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(57) ABSTRACT

Injection device (56) for discharging a gas (54), in particular
a process gas (54), onto a material (12), in particular onto a
battery cathode material (14) that is to be calcined, having
at least one inlet (58) through which the gas (54) can be
supplied to the injection device (56), and at least one outlet
(60) through which the gas (54) can be discharged from the
injection device (56), the inlet and outlet being connected to
one another by a flow path (62) for the gas (54). According
to the invention, the flow path (62) has a heat exchanger (64)
with a heat exchanger housing (68) which is accessible from
the outside for an ambient atmosphere (66) and in which a
duct arrangement (70) is integrated. The duct arrangement
(70) comprises a first flow duct (72.1) and a second flow duct
(72.2) between which there is formed a redirection region
(74.1) such that the gas (54) can flow through the first and
second flow duct (72.1, 72.2) in different main flow direc-
tions. The invention further relates to a process gas system
(52) for supplying a gas (54) and to a device (10) and a
method for the thermal or thermo-chemical treatment of
material.
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INJECTION DEVICE FOR DISCHARGING A
GAS, PROCESS GAS SYSTEM FOR
SUPPLYING A PROCESS GAS, AND DEVICE
AND METHOD FOR THE THERMAL OR
THERMO-CHEMICAL TREATMENT OF
MATERIAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an injection device for
supplying a gas, a process gas system for introducing a
process gas and an apparatus and also a process for the
thermal or thermochemical treatment, in particular calcina-
tion, of material, in particular battery cathode material.

2. Description of the Prior Art

[0002] With the assistance of such apparatuses and such a
process, a calcination of a pulverulent cathode material is
carried out in a specific atmosphere, in particular in an inert
or oxygen-containing atmosphere, in a furnace, for example
in the production of lithium ion batteries.

[0003] A pulverulent cathode material is, for example, a
lithium-containing transition metal precursor which is cal-
cined in the furnace to give a lithium-transition metal oxide.
In this procedure, water (H,O) or carbon dioxide (CO,) is
liberated as offgas from the lithium-containing transition
metal precursor, depending on whether lithium hydroxide or
lithium carbonate precursors are used.

[0004] To maintain the oxygen-containing atmosphere,
fresh process gas is introduced into the process space and the
water (H,O) or carbon dioxide (CO,) formed is removed
from the combustion space by continuous or intermittent
extraction of the process space atmosphere. The extraction
results in the formation of spaces having a lower gas partial
pressure, which likewise makes the continuous introduction
of further fresh process gas necessary.

[0005] In principle, however, such apparatuses and pro-
cesses are also used for the thermal treatment of other
materials which can be, for example, workpieces which have
to be thermally or thermochemically treated correspond-
ingly in the presence of a process gas.

[0006] The temperatures in such furnaces can be up to
2000° C. Furthermore, the invention will be illustrated for
the example of the thermal treatment of cathode material as
mentioned above. The temperature in the calcination of such
materials depends in a manner known per se on the material
to be treated and the type of furnace used.

[0007] In the case of apparatuses known from the market
and processes for calcining material, the process gas which
is blown into the process space mixes on its way to the
material to be treated with the atmosphere which is already
present in the process space. This mixed gas which ulti-
mately arrives at the material therefore contains firstly the
process gas in a reduced concentration and secondly, inter
alia, offgas which is already present in the process space
atmosphere. The effect of the process gas on the material to
be treated can therefore be influenced only in a not very
satisfactory manner and monitoring and control of the
atmosphere prevailing at the material is possible only to a
limited extent.

[0008] In such treatments, it is also necessary to keep the
temperature level in the process space of the furnace con-
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stant. In order to ensure this, the process gas has to be
appropriately heated to the temperature prevailing in the
process space. In general, this heating of the process gas
occurs actively, i.e. with consumption of energy required for
producing the heat, by means of heating units. The actively
heated process gas is then conveyed at the place of treatment
in, on and in a vicinal region around the battery cathode
material by means of, for example, a gas flow produced by
a blower in gas conduits which are largely present outside
the furnace but sometimes also in the furnace wall. In order
to avoid loss of heat energy, costly and complicated mea-
sures for insulating the gas conduit present outside the
furnace are necessary.

[0009] However, the temperature of the process gas fed in
is generally considerably lower than the temperature of the
process space atmosphere. The process gas fed in is fre-
quently not sufficiently heated before reaching the material
to be treated or loses heat energy on the way to the material,
so that incomplete reactions can result. In addition, the
cooler process gas can take up heat from the material carriers
or other components of the transport system, which can
result in thermal stresses which can lead to greater wear and
possibly premature failure of components and constituents
of the furnace.

SUMMARY OF THE INVENTION

[0010] It is therefore an object of the invention to provide
an injection device for supplying a gas, a process gas system
for introducing a process gas and an apparatus and also a
process for thermal or thermochemical treatment, which
counter the abovementioned disadvantages of the prior art
and optimally transfer heat present in the process space
passively and in an energy-efficient manner to the gas/
process gas.

[0011] This object is achieved according to the invention

by an injection device for supplying a gas, in particular a

process gas, to a material, in particular to a battery cathode

material to be calcined, comprising

[0012] a) at least one inlet through which the gas can be
fed to the injection device and at least one outlet through
which the gas can be supplied from the injection device,
which are connected to one another by a flow path for the
£as;

wherein

[0013] b) the flow path has a heat exchanger having a heat
exchanger housing which is accessible to an ambient
atmosphere from the outside and in which a channel
arrangement is accommodated;

[0014] c) the channel arrangement comprises a first flow
channel and a second flow channel between which a
diversion region is formed in such a way that the gas can
flow with different main flow directions through the first
and second flow channels.

[0015] Such an injection device enables the heat of a

process space atmosphere already present in a process space

to be utilized effectively for heating the process gas, which
leads overall to an improved total efficiency. For this pur-
pose, the injection device is arranged in a furnace or the like
in such a way that the process space atmosphere present
flows around the heat exchanger housing, or the latter is at
least surrounded by the process space atmosphere present,
so that heat transfer is possible. The transfer of heat from the
furnace atmosphere or from the furnace interior to the
injection device is effected not only by flow but also and
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sometimes even predominantly by radiation. Even when
there is no flow in the furnace, heat is transferred.

[0016] The heat exchanger housing can thus be arranged
in a largely flow-free or even static process space atmo-
sphere. Subsequently, it is assumed by way of example that
a moving process space atmosphere flows around the heat
exchanger housing.

[0017] Depending on the field of use, it can be advanta-
geous for the at least one inlet and the at least one outlet to
be arranged essentially with mirror symmetry or asymmetri-
cally relative to an axis of symmetry.

[0018] In addition, it is advantageous for the channel
arrangement to comprise a third flow channel in addition to
the first and second flow channels, with a second diversion
region being formed between the third and second flow
channels so that the gas can flow with different main flow
directions through the second and third flow channels. The
flow channels preferably dictate a meandering flow path
within the channel arrangement.

[0019] A meandering flow path can be present in the case
of a two-dimensional S-flow path or else three-dimensional
channel arrangements which, for example, dictate a coiled
flow path in which the flow is diverted at least twice and the
diversions occur in two planes which are at an angle to one
another, in particular are perpendicular to one another.

[0020] For this purpose, the first and second, the first and
third or the second and third flow channels advantageously
define a common plane, where the third or the second or the
first flow channel is offset relative to this plane or is arranged
at an angle thereto. In such an arrangement of the flow
channels, the gas flowing through the flow channels is
diverted once within the defined plane and once from the
defined plane into another plane, i.e., for example, to the
left/right or upward/downward. Here, diversions at an angle
of from 20° to 180° to the main flow direction in the
respective flow channel are preferred. A diversion through
180°, for example, brings about a change in the main flow
direction to a direction opposite to the main flow direction
of the preceding flow channel.

[0021] It is advantageous for the channel arrangement to
comprise one or more further flow channels and in each case
a diversion region in front of each further flow channel so
that the gas can flow with different main flow directions
through two successive flow channels, in addition to the
three flow channels.

[0022] In this way, an available construction space, for
example in a housing, can be utilized efficiently. With the
housing otherwise unchanged, the necessary reduction of the
flow cross sections firstly leads to an increase in the contact
area for the gas and secondly to an increase in the flow
velocity of the gas, which together increase the heat energy
transferred to the gas flow per distance covered.

[0023] In order to increase the efficiency of heat transfer
from the heat exchanger to the gas flowing through it further,
it is advantageous for a core structure to be present in one or
more flow channels. These core structures increase a heat
transfer area with which the gas flowing through the flow
channels interacts thermally compared to the heat transfer
area of the flow channels without core structures. The core
structures can be arranged on the flow guide elements or on
an interior surface of the heat exchanger housing. However,
they can also be arranged in such a way that they form an
annular space for the gas in the flow channels. In the case of
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such an arrangement, the core structures can preferably be
joined at the end to the interior surfaces of the heat
exchanger housing.

[0024] It can be advantageous here for the core structures
to be solid core bodies. However, it can also be advanta-
geous for core bodies to have flow openings so that the gas
flowing through the flow channels likewise flows through
the flow openings and thus can take up heat energy not only
on outer surfaces of the core bodies.

[0025] As regards the core bodies, it is also advantageous
for these to have, at least in sections in the flow direction, a
cross section which is circular, elliptical, has the shape of a
segment of a circle, has the shape of a sector of a circle, is
polygonal, in particular triangular, quadrilateral, in particu-
lar trapeze-shaped, trapezoidal or rectangular, pentagonal,
hexagonal or has more than six sides. The core bodies can
have, at otherwise essentially the same volume of the flow
channels, indentations and/or raised regions to bring about a
further increase in the heat transfer area participating in heat
transfer. These indentations and/or raised regions can be
present regularly or irregularly on the core bodies.

[0026] In an advantageous embodiment, at least two flow
channels run parallel to one another. Furthermore, the heat
exchanger and/or one or more of the flow channels can, at
least in sections, have a cross section which is circular,
elliptical, has the shape of a segment of a circle, has the
shape of a sector of a circle, is polygonal, in particular
triangular, quadrilateral, in particular trapeze-shaped, trap-
ezoidal or rectangular, pentagonal, hexagonal or has more
than six sides.

[0027] Here, one or more of the flow channels can have
cross sections which alter in terms of cross-sectional shape
and/or in cross-sectional area in the respective main flow
direction, at least in sections.

[0028] Foras much as possible of the heat energy taken up
by the heat exchanger to be able to be transferred to the gas
to be heated, it is advantageous for the heat exchanger
housing and wall of the flow channels present therein to be
composed of one or more particularly thermally conductive
materials. The material or materials preferably have a spe-
cific thermal conductivity of Az50 Wm™K™!, preferably
=75 Wm™ 'K~ and particularly preferably A=100 Wm™"K~
1.
[0029] Particularly suitable materials for this purpose are,
for example, materials which have a metal content, for
example elemental metals, metal alloys, metal oxides, metal
nitrides or metal carbides. The metal content can advanta-
geously comprise copper (Cu), tin (Sb), zinc (Zn), silver
(Ag), magnesium (Mg), nickel (Ni), beryllium (Be), alumi-
num (Al), potassium (K), molybdenum (Mo), tungsten (W),
sodium (Na), iron (Fe), silicon (Si) and tantalum (Ta). Heat
exchangers comprising, in particular, silicon carbide (SiC)
and copper alloys are suitable for the injection device of the
invention because of their high thermal conductivity. Espe-
cially at temperatures above 400° C., the heat exchanger
comprises predominantly metal-ceramic materials. In any
case, use is made of materials from which no metal or metal
compounds which could contaminate the material to be
calcined are liberated at the prevailing temperatures.
[0030] Furthermore, it can also be advantageous for the
channel arrangement to be able to be formed at least partly
by a flow guide structure which can be inserted into the heat
exchanger housing and be detachably fastened therein. A
flow guide structure can here be formed, for example, by
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joining flow guide elements. An advantage of this type of
construction is that the heat exchanger housing can, for
example, be provided as hollow body and the flow guide
structure for forming the channel arrangement can be
inserted into this before assembly of the injection device.
Detachably fastening of the flow guide structure makes it
possible for a user to adapt the distance which has to be
covered by the gas within the heat exchanger to the require-
ments of the particular production step.

[0031] It is advantageous for the heat exchanger housing
to comprise housing caps which, in particular, provide parts
of the channel arrangement. In this case, part of the heat
exchanger and the channel arrangement can be made in one
piece, for example as extruded profile or rolled profile. The
heat exchanger is then completed by the housing caps. As an
alternative, a separate flow guide structure can also be
inserted into the heat exchanger housing with housing caps
taken off and these caps are then put in place.

[0032] Itis advantageous for the housing caps to define the
diversion regions.

[0033] In a particularly preferred embodiment, the injec-
tion device comprises a nozzle arrangement having one or
more injection nozzles by means of which the gas can be
supplied in a direction toward the material to be treated.
[0034] The nozzle arrangement can be a component inde-
pendent of the heat exchanger or else can be encompassed
by the heat exchanger.

[0035] In a process gas system according to the invention
for introducing a process gas, in particular a process gas for
a thermal or thermochemical treatment, in particular a
calcination, of material, in particular of battery cathode
material, into a process space, the abovementioned object is
achieved by the process gas system using at least one
injection device according to the invention which has at least
some of the features indicated above for the injection device.
[0036] In an apparatus for the thermal or thermochemical
treatment, in particular calcination, of material, in particular
battery cathode material, comprising

[0037] a) a housing;
[0038] b) a process space present in the housing;
[0039] c¢) a transport system by means of which the

material or carrier structures laden with the material can
be transported in a transport direction in or through the
process space;

[0040] d) a heating system by means of which a process
space atmosphere prevailing in the process space can be
heated, and

[0041] e) a process gas system by means of which a
process gas which is necessary for the thermal or ther-
mochemical treatment of the material can be fed into the
process space,

the abovementioned object is achieved by

[0042] f) the process gas system being a process gas
system of this type and the process gas being able to be
supplied in a targeted manner by means of the injection
device to the material or to the carrier structures laden
with material;

[0043] g) the injection device being arranged in such a
way that the process space atmosphere can flow around
and/or radiate heat onto the heat exchanger so that the
process gas can be passively heated.

[0044] In a process for the thermal or thermochemical

treatment, in particular calcination, of material, in particular

battery cathode material, in which
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[0045] a) the material or the carrier structures laden with
the material are conveyed through a process space of an
apparatus for the thermal treatment of the material;

[0046] b) a process space atmosphere prevailing in the
process space is heated, and

[0047] c¢) aprocess gas which is necessary for the thermal
or thermochemical treatment is introduced into the pro-
cess space,

the abovementioned object is achieved by

[0048] d) the process gas being heated by means of a heat
exchanger which is arranged in the process space.

[0049] The process gas can preferably be fed to the

process space with a temperature which corresponds essen-

tially to the temperature of the process space atmosphere.

[0050] Furthermore, preference is given in the process to

using the abovementioned apparatus for the thermal or

thermochemical treatment of material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] Working examples of the invention will be illus-
trated below with the aid of the drawings. The drawings
show:

[0052] FIG. 1 a longitudinal section through an apparatus
for the thermal or thermochemical treatment of material,
comprising a process gas system by means of which a
process gas is introduced through injection devices into a
process space;

[0053] FIGS. 2a to 2¢ cross sections of the apparatus of
FIG. 1 with in each case a working example of an injection
device, in each of which a heat exchanger is arranged in the
process space;

[0054] FIGS. 3a and 35 the injection devices of FIGS. 2a
and 26 with in each case a partial section of the heat
exchanger;

[0055] FIGS. 4a and 4b a perspective view of a first
working example of the heat exchanger according to the
invention;

[0056] FIGS. 5a and 56 a perspective view of a second
working example of a heat exchanger according to the
invention;

[0057] FIGS. 6a and 65 a perspective view of a third
working example of the heat exchanger;

[0058] FIGS. 7a and 7b a perspective view of a fourth
working example of the heat exchanger;

[0059] FIGS. 8a to 8¢ cross sections of three further
working examples of the heat exchanger;

[0060] FIGS. 9a and 96 a perspective view of an eighth
working example of the heat exchanger;

[0061] FIGS. 10a and 105 a perspective view of a ninth
working example of the heat exchanger.

DESCRIPTION OF PREFERRED WORKING
EXAMPLES

[0062] Firstly, reference is made to FIGS. 1 to 2¢. In these,
10 denotes an apparatus for the thermal or thermochemical
treatment of material 12. In the following, this apparatus 10
will in the interests of simplicity be referred to as furnace 10.
In FIGS. 24 to 2¢, not all components and constituents which
have been labeled in FIG. 1 are in the interests of clarity not
provided again with a reference numeral.

[0063] The material 12 can be, for example, a battery
cathode material 14 as indicated at the outset which has to
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be calcined by means of a thermal treatment in the furnace
10 in the production of batteries.

[0064] The furnace 10 comprises a housing 16 with a
bottom 16a, a top 165 and two vertical sidewalls 16¢ and
164 which bounds an interior space 18 in which a process
space 20 is located. The housing 16 thus forms the housing
of the process space 20. The interior space 18 of the furnace
10 can optionally be defined by a separate housing surround-
ing the housing 16. As can be seen in FIG. 1, the process
space 20 extends between an inlet 22 and an outlet 24 of the
housing 16, which can each be closed by a gate 26. As an
alternative, an open inlet 22 and an open outlet 24 or else,
in contrast thereto, in each case a gastight double gate lock
by means of which separation of the atmosphere in the
furnace from the surrounding atmosphere is ensured can also
be present.

[0065] The material 12 is conveyed through the process
space 20 in a transport direction 30 by means of a transport
system 28; the transport direction 30 is indicated only in
FIG. 1 by an arrow. In the present working example, the
furnace 10 is designed as continuous furnace and specifi-
cally as pusher-type furnace in which the transport system
28 conveys the material 12 through the furnace 10. For this
purpose, the transport system 28 has a transport track 32
along which a plurality of support trays 34 are pushed, as is
known per se. In FIG. 1, only one support tray is provided
with a reference numeral.

[0066] The transport system 28 comprises a pusher device
36 with a powered pusher punch 38 which pushes a support
tray 34 from the outside through the inlet 22 into the process
space 20. This support tray 34 pushes against the first
support tray 34 in the transport direction 30, which is already
in the process space 20, as a result of which all support trays
34 present in the process space 20 are pushed along by one
position and the last support tray 34 in the transport direction
30 is pushed through the outlet 24 out from the process space
20.

[0067] In modifications which are not shown individually,
other designs known per se for continuous furnaces are also
possible. Mention may merely be made by way of example
at this juncture of roller furnaces, conveying belt furnaces,
chain transport furnaces, continuous travel furnaces and the
like. As an alternative, the furnace 10 can also be configured
as batch furnace which has only an inlet through which the
material 12 can be transported into the process space 20 and
out from this again. In this case, individual batches of the
material 12 are introduced through this inlet in the transport
direction 30 into the process space 20, thermally treated,
then taken out again from the process space 20 through the
entrance in the direction opposite to the transport direction
30 and in this way transported overall through the process
space 20.

[0068] The material 12 can, depending on its nature, be
conveyed as such by means of the transport system 28 and
be placed, for example, directly on the support trays 34. This
is, for example, possible when the material 12 is structural
workpieces.

[0069] In the present working example, carrier structures
40, which in the case of the battery cathode material 14 are
configured as firing dishes 42, laden with the material 12 are
provided; these are in English terminology referred to as
saggars. These carrier structures 40 can be placed on top of
one another in a manner known per se to form a regular
transport rack 44 having a plurality of levels, with in the
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present working example in each case three carrier struc-
tures 40 laden with battery cathode material 14 forming a
transport rack 44 and in each case a support tray 34 carrying
such a transport rack 44. Two or more than three, for
example four, five, six or more, levels per transport rack 44
are also conceivable; the number of possible levels depends
largely on the construction height of the process space 20
and the carrier structures 40. In one modification, the
transport rack 44 is a separate component, for example made
of metal or ceramic, which accommodates the carrier struc-
tures 40 in a plurality of levels.

[0070] The furnace 10 comprises a heating system 45
which is known from the market and is indicated purely
schematically and only in FIG. 1 and by means of which an
atmosphere prevailing in the process space 20 can be heated.
The atmosphere can be heated in a known manner by means
of convection, electromagnetic heat radiation or heat diffu-
sion. Exemplary heating systems can therefore comprise
heat radiator elements, fan heating clements or the like
which can be arranged in a distributed manner on or in the
furnace bottom 164, the furnace top 165 and/or one of the
vertical sidewalls 16¢, 164 and/or in the process space 20. As
an alternative or in addition, a convection heating system by
means of which the furnace atmosphere is drawn from the
process space 20, heated by means of a heating unit and
blown back into the process space 20 is possible.

[0071] The thermal treatment of materials 12 can result in
formation of an offgas 46 which has to be extracted from the
process space 20. Such an offgas 46 is indicated by broken
lines in FIGS. 2a to 2¢ and provided with a reference
numeral. In the calcination of battery cathode material 14,
water (H,O) or carbon dioxide (CO,), for example, is
formed as offgas 46. In addition, lithium (Li)-containing
phases can be liberated.

[0072] In order to be able to remove offgas 46 from the
process space 20, an extraction system 48 which can be seen
in FIGS. 24, 2b and 2c¢ is present and comprises extraction
openings 50 in the bottom 164 of the housing 16 via which
the offgas 46 can be drawn from the process space 20.
Components such as blowers, conduits, filters and the like
which are also necessary and known per se for this purpose
are not shown individually in the interests of clarity.
[0073] Materials 12 for the thermal treatment of which a
process gas is necessary can be thermally treated in the
furnace 10. In the case of the battery cathode material 14
which has been mentioned, oxygen (O,), for example, is
required for effective calcination and is blown in the form of
conditioned air into the process space 20. In this case, air
consequently forms such a process gas. The oxygen (O,)
present therein is reacted to form the metal oxide and water
(H,O) and carbon dioxide (CO,) are formed. In other
processes, other process gases may be necessary. In some
processes, oxygen-enriched air or even pure oxygen are
required, and the oxygen content of such process gases can
be from 21% to 100%. An inert gas, for example a noble gas,
can also be a process gas necessary for frictionless thermal
or thermochemical treatment.

[0074] The furnace 10 therefore comprises a process gas
system 52 by means of which a process gas 54 which is
necessary for the thermal treatment can be introduced into
the process space 20.

[0075] The process gas system 52 in turn comprises at
least one injection device 56 which is shown schematically
in FIGS. 3a and 36 and by means of which a gas, here the
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process gas 54, can be supplied to the material 12. FIG. 1
shows a plurality of injection devices 56, with only some
being denoted by a reference numeral. The injection device
56 has an inlet 58 through which the process gas 54 can be
introduced into the injection device and also at least one
outlet 60 through which the process gas 54 can be dis-
charged from the injection device 56, with the inlet 58 being
depicted only in FIGS. 3a and 3b. The inlet 58 and the outlet
or outlets 60 are fluidically connected to one another by a
flow path 62 through which the process gas 54 can flow.
[0076] The flow path 62 comprises a heat exchanger 64
having a heat exchanger housing 68 which is accessible
from the outside to an ambient atmosphere, here a process
space atmosphere 66 prevailing in the process space 20, and
which will in the following be referred to as HE housing 68.
A channel arrangement 70 which comprises at least two flow
channels 72 is accommodated in the HE housing 68.
[0077] The process gas 54 is heated by means of the heat
exchanger 64 along the flow path 62 to the outlet 60 by the
heat of the process space atmosphere 66 being utilized and
transferred to the process gas 54.

[0078] FIG. 3a shows a channel arrangement 70 with two
flow channels 72, namely a first flow channel 72.1 and a
second flow channel 72.2; an injection device 56 configured
in this way is also shown in FIG. 2a. FIG. 36 shows a
channel arrangement 70 with three flow channels 72, in
which a third flow channel 72.3 is also present; such
injection devices 56 are also shown in FIGS. 25 and 2¢, and
this will be discussed further below. In the interests of
clarity, identical components and constituents will continue
not always to be provided individually with a reference
numeral.

[0079] The process gas 54 can flow through the flow
channels 72 and in variants which are not shown the flow
channels are also configured as tube elements which are
separately present within the HE housing 68. In the channel
arrangement 70, a diversion region 74 is in each case formed
between two successive flow channels 72 in the flow direc-
tion, so that the process gas 54 flows with different main
flow directions through two successive flow channels 72.
Specifically, a diversion region 74.1 is present between the
first flow channel 72.1 and the second flow channel 72.2 and
in the variant of FIG. 356 a second diversion region 74.2 is
also present between the second flow channel 72.2 and the
third flow channel 72.3.

[0080] For the purposes of the present invention, a diver-
sion region 74 is any region in which the main flow direction
of the process gas 54 is altered. The expression main flow
direction is intended to indicate that turbulences or eddies
which can occur in the flow channel 72 are disregarded when
considering the flow direction of the process gas 54 through
a flow channel 72. A diversion can be brought about, in
particular, by abrupt changes in the course of the channel
through the diversion region 74, for example by a U-shaped
channel in the diversion region 74. If the main flow direction
upstream of the diversion region 74 differs from the main
flow direction downstream of the diversion region 74, oscil-
latory changes in the course of the channel can also be
formed in a diversion region 74.

[0081] In order to be able to supply the process gas 54 to
the material 12, the injection device 56 also has a nozzle
arrangement 76 which comprises a plurality of injection
nozzles 76a by means of which the process gas 54 can be
supplied in a direction toward the material 12 to be treated.
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The nozzle arrangement 76 can here be integrated into the
HE housing 68, as shown in FIG. 3a. The nozzle arrange-
ment 76 can also be a separate unit, as can be seen in FIG.
3b.

[0082] The individual injection nozzles 76a can be formed
by simple exit openings which can be configured, for
example, as circular opening, oval opening or slit. The
injection nozzles 76a can be movable, so that the outflow
direction of the local process gas 54 supplied can be set
individually for each injection nozzle 76a. This is not shown
individually in the figures. Furthermore, the injection
nozzles 76a can be arranged on the nozzle arrangement 76
at an angle to the bottom 16a and/or the transport direction
30 in order to supply the process gas 54 in a direction toward
the firing dishes 42 and/or the material 12. Here, all injection
nozzles 76a arranged on the nozzle arrangement 76 can
discharge the process gas 54 at different angles or the same
angles.

[0083] All firing dishes 42 and the material 12 in the
process space 20 are largely homogeneously supplied and
treated with process gas 54 as a result of the nozzle arrange-
ment 76 of the injection device 56, so that the thermal
treatment of the material 12 in all firing dishes 42 proceeds
highly reproducibly and uniformly.

[0084] On the one hand, process gas 54 arrives in this way
at the process position on the material 12, while secondly the
offgas 46, in the present case water (H,O) or carbon dioxide
(CO,), formed is displaced by the process gas 54, as a result
of which the offgas 46 can be effectively extracted from the
process space 20 by the extraction system 48.

[0085] The directed discharge of the process gas 54 alters
the gas partial pressure in the immediate vicinity of the
material 12, which in turn influences the process parameters
and as a result influences the chemical and physical prop-
erties of the product formed.

[0086] Furthermore, the quality of the product obtained
can be increased and reject production can be reduced in this
way. Furthermore, process gas 54 can be saved.

[0087] The directed discharge of process gas 54 from the
injection nozzles 76a also makes it possible to influence the
temperature in the vicinity of the material 12 to be treated;
both homogenization of the temperature in the vicinity of the
material 12 and also a targeted heterogeneous temperature
profile at the material 12 can be brought about, e.g. when the
distance through the heat exchanger 64 is deliberately insuf-
ficient to heat the process gas 54 to the temperature of the
process space atmosphere 66. These effects can be brought
about both by appropriate prior conditioning of the process
gas 54 through the process gas system 52 and also by
appropriate release of the process gas 54 by means of the
injection device 56.

[0088] The discharge of the process gas 54 through the
injection device 56 can occur continuously or in pulses; this
is set by means of an appropriate control and appropriate
control means in the process gas system 52.

[0089] FIGS. 2a, 25 and 2¢ show injection devices 56 with
differently configured or arranged heat exchangers 64, in
which the injection nozzles 76a of the nozzle arrangement
76 are, as in FIG. 1, each arranged next to the transport track
32 along a vertical direction. However, the invention also
encompasses an arrangement of the injection nozzles 76a
which includes an angle different from 90° with the top 165
and/or the vertical sidewalls 16¢, 16d.
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[0090] FIG. 2a shows, as mentioned above, a variant with
the injection device 56 of FIG. 3a. In the working example
depicted in FIG. 25, the heat exchanger 64 runs close to the
top 165 of the furnace 10 transverse to the transport direction
30 in order to utilize the regions of the process space
atmosphere 66 having a very high heat content for heating
the process gas 54. The nozzle arrangement 76 there projects
vertically down from the heat exchanger 64 running along
the top 165 of the furnace 10. FIG. 2¢ shows an alternative
arrangement of the heat exchanger 64 parallel to the trans-
port direction 30 in one variant on the vertical sidewall 16c¢.

[0091] FIGS. 4a, 4b show a first working example and
FIGS. 5a and 55 show a second working example of the heat
exchanger 64 of the injection device 56, in which two flow
channels 72.1 and 72.2 which are connected by the diversion
region 72.1 are present in each case. The two flow channels
721 and 72.2 and the diversion region 74.1 in the HE
housing 68 are formed by a flow guide element 78 which
acts as a type of dividing bulkhead 80, so that the channel
arrangement 70 with the first flow channel 72.1, the diver-
sion region 74.1 and the second flow channel 72.2 is formed
by a housing outer wall 82 of the HE housing 68 and the flow
guide element 78.

[0092] In this way, the distance covered by the process gas
54 within the heat exchanger 64 in the injection device 56 is
increased compared to a direct flow path to the outlets 60.
Preferably, and as depicted in FIGS. 3a to 104, the distance
covered in the heat exchanger 64 in the injection device 56
is at least twice as long as in the case of heat exchangers 64
without one or more diversion regions 74 or one or more
guide bulkheads 80. This is intended to ensure that the
process gas 54 covers a very long distance within the heat
exchanger 64 in order to maximize the input of heat energy
to be taken up before the outlet 60 is reached. In modifica-
tions not shown individually, a plurality of dividing bulk-
heads 80 can be arranged transversely to the longitudinal
direction, for example in a zig-zag arrangement or alter-
nately on opposite longitudinal sides of the housing outer
wall 82 of the heat exchanger 64. However, the invention
also encompasses heat exchangers 64 in which the distance
covered by the process gas 54 within the heat exchanger 64
is not at least twice as long as without one or more guide
bulkheads 80.

[0093] In a further working example which is not shown,
a plurality of guide bulkheads 80 are arranged in such a way
that turbulent flow composed of a plurality of main eddies of
the process gas flow is obtained through the heat exchanger
64.

[0094] In the working examples shown in FIGS. 4a to 55,
there is an inlet 84 and an outlet 86 of the heat exchanger 64
at a common connecting end 88 of the heat exchanger 64. In
the working example of FIGS. 4a, 45, the inflow direction
of the process gas 54 into the heat exchanger 64 is parallel
but counter to its outflow direction from the heat exchanger
64.

[0095] In the working example shown in FIGS. 5a and 554,
the outlet 86 of the heat exchanger 64 is configured at the
connecting end in such a way that the process gas 54 flows
out from the heat exchanger 64 in a direction perpendicular
to the inflow direction. In the working example of the heat
exchanger 64 with three flow channels 72.1, 72.2 and 72.3
and two diversion regions 74.1 and 74.2 as shown in FIGS.

Mar. 10, 2022

6a and 65, the HE housing 68 is configured by way of
example as elongated prism having the cross section of an
equilateral triangle.

[0096] The three flow channels 72.1, 72.2, 72.3 and the
two diversion regions 74.1, 74.2 are formed by means of
three elongated dividing bulkheads 80.1, 80.2 and 80.3
which are arranged, in cross section, in a star-like manner
with an angle of 120° around a common contact line. In this
way, two of the dividing bulkheads, namely the dividing
bulkheads 80.1, 80.2, the dividing bulkheads 80.2, 80.3 and
the dividing bulkheads 80.3, 80.1 in each case and also in
each case the housing outer wall 82 of the HE housing 68
form the flow channels 72.1, 72.2 and 72.3, respectively.
[0097] In this variant, each flow channel 72.1, 72.2, 72.3
lies in a plane which is offset relative to a reference plane E¢
which is in each case defined by the two other flow channels
72.2 and 72.3, 72.1 and 72.3 or 72.1 and 72.2. This is
explained further below in connection with the FIGS. 8a, 85
and 8¢ for the example of FIG. 8a.

[0098] In the case of these three flow channels 72, the inlet
84 and the outlet 86 of the heat exchanger 64 are arranged
at opposite ends of the HE housing 68, so that in each case
an inlet end 90 and an outlet end 92 of the heat exchanger
64 are formed there.

[0099] In the working example of the heat exchanger 64
shown in FIGS. 7a and 75, four flow channels 72.1, 72.2,
72.3 and 72.4 and also three diversion regions 74 are formed
by four dividing bulkheads 80.1, 80.2, 80.3 and 80.4, with
only the second and third diversion regions 74.2 and 74.3
being able to be seen. In the third diversion region 74.3, the
HE housing is shown in open view. The HE housing 68 is,
by way of example, configured as elongated tube having a
circular cross section.

[0100] In this configuration of four flow channels 72, the
inlet 84 and the outlet 86 of the heat exchanger 64 are again
arranged at a common connecting end 88.

[0101] In modifications which are not shown individually,
the channel arrangement 70 comprises one or more further
flow channels 72 and in each case a diversion region 74
before each flow channel 72, so that the process gas 64 flows
with different main flow directions through two successive
flow channels 72.

[0102] It is common to all working examples of the heat
exchanger 64 having at least three flow channels 72 that least
the three flow channels 72 dictate a meandering flow path
94. This meandering flow path 94 can extend over one or
more parallel planes.

[0103] FIGS. 8a to 8¢ show variants of the heat exchanger
64 in which the HE housing is, as in the working example
of FIG. 7, configured as elongated tube having a circular
cross section, but in which three flow channels 72.1, 72.2
and 72.3 are again in each case arranged offset relative to
one another, as is the case in the working example of FIG.
6.

[0104] One of the abovementioned planes Eg is fixed
between two geometric centers of gravity 96.1 and 96.2 of
the cross sections of the flow channels 72.1 and 72.2, as is
illustrated in FIG. 8a, with the plane E there being perpen-
dicular to the plane of the paper. The third geometric center
of gravity 96.3 of the third flow channel 72.3 is offset
relative to this plane Eg, as has been indicated above.
[0105] The cross sections of the flow channels 72.1, 72.2,
72.3 depicted in FIG. 8a have the shape of a sector of a circle
defined by the dividing bulkheads 80.1, 80.2, which are
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planar in this working example, and the housing outer wall
82 of the HE housing 68. These flow channels 72.1, 72.2 and
72.3 having a cross section in the shape of a sector of a circle
are, going out from the flow channel 72.1, rotated by the
same angle of 120° around the midpoint M of the circular
cross section of the HE housing 68.

[0106] The three dividing bulkheads 80.1, 80.2, 80.3
arranged along a common axis include the same or different
tilt angles ., P, v between one another; when the tilt angles
are different, they are preferably a=100°, $=120° and
y=140°.

[0107] FIG. 85 shows a modified working example of the
heat exchanger 64 in cross section. The cross sections of the
flow channels 72.1, 72.2, 72.3 here have rounded corners 97
and different cross-sectional areas.

[0108] FIG. 8¢ illustrates core structures 98 which are
present in the flow channels 72.1, 72.2, 73.3 and in this
working example are provided by core bodies 100. These
core structures 98 increase the area of the heat exchanger 64
which participates in heat transfer and with which the
process gas 54 which can be passed through interacts
thermally during passage through the heat exchanger, com-
pared to the heat exchanger 64 without core structures 98. In
addition, the flow channel cross section through which the
process gas 54 can flow is reduced relative thereto, as a
result of which the process gas 54 can flow at a greater flow
velocity through the heat exchanger 64 and the proportion
by volume of the process gas 54 which comes into direct
contact with the heat-transferring surface is increased. A
higher flow velocity additionally increases the efficiency of
heat transfer.

[0109] FIGS. 9a and 96 show a working example in which
the nozzle arrangement 76 is encompassed by the heat
exchanger 64. For this purpose, the injection nozzles 76a of
the nozzle arrangement 76 are integrated into the housing
outer wall 82 of the HE housing 68. As depicted, the third
flow channel 72.3 present here opens into a distributor
channel 102 via which the process gas gets to the injection
nozzles 76. The injection nozzles 76 can, in a single embodi-
ment, be through-openings in the HE housing 68. The
distributor channel 102 can also act as part of the heat
exchanger 64 and in this case define a fourth flow channel
72.4 of the heat exchanger 64 into which the process gas 54
flows via a third diversion region 74.4 located upstream, in
addition to its function as distributor channel.

[0110] To simplify the manufacture of the heat exchanger
64, the HE housing 68 has housing caps 104 which can be
installed at its opposite end faces in the working example
shown in FIGS. 10a and 1054. These housing caps can
provide part of the channel arrangement 70 and of the HE
housing 68. The housing caps 104 here provide the diversion
regions 74 and can also have one or more inlets 58 and/or
one or more outlets 60. The heat exchanger 64 can thus be
produced in individual parts and be completed only during
assembly by installation of the housing caps 104.

[0111] In a further variant, which is not shown individu-
ally, the channel arrangement 70 in the HE housing 68 is
formed by inserting a separate flow guide structure into the
HE housing 68 and fastening it there. In this case, the flow
guide structure can be fastened detachably so that it can be
replaced by another flow guide structure when required, for
example if it is found that the channel arrangement formed
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by the flow guide structure used is not sufficient for heating
the process gas 54 to the temperature of the process space
atmosphere 66.

[0112] The above-described designs with the housing caps
104 or an insertable and optionally exchangeable flow guide
structure can be implemented in all the abovementioned
working examples.

[0113] According to the invention, the heat exchanger
housing 68, the dividing bulkheads 80.1, 80.2, 80.3, the core
structures 98 and/or the housing caps 104 are made of one
or more materials which has/have a specific thermal con-
ductivity of A=50 Wm™K™', A275 Wm™'K™' or A=100
Wm™'K~'. Materials having a metal content, for example
elemental metals, metal alloys, metal oxides, metal nitrides
or metal carbides are particularly useful for this purpose.
Tlustrative metals which may be mentioned are copper (Cu),
tin (Sb), zinc (Zn), silver (Ag), magnesium (Mg), nickel
(N1), beryllium (Be), aluminum (Al), potassium (K), molyb-
denum (Mo), tungsten (W), sodium (Na), iron (Fe), silicon
(Si) and tantalum (Ta).

1. An injection device for supplying a gas to a material to
be calcined, the injection device comprising,

a) at least one inlet through which the gas can be fed to
the injection device and at least one outlet through
which the gas can be supplied from the injection
device, which are connected to one another by a flow
path for the gas;

wherein

b) the flow path has a heat exchanger having a heat
exchanger housing which is accessible to an ambient
atmosphere from the outside and in which a channel
arrangement is accommodated; and

¢) the channel arrangement comprises a first flow channel
and a second flow channel between which a diversion
region is formed in such a way that the gas can flow
with different main flow directions through the first and
second flow channels.

2. The injection device of claim 1, wherein the channel
arrangement has a third flow channel, with a second diver-
sion region being formed between the third and second flow
channels in such a way that the gas can flow with different
main flow directions through the second and third flow
channels.

3. The injection device of claim 2, wherein the first,
second, and third flow channels dictate a meandering flow
path.

4. The injection device of claim 2, wherein the first and
second flow channels, the first and third flow channels, or the
second and third flow channels define a common plane and
the third or the second or the first flow channel is offset
relative to the common plane or is arranged at an angle
thereto.

5. The injection device of claim 2, wherein the channel
arrangement comprises one or more further flow channels
and in each case a diversion region in front of each further
flow channel so that the gas can flow with different main
flow directions through two successive flow channels.

6. The injection device of claim 1, wherein a core struc-
ture is present in one or more flow channels.

7. The injection device of claim 1, wherein at least two
flow channels run parallel to one another.

8. The injection device of claim 1, wherein the heat
exchanger and/or one or more of the flow channels have, at
least in sections, a cross section which is circular, elliptical,
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has the shape of a segment of a circle, has the shape of a
sector of a circle, is polygonal, is triangular, is a quadrilat-
eral, is trapeze-shaped, is trapezoidal, is rectangular, is
pentagonal, is hexagonal, or has more than six sides.

9. The injection device of claim 1, wherein one or more
of'the flow channels have, at least in sections, changing cross
sections in the respective main flow direction.

10. The injection device of claim 1, wherein the heat
exchanger housing and walls of the flow channels present
therein are composed of one or more materials which have
a specific thermal conductivity of Az50 Wm™ K.

11. The injection device of claim 1, wherein the channel
arrangement can at least partly be formed by a flow guide
structure which can be inserted into the heat exchanger
housing and is able to be fastened detachably therein.

12. The injection device of claim 1, wherein the heat
exchanger housing comprises at least one housing cap which
provides part of the channel arrangement.

13. The injection device of claim 12, wherein the housing
cap has at least one inlet through which the gas can be fed
to the heat exchanger and/or an outlet through which the gas
can flow out from the heat exchanger.

14. The injection device of claim 1, wherein the injection
device comprises a nozzle arrangement having one or more
injection nozzles by which the gas can be supplied in a
direction toward the material to be calcined.

15. The injection device of claim 14, wherein the nozzle
arrangement is encompassed by the heat exchanger.

16. A process gas system for introducing a process gas for
a thermal or thermochemical treatment of a material into a
process space, wherein the process gas system comprises at
least one injection device of claim 1.

17. An apparatus for the thermal or thermochemical
treatment of a material, the apparatus comprising:

a) a housing;

b) a process space present in the housing;

¢) a transport system by means of which the material or

carrier structures laden with the material can be trans-
ported in a transport direction in or through the process
space;

d) a heating system by means of which a process space

atmosphere prevailing in the process space can be
heated;
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e) a process gas system by means of which a process gas
which is necessary for the thermal or thermochemical
treatment of the material can be fed into the process
space,

wherein

f) the process gas system is a process gas system of claim
16 and the process gas can be supplied in a targeted
manner by means of the injection device to the material
or to the carrier structures laden with material; and

g) the injection device is arranged in such a way that the
process space atmosphere can flow around and/or radi-
ate heat onto the heat exchanger so that the process gas
can be passively heated.

18. A process for the thermal or thermochemical treatment

of a material, in which:

a) the material or carrier structures laden with the material
are conveyed through a process space of an apparatus
for the thermal treatment of the material;

b) a process space atmosphere prevailing in the process
space is heated; and

¢) a process gas which is necessary for the thermal or
thermochemical treatment is introduced into the pro-
cess space,

wherein

d) the process gas is heated by means of a heat exchanger
which is arranged in the process space.

19. The process of claim 18, wherein the process gas is
introduced into the process space with a temperature which
corresponds essentially to the temperature of the process
space atmosphere.

20. The process of claim 18, wherein the apparatus of
claim 17 is used.

21. The injection device of claim 1, wherein the gas is a
process gas and wherein the material is a battery cathode
material.

22. The injection device of claim 10, wherein the one or
more materials have a specific thermal conductivity of A=75
Wm™'K

23. The injection device of claim 22, wherein the one or
more materials have a specific thermal conductivity of
A=100 Wm™ 'K,



