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The invention relates to a method of integrating a plurality of
blast furnaces with a plurality of air gas separation units, in
which the replacement blower available on the blast furnace
site is used to feed compressed air into an air gas separation
unit making it possible to enrich the blast-furnace blast with
oxygen, this unit being stopped when one of the blowers of
the blast furnaces has to be replaced with the blower used by
the air gas separation unit.
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METHOD OF INTEGRATING A BLAST
FURNACE WITH AN AIR GAS SEPARATION
UNIT

[0001] The present invention relates to a method of inte-
grating at least one blast furnace with at least one air gas
separation unit, in which method n blast furnaces and at least
one air gas separation unit are fed with air by at least n+1
compressors with n21 and preferably >1.

[0002] A blast furnace is the most widely used equipment
for producing pig iron, essentially composed of iron (92 to
95% by weight), carbon (3 to 5% by weight) and other ele-
ments in small amount, such as silicon, manganese, phospho-
rus, sulfur, etc.

[0003] This pig iron is then converted to steel in an oxygen
converter, by injecting oxygen into the pig iron in the liquid
state, in particular of oxidizing the carbon.

[0004] The steel obtained with then be refined and made to
the desired grade (silicon steel, manganese steel, etc.) before
being cast into ingots, slabs, blooms or billets.

[0005] A blast furnace is essentially fed with iron ore (in
general 1.3 to 1.6 tonnes per tonne of pig iron produced) in the
form of agglomerates or pellets, introduced via the top of the
blast furnace, with coke (between 250 and 500 kg per tonne of
pig iron), also introduced via the top, pulverized coal injected
into the tuyeres, the injected amount possibly varying
between 0 and 250 kg per tonne of pig iron, or with any other
fuel, such as natural gas, fuel oil, coking gas, plastics, and
with air, also called “wind”, with a flow rate that may vary
from 800 to 1200 Sm? per tonne of pig iron produced, the air
being enriched with oxygen or not, this enrichment possibly
varying from 0 to about 15% by volume, i.e. 0 to 150 Sm> of
oxygen per tonne of pig iron produced.

[0006] This blast furnace produces mainly pig iron, slag
(200 to 400 kg per tonne of pig iron produced), which slag
may then be utilized in various applications, and gases, con-
taining in particular nitrogen (40 to 60% by volume), carbon
monoxide CO (20 to 25% by volume), carbon dioxide CO,
(20 to 25% by volume) and hydrogen (1 to 7% by volume).
[0007] Various other elements with a content of less than
1% may also be produced.

[0008] The gas or gas mixture output by the blast furnace is
generally recovered and used for its thermal value, either by
direct exchange, in order to lower its temperature and increase
that of the gas or fluid with which it is in heat exchange, or by
combustion, for example CO with oxygen so as to produce
additional heat.

[0009] The blast-furnace wind, whether enriched with oxy-
gen or not, is injected at the base of the blast furnace via
tuyeres that are distributed all around the circumference of the
blast furnace.

[0010] This wind is injected under a pressure that may vary
from 1 to 7x10° Pa so as to overcome the pressure drop in the
blast furnace and the pressure at the top of the charge in the
blast furnace.

[0011] The air flow rates required are very high, varying
from 5000 Sm’/hour for very small blast furnaces (for
example those seen at the present time particularly in China)
up to 500 000 Sm*/hour for very large industrial blast fur-
naces.

[0012] To bring the ambient air to this pressure, very pow-
erful air compressors or “blowers” are used, one (or more)
blowers being dedicated to one blast furnace.
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[0013] Inafactory producing pigiron and having more than
one blast furnace, it is general practice when having n blast
furnaces to use at least n+1 blowers and sometimes n+2
blowers, so as to ensure continuous pig iron production when
one of these blowers possibly breaks down (or has to be
stopped for maintenance or any other reason).

[0014] Now, the redundant blowers (also called second
blowers) which are redundant relative to the number of blast
furnaces, are generally mounted alongside the other blowers
in operation and are in a stand-by position, ready to be started
s0 as to ensure continuity of pig iron production, even when
anair pressure and/or flow rate on a blower at a predetermined
value below which it is necessary to replace this blower with
one of the stand-by blowers, is detected.

[0015] Ingeneral, to enrichthe air wind with oxygen, one or
more large-capacity oxygen production units, generally cryo-
genic air separation units producing oxygen of industrial
purity, that is to say generally a purity greater than 80 vol %,
preferably greater than 90 vol %, more preferably greater than
95 vol % and sometimes of purity greater than 99 vol %, are
provided on the pig iron production site close to the blast
furnaces or are connected thereto via lines.

[0016] The increase in oxygen requirement of a pig iron
production site may arise either in the case of an increase in
pig iron production in the existing blast furnaces, or by addi-
tion of one or more new blast furnaces on the site, or by
increase in the specific oxygen consumption in each blast
furnace, as a result, for example, of the addition of more fuel,
such as coal, natural gas, fuel oil, coking gas, plastics, etc.
(this addition generally takes place in the tuyeres). This
increase may result from the use of oxygen for another tech-
nical objective, such as for example the enrichment of air
dedicated for cowper preheating.

[0017] Inthis case, theincrease in oxygen requirement may
result in the construction of a new oxygen production unit,
whether a cryogenic air separation unit or a unit producing
oxygen by what are called VPSA processes.

[0018] When it is necessary to make such an investment in
anew air gas separation unit, taking into account the high cost
of such a unit, it may prove necessary or preferable to use
components already existing on the site.

[0019] The method according to the invention involves this
problem thus posed.

[0020] Itis characterized in that, since each blast furnace is
fed by at least one compressor from the at least n+1 compres-
sors available, at least one of the compressors that are not
feeding a blast furnace (hereafter called “second compres-
sor”) is used to feed the air gas separation unit, whereas, as
soon as one of the compressors (hereafter called “first com-
pressor”) feeding a blast furnace produces air at a flow rate
below a predetermined flow rate D,,,;,,, said first compressor is
disconnected from said blast furnace and the second com-
pressor is connected to said blast furnace and preferably
disconnected from the air gas separation unit.

[0021] The flow rate D,,, typically corresponds to the
minimum flow rate required for the blast furnace to which it
is connected to operate correctly.

[0022] In this way, one of the available compressors or
blowers (second compressor) is used when the other blowers
(first compressors) are in normal operation and are normally
feeding their respective blast furnace, in order to feed the air
gas separation unit with compressed air (in general in an
additional small compressor to increase the pressure of the air
delivered to the air gas separation unit up to a value of at least
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about 5x10° kPa and/or to supplement the volume of air
delivered to the separation unit) and, when a problem in one
of'the first compressors feeding the blast furnace is detected,
the first compressor having a problem is stopped and replaced
with the compressor responsible in the meantime for feeding
the air gas separation unit with compressed air, this unit
being, during this period, on stand-by, until a (another) sec-
ond compressor becomes available (after the first compressor
has been repaired) for feeding the air gas separation unit with
compressed air. Preferably, a complementary compressor,
dedicated to the air gas separation unit, is provided so as to
deliver at least some of the compressed air needed for this unit
and/or the necessary overpressure.

[0023] In the present context, a compressor is said to be
“connected” or “linked” to a blast furnace or to an air gas
separation unit when said compressor feeds the blast furnace,
or the air gas separation unit respectively, with compressed
air. Similarly, a compressor is said to be “disconnected” from
ablast furnace or from an air gas separation unit when it is not
feeding the blast furnace, or the air gas separation unit respec-
tively, with compressed air.

[0024] Depending on the air flow rate needed for the blast
furnace and an air gas separation unit, and on the maximum
flow rate that the available blower (second compressor) can
deliver, it will be possible, in certain circumstances, for the air
gas separation unit to continue operating during the stand-by
period, but with a reduced flow of compressed air (reduced by
the flow needed for the blast furnace to which this blower is
now connected).

[0025] Various alternative forms of the invention are pos-
sible:
[0026] One or more blowers present on the site and

intended for compressing the air or wind sent to the blast
furnace, especially the stand-by blowers, may be used to
compress at least some of the air needed for the manufacture
of oxygen by one or more air gas separation units.

[0027] The characteristics of one or more blowers initially
designed to work within operating ranges matched to the
specific pressure and flow rate requirements for the blast
furnace may be adapted to the specific pressure and flow rate
requirements for the oxygen production unit.

[0028] The air compressed to a pressure in all cases above
2 bar absolute, produced by one of the blowers initially dedi-
cated to a blast furnace, may be sent to the oxygen production
unit or to the blast furnace.

[0029] In “normal” operation, that is to say when all the
blowers are operating, the air from the stand-by blower (sec-
ond compressor) will be entirely or only partly sent to the inlet
of the air gas separation unit.

[0030] In contrast, in an emergency, that is to say when an
insufficient number of blowers is operating normally for
injecting the wind into the blast furnaces, the air from this
additional blower may then be sent again to the blast furnace,
the operation of the oxygen production unit being stopped or
adapted to down-graded operation compatible with the
desired operation of the blast furnaces.

[0031] A system of lines for sending the compressed air to
one or other of the destinations (blast furnace or air gas
separation unit) may be provided.

[0032] Preferably, a regulating system will be used to opti-
mize the adaptation, while the operating range of the blower
or blowers initially in stand-by position will be designed to
allow flexibility in adapting to the various possible situations.
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[0033] The operation of the air gas separation unit produc-
ing oxygen may be completely stopped if pig iron production
demand by the blast furnaces so requires and is chosen by the
operator as being of higher priority.

[0034] Preferably, the air gas separation unit produces oxy-
gen at a purity of greater than 90 vol % (also called impure
oxygen) and preferably with an oxygen purity greater than 95
vol %.

[0035] Also preferably, a complementary compressor dedi-
cated to the air gas separation unit will be provided so as to
deliver some of the air needed for the air gas separation unit (if
alarge quantity of air, too great for the capacity of one blower,
is needed). Furthermore, this supplementary compressor may
be used to operate the separation unit when the blower (sec-
ond compressor) is required by a blast furnace. This supple-
mentary compressor may also be used as replacement blower
in the event of two simultaneous breakdowns, in which case
the separation unit will be stopped).

[0036] The oxygen produced by the air gas separation unit
may be intended partly for the blast furnaces or partly for
other installations generally present on the site, such as the
converters. Thus, some of the oxygen produced by the air gas
separation unit is used in at least one of the converters present
on the integration site.

[0037] According to a variant, the air gas separation unit
has two operating modes, namely what is called a “regular”
operating mode and what is called a “degraded” operating
mode.

[0038] Typically, the air gas separation unit operates in
regular operating mode when it is fed with air by the second
compressor and in degraded operating mode when the second
compressor is connected to a blast furnace, i.e. during the
stand-by period of the air gas separation unit.

[0039] According to a first embodiment, the air gas sepa-
ration unit produces oxygen with a purity of greater than 90
vol % in regular operating mode and with a purity of 90% or
less in degraded operating mode. According to another
embodiment, the air gas separation unit produces oxygen
with a purity of greater than 95 vol % in regular operating
mode and 95% or less in degraded operating mode. The air
gas separation unit may also generate a first flow of oxygen in
regular operating mode and a second flow of oxygen, less than
the first, in degraded operating mode.

[0040] Thus, the air gas separation unit may deliver oxygen
and in particular feed the compressed-air lines connected to
the blast furnace with oxygen, even during the stand-by
period.

[0041] According to another embodiment, the separation
unit comprises lines (18, 19) and valves (7, 8, 13) for con-
necting the second compressor (16) either to at least one of the
lines (5, 6) for feeding the blast furnaces with air, or to an air
gas separation unit (20), or to both.

[0042] The invention will be better understood with the aid
of the following exemplary embodiment described in the
single FIGURE, which shows an embodiment of the inven-
tion using two blast furnaces, one air gas separation unit and
three compressors.

[0043] The blast furnaces, 1 and 2 respectively, are con-
nected to the compressors 3 and 4, respectively, via the com-
pressed-air feed lines 5 and 6.

[0044] On the line 5 there is a flow sensor 9 measuring the
minimum flow in the line 5 and a flow sensor 10 regulating the
flow of compressed air from the compressor 3.



US 2010/0230872 Al

[0045] The same function with the minimum-flow detec-
tors 11 are found on the lines 6 and 12 for regulating the
compressor 4.

[0046] The compressors 3 and 4 are the blowers normally
used to feed their respective blast furnaces.

[0047] On the site, there is a supplementary compressor or
blower intended to mitigate the failings of the compressor 3 or
4.

[0048] This supplementary compressor 16 is connected via
the feed line 19 and the valve 13 to the air gas separation unit
20, on the one hand, and via the line 18 to the valves 7 and 8,
the latter being connected to the feed lines 5 and 6 respec-
tively.

[0049] On the feed line 19 there is a flow sensor 17 respon-
sible for regulating the flow of air sent by the compressor 16
to the air gas separation unit 20 when said compressor is in
operation.

[0050] The air gas separation unit 20 is connected via the
feed lines 21 and 22 respectively to the valves 14 and 15 that
feed the lines 6 and 5 respectively.

[0051] The operation of this system is as follows: in normal
operation, that is to say when the compressors 3 and 4 are
operating normally, thatis to say that the flow of air sent to the
blast furnaces 1 and 2 respectively is above the minimum
required for normal operation of these blast furnaces, and
measured by the detectors 9 and 11 respectively, the valves 14
and 15, and also the valve 13, are in the open position.
[0052] In this case, the replacement compressor 16 feeds,
via the open valve 13, the air gas separation unit which itself
outputs its oxygen through the respective valves 14 and 15 to
the wind feed lines of the blast furnaces 6 and 5 so as to enrich
this wind with the desired amount of oxygen.

[0053] However, when one and/or other of the two detec-
tors, 9 or 11, detects a flow anomaly inthe line 5 or 6, the valve
13 which was open in the line 19 is then closed or partly
closed, the detectors 9 and/or 11 simultaneously opening the
valves 7 and/or 8 (which are normally closed during the
“normal” operating period) so as to be able to feed the lines 5
and/or 6 with compressed air via these valves 7 and 8.
[0054] Depending on the choice made by the operator or
permitted by the installation, the valves 14 and 15 will either
be completely closed (preferred mode) or partly closed if the
air gas separation unit 20 can continue to operate in degraded
mode.

1-9. (canceled)

10. A method of integrating n (1) blast furnaces with at
least one air gas separation unit, in which the n blast furnaces
and the air gas separation unit producing oxygen are fed with
air by at least n+1 compressors, since each blast furnace is fed
by at least one compressor from the at least n+1 compressors
available, at least one of the compressors that are not feeding
a blast furnace (“second compressor™) is used to feed the air
gas separation unit, and as soon as one of the compressors
(“first compressor”) feeding a blast furnace produces air at a
flow rate below a predetermined flow rate Dmin, said first
compressor is disconnected from said blast furnace and the
second compressor is connected to said blast furnace and
preferably disconnected from the air gas separation unit.

11. The method of claim 10, wherein a supplementary
compressor delivers compressed air and/or the overpressure
to the air gas separation unit.

12. The method of claim 10, wherein the blast furnaces are
fed with oxygen by the air gas separation unit.
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13. The method of claim 10, wherein at least some of the
oxygen produced by the air gas separation unit is used in at
least one converter.

14. The method of claim 10, wherein the air gas separation
unit produces oxygen with an oxygen purity of greater than 90
vol %.

15. The method of claim 14, wherein the air gas separation
unit produces oxygen with an oxygen purity of greater than 95
vol %.

15. The method of claim 14, wherein the air gas separation
unit produces oxygen with an oxygen purity of greater than 95
vol %.

16. The method of claim 10, wherein the air gas separation
unit has two operating modes, namely a regular operating
mode producing oxygen with a purity of greater than 90 vol %
and a degraded operating mode producing oxygen with a
purity of 90 vol % or less.

17. The method of claim 10, wherein the air gas separation
unit has two operating modes, namely a regular operating
mode producing oxygen with a purity of greater than 95 vol %
and a degraded operating mode producing oxygen with a
purity of 95 vol % or less.

18. The method of claim 10, wherein the air gas separation
unit has two operating modes, namely a regular operating
mode producing a first oxygen flow and a degraded operating
mode producing an oxygen flow smaller than the first oxygen
flow.

19. An installation for implementing the method as claimed
in claim 10, wherein the installation comprises n (1) blast
furnaces, an air gas separation unit and at least n+1 compres-
sors, each blast furnace being connected to at least one com-
pressor via air feed lines, the installation further including
lines for connecting one of the compressors, called second
compressor, either to the air feed line for at least one of the
blast furnaces or to the air gas separation unit, or to both.

20. The method of claim 11, wherein the blast furnaces are
fed with oxygen by the air gas separation unit.

21. The method of claim 20, wherein at least some of the
oxygen produced by the air gas separation unit is used in at
least one converter.

22. The method of claim 21, wherein the air gas separation
unit produces oxygen with an oxygen purity of greater than 90
vol %.

23. The method of claim 21, wherein the air gas separation
unit produces oxygen with an oxygen purity of greater than 95
vol %.

24. The method of claim 21, wherein the air gas separation
unit has two operating modes, namely a regular operating
mode producing oxygen with a purity of greater than 90 vol %
and a degraded operating mode producing oxygen with a
purity of 90 vol % or less.

25. The method of claim 21, wherein the air gas separation
unit has two operating modes, namely a regular operating
mode producing a first oxygen flow and a degraded operating
mode producing an oxygen flow smaller than the first oxygen
flow.

26. The method of claim 23, wherein the air gas separation
unit has two operating modes, namely a regular operating
mode producing a first oxygen flow and a degraded operating
mode producing an oxygen flow smaller than the first oxygen
flow.

27. The method of claim 24, wherein the air gas separation
unit has two operating modes, namely a regular operating
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mode producing a first oxygen flow and a degraded operating
mode producing an oxygen flow smaller than the first oxygen
flow.

28. An installation for implementing the method as claimed
in claim 21, wherein the installation comprises n (1) blast
furnaces, an air gas separation unit and at least n+1 compres-
sors, each blast furnace being connected to at least one com-
pressor via air feed lines, the installation further including
lines for connecting one of the compressors, called second
compressor, either to the air feed line for at least one of the
blast furnaces or to the air gas separation unit, or to both.

29. An installation for implementing the method as claimed
in claim 23, wherein the installation comprises n (1) blast
furnaces, an air gas separation unit and at least n+1 compres-
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sors, each blast furnace being connected to at least one com-
pressor via air feed lines, the installation further including
lines for connecting one of the compressors, called second
compressor, either to the air feed line for at least one of the
blast furnaces or to the air gas separation unit, or to both.
30. Aninstallation for implementing the method as claimed
in claim 24, wherein the installation comprises n (1) blast
furnaces, an air gas separation unit and at least n+1 compres-
sors, each blast furnace being connected to at least one com-
pressor via air feed lines, the installation further including
lines for connecting one of the compressors, called second
compressor, either to the air feed line for at least one of the
blast furnaces or to the air gas separation unit, or to both.

sk sk sk sk sk



