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(54) APPARATUS AND METHOD FOR HEAT RECOVERY

(57)  There is provided a heat exchange apparatus
(100), comprising: a heat transfer area (102) for receiving
material having a first temperature; and a heat transfer
arrangement (104) attached to the underside of the heat
transfer area. The heat transfer arrangement (104) com-
prises vertical layers (106, 108, 110) of tube arrange-
ments where each layer comprises a number of tubes
side by side. The heat transfer arrangementis configured
toreceive via aninput tube section (116) gas for receiving
heat radiated or conducted from the material, the gas

having a second temperature, where the first tempera-
ture is higher than the second temperature. The heat
transfer arrangement further comprises a deflector struc-
ture (112, 114) for directing the gas from tubes of one
layer to tubes of another layer, a heat collecting structure
inside the tubes and an output tube section (118) for de-
livering the heated gas out from the heat exchange ap-
paratus. The heat exchange apparatus further comprises
a controller (124) configured to control the amount and
velocity of gas in the tubes.
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Description
FIELD OF THE INVENTION

[0001] The invention relates generally to recovery of
heat from hot material.

BACKGROUND

[0002] The operation of processing and refining ore
and metals, for example in steelworks, produces as a by-
productlarge quantities of slag which typically is very hot.
In metallurgical industry today across the world there is
keen interest in reducing energy costs and emissions
while ensuring maximum reuse of otherwise wasted en-
ergy. For example, iron and steel slags and off gas which
add up to huge energy loss, have become a major object
of investigation. It may be estimated that a hot ferrous
slag may contain large amount of energy, about 1-2 GJ/
ton slag. Finding a method for heat recovery would not
only lower production costs, but also reduce the carbon
footprint in the steel production chain.

[0003] Currently the energy of metallurgical slags or
other respective material is wasted when the hot slag or
material is cooled on contact with the atmosphere or by
water during the solidification process. Currently there is
no commercially available heat recovery process avail-
able.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to an aspect of the invention, there
is provided an apparatus as specified in claim 1.

[0005] According to an aspect of the invention, there
is provided a method as specified in claim 11.

[0006] According to an aspect of the invention, there
is provided an apparatus comprising means for perform-
ing any ofthe embodiments as described in the appended
claims.

[0007] One or more examples of implementations are
set forth in more detail in the accompanying drawings
and the description below. Other features will be appar-
ent from the description and drawings, and from the
claims. The embodiments and or examples and features,
if any, described in this specification that do not fall under
the scope of the independent claims are to be interpreted
as examples useful for understanding various embodi-
ments of the invention.

LIST OF THE DRAWINGS

[0008] In the following, the invention will be described
in greater detail with reference to the embodiments and
the accompanying drawings, in which

Figure 1 presents a schematic side view of a heat
exchange apparatus according to an embodiment;
Figure 2 shows a view of the heat exchange appa-
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ratus;

Figure 3A shows an exploded view of the heat ex-
change apparatus;

Figure 3B shows an exploded view of the heat trans-
fer arrangement according to an embodiment;
Figure 4 shows a transverse cross section of a heat
transfer arrangement according to an embodiment;
Figure 5 illustrates an example of the flow of gas
through the heat transfer arrangement; and

Figure 6 is a flowchart illustrating an embodiment.

DESCRIPTION OF EMBODIMENTS

[0009] The following embodiments are exemplary. Al-
though the specification may refer to "an", "one", or
"some" embodiment(s) in several locations of the text,
this does not necessarily mean that each reference is
made to the same embodiment(s), or that a particular
feature only applies to a single embodiment. Single fea-
tures of different embodiments may also be combined to
provide other embodiments.

[0010] Globally, the annual production of slags is ap-
proximately 400 million tons of Blast Furnace (BF) slag
and approximately 350 million tons of steel slags (Basic
Oxygen Furnace (BOF) slag, Electric Arc Furnace (EAF)
slag and Ladle Furnace (LF) slag from secondary met-
allurgy). The slags features are usually affected by mul-
tiple aspects of the inner- and outer-furnace processing,
which determines the conversion of the slag into suitable
by-products. The slag processing displays thermal ener-
gy losses of approximately 1-2 GJ per ton of slag how-
ever, there are not any previous methods or instrumen-
tations capable of utilizing these energy losses. In prac-
tical terms, considering an amount of 10 tonnes of liquid
slag by a heat of 100 ton of liquid steel, the possible
thermal recovery is of more than 3.5 MW, (thermal meg-
awatts) or more than 1 MW, (electrical megawatt).
[0011] Solidifying molten steelmaking slag is usually
performed by slow cooling in slag pits, usually with
amounts of cooling water. This may occur directly under
the furnace ("clean pit"), or by transporting the slag in
pots to a pitoutside the steelwork’s facilities, or by dipping
the whole slag pot into water basins. In several cases
the hot slag is just poured on the ground to cool down or
collected in pots before being poured on the ground of a
separate facility to cool down. A traditional approach to
control the cooling rate of the hot slag is water quenching,
which consumes huge amount of water and fails to re-
cover the heat of the slag.

[0012] In all these cases the heat recovery is not pos-
sible due to the direct contact between the slag and the
water. After traditional solidification and processing, fer-
rous slags from different metallurgical processes can be
broadly used in several fields of applications, forexample
in civil construction and building industry.

[0013] Recycling by-products from the iron and steel
production as such is not new. Early reports from the
metallurgical industry indicates the use of slags as a
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source for earthworks. The growth of the iron and steel
production also increased the amount of slags, conse-
quently raising the importance of the driving forces to
utilize such materials. In the recent past, the costs of the
raw materials have increased due to the reduction in
availability of natural resources, which has raised the ne-
cessity of developing new routes for optimum recycling
of industrial by-products, generating high quality prod-
ucts from them. The usage of these side by-products in
high quality applications is an important goal of the steel
industry. The slag production processes, and the char-
acteristics of its by-products need to remain stable to
guarantee their sustainable use. The treatment and al-
ternative solidification of liquid slag can bring interesting
new aspects, such as heat recovery and new properties
of the newly formed products, which ensure their use in
the future. Nevertheless, alternative cooling or treatment
of liquid steelmaking slag should not impair the slag qual-
ity.

[0014] The proposed solution is an apparatus and
method to enable recovery of heat of the molten slag and
to increase energy efficiency of metallurgical industry.
The heat exchanger to recover heat from hot slag (or
other hot medium) is low-priced and simple. Heat recov-
ery from the hot slag or medium by the heat exchanger
structure enables its utilization as a free energy for ex-
ample for material drying without a need to covert the
heatagain to other energy form. Further, the cooling proc-
ess may be controlled and thus the properties of the
cooled down slag may be controlled.

[0015] Let us study an example of a heat exchange
apparatus referring to examples illustrated in Figures 1,
2, 3A, 3B and 4. Figure 1 presents a schematic side view
of a heat exchange apparatus according to an embodi-
ment. Figure 2 shows a view of the heat exchange ap-
paratus and Figure 3A shows an exploded view of the
heat exchange apparatus. Figure 3B shows an exploded
view of the heat transfer arrangement from another an-
gle. Figure 4 shows a transverse cross section of a heat
transfer arrangement according to an embodiment.
[0016] In an embodiment, the heat exchange appara-
tus 100 is placed on a given handling area (such as a
slag pit). In an embodiment, the heat exchange appara-
tus 100 comprises a heat transfer area 102 for receiving
material having a first temperature. The material may be
hot slag or other hot material or medium. In an embodi-
ment, heat transfer area 102, where the hot slag or ma-
terial is placed, is a steel or metal plate or plates.
[0017] The heat exchange apparatus 100 further com-
prises a heat transfer arrangement 104 attached to the
underside of the heat transfer area 102. Thus, the heat
transfer area plate covers the heat transfer arrangement
104. The heattransfer area plate or plates may be formed
from a one or a several pieces of plates depending on
the size of the heat transfer area. The plate joints may
be protected by a sealant material to avoid the hot slag
or material contact with the heat transfer arrangement
104.
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[0018] In an embodiment, there may be protection
walls around the heat exchange apparatus. The protec-
tion walls may be made from solidified slag, earth material
or refractory material, for example, or other suitable ma-
terial. The walls surround the heat exchange apparatus
and protect the heat exchange apparatus for the heat
losses during heat recovery operation. The protection
walls restrict the hot material leakage from the heat trans-
ferarea of the heat exchange apparatus surface and form
a heat transfer bed or channel for the hot material. The
walls are not shown in the figures due to clarity.

[0019] In an embodiment, the heat transfer arrange-
ment 104 comprises more than one vertical layer of tube
arrangements, where each layer comprises a number of
tubes side by side. In the example of Figure 1, there are
three layers 106, 108, 110 of tube arrangements. How-
ever, the number of layers may vary depending on the
application. In fact, the heat transfer arrangement has a
modular structure where the plurality of vertical layers of
tube arrangements, which may be considered as mod-
ules, are stacked on to each other and the number of
vertical layers is easily adjustable. Thus, layers may be
removed or added by removing the heat transfer area
plate to access the layers. In addition, the number of
tubes side by side in a layer is a design parameter and
may vary depending on the application.

[0020] Figure 4 illustrates a cross section of an exam-
ple heattransfer arrangement. The example heat transfer
arrangement comprises three layers 106, 108, 110 of
tubes side by side. The tubes may be metal tubes and
the cross section of each tube may be rectangular as in
Figure 4 or circle or ellipsoid. In the figures the tubes in
alayer are straight tubes from one end to another. How-
ever, in an embodiment the tubes are not necessarily
straight tubes but may have bends or curves.

[0021] The heat transfer arrangement 104 is config-
ured to receive gas which flows in the tubes. The gas
receives heat radiated or conducted from the slag or ma-
terial, the gas having a second temperature, where the
first temperature of the slag or material on the heat trans-
fer area is higher than the second temperature. The gas
may be air or some other gas. The temperature difference
of the first and second temperature enables heat transfer
from the hot slag or material to the gas.

[0022] The heat transfer arrangement 104 is a multi-
layer structure of metal tubes. The gas is circulated from
layer to layer to recover the heat from the hot slag or
medium on the heat transfer area.

[0023] In an embodiment, the heat transfer arrange-
ment 104 comprises a deflector structure 112, 114 for
directing the gas from tubes of one layer to tubes of an-
other layer. The deflector structure may direct the gas
from a tube of a first layer to a tube of a second layer or
the structure may simply direct gas from first layer to sec-
ond layer and the gas may flow freely from a tube on the
first layer to any tube on the second layer. In an embod-
iment, the gas flows from lower layers to the upper layers.
In an embodiment, the gas flows from a lower layer to
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the adjacent upper layer.

[0024] In an embodiment, the heat exchange appara-
tus 100 comprises one or more input tube sections 116
for receiving gas to be circulated in the tube layers. In an
embodiment, the input tube section is connected to the
lowest tube layer 110. The input tube section may also
be connected also to other layer than the lowest. In an
embodiment, one or more input tube sections are con-
nected to more than one layer. To obtain preheated gas,
the input tube section may be directed such that it takes
gas above the hot slag or material on the heat transfer
area. This is especially useful if the gas used is air.
[0025] In an embodiment, the heat exchange appara-
tus 100 comprises one or more output tube sections 118
for outputting heated gas. In an embodiment, the output
tube section is connected to the upmost tube layer 106.
The output tube section may also be connected also to
other layer than the upmostlayer. In an embodiment, one
or more output tube sections are connected to more than
one layer.

[0026] The heat exchange apparatus 100 may further
comprise a device 120 for moving the gas. The device
120 may be a pump, for example, that sucks gas to the
apparatus. The device may also be a blower or a fan or
any other device suitable for causing movement of gas.
In Figure 1 the device is placed in connection with the
output tube. The device might as well be placed in con-
nection with the input tube section. The device may as
be blowing the gas into the tubes.

[0027] Thus, preheated gas may be sucked up or
blown in from above of the heat transfer area and the
gas conducted to the lowest layer 110. From the lowest
layer the gas is circulated to the second lowest layer 108
with the deflector structure 112 and so on from layer to
layer to the upmostlayer 106. Figure 5 illustrates the flow
of the gas 500 through the layers 110, 108, 106.

[0028] The size and form of the deflector structure is
based on the height of tube layers and wideness of the
overall structure. The deflectors may be attached to the
heat transfer arrangement 104 to keep those in place
while installed. The gas is circulated through the all the
layers of the heat transfer arrangement and is collected
from the upmost layer to the output tube section 118,
where the hot/heated gas is further conducted to the col-
lector piping 122 and further use.

[0029] When the gas is flowing in the tubes, it is ad-
vantageous to maximise the contact time of gas with the
heat transfer arrangement structure to recover the heat
from hot slag or material. To increase the heat transfer
surface area of the tubes a heat collecting structure may
be installed inside the tubes. The heat collecting structure
may be a metal net, mat, profile, folding panel, structural
cell (honeycombs) or composites, for example. Figure 4
illustrates an example of the heat collecting structure. In
the example of Figure 4, there is a metal net installed in
the tubes and it is illustrated schematically by the circles
in the tubes. In an embodiment, the heat collecting struc-
ture may touch the inside surface of the tube.
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[0030] From the hot slag or material heat is transferred
to the heat exchange apparatus 100. As the cooling of
hot slag or material proceeds the heat recovery and heat
transfer from the hot slag or material slows down. The
temperature of the recovered hot gas changes during
cooling of the hot slag or material.

[0031] In an embodiment, the temperature of the re-
covered air may controlled by operational parameters of
the heat exchange apparatus, such as the air volume,
residence time, air temperature, air velocity sucked or
blown through the heat exchanger apparatus. In an em-
bodiment, the heat exchange apparatus further compris-
es a controller 124 configured to control the amount and
velocity of gas in the tubes. The controller may be located
beside the device 120, for example, as illustrated in Fig-
ure 1.

[0032] During cooling the heat transfer from the hot
slag or material slows down so the operational parame-
ters may need to be adjusted to maintain the maximum
heat recovery. In an embodiment, the controller 124 may
be a valve controlled manually. The controller 124 may
also be a computer controlling the operational parame-
ters according to some measurements.

[0033] In the heat transfer apparatus 104, the layers
of tubes may be connected by the overall support struc-
ture that keeps the whole structure steady. The heat ex-
change apparatus as a whole has a modular structure,
which enables adjustment of the heat transfer area based
on need, the size of transportation vessel, and amount
of the hot slag or material. In an embodiment, the layer
modules of heat transfer apparatus 104 may be are at-
tached with flange connections 200, 202, 204, 206 of the
supportive structure. The layer modules may be assem-
bled on the supportive Ibeams 210 and seton the ground.
[0034] The tubes of the heat transfer apparatus layers
may be metal tubes that are lumped together. In an em-
bodiment, the tubes of a layer may be welded together
with dashed weld, and the supportive | beam attached
to the layer modules. Different fastening solutions may
be applied, such as bolts, for example.

[0035] Figure 6 is a flowchart illustrating an embodi-
ment of recovering of heat of the molten slag or other hot
material.

[0036] In step 600, a heat transfer area receives ma-
terial having a first temperature.

[0037] In step 602, gas is obtained for receiving heat
radiated or conducted from the material, the gas being
directed to a heat transfer arrangement attached to the
underside of the heat transfer area and comprising more
than one vertical layer of tube arrangements where each
layer comprises a number of tubes side by side, the tubes
comprising a heat collecting structure inside the tubes,
the gas having a second temperature, where the first
temperature is higher than the second temperature,
[0038] Instep 604, a deflector structure directs the gas
from tubes of one layer to tubes of another layer.
[0039] Instep 606, a gas outletdelivers the heated gas
out from the heat exchange apparatus; and
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[0040] In step 606, the amount and velocity of gas in
the tubes is controlled.

[0041] Even though the invention has been described
above with reference to an example according to the ac-
companying drawings, it is clear that the invention is not
restricted thereto but can be modified in several ways
within the scope of the appended claims. Therefore, all
words and expressions should be interpreted broadly,
and they are intended to illustrate, not to restrict, the em-
bodiment. It will be obvious to a person skilled in the art
that, as technology advances, the inventive concept can
be implemented in various ways. Further, it is clear to a
person skilled in the art that the described embodiments
may, but are not required to, be combined with other em-
bodiments in various ways.

Claims
1. A heat exchange apparatus (100), comprising:

a heat transfer area (102) for receiving material
having a first temperature; and a heat transfer
arrangement attached to the underside of the
heat transfer area;

the heat transfer arrangement (104) comprising
more than one vertical layer (106, 108, 110) of
tube arrangements where each layer comprises
a number of tubes side by side, the heat transfer
arrangement configured to receive via an input
tube section (116) gas for receiving heat radiat-
ed or conducted from the material, the gas hav-
ing a second temperature, where the first tem-
perature is higher than the second temperature,
the heat transfer arrangement further compris-

ing:

heat collecting structure inside the tubes
and

an output tube section (118) for delivering
the heated gas out from the heat exchange
apparatus;

the heat exchange apparatus further comprising
acontroller configured to control the amountand
velocity of gas in the tubes, characterised by
deflector structure (112, 114) for directing the
gas from tubes of one layer to tubes of another
layer.

2. The apparatus of claim 1, wherein the heat transfer
arrangement comprises gas input connected to the
lowest layer of tubes and wherein the gas outlet is
connected to the uppermost layer of tubes.

3. The apparatus of claim 1 or 2, wherein the heat col-
lecting structure is attached to or is a part of the inner
surface of the tubes and is one of the following: metal
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net, folding panel, structural cell, profile.

4. The apparatus of any of claims 1 to 3, wherein ap-
paratus comprises a sensor measuring the temper-
ature of the heated gas coming out of the gas outlet
and the controller controls the amount and velocity
of gas in the tubes at least partly based on the tem-
perature.

5. The apparatus of any of claims 1 to 4, wherein the
deflector structure is configured to direct the gas from
a tube of a lower layer to a tube of a higher layer.

6. The apparatus of any of claims 1 to 5, wherein the
gas input is configured to receive gas from above
the material on the heat transfer area.

7. The apparatus of any of claims 1 to 6, wherein the
heat transfer arrangement has a modular structure,
where the plurality of vertical layers of tube arrange-
ments are stacked on to each other and the number
of vertical layers is adjustable.

8. The apparatus of any of claims 1 to 7, wherein cross
section of the tubes is rectangular.

9. The apparatus of any of claims 1 to 7, wherein cross
section of the tubes is circle.

10. The apparatus of claim 1, wherein the heat transfer
arrangement comprises gas input connected to
more than one layer.

11. A heat exchange method, comprising:

receiving (600), by a heat transfer area, material
having a first temperature;

receiving (602) gas for receiving heat radiated
or conducted from the material, the gas being
directed to a heattransfer arrangement attached
to the underside of the heat transfer area and
comprising more than one vertical layer of tube
arrangements where each layer comprises a
number of tubes side by side, the tubes com-
prising a heat collecting structure inside the
tubes, the gas having a second temperature,
where the first temperature is higher than the
second temperature,

delivering (604), by a gas outlet, the heated gas
out from the heat exchange apparatus; and
controlling (606) the amount and velocity of gas
in the tubes, characterised by directing (602),
by a deflector structure, the gas from tubes of
one layer to tubes of another layer.
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