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(57) ABSTRACT

A method of combining oxygen and fuel 1n a burner to pro-
duce a flame whereby an outer oxidant tlow 1s discharged
through an outer oxidant outlet of the burner; a flow of con-
veyor-gas propelled particulate solid tuel 1s discharged with a
fuel discharge velocity through a tuel outlet of the burner
arranged coaxially with respect to the outer oxidant outlet and
spaced radially inwardly therefrom; and a first inner oxidant
flow 1s discharged with an 1nner oxidant discharge velocity,
which differs from the fuel discharge velocity, through an
inner oxidant end outlet of the burner arranged coaxially with
respect to said fuel outlet and spaced radially inwardly there-
from; and whereby a second inner oxidant flow, having a
higher oxygen concentration than the conveyor gas 1s injected
into the fuel-conducting passage and mixed with the fuel flow
inside said fuel-conducting passage so as to obtain, upstream
of the fuel outlet and upstream of the mner oxidant end outlet,
an oxygen-enriched conveyor-gas propelled particulate solid
tuel flow having an oxygen content of at least 21% vol O.,,.
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METHOD OF COMBUSTING PARTICULATE
SOLID FUEL WITH A BURNER

[0001] The present invention relates to an improved
method of combusting particulate solid fuel, such as pulver-
1zed coal.

[0002] From the applicant’s earlier patent application EP-
A-0763692, 1t 1s known to burn gaseous fuel i an oxy-fuel
burner, whereby:

[0003] an outer oxidant flow 1s conducted through an
outer oxidant-conducting passage and discharged
through an outer oxidant outlet;

[0004] a gaseous fuel tlow 1s conducted through a fuel-
conducting passage and 1s discharged through a fuel
outlet arranged coaxially with respect to the outer oxi-
dant outlet and spaced radially inwardly therefrom; and

[0005] an inner oxidant flow 1s conducted through an
inner oxidant-conducting passage and 1s discharged
through an mner oxidant outlet arranged coaxially with
respect to the fuel outlet and spaced radially inwardly
therefrom, whereby each of the outer and inner oxidant
flows preferably contains at least 80% oxygen.

[0006] This known method as developed by the applicant
enables various characteristics of the flame to be effectively
controlled by changing the relative flow rates of the gaseous
tuel and oxidant flows. For example, by decreasing the inner
oxidant tlow, the length and luminosity of the flame can be
increased, and the flame momentum can be decreased without
any mechanical modification of the burner. An important
advantage of said method 1s that 1t 1s possible to maintain an
optimum {lame length when varying the firing rate of the
burner. Furthermore, the control of the relative flow rates can
be used to change the luminosity of the tlame. These proper-

ties make this known method for combusting gaseous fuel
highly desirable.

[0007] However, coal 1s more abundantly available than
gaseous fuel.
[0008] It would therefore be desirable to provide a method

having advantageous properties similar to those of the known
process, but which 1s applicable to the combustion of a solid
tuel such as coal at an industrial level.

[0009] Itisagoal of the present invention to provide such a
method.
[0010] It 1s known 1n the art to supply coal for combustion

to a burner 1n the form of conveyor-gas propelled pulverized
coal. This enables the particulate solid fuel to be supplied to
the burner and from the burner to the combustion zone 1 a
manner similar to the supply of gaseous fuel.

[0011] Nevertheless, tests conducted by the applicant with
different known conveyor-gas propelled particulate solid
tuels have shown that the method known from EP-A-0763692
1s not as such suitable for the combustion of conveyor-gas
propelled particulate solid fuel. It1s speculated that this 1s due
to the fundamental differences between the mechanism of
combusting gaseous fuels and the multi-step mechanism of
combusting solid fuels, which includes, for example, a
devolatilisation step. In particular, the phenomena observed
by the applicant during these tests were incomplete fuel com-
bustion, flame detachment and flame 1nstability, all of which
are highly detrimental to the efficiency of industrial combus-
tion processes.

[0012] Itis afurther goal of the present invention to provide
a method for combusting conveyor-gas propelled particulate
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solid fuel by means of a burner, having similar advantages as
those obtained with the method according to EP-A-0763692,
and whereby the observed problems of incomplete combus-
tion, flame instability and flame detachment can be overcome.

[0013] Inaccordance with the present method, there 1s pro-
vided a new method of combining oxygen and conveyor-gas
propelled particulate solid fuel 1n a burner to produce a flame.
The method comprises the steps of:

[0014] supplying an outer flow ol oxygen-containing
oxidant to an outer oxidant-conducting passage of the
burner, conducting said outer oxidant flow through said
outer oxidant-conducting passage and discharging said
outer oxidant tlow from said outer oxidant-conducting
passage through an outer oxidant outlet of the burner,

[0015] supplying a fuel flow to a fuel-conducting pas-
sage ol the burner, conducting said fuel flow through
said fuel-conducting passage and discharging said fuel
flow with a fuel discharge velocity from said fuel-con-
ducting passage through a fuel outlet arranged of the
burner coaxially with respect to said outer oxidant outlet
and spaced radially inwardly therefrom, and

[0016] supplying a first inner flow of oxygen-containing
oxidant to an inner oxidant-conducting passage of the
burner, conducting said first inner oxidant flow through
said inner oxidant-conducting passage and discharging,
said first inner oxidant flow with an mnner oxidant dis-
charge velocity from said inner oxidant-conducting pas-
sage through an inner oxidant end outlet of the burner
arranged coaxially with respect to

[0017] said fuel outlet and spaced radially inwardly there-
from, the fuel tlow being a flow of conveyor-gas propelled
particulate solid fuel.

[0018] Itis a specific characteristic of the present invention
that a second 1inner oxidant flow 1s supplied to the burner. Said
second inner oxidant flow, which has a higher oxygen con-
centration than the conveyor gas, i1s injected into the fuel-
conducting passage and 1s thus mixed with the fuel tlow
inside said fuel-conducting passage so as to obtain, upstream
ol the fuel outlet and upstream of the inner oxidant end outlet,
an oxygen-enriched conveyor-gas propelled particulate solid
fuel flow having an oxygen content of at least 21% vol O.,,.

[0019] It 1s a further aspect of the invention, that the fuel
flow, 1 the form of the oxygen-enriched conveyor-gas pro-
pelled particulate solid fuel tlow, 1s discharged from the fuel-
conducting passage with a fuel discharge velocity which dii-
fers from the inner oxidant discharge velocity with which the
first inner oxidant flow 1s discharged from the inner oxidant-
conducting passage so as to promote mixing between the fuel
flow and the first inner oxidant flow downstream of the inner
oxidant end outlet.

[0020] Preferably, the second inner oxidant flow 1s injected
into the fuel-conducting passage so as to obtain, upstream of
the fuel outlet and upstream of the inner oxidant end outlet, an
oxygen-enriched conveyor-gas propelled particulate solid
fuel flow having an oxygen content of at least 28% vol, and
more preferably of atleast 32% vol. Thereto, the second inner
oxidant tlow advantageously has an oxygen content of at least
50% vol O,, preferably of at least 80% vol O, and more
preferably of at least 90% vol O,. Usetully, both the first and
second mner oxidant flows have an oxygen content of at least
50% vol O,, preferably of at least 80% vol O, and more
preferably of at least 90% vol O,. On a practical level, 1t 1s
interesting for the first and second inner oxidant tlows to have
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the same oxidant content, 1n which case they can easily be
supplied by a single oxidant source.

[0021] The outer oxidant flow may have the same oxidant
content as one or both of the first and second 1nner oxidant
flows or may have a different oxidant content. The oxidant
content of the outer oxidant flow may be lower than the
oxidant content of the first and second 1nner oxidant flows.
The outer oxidant may 1n particular be air or synthetic air
obtained by mixing oxygen with a gas which i1s generally 1nert
to combustion. Such synthetic air advantageously contains a
mixture of oxygen and one or more of combustion gases (1.€.
combustion fumes), CO, and water vapour and can, for
example, have an oxygen content of about 21% vol O,. When
an outer oxidant flow with a lower oxygen content, e.g. an
oxygen content of about 21% vol O,, such as air, 1s used, a
more diffuse flame and larger volume of combustion gases are
obtained, as may be advantageous in some industrial com-
bustion processes. When, on the other hand, an outer oxidant
flow with a higher oxygen content 1s used, such as an outer
oxidant having an oxygen content of at least 50% vol O,, of at
least 80% vol O,, or even of at least 90% vol O,, a more
intense flame and smaller volumes of combustion gases are
obtained, which may be preferable for other industrial com-
bustion processes. It also enables lower NOx emissions. In
particular, the outer, the first inner and the second inner oxi-
dant flows may all have the same oxygen content, 1n which
case they may be supplied by a single oxidant source.

[0022] The conveyor gas, which propels the particulate
solid fuel to and through the fuel-conducting passage may be
air. The conveyor gas may also be or contain combustion gas,
CO, and/or water vapour. It will be understood that, when the
conveyor gas has an oxygen content of 21% vol O,, the
oxygen-enriched conveyor-gas propelled particulate solid
tuel flow will have an oxygen content higher than 21% vol O,
which 1s generally preferred. High oxygen contents in the
conveyor gas upstream of the fuel-conducting passage of the
burner are to be avoided, 1n view of the risks of premature
1gnition and explosion.

[0023] The method of the mvention 1s useful for a wide
range ol particulate solid fuels, including pulverized coal, pet
coke, particulate biomass and mixtures thereof. It 1s particu-
larly useful for the combustion of pulverized coal, including
low-grade pulverized coal which has been shown to be diifi-
cult to combust efficiently with known particulate fuel burn-
ers.

[0024] The burner used 1n the method of the mvention
advantageously comprises a burner block with a through pas-
sage 1nto which the outer oxidant-conducting passage, the
tuel-conducting passage and the mmner oxidant-conducting
passage are mounted. The outlets of the respective gas con-
ducting passages (the inner oxidant-conducting passage, the
tuel-conducting passage and the outer oxidant-conducting
passage) are then preferably set back from the outlet opening
of the through passage 1n the burner block, which outlet faces
the combustion chamber of the furnace.

[0025] According to a preferred embodiment of the present
invention, the second mner oxidant flow 1s injected into the
tuel-conducting passage at multiple points of injection along
the length of the fuel-conducting passage. In this manner, the
conveyor-gas propelled particulate solid fuel tlow 1s progres-
stvely enriched with oxygen towards the fuel outlet. This
embodiment presents a number of advantages such as a lower
risk of premature 1gnition or explosion. Multiple-point injec-
tion of the second 1inner oxidant tlow 1nto the fuel-conducting,
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passage also lowers the risk of inhomogeneous distribution of
the particulate solid fuel 1n the conveyor gas, such as particle
settling, roping, etc. A particularly suited burner for use in the
present invention 1s described in European patent application
09174622.2 filed on 30 Oct. 2009 and incorporated herein by
reference, more specifically the embodiments of said burner
with a central oxygen lance. The present invention therefore
also relates to the use of such a burner 1n the present method.
[0026] Oxygen enrichments of the conveyor-gas propelled
particulate solid fuel tlows up to an oxygen content of 35%
vol O, and of 60% vol O, and even more were achieved with
the method according to the invention without premature
ignition or explosion. In practice, the upper limit for the
oxygen enrichment of the conveyor-gas propelled particulate
solid fuel flow 1s determined by the properties, and in particu-
lar the flammability, of the particulate solid fuel and, to a
lesser extent, by the properties of the conveyor gas. In prac-
tice, said oxygen content may for example reach levels of
upto 60% vol, preferably upto 80% vol.

[0027] The fuel tlow, 1n the form of the oxygen-enriched
conveyor-gas propelled particulate solid fuel flow, 1s prefer-
ably mixed with the first inner oxidant flow before being
mixed with said outer oxidant flow. This can be achieved by
having the inner oxidant end outlet upstream of the fuel outlet.
In this manner increased flame stability and attachment 1s
achieved. The combustion 1s then a staged combustion, with
the first inner oxidant flow acting as a primary oxidant flow
and the outer oxidant tlow acting as a secondary oxidant tlow.
[0028] The total oxygen supply to the burner typically cor-
responds to the stoichiometrically required amount of com-
bustion oxygen or a minor excess thereol (for example, a total
oxygen supply of upto 1153% of the stoichiometrically
required amount).

[0029] The total oxygen supply to the burner may also be
less than the stoichiometrically required amount of combus-
tion oxygen, in particular when the method 1ncludes a sepa-
rate supply of additional oxygen, which 1s injected separately
from the burner.

[0030] The total supply of oxygen to the burner 1s the sum
of the oxygen supplied through the outer oxidant flow and
through the first and second 1nner oxidant flows, as well as
any oxygen that may be supplied as part of the conveyor gas,
for example when the conveyor gas 1s air. According to a
useiul embodiment, at least 35% of the total oxygen supply to
the burner 1s supplied through the outer oxidant flow, prefer-
ably at least 50% and more preferably at least 60%.

[0031] Thesum ofthe oxygen supplied through the first and
second 1nner oxidant flows usefully corresponds to at least
22% of the total oxygen supply to the burner, preferably at
least 25%, and not more than 65%, preferably not more than

>0%.

[0032] Simuilarly, the sum of the oxygen supplied through
the first and second mner oxidant tlows 1s preferably at least
22% and more preferably at least 25% of the stoichiometri-
cally required amount of oxygen, and not more than 65%,
preferably not more than 50%.

[0033] Thefirstinner oxidant discharge velocity can advan-
tageously be equal to or greater than the outer oxidant dis-
charge velocity, and 1s preferably 1n the range of from about
10 to 200 m/s. The fuel discharge velocity can notably be 1n
the range of from 10 to 80 m/s, whereas the outer oxidant
discharge velocity 1s suitably inthe range o1 10 to S0 m/s. It 1s,
however, a particular advantage of the present invention, that
elficient combustion of particulate solid fuel can be achieved
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at fuel discharge velocities as low as 5 m/s. Consequently, the
present invention also includes methods, as described above,
for combining oxygen and fuel 1n a burner to produce a flame,
whereby the tuel discharge velocity 1s within the range of 3 to
80 mv/s, preferably between from 5 to 40 m/s and more prei-
erably from 5 to 25 m/s.

[0034] According to a preferred embodiment of the present
invention, the outer oxidant flow, the fuel flow and the inner
oxidant tlow are discharged through respectively the outer
oxidant outlet, the fuel outlet and the 1nner oxidant end outlet
into a wider precombustion section upstream of the combus-
tion zone of the turnace. This provides for an improved sta-
bility and/or attachment of the flame. The wider precombus-
tion section can be integrated 1n the burner block of the burner.
Alternatively, the precombustion section can be integrated in
a wall of the combustion chamber of the furnace when the
burner 1s mounted 1n said wall 1n a recessed position with
respect to said combustion chamber. The length to diameter
rat1o of said precombustion section 1s preferably between 0.6
and 1.0, more preferably between 0.7 and 0.9.

[0035] The present invention also relates to the use of the
method to produce heat 1n a combustion zone of the furnace,
whereby the furnace can in particular be a tunnel kiln or
furnace, a passage kiln, a boiler, a rotary kiln or furnace or a
tunnel furnace, the particulate solid fuel preferably being
preferably pulverized coal.

[0036] The method of the mvention can in particular be
advantageously used in a furnace for the production of
hydraulically setting binder, such as cement lime or plaster.
[0037] Theinvention is 1llustrated 1n the example hereaftter,
reference being made to FIGS. 1 to 4, whereby:

[0038] FIG. 1 1s a schematic representation of a cross-
section of a burner suitable for use 1n the invention,

[0039] FIG. 2 1s a schematic representation of a cross sec-
tion of the injector assembly thereot, and

[0040] FIGS. 3 and 4 are schematic representations 1n cross
section of the type of flame obtained with said burner in
accordance with the example.

EXAMPLE

.

‘erent ratios of first to

[0041] Tests were conducted with di
second 1nner oxidant flows.

[0042] A particulate solid fuel burner with a central oxygen
lance as described 1 European patent application
09174622.2 filed on 30 Oct. 2009was mounted 1n the side
wall of a combustion furnace and illustrated 1n FIGS. 1 and 2.
[0043] The illustrated burner comprises a burner block 100
and an 1njector assembly 200. The burner block 100 has an
inlet face 110 and an outlet face 120. The block turther pre-
sents an 1njector passage 130 extending through the burner
block from the inlet face 110 to the outlet face 120.

[0044] The injector passage 130 has a passage inlet 131 1n
the inlet face 110 and a passage outlet 132 1n the outlet face
120.

[0045] In use, the burner block 100 1s mounted or 1ncorpo-
rated 1n the walls of a combustion chamber, so that the outlet
face 120 faces the combustion zone inside the combustion
chamber whereas the inlet face 110 faces outwards of the
furnace and 1s generally accessible from outside the combus-
tion chamber for burner control, maintenance and repatr.
[0046] The burner block 100 1s made of refractory material.
[0047] In the illustrated embodiment, the injector passage
130 comprises a wider precombustion section 135 1n the
vicinity of the passage outlet 132.
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[0048] In the i1llustrated embodiment, the burner block 100
1s an assembly of two parts of refractory material 136 and 137.
Inlet face 110 comprises several facets 110q, 1105 and 110c¢.
The length of the precombustion section (in longitudinal
direction D1) 1s determined by the relative position of the two
parts 136, 137 of refractory material.

[0049] The injector assembly 200 comprises an inner oxy-

gen supply pipe 210, a fuel injector 220 and an oxygen 1njec-
tor 230.

[0050] The downstream ends 211, 221 and 231 of respec-

tively the inner oxidant supply pipe 210, the fuel injector 220
and the oxidant injector 230 are all positioned within the
injector passage 130 of the burner block 100. Fuel mjector
220 has a fuel injection nozzle 222 at its downstream end 221
and surrounds the inner oxidant supply pipe 210 at least in the
vicinity of the downstream end 211 of said mner oxidant
supply pipe so as to create a tlow of particulate solid fuel
propelled by a conveyor gas around the inner oxygen supply
pipe 210 and directed towards the passage outlet 132 for

injection therefrom into the combustion zone.

[0051] In the illustrated embodiment fuel mjection nozzle
222 1s a separate piece mounted on the downstream end 221

of the fuel mjector 220.

[0052] A swirler 229 1s mounted in fuel injector 220 near 1ts
downstream end 221. Said swirler 229 surrounds the 1nner
oxidant supply pipe 210.

[0053] Oxidant injector 230 has an outer oxidant nozzle
232 at 1ts downstream end 231 for the injection of the outer
oxidant. The oxidant injector 230 surrounds the fuel mnjector
220, at least 1n the vicimty of the downstream end 231 of the
oxidant 1njector 230.

[0054] Inuse, the oxidant injector 230 thus provides a flow
of outer oxidant around the fuel injector 220 and towards the
passage outlet 132 for 1njection therefrom into the combus-
tion zone.

[0055] In the illustrated embodiment, the downstream end
231 of the oxidant injector 230 1s positioned further away
from the passage outlet 132 than the downstream end 211 and
221 of respectively the mner oxidant supply pipe 210 and the
tuel 1njector 220.

[0056] In the vicimity of 1ts downstream end 211, the inner
oxidant supply pipe 210 1s positioned centrally within fuel
injector 220.

[0057] A number of lateral imnner oxidant nozzles 212 are
mounted on the lateral surface of inner oxidant supply pipe
210, by means of perforations 215 1n said lateral surface.
These lateral inner oxidant nozzles and the corresponding
perforations 215 are positioned at different distances from the
downstream end 211 of the inner oxidant supply pipe 210.

[0058] In use, these lateral second mner oxidant nozzles
212 mject second 1nner oxidant into the fuel 1njector body
thereby progressively enriching the conveyor gas as 1t
projects the particulate solid fuel towards the fuel 1njection
nozzle 222 and the passage outlet 132.

[0059] The lateral inner oxidant nozzles 212 have an injec-
tion opening orientated so as to mject second inner oxidant
into fuel myector 220 with an ijection direction towards the
passage outlet 132, substantially tangential to the lateral sur-
face of the oxygen supply pipe and forming an angle o with
the longitudinal direction D1 of the 1njector passage 130.

[0060] In the illustrated embodiment, the inner oxidant
supply pipe 210 further comprises a central oxidant lance 213
which terminates 1n a terminal primary oxidant nozzle 216.
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[0061] The terminal nozzle 216 of the central oxidant lance
213 imyjects first inner oxidant in the longitudinal direction D1
of the ijector passage towards the passage outlet.

[0062] An annular passage 214, surrounding the central
oxidant lance 213 1s formed between the oxidant lance and the
lateral surface of the inner oxidant supply pipe 210, the lateral
inner oxidant nozzles 212 being 1n fluid commumnication with
said annular passage 214 via perforations 215.

[0063] The fuel mjector 220 1s 1n fluid connection with a
tuel supply line comprising an elbow 223 upstream of the fuel
injector 220. Branch pipe 224 1s mounted on the fuel supply
line at said elbow 223 and extends 1n line with the fuel injector
220.

[0064] Inner oxidant supply pipe 210 extends from said
branch pipe 224 into the fuel mjector 220.

[0065] Oxidant distributor 240 1s positioned at the
upstream end of the mner oxidant supply pipe 210. The oxi-
dant distributor 240 comprises an ilet chamber 241 and two
outlet chambers 242, 243. In use, the inlet chamber 241 1s
connected to a source of inner oxidant via inlet opening 246.
The first outlet chamber 242 1s 1n fluid connection with the
surrounding annular passage 214 of the mner oxidant supply
pipe 210. The second outlet chamber 243 1s 1n fluid connec-
tion with the central oxidant lance 213. The inlet chamber 241
communicates with the first outlet chamber 242 via first pas-
sage 247. The inlet chamber 241 communicates with the
second outlet chamber 243 via second passage 248. The oxy-
gen distributor 240 further comprises first and second means
2477a and 248a lor restricting the flow of inner oxidant
through respectively the first and second passage 247 and 248
into respectively the first and second outlet chamber 242 and
243 and consequently for restricting the flow of inner oxidant
to respectively the surrounding annular passage 214 and the
central oxygen lance 213. Flow restriction can in particular be
achieved by manually or automatically restricting the free
cross section area of the first, respectively second passage. In
the particularly resilient illustrated embodiment first screw
2477a and second screw 248a are used as respectively the first
and second means for restricting the flow of inner oxidant.
[0066] In use, inner oxidant flows from a source of 1nner
oxidant into the mlet chamber 241 of oxidant distributor 240
via inlet opening 246. Said flow of inner oxidant 1s then
divided over the first and second outlet chambers 242 and 243
at a ratio determined by the settings of the first and second
means for restricting the flow of inner oxidant. Thereafter, the
inner oxidant tlows from the first outlet chamber 242 to the
central oxygen lance 213, and then to the terminal nozzle 216
and from the second outlet chamber 243 to the surrounding
annular passage 214 and then to the lateral inner oxidant
nozzles 212.

[0067] An auxiliary gaseous fuel burner was used to pre-
heat the furnace to a temperature of 900° C., before starting up
above-described the particulate solid fuel burner.

[0068] The particulate solid fuel was a standard pulverized
coal with a particle size (diameter) 1n the range of 75 to 120
L.

[0069] The conveyor gas was recycled combustion gas.
Analogous results were obtained with air as the conveyor gas.

[0070] Theconveyor gas was supplied to the burner ata rate
of 17.6 Nm3/h. It propelled pulverized coal to the burner at a

rate of 30 kg/h.

[0071] The outer oxidant was supplied to the burner at arate
of 33 Nm3/h. The total imner oxidant supply to the burner
(first and second mner oxidants) was 13 Nm3/h.
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[0072] The same oxidant with an oxygen content of 90%
vol O, was used for the outer, for the first inner and for the
second 1nner oxidant.

[0073] The total oxygen supply to the furnace corre-
sponded to 113% of the stoichiometrically required amount
of combustion oxygen.

[0074] In other words, the outer oxidant supply to the
burner corresponded to 71.74% of the total supply to the
burner and to 68.07% of the stoichiometrically required
amount of oxygen. The total mner oxidant supply to the
burner corresponded to 28.26% of the total oxygen supply to
the burner and to 31.93% of the stoichiometrically required
amount ol oxygen.

[0075] The mner oxidant discharge velocity was higher
than the fuel discharge velocity.

[0076] The oxygen-enriched fuel flow mixed with the first
inner oxidant flow before mixing with the outer oxidant tlow.
[0077] The results of said tests are presented in the table
below, with reference to the enclosed FIGS. 1 and 2, which
are schematic representations 1n cross section of the type of
flame obtained.

first inner oxidant

flow [m3/h}/second
inner oxygen flow [m3/h] observations Figure
The flame 1s unstable and detached la
from the burner front.
The flame 1s in part attached to and in  1b
part detached from the burner
front, with a small improvement
in flame stability.
Flame detached from burner front 1c
at burner startup, but becomes
attached to the burner front
shortly thereafter and becomes
slightly recessed into the glory hole.
Flame stable and attached to burner, le
recessed mto glory hole.
Flame stable and attached to burner, 2a
recessed mto glory hole.
Long stable flame stable attachedto  2b
burner, recessed into glory hole.
Flame no longer recessed in glory 2C
hole, getting at times detached from
burner.
Shorter flame.
Flame no longer recessed in glory 2¢
hole.
Flame even shorter.
Unstable (pulsating) short flame 21
detached from burner.

1.5/11.5

3.0/10.0

3.5/9.5

4.0/9.0
5.2/7.8
6.5/6.5

7.5/5.5

9.5/3.5

11.5/1.5

[0078] A more complete combustion of the particulate
solid fuel and better flame stability and flame attachment to
the burner front were observed using the method according to
the present invention than i1s generally the case with known
solid particulate fuel combustion methods when using similar
total oxidant and fuel flows.

[0079] The bests results were obtained with first to second
inner oxidant tlow ratios between 4.0/9.0 and 7.5/5.5.

1-15. (canceled)

16. A method of combining oxygen and fuel in a burner to
produce a flame, said method comprising:
supplying an outer tlow of oxygen-containing oxidant to an
outer oxidant-conducting passage of the burner, con-
ducting said outer oxidant flow through said outer oxi-
dant-conducting passage and discharging said outer oxi-
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dant flow with an outer oxidant discharge velocity from
said outer oxidant-conducting passage through an outer
oxidant outlet of the burner,

supplying a fuel tlow to a fuel-conducting passage of the
burner, conducting said fuel flow through said fuel-con-
ducting passage and discharging said fuel flow with a
fuel discharge velocity from said fuel-conducting pas-
sage through a fuel outlet of the burner arranged coaxi-
ally with respect to the outer oxidant outlet and spaced
radially inwardly therefrom,

supplying a first inner flow of oxygen-containing oxidant
to an mner oxidant-conducting passage of the burner,
conducting said first mnner oxidant flow through said
inner oxidant-conducting passage and discharging said
first inner oxidant flow with an 1inner oxidant discharge
velocity from said inner oxidant-conducting passage
through an inner oxidant end outlet of the burner
arranged coaxially with respect to said fuel outlet and
spaced radially inwardly therefrom,

characterized 1n that:

the fuel tlow 1s a flow of conveyor-gas propelled particulate
solid fuel,

a second inner oxidant flow, having a higher oxygen con-
centration than the conveyor gas, 1s supplied to the
burner and 1s mjected into the fuel-conducting passage
and mixed with the fuel flow inside said fuel-conducting
passage so as to obtain, upstream of the fuel outlet and
upstream of the iner oxidant end outlet, an oxygen-
enriched conveyor-gas propelled particulate solid fuel
flow having an oxygen content of at least 21% vol O,

the tuel discharge velocity differs from the imnner oxidant
discharge velocity so as to promote mixing between the
fuel flow and the mner oxidant flow downstream of the
inner oxidant end outlet.

17. The method of claim 16, whereby, at the fuel outlet, the
oxygen-enriched conveyor gas has an oxygen content of at
least 28% vol O,, preferably of at least 32% vol O,,.

18. The method of claim 16, wherein each of said first and
second 1nner oxidant flows has an oxygen content of at least
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50% vol O,, preferably of at least 80% vol O, and more
preferably of at least 90% vol O,

19. The method of claim 16, wherein the outer oxidant flow
1s an air flow.

20. The method of claim 16, wherein the outer oxidant flow

has an oxygen content of at least 50% vol O,, preferably of at
least 80% vol O, and more preferably of at least 90% vol O,.

21. The method of claim 16, whereby the conveyor gas 1s
air.

22. The method of claim 16, whereby the conveyor gas
contains combustion effluent gas, steam and/or CO.,,.

23. The method of claim 16, whereby the particulate solid
tuel 1s selected from pulverized coal, pet coke, particulate

biomass and mixtures thereof.

24. The method of claam 16, whereby the second inner
oxidant flow 1s 1njected into the fuel-conducting passage at
multiple points of imjection along the length of the tuel-
conducting passage of the burner.

25. The method of claim 16, wherein the fuel flow 1s mixed
with the first inner oxidant flow betfore being mixed the said
outer oxidant flow.

26. The method of claim 16, wherein at least 35%, prefer-
ably at least 50% and more preferably at least 65% of the total
oxygen supply to the burner 1s supplied to the burner through
the outer oxidant flow.

27. The method of claim 16, wherein the first inner oxidant
discharge velocity 1s equal to or greater than the outer oxidant
discharge velocity.

28. The method of claim 16 to produce heat 1n a combus-
tion zone of a furnace.

29. The method of claim 28, wherein the furnace 1s select
from the group consisting of: tunnel kilns and furnaces, pas-
sage kilns, boilers, rotary kilns and furnaces and tunnel fur-
naces.

30. The method of claim 28 1n the production of hydrauli-
cally setting binder.
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