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(57 ABSTRACT

The invention relates to a method for heat recovery in the
production of anodes in an annular anode furnace (10), com-
prising at least one furnace unit (‘hearth’) (11) with a heating
zone (13), ahearth zone (14) and a cooling zone (15), with in
each case a plurality of furnace chambers (12) which are

(73) Assignee: INNOVATHERM Prof. Dr. interconnected by heating duct.s .(17), are formeq as h.eat
Leisenberg GmbH + Co. KG, exchangers and serve for receiving the anodes, in which
Butzbach (DE) method, to operate the heating zone, a first partial amount of
the hot air formed in the cooling zone by the heat dissipated
from the anodes is directed into the heating zone by means of
(21)  Appl. No.: 12/678,005 a first suction extraction device (23) and a second partial
) amount of the hot air formed in the cooling zone is directed to
(22) PCT Filed: Sep. 18, 2007 a further heat exchanger (27), formed independently of the
annular anode furnace, by means of a second suction extrac-
(86) PCT No.: PCT/EP2007/059849 tion device (21), wherein the heating up of the heat transfer
medium used for operating the heat exchanger takes place
§ 371 (c)(1), primarily by means of the hot air removed from the cooling
(2), (4) Date: Aug. 27, 2010 zone.
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METHOD AND DEVICE FOR HEAT
RECOVERY

[0001] The invention pertains to a heat recovery method in
the manufacture of anodes in an annular anode furnace that
comprises at least one furnace unit with a heating-up zone, a
firing zone and a cooling zone that respectively feature a
plurality of chambers in the form of heat exchangers that are
interconnected by heating flues and serve for accommodating
the anodes, wherein a first partial quantity of the hot air
produced in the cooling zone by the waste heat of the anodes
is conveyed into the heating-up zone by means of a first
suction device and a second partial quantity of the hot air
produced in the cooling zone is conveyed to another heat
exchanger that is realized independently of the annular anode
furnace by means of a second suction device in order to
operate the heating-up zone. The invention furthermore per-
tains to a device for carrying out the aforementioned method.
[0002] The present method is used in the manufacture of
anodes that are required for electrolytic smelting processes
for the production of primary aluminum. These anodes are
manufactured in a moulding process from petroleum coke, to
which pitch is added as a binder, namely in the form of
so-called “green anodes” or “raw anodes™ that are sintered in
an annular anode furnace subsequent to the moulding pro-
cess. This sintering is realized in a heat treatment process that
takes placein a defined sequence and during which the anodes
run through three phases, namely a heating-up phase, a sin-
tering phase and a cooling phase. In this case, the raw anodes
are situated in the heating-up zone ofa “fire” that is composed
of the heating-up zone, the firing zone and the cooling zone
and realized in a rotating fashion on the annular anode fur-
nace, wherein the raw anodes are pre-heated by the waste heat
of already finish-sintered anodes that originates from the
cooling zone before the pre-heated anodes are heated to the
sintering temperature of approximately 1050° C. in the burn-
ing or firing zone. In the state of the art, for example, accord-
ing to EP 1 785 685 Al, the different above-described zones
are defined by an alternately revolving arrangement of differ-
ent modules above furnace chambers that accommodate the
anodes and act as a heat exchanger. The burning or firing zone
arranged between the heating-up zone and the cooling zone is
defined by the positioning of the burner device above the
selected furnace chambers. The cooling zone accommodates
the finished anodes immediately after they were fired, i.e.,
heated to the sintering temperature. A blower device is
arranged above the cooling zone and serves for introducing
air into the chambers of the cooling zone, wherein a suction
device arranged above the heating-up zone conveys this air
from the cooling zone into the heating-up zone via the firing
zone, namely through heating flues that interconnect the
chambers, and wherein this air is then conveyed in the form of
flue gas from the heating-up zone through a flue gas cleaning
system and released into the surroundings.

[0003] InEP1785685A1,itis proposed to convey the flue
gas quantity that is withdrawn from the heating-up zone by
means of the suction device and still has a temperature
between 150° C. and 250° C. to a heat exchanger that should
make it possible to heat the petroleum coke to approximately
150° C. prior to the moulding of the “green anodes” in a
mixing and moulding module in order to ensure an improved
wettability with liquid pitch during the subsequent mixing
process. It is proposed that the heat exchanger for heating the
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petroleum coke be realized in the form of a fluidized bed or
moving bed heat exchanger that needs to have a flue gas
temperature of 250° C. in order to reach the desired petroleum
coke temperature and is intended as a replacement for the heat
exchanger in the form of a “pre-heating spiral” that was used
so far in conventional systems and is operated with a heat
transfer medium in the form of a heat transfer oil with tem-
perature of approximately 300° C.

[0004] The utilization of the method known from EP 1 785
685 Al therefore is not possible in existing systems. In fact,
the utilization of the method requires substantial modifica-
tions of the system technology for the manufacture of raw
anodes. These modifications of the system technology not
only include the replacement of the known pre-heating spiral
with the above-described fluidized bed or moving bed heat
exchanger, but also a flue gas discharge from the heating-up
zone through the raw anode manufacture because it is pro-
posed to withdraw hot air from the cooling zone of the annular
anode furnace by means of a suction device and to mix this hot
air with the flu gas if the temperature of the flue gas does not
suffice for operating the heat exchanger. This combination of
two volumetric flow rates with different temperatures for
achieving the desired temperature of the heat transfer medium
of the heat exchanger requires a correspondingly complex
control with corresponding system technology.

[0005] The present invention therefore is based on the
objective of proposing a method and a device that make it
possible to utilize the waste heat released during the operation
of an annular anode furnace for the manufacture of raw
anodes, namely such that the existing system technology is
largely preserved.

[0006] Thisobjective is respectively attained with a method
with the characteristics of claim 1 and with a device with the
characteristics of claim 9.

[0007] In the inventive method, the heat exchanger that is
realized independently of the annular anode furnace is prima-
rily heated with the hot air withdrawn from the cooling zone.
[0008] The inventionis based onthe notion that only part of
the cold air that is blasted into the cooling zone in order to cool
furnace chambers and anodes and heated to approximately
950° C. in the cooling zone is required in the form of pre-
heated combustion air for the firing zone. Until now, the
remainder of the cooling air was released into the surround-
ings, i.e., the furnace house, through exhaust air openings in
the cooling zone. According to the invention, the thermal
energy contained in the exhaustair is used for operating a heat
exchanger that is realized independently of the actual annular
anode furnace and serves for heating the petroleum coke
during the course of the raw anode manufacture in the present
application.

[0009] A corresponding thermal balance makes it clear that
the quantity of heat that until now was released into the
surroundings from the cooling zone in the form of waste heat
suffices for ensuring the temperature of the heat transfer
medium required for the operation of a heat exchanger in the
form ofa pre-heating spiral. Since the required temperature of
the heat transfer medium in the form of a heat transfer oil for
the operation of the heating spiral lies at 300° C. and the
thermal energy that is released in the cooling zone and not
required for pre-heating the anodes in the firing zone suffices
in any case for obtaining a sufficient quantity of hot air with
the required minimum temperature of approximately 400° C.
for tempering the heat transfer oil, the inventive method not
only makes it possible to continue the operation of the system



US 2011/0017423 Al

with a heat exchanger that is realized in the form of a heating
spiral, but also to replace the conventional heating boiler that
has been used so far for tempering the heat transfer oil and 1s
operated with costly oil or gas.

[0010] In addition, the utilization of the cooling heat on a
thus far unknown scale makes it possible to largely prevent
undesirable heating of the furnace house that was unavoid-
able until now.

[0011] In any case, the inventive method makes it possible
to forgo the utilization of the flue gas discharged from the
heating-up zone for operating the heat exchanger used for
heating the petroleum coke and to instead carry out the tem-
pering of the heat exchanger by means of the hot air that is
directly withdrawn from the cooling zone and not contami-
nated unlike polluted flues gas.

[0012] If a temperature gradient exists toward the firing
zonein a plurality of successively arranged furnace chambers
of the cooling zone, it is possible to influence the temperature
of the quantity of hot air withdrawn from the cooling zone by
selecting the suitable furnace chamber(s) for positioning the
suction device.

[0013] Since the hot air temperature after the discharge
from the heat exchanger for operating a heating spiral still
exceeds 300° C., it is advantageous to convey this hot air
through one or more additional heat exchangers in order to
meet additional thermal requirements in an anode factory, if
so required.

[0014] Ifthe hotair temperature or the volumetric flow rate
is excessively high with respect to the temperature required
for the additional heat exchanger or additional heat exchang-
ers, it is possible to convey a partial quantity of the heat
exchanger flow introduced into the heat exchanger past the
heat exchanger and into a bypass. This makes it possible to
influence the quantity of heat conveyed to the heat exchanger.
[0015] In order to respectively pre-heat the pitch to be
admixed to the petroleum coke and the modules participating
in the mixing process in addition to a pre-heating of the
petroleum coke, it may prove advantageous to convey the heat
flow discharged from the heat exchanger and/or the bypass
flow to one or more additional heat exchangers.

[0016] With respect to the adjustment of the desired tem-
perature of the heat flow conveyed to the heat exchanger, it
may furthermore prove advantageous to mix the second par-
tial quantity withdrawn from the cooling zone with ambient
air or fresh air. In order to influence the temperature of the
heat flow, it is also advantageous if the second partial quantity
withdrawn from the cooling zone is heated by means of a
heating device before the admission into or after the admis-
sion from the additional heat exchanger.

[0017] This can be particularly advantageous during the
start of the system for the manufacture of raw anodes when no
hot air is available yet from the annular anode furnace or in
instances in which sufficient heat for heating up the petroleum
coke is temporarily or permanently unavailable.

[0018] Inordertoensurethat the entire usable waste heat or
cooling heat is discharged from the cooling zone, it may prove
advantageous if the furnace unit (“fire”) that is composed of
the heating-up zone, the firing zone and the cooling zone is
fluidically sealed relative to other furnace units.

[0019] Another advantageous option for influencing the
quantity of heat withdrawn from the cooling zone consists of
individually adjusting the partial quantity withdrawn from
the cooling zone by the suction device for each heating flue.
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[0020] In the inventive device according to claim 9, a suc-
tion device 1s arranged in the cooling zone and directly con-
nected to an additional heat exchanger that is realized inde-
pendently of the annular anode furnace by means of a
withdrawal line.

[0021] This “direct” connection of the suction device to the
heat exchanger makes it possible to supply the heat exchanger
with thermal energy that originates from the cooling zone of
the annular anode furnace only.

[0022] The other dependent claims pertain to particularly
advantageous embodiments of the device, the advantages of
which already result from the above-described variations for
carrying out the method with the aid of this device.

[0023] One preferred embodiment of the device used in the
corresponding method is described in greater detail below
with reference to the FIGURE.

[0024] The FIGURE shows an annular anode furnace 10
that typically consists of a plurality of furnace units 11. In the
present embodiment, each furnace unit 11 features 12 furnace
chambers 12, different numbers of which are combined into a
heating-up zone 13, a firing zone 14 and a cooling zone 15.
[0025] The furnace units 11 are respectively realized iden-
tically and feature pits 16 that are respectively bordered by
heating flues 17 on both sides viewed in the longitudinal
direction of the furnace unit 11. The pits 16 serve for accom-
modating anodes that extend perpendicular to the plane of
projection and are accommodated in the pits 16 in rows. The
heating flues 17 of the furnace chambers 12 are fluidically
interconnected in the longitudinal direction of the furnace
unit 11.

[0026] A number of different devices situated above the
furnace chambers 12 can be variably positioned relative to the
furnace chambers 12 in the rotating direction 18 and—as
described below—define the position of the heating zone 13,
the firing zone 14 and the cooling zone 15 that are advanced
in the rotating direction 18 together with the devices due to
their respective allocation.

[0027] Inthe configuration illustrated in the FIGURE, the
firing zone 14 of the furnace unit 11 is provided with three
burner devices 19 that are also referred to as so-called “fires.”
The burner devices 19 are respectively allocated to one fur-
nace chamber 12, the pits 16 of which accommodate raw
anodes that are heated to a temperature of approximately
1050° C. by means of the burner devices 19 and sintered in
order to manufacture anodes that can be used in electrolytic
smelting processes. Instead of heating the anodes directly by
means of the burner devices 19, heat s transferred from the air
conveyed in the heating flues 17 to the anodes arranged in the
pits 16 via heating flues walls 20. The furnace chambers 12
therefore act as a heat exchanger.

[0028] The cooling zone 15 in the present example is situ-
ated to the right of the firing zone 14 referred to the FIGURE
and comprises six furnace chambers 12, in which the raw
anodes were sintered under high temperatures during two
preceding firing phases, in which the burner devices 19 are
positioned accordingly. In the configuration illustrated in the
FIGURE, a suction device 21 is situated above a central
furnace chamber 12 of the cooling zone 15. A blower device
22 for acting upon the heating flues 17 with fresh air or
ambient air is situated to the right of the suction device 21 and
still within the cooling zone 15.

[0029] Another suction device 23 for the flue gases is
arranged in the heating-up zone 13 to the left of the firing zone
14 and above the furnace chambers 12, in which non-sintered
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raw anodes are situated that were not subjected to high tem-
peratures by the burner devices 19 yet.

[0030] The FIGURE furthermore shows that a measuring
device 24 arranged in the heating-up zone 13 features not-
shown sensors for determining the pressure and the tempera-
ture in the heating-up zone 13 in order to control or regulate
the processes taking place in the annular anode furnace.
Another measuring device 26 is situated in the cooling zone
directly behind the firing zone 14 and serves for determining
the heating flue pressure behind the firing zone 14.

[0031] During the operation of the annular anode furnace
10, the anodes are subjected to high temperatures in the firing
zone 14 and the quantity of heat stored in the anodes that are
arranged in the cooling zone 15 and were previously sub-
jected to high temperatures by the burner devices 19 is simul-
taneously released. The corresponding waste heat is con-
veyed as far as the heating-up zone 13 by means of the suction
device 23 arranged in the heating-up zone 13, namely while
simultaneously supplying fresh air by means of the blower
device 22, and serves for pre-heating the anodes in the heat-
ing-up zone before they are acted upon by the burner devices
19. In this case, suitable throttle and control devices are used
for adapting the functions of the blower device 22 and of the
suction device 23 to one another in such a way that a prede-
termined march of temperature is adjusted as a function of the
time in the heating flues that extend between the pits 16 in
connection with a controlled fuel supply of the burner devices
19.

[0032] The FIGURE furthermore shows that the suction
device 21 arranged in the cooling zone 15 is connected to a
withdrawal line 26 that represents a direct connection
between the cooling zone 15 and a heat exchanger device 27
that comprises two heat exchanger units 28 and 29 in the
present embodiment. Due to the serial connection of the heat
exchanger units 28 and 29 illustrated in the FIGURE, the
front heat exchanger unit 28 referred to the flow direction is
subjected to a higher temperature than the following heat
exchangerunit 29. Inthe arrangement of the suction device 21
above a central furnace chamber 12 of the cooling zone 15
illustrated in the FIGURE, it must be assumed that the hot air
introduced into the withdrawal line 26 has a temperature of
approximately 450° C. A throttle device 41 provided on the
suction device 21 makes it possible to influence the air tem-
perature by supplying fresh air.

[0033] In connection with the quantity of air conveyed in
the withdrawal line 26, the normal operating mode of the
annular anode furnace 10 always provides sufficient thermal
energy, for example, for heating a heat transfer oil that is used
as the heat transfer medium in a heat exchanger unit 28 to a
sufficiently high temperature for heating the stream of petro-
leum coke being transported through the heat exchanger unit
28 to a temperature of at least 150° C. The thermal energy that
remains in the hot air flow and the withdrawal line 26 at the
outlet of the heat exchanger unit 28 usually suffices for pre-
heating heat transfer oil 31 being conveyed through the heat
exchanger unit 29 to such a degree that the desired wettability
of the petroleum coke with liquid pitch for the manufacture of
raw anodes can be realized. The hot air discharged from the
second heat exchanger unit 29 can subsequently be released
into the surroundings by means of a blower device 33 or used
for tempering other heat consumers, for example, for heating
rooms.

[0034] The FIGURE furthermore shows that the heat
exchanger units 28 and 29 in the embodiment shown are
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provided with bypass lines 34, 35 that are respectively
equipped with a throttle device 36, 37. This makes it possible
to control the quantity of heat introduced into the heat
exchanger units 28, 29 by means of the hot air originating
from the cooling zone 15. In addition, a throttle device 38 is
provided upstream of the heat exchanger device 27 and makes
it possible to supply fresh air in an adjustable fashion, for
example, in order to reduce the temperature of the hot air in
the withdrawal line or for increasing the volumetric flow rate.
A heating device 39 is provided upstream of the heat
exchanger device 27 for instances, in which the temperature
of the hot air supplied to the heat exchanger device 27 does
not suffice.

[0035] In order to realize a largely complete utilization of
the waste heat released in the cooling zone 15, a shut-off
device 40 is provided in the embodiment illustrated in the
FIGURE on the last furnace chamber 12 referred to the
upstream direction as a fluidic boundary relative to the adja-
cent furnace chamber 12, wherein said shut-off device
ensures in cooperation with the suction device 21 that the
entire cooling heat is discharged from the furnace chambers
12 arranged in between.

1. A heat recovery method in the manufacture of anodes in
an annular anode furnace that has at least one furnace unit
with a heating-up zone, a firing zone and a cooling zone that
respectively feature a plurality of furnace chambers in the
form of heat exchangers that are interconnected by heating
flues and serve for accommodating the anodes, said method
comprising:
withdrawing a first partial quantity of hot air produced in
the cooling zone by the waste heat of the anodes into the
heating-up zone by means of a first suction device;

withdrawing a second partial quantity of hot air produced
in the cooling zone to another heat exchanger that is
realized independently of the annular anode furnace by
means of a second suction device in order to operate the
heating-up zone,

wherein heat transfer medium that serves for operating at

least one of the heat exchangers is primarily heated with
the hot air withdrawn from the cooling zone.

2. The method according to claim 1, wherein the second
suction device is positioned in the cooling zone in depen-
dence on the temperature required for an additional heat
exchanger.

3. The method according to claim 1, wherein the second
partial quantity withdrawn from the cooling zone is divided
into a heat exchanger flow that is introduced into the heat
exchanger and a bypass flow that is conveyed past the heat
exchanger in dependence on the temperature required for the
additional heat exchanger.

4. The method according to claim 3, wherein the heat flow
discharged from the heat exchanger and/or the bypass flow
is/are conveyed to one or more additional heat exchangers.

5. The method according to claim 1, wherein the second
partial quantity withdrawn from the cooling zone is mixed
with ambient air.

6. The method according to claim 1, wherein the second
partial quantity withdrawn from the cooling zone is heated by
means of a heating device before the admission into the heat
exchanger.

7. The method according to claim 1, wherein the furnace
unit that is composed of the heating-up zone, the firing zone
and the cooling zone is operated in a fluidically sealed fashion
relative to other furnace units.
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8. The method according to claim 1, wherein the partial
quantity withdrawn from the cooling zone by the suction
devices can be individually adjusted for each heating flue.

9. The method according to claim 1. wherein a blower
device supplies the cooling zone with a quantity of air, the
distribution of which over the heating flues can be individu-
ally adjusted.

10. A heat recovery device in the manufacture of anodes,
comprising:

at least one furnace unit of an annular anode furnace, said

at least one furnace unit including a heating-up zone, a
firing zone and a cooling zone that respectively feature a
plurality of furnace chambers (12) in the form of heat
exchangers that are interconnected by heating flues (17)
and serve for accommodating the anodes;

a first suction device arranged in the heating-up zone; and

a second suction device arranged in the cooling zone,

wherein the second suction device is directly connected
to a heat exchanger that is independently of the annular
anode furnace by means of a withdrawal line.

11. The device according to claim 10, wherein the second
suction device can be connected to different furnace cham-
bers of the cooling zone.

12. The device according to claim 10, wherein the heat
exchanger independent of the anode furnace is provided with
a bypass line.
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13. The device according to claim 10, wherein the heat
exchanger independent of the anode furnace features several
interconnected heat exchanger units (28, 29).

14. The device according to claim 13, wherein the heat
exchanger units are at least partially provided with a bypass
line.

15. The device according to claim 10, wherein the second
suction device or the withdrawal line is provided with an
adjustable fresh air device.

16. The device according to one of claims 10 to 15, wherein
the withdrawal line (26) is provided with a heating device
(39).

17. The device according to claim 10, wherein the at least
one furnace unit that is composed of the heating-up zone, the
firing zone and the cooling zone is fluidically sealed relative
to another furnace unit by means of a shut-off device.

18. The device according to claim 10, wherein the second
suction device features a plurality of throttle devices that are
respectively allocated to one of the plurality of heating flues.

19. The device according to claim 10, wherein a blower
device is allocated to the cooling zone and provided with a
plurality of throttle devices that are respectively allocated to
the heating flues.

20. The device according to claim 10, wherein the second
suction device features a plurality of ventilating fans that are
respectively allocated to one of the plurality of heating flues.
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