further comprising removing material that is not element carbon from the products of

the oxidizing reaction.

/0. The method of claim 24, the method consisting essentially of: oxidizing carbide

anions at a reaction temperature from 150°C to 750°C, wherein the oxidizing reaction
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produces an allotrope of carbon in an spl, sp2, and/or sp3 hybridization, and separating and

purifying the carbon product.

71. A method of producing elemental allotropes of carbon comprising: chemically
oxidizing salt-like carbide anion and/or intermediate transition metal carbide anion in a
molten metal salt reactant at a reaction tempcrature from 150°C to 750°C, wherein the carbon

is produced from the oxidation of the carbide anions, and also the reaction produces

elemental metal from the reduction of the cation of the metal salt, wherein the chemically
oxidizing step takes place in the molten metal salt, and wherein the metal salt is in excess

relative to the carbide.

72. The method of claim 71, wherein said carbide anion is from salt-like carbide anion

which 1s a methanide, an acetylide, or a sesquicarbide.

73. The method of claim 71, wherem said carbide anion is from calcium carbide,

magnesium carbide, or aluminum carbide.

74.  The method of claim 71, wherein the carbide anion is from a carbide having a particle

s1ze from 10 microns to 5 mm.

75.  The method of claim 71, wherein the carbide anion is from a carbide having a particle

si1ze from 30 microns to 200 microns.

76.  The method of claim 71, wherein the reaction produces elemental allotropes of carbon

with an spl, sp2, and/or sp3 hybridization.

77. The method of claim 71, wherein said reaction produces an elemental allotrope of

carbon with an sp3 hybridization.

78.  The method of claim 71, wherem said reaction produces an elemental allotrope of

carbon with an sp2 hybridization.
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79. The method of claim 71, wherein said reaction produces an elemental allotrope of

carbon with an spl hybridization.

80. The method of claim 71, wherein said reaction produces carbon in the form of
oraphene.

81.  The method of claim 71, wherein said reaction produces carbon in the form of
platelets.

82.  The method of claim 71, wherein said reaction produces amorphous carbon.

3. The method of claim 71, wherein said reaction produces mixed hybridization carbon.
84.  The method of claim 71, wherein the yield of carbon from the carbide starting

material 1s more than 10%.

85.  The method of claim 71, wherein the yield of carbon from the carbide starting

material 1s more than 30%.

86.  The method of claim 71, wherein the yield of carbon from the carbide starting

material 1s more than 70%.

87.  The method of claim 71, wherein the product of the reaction is in particle form.

88.  The method of claim 71, wherein said reaction comprises reacting as the carbide
anion a sesquicarbide with the molten metallic salt which is a halide salt to produce an
allotrope of carbon in the spl hybridization.

89. The method of claim 71, wherein said reaction temperature is in a range selected from
the group consisting of from 150°C to 200°C, from 150°C to about 250°C, from 200°C

250°C, from 200°C to 300°C, from 200°C to 350°C, from 200°C to 400°C, from 250°C to
400°C, from 200°C to 500°C and from 250°C to 500°C.

29

CA 2905499 2017-10-18



90. The method of claim 71, wherein said reaction temperature is in a range selected from
the group consisting of from 300°C to 600°C, from 400°C to 600°C, from 500°C to 700°C,
from 200°C to 700°C, from 250°C to 750°C, and from 150°C to 750°C.

01.  The method of claim 71, wherein said reaction temperature is in a range from 250°C
to 400°C.
92.  The method of claim 71, wherein the reaction temperature 1s high enough to melt the

metal salt but low enough to control the hybridization of the carbon.

03.  The method of claim 71, wherein the oxidizing reaction 1s carried out at a temperature
below 500°C.

94.  The method of claim 71, wherein the oxidizing reaction 1s carried out at a temperature
below 400°C.

95.  The method of claim 71, wherein the oxidizing reaction is carried out at a temperature
below 300°C.

96. The method of claim 71, wherein the metal salt has a melting point of less than
280°C.

97. The method of claim 71, wherein the excess 1s at least twice the stoichiometric ratio.
98. T'he method of claim 71, wherein the reaction takes place undcer an cnvironment that

is void of oxygen and/or moisture.

99. The method of claim 71, wherein the reaction is carried out with use of dopants.

100.  The method of claim 71, wherein the product of the reaction is separated with use of

surfactant.

101. The method of claim 71, wherein the product of the reaction is scparated with use of
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gravity separation.

102. The method of claim 71, wherein after reaction the reaction products are subjected to

oxidation in an oven or a strong oxidative solution.

103. The method of claim71, wherein after reaction the carbon 1s classified according to

particle size.

104. The method of claim 71, wherein the method further comprises removing material

that 1s not element carbon from the products of the oxidizing reaction.

105. The method of claim 71, the method consisting essentially of oxidizing salt-like
carbide anions at a reaction temperature from 150°C to 750°C, and separating and purifying

the oxidation product.
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