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pour la réduction des €émissions d’oxydes d’azote dans
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(57) A method and an arrangement for reducing
emissions of nitrogen oxides 1n a combustion apparatus
provided with a tubular furnace. The method comprises
burning odour gases at first sub-stoichiometrically, and
subsequently supplying additional air to the furnace (3)
1n the transverse direction thereof 1n such a manner that
the final air ratio 1s over 1. The arrangement comprises
an additional air duct (7) which extends to the furnace of
the boiler and from which additional air 1s supplied to the
furnace (3) 1n the transverse direction of the furnace (3).
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(587) Abstract

A method and an arrangement for reducing emissions of nitrogen oxides in a combustion apparatus provided with a tubular furnace.
The method comprises burning odour gases at first sub-stoichiometrically, and subsequently supplying additional air to the furnace (3) in
the transverse direction thereof in such a manner that the final air ratio is over 1. The arrangement comprises an additional air duct (7)

which extends to the furnace of the boiler and from which additional air is supplied to the furnace (3) in the transverse direction of the
furnace (3).
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METHOD AND ARRANGEMENT FOR OPTIMIZING OXIDATION DURING
BURNING OF GASEOUS AND LIQUID FUELS

The invention relates to a method for reducing emissions of
nitrogen oxides upon burning of odour gases of a pulp mill in a combustion
apparatus provided with a tubular furnace, said method comprising supplying
odour gases and combustion air to the combustion apparatus from one end of
the furnace, and discharging the resulting flue gases from the other end of the
furnace.

The invention further relates to an arrangement for reducing the
amount of nitrogen oxides formed during combustion when odour gases of a
pulp mill are burnt in a combustion apparatus provided with a tubular furnace,
said arrangement comprising a fuel channel for supplying odour gases to one
end of the furnace, a combustion air duct for supplying combustion air to the
furnace with the odour gases, and a discharge opening for discharging flue
gases from the opposite end of the furnace.

Sulphurous odour gases are often burnt in so-called fire tube
boilers, where fuel, combustion air and any staging air needed for controliing
combustion are supplied to one end of a horizontal, tubular boiler space and
flue gases are discharged from the opposite end of the boiler. It is generally
known that the drawback of such boilers is the oxidation of nitrogen
compounds into nitrogen oxides and the excessive oxidation of sulphur
compounds into sulphur trioxide (SQO,). If, on the other hand, the oxidation is
insufficient, the flue gases may contain reduced sulphur compounds (TRS
compounds). It is generally known to use staging of combustion air for
reducing emissions of nitrogen oxides. However, this cannot be easily
performed in practice with the currently existing boiler construction, and in the
case of old boilers it is impossible in practice using the known principles. As
regards over-stoichiometric combustion of sulphurous gases, it is known that
some of the sulphur compounds oxidate into sulphur trioxide (SO,) on account
of the large amount of excess oxygen during the supply of fuel and
combustion air. When the flue gas cools down, the sulphur trioxide condenses
with aqueous steam into sulphuric acid aerosol, which causes a so-called biue
haze effect. If the flue gas is washed in a flue gas scrubber where suiphite
chemicals are to be prepared for utilization, the yield of sulphite chemicals is
reduced, since sulphate is produced directly from sulphur trioxide.
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The object of the present invention Is to provide a method and

arrangement by which the drawbacks of the prior art can be avoided and the

~ emissions of nitrogen oxides and sulphur trioxides can be considerably
reduced in a boiller of this type.

5 The method of the invention is characterized in that combustion air
is supplied sub-stoichiometrically to the furnace of the combustion apparatus
simultaneously with the odour gases to reduce the formation of nitrogen
oxides, and that additional air is supplied to the middle of the furnace of the
boiler through a separate duct substantially in the transverse direction of the

10 furnace at least at one point in such a manner that the total amount of
~ additional air and combustion air corresponds at least to stoichiometric
combustion, and that additional air is supplied to the furnace in the longitudinal
direction thereof at such a point that the fuel that has not yet burnt at the point
of additional air supply has time to substantially burn in the furnace of the

15 combustion apparatus.

The arrangement of the invention is characterized in that it
comprises a separate additional air duct which extends to the furnace and is
arranged to supply additional air substantially to the middle of the furnace in
the transverse direction thereof at least at one point in the longitudinal

20 direction of the furnace. |

The essential idea of the invention is that the combustion air
required for burning is supplied at first in a sub-stoichiometric proportion so
that the formation of nitrogen oxides is minimal. Thereafter additional air is
supplied to the middle of the furnace, preferably through a duct extending from

25 the opposite end of the furnace, at a suitable point of the furnace of the
combustion apparatus so that the burning out takes place preferably under
over-stoichiometric conditions in a tubular combustion space around the air
supply duct. On account of the combustion conditions, the resulting amount of
nitrogen oxides remains small. The essential idea of a preferred embodiment

30 of the invention is that, in addition to staged additional air, a reducing reagent,
such as ammonia, is supplied to the furnace of the combustion apparatus,
preferably in the flow direction of the gases in the furnace prior to the supply of
additional air to allow the formation of nitrogen oxides to be further reduced.
According to yet another preferred embodiment, air is supplied to the furnace

35 in the transverse direction thereof, and preferably at least at two successive
points of the furnace in the longitudinal direction thereof.
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In the following, the invention will be described in greater detail with
reference to the accompanying drawings, in which

Figure 1 is a schematic view of a fire tube boiler in which the
invention can be applied, and

Figure 2 shows another combustion apparatus, i.e. a so-called torch
burner, in which the invention can be applied.

Figure 1 shows a combustion apparatus 1 provided with a tubular
furnace, i.e. a fire tube boiler with a water-cooled jacket 2 and a furnace 3. The
furnace 3 comprises heat delivery surfaces 4 for recovering the heat produced
during combustion. The furnace of the boiler is elongated in the horizontal
direction. Its one end is provided with a fuel channel 5, through which odour
gases or any other fuel are supplied to the furnace 3. It is further provided with
a combustion air supply duct 6 which forms an annular duct around the fuel
channel 5. An additional air duct 7 extends from the other end of the boiler to
allow staged additional air to be supplied to the furnace 3 as desired. The end
of the additional air duct 7 facing the furnace 3 comprises an air guide 8 of a
conical or some other suitable shape for guiding staged air to flow in the
transverse direction of the furnace 3 in a suitable manner so that it is mixed
with the combustion gases in the furnace and with the fuel that has not yet
burnt, as efficiently as possible. The end of the additional air duct 7 may be
further provided with one or more reagent nozzles 9, through which a reagent,
such as ammonia, having an effect on the formation of nitrogen oxides can be
supplied to the furnace, if desired, through duct 10. The additional air duct 7 is
preferably cooled with air, water or steam. A cooling medium may be supplied
to a chamber or piping located within the housing of duct 7 and discharged
therefrom through cooling channels 11, for example. Alternatively, the cooling
may be performed by the use of staged air or separate air supplied, for
Instance, to the preheating of the combustion air or to the furnace of the boiler.
At the right-hand end of the furnace 3, the flue gases turn to flow to the left in
the figure, parallel with the heat delivery surfaces 4, whereby they heat the
water which is in contact with the heat delivery surfaces. The heat delivery

surfaces 4 are typically pipes that are disposed within the water jacket of the
boiler so that the water is located outside the pipes and the flue gases flow

through the pipes. Having flowed past the heat delivery surfaces 4 to the left
end in the figure, the flue gases turn to flow to the right in the figure to a flue

gas discharge opening 12. Usually this is implemented in such a manner that
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some of the heat delivery surfaces extend from the furnace 3 to a turning
chamber 4a on the left in the figure, from which pipes extend on both sides of
the pipes located in the middle to the discharge opening 12. The heat recovery
and circulation of flue gases can naturally be implemented in several manners
known per se. The essential feature is that flue gas is discharged from the
furnace 3 at the end of the furnace that is opposite to the supply of fuel, either
directly or through various ducts The flue gas is discharged from the boiler
through a flue gas duct connected to the discharge opening 12. The boiler
may also be provided with another additional air supply duct 14 extending to
the annular chamber 13 around the combustion air supply duct 6. From the
chamber 13, the staged air is supplied through separate additional air ducts 5
to the furnace 3 around the fuel supply channel 5. ‘

In the boiler illustrated in the figure the invention is implemented in
such a manner that combustion air is supplied during the supply of odour
gases and any auxiliary fuel sub-stoichiometrically so that the air ratio after the
air has been supplied through duct 6 is about 0.5 to 0.7. In this case, the
burning takes place sub-stoichiometrically, and the formation of nitrogen
oxides is minimal. When the mixture which is rich in fuel propagates in the
furnace 3, and the flowing takes place from left to right in accordance with
Figure 1, additional air is supplied to the mixture through the additional air duct
7 so that the final air ratio is over 1. The additional air supplied through the
additional air duct 7 flows to the furnace in its transverse direction by the
action of the guide 8, whereby the mixing and burning out take place efficiently
in the tubular combustion space surrounding the additional air duct 7. The end
of the additional air duct 7 is preferably located approximately in the middle of
the furnace 3 of the boiler, but its position may be designed specifically in each
case to achieve the desired result with the fuel used.

In order for the formation of nitrogen oxides to be further reduced, it
Is possible to supply a suitable reducing reagent, such as ammonia, to the
furnace 3 from the end of the additional air duct 7 through one or more reagent
nozzles 9. Such a reagent is preferably supplied to the furnace 3 in such a

way that it mixes with the gases in the furnace prior to the supply of the

additional air intended for staging. However, if desired, it may also be supplied
either with the additional air or after the supply of additional air. The reagent is

supplied through a suitably cooled reagent duct 10 extending within the
additional air duct 7. The additional air duct 7, in turn, may be cooled merely

P S ANPAPTE 48 S Lt
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with additional air or with separate cooling air, water or steam for maintaining
the desired temperature. The cooling medium may be used for any suitable
purposes, for example for preheating the combustion air to be supplied to the
boiler 1. If desired, the supply of air at the forward end, i.e. at the fuel supply
end, of the boiler may be staged by supplying additional air from a second
staging duct 14 to around the combustion air duct 6 and the fuel channel 5
and further through separate additional air ducts 15. In this case, the second
additional air mixes with the fuel and combustion gases slightly later than the
actual combustion air supplied through duct 6. The essential feature is that
the air ratio obtained as a result of the air supplied through the combustion air
duct 6 and the second additional air duct 14 is below 1, preferably 0.5 to 0.7.

In the case illustrated in Figure 1, additional air can be supplied
from the end of the additional air duct 7 even at points which are closer to the
flue gas duct and which are schematically indicated, by way of example, by
broken lines 16a and 16b. This can be performed by providing suitable
openings or nozzles at these points for supplying additional air to the furnace.
In this case, the total amount of air supplied to the furnace must naturally
correspond to an air ratio of 1 to enable stoichiometric combustion. The total
amount of air is preferably over-stoichiometric, preferably corresponding to an
air ratio of 1 to 1.3, whereby it is possible to ensure as efficient burning as
possible.

Figure 2 is a schematic view of the structure of another combustion
apparatus 1 suitable for implementing the invention. This embodiment relates
to a standby combustion apparatus, in this case a so-called torch burner,
which is used for instance when a conventional boiler for burning odour gases
breaks down for one reason or another. In this embodiment, the furnace 3 is
vertical, and flue gases are usually discharged from an opening 12 which is
provided at the upper end of the furnace and which has almost the same
diameter as the furnace. In this embodiment, the odour gases and combustion
air are supplied from one end of the furnace in a similar way as in Figure 1,
and the walls of the furnace are correspondingly cooled with additional air
which may be supplied to an additional air duct 7 at the upper end of the
furnace, for example through three hollow support arms 17, as shown in the
figure. Additional air may be supplied at one or more points even in this
embodiment so that the sub-stoichiometric conditions at the lower end of the
furnace 3 are converted after the points of additional air supply into at least

W b aq ey arywrrarydey drv-lal qumsbecrespby v rpi T s s o e
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stoichiometric conditions, i.e. to correspond to an air ratio of 1, preferably over-
stoichiometric. The emissions of nitrogen oxides, any sulphur trioxide and

reduced sulphur compounds are thus reduced even in this embodiment
compared with the existing arrangements.

In the specification above and in the drawings, the invention is
described merely by way of example, and it is by no means restricted to this
example. The essential feature is that fuel and combustion air are supplied
from one end of a tubular furnace of a combustion apparatus 1, such as a
boiler, in such a manner that the total air ratio is below 1, preferably 0.5 to 0.7,
and that additional air is supplied to the furnace approximately in the middle of
the furnace through an additional air duct 7 extending from the opposite
direction in such a manner that the final total air ratio is at least 1. The
additional air may also be supplied at several points over the length of the
additional air duct 7 in such a way that the final air ratio gradually reaches at
least the value 1. The structure and materials of the additional air duct 7 and
the different cooling constructions may be selected freely from those suitable
for the purpose. Furthermore, the additional air may be supplied from the duct
to the furnace in different ways as long as it mixes effectively with the
combustion gases resulting from the sub-stoichiometric combustion so that the
combustion is as efficient as possible while the formation of nitrogen oxides is
kept minimal. Instead of using merely a conical guide at the end of the duct, it
IS thus possible to use suitable nozzles mounted around the additional air duct
7 to allow the penetration of air to be appropriately adjusted in the transverse
direction of the boiler. The essential feature is that, in the transverse direction
of the boiler, the additional air is supplied substantially symmetrically in relation
to its central axis so that the amount of additional air is approximately the
same at each point of the cross-section to guarantee as efficient mixing and
burning as possible. The cross-section of the tubular furnace is preferably
roundish, i.e. circular or oval, but is may also be angular in various ways as
long as the supply of air to the furnace is carried out appropriately. The
additional air duct 7 extends preferably from one end of the furnace in the
middle of the combustion space, whereby an annular combustion space is
formed around it. In practice, however, it is possible to supply the additional air
through a duct extending through the wall of the furnace as long as the air is
supplied to the middle of the furnace, and the additional air duct comprises a
duct extending towards the fuel channel in the longitudinal direction of the
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furnace to allow the additional air to be mixed before the flow is disturbed at
the pipe extending through the wall.
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CLAIMS

1. A method for reducing emissions of nitrogen oxides upon burning
of odour gases of a pulp mill in a combustion apparatus (1) provided with a
tubular furnace (3), said method comprising supplying odour gases and
combustion air to the combustion apparatus (1) from one end of the furnace
(3), and discharging the resulting flue gases from the other end of the furnace
(3), characterized in that combustion air is supplied sub-
stoichiometrically to the furnace (3) of the combustion apparatus
simultaneously with the odour gases to reduce the formation of nitrogen
oxides, and that additional air is supplied to the middle of the furnace (3) of the
combustion apparatus through a separate duct (7) substantially in the
transverse direction of the furnace (3) at least at one point in such a manner
that the total amount of additional air and combustion air corresponds at least
to stoichiometric combustion, and that additional air is supplied to the furnace
(3) in the longitudinal direction thereof at such a point that the fuel that has not
yet burnt at the point of additional air supply has time to substantially burn in
the furnace (3) of the combustion apparatus .

2. A method according to claim 1, characterized in that
additional air is supplied as a substantially uniform annular air jet through an
annular opening transverse to the furnace (3).

3. A method according to any one of the preceding claims,char -
acterized in that additional air is supplied at least at two successive
points in the longitudinal direction of the furnace (3).

4. A method according to any one of the preceding claims,char -
acterized in thatthe additional air is supplied to the furnace (3) from the
end of the furnace (3) opposite to the supply of fuel through a duct extending
to the middle of the furnace (3) in the longitudinal direction of the furnace (3).

5. A method accordingtoclam1or4,characterized Iin that
a suitable reducing reagent, such as ammonia, is supplied to the furnace (3)
during the supply of additional air.

6. A method accordingto claim 5, characterized In thatthe
reagent is supplied to the furnace immediately before the supply of additional
air.

7. A method according to any one of the preceding claims, char-
acterized in that, in addition to combustion air, additional air is supplied
separately to the furnace (3) after the point of fuel and combustion air supply

AMENDED SHEET
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in such a manner that the total air ratio of the additional air and combustion air
is below 1, preferably 0.5t0 0.7.

8. An arrangement for reducing the amount of nitrogen oxides
formed during combustion when odour gases of a pulp mill are burnt in a
combustion apparatus (1) provided with a tubular furnace (3), said
arrangement comprising a fuel channel (5) for supplying odour gases to one
end of the furnace (3), a combustion air duct (6) for supplying combustion air
to the furnace (3) with the odour gases, and a discharge opening (12) for
discharging flue gases from the opposite end of the furnace (3),
characterized in that it comprises a separate additional air duct (7)
which extends to the furnace (3) and is arranged to supply additional air
substantially to the middle of the furnace in the transverse direction thereof at
least at one point in the longitudinal direction of the furnace (3).

9. An arrangement according to claim 8, characterized in
that it comprises means for supplying additional air to the furnace (3) at least
at two points in the longitudinal direction of the furnace.

10. An arrangement according to claim 9, characterized In
that the means for supplying additional air comprise at least one annular duct
extending in the transverse direction of the furnace for supplying additional air
as a substantially annular flow to the furnace (3).

11. An arrangement according to any one of the preceding claims,
characterized in that it comprises means (13-15) for supplying
additional air to the furnace from the end to which the fuel is supplied at a
distance from the point of fuel and combustion air supply.

12. An arrangement according to any one of claims 8 to 11,
characterized in that it comprises means (9, 10) for supplying a
reagent, such as ammonia, to the furnace (3) substantially at the point of air
supply of the additional air duct (7).

13. An arrangement according to claim 12, characterized
in that the means for supplying the reagent are arranged to supply the reagent

to the furnace (3) in the flow direction thereof prior to the supply of additional
air from the additionalair duct (7).
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to the furnace (3) in the flow direction thereof prior to the supply of additional
air from the addtional air duct (7).

AMENDED SHEET



PCT/FI198/00785

LL 0L ¢ €991€E918 6 Gl

\\\\ ”

...............

\\\\\.\ \\\\}, L L & ov\
\\ \\w \\\\\\\\

. g s
e M«\\

\\ ' -4\‘-\
\ 27
\ N\ \ \‘o 1

t\\\ti\'.+§\

_:x: _.:ﬁ

'''''

i
i M________w_ .ﬁ_:

_:_%r_: w

- - . .
------
~~~~~

‘‘‘‘‘
“““““

RO LR LA LR T TR LA L
R AP S AT

-..u-o- PP PP IV P P P PP F P Wo‘-.cta. -
4% ,...u....u..s..n.....w...ﬁmﬁ..&..,.......ﬁ»bw

> al oy ol sl

......

\\\\\m

\ \\\\\\

.‘.‘!'

___ _= mw |

|||'v.
dIV OZ_O<._.w

G

A A 8503

1/2

RERNESER T oy e Ty T Ty The Ty L

------
---------

......

\\\\L‘

\\\\\\\\ y ; \‘

........

H
! m .
tt { t ¥
t : .
’ 0
Ty : P :
1k t
FHHNINE {1 it {
131 58 it . 1 :
AR 1§ 1 ? i il
f ! ! s
1, : 1¢]:! ! I !
1g21 : ' i i : ;
1l (111931 3 EEL I 1: 414 SrpridsIoNp
m .".~ 1:0)i + i ! 1 H :
i ; i 113:;
| N T : 1 h :
1543} ! 141 } 1
m sigt ; o :
4 : : w
% ! i Y
" v : iR ¥ B 'R : i ‘s
. HIEAEE JRaL

02305372 2000-04-10

NN\

N

0
. @@ @ @ @

CA

dIV NOILSNEWOD
dIV ONIODVIS

o

...s.)_...s::

=

...s.s....x:....:....s,..?_

...R.....nﬁn.n&..s

— el G
Av

.......
............................................................................................................

WO 99/19668



02305372 2000-04-10

CA

PCT/F198/00785

WO 99/19668

2/2

¢ Old

V NOILO3NIA

diV NOILSNFNOD |
13and

# ¢ ¢ & 8 & 8 » & n s & u a4l B IT e P

P

v ) .\ _

: EANIE,

” 0w
: \\; ...... M\
. 7 12

|

NV
NN

.....
..............
........
-----------
------
.

L
B
[
[ |
I
|
a
o
L |
L
8 o
. Ta TN £
= - AN « ¢ » ¢
N DRI, s ¢ s ¢ ¥
. P - XY
; s o5 ¢ vO
- Al o.llvt.‘oa o » ¢ & \.“
« &+ v 4 ¢ » v & »Diln
- Wl ., . .« « v NN -
e od B U 2 B $ 115f] FS YN ERE AN O~ =« > JEIE SN -
2 s & g = at.u....loo .
a e v 1ov o RN ) |
» . & L I
» .
a »
L B
4 I . -
a [ ]

L 3
.......
.........
-----

.............

............
QQQQQQ
...........

......
.....................
ooooo

» &« & ® B
L L
»
a &P
»
» a @9
L ]
¢ &0
L ]
& ¥ @
L ]
4 ¢ 2
*
-« % »
>
+ 9 ¢
-
y v -
-
d 4 4
L]
N
*
- e ®
»
LU
*
L J L J
-
v

“ .o
‘‘‘‘‘
d . .
L I
PR
a 2

>
» -

-
L L

.
*
-
L]
...
lllll
44444
00000
aaaaa
vvvvv
~~~~~
00000
|||||
lllll
.....
‘‘‘‘‘
-----

L3
w
&
L3
=
*®
&
*
*
a
*
+
a
L4

4 & & » & & B & % A P F U M E W B BT B B s & 3 9 & ¥ >

V NOILO3aId

@ & 4 K 8 ¢ v ¥ ¢ 4 =un b B & 2 9 & 2 " E S S 4R B ER U

dIV ONIOVIS

R s —

dO / ANV ONITO0D

>
8

I~

¢« 4 4§ 8 & » » & » ® B 7 & @® #» ¢ & & F 1 " O # % 0 0 RS &N e s

- 4 A & & 9

¢ & &6 & B A &2 o F P B T U S I ¢S S e

R b+

" ¢ B & % &2

L 2 BN I NN BN NN BN B IR I B B NN B R BN T B B BE 3 B B

S & VP e P e P S B A N DA



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings

