DESCRI PTI ON

Title of the I nvention

COMBUSTI ON METHOD FOR FLUI DI ZED BED BA LER, AND FLUI DI ZED BED BO LER

Technical Field

[ 0001]

The present invention relates to a conbustion nmethod for a
fluidized bed boiler using fuel containing al kaline conmponents as

boiler fuel, and a fluidized bed boiler.

Background Art

[ 0002]

There i s demand for application of biomass fuel to a fluidized
bed boiler (alsoreferredtoas a"CFBboiler”). Inthe biomass fuel,
| ow gr ade bi omass fuel, such as rice husk or EFB (Enpty Fruit Bunches,
contains a |l ot of alkaline conponents, and the al kali ne conponents
produce | ow nelting-point conpounds. Since the |ow nelting-point
conmpounds nmay adhere to a fluidized nmaterial (also referred to as a
"bed material") and nmay cause poor fluidity, the control of keeping

the tenperature in a furnace such that | ow nelting-point conpounds
are not produced, specifically, keeping the tenperature at 750° C or

| ower is needed (refer to PTL 1).



[ 0003]

On the other hand, if magnesi umoxide (MO is added into the
fluidized material of the fluidized bed boiler, generation of the
| ow- nel ti ng-point conpounds can be suppressed. However, since
magnesi um oxi de is not generally added directly into the fluidized

mat eri al, normal I y, magnesi umcar bonat e (MJCGO;) or magnesi umhydr oxi de

(My(OH)») is supplied.

[ 0004]
Citation List
Patent Literature

[PTL 1] JP-A-2005-226930

Summary of I nvention
Techni cal Probl em

[ 0005]

However, in the nethod described in PTL 1, it is necessary to
keep the tenperatureinthe furnacelowto avoi d poor fluidity. Thus,
the operating tenperature of the boiler should be |owered, and
i nprovenent inenergy recovery efficiencyisdifficult. Additionally,
i n the nethod of addi ng nmagnesi um carbonate or magnesi um hydr oxi de
intothefluidizedmterial, thereisapossibilitythat anendothermc
reacti on may occur when deconposed i nt o nagnesi umoxi de, or water may

be generated to reduce energy recovery efficiency.



[ 0006]

The invention ains to sol ve the above probl ens, and to provide
a conbustion nethod for a fluidized bed boiler, and a fluidized bed
boil er that can i nprove energy recovery efficiency while preventing
poor fluidity, eveninacase where fuel containingal kal i ne conponent s

i s used.

Sol ution to Problem

[ 0007]

Arefining slag produced by the refining of an ore, for exanpl e,
a ferronickel slag, has only an application of bei ng used as pavenent,
and is normally disposed of. The present inventor focused on the
ferronickel slag that is a kind of refining slag, containing about
30% (wt . %concentration) of magnesi umoxi de, and i ntensi vely studi ed
effectiveuseof therefiningslag. Asaresult, theinventor obtained
the knowl edge that, if the ferronickel slag is added to a fl uidized
bed boiler, poor fluidity can be effectively prevented, and have

derived the invention.

[ 0008]

That is, the invention provides a conbustion nethod for a
fluidized bed boil er usi ng fuel containing al kal i ne conponents. The
nmet hod i ncl udes addi ng a refining slag produced by refining of an ore

in addition to the fuel, and burning the fuel in the fluidized bed



boi | er.

[ 0009]

In a case where fuel containing al kaline conponents, such as
bi omass fuel, is used as the fuel for the fluidized bed boiler, alkali
silicateis forned by achem cal reaction between al kal i ne conponent s,
such as potassium (K) or sodium (Na), and quartz particles serving
as fluidized material conponents. This alkali silicate, whichis a
| ow nel ting-point conpound that nelts at about 700°C, may form an
adhesi on | ayer on the surface of particles serving as the fluidized
mat eri al , and may obstruct the flui di zati on of the flui di zed materi al .
However, in the invention, the refining slag is supplied to the
fluidized bed boiler in addition to the fuel containing alkaline
conmponents, and nagnesi um oxide is contained in the refining slag.
Therefore, generation of alkali silicate can be suppressed.
Accordingly, apossibilitythat poor fluidity may occur i nconjunction
with generation of |ow nelting-point conpounds decreases and the
operationof thefluidizedbedboiler at hightenperaturesis possible.
As aresult, it becones easier toinprove energy recovery efficiency.
Mor eover, since nmagnesi um carbonate or nmagnesi um hydroxide is not
cont ai ned but magnesi umoxide is contained in the refining slag, the
magnesi umoxi de contri butes directly to suppressi on of generation of
al kali silicate. Thus, high energy recovery efficiency can be

expected conpared to the case where nmagnesi umcarbonat e or nagnesi um



hydr oxi de i s added.

[0010]

Mor eover, preferably, arefining slag is used as the fluidized
material of the fluidized bed boiler. Since a fluidized bed can be
formed using the refining slag, poor fluidity of the fluidized bed

can be effectively suppressed w thout any bi as.

[ 0011]

Moreover, preferably, the fluidized bed boiler includes a
furnace body, a separation sectionthat separates afl uidi zed nateri al
i n an exhaust gas exhausted fromthe furnace body fromthe exhaust
gas, a circul ation seal section that returns the fluidized materi al
separated in the separation sectionto the inside of the furnace body
whil e preventing a back flowfromthe furnace body, and the refining
slag is supplied to the circul ation seal section. Poor fluidity in

the circulation seal section can be effectively deterred.

[ 0012]

Additionally, the invention provides a fluidized bed boiler
usi ng fuel containing al kali ne conponents, the fl uidized bed boiler
i ncluding a furnace body that burns fuel to which a refining slag
produced by therefiningof anoreis added. Accordingtotheinvention,

even in a case where fuel containing al kaline conponents is used,



i nprovenent in energy recovery efficiency and prevention of poor

fluidity can be made conpati bl e.

[0013]

Mor eover, preferably, therefiningslagservingasthefluidized
material i sput intothefurnacebody. Accordingtothisconfiguration
since a fluidized bed can be formed using the refining slag, poor
fluidity of the fluidized bed can be effectively suppressed w t hout

any bi as.

[ 0014]

Mor eover, preferably, the fluidized bed boil er further includes
a separation sectionthat separates afluidi zed materi al i nan exhaust
gas exhausted from the furnace body from the exhaust gas, and a
circul ationseal sectionthat returnsthe fluidi zed materi al separated
in the separation section to the inside of the furnace body while
preventing a back flow fromthe furnace body, and the refining sl ag
iIs supplied to the circulation seal section. According to this
configuration, poor fluidity in the circulation seal section can be

effectively deterred.

Advant ageous Effects of Invention
[ 0015]

According to the invention, in a case where fuel containing



al kal i ne conponents is used as the fuel for the fluidized bed boil er,
i nprovenent in energy recovery efficiency and prevention of poor

fluidity can be made conpati bl e.

Brief Description of Draw ngs

[0016]

FIG 1is an explanatory viewschematically show ng a fl ui di zed
bed boiler.

FIGS. 2A and 2B are explanatory views showi ng a generation
mechani sm of agglonerate; FIG 2Ais a viewillustrating a coating
I nduci ng mechanism and FIG 2B is a view illustrating a nelting
i nduci ng nechani sm

FIG 3 is a KO Si O phase di agram

FIG 4 is an MJO Si O, phase di agram

FIG 5 is an MJO KO Si O, phase di agram

FIG 6is an explanatory viewschemati cal |l y show ng a phase where
MyO acts on eutectic coating C

FIG 7 is aviewillustrating the properties of three sanples
that are ferronickel slags.

FIG 8is agraphshow ngtherelationship between operatingtine,
bed tenperature, and bed differential pressure, in a case where a
ferroni ckel slag is added.

FIG 9is agraphshow ngtherelationship between operatingtine,

bed tenperature, and bed differential pressure, in a case where a



ferroni ckel slag is not added (no addition).

Descri ption of Enbodi nents

[0017]

Apreferredenbodi nent of afl uidi zed bed boi | er and a conbusti on
met hod for a fluidized bed boiler related to the invention wll be

descri bed below, referring to the draw ngs.

[ 0018]

As shown in FIG 1, the fluidized bed boiler (hereinafter
referredtoas "a CFB boiler”) 1 includes a conbustion tower (furnace
body) 3 that burns fuel to heat the water in an airtight container
to generate steam a cyclone separator (separation section) 5 that
separates solids from conbustion gas (hereinafter referred to as
"exhaust gas") G produced in the conbustion tower 3, a heat recovery
section 7 that recovers the heat of the exhaust gas G a circul ation
line 9 through which fly ash separated fromthe exhaust gas Gin the
cycl one separator 5, i.e., afluidized material Fa (refer to FIG 2)
separated fromthe exhaust gas G is returned to a | ower part of the
conmbustion tower 3, and the like. |In addition, a heat exchange tube,

such as a superheater, is arranged in the heat recovery section 7.

[ 0019]

Bi omass fuel, such as rice husk or EFB (Enpty Fruit Bunches),



is put into the conbustion tower 3. This kind of bionass fuel is
| ow- grade fuel containing a nunber of al kaline conponents, such as
pot assi umor sodium Mreover, a ferronickel slag that is a kind of
refining slag is put into the conbustion tower 3. The fluidized
material Fa conposed mainly of quartz particles is put into the
conbustion tower 3, air is supplied into the fluidized material Fa
froma | ower part of the conbustion tower, and the fluidized materia

Fa is fluidized to forma fluidized bed (hereinafter referred to as
a "bed") F. Conbustion of fuel is pronoted through the formation of
the bed F. The exhaust gas G produced as a result of the conbustion
goes up within the conbustion tower 3 while acconpanying a portion
of thefluidizedmmaterial Fa. Inaddition, although an aspect i n which
the ferronickel slagis added into the fluidized mterial Fa has been
described in the present enbodinent, it is also possible to use the

ferronickel slag itself as the fluidized naterial Fa.

[ 0020]

The cycl one separator 5 is arranged adj acent to the conbusti on
tower 3, receives t he exhaust gas Gexhausted fromt he conbusti on t ower
3 and the fluidized materi al Fa acconpani ed by t he exhaust gas G and
separates the exhaust gas G and the fluidized material Fa due to a
centrifugation action to return the fluidized material Fa to the
conmbustion tower 3, and send t he exhaust gas Ginto the heat recovery

section 7.



[ 0021]

The circulationline 9is connected to the cycl one separat or 5.
The circulation line 9 consists of aline connected to the | ower part
of the conmbustion tower 3, and a | oop seal (circulation seal section)
9aisprovidedonthecirculationline9. Theloopseal 9aisafacility
t hat prevents back fl owof the exhaust gas Gfromt he conbusti on t ower
3, and the fluidized material Fa sent in fromthe cycl one separat or
5is accunulated in the | oop seal 9a, and the fluidized material Fa
I's put into the conbustion tower 3 froma return chute section 9b at

an outlet of the |oop seal 9a.

[ 0022]

Addi tionally, the CFB boiler 1 includes a refining slag supply
section 11 for supplyingtheferronickel slagthat i s akindof refining
slag into the | oop seal 9a. By supplying the ferronickel slag into
the loop seal 9a, poor fluidity within the |oop seal 9a can be

ef fectively suppressed.

[ 0023]

Next, a phenonenon t hat occurs when bi omass fuel is put intothe

CFB boiler 1 and is burned will be described.

[ 0024]

10



The concept of generation of bottom ash and fly ash in the
conbusti on of the biomass fuel will be described. The bottomash is
fornmed as particles as conponents in the bionass fuel condense, nelt,
aggl onerate, and adhere with sand that is the fluidized material Fa
actingas aseed, or react chem callyonthesandsurface. Additionally,
the fly ashis fornmed by the condensati on, nelting, and aggl oneration
of the conponents in the biomass fuel itself if fine conponents are

renoved from sone of the bottomash that is fornmed as particles.

[ 0025]

A major cause of fluidization inpedinent in the fluidized
material (also referred to as "fluidized sand" or "bed naterial") Fa
in the conbustion of the bionmass fuel is an agglonerate X (refer to
FIG 2). It is considered that that nost of the agglonerate X is
produced as the nelt (the nmelt of substance forned by the conponents
in the biomass fuel) of |ow nelting-point conpounds adheres to the
surface of the fluidized material Fa, or is eutectically forned on
the surface of the fluidized material Fa (the conponents inthe biomass
fuel chemcally react on the surface of the fluidized naterial Fa),
and is generated due to two mechani sms known as nelting i nducenent

and coating i nducenent.

[ 0026]

Specifically, the maj or cause of generation of the aggl onerate

11



X when the biomass fuel is burned is specified to be due to the fact
that a chem cal reaction is caused between the al kaline conponents
fromthe biomass fuel, for exanple, potassium (K), sodium(Na), or
the like and quartz particles that are principal conponents of the
fluidized materi al Fa, and an adhesi ve al kali silicatelayer is forned
on the surface of the fluidized material Fa. Inaddition, inaddition
to the al kaline conponents, it is confirnmed that phosphor is al so an

i nportant factor in the agglonerate X

[0027]

(Melting I nduci ng Mechani sm

As shown in FIG 2B, the agglonerate X of the nelting i nducing
mechani smi s produced as bottomash particle groups, inwhichthe nelt
M of the | ow nelting-point conpounds (al kali silicate) has adhered
to the surface of the fluidized nmaterial Fa, gather together. The
control factors of this nechanismare | ocal tenperature and fuel ash
conposition. In the conbustion ash containing high-concentration
al kal i ne conponent s and chl ori ne, the aggl onerate Xtends to be forned

t hrough the nelting induci ng mechani sm

[ 0028]
(Coating I nduci ng Mechani sm
As shown in FIG 2A, as for the agglonerate X of the coating

I nduci ng nechani sm the bottomash particle groups, inwhicheutectic

12



coating (alkali silicate phase) C on the surface of the fluidized
material Fa is fornmed, are repeatedly joined and separated by the
eutectic coating Cthereof. As aresult, particle aggloneration is
started, which results in the formation of the agglonerate X that
gradual | y becomes a neck (fl ui di zati on obstructionfactor). The ngjor
control factors of this mechani smare eutectic coatingthickness (ease
of joining and separation), eutectic coating conposition (joining

strength), and |ocal tenperature.

[ 0029]

In addition, it has been confirmed fromthe detail ed anal ysis
results of a portion that is actually the coated surface of the
fluidized material Fa that this coating layer is eutectic coating
(KO- Si O alkali silicatelayer) C AsshowmminFIG 3, this eutectic
coating Chegins tonelt at 700°C. It can be confirned that particles
that are the fluidized nmaterial Fa are caused to easily adhere and
aggl onerate to each other at a tenperature in the fluidized materi al
Fa of the CFB boi ler 1, specifically, at 800°Cto 900°C. 1In addition,

FIG 3 is a KO Si O phase di agram

[ 0030]
Next, the rel ati onshi p between t he fornmati on of the aggl onerate
X and magnesi umoxi de (MO wi Il be described with reference to FI GS.

4 and 5. FIG 4 is an MJO Si O, phase diagram and FIG 5 is an

13



MO K;O Si O, phase di agram I naddition, as showninFI G 3, astraight
line La of FIG 5 shows the process in which MJOis obtained fromthe
phase of K;0O-4Si O,, and an arrowDa shows adirectioninwhichtheratio

of MJO i ncreases.

[ 0031]

A forenost reaction phase (a first reaction phase), as shown in

FIG 3, is produced at al owtenperature of about 700°C. Inthis first
reaction, coatingor thelikeisformedinthe formof KO 4Si O, (refer
to FIG 3). Next, in asecond reaction phase, a reaction proceeds in
the directionof anarrowDa of FIG 5, and MgyOreacts littleby little
with KxO-4Si O, formed inthe first reaction phase. |f the phase where
the reacti on of MgOhas proceededi s seenonthe straight linelLa(refer
to FIG 5), afirst point Pb where theratio of MgOi s several percent

(about 4 % and the nelting tenperature is 742°C i s reached, whereby
the nelting point israised (athird reaction phase). Next, a second
poi nt Pb wheretheratioof MJOi s about 8 %and the nelti ng tenperature

I's 1000°Ci s reached, whereby the nelting point israised, and a | ayer

with [ittle adhesion is forned (a fourth reaction phase).

[ 0032]

MO does not easily react above the second point Pb. This is
because the nelting point becones 1000°C or higher and solids are

produced, soareactionwith MjO(solids) is not easily caused. Here,

i f MgOadheres agai n, for exanpl e, the phasereturnstothe first point
Pb fromt he second poi nt Pb, and 742°C becones t he nel ti ng poi nt where

adhesi on becones apt to occur. Next, the phase returns to the second

14



reacti on phase where MgOreacts, and the third reacti on phase and t he

fourth reaction phase are repeated again.

[ 0033]

As shown in FIG 4, inthereactionof MpjOand SiQ,, it is easily
inferredthat nmelt is not forned up to 1543°C. Additionally, as shown
in FIG 5, even in the reaction of MJO and K;O-Si G, it is inferred
that nelt is fornmed upto about 1000°C. Accordi ngly, when bi omass f uel
containing a lot of alkaline conponents is burned, formation of
eutectic coating (KO Si O: alkali silicate phase) Cwithalownelting
poi nt can be suppressed by addi ng magnesi umoxi de into the fluidi zed

mat eri al Fa.

[ 0034]

Here, suppressing the formati on of the eutectic coating Cwith
alownelting point will be structurally described with reference to
FIG 6. FIG 6 is an explanatory view schematically show ng a phase
where MgyO acts on the eutectic coating C. If the eutectic coating C
is fornmed on the surface of the fluidized material Fa as shown in FI G
6, an MPO KO- SIi O, layer S with a high nelting point is forned and
solidified on the surface, and the nelting point is raised.
Additionally, evenif the eutectic coating Cis forned on the surface
of the layer, the MJO KO SIi O, layer Swith a high nelting point is

formed and solidified, and the nelting point is raised. As aresult,

15



even if the eutectic coating Cwith a low nelting point is forned,
the MJO-K;O-Si O, layer Swith a high nelting point is formed on the
surface of the eutectic coating C, and the nelting point is kept from

bei ng | ower ed.

[ 0035]

Next, the refining slag, such as a ferronickel slag, wll be
described. Therefiningslagis aslagthat i s produced, for exanpl e,
when refining a ferroalloy raw ore to generate ferroalloy. As a
refining met hod, various nmethods, such as an el ectric furnace net hod
or athermte process can be applied. For exanple, in the electric
furnace nethod, refiningtreatnment inanelectricfurnaceis perforned
after pretreatnent of the rawore, and the residue that remains after
a desired netal is extracted in the refining treatnent becones a
refining slag. In the present enbodinent, a ferronickel slag is

illustrated as the refining slag.

[ 0036]

FIG 7 is aviewillustrating the properties of three sanples
that are ferronickel slags. For exanple, magnesi umoxi de (MjO wth
28. 1%wW . %concentrationis containedin Sanple A 35.5%of magnesi um
oxi de (MJO) i s contai nedin Sanpl e B, and about 50. 0%t o0 55%o0f magnesi um
oxide (MJO is contained in Sanple C. As such, at |east 30%or nore

of magnesi umoxi deis containedintheferronickel slag. Accordingly,

16



itisinferredthat theferronickel slagissuppliedintotheconbustion
tower 3 of the CFB boiler 1, so that the formati on of the aggl onerate

X can be suppressed, and poor fluidity can be effectively suppressed.

[ 0037]

Next, the conbustion nmethod for the CFB boiler 1in acase where
| ow gr ade bi omass fuel is used as boiler fuel will be described. The
fluidized material Fa that fornms the bed F has al ready been put into
the conbustion tower 3 of the CFB boiler 1. A ferronickel slag is
supplied into the conbustiontower 3in additionto the biomass fuel,
and conbustion i s caused by a burner (not shown) while air is supplied
fromthe |l ower part of the fluidized material Fa to formthe bed F.
By adding the ferronickel slag into the fluidized material Fa in the
conbustion tower 3, magnesium oxide in the ferronickel slag can
contribute to suppression of the formati on of the agglonerate X and

ef fective suppression of poor fluidity of the bed F

[ 0038]

Here, the effects in a case where the ferronickel slag is added
will be described with reference to FIGS. 8 and 9, as conpared to a
case where the ferronickel slagis not added. In addition, FIG 8is
a graph showing the relationship between operating tine, bed
tenperature, and bed differential pressure, in a case where the

ferronickel slag is added, and FIG 9 is a graph show ng the
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rel ati onship between operating tine, bed tenperature, and bed
differential pressure, in a case where the ferronickel slag is not
added (no addition). Inaddition, thebeddifferential pressure shows
pressure differential at upper and | ower positions in the bed F t hat
is being fluidized, and if poor fluidity occurs, the bed differenti al
pressure drops abruptly and becones "0" ultimately. Additionally, in
t he experinmental conditions shownin FIGS. 8 and 9, the concentration
of potassiumcontained in the bed Fin the case where the ferronickel
slag is not added is 0.6 wt% (ash base), whereas the concentration
of potassium (K) contained in the bed Fis as high as 2.6 w % (ash
base) inthe casewheretheferronickel slagisnot added. Accordingly,
t he case wheretheferroni ckel sl agi s not added becones t he envi r onnent

in which the agglonerate X is easily forned.

[ 0039]

As shown in FIG 8, in the case where the ferronickel slag is
added, even if the bed tenperature exceeds 800°C, it can be determ ned
that there is no great change in the bed differential pressure and
fluidity is good. On the other hand, as shown in FIG 9, in the case
where the ferronickel slag is not added, since the bed tenperature
exceeds 800°C, and the bed differential pressure drops abruptly after
a certain period of tinme has | apsed, the growth of the agglonerate
Xat this tinme can be inferred. Further, since the bed differenti al

pressure becones approximately "0", fluidity can be determ ned to be
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poor, and consequently, an urgent stop is required. It can also be
confirmed fromthese experinental results that poor fluidity of the
bed F can be effectively suppressed in the case where the ferronickel

slag i s added.

[ 0040]

Mor eover, in the conbustion method for the CFB boiler 1 rel ated
to the present enbodi nent, the ferronickel slag is al so added to the
i nside of the | oop seal 9a of the circulationline 9. The flowforce
of the fluidized material Fainthe loop seal 9ais significantly weak
conparedtotheflowforceinthe bed Fformedin the conbusti on tower
3. Accordingly, poor fluidity can be effectively prevented by
actively adding the ferronickel slag to the inside of the | oop seal
9a. Mreover, since the ferronickel slag supplied to the inside of
the loop seal 9a is also circulated in the conbustion tower 3, the

effect of preventing poor fluidity of the bed F is al so obtained.

[ 0041]

The effects of the conbustion nethod for the CFB boiler 1
descri bed above wi || be described. In a case where al kali-contai ni ng
bi omass fuel i s usedas the fuel for the CFBboiler, achem cal reaction
i s caused bet ween al kal i ne conponents, such as potassi um(K) or sodi um
(Na), and quartz particles that are principal conponents of the

fluidized material Fa, and alkali silicate are fornmed. This al kal
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silicate, which is a low nelting-point conpound that nelts at about
700°C, may f or man adhesi on | ayer Fa onthe surface of particl es serving
as the fluidized material Fa, and may obstruct the fluidization of
the fluidized material Fa.

[0042]

Accordingly, in order to allow for adaptation  of
al kal i -containing biomass fuel in a related-art CFB boiler, it is
necessary to keep the operating tenperature owin order to suppress
poor fluidity (generation of an aggl onerate). QO herwi se, inorder to
formthe environnment i nthe furnace where poor fluidity does not occur
easi ly, processing, such as m xed conbustion with coal, input of an
additive, or replacenment of a fluidized material, or conplicated
control managenent, is needed, whereby the CO, reduction effect may
hardly be expected, the waste of additive resources or an increase
i n running costs may be brought about, and, further, a |l ot of waste
(pul I ed-out waste fluidized material generated with the repl acenent
exchange of the fluidized material) may be generated, which is not
practical. Accordingly, inthe case where al kal i -contai ni ng bi omass
fuel is used as the fuel for the CFB boiler, it is very difficult to
make i nprovenent i n energy recovery efficiency and preventi on of poor

fluidity conpatible with each ot her

[ 0043]

However, in the above conmbustion nethod for the CFB boiler 1,

20



the ferronickel slagis suppliedto the conbustiontower 3 of the CFB
boiler 1 in addition to the alkali-containing biomss fuel, and
magnesi um oxi de is contained in the ferronickel slag. Therefore,
generation of alkali silicate can be suppressed. Accordingly, a
possi bilitythat poor fluiditymy occur i nconjunctionw thgeneration
of | ow nel ting-poi nt conpounds decreases and t he operati on of the CFB
boiler 1 at high tenperatures is possible. As aresult, inprovenent
i n energy recovery efficiency and prevention of poor fluidity can be

made easily conpati bl e.

[ 0044]

Moreover, in the related art, the ferronickel slag has only an
application of being used as pavenent, and is normally di sposed of.
However, accordi ng to the present enbodi nent, it i s advant ageous al so
froma viewpoint that this ferronickel slag is effectively used.
Mor eover, since nagnesi um carbonate or nmagnesi um hydroxi de is not
cont ai ned but magnesi umoxide is contained in the ferronickel slag,
t he magnesi umoxi de contri butes directly to suppressi on of generation
of alkali silicate. Thus, high energy recovery efficiency can be
expect ed conpared to t he case where nagnesi umcar bonat e or nagnesi um

hydr oxi de i s added.

[ 0045]

Al t hough the invention has been specifically described on the
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basis of its preferred enbodinment, the invention is not limted to
t he above enbodi nent. For exanple, in the above enbodi nent, the
ferronickel slagisillustrated as the refining slag. However, it is
al so possible to use other refining slags produced by refining of an
ore.

[ 0046]

Additionally, it isalsopossibletousearefiningslagfor m xed
use with or as an alternative to a fluidized material of a fluidized
bed boil er that uses the lowquality fluidized material that contains
al kal i ne conponents. In this case, since a fluidized bed using the
refining slag can be fornmed, poor fluidity of the fluidized bed can
be effectively suppressed w thout any bias.

Mor eover, the effects of renoving strong foul i ng and depository
adhesion to a boil er steam superheater heat transfer tube, and the
ef fect of suppressing corrosion of a boiler steam superheater heat
transfer surface tube can be expected.

Ref erence Signs Li st

[ 0047]

1: CFB BO LER (FLUI DI ZED BED BO LER)

3: COVBUSTI ON TONER ( FURNACE BQDY)

9a: LOOP SEAL (Cl RCULATI ON SEAL SECTI ON)

F. BED (FLUI DI ZED BED)

Fa: FLU DI ZED MATERI AL

G EXHAUST GAS
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CLAI M5

1. Aconbustionnethodfor afluidizedbedboil er usingfuel containing
al kal i ne conponents, the nethod conpri sing:
addi ng arefiningslagproduced by refiningof anoreinaddition

to the fuel, and burning the fuel in the fluidized bed boiler.

2. The conbustion nmethod for afl uidi zed bed boi |l er accordingto C aim
1, wherein the refining slag is used as a fluidized material of the

fluidized bed boiler.

3. The conbustion nmethod for afl uidized bed boil er accordingto d aim
1 or 2, wherein the fluidized bed boiler includes
a furnace body;
a separation section that separates a fluidized material in an
exhaust gas exhaust ed fromt he f urnace body f romt he exhaust gas;
and
a circul ation seal section that returns the fluidized nmateri al
separated inthe separation sectionto theinside of the furnace
body while preventing back flow from the furnace body, and
wherein the refining slag is supplied to the circul ati on sea

secti on.

4. Afluidized bed boil er using fuel containing al kal i ne conponent s,
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the fluidized bed boiler conprising:
a furnace body that burns fuel to which arefining slag produced

by the refining of an ore is added.

5. The fl ui di zed bed boi |l er accordi ngto Cl ai m4, whereintherefining

slag is put into the furnace body as a fluidized material.

6. The fluidized bed boiler according to Claim4 or 5, further

conpri si ng:
a separation section that separates a fluidized material in an
exhaust gas exhausted fromt he f ur nace body f romt he exhaust gas;
a circul ation seal section that returns the fluidized nmateri al
separated inthe separation sectiontotheinsideof the furnace
body while preventing back flow from the furnace body, and
wherein the refining slag is supplied to the circul ati on sea

secti on.
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