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(57) Abrege/Abstract:
A method for the melting of pig iron In a blast furnace (1) operated with oxygen or in a melt-reduction plant, with a reduction region,
the purified crude gas (GG, EG) discharged from the reduction region being recirculated into the reduction region with the addition
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(57) Abrege(suite)/Abstract(continued):
of hydrocarbons. According to the invention, there is provision for the purified crude gas (GG, EG) to be mixed with hydrocarbons

and to be blended with reduction gas (REDG) which has a temperature of above 1000°C and Is generated by the partial oxidation
of hydrocarbons by means of oxygen gas having an oxygen content of above 90% by volume, In order to form a recirculation gas
(REZG) with a temperature of above 800°C, and for the recirculation gas (REZG) to be recirculated into the reduction region

according to an auto-reforming process.
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Method for the melting of pig iron with the recirculation of

bl —rremd e i

Aol

blast furnace gas and with the addition of_hYdrgcarbons

BACKGROUND

According to the prior art, various methods for the melting of
‘pig iron are known. For example, GB 883998 A describes, in
blast furnaces, injecting various carbon-containing gases, such
as natural gas or coke oven gas, via the tuyers or at the bosh
level, 1in order thereby to save c¢oke and 1ncrease the
efficiency of the plant. An injection of blast furnace gas from
a conventional blast furﬁace'Operated with hot blast air 1is not

economical because of the high content of carbon dioxide and

‘nitrogen and the low content of hydrogen.

£ 19 39 354 A describes the reforming of blast furnace gas

O

from a blast furnace with hydrocarbon fuel in an underfired
external reaction system and the recirculation of this Dblast
furnace gas 1into the blast furnace. This has the disadvantage
of the additional‘ outlay required 1in terms of energy for the
_underfiring of the heater and also the very high outlay for the
high-temperature heat exchanger. Furthermore, during heating,

disadvantages arise because of what is known as “metal dusting
| /

corrosion” caused by carbon monoxide and hydrogen in the

reduction gas.

DE 2 261 766 describes the recirculation of blast furﬁacé gas
from a blast furnace operated with oxygen instead of hot blast
"air. After the scrubbing of the blast furnace gas, the carbon
dioxide 1s removed, and is introduced to the blast furnace via

tuyers on the bosh or hearth. Furthermore, the. operation of a

blast furnace with oxyvgen and the recirculation of the blast

furnace gas and also the use of a CO; removal plant are also
described in DE 3702875 Cl. WO 2004/052510 A3 describes the
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operetioh of a  blast furnace with hot blaSt air and the
reeirculation_ of blast furnace gas and also the removal of

carbon dioxide and nitrogen. In these embodiments, however,

there are substantial disadvantages in the considerable outlays
in terms of investment and operating costs for the removal oﬁf .
carbon dioxide and nitrogen from the blast furnace gas and also.
in the necessary heating of the reduction ges,- this giving
rise, agalin, to problems with metal dusting coz.:ro‘sion.-.'
Moreover, the residual gas from CO, removal has to be‘aelivered
for utilization or retreatment on account of the low calorific
value. In this case, further, the carbon dioxide is locked out
in the blast furnace gas, thus leading to 'adveree CO;
emissions,‘because it is not reformed again into reduction gas.

Additional losses of reductants therefore occur in the residual

gas.

The same disadvantages arise also in a method according to DE

10 2004 036 767 Al which is interpreted as the nearest prior

art. This document describes a method for pig iron production
in a blast furnace operated with oxygen .and recirculated blast
furnace gas, with the addition of hydrocarbons, although, once

again, the previous removal of carbon dioxide is required.

SUMMARY

m

The aim of the 1invention, therefore, 1s, with the aid of an

improved method for the melting of pig iron, to avoid these
disadvaﬁtages and, in particular, to provide a method in which
no complicated removal of carbon dioxide and/or nitrogen 1is
required. As a result, residual gas occurring due to the CO;
removal 1s to be avoided, and the overall costs of the plant
with regard to the outlay in investment and operational terms

are reduced.

A method 1is provided £for the melting of pig iron in a
blast furnace operated with oxygen or in a melt-reduction

plant, with a reduction region, the purified crude gas
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discharged from the reduction region being recirculated into

the reduction region with the addition of hydrocarbons.

According to the invention, there is provision for the purified

crude gas discharged from the reduction region to be mixed with
hydrocarbons. Subsequently, this gas mixture 1s blended with a
reduction gas which has a temperature above 1000°C and 1S
generated by the partial oxidation of hydrocarbons by means ot
oxygen gas having an oxygen content above 90% Dby volume. In

this step, the required temperature of the recirculation gas

for the following auto-reforming Process 1S reached.

Subsequently, the hydrocarbons contained in the purified crude
gas are reformed with the gas components likewlse contained in
it, carbon dioxide and water and are then recirculated into the

reduction region. In this case, as a result of the reforming

process, the reclirculation gas 1s cooled further to

temperatures of about 800°C.

In the case of a blast furnace, the reduction region 1lies
inside the blast furnace and, in the case of a melt-reduction

plant, it 1lies 1in the melt-down gasifier and also 1n the

separate reduction-shaft.

The auto-reforming process may be accelerated with the aid
of a reformer filled with a corresponding catalyst. A
particularly beneficial recirculation of the recirculation

gas into the reaction chamber of a blast

|

‘urnace may take place, for example, via the tuyers, at the
level above the tuyers or in the shaft of the blast furnace. In
this case, if the recirculation gas 1is recirculated via the
tuyers, an injection of small coal may also be pro‘vided.
Furthermore, the hydrocarbons supplied to the purified crude
gas may be hydrocarbons of the general formula CyHn oOr a
mixture of these hydrocarbons. With regard to the crude gas,
heat recovery may be provided, or dry de-dusting for the

purification of the crude gas.
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In accordance with thilis invention there 1s provided a

r—

method for melting of pig i1ron in a blast furnace operated with

oxygen or in a melt-reduction plant, each having a reduction

region, the method comprising: discharging crude gas from the

reduction region, purilifying the crude gas, compressing the

purified crude gas, adding hydrocarbons to the compressed crude

gas to produce a mixture; generating a reduction gas which has a

F P

temperature of above 1000°C by partilial oxidation of the

F

hydrocarbons by means of oxygen gas having an oxygen content of

I

*

above 90% by volume, blending the mixture of the compressed

crude gas and the hydrocarbons with the reduction gas 1in a

1

sufficient mixing zone or mixing chamber for setting a uniform

temperature distribution in order to form a recirculation gas
with a temperature of above 800°C, and then recirculating the

recirculation gas into the reduction region according to an

auto-reforming process.
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DRAWINGS

L*]

F DESCRIPTION OF TH.

L

BRI

The invention is explained in more detall below with reference
to various embodiments with the aid of the accompanying figures

in which:.

fig. 1 shows a diagram of the application of the method

according to the invention for the melting of 'pig iron 1n a

blast furnace, and

fig. 2 shows a diagram of the application  of the method

according to the invention for the melting of pig iron in a

melt-reduction plant.

DETAILED DESCRIPTION

A first embodiment of the method according to the invention 1s

described with reference to fig. 1. Fig. 1 shows a,  blast.

furnace 1 in which iron is obtained by the reduction of iron

oxide. For this purpose, the raw materials, in particular the
buraen c,o'ntaining the iron oxide, aggrega'tes.‘ and coke, are
conveyed to the top closing dévice 3 of the blast furnace 1 via
an inclined hoist 2 or steep belt conveyor 2 and are introduced
1nto the inte;ior‘of the blast furnace 1. The blast furnace 1;
may be seen as "a metallurgical reactor in which the burden
column reacts in countercurrent, for example, with injected'
oxygen which is introduced via the tuyers 4. The gasification
" of the carbon from the coke gives rise to the heat necessary
for the reaction and'to carbon menoxide which £1ows through the
burden column and reduces the iron oxide. On the way from the
top closih‘g device 3 to  the foot of the blast furnace 1,
different physical-chemical processes occur in this case, S0
that, as a rule, different regions within the blast furnace L
also differ ffrom one another, for example a melting zone,
carburizing zone, reduction zone, etc. .These regions are
summarized below and, £for this exemplary embédiment, are
designated in general as a reduction region. Subsequently, at
the foot of the blast furnace 1, a pig iron fraction 5 and a

élag fraction 6 can be obtained which are periodically tapped.
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The crude gas RG which is formed in the reduction region and

which 1s also designated here as blast furnace gas 1s drawn off

at the upper shaft end of the blast furnace 1, de-dusted, dry,

in a de-duster 7 and purified in a blast furnace gas scrubber

8. The purified crude gas 1is in this case therefore also

designated as purified blast furnace gas GG. Blast furnace gas

also contains, 1in addition to carbon monoxide, fractions of

carbon dioxide and also hydrogen and water vapor and, 1if

-

appropriate, small quantities of nitrogen. The purified Dblast

furnace gas GG, as a rule, 1is partially recirculated 1into the

-t

blast furnace 1 and used as reducing agent. Further fractions

of the purified blast furnace gas GG may be used 1n a power

station for current generation 9, for the heating of annealing

and reheating furnaces or as underfiring gas for the coke

OVeEells.

Furthermore, the combustion chamber 10 and the reformer 11
necessary for carrying out the method according to the
invention are evident in fig. 1. In the combustion chamber 10,
hydrocarbons, for example natural gas, are oxidized

under-stoichiometrically with oxygen gas which contains an

oxygen fraction of above 90% by volume. A large part of the CHg

-

(and further higher hydrocarbons) 1is 1in thils case partially
oxidized, only a small part is burnt, and a very small fraction

does not react at all. The chemical reactions may be summarilized

as follows:

CHy; + ¥ 0O, > CO + 2 H»
CHy + 2 0O, > COp + 2 H->O
CH,s — CHayg

Downstream of the combustion chamber 10, a reduction gas REDG

is therefore obtained, which consists mainly of H, and CO with

a temperature of approximately 1500°C.
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The purified blast furnace gas GG 1is first compressed 1in a

compressor 12, blended with hydrocarbons of the general formula

ChHn, or a mixture thereof, for example natural gas, and

subsequently mixed uniformly with the reduction gas REDG from

the combustion chamber 10. The gas thus formed 1s desilignated

gty
p—

below as recirculation gas REZG. For this purpose, a sufficient

mixing zone or mixing chamber for setting a uniform temperature

distribution 1is required. As a result of this mixing, the

initial temperature of the reduction gas REDG 1s lowered, and

”

temperatures of the recirculation gas REZG of about 1000°C are

achieved. The temperature of the recirculation gas REZG 1s 1n

any event to amount to more than 800°C in order to prevent

carbon separation in the <case of unfavorable Boudouard

equilibria.

This recirculation gas REZG 1s subsequently routed through a

reformer 11 which is a vessel or tubes filled with a catalyst,

F

the reforming of the hydrocarbon-contalining gases taking place,

and the quality of the gas being appreciably 1mproved due €O

the increase in the CO and H, content in relation to the CO;

and H,O content. The reactions taking place 1n the reformer 11

may be summarized as follows:

ChoHp + n CO, — 2n CO m/ 2 H»
CoHy + n H O > n CO + (m/2+n) H»

As a result of the reforming process, the recirculation gas

REZG 1s cooled further to temperatures of about 800°C. The

recirculation gas REZG 1s subsequently introduced either via

the tuyers 4, at the level above the tuyers 4 or i1nto the shaft

of the blast furnace 1.

Fig. 2 1llustrates a further exemplary embodiment of the method

according to the 1invention, specifically 1n respect of a

melt-reduction plant. Plants of this type are used for the

production of liquid pig 1ron, for example via a COREX® method.
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In this case, 1n contrast to the blast furnace process, no
blast furnace coke is required. Although the method according

to the invention can also be applied to other production

processes, for example the FINEX® method, the method according

to the invention 1is explained below with reference to the
COREX® method outlined 1n fig. 2.

The method shown 1is a two-stage melt-reduction method

(“smelting reduction”), in which, in a first step, the ore of

the pig iron is reduced to sponge iron, and, 1n a second step,

the final reduction, melting down and carburization 1into pig

iron take place. The energy necessary for the melting operation

F

is in this case provided by means of the gasification of coal.

In this case, large quantities of carbon monoxide and hydrogen

occur as crude gas which can be used as reduction gas.

As 1s clear from fig. 2, first, lump ores, sinter, pellets or
mixtures thereof are introduced into a reduction shaft 13 and

are reduced 1in countercurrent with the reducing process gas

GPG. After running through the reduction shaft 13, the final

product from this first stage 1s conveyed via discharge worms

14 into the melt-down gasifier 15 arranged underneath. The

crude gas RG occurring in the reduction shaft 13 1s discharged

from the reduction shaft 13 and is purified in a scrubber 19. A

part stream of the reduction gas, after purification and

cooling, is used as cooling gas KG for the process gas PG drawn

off from the melt-down gasifier 15. The reduction gas,

occurring as regulating gas, 1s mixed, after cooling and

purification, with the crude gas RG.

In the melt-down gasifier 15, in addition to the remainiling
reduction and melting down of the sponge 1ron, the necessary

metallurgical metal and slag reactions take place.

Subsequently, as in the blast furnace, a pig iron fraction 5

-
p—

l1er

and a slag fraction 6 are obtained from the melt-down gasai:

15 and are periodically tapped.
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Coal which is conveved out of a coal storage shaft 17 via a
coal conveyor worm 16 is introduced into the melt-down gasifier
15. After the dewatering and degassing of the coal, a solid bed

P

of low-temperature carbonization coke 1is first formed 1in the

melt-down gasifier 15 and is subsequently gasified with oxygen.

The hot process gas PG occurring has temperatures of about

1000°C, consists predominantly of CO and H;, therefore has a

-

reducing action and is laden with fine dust. This process gas

PG 1s cooled by being blended with the cooling gas KG, 1s

de-dusted in a cyclone 18, for example a hot cyclone, and 1s

finally supplied to the reduction shaft 13 as purifilied process

gas GPG. Excess gas 1is purified in a further scrubber 19. A

F

part stream of the reduction gas is used as cooling gas KG. The

separated dust fraction SF from the cyclone 18 1s reintroduced

intoc the melt-down gasifier 15 and 1s used materially or

gasified with oxygen.

Furthermore, the combustion chamber 10 necessary for carrying

out the method according to the invention and the reformer 11

are again evident 1in fig. 2. In the combustion chamber 10,
hydrocarbons, for example natural gas, are oxidized

under-stoichiometrically with oxygen gas which contains an

oxygen fraction of above 90% by volume. The chemical reactions,

once again, take place as stated above. Downstream of the

combustion chamber 10, the reduction gas REDG 1s obtained,

which consists mainly of H;, and CO with a temperature of

approximately 1500°C.

The purified crude gas, which 1n this case 1s designated as

export gas EG, 1s first compressed 1n a compressor 12, blended

with hydrocarbons of the general formula C,H, or with a mixture

thereof, for example natural gas, and subsequently mixed

uniformly with the reduction gas REDG from the combustion

chamber 10. The gas thus formed 1s designated Dbelow as

T

recilrculation gas REZG. For this purpose, as has likewilse
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P
R

-

already been stated, a sufficient mixing zone or mixing chamber

for setting a uniform temperature distribution 1s required. As

pr—

a result of this mixing, the initial temperature of the

reduction gas REDG 1is lowered, and temperatures of the

recirculation gas REZG of about 1000°C are achieved. The
temperature of the recirculation gas REZG 1s 1n any event to

amount to more than 800°C in order to prevent carbon separation

in the case of unfavorable Boudouard equilibria.

This recirculation gas REZG 1s subsequently routed through a

reformer 11 which 1is a vessel or tubes filled with a catalyst,

P

the reforming of the hydrocarbon-containing gases taking place,

F

and the quality of the gas being appreciably 1mproved by an

increase in the CO and H, content 1in relation to the CO; and HO0

content. The reactions taking place in the reformer 11 proceed,
once again, 1in the same way as 1in the exemplary embodiment

described above.

As a result of the reforming process, the recirculation gas
REZG 1is cooled further to temperatures of about 800°C. The

recirculation gas REZG subsequently supplied to the coarsely

purified process gas GPG and to the reduction shaft 13 or 1is

introduced into the melt-down gasifier 15 via oxygen nozzles.

As a result of this recirculation and reforming with higher

hydrocarbons, several advantages arise, as compared with the
prior art. Since no complicated CO; and/or N; removal 1s
required, investment costs can be saved, as compared with other
methods, and residual gas occurring due to the CO; removal,

which would otherwise have to be delivered for utilization or

retreatment, can be avoided. In general, lower CO,; emissions

are obtained, since the CO, from the blast furnace gas 1s

reformed with higher hydrocarbons (for example, CHg, CoHg, Cj3Hg,

C4H19, etc.) and is used again for reduction. Furthermore, the

P

efficiency in the generation of the heat required for reforming

and injection into the blast furnace can be increased, since no
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fuel gases for the underfiring of the reformer 11 are
necessary.

Furthermore, metal dusting corrosion due to CO-contalning

reduction gas can be reduced during heating, reforming and
transport, since the combustion chamber 10 and the
corresponding pipelines to the blast furnace are 1lined, and

removals can be kept very short.

A further advantage 1is the cooling of the raceway due to the
the

P

directed lowering of the flame temperature on account O:

-y

endothermal reaction of the coke with the fractions of H;O, CO;

and CHy still present in very small gquantities:

a . C + HO —» CO + H» AHoq9g=+132 kJ/mol
b. C + CO, > 2 CO AHrg9g=+173 kJ/mol
C. CHs > 2 Hp, + C AHoqg=+74 kJ/mol

However, since excessive cooling does not occur on account of
the low concentrations, a substantially larger qguantity can be
introduced into the blast furnace 1 than 1n the case of

straightforward natural gas or o011l 1injection. Moreover, the

possibilities afforded of saving coal and coal briguettes as

F

reducing agent by the recirculation of reductants (CO, H;) from

the recirculation gas REZG and reforming with carbon-contalning

gases. The method according to the invention therefore allows a

ﬁ

marked lowering of the operating costs of the overall plant.
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CLAIMS:
1. A method for melting of pilig iron 1in a blast furnace

operated with oxygen or 1n a melt-reduction plant, each having a

reductlion region, the method comprising:

discharging crude gas from the reduction region,

purifying the crude gas,

compressing the purified crude gas,

adding hydrocarbons to the compressed crude gas to

produce a mixture;

generating a reduction gas which has a temperature of

above 1000°C by partial oxidation of the hydrocarbons by means

r— —
p—

of oxygen gas having an oxygen content of above 90% by volume,

blending the mixture of the compressed crude gas and

the hydrocarbons with the reduction gas in a sufficient mixing

zone or mixing chamber for setting a uniform temperature

distribution in order to form a recirculation gas with a

temperature of above 800°C, and

then recirculating the recirculation gas i1nto the

reduction region according to an auto-reforming process.

2 . The method as clalimed in claim 1, wherein the auto-

reforming process takes place 1n a reformer filled with a

corresponding catalyst.

3. The method as claimed 1n claim 1 further comprising

1

introducing the recirculation gas into the reduction region O:

the blast furnace via tuyeres and/or at a level above the

tuyeres.
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q . The method as claimed in claim 3, further comprising

recilrculating the recilirculation gas via the tuyeres along with

—
and

an injection of fine coal.

5. The method as claimed in claim 1, wherein the

hydrocarbons supplied to the purified crude gas are hydrocarbons

of the general formula C,H, or a mixture of these hydrocarbons.

6. The method as claimed in claim 1, further comprising

recovering heat from the crude gas.

7. The method as claimed in claim 1, wherein purifying

the crude gas comprises a dry de-dusting of the crude gas.

8. The method as claimed 1n claim 1, further comprising:

before the discharging of the crude gas, 1ntroducing

raw materials for producing melted pig iron into the reduction

region.
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