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Description

Field of the Invention

[0001] The present invention relates to a thermal treatment apparatus and novel methods for the production and
treatment of carbon material, in particular graphite powders, employed as an additive in polymers, batteries or other
applications.

Background of the Invention

[0002] In recent years the demand for new graphite materials with increased performance in many domains has been
creating a need for new production technologies. Two important factors in this regard are flexibility and productivity.
Particularly, the development of graphite for anodes in Li-ion batteries has seen increased attention in this domain.
[0003] The Acheson technology (U.S. Patent No. 933,944) developed in the early 20th century describes a process
for heat treatment of carbonaceous materials by resistive heating. The process based on the graphitization of coke in
the presence of a binder, however, shows its limits. The graphitized carbon (graphite) has to be ground. The produced
graphite is characterized by a rather active surface as a result of the fresh grinding.
[0004] Basically, all graphitization processes based on Acheson suffer from high investment and costly handling of
this batch process. Moreover, it is known that the production of a homogeneous product requires special attention when
separating the outer shell composed to a large extent of silicon carbide as described in the Acheson patent.
[0005] The thermal treatment of carbonaceous material in an Acheson furnace as illustrated in Figure 1 occurs by two
different mechanisms: 1) resistive heating (joule effect or direct heating) and 2) thermal conduction (indirect heating).
The charge of an Acheson oven normally consists of a carbonaceous material to be treated, where carbonaceous
material is positioned around a core of graphite (consisting of solid rods or bars), wherein the core is lined up between
the electrodes which supply electrical energy (see Figure 2). The core allows electrical current flow between the elec-
trodes, by which the solid core material is heated up by resistive heating. The graphitization process starts in the contact
surface area between the core and the carbonaceous material surrounding the core, and is induced by indirect heating
of the carbonaceous material by thermal conduction from the hot core. The ohmic resistivity of the carbonaceous material
around the core is decreased with proceeding graphitization, and, consequently, the heating of the contact area becomes
more and more a result of direct heating. In summary, the graphitization of the carbonaceous material proceeds in a
radial direction from the core to the outer surface of the carbonaceous charge of the oven. It can be easily derived from
the above description that the degree of direct and indirect heating is not uniform over the radius of the oven, but the
proximal parts of the carbonaceous material are subjected to more direct heating than the distal parts. The difference
in heat applied to different parts of the charge of carbonaceous material over the diameter of the oven is compounded
by the cooling effect of the atmosphere at the outer part of the furnace, yielding a graphitization gradient over the diameter
of the furnace and, thus, a lack of homogeneity of the resulting product.
[0006] On the other hand, the Acheson process for graphitization has many advantages. For example, the equipment
is robust and rarely subject to malfunctions. Thus, the Acheson process is still commonly employed in the preparation
of graphitic material. However, there is a need in the art for improved preparation processes for graphitic materials,
combining the advantages of the well-known equipment with a more homogenous nature of the obtained product.
[0007] CN 1 834 205 A reports on a graphitization protocol wherein the heating core is typically composed of several
bars of a conductive heating core, formed by a number of 1.8 meter pieces of solid conductive carbon material. The
shortcomings of this method are that by the necessity to use and arrange a number of large pieces of a solid carbon
material to form the heating core the process is both cumbersome and the configurations rather limited. Accordingly,
this protocol is restricted to a rather small array of products.
[0008] U.S. Patent No. 7,008,526 covers the graphitization of pre-ground carbonaceous precursors. Since this appli-
cation restricts itself to just pre-ground carbonaceous precursors, the utility of the process described therein is therefore
rather limited. Furthermore, rather than an Acheson furnace, a muffle furnace is the heat source for this application and
hence heating can only occur through thermal conduction (indirect heating).
[0009] GB 2 185 559 A describes a process for continuously graphitizing carbon bodies by electric resistance. The
process described therein is thus fundamentally different from Acheson type processes wherein the carbonaceous
material to be treated is loaded to the furnace at once and then after the end of the treatment removed from the furnace.
SU 1 765 115 A1 describes a further method for heat treating carbonaceous material wherein the furnace incorporates
a "grid" of solid dielectric material for conveying the heat necessary for the treatment process. Hence, the possible
process configurations are rather limited due to the sophisticated setup of the conductive elements. GB 796236 A is
concerned with achieving a more uniform heating of particulate non-conductive materials such as metal oxides or silica
within an Acheson type reactor so as to reduce the oxides and produce metal/silicon carbides. The solution requires a
number of solid graphite bars which represent a part of the heating element. U.S. Patent No. 6,783,747 describes the



EP 2 373 580 B1

3

5

10

15

20

25

30

35

40

45

50

55

use of containers whose walls are made out of graphite which are filled with the material to be graphitized. Electrical
current supplied by electrodes flows through the container walls, which in turn become heated by the Joule effect. The
heat generated in such a way is transmitted substantially via thermal conduction to the powder to be treated inside the
box. This technique has a number of drawbacks:

1 costly boxes have to used;
1 high wear of the boxes by erosion due to the generation of aggressive gases in the containers;
1 slow and expensive handling costs for filling, positioning and emptying the boxes.

Having regard to the state of the art, there remains a need for an improved process wherein the desired heat treated
carbonaceous product can be efficiently and conveniently prepared in an oven of the Acheson type.

Summary of the Invention

[0010] The inventors have developed a process for the preparation or treatment of carbonaceous material (e.g. graphite
powder) wherein the solid core of graphite in the Acheson type oven (usually consisting of rods or bars in the prior art)
has been replaced with a graphitic material in particulate form. Insofar as the graphitic material serves to produce the
desired resistive heating by virtue of the Joule effect observed when electrical current flows through the material, it may
also be referred to as a "functional filler." Furthermore, since the use of graphite containers encasing the carbonaceous
material to be treated are no longer necessary, the novel process of the present invention is consequently both more
efficient and safer than the prior art.
[0011] The use of a "functional filler" in particulate form (powdered or grained material) provided by the present invention
allows for greater flexibility in the choice of process parameters, facilitates control over the degree of direct and indirect
heating and can be utilized in numerous configurations that will now be described in greater detail below in order to
illustrate the invention.
[0012] In one aspect, the present invention provides processes for the thermal treatment of carbonaceous material in
a reactor comprising electrodes positioned at both ends of the reactor, characterized in that in addition to the carbonaceous
material to be treated a functional filler consisting essentially of graphitic material in particulate form is added to the
reactor for allowing electrical current to flow through the charge, provided that when the carbonaceous material to be
treated is graphitic material, no functional filler needs to be added to the graphitic material to be treated.
[0013] Typically, the graphitic material of the functional filler has an average particle size ranging from about 1 mm to
about 10 mm, preferably from about 10 mm to about 1 mm. The functional filler of the present invention is thus mainly
composed of conductive graphitic material, but may also contain some additives commonly employed in graphitization
or graphite treatment processes.
[0014] The carbonaceous material obtained from the processes of the invention is typically characterized by an in-
creased homogeneity compared to material obtained with conventional processes. Moreover, the processes of the
present invention offer a convenient way to adjust the properties of the obtained material by virtue of controlling the
degree of direct and indirect heating of the carbonaceous material during the thermal treatment. The latter is achieved
by appropriately arranging the material to be treated and the functional filler inside the reactor, as will be explained in
more detail below. Through the possibility of "fine-tuning" the arrangement of functional filler and material to be treated,
basically any degree of direct to indirect heating can be achieved, dependent on the desired properties of the obtained
product.
[0015] It is thus also readily apparent that the novel process provided by the present invention allows to achieve a
more uniform heating within the reactor.
[0016] In some embodiments, the carbonaceous material is a material to be graphitized by the process of the invention.
In other embodiments, the carbonaceous material is a graphitic material to be heat-treated and/or purified by the process
of the invention. Preferably, the carbonaceous material to be processed and/or the functional filler will essentially be of
homogeneous particle size, i.e. with a narrow particle size distribution. The latter is clearly advantageous in order to
separate the treated material from the functional filler present in the reactor.
[0017] The processes of the present invention are typically carried at temperatures of about 2000° up to 3500° C.
Preferably, the temperature for graphitization in an Acheson type process is more than about 2500°C.
[0018] In addition to the functional filler and the carbonaceous material to be treated, the processes may employ
another carbonaceous material as a bulk insulator material, i.e. having a low electrical conductivity. Once again, said
bulk insulation material is typically in particulate form and preferably essentially of essentially homogeneous particle size.
[0019] In certain embodiments, the control of the degree of direct and indirect heating is achieved by charging the
carbonaceous material to the Acheson type oven in the form of a mixture consisting of

a) the carbonaceous material to be treated, and
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b) the functional filler consisting of graphitic material in particulate form allowing electrical current to flow through
the charge.

[0020] In some embodiments, the mixture of a) and b) is comprised of the functional filler in an amount which overcomes
the percolation threshold of the resulting mixture. The percolation threshold depends on the specific properties of the
two materials, and can be easily determined by those of skill in the art. In most cases, a content of at least 5% of the
functional filler will be necessary to obtain a sufficient conductivity of the mixture. Of course for embodiments where the
carbonaceous material to be treated is graphitic material and thus already conductive, less or even no functional filler
at all needs to be added to the graphitic material to be treated.
[0021] In other embodiments, the degree of direct and indirect heating of the carbonaceous material to be treated is
controlled through the mutual three-dimensional arrangement of the graphitic material and the carbonaceous material
to be heat treated.
[0022] In certain embodiments, the degree of direct and indirect heating in the process is controlled by charging the
carbonaceous material to be treated to the reactor in the form of layers separated by one or more layers of a graphitic
material, with the graphitic material in particulate form acting as a functional filler enabling the desired electrical current
flow. Preferably, the layers of carbonaceous material and graphitic material are positioned in an alternating manner
when viewed in a cross-section of the reactor.
[0023] In other alternative embodiments, the degree of direct and indirect heating in the process is controlled by
charging the carbonaceous material to the reactor in the form of a core "bar" (consisting of particulate material), wherein
said core bar is surrounded by the functional filler allowing electrical current flow.
[0024] In yet further alternative embodiments, the degree of direct and indirect heating in the process can be controlled
by charging the carbonaceous material to be treated to the reactor, and disposing the graphitic material in particulate
form between the electrodes in the form of one or more "bars" allowing electrical current flow. In a preferred embodiment,
the "bars" of the graphitic material are of rectangular shape when viewed in a cross-section. Of course, the functional
filler goes into the process in particulate form and at the end of the process is removed in particulate form.
[0025] In any of the above embodiments, the graphitic functional filler and the carbonaceous material may conveniently
be of different grain size, thereby allowing the separation of the treated carbonaceous particles from the functional filler
particles through standard techniques available in the art. In a preferred embodiment, the content of the cold oven after
the thermal treatment is classified through sieves having mesh sizes corresponding to the grain sizes of the employed
filler and carbonaceous materials, respectively.
[0026] In certain embodiments, a carbonaceous material with low conductivity in particulate form is added in addition
to the carbonaceous material to be treated and the functional filler to the reactor. Such a material is herein referred to
as a solid bulk insulation. In preferred embodiments said carbonaceous material acting as a solid bulk insulation has
low electrical conductivity. Suitable examples are coke (such as petroleum coke), anthracite and the like.
[0027] In yet other embodiments, the carbonaceous material can be charged to the reactor within graphitic containers,
wherein the graphitic containers are embedded into a graphitic material in particulate form allowing electrical current
flow (functional filler).
[0028] In any of the above embodiments, the carbonaceous material and/or the graphitic material acting as the func-
tional filler may further contain one or more catalyst compounds, nucleating agents, binders, coatings or any other
additives commonly employed in such processes.
[0029] Representative forms of carbonaceous material include coke (green or calcined), petroleum coke, pitch coke,
carbonized wood or other biogenic products, needle coke, sponge coke, metallurgical coke, coal tar based carbons and
mesocarbons, anthracite, synthetic graphite, natural graphite, expanded graphite, carbonized polymers, carbon black
or combinations thereof.
[0030] Representative forms of the graphitic material suitable for treatment or acting as the functional filler include
synthetic graphite, natural graphite, expanded graphite or combinations thereof.

Brief Description of the Figures

[0031]

Figure 1 shows a reactor comprising electrodes positioned at both ends of the reactor which is suitable for performing
the processes of the present invention.

Figure 2 shows a reactor charged in the conventional manner, wherein the core of graphite is surrounded by the
carbonaceous material to be treated.

Figure 3 shows a reactor wherein the functional filler is charged around a core of carbonaceous material to be treated.



EP 2 373 580 B1

5

5

10

15

20

25

30

35

40

45

50

55

Figure 4 shows a reactor wherein the functional filler and the carbonaceous material to be treated are charged in
the form of a mixture.

Figure 5 shows a reactor wherein the functional filler is charged in the form of layers between the carbonaceous
material to be treated.

Figure 6 shows a reactor wherein the functional filler is charged in the form of two bars surrounded by carbonaceous
material to be treated.

Figure 7 shows a reactor wherein the carbonaceous material to be treated is placed in graphite containers which
are embedded within the functional filler.

Detailed Description of the Present Invention

[0032] One of the aims of the present invention is to provide an efficient process for the preparation of substantially
homogeneous graphite using a reactor comprising electrodes positioned at both ends of the reactor. The inventors have
found that by using a functional filler in particulate form the degree of direct and indirect heating can be manipulated,
through which the properties of the obtained heat treated carbonaceous material can be fine-tuned as desired. The
products obtained by the processes of the present invention can be used, for instance, in lithium-ion batteries.
[0033] The processes of the present invention provide:

1 an efficient and cost-effective process to heat treat carbonaceous powders and/or grains by a combination of
direct and indirect heating;

1 an efficient and cost-effective process to purify graphite and to evacuate the impurities; and

1 an efficient and cost-effective process allowing greater flexibility in adjusting the heat input, in particular with
regard to the degree of direct vs. indirect heating.

[0034] By employing the processes of the present invention, for example, a purified form of synthetic graphite can be
produced by manipulating the spatial arrangement of the carbonaceous material and the graphitic functional filler in
particulate form inside the reactor. For example, the desired degree of direct vs. indirect heating can be achieved by
manipulating the layered construction of the carbonaceous material and said graphitic material (e.g., layer thicknesses,
number of layers and orientation of layers), the ratio of carbonaceous material to graphitic material, or the size of the
particles of the carbonaceous material and/or the graphitic material. In addition, the volume ratio between carbonaceous
material and graphitic material can also be varied to achieve the desired degree of direct and indirect heating. Of course,
any of these manipulations can also be used in combination.
[0035] The present invention further permits the carbonaceous material to be treated with or without pre-grinding
provided the particle size is compatible with layer thickness and filling operations.

1. Furnace and Particulate Filling

[0036] The reactor typically comprises a metal frame and refractory lining. The electrodes are positioned at both ends
of the reactor as shown in Figure 1.
[0037] Since the degree of direct vs. indirect heating influences the properties of the obtained material, the spatial
arrangement of the carbonaceous material to be heat-treated and the functional filler inside the reactor is generally
adapted in order to achieve the desired properties of the obtained material. The powders and/or grains are typically
deposited by a computer guided arm which brings the materials in the selected position.
[0038] In some embodiments, the carbonaceous material and graphitic functional filler in particulate form can be
disposed within the oven in a plurality of alternating layers. The thickness of the various layers can be pre-programmed.
Furthermore, the particle size of the respective materials in the layers can be selected based on pre-determined char-
acteristics. These parameters, as well as others known to those skilled in the art, either alone or in combination, can be
selected in order to influence the heating rates of the carbonaceous material at desirable levels.
[0039] The carbonaceous material to be treated and the functional filler in particulate form (see (I) and (m) respectively
in the reference list of the figures) can for example be separated by a cardboard sheet that may remain in place before
starting the heating or by metal sheets which are removed prior to starting the heating. Alternatively, the different materials
can be separated by any other technique that allows them to retain their form or remain confined throughout the process.
In this sense, the discrete areas defining the respective materials assume monolithic forms with no enclosing, separate
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physical barrier.
[0040] In other embodiments, the materials can also be present as mixed powders and/or grains having different
crystallization levels, as well as materials differing by their particle size. In Acheson type processes, the insulation of the
oven may not merely comprise the outer lining consisting of refractory material, but may also comprise an insulation
charge around the carbonaceous material to be heat treated and the functional filler allowing the electrical current flow.
As explained above, such a solid bulk insulation material is typically comprised of a carbonaceous material having a low
electrical conductivity, such as petroleum coke or the like.
[0041] The control of the degree of direct vs. indirect heating can be achieved by several different spatial arrangements.
For example, by charging the functional filler in particulate form around a core of carbonaceous material to be treated
(see Figure 3) and/or by adapting the thickness of the functional filler (see Figure 3, m) and/or the carbonaceous material
(see Figure 3, I) to be treated, the progress of direct heating in the radial direction results in a decreased heat gradient
during processing. The carbonaceous material is heated rapidly, and undergoes a fast graphitization over the whole
thickness, so most of the heat is applied directly via resistive (i.e. direct) heating.
[0042] In another embodiment, the functional filler and the carbonaceous material to be treated may be charged to
the oven in the form of alternating layers (see Figure 5). Alternatively, the functional filler in particulate form may be
charged in the form of "bars" (see Figure 6), lined up between the electrodes and passing through the carbonaceous
material to be treated. Again, the heat gradient over the diameter of the oven is reduced by such arrangements of the
charged materials.
[0043] In an alternative embodiment, the functional filler and the carbonaceous material to be treated may be charged
to the oven in the form of a mixture (see Figure 4). The content of the functional filler in the mixture, as well as the grain
size of the functional filler, can be varied and can be used to influence or control the rate of heating as well as the relative
levels of direct and indirect heating. The type of mixture can be a determining factor for quality but also processing
requirements. A mixture of a material to be treated with its already graphitized version can simplify the emptying and
screening process as well as enable the operator to generate new materials by adjusting the ratio as appropriate.
[0044] A mixture of a coarser functional grade with a fine material to be treated can facilitate the screening process.
While the applicant does not wish to be bound to any kind of theory, it is understood that most of the resistivity heat is
developed at the contact of grain surfaces of the functional filler, and the mixture functions as a conductive composite
(by blending conductive and less conductive or even insulating material), where each composition can result in a new
product having been subjected to a particular thermal history. It will be understood that if the total number of contact
surfaces between the functional filler grains is increased, the effect of direct heating is increased as well. Moreover, as
the resistivity of the material to be treated is reduced by the heat treatment, direct heating will progressively displace
indirect heating in the compositions.
[0045] In some embodiments, the carbonaceous material to be treated may already exhibit a relatively low resistivity.
In such cases, it may also serve as its own functional filler.
[0046] In all of the above embodiments, the separation process of the treated carbonaceous particles from the functional
filler after the end of the heat treatment can be simplified by employing functional fillers and carbonaceous materials of
different grain sizes. The content of the cold oven, for example, can be classified through sieves having mesh sizes
corresponding to the grain sizes of the employed filler and carbonaceous materials, respectively.
[0047] In yet another alternative embodiment, the carbonaceous material to be treated may be charged to the oven
by filling the carbonaceous material into one, and preferably more than one container (Fig. 7) consisting of graphite,
where the loaded containers are embedded within the functional filler inside the oven. In this embodiment, the heating
of the carbonaceous material is to a large extent indirect heating, since little or no electrical current is passed through
the carbonaceous material to be treated inside the graphite containers.
[0048] In any of the above embodiments, the functional filler and/or the carbonaceous material may contain one or
more additional catalyst compounds to increase the rate of the intended reactions. Catalysts for graphitization are known
in the art and include, but are not limited to, carbide-forming components, such as iron, silicon oxide or silicon metal,
boron oxide or boron metal, aluminium oxide or aluminium metal. The functional filler and carbonaceous material also
may contain binders, coatings and other additives commonly employed in this technical field.

2. Oven Design

[0049] Reactors comprising electrodes positioned at both ends of the reactor are generally known in the art. For the
purposes of the present invention the third solid bulk insulation illustrated in the Figures is usually comprised of a
carbonaceous material with low conductivity such as petroleum coke or anthracite, or other suitable (inert) materials. In
cases where the latter is in direct contact with the material to be heat treated, the particle size is generally selected to
be different to allow a convenient separation at the end of the process. The second solid insulation generally consists
of refractory materials such as silicon carbide or suitable metal oxides.
[0050] For the purposes of the present invention, it may be advantageous to use reactors of a smaller size than usually
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employed. Since the energetic efficiency of the standard Acheson process is not very high, graphitization is frequently
performed in very large ovens having a total load in the range of about 100 tons of carbonaceous material to be graphitized.
However, for the purpose of arriving at a reactor charge having a defined three-dimensional arrangement or shape as
described herein, it will often be easier to perform a controlled charging and discharging of the oven if smaller-sized
ovens are employed.

3. Results

[0051] It was found that direct and indirect heating impart quite different characteristics to the heat treated material.
This is illustrated by the results obtained from experiments wherein the carbonaceous material was treated only by direct
heating, whereas in another experiment, the same carbonaceous input material was treated only by indirect heating in
an otherwise similar setup. Direct heating was performed according to the arrangement described in Figure 4. Indirect
heating has been performed according to the arrangement described in Figure 7.
[0052] As can be seen from the results shown in the table below, direct heating generates - for amorphous carbon
starting materials with a similar particle size after graphitization - a material with higher crystallinity, as indicated by a
higher Xylene density, a higher thickness of crystalline graphite domains Lc, a higher specific BET surface area, as well
as a lower graphite interlayer distance c/2, than for the material graphitized by indirect heating. On average larger
graphitic layers, but at a lower average interlayer distance were observed; and the ratio of surface area/particle size
indicates a slightly higher porosity in the case of direct heating. Detailed parameters obtained from these experiments
are listed in Table 1.

[0053] It is evident from the observed variations of the educt and product parameters that it is possible to select desired
product parameters, such as the degree of crystallinity by choosing adequate reaction conditions, in particular, by
selecting a desired ratio of direct and indirect heating in the processes of the invention.

4. Advantages of the Present Invention

[0054]

1. The use of a functional filler consisting essentially of graphitic material in particulate form facilitates electrical
current flow through the charge of carbonaceous material and also allows for significant flexibility in the process
configuration.

2. The use of said functional filler along with the spatial arrangement of said carbon based components enables
control over the degree of direct and indirect heating which in turn allows the parameters of the product to be selected
as desired.

3. Pre-grinding of the carbonaceous material is not necessary so long as the particle size is compatible with the
other process parameters (namely the functional filler and third solid bulk insulation).

[0055] To the best of applicant’s knowledge, processes for the thermal treatment of carbonaceous material, wherein
a functional filler consisting essentially of graphitic material in particulate form is added to the reactor for allowing electrical
current to flow through the charge have not been described in the prior art.
[0056] It will be apparent to those of skill in the art that many modifications and variations of the embodiments described
herein are possible without departing from the spirit and scope of the present invention. The present invention and its
advantages are further illustrated in the following, non-limiting examples.

Table 1: Parameters determined for starting materials and treated materials.

Graphite property unit Before heating After direct ohmic heating After indirect heating

Xylene density g/cm3 2.07 2.257 2.252

Lc nm 3 130 100

c/2 nm 0.3489 0.3356 0.3360

BET Surface Area m2/g 4.8 2.8 2.2

Average particle size mm 14.4 14.4 12.8
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Examples

Example 1:

[0057] The material to be treated according to a conventional Acheson type process setup was placed on the outside
of a more electrically conductive core material as illustrated in Figure 2. The properties of the starting material and of
the product obtained after direct heating are given in Table 2 below:

Example 2:

[0058] In general, the same reactor type and starting materials as in Example 1 were used. However, in this experiment
the material to be treated was on the inside of the more electrically conductive filler material as illustrated in Figure 3.
The properties of the starting material and the product are given in Table 3 below:

[0059] Examples 1 and 2 show that with two identical starting materials and with identical electrical input, the two
different spatial arrangements (one with the conducting material inside the other with the conductive material outside)
generate two different products, in particular with respect to the crystallinity (see xylene density and crystalline graphite
domains Lc) and specific surface area of the product.

Example 3:

[0060] Purification of different graphite qualities was carried out in an oven as shown in Figure 1. No extra conductive
nerve or core was used in this process.
[0061] Table 4 (below) illustrates the purification process of the present invention for two different graphite materials.

Table 2: Properties of starting material and final product after treatment in an arrangement according to Figure 2:

Raw material: Calcined coke Final product:

Ashes Content (%) 0,102 0,004
Volatiles Content (%) 1,14
Pour Density (g/cc) 0,594 0,614

Xylene Density (g/cc) 2,084 2,250

Lc (nm) 002 3 147
c/2 (nm) 002 0,3466 0,3359

d10 (mm) 9 8,8
d50 (mm) 23,9 23,0
d90 (mm) 50,9 48,3

Nitrogen Surface Area (m2/g) (BET SSA) 4 1,40

Fe Content (ppm) 400 67

Table 3: Properties of starting material and final product after treatment in an arrangement according to Figure 3

Raw material: Calcined coke Final product

Ashes Content(%) 0,102 0,004
Volatiles Content (%) 1,14

Pour Density (g/cc) 0,594 0,614
Xylene Density (g/cc) 2,084 2,237

Lc (nm) 002 3 71
c/2 (nm) 002 0,3466 0,3361

d10 (mm) 9 8,8
d50 (mm) 23,9 23,0

d90 (mm) 50,9 48,3
Nitrogen Surface Area (m2/g) 4 1,80

Fe Content (ppm) 400 67
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The main physical characteristics are reported for the materials before and after heat treatment. The treated materials
have been analyzed on the top of the reactor and on the bottom in order to illustrate the uniformity of the treatment. It
can be observed that the overall purity given by ash content and moisture is noticeably improved independently of the
type of starting material. Trace elements have disappeared and are below 1 ppm or no longer detectable. Vanadium,
although reduced, stays at a slightly higher level. Sulfur content is strongly reduced, although this may also depend on
the graphite type. As illustrated by the results, no significant difference can be observed between top and bottom of the
reactor, confirming that the process of the present invention produces a highly homogenous product throughout the
reactor.

Reference List for Figures

[0062]

a) Power Supply
b) Electrical Connection
c) Electrode
d) Electrode Housing
e) Metal Frame of Oven
f) Flexible Insulation
g) First Insulation
h) Second Solid Insulation (refractory solids such as silicon carbide or oxides of graphite)
i) Third Solid-Bulk Insulation (consisting of a carbonaceous material with low conductivity)
I) Carbonaceous Material to be treated
m) Conductive Graphitic Material ("Functional Filler")
n) Graphite Container (containing carbonaceous material to be treated)
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Claims

1. A process for thermal treatment of carbonaceous material in a reactor comprising electrodes positioned at both
ends of the reactor, wherein in addition to the carbonaceous material to be treated a functional filler of graphitic
material in particulate form is added to the reactor for allowing electrical current to flow through the charge, provided
that when the carbonaceous material to be treated is graphitic material, no functional filler needs to be added to the
graphitic material to be treated.

2. The process according to claim 1, wherein said graphitic material of the functional filler has a particle size ranging
from about 1 mm to about 10 mm, preferably from about 10 mm to about 1 mm.

3. The process according to claim 1 or claim 2, wherein the degree of direct and indirect heating of the carbonaceous
material is controlled through the mutual three-dimensional arrangement of the functional filler and the carbonaceous
material to be heat treated.

4. The process according to any one of claims 1 to 3, wherein the carbonaceous material is charged to the reactor in
the form of a mixture consisting of

a) the carbonaceous material to be treated, and
b) the functional filler consisting of graphitic material in particulate form allowing electrical current to flow through
the charge.

5. The process according to claim 4, wherein said functional filler is present in an amount which overcomes the
percolation threshold, preferably wherein at least 5% by weight of functional filler are present in the mixture.

6. The process according to any one of claims 1 to 3, wherein, alternatively

i) the carbonaceous material is charged to the reactor in the form of layers separated by one or more layers of
said functional filler, preferably wherein the layers of carbonaceous material and the functional filler are oriented
in an alternating manner when viewed in a cross-section;
ii) wherein the carbonaceous material is charged to the reactor in the form of a core bar, wherein said core bar
is surrounded by the functional filler allowing electrical current flow;
iii) wherein the carbonaceous material to be treated is charged to the reactor, and wherein the graphitic material
in particulate form is disposed between electrodes in the form of one or more bars, preferably wherein the bars
of the graphitic material are of rectangular shape when viewed in a cross-section; or
iv) wherein the carbonaceous material is charged to the reactor within graphitic containers, and wherein the
graphitic containers are embedded into the functional filler allowing electrical current flow.

7. The process according to any one of the preceding claims 1 to 6, wherein the functional filler and the carbonaceous
material are of different grain size, thereby allowing the separation of the treated carbonaceous particles from the
functional filler particles.

8. The process according to claim 7, wherein the content of the cold oven after the thermal treatment is classified
through sieves having mesh sizes corresponding to the grain sizes of the employed filler and carbonaceous materials,
respectively.

9. The process according to any one of claims 1 to 8, wherein the carbonaceous material and/or the functional filler
may further contain one or more catalyst compounds or other additives.

10. The process according to any one of claims 1 to 9, wherein in addition to the carbonaceous material to be treated
and the functional filler a carbonaceous material with low conductivity in particulate form is added to the reactor as
a solid bulk insulator, preferably wherein said carbonaceous material with low conductivity is selected from petroleum
coke and anthracite.

11. The process according to any one of claims 1 to 10, wherein the carbonaceous material to be treated is a material
to be graphitized.

12. The process according to any of claims 1 to 10, wherein the carbonaceous material is a graphitic material to be heat
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treated and/or purified.

Patentansprüche

1. Verfahren zur thermischen Behandlung von kohlenstoffhaltigem Material in einem Reaktor mit an beiden Enden
des Reaktors angeordneten Elektroden, wobei neben dem zu behandelnden kohlenstoffhaltigen Material dem Re-
aktor ein funktioneller Füllstoff von graphitischem Material in partikulärer Form zugesetzt wird, der es elektrischem
Strom gestattet, durch die Ladung zu fließen; vorausgesetzt, dass es sich bei dem zu behandelnden kohlenstoff-
haltigen Material um graphitisches Material handelt, muss dem zu behandelnden graphitischen Material kein funk-
tioneller Füllstoff zugesetzt werden.

2. Verfahren nach Anspruch 1, wobei das graphitische Material des funktionellen Füllstoffs eine Teilchengrösse im
Bereich von etwa 1 mm bis etwa 10 mm, vorzugsweise von etwa 10 mm bis etwa 1 mm, aufweist.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei der Grad der direkten und indirekten Erwärmung des kohlen-
stoffhaltigen Materials durch die wechselseitige dreidimensionale Anordnung des funktionellen Füllstoffs und des
kohlenstoffhaltigen Materials, das wärmebehandelt werden soll, gesteuert wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei das kohlenstoffhaltige Material in den Reaktor in Form einer
Mischung eingebracht wird, die aus Folgendem besteht:

a) dem zu behandelnden kohlenstoffhaltigen Material, und
b) dem funktionellen Füllstoff bestehend aus graphitischem Material in partikulärer Form, der ermöglicht, dass
elektrischer Strom durch die Ladung fließt.

5. Verfahren nach Anspruch 4, wobei der funktionelle Füllstoff in einer Menge vorliegt, die die Perkolationsschwelle
überschreitet, wobei vorzugsweise mindestens 5 Gew.-% funktioneller Füllstoff in der Mischung vorhanden sind.

6. Verfahren nach einem der Ansprüche 1 bis 3, wobei alternativ

i) das kohlenstoffhaltige Material in Form von Schichten, durch eine oder mehrere Schichten des funktionellen
Füllstoffs getrennt, in den Reaktor eingebracht wird, wobei vorzugsweise die Schichten von kohlenstoffhaltigem
Material und funktionellem Füllstoff in einer Querschnittsansicht abwechselnd angeordnet sind;
ii) wobei das kohlenstoffhaltige Material in Form einer Kernstange in den Reaktor eingebracht wird, wobei die
Kernstange von dem funktionellen Füllstoff umgeben ist, was ermöglicht, dass elektrischer Strom fließt;
iii) wobei das zu behandelnde kohlenstoffhaltige Material in den Reaktor eingebracht wird, und wobei das
graphitische Material in partikulärer Form zwischen Elektroden in der Form einer oder mehrerer Stangen an-
geordnet wird, wobei die Stangen aus dem graphitischen Material in einer Querschnittsansicht vorzugsweise
rechteckig sind; oder
iv) wobei das kohlenstoffhaltige Material in graphitischen Behältern in den Reaktor eingebracht wird, und wobei
die graphitischen Behälter eingebettet sind in dem funktionellen Füllstoff, was ermöglicht, dass elektrischer
Strom fließt.

7. Verfahren nach einem der vorhergehenden Ansprüche 1 bis 6, wobei der funktionelle Füllstoff und das kohlenstoff-
haltige Material von unterschiedlicher Korngröße sind, wodurch die Trennung der behandelten kohlenstoffhaltigen
Teilchen von den funktionellen Füllstoffteilchen ermöglicht wird.

8. Verfahren nach Anspruch 7, wobei der Inhalt des erkalteten Ofens nach der Wärmebehandlung durch Siebe klas-
sifiziert wird, die Maschengrössen entsprechend den Korngrössen des verwendeten Füllstoffs beziehungsweise
kohlenstoffhaltiger Materialien aufweisen.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei das kohlenstoffhaltige Material und/oder der funktionelle Füllstoff
ferner eine oder mehrere Katalysatorverbindungen oder andere Additive enthalten kann.

10. Verfahren nach einem der Ansprüche 1 bis 9, wobei zusätzlich zu dem zu behandelnden kohlenstoffhaltigen Material
und dem funktionellen Füllstoff dem Reaktor ein kohlenstoffhaltiges Material mit niedriger Leitfähigkeit in partikulärer
Form als fester Schüttisolator zugesetzt wird, wobei das kohlenstoffhaltige Material mit niedriger Leitfähigkeit vor-
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zugsweise aus Petroleumkoks und Anthrazit ausgewählt wird.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei das zu behandelnde kohlenstoffhaltige Material ein zu gra-
phitierendes Material ist.

12. Verfahren nach einem der Ansprüche 1 bis 10, wobei das kohlenstoffhaltige Material ein graphitisches Material ist,
das wärmebehandelt und/oder gereinigt werden soll.

Revendications

1. Procédé de traitement thermique d’un matériau carboné dans un réacteur comprenant des électrodes positionnées
à l’une et l’autre des extrémités du réacteur, dans lequel, en plus du matériau carboné à traiter, une charge fonc-
tionnelle de matériau graphitique sous forme particulaire est ajoutée au réacteur pour permettre à un courant
électrique de circuler à travers le chargement, à condition que, lorsque le matériau carboné à traiter est un matériau
graphitique, aucune charge fonctionnelle ne doive être ajoutée au matériau graphitique à traiter.

2. Procédé selon la revendication 1, dans lequel ledit matériau graphitique de la charge fonctionnelle a une taille de
particules allant d’environ 1 mm à environ 10 mm, de préférence d’environ 10 mm à environ 1 mm.

3. Procédé selon la revendication 1 ou la revendication 2, dans lequel le degré de chauffage direct et indirect du
matériau carboné est commandé par le biais de l’agencement tridimensionnel mutuel de la charge fonctionnelle et
du matériau carboné à traiter thermiquement.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel le matériau carboné est chargé dans le
réacteur sous la forme d’un mélange constitué

a) du matériau carboné à traiter, et
b) de la charge fonctionnelle constituée de matériau graphitique sous forme particulaire permettant à un courant
électrique de circuler à travers le chargement.

5. Procédé selon la revendication 4, dans lequel ladite charge fonctionnelle est présente en une quantité qui surmonte
le seuil de percolation, de préférence dans lequel au moins 5 % en poids de charge fonctionnelle sont présents
dans le mélange.

6. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel, alternativement

i) le matériau carboné est chargé dans le réacteur sous la forme de couches séparées par une ou plusieurs
couches de ladite charge fonctionnelle, de préférence dans lequel les couches de matériau carboné et de la
charge fonctionnelle sont orientées d’une manière alternée lorsqu’on observe dans une coupe transversale ;
ii) dans lequel le matériau carboné est chargé dans le réacteur sous la forme d’une barre d’âme, dans lequel
ladite barre d’âme est entourée de la charge fonctionnelle permettant une circulation de courant électrique ;
iii) dans lequel le matériau carboné à traiter est chargé dans le réacteur, et dans lequel le matériau graphitique
sous forme particulaire est disposé entre les électrodes sous la forme d’une ou plusieurs barres, de préférence
dans lequel les barres du matériau graphitique sont de forme rectangulaire lorsqu’on observe dans une coupe
transversale ; ou
iv) dans lequel le matériau carboné est chargé dans le réacteur au sein de récipients graphitiques, et dans
lequel les récipients graphitiques sont intégrés dans la charge fonctionnelle permettant une circulation de courant
électrique.

7. Procédé selon l’une quelconque des revendications 1 à 6 précédentes, dans lequel la charge fonctionnelle et le
matériau carboné sont de granulométrie différente, ce qui permet la séparation des particules carbonées traitées
par rapport aux particules de charge fonctionnelle.

8. Procédé selon la revendication 7, dans lequel le contenu du four froid après le traitement thermique est classé à
travers des tamis ayant des tailles de maillage correspondant aux granulométries de la charge et des matériaux
carbonés employés, respectivement.
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9. Procédé selon l’une quelconque des revendications 1 à 8, dans lequel le matériau carboné et/ou la charge fonc-
tionnelle peuvent en outre contenir un ou plusieurs composés catalyseurs ou d’autres additifs.

10. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel, en plus du matériau carboné à traiter et de
la charge fonctionnelle, un matériau carboné avec une faible conductivité sous forme particulaire est ajouté au
réacteur en tant qu’isolant en masse solide, de préférence dans lequel ledit matériau carboné avec une faible
conductivité est choisi parmi du coke de pétrole et de l’anthracite.

11. Procédé selon l’une quelconque des revendications 1 à 10, dans lequel le matériau carboné à traiter est un matériau
destiné à être rendu graphitique.

12. Procédé selon l’une quelconque des revendications 1 à 10, dans lequel le matériau carboné est un matériau gra-
phitique à traiter thermiquement et/ou à purifier.
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