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Desc r i p tion

REACTOR FOR CLEANING FLUE GAS BY A DRY OR QUASI-DRY SORPTION PROCESS

The present invention relates to a reactor for cleaning flue gases by a dry or quasi

dry sorption process, comprising

a flue gas inlet at the bottom of the reactor,

an outlet at the top of the reactor,

a dry sorbent injection system with at least one dry sorbent outlet for injecting

dry sorbent into the reactor, the at least one dry sorbent outlet being arranged

between the flue gas inlet and the outlet.

The combustion gases produced in a combustion chamber are usually introduced as

flue gas through the inlet into the reactor. A dry sorbent is injected into the flue

gas, for example calcium oxide or calcium hydroxide powder is injected into the

flue gas. According to the prior art the dry sorbent containing flue gas is forced

through a venturi system, so that a so-called fluidized bed is formed downstream of

the venturi system in order to enhance the sorption process. Accordingly, the flow

cross section of the reactor downstream of the venturi system is much larger than

the minimum total flow cross section at the venturi system. This implies that that

reactor needs comparatively much space downstream of the venturi system.

In order to enhance the sorption process, it is known to inject water into the

fluidized bed downstream of the venturi system. Alternatively, it is known to

moisten the dry sorbent before injection into the reactor.

The dry sorbent is usually injected from a wall of the reactor into the reactor, so

that the highest dry sorbent concentration is at the outer circumference of the

reactor at the injection side.



After the sorbent comprising flue gas leaves the reactor through the outlet it is

advanced to a separator/filter, in which solid particles are separated from the

stream.

A reactor with the above descripted features is for example known from

CN 1014020 19 B.

A further reactor with the above described features is known from CN 106 902 622

A, wherein the dry sorbent injection system has a plurality of dry sorbent outlets

such that dry sorbent is injected at multiple locations into the reactor.

It is desirable, that the process of cleaning (desulfurization) is performed more

efficiently. Furthermore, it is desirable, that the reactor as a whole needs less

space. Accordingly, it is an object of the invention to provide a reactor, in which

the sorption processes are more efficiently and/or which is smaller in size.

This object is solved with a reactor according to the preamble of claim in

combination with the features of the characterizing part of claim l and/or in

combination with the features of claim 8 . Accordingly, claims 1 and 8 describe

inventions, which may be claimed independently of one another, without that the

reactor needs to be restricted by the provision of a plurality of water injection

nozzles arranged beneath the at least one dry sorbent outlet and/or to an enlarged

lower discharge edge. The dependent claims and the description disclose preferred

embodiments, wTierein single features of the preferred embodiments can be

combined with each other in a technically meaningful manner.

The inventions are directed to a reactor which is arranged in a vertical manner.

Accordingly, the flue gas inlet is arranged at the very bottom of the reactor,

meaning that there is preferably no mean for collecting residuals below the flue gas

inlet.



Usually, the flue gas is provided through a duct from a combustion chamber, which

duct leads in a horizontal manner to the flue gas inlet of the reactor.

In such a vertical reactor, the flue gas outlet is arranged vertically above the flue

gas inlet, so that the reactor can be considered that part, in which the flue gas

advances vertically from the bottom to the top. The reactor is delimited by a reactor

wall.

A dry sorbent (i.e. CaO or Ca(OH) 2 powder) is provided by the dry sorbent

injection system into the reactor. The location(s) at which the dry sorbent comes

into contact with the flue gas and is advanced from thereon with the flue gas

through the reactor is considered the dry sorbent outlet.

According to the invention a plurality of water injection nozzles are arranged

beneath the at least one dry sorbent outlet. Accordingly, the plurality of water

injection nozzles are arranged between the flue gas inlet and the at least one dry

sorbent outlet. Each water injection nozzle is connected to a water supply system,

wherein the water injection nozzles are embodied to provide water droplets, water

steam, water spray or the like into the reactor. The water droplets/spray are

advanced with the flue gas stream towards the dry sorbent injection system, so that

the water droplets/steam contact the dry sorbent as soon as the dry sorbent is

injected into the reactor. This way the sorption process of the flue gas with the dry

sorbent is enhanced, as immediately after injecting the dry sorbent into the reactor

water for enhancing the sorption process is provided.

Preferably, at least three, more preferably at least five water injection nozzles are

provided.

Preferably, the water injection nozzles are arranged in one, in particular horizontal

plane within the reactor. The water injection nozzles can be evenly distributed in

the plane. In this regard the distance between two neighboring nozzles may be

about the same for all water injection nozzles. This way the water injection nozzles

are evenly distributed over the flow cross section of the flue gas, so that the water



droplets injected by the water injection nozzles are also evenly distributed within

the flue gas.

Although the water injection nozzles may be directed obliquely to the flue gas flow

or in counter flow to the flue gas flow, it is preferred and most efficient, if the

water injection nozzles are directed upwards eventually with an angle towards the

at least one dry sorbent outlet. Most preferable, the water injection nozzles are

directed exactly upward. Accordingly, the water droplets are injected in direction

of the flue gas flow at the water injection nozzles.

According to the invention the dry sorbent injection system has a plurality of dry

sorbent outlets such that dry sorbent is injected at multiple locations into the

reactor, wherein the dry sorbent outlets are spaced from a wall of the reactor. By

providing a plurality (at least two, preferably at least three or four) dry sorbent

outlets the dry sorbent can be injected evenly over the flow cross section of the

reactor. When the dry sorbent outlet is spaced from the wall by i.e. at least 20 cm

[centimeter], preferably at least 50 cm it can be avoided that the injected dry

sorbent contacts the wall of the reactor immediately after injection. This way,

deposition on the wall of the reactor is minimized. By injecting the dry sorbent at

multiple locations in one plane of the reactor the dry sorbent can be even more

uniformly distributed over the flow cross section. This way the contact efficiency

with the flue gas and therefore the sorption process is enhanced.

Also, the plurality of dry sorbent outlets may be arranged in one horizontal plane,

wherein the dry sorbent outlets may be arranged evenly distributed in that plane.

The dry sorbent system may have one or more guide elements on its underside

towards the flue gas inlet in order to minimize or avoid vortexes of the flue gas.

The guide element may extend along the supply line towards the dry sorbent

outlet(s). In particular the at least one guide element tapers in cross section from

the supply line towards its lower free end.



According to the prior art the flue gas stream is divided in a venturi section in

multiple sub streams or sub channels. In one aspect it is suggest that no sub streams

of the flue gas are formed and that only exactly one flow channel for the flue gas is

present in the reactor. This also means that the plurality of dry sorbent outlets

inject dry sorbent in the only one flow channel.

According to one embodiment the plurality of dry sorbent outlets are directed

outwards towards the wall of the reactor. This means, that the dry sorbent advanced

by the dry sorbent injection system is advanced in a radial direction towards the

wall of the reactor at the dry sorbent outlets.

In order to avoid an effort to provide dry sorbent to every single sorbent outlet

independently from each other it is suggested that the dry sorbent injection system

has a single central supply line for all dry sorbent outlets, wherein the central

supply line leads through a wall of the reactor into the reactor and from there to

each sorbent outlet. Alternatively, it might be possible that the dry sorbent

injection system has two or more supply lines. For example, two supply lines may

extend to the dry sorbent outlets from opposite directions.

According to the invention each dry sorbent outlet has a lower discharge edge at

which the flue gas stream flows along the dry sorbent outlet and at which the dry

sorbent is injected into the reaction chamber. In order that the length of the

discharge edge is greater than the width of the dry sorbent outlet, the lower

discharge edge extends back and forth (i.e. in the direction in which the dry sorbent

is advanced by the dry sorbent injection system and therefore obliquely and in

particular perpendicular to the direction of the flue gas stream), in particular within

a horizontal plane. For example, the lower discharge edge can be zigzag shaped,

partly circular shaped and/or partly oval shaped. Accordingly, the length of the

lower discharge edge, in particular projected in a vertical direction, is greater than

the width of the dry sorbent outlet. The lower discharge edge of the dry sorbent

outlet is in particular aligned in one horizontal plane. In any case the longer lower

discharge edge enhances the even distribution of the dry sorbent within the reactor

already at the injection location of the dry sorbent.



It is also possible that more than one dry sorbent injection systems are embodied,

each dry sorbent injection system having at least one dry sorbent outlet for

injecting dry sorbent into the reactor. Each dry sorbent system may have a central

supply line and multiple sorbent outlets as described above. The multiple dry

sorbent injection systems may be arranged besides each other within one horizontal

plane of the reactor, but it may also be possible that the dry sorbent injection

systems are arranged above each other, the dry sorbent injection systems being

arranged behind each other in the flow direction of the flue gas. It may be possible

that one dry sorbent injection system is arranged in one sub stream or sub channel

of the reactor. But it is preferred, that the multiple dry sorbent injection systems

are arranged within one single flow channel of the reactor.

Preferably, the water injection nozzles are arranged horizontally offset to the at

least one and preferably to all of the plurality of dry sorbent outlet(s). This way it

can be achieved that the water droplets injected by the water nozzles can come into

contact with the injected dry sorbent just after injection of the dry sorbent thereby

enhancing the sorption process.

If the sorption process is enhanced, the need of a fluidized bed above the dry

sorption injection system can eventually be avoided, so that the reactor can be build

smaller.

According to a further aspect the reactor has a minimum flow cross section area,

wherein the maximum flow cross section area of the reactor above the minimum

flow cross section area is not more than 1.5 times the minimum flow cross section

area. In particular, the maximum flow cross section area is not more than 1.2 times

the minimum flow cross section area.

In this regard, it is also suggested that the maximum flow cross section area above

the flue gas inlet and below the minimum flow cross section area is not more than

1.5, preferably not more than 1.2 times the minimum flow cross section area.



In this regard, it is also preferred that the at least one dry sorbent outlet or the at

least one dry sorbent injection system or all dry sorbent outlets are arranged within

or below the minimum flow cross section area. Accordingly, the dry sorbent is

either injected below the minimum flow cross section area or within the minimum

flow cross section area into the reactor. The flow cross section area being that cross

sectional area, which can be flown through by the flue gas.

In particular, the minimum flow' cross section area is formed by a single flow

channel, in which the plurality of dry sorbent outlets are arranged. The minimum

flow cross section of this single flow channel (i.e. delimited by the respective walls

of the reactor) is, if at all only slightly smaller than the flow cross section below

and above the minimum flow cross section area.

An exemplary embodiment of the invention is now described with regard to the

figures. The figures show schematically

Fig. 1: a reactor and

Fig. 2 : a cross sectional view through the reactor in top view onto the dry

sorbent injection system.

The figures show a reactor for cleaning flue gases by a dry sorption process. The

reactor comprises a flue gas inlet 1 at its bottom and an outlet 2 at its top. A dry

sorbent injection system 3 is arranged between the flue gas inlet 1 and the outlet 2 .

The dry sorbent injection system 3 is depicted in figure 2 in more detail.

Below the dry sorbent injection system 3 a plurality of water injection nozzles 5 are

arranged. The water injection nozzles 5 are directed upwards towards the dry

sorbent injection system 3.

As can be seen from figure 2 the dry sorbent injection system 3 comprises a central

supply line 7 which leads into the reactor and which is connected to four dry

sorbent outlets 4 . The dry sorbent outlets 4 are arranged offset to and directed to a



wall 6 of the reactor. The dry sorbent outlets 4 have each a lower discharge edge 8,

wherein it is shown with respect to two lower discharge edges 8 that the lower

discharge edges 8 extend back and forth in a zig zag shaped manner.

It can also be seen from figure 2 that the water injection nozzles 5 are horizontally

offset to the dry sorbent outlets 4 .

In use the flue gas advances from the flue gas inlet through the reactor upwards

towards the outlet 2 . The water injection nozzles 5 spray water droplets into the

flue gas, wherein the water droplets advance together with the flue gas to the dry

sorbent outlets 4 .

Dry sorbent is advanced through the central supply line 7 to the dry sorbent outlets

4 so that dry sorbent is injected over the lower discharge edges 8 of the dry sorbent

outlets 4 into the reactor, whereas the injected dry sorbent comes directly into

contact with the flue gas and with the water droplets provided by the water

injection nozzles 5. As the flue gas, the water and the dry sorbent come into contact

with each other as early as possible and evenly distributed over the cross section of

the reactor the sorption process is highly efficient.

Due to the highly efficient sorption process it is not mandatory to provide a so

called fluidized bed above the dry sorbent injection system 3. Accordingly, the

maximum flow cross section area 10 above the dry sorbent injection system 3 is

only slightly larger than the minimum flow cross section area 9 formed at the

exactly one flow channel in which the dry sorbent injection system 3 injects the dry

sorbent.
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Claims

1. Reactor for cleaning flue gases by injecting dry or quasi-dry sorbent into a

flue gas stream, comprising

a flue gas inlet ( 1) at the bottom of the reactor,

an outlet (2) at the top of the reactor,

a dry sorbent injection system (3) with at least one dry sorbent outlet

(4) for injecting dry sorbent into the reactor, the at least one dry

sorbent outlet (4) being arranged between the flue gas inlet ( 1) and the

outlet (2), characterized in that

a plurality of water injection nozzles (5) are arranged beneath the at

least one dry sorbent outlet (4), and in that

the dry sorbent injection system (3) has a plurality of dry sorbent

outlets (4) such that dry sorbent is injected at multiple locations,

wherein the dry sorbent outlet (4) has a lower discharge edge (8) at

which the flue gas stream flows along the dry sorbent outlet (4) and at

which the dry sorbent is injected into the reaction chamber, wherein

the lower discharge edge (8) extends back and forth, so that a length

of the lower discharge edge (8) projected in a vertical direction is

greater than the width of the dry sorbent outlet (4).

2 . Reactor according to claim 1, the water injection nozzles (5) being arranged

in one plane.

3. Reactor according to claim 1 or 2, the water injection nozzles (5) being

directed upwards towards the at least one dry sorbent outlet (4).

4 . Reactor according to one of the preceding claims, the plurality of dry

sorbent outlets (4) being directed outwards towards the wall (6) of the

reactor.



5. Reactor according to one of the preceding claims, the dry sorbent injection

system (3) having a central supply line (7) for all dry sorbent outlets (4),

the central supply line (7) leading into the reactor.

6 . Reactor according to one of the preceding claims, wherein more than one

dry sorbent injection systems (3) are embodied.

7 . Reactor according to one of the preceding claims, the water injection

nozzles (5) being arranged horizontally offset to the at least one dry sorbent

outlet (4).

8 . Reactor according to one of the preceding claims, characterized in that the

reactor has a minimum flow cross section area (9), wherein the maximum

flow cross section area (10) of the reactor above the minimum flow cross

section area (3) is not more than 1.5 times the minimum flow cross section

area (9).

9 . Reactor according to claim 8, wherein the maximum flow cross section area

above the flue gas inlet (1) and below the at least one dry sorbent outlet (4)

is not more than 1. 5 times the minimum flow cross section area (9).

10 . Reactor according to claim 8 or 9, the at least one dry sorbent outlet (4)

being arranged within or below the minimum flow cross section area (9).

11. Reactor according to one of the preceding claims, wherein a plurality of dry

sorbent outlets (4) are arranged in exactly one flow channel.
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