1 6 NOV 2004 METHOD FOR TREATI NG A GAS The present invention relates to a
nmethod for treating a gas to neutralize a SO3 conponent contained in e.g.
a gas generated by conbustion of a fuel containing a 5 sulfur contfn

L oY,
e.g. a boiler, inexpensively, efficiently, sinply and safely w thou ﬁd@Bﬂ@m
a large scale installation. Wen a fuel containing a sulfur content
represented by heavy oil, coal or coke, is burned, or when a rawto
material containing sulfur, such as an iron ore, is burned, S or H2S04
will be contained in the exhaust gas, thus causing corrosion of an
apparatus or air pollution. S03 or H2SO4 wll react wth water vapor
contained in the exhaust gas to forma sulfuric acid mst, which causes a
15 white snoke, a purple snoke, a brown snoke or a black snoke
(hereinafter referred to as a purple snoke, as a general termincluding a
hardly extingui shable white snoke). The sulfuric acid m st which turns

into such a purple snoke, will present a damage to a human body or an 20
animal or plant at the falling site. Further, the ash 1 6 NOV 2004 - 2 dust
deposited in a flue, etc., is likely to be discharged as acid snut

containing sulfuric acid substantially due to e.g. a | oad change, thus

| eading to a problem of deteriorating the environnment in the formof 5 an
acid dustfall. Accordingly, in order to remove S03r H2SO4 and a sulfuric
acid mst (in this specification, theselnay

METHOD FOR TREATING A GAS

The present invention relates to a method for
treating a gas to neutralize a SO; component contained in
e.g. a gas generated by combustion of a fuel containing a

5 sulfur content by e.g. a boiler, inexpensively,
efficiently, simply and safely without using a large
scale installation.

When a fuel containing a sulfur content represented
by heavy o0il, coal or coke, is burned, or when a raw

10 material containing sulfur, such as an iron ore, is
burned, S0; or H;S0; will be contained in the exhaust gas,
thus causing corrosion of an apparatus or air pollution.
803 or H;80; will react with water vapor contained in the
exhaust gas to form a sulfuric acid mist, which causes a

15 white smoke, a purple smoke, a brown smoke or a black
smoke (hereinafter referred to as a purple smoke, as a
general term including a hardly extinguishable white
smoke) . The sulfuric acid mist which turns into such a
purple smoke, will present a damage to a human body or an

20 animal or plant at the falling site. Further, the ash



generally be referred to as a S conponent), a nethod has heretofore
been enpl oyed wherein a slurry having e.g. 10 an oxi de or hydroxi de of

cal cium or magnesi um di spersed in an organic solvent, is preI|n1naq|dN@V20m
added to the fuel to prevent formation of the S03 conponent or wherein

such a slurry is added to a gas after the conbustion to neutralize the SO3
conponent. However, with such 15 nethods, the additives are likely to
deposit on a heat exchanger in the boilgr,_ and when a |arge anount of the
additives deposit thereon, the operation of the boiler wll be hindered,
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and no cstaple, S%EEGBstEahlk6|y to be obtainable. Further, such a powder
is likely to agglonerate, and it is hardly uniformy dlsperS|bIe and its

effect as a neuh&abk@llﬁ%:@ ag_%nbr,_.ll?%rl Q\g 1Fe'ﬂ1rotv|%ers'6°reﬂ écﬁ t e& %ase of

injecting it in the f orm of wder *tontai‘né the slurry

is likely tQuﬂEﬁPﬁbtaemdaﬂ@sﬁlanthﬁlst%§@§9?EE§Ei8ﬂ lkﬂgsgoﬁa&nJeCt'ng the
slurry, whereby it

generally be referred to as a S0: component)}, a method
has heretofore been employed wherein a slurry having e.g.

10 an oxide or hydroxide of calcium or magnesium dispersed
in an organic solvent, is preliminarily added to the fuel
to prevent formation of the SO; component, or wherein
such a slurry is added to a gas after the combustion to
neutralize the S0O; component. However, with such

15 methods, the additives are likely to deposit on a heat
exchanger in the boiler, and when a large amount of the
additives deposit thereon, the operation of the boiler
will be hindered, and accordingly, it is difficult to use
the additives in a large amount.

20 Further, to actively neutralize S0; in a flue, a
method has been employed wherein a powder of e.g. calcium
hydroxide, magnesium oxide or magnesium hydroxide or a
slurry having such a powder dispersed in water, is
injected to the flue after the exhaust gas has passed

25 through an air preheater. However, in the case where the
powder itself is injected by this method, as the fine

powder poor in flowability is injected by means of e.g. a



is difficult to use it stably at a constant anmount. 10 Further, in the case
of using e.g. nmagnesi um oxi de, since nmagnesi um oxi de has a | ow reaction
efficiency, it 1is necessary to add an excessive anount of a magnesﬂuﬁnNUV 2004
oxi de powder. In such a case, unreacted magnesiumoxide wll remain in the
flue, and the magnesi um oxi de may 15 cause problens in dunping, since
magnesi um oxi de has a low solubility in water. Further, it is difficult to
keep the anmount of injection to be corstiant, since the powder is fine and
has a poor flowability. On the other hand, a nethod of injecting anmonia to
20 the fluscnay fisedent iviedaune thiowe Vieedirtee el lak doe rreer i caldneorel ating to
handling of e.g. a high-pressure gas and problens relating to the storage
t enper at ur &t sfifiadteris dnikedal thioke akfigimalkels ¢ iFgtdiamat isoieh s
required. Further, when the SC3 conponent is renoved by 25 ammonia, if an
adequat e | §j ®MIRT dfodritkely &t agHimenated, and ahvoks U RJHY ogen sul fate
will form 1f, _the ammoni um hydrogen sulfate is deposited on the 1 6 NOV
2004 - 4 PPEHHHY, GHSRRUSIRIASOG ITDRitEchEHrai mrrabigdiga i s
required to be injected excessively, and if the excessive anmonja is

rel eased i RIS aitsnglﬁﬁ‘her FErﬁ"re,rmo Geh i [thep&aseotendiigc i iEmithe

vi ewpoi nt of the 5 environnent safety. Further, it is required to renove a
S8 conpordht™ %Y P l‘?estrhr"b‘%ﬁ}ﬁ'en%%fp ee&l‘%‘lfé‘fajg%%‘g&nc'b%ustion of a

waste |iquid a waste Qil, te gas or a solid waste in e.g. steel
rranufacturi%d‘frﬁy?cf'r? ﬁgﬂiﬁ%&ﬁiﬂ%o& on &an CJI.OQV\@he

transportation line for injecting the slurry, whereby it

igs difficult to use it stably at a constant amount.

10 Further, in the case of using e.g. magnesium oxide,
since magnesium oxide has a low reaction efficiency, it
is necessary to add an excessive amount of a magnesium
oxide powder. In such a case, unreacted magnesium oxide
will remain in the flue, and the magnesium oxide may

15 cause problems in dumping, since magnesium oxide has a
low solubility in water. Further, it is difficult to
keep the amount of injection to be constant, since the
powder is fine and has a poor flowability.

On the other hand, a method of injecting ammonia to

20 the flue, may be mentioned. However, there are
restrictions relating to handling of e.g. a high-pressure
gas and problems relating to the storage temperature, and
further, an additional large scale installation is
required. Further, when the S0; component is removed by

25 ammonia, if an adequate injection amount is not
maintained, an ammonium hydrogen sulfate will form. If

the ammonium hydrogen sulfate is deposited on the



10 nonferrous netal refining, glass nelting, manufacturing of sulfuric
acid or manufacturing surfactant, and an efficient and safe neutraliziqg
treatnent nethod for the S03 conponent, is desired. it is an object! N0V i
present invention to provide 15 a nethod for renoving a SO3 conponent from
a gas containing the S03 conmponent, efficiently, sinply and safely. The
present invention provides a nethod for treating a gas containing a S03
conponent, which conprises adding 20 a %odi um carbonate powder having a
mean particle dianmeter of at nost 20 pmto the gas to renove the S03
conponent dpmamathes gast wilk heeeot arpanyalbe dr oy dingly e dmmendafl ow
chart showing a nethod for treating an exhaust gas from 25 the conbustion
by a boil eris Nemgquited gredentinjacred axoedsibelyvesandbefl the detail with
reference to the preferred enbodinents. 1 6 NOV 2004 - 5 In the present
i nventi on, exmEsslee sudiemaardhormteasegdwerthe admedphsriprayed and
di spersed in a gas at the dew point or higher of the acid (the SO 3
conponent ) ,such whbk pe prdtel ¢paeionsi 908 thenmpbeepcinti afythe a diffusion 5
mechani sm and neutralizes and renoves such a conponent. in the present
i nventi &n, YHELTAREIHarsakee di aneter of the sodi um carbonate powder is at
nost 20 dun, preferably at nost 15 pm particularly preferably at nost 10
pi n. Sodi um carBeRBERRT hat ngS ar pEahr e@r EP cremgvanet 801 1eomPoRen st 20 pm
has a high reactjvity with the SO3 ]
also in the treatment of an exhaust gas of combustion of
a waste liquid, a waste o0il, a waste gas or a solid waste
in e.g. steel manufacturing, iron manufacturing,
10 nonferrous metal refining, glass melting, manufacturing
of sulfuric acid or manufacturing surfactant, and an
efficient and safe neutralizing treatment method for the
S0; component, 1s desired.
It is an object of the present invention to provide
15 a method for removing a SO; component from a gas
containing the S0; component, efficiently, simply and

safely.
The present invention provides a method for treating
a gas containing a S0; component, which comprises adding
20 a sodium carbonate powder having a mean particle diameter
of at most 20 pm to the gas to remove the S0; component
from the gas.
In the accompanying drawing, Figure 1 is a flow
chart showing a method for treating an exhaust gas from
25 the combustion by a boiler.
Now, the present invention will be described in

detail with reference to the preferred embodiments.



conponent, since the specific surface area of the particles thenselves is
| arge. The snaller the nean particle dianmeter of sodium carbonate, the
better, since the reaction with the SO8 conponent is quick, and itlsh 88/ 2004
lower Iimt is not particularly limted fromthe viewpoint of the effect
for renoving the SG3 conponent, but it is preferably at least 1 pmfrom
the viewpoint of the cost required for pulverization of the powder and
difficulty in handling of a fine powder.SFurther, to 20 sodi um carbonate,
sodi um hydr ogencarbonate nay be m xed for use. In the present invention,
it is preferrednccthacpeasent hneperiénc shehackeasediofn sadbomadar bonat e
in order to increase the reaction rate with the SG3 25 conponent. For

t hi s pur posewdemethetiddd iaxraasayey tared dpspefsedsinfacgaaraa hjrefi nely
pul veri zi ng sodium carbonate, nay be enployed. Further, if sodiuml1 6 NOV
2004 -- 6 deWimsyarcanhdraker LT dile reted, (thewsd] camponento) poibus

sodi um carbonate so-called light ash, while its shape is substantially

mai nt ai ned.cantyrepridiergageeus 8@ swaponanghtmaighly dince diffesitdfiecti ve
for the reaction with 5 the gas, as its specific surface area is |arger
than thé GREIARY nd \igutieal 1zehand t hemewee #eah pareinppaenti.anet er.
Further, in such a case, it is preferred for the prevention of gl obal
war mi ng to recobertlRarBbasent oimvenghenwhibf meageraraticdeadipneteme of

baki ng 10 sodi n1q¥d qggncarbonate. On_t he, ot her hand, sodi um carbonate
which is u |¢%ﬁ odi carbonate powder is at most 20 um,

preferably at most 15 pum, particularly preferably at most
10 um. Sodium carbonate having a mean particle diameter

10 of at most 20 pm has a high reactivity with the S0;
componient, since the specific surface area of the
particles themselves is large. The smaller the mean
particle diameter of sodium carbonate, the better, since
the reaction with the S0; component is quick, and its

15 lower limit is not particularly limited from the
viewpoint of the effect for removing the S0; component,
but it is preferably at least 1 pum from the viewpoint of
the cost required for pulverization of the powder and
difficulty in handling of a fine powder. Further, to

20 sodium carbonate, sodium hydrogencarbonate may be mixed
for use.

In the present invention, it is preferred to

increase the specific surface area of sodium carbonate in
order to increase the reaction rate with the SO,

25 component. For this purpose, a method of increasing the
specific surface area by finely pulverizing sodium

carbonate, may be employed. Further, if sodium



cal l ed dense ash, is one obtained by baking sodium carbonate nonohydrate
and is not porous like the above- nentioned |light ash, and its specific
surface area is 15 small. Wien conparison is nade with respect to thé NOV 2006
specific surface area, in the case of products nmanufactured by ASAHL

GLASS CO., LTD, for exanple, a |light ash having a nean particle dianeter

of 7 pin has a specific surface area of 2.7 n2/g, whereas a dense ash 20
having a nean particle dianeter of 6 pm#as a specific surface area of 1.1
n2/g. The light ash is bulky as a powder as conpared with the dense ash.

However, ifhydwbyencaeifotiatdave caletnapas]i ctewdiamehenr @htrat ppRehLs20 pm
the dense ash nay al so suitably be used for the 25 process of the present

i nventi on asadiburghcahisopet é osseceEledayipt pash, t whibaeiext eRkpas jgonpar ed
with the light ash. Sodium carbonate is usually available in the form1l 6
NOV 2004 - sulbétandeakky ashintaithéde denses gatetwsra®rid suse sheh it is

I nexpensive and readily available. In the present invention, potassium

car bonat e nhightl ashbesised ibsigadf bécsbdeufioeathenatactPohawsichm 5
carbonate may al so be obtained by baking potassi um hydrogencarbonate in the
same mafnertke gadi uas citbospeel fidosevEaceasreanpar ddruerhthadi tine
carbonate, it will be industrially of high costs. Potassium carbonate is
useful , fororRKagprelyipulventzedherchavej thdesamedneanipaavocde

contam nation of sodium for exanple, in a case where a gas is to be
purified. THERRBEFEIM IR e ipowih td Isadded interefepeed for

the prevention of global warming to recover carbon
dioxide gas which is generated at the time of baking
10 sodium hydrogencarbonate.

On the other hand, sodium carbonate which is usually
called dense ash, is one obtained by baking sodium
carbonate monohydrate and is not porous like the above-
mentioned light ash, and its specific surface area is

15 small. When comparison is made with respect to the
specific surface area, in the case of products
manufactured by ASAHI GLASS CO., LTD, for example, a
light ash having a mean particle diameter of 7 um has a
specific surface area of 2.7 m?/g, whereas a dense ash

20 having a mean particle diameter of 6 pm has a specific
surface area of 1.1 m?®/g. The light ash is bulky as a
powder as compared with the dense ash. However, if
pulverized to have a mean particle diameter of at most 20
pm, the dense ash may also suitably be used for the

25 process of the present invention although the performance
may be poor to some extent as compared with the light

ash. Sodium carbonate is usually available in the form



to be treated, preferably has an angle of repose of at npst 65,
particularly preferably at nost 60, as a 15 powder characteristic value. A
sodi um car bonat e powder having an angle of repose within this rangd,h N8V 2004
excellent in flowability and can, for exanple, maintain a good condition
of spraying in a case where it is sprayed into a flue, and further,

di scharge froma storage tank or air 20 transportation is, for exanple,
easy, whereby it efficiently reacts witfhh SO3. Therefore, the spray anount
of sodi um carbonate can be reduced, and handling as a powder w || be easy.

The angl e off renasesofadihe S04 e §8hRANALRE RYWIRE,| st BhscaReCkEi cation,
nmeans an angl e of 25 repose of the entire powder (the m xture) to be added

to the gaslgfix%xﬁd%mea&han{réaaﬁtynava%abler coarse particles to
sodi um carbonate, as will be described 16 NOV 2004 -8 hereinafter. The

sodi um car _bonatEnp@lﬂée?ré§eﬁf:eiﬁﬁéhhioﬁddggthasiﬂma@'ﬁ%l&bnaftef map 0.5 to 8
nols, particularly preferably from2 to nol s, per nol of the SO3

conponent cANE@I Pedus&di nébeadast EbaitiR alPBBhate.bepaeleshihg | ess than
0.5 nol, the S8 conponent may not adequately be renoved, and the effect

for remsvi ngaBbdnid Pé emSPokEsdePdsobbabfedi Badpguahg. pbuathBenm i f the anount
exceeds 8 nols, such 1is unnecessary fromthe viewpoint of the efficiency

for 10 renvydgoddecSfBonspapbnenhe aadesmahnes amstedfiumnchbbonwi-ewpoi nt
of costs. In the present invention, it is possible to renmove the SO3
conponent skbwevevel §sfconmpargdswioht apding earbonate, it will be
industrially of high costs. Potassium carbonate is
useful, for example, in a case where it is desired to
10 avoid contamination of sodium, for example, in a case
where a gas is to be purified.
The sodium carbonate powder to be added into a gas
to be treated, preferably has an angle of repose of at
most 65°, particularly preferably at most 60°, as a
15 powder characteristic value. A sodium carbonate powder
having an angle of repose within this range, is excellent
in flowability and can, for example, maintain a good
condition of spraying in a case where it is sprayed into
a flue, and further, discharge from a storage tank or air
20 transportation is, for example, easy, whereby it
efficiently reacts with S0;. Therefore, the spray amount
of sodium carbonate can be reduced, and handling as a
powder will be easy. The angle of repose of the sodium
carbonate powder in this specification, means an angle of
25 repose of the entire powder (the mixture) to be added to

the gas after adding an anti-caking agent or coarse

particles to sodium carbonate, as will be described



smal | amount of SO3 at a level of 20 vol. ppmin a gas 15 containing a high
concentration of S02 exceeding 500 vol. ppmor even exceedi ng 1000 vol.
ppm In the present invention, sodiumcarbonate is used, and as Co'maﬁlﬁdiﬂm
wi th anmoni a which is regulated as a poisonous and del eterious substance
and restricted in its 20 handling as a high pressure gas or sodi um

hydr oxi de which is a deleterious substance, a worker can safely handl e

sodi um carbonate. Further, the applicatign_can be carried out easily by a
simpl e spray device such as an ejector, and no expensive capital

I nvest ment i S I. .red 25 for the application. In the nethod of the present
invention,qﬁﬁ?%ﬁ%ﬁ%ﬁﬁﬂxnuﬂu IS rengeed by neutralization in the sane
manner as the Qﬁnyﬁgg'onal ammoni a,

t hod, of 1 § NOV 2004 - 9. _inj ting
and accordi ngl y- 5 - CanT 54 PR RUB ?Ftb?eﬁ?efﬁr?Héyp%ééEﬂt angntggn,
and f . i o t
Lhe it or o Eihchside kol s SR SR IeT ed dr SRRL 0 S §r§6§9 ?
. Y . ! t
comanent” 6,405, 64 < Wi ST ER 0T oBY Ll BESIGR A L v
cake, vier sty whe o ] oval Ly LS 19 b BOBeq AP OLALI G I 41 15 10

stored in a state Ver!ze nmean particle di'ameter Pmor |ess,
e Tonak P SPSOULRO A Ty e, el AR il Whd 2 o
the sodi umgas homalea: Pad | SRSy A MM bhrPe PERSRB tends to be
inadequate. Further, if the amount exceeds 8 mols, such
is unnecessary from the viewpoint of the efficiency for
10 removing the S0; component, and such is waste from the
viewpolint of costs.
In the present invention, it is possible to remove
the S0; component selectively from a gas containing a
small amount of S0; at a level of 20 vol. ppm in a gas
15 containing a high concentration of S0; exceeding 500 wvol.
ppm or even exceeding 1000 vol. ppm.
In the present invention, sodium carbonate is used,
and as compared with ammonia which is regulated as a
poisonous and deleterious substance and restricted in its
20 handling as a high pressure gas or sodium hydroxide which
is a deleterious substance, a worker can safely handle
sodium carbonate. Further, the application can be
carried out easily by a simple spray device such as an
ejector, and no expensive capital investment is required
25 for the application. In the method of the present
invention, the S0; component is removed by neutralization

in the same manner as the conventicnal method of




15 between sodi um carbonate particles, whereby an effect for preventing
aggl oneration and caking of the particles of sodiumcarbonate to one
another will be obtained. Accordingly, by adding an anti-caki ng agegtNOVd004
sodi um carbonate, it is possible to suppress aggloneration of 20 sodi um
carbonate and to maintain high flowability of sodium carbonate, and fine
powder of sodi um carbonate can be well dispersed in the gas, whereby a
high reaction efficiency e.g. a high regoval effect of the SG3 conmponent
can be maintained. 25 In the present invention, the anti-caking agent is

o1 of or abl Y TPS O R BHD At e ARGy ¥ e DBES reBBiohelr ¥

carbonate. J§ 1ﬁﬁ9¥nt is less than 0.1 mass% the effect for inproving
t he flomabiﬁq%g¥ﬁ) sodi um carbonate tends to be | ow, such being

undesirable.IfIntgﬁé3&§%€gn@x§§@g§%§%g'ngﬁs%%eéngggzgdi?%rﬁﬁig%nwithout 5

no further increase I ects, suc el ng un € present

no furt her rTects, Ire i
or et or bl y Tham 0 008 (580 b CharTi ST 2Py B o8 ar Aary TP oRLE088 (o 2. 0

P 1T 5he § {IAIRaIdd ) o LBt oo Ol i @ik Colh90e 20RD! ohe 155 10 than

0.005 pm the anti-caking effect w not increase, and such’a pr oduct

Wil not bedwidea ei@stiad gadexpand \RdNEVdditdnd €dus)  cissich bei ng
undesirable. On the other hand, if the mean particle diareter exceeds 5.0

~um  even gfedditcSHE S Sy PPaidl Pramsusdded AsikPuta,t Bgecase of the
fine particles, the anti-caking effect

particles are likely to agglomerate and cake, whereby the
flowability tends to be poor. Accordingly, if it is

10 stored in a state pulverized to a mean particle diameter
is 20 pm or less, it is likely to cake during the
storage, or dispersibility at the time of use tends to be
low. The anti-caking agent will deposit on the surface
of the sodium carbonate particles and will be present

15 between sodium carbonate particles, whereby an effect for
preventing agglomeration and caking of the particles of
sodium carbonate to one another will be obtained.
Accordingly, by adding an anti-caking agent to sodium
carbonate, it is possible to suppress agglomeration of

20 sodium carbonate and to maintain high flowability of
sodium carbonate, and fine powder of sodium carbonate can
be well dispersed in the gas, whereby a high reaction
efficiency e.g. a high removal effect of the S0,
component can be maintained.

25 In the present invention, the anti-caking agent is

preferably added in an amount of from 0.1 to 5.0 mass$%,

particularly preferably from 0.3 to 2.0 mass$%, based on



decreases, since the nunber of particles of the anti- caking agent is
smal . As the anti-caking agent, an agent comonly known as a material to
be added for the purpose of inproving 20 flowability or anti-caki nbgdVe0i4
powder, such as nagnesium carbide, silica, alumna, alumnosilicate,
artificial or natural zeolite, a stearate or talc, may be enpl oyed, and
a plurality of materials nay be used as m xed. Anong them silicais
preferred, and particularly preferred.dggp 25 funmed silica fromthe

vi ewpoi nt of fineness of the mean particle dianeter, the anti-caking

ffect d ' t , f 1 6 NOV
(23004610- 11 Sﬁbsediw?1 dﬁl&%/n?és:éjgl Isigr pt)-'r eerréﬁ‘l orlqa!}/hsl:é g%l |§;Iﬁ‘%% . zgaol ite
in COﬂb' nat ﬁ’!‘é’%&l i C;y%%dnﬁ;s}a\g&%Stﬂgeﬁloagﬂffﬂw pgeﬁ&pﬁ position for

i nj ection o nate appar at us rop I'c fumed silica
excel l ent in, ﬁgg§5ﬁ ddtys 11 £ shS 8LT ral +funmed
silica has hydr ophi |d$%y un essm?% |ss%r%g?g% ?oggdﬁggF E%bICI y. Even

hydr ophobi ¢ {dingh it | S8cbags a8, o%m f Phel epéevm régexggbwhmsu%f sodi um

carbonate. 10 However, for exanpie, in the bo en sodi um carbonate
and hyd%°DHﬂP'fﬁ£&H@¥'§ﬁéf@§s@ffnagﬁgécéé aQucHpﬁéiﬁé”hﬁ&eé&rﬁ%ﬁ%USt gas

desul furizer, the hydrophobic fumed silica is kely to agglonerate in an
absor ption towgs @ﬁetﬁ.eiegéﬁa%ﬁvgﬁﬁldﬁsuthw méah barft%%adrﬁm&%}e 15 at
the gas-liquid interface, and by the influence of menbr ane, the

interior ofof hthappet Btogkvhd ! apent uls pteferably from 0.005 to 5.0
um, particularly preferably from 0.005 to 2.0 um. If the
mean particle diameter of the anti-caking agent is less

10 than 0.005 um, the anti-caking effect will not increase,
and such a product will not be available as an
inexpensive industrial product, such being undesirable.
On the other hand, if the mean particle diameter exceeds
5.0 ym, even if the same mass proportion is added as in

15 the case of the fine particles, the anti-caking effect
decreases, since the number of particles of the anti-
caking agent is small.

As the anti-caking agent, an agent commonly known as
a material to be added for the purpose of improving

20 flowability or anti-caking of a powder, such as magnesium
carbide, silica, alumina, aluminosilicate, artificial or
natural zeolite, a stearate or talc, may be employed, and
a plurality of materials may be used as mixed. Among
them, silica is preferred, and particularly preferred is

25 fumed silica from the viewpoint of fineness of the mean
particle diameter, the anti-caking effect and

availability. Further, zeolite may also be preferably



bubbl es. Consequently, the bubbles flow out into a flue, and the flow
pressure of gas in the absorption tower tends to increase, and the
operation tends to be hardly 20 continued, such being undesirable. HOWNVeli
in a case where an electrostatic precipitator is installed between the
exhaust gas desul furizer and the position at which sodium carbonate and
the anti-caking agent are added, a trouble such as the above-nentioned
bubbles will not 25 result, and the antillcaki ng agent can be used

i rrespective of being hydrophobic or hydrophilic. Oher than this,

f1 owabi | it yazeth adr@d be ispatsedpbgferseficvo206d fumed sddiing eodrse
particles to a sodium carbonate powder having a nean particle dianmeter of
at nost 20 F#eliteninapemhinatierom 10 to 50 nass% based on the powder. |f
the anount is |less than 10 nass, the effect for 5 inproving the flowability
tends to be | owhenchuBedngilifdedsr uskd, Prrendargebgonstheass, the
proportion of  the coarse particles tends to be high, whereby the anount

of the sodiRfFteiPenbee poeleekiegrcpéasediuangarhenateeati fjeability tends
to decrease, such being lo undesirable. Here, the coarse particles are
speci fi Gal |3PPAr 3PP uniXarBeRaL &CpbiBeR AaliRg 8XABAASBEr ifcl e diameter of

nore than 20. pm preferably at | east 50 and_a common commerci al
pr oduct carfgbgp%gﬂblf:hﬂ’h T cbﬁr?g%ﬁf‘"{:?‘ér estedeBRr &l s obipnes

hy 0 o9encar oG, A2.PRHELou 1L IE, BBl SpOium budfegenca bonal e coarse
thermal Iy Cﬁﬁ&%@gﬁggi&9t§9r 'éé%“ﬁgﬁrophobic fumed silica has an
effect for improving flowability of sodium carbonate.

10 However, for example, in the boiler, when sodium
carbonate and hydrophobic fumed silica are added at an
upstream of an exhaust gas desulfurizer, the hydrophobic
fumed silica is likely to agglomerate in an absorption
tower of the exhaust gas desulfurizer to form a membrane

15 at the gas-liquid interface, and by the influence of the
membrane, the interior of the apparatus will be full of
bubbles. Consequently, the bubbles flow out into a flue,
and the flow pressure of gas in the absorption tower
tends to increase, and the operation tends to be hardly

20 coeontinued, such being undesirable. However, in a case
where an electrostatic precipitator is installed between
the exhaust gas desulfurizer and the position at which
sodium carbonate and the anti-caking agent are added, a
trouble such as the above-mentioned bubbles will not

25 result, and the anti-caking agent can be used
irrespective of being hydrophobic or hydrophilic.

Other than this, flowability can also be imparted by



carbonate. As a nethod for preventing deterioration of 20 flowability due
to aggloneration and solidification of sodiumcarbonate particles, in
addition to the above- nentioned nmethod of addi ng an anti-caking agpgmqumu
nmethod of nmaintaining a dried state may be nentioned as a storage nethod
after pulverization. Specifically, it is 25 preferred to add a dryi ng agent
at the tine of storage or to use, as a packaging material, a commercially
avail abl e danmpproofing packagi ng matenibal.. As the drying agent, a 1 6 NOV
2004 - 13 substance which is connDnIy knomn as a drying agent and which

oy or of or A9 CoRPEL L CRCREDRLE o P l?%r%aﬁga?af?eﬁ%gﬁsge% e.t:h
um carbonate with a

Sﬁgﬁpigoaéﬁﬁ%a.$ru;t%?“@@%%@?éfg &%%ﬁng H%Pa%% %gﬁ % HBgdht *Here, the

danppr 00f i igndBLErd 8l £baf $.ty 205 £0Lss Ap0agda "By tg%2§%$sg§ag materi al

havi ng a noi sture perne nore ay at , as 10

stipul at ed fi¥e Jdm5i 29208 igs§h€h£6e§§gﬁ? en&*geefge?ﬁmgg£ of sodi um

carbonate is added 1nto a gas, prefer an antl-caklng

agent and/ Ofm 503 S8y PREL | £1 Geannhet Oyb«yeﬁas £5 gLlisrentyfhogLingase where a

slurry having a powder 15 disperse I S used, e sol i fron1

preci pi t at i\pidesFabIWs I1F GaSY L dmNdE ma%gsé he& e '&cf’p&ﬂﬁﬁf ygge an
anti-caking agent or coarse particles are added, owabi ity is
excel I ent bynd heo@eté Opat heE RS, t¥h8E €BY be high, whereby the amount
of the sodium carbonate powder decreases, and the
treating ability tends to decrease, such being
10 undesirable. Here, the coarse particles are specifically
a sodium carbonate powder having a mean particle diameter
of more than 20 ym, preferably at least 50 um, and a
common commercial product can be used. Further, the
coarse particles may be a sodium hydrogencarbonate
15 powder. In the case of sodium hydrogencarbonate coarse
particles, after injected into a flue, the coarse
particles will be thermally calcinated to form sodium
carbonate.
As a method for preventing deterioration of
20 flowability due to agglomeration and solidification of
sodium carbonate particles, in addition to the above-
mentioned method of adding an anti-caking agent, a method
of maintaining a dried state may be mentioned as a
storage method after pulverization. Specifically, it is
25 preferred to add a drying agent at the time of storage or

to use, as a packaging material, a commercially available

dampproofing packaging material. As the drying agent, a



the apparatus is free from cl oggi ng, sodi um carbonate can 20 be constantly

I njected, and the SO3 conponent can be renoved by accurate neutralization
constantly. Further, it is supplied in a dry state i.e. not in the IfioNO\ 04
an aqueous solution, whereby the installation is free froma problem of
corrosion, etc., and the equi pnent managenent 25 and its operation is easy,
and a stabilized operation can be maintained. In the present invention, at
the tine of treating 16 NOV 2004 - 14- the -gas, sodi um carbonate is

pul verized by a dry type pulverizer to a nean particle diameter of at nost

20 um and &assthed naetdl Bddesubdt D, tBSoHRSa SORt @-pi ya%s?@éndcormonent

in a state as dispersed in the draft which 5 generated veri zer

Sodi um car hapiadte hefiie reudverd 231 LN LLRT ARENoNAS 2 SRAN Rarticle
di ameter of from0.05 to 0.5 nm If the mean particle dianeter is |ess

than 0.05 raBolstwed) |dzetksuppl y é@cthﬁaﬁ%i’@féﬁ%lytﬁédémﬁ)?oﬂ?édd' fficult,
such being undesirable, and if it 10 exceeds 0.5 mm the exorbitance

pulverIZerFurﬂhﬁxurfﬁi1§(moiéﬂpféféﬁié@nt@Ouééeanﬁﬁﬁpﬁﬁééfﬁﬁﬁ ghgmeter of
at nost 20 pm such bei ng undesirable. Further, sodium carbonate before

pul veri zat iaon prpfakading hesteniahgt e @foréE@QQEu@fcaibﬁﬂéte551th a
particularly preferably at nost 15 50. If the angle of repose exceeds 55,

stabilized visapply nainteipinyerheesf fendsof cad@ingf theubhtistshingei ng
undesirable. Further, with respect to the pulverizer, it is preferred to
enpl oy a pugett zetanst,editeet elhmwiritvcef ing material bag is meant for
a bag made of a packaging material having a moisture
permeability of not more than 5 g/m?/day at 40°C, as
10 stipulated by JIS-Z0208.

In the present invention, a powder of sodium
carbonate is added into a gas, preferably together with
an anti-caking agent and/or coarse particles, whereby as
is different from a case where a slurry having a powder

15 dispersed, is used, the solid is free from precipitation
and thus is easy to handle. Further, in a case where an
anti-caking agent or coarse particles are added, the
flowability is excellent by the action thereof, whereby
the apparatus is free from clogging, sodium carbonate can

20 be constantly injected, and the S0; component can be
removed by accurate neutralization constantly. Further,
it is supplied in a dry state i.e. not in the form of an
agueous solution, whereby the installation is free from a
problem of corrosion, etc., and the equipment management

25 and its operation is easy, and a stabilized operation can

be maintained.

In the present invention, at the time of treating



20 classifier in order to efficiently pulverize sodium carbonate. As such

a classifier, a pneumatic classifier may, for exanple, be nentioned. As a
specific exanple of such a pulverizer, a high speed inpact air cl ask§ NIV r260¢
m || manufactured by Hosokawa M cron Corporation 25 (tradenane: ACM

pul verizer) can suitably be enployed, since it is integrated with a dry
type classifier. Further, the pulverization is preferably carried out to 1
6 NOV 2004 - 15 such an extent that th&496% di anmeter in the cunul ative
undersi ze distribution of the neutralizer is at nost 50 dun, in order to

secure a hitgle react isdddm Bl tetho huwhes el Heg ogy Ui gy bepgée is 5

pul verized by a dry system pul verizer and added into the gas, it is not

necessary tmilsteariezdhe Pl Wedrz @ehiso 18N d Landoaat 6f pavdebst Wigr gRy an
anti-caki ng agent may not be added, but an addition of an anti-caking

agent is nerfl eff et idderdarlpraidd | i of cltg oh o8t ah t n Dhg SEHE UFD L0
carbonate or for inprovenent of the dispersibility during spraying. Now,
t he met hod cafmgddreerpy eiserd dtatentd o wpérHed thesehebetdafo Wriehl with
reference to Figure 1 referring to a nethod for treating an exhaust gas
formed by Hercordnesi ilmn milwwedfimdr by Sadiain efarlamete efigde. Figure 1 s
a flowhart showi ng the nethod for treating an exhaust gas fornmed by
conbust i on pulveeticid teion Arte figrdlehpaiad ur enexthapstt jabsef diardtby o6nbusti on
in a boiler 1 is sent through a first flue 6 to an air 20 preheater 2.
Here, the eitvaust.Yastd 0 Heawm exdHartdped mean particle diameter is
less than 0.05 mm, stabilized supply to the pulverizer
tends to be difficult, such being undesirable, and if it
10 exceeds 0.5 mm, the exorbitance pulverizer is required
for pulverization to the mean particle diameter of at
most 20 pm, such being undesirable. Further, sodium
carbonate before pulverization preferably has an angle of
repose of at most 55°, particularly preferably at most
15 50°. If the angle of repose exceeds 55°, stabilized
supply to the pulverizer tends to be difficult, such
being undesirable.
Further, with respect to the pulverizer, it is
preferred to employ a pulverizer integrated with a
20 classifier in order to efficiently pulverize sodium
carbonate. As such a classifier, a pneumatic classifier
may, for example, be mentioned. As a specific example of
such a pulverizer, a high speed impact air classifying
mill manufactured by Hosokawa Micron Corporation
25 {(tradename: ACM pulverizer) can suitably be emploved,

since it is integrated with a dry type classifier.

Further, the pulverization is preferably carried out to



with air for conbustion to be sent to the boiler 1, in order to inprove
the unit requirenent of the fuel, whereby the tenperature of the air for
conbustion is raised. Then, the exhaust gas is sent through a second MK 2004
flue 7 to an electrostatic precipitator 3, where a powder dust contai ned
in the exhaust gas is renoved by static electricity. Here, instead of the
el ectrostatic 16 NOV 2004 - 16 precipitator 3, a bag filter may be used,

or the electrostatic precipitator 3 maybbe omtted depending upon the
conponents contained in the exhaust gas. The exhaust gas passed through

t he el ectr esic ian poaodr ttHat ©hed, 90% dbabetoraideshef gnmgbatit/Brough a
third flue 8, where S02, etc. wll be renoved by e.g. a nmagnesium

hydr oxi de sindensi Zided, s thhidnexiwmse £ gelse i sSesenaligen ist aekmbsthsough a
fourth flue 9 and exhausted fromthe stack 5. 10 Even if the exhaust gas
cont ai ni ng yrhe SOIwdwpanedecurse 4 diigkkanphetiaitguch a | evel of 20 vol.
ppm as reduced to SO3 concentration, a phenonenon will appear such that
a purpl e snoke Byathss fmerhdédewbéneknSsodihem oarbonatee ilss consi dered to be
such that the S03 15 conponent contained in the exhaust gas will react with
wat er vaporpwloreai medl bn 4 hiryasystoeh gpul wesutéur andaaddedniiatoi nhehe fl ue
and in the desul furizer 4. Accordingly, formation of the purple snoke can
be prevent By Ienbvinet thecSdaxynponeneranthehpusvetieed aoddum st by

20 addi ng the sodi um carbonate powder into the exhaust gas. |n the above
process, actwrlPnRte dewdepr odeereby an anti-caking agent may not be

added, but an addition of an anti-caking agent is more
effective for prevention of agglomeration of sodium

10 carbonate or for improvement of the dispersibility during
spraying.

Now, the method of the present invention will be
described in detail with reference to Figure 1 referring
to a method for treating an exhaust gas formed by

15 combustion of a fuel by a boiler, as an example. Figure
1 is a flow chart showing the method for treating an
exhaust gas formed by combustion in a boiller.

A high temperature exhaust gas formed by combustion
in a boiler 1 is sent through a first flue 6 to an air

20 preheater 2. Here, the exhaust gas is heat exchanged
with air for combustion to be sent to the boiler 1, in
order to improve the unit requirement of the fuel,
whereby the temperature of the air for combustion is
raised. Then, the exhaust gas is sent through a second

25 flue 7 to an electrostatic precipitator 3, where a powder
dust contained in the exhaust gas is removed by static

electricity. Here, instead of the electrostatic



I nvention, the sodium carbonate powder is added into at |east one flue
between the first flue 6 to the fourth flue 9, and the flue to which the
powder is added, is 25 suitably sel ected dependi ng upon the particul §NOV 2004
purpose. In the present invention, it is intended to renove the S03
conponent, and it is preferred to add the sodium 16 NOV 2004 - 17

carbonate powder to an upstreamflue of the desulfurizer 4, particularly
preferably to the third flue B. The intigrior of the third flue 8 is
certainly maintained at a tenperature of at | east the dew point of SO3 or

2SOl 5 conbalant: {d 4%y 038, paeE Pl L NG gT RECLEDRY LT cpmoving  the SCB

conponent |s hi gher than the é present invention wll

be descri begh ddy rd 4L HEE Hﬁ%]éiﬁlﬂ‘éwrrffﬁ{&“ﬁ@ 681%@thgée8!§'9i‘}§‘r’gr it

shoul d be understood that e present 1nvention IS

restrict ed gors Ukl SRSHhdhen EX20Bh €21 neEXYPLES Eﬂh%ﬂgtf LLow fg. Exanpl es,

the nmean particle dianeter and the 90% di anet er e pa tlcle I anmet er at

90% of cumud;atdwex Lﬁ@@&%%@e@'@&fé@ﬁ'@ﬁé @ieée%gehﬁc%ige95&%“%&9 angl e

of repose, the dispersi ity and e specific surface area were neasured

by the fol |DWi g semet hedlsa dbeuleari part tkt6ugdhagetrl rand1,8eg90% di amet er
in the cunul ati ve undersize distribution of sodi um carbonate 20 were

measur ed bywltet@ssn, ,didftfd.acilan ss atdr@ival) by pe. PArd ifdends zemdi stri bution
measuri ng apparatus (tradenane: M crotrack FRA9220, manufactured by
Ni kki so hydroxide slurry. Then, the exhaust gas is sent to a

stack 5 through a fourth flue 9 and exhausted from the

stack 5.

10 Even if the exhaust gas containing the S0; component
is, for example, at such a level of 20 vol. ppm as
reduced to S0O; concentration, a phenomenon will appear
such that a purple smoke trails from the stack 5. The
main cause 1s considered to be such that the SO,

15 component contained in the exhaust gas will react with
water vapor contained in the gas to form a sulfuric acid
mist in the flue and in the desulfurizer 4. Accordingly,
formation of the purple smoke can be prevented by
removing the SO; component and the sulfuric acid mist by

20 adding the sodium carbonate powder into the exhaust gas.

In the above process, according to the present
invention, the sodium carbonate powder is added into at
least one flue between the first flue 6 to the fourth
flue 9, and the flue to which the powder is added, is

25 suitably selected depending upon the particular purpose.

In the present invention, it is intended to remove the

S0; component, and it is preferred to add the sodium



Co., Ltd.), whereby by cumulation fromthe fine side based on the vol ung,
the particle dianmeter corresponding 25 to 50% was taken as the nean
particle diameter, and the particle diameter corresponding to 90%Mad0V 2004
taken as the 90%dianeter. 16 NOV 2004 - 18 The angle of repose was
measured by using Powder Tester Mdel PT-D, manufactured by Hosokawa
M cron Corporation. The neasurenent of the angle of repose is carried 5
out, by subjecting the standard sieve_hgging a dianeter 80 mm and a sieve
[

opening of 710 umto vibration and letting the sanple pass through a

el vt | on GPEIRENR ST St (TbrH LS b 1t i ¥ Hf AEFGHEVEr28F a0 mm
T e SR P 0k £ B AR 2L g S e =) e of 2
Feproduct IS SEdtbon R T s dsThey S ore SRt
Lendeney Mgl Al R 0l oL AP0SRe AP LENR 0e NBYE B0 ool el 11V

See Ral ph ow Properties Chem cal

Enol nees | neclAatdn U (000 PRy o Jherdlaner bl Hiovifo
stretch ontihd sAkehp@ant NavHIgR i Sholeotd aninal g led wiih the

concave side down, as"a percentag e mass of the "powder sanple
scattering out syae, tHge WL&hedt aS8vELEBLAVHEill be described in

further detail with reference to Examples. However, it
should be understood that the present invention is by no
10 means restricted to such specific Examples.
EXAMPLES
In the following Examples, the mean particle
diameter and the 90% diameter (the particle diameter at
90% of cumulative undersize distribution) of sodium
15 carbonate, the angle of repose, the dispersibility and
the specific surface area were measured by the following
methods.
The mean particle diameter and the 90% diameter in
the cumulative undexrsize distribution of sodium carbonate
20 were measured by a laser diffraction scattering type
particle size distribution measuring apparatus
(tradename: Microtrack FRA9220, manufactured by Nikkiso
Cé., Ltd.), whereby by cumulation from the fine side
based on the volume, the particle diameter corresponding
25 to 50% was taken as the mean particle diameter, and the
particle diameter corresponding to 90% was taken as the

90% diameter.



to the total mass of the dropped powder sanple. This 25 value is also
related to the tendency of flooding. A powder which have a high nunerical
val ue of dispersibility tend to have high floodability. Further, 13 NOVNOK
2004 - 19 to confirmthe discharge state, with respect to this powder
sanple, the tinme (the discharge tine) required for the discharge of all of
10 g of the powder sanple, was neasured in the sane nmanner as the nethod
for measuring 5 the angle of repose. Thggspecific surface area was neasured
by a BET sinplified nethod (tradenane: Rapid Surface Area Apparatus
SA-1000) manuf r [ LfLC C ID LE 1 A test
was carried ou?f % %g?%é gﬁ ggégéétwggsmgggggég by Egnggsgégﬁegf a fuel by
a real boil a ' novi ng t he
S corrpon%lst@élrn%ﬁeg%\ﬁgT%' ;&{Ha%%g?cg?%n#%@ %%?%%i%‘g%bfg%féﬁ 15 Here, the
wakeup of tég&é6§g€4$@¢ion was one having an electrostatic precipitator 3
and a second flue 7 renoved fromFigure 1, and sodi um carbonate was

injected into the hBLEGrEhERtBorSPRE] ahg&ilel ¥ L:gp%es hgl ka%ggdproce%,

t he exhaust 20 gas was treated in the third flu between the air

preheat er Zognd %pESﬁﬁﬁﬁ%EﬂﬁﬁZ@ﬁe4staH&aﬂ@5§feﬁésha§iﬁ§FHEBEaM@EeEarried
out in such a manner that hydrophilic funed silica having a nean particle

di ameter  ofo Guf ladn 48S: addedpbRiAg SOFi wib canbepsal eppavndsh Badi ng

letting the sample pass through a funnel. And gently
dropping the sieved sample from a funnel having an
elevation of 160 mm onto a horizontal table having a

10 diameter of 80 mm. The angle of repose is the angle
between the horizontal and the slope of a heap
{generatrix) of a conelike pile of the powder. Powders
with relatively good flowability have a small angle of
repose and reproducibility is also good. Powders which

15 have a high adhesion tendency have a high angle of
repose, and tend to have poor flowability. See Ralph L.
Carr, Jr., “Evaluating Flow Properties of Solids”
Chemical Engineering January 18 (1965), pp. 163-168.)

The dispersibility is determined by dropping 10 g

20 powder sample from a height of 61 cm at a stretch onto a
watch glass having a diameter of 10 cm installed with the
concave side down, as a percentage of the mass of the
powder sample scattering ocutside the watch glass relative
to the total mass of the dropped powder sample. This

25 value is also related to the tendency of flooding. A
powder which have a high numerical value of

dispersibility tend to have high floodability. Further,




25 a nean particle diameter of 7 lam a specific surface area of 2.7 nk/g
and an angle of repose of 51 in an anount of 1.0 nass% based on the sodi um
carbonate powder, to obtain 1 6 NOV 1004 - 20 a mxture, which wast §NG¥d004
with agitating by air in an anmount as identified in Table 1. The results
are shown in Table 1. Sodi um carbonate used here, is one obtained by 5
finely pulverizing light ash manufactured by ASAHH GQ.ASS CO, LTD. (porous
sodi um car bonat e obtai ned by calcinatifng sodi um hydrogencarbonate forned
in the course of a process for producing sodi um car bonate by an anmoni a

s0da pr 0cess) o PTen o A ARENAON 1 IR O d Gy pur pl e sroke

caused by a sulfuric acid mst discharged Tfrom 5 and

quantitati ye.2al Yelnp1d, the IR GHP A Uhdryd rﬁﬂ&urféhﬁlf@i %o

carried ouf and eval uat'ed. For the purpose of “conparison,”a case erel n

no sodi um eHDRNAG AU s A gfdad d Sdigd Cﬂ?cﬁﬂiéf‘ éaﬁﬁ‘ple15 Wbl e.

Further, the anmount of sodi um car bonate In the Table 1s Trepresented by the

mol e rati ot QURARRN markY aldatd %é%@%%ﬁemm?m to

being sent to the desulfurizer 4 (prior to the formation of a sulfuric

aci d 20sm sthd Rurfefid asft Mifddsestean). Further, the tenperature of the gas
in the third flue 8 between the air preheater 2 and the desulfurizer 4,

was 158C. Procesige #pdd{hid espefatalr £rexhpasingasufad neg Hyseeonbustion in
the boiler was sent to the air preheater 2 25 through the first flue 6 and
heat - exchangasbMi fied heettidd (tradename: Rapid Surface Area
Apparatus SA-1000) manufactured by Scientific Technology
LTD.
10 EXAMPLE 1
A test was carried out by using an exhaust gas
formed by combustion of a fuel by a real boiler of a
power plant, to confirm the effect for removing the SO;
component in the gas by an addition of sodium carbonate.
15 Here, the wakeup of the installation was cne having
an electrostatic precipitator 3 and a second flue 7
removed from Figure 1, and sodium carbonate was injected
into the third flue 8.
Specifically, in the following process, the exhaust
20 gas was treated in the third flue B8 between the air
preheater 2 and the desulfurizer 4. The waste gas
treatment was carried out in such a manner that
hydrophilic fumed silica having a mean particle diameter
of 0.01 pm was added to a sodium carbonate powder having
25 a mean particle diameter of 7 um, a specific surface area
of 2.7 m?*/g and an angle of repose of 51° in an amount of

1.0 mass% based on the sodium carbonate powder, to obtain



for conbustion. Then, the exhaust gas was sent to the desulfurizer 4
through the third flue 8, where SO2, etc. 1 6 NOV 2004 -- 21 were renoved
by a magnesi um hydroxide slurry. Then, it was sent to the stack 5 {RmNValL
the fourth flue 9 and discharged fromthe stack 5. The specifications of
the boiler in operation and 5 the exhaust gas conposition were as foll ows.
Speci fications of the boiler Type: Benson Boiler (forced once-through type
boil er), amount of steam generation: &3% hr, tenperature of the steam

520C, pressure of the steam 13.7 Mra. Exhaust gas conposition 02: 4.5
vol % S02: 1400 vol. ppm .concentration. of _th 03 conponent _reduced to
S8 concert ruY IS 1 AT Wit ddid M € it Fe CoR By R et s 8l unval veof
t hePl unel engt hPl .une_ car bonate . SO3 ntcongent r.at i Ni | 17ppmAbout 300
(St andar &) RPE 1 TIRO SR iRboRIE0. Trballe ZHmTt et LREHE St andar ¢
1.5 tintes Qg ggierfIiOprnLess than 10 nHardly visible 3.2 tinmes by nol
ratiolppnﬁb& obsServedNot observed

Sodium carbonate used here, is one obtained by

5 finely pulverizing light ash manufactured by ASAHI GLASS
CO., LTD. (porous sodium carbonate obtained by
calcinating sodium hydrogencarbonate formed in the course
of a process for producing sodium carbonate by an ammonia
soda process). Further, visual observation of a plume of

10 a purple smoke caused by a sulfuric acid mist discharged
from the stack 5 and quantitative analysis of the S0,
component in the fourth flue 9, were carried out and
evaluated. For the purpose of comparison, a case wherein
nce sodium carbonate powder was added, is disclosed in the

15 Table.

Further, the amount of sodium carbconate in the Table
is represented by the mole ratio to the S0; component
contained in the exhaust gas prior to being sent to the
desulfurizer 4 (prior to the formation of a sulfuric acid

20 mist in contact with steam). Further, the temperature of
the gas in the third flue 8 between the air preheater 2
and the desulfurizer 4, was 158°C.

Process: A high temperature exhaust gas formed by
combustion in the beoiler was sent to the air preheater 2

25 through the first flue 6 and heat-exchanged with the air
for combustion. Then, the exhaust gas was sent to the

desulfurizer 4 through the third flue 8, where S80,, etc.



15 Further, the behavior if SO2 was recorded by a continuous automatic
anal yzer after the injected point of sodiumcarbonate in the third flue 8,
whereby the concentration was always at a |evel of 1400 vol. ppm dridN@b 2004
no change was observed. This indicates that the present invention is
effective as a nethod for selectively 1 6 NOV 2004 - 22 renoving the SO3
conponent froma gas wherein the SO3 gas is contained in a small anount
in the highly concentrated S02 gas. EXAWPLE 2 5 The sane test as in
Exanple 1 was carried out on the sane day in the sanme nmanner as in Exanple
1 except tRaire SQGdFRE AP A ALY N BydBsRi farsicteydi apmier of 6 pm a
specific surface area of 1.1 /g and an angle of repose of 50, obtained
by finely pdyesdmi g defsestasdk 19 rRriqet thedr by r A &L 4SgnE0 . LTD,
was used. The results are shown in Table 2. The behavior of SO2 was
recorded bydigsddidetiofSomutidaddLolam| yzer after the injected point of
sodi um carbonate in the second flue 7, whereby the concentration was

al ways at a | evehe 0fpdd400idat ¥6hs FPMhanBondeehangspweatebseryed. Al t hough

the effect was slightly lower than the results in Exanple 1, it was
confirmed tdled eéxttea GOS8 gaPOsEPYs Cadoselecsi a€l Folbewsenoved in a high
concentration of 502i and this nmethod is industrially useful. 20 Table 2

Anount of Arepedifiatations of the boiler

Type: Benson Boiler (forced once-through type
boiler), amount of steam generation: 83 t/hr, temperature
of the steam: 520°C, pressure of the steam: 13.7 MPa.

10 Exhaust gas composition

02: 4.5 vol%, 80;: 1400 vol. ppm, concentration of

the S0; component reduced to 803 concentration: 17 vol.

ppm.

Table 1

Amount of Analytical Pl

sodium value of the | Plume length ume trati

carbonate SO; camponent concentration
Nil 17 ppm 2About 300 m | (Standard)

0.8 time by mol About a half of

ratio 4 ppm About 200 m the standard
1.6 times by mol —

ratio 2 ppm Less than 10 m|Hardly visible
3.2 times by mol

ratio 1 ppm Not observed | Not observed

15
Further, the behavior if S0; was recorded by a
continuous automatic analyzer after the injected point of
sodium carbonate in the third flue 8, whereby the
concentration was always at a level of 1400 vol. ppm, and
20 no change was observed. This indicates that the present

invention is effective as a method for selectively



sodi unval ueof thePl unel engt hPl unme car bonat eS03 cconponent concentration

Ni | 17ppmAbout 300 nm( St andard) 0.8 tinme by nol 8ppmAbout 250- About 70% of
rati othe standard 1.6 tinmes by nol ratio3ppniess than 20 nHardly vl §iNON 04
v 3.2 tines by nol ratio2ppnNot observedNot observed 1 6 NOV 2004 - 23 -
EXAMPLE 3 ( COMPARATI VE EXMPALE) A test was carried out in the sanme manner
as in Exanple 1 except that sodium carbonate (light ash) having a nean
particle diameter of 25 Tim an angle of22epose of 5 49 and a specific
surface area of 1.9 n2/g, was used instead of the sodium carbonate having a
mean partlcremOULagetbe 60; Tcpmpamentnfaoyl @ ghsreheseinf the. sPhegagesul ts
are shown in Table 3. Even if three tines by nol ratio or higher was used
as conpar edifi ehnErangtlednlaasnald 2moumd pinurdhec duilohh Inotcdre emttratgsd shed.
Tabl e 3 Anmount of Anal yti cal sodi umval ueof thePl unel engt hPl une car bonat eSC3
cconponent c8Azed@F ati on Ni | 17ppmAbout 300 n( St andard) 0.8 tine by nol

15ppmAbout 300 nSubstantlaIIy rati ono change 1.6 tines by nol About a half
of EXAMPLE 2

5 The same test as in Example 1 was carried out on the
same day in the same manner as in Example 1 except that
sodium carbonate having a mean particle diameter of 6 nm,
a specific surface area of 1.1 m?’/g and an angle of
repose of 50°, obtained by finely pulverizing dense ash

10 manufactured by ASAHI GLASS CO., LTD, was used. The
results are shown in Table 2. The behavior of S0, was
recorded by a continuous automatic analyzer after the
injected point of sodium carbonate in the second flue 7,
whereby the concentration was always at a level of 1400

15 wvol. ppm, and no change was observed. Although the
effect was slightly lower than the results in Example 1,
it was confirmed that the S0; component can selectively
be removed in a high concentration of S0, and this
method is industrially useful.

20 Table 2

aAmount of Analytical Pl

sodium value of the | Plume length ume .

carbonate SO; camponent concentration
Nil 17 ppm About 300 m | (Standard)

0.8 time by mol About 70% of
ratio 8 ppm About 250 m the standard

1.6 times by mol ..
ratio 3 ppm Less than 20 m | Hardly visible

3.2 times by mol
ratio 2 ppm Not observeqd | Not observed




About 30% of

rati ol0ppmAbout 200 nt he standard 3.2 tines by nol
rati o8ppmAbout 200 nt he standard EXAMPLE 4 ( COVPARATI VE EXMPALE) To conpare
the difference in effects due to the 15 difference in the injectiont oy

sodi um car bonate, an aqueous sol ution containing 10 mass% of sodi um
carbonate was prepared, and instead of the sodium carbonate powder, such
an aqueous solution was sprayed in the fourth flue 9 (added in a state
different fromthe powler state), and 22ihe state at that tinme was
visual ly observed. The results are shown in Table 4. Even if five tinmes by

mol 16 NOEZOO¥E 24 (combaRa®iviRi ghebavyas used as conpared with Exanples 1
and 2, the plune could not be extinguished. Table 4 Anount of Anal yti cal

sodi unval ueof tRhePbyaeleBItARkYER 6akDARAL SRR LRITRRNSRCRRCER] rati on
Ni | 17ppmAbout 300 m( St andard) 3 tines by nol 12ppmAbout 300 mAbout 70% of

rati ot he stewaapie51téxespbytARt ABEELM70%rObnkdtl ql&%ﬁ%@%%t)?’%v%ﬁﬁ

standard 5 EXAMPLE 5 The follow ng test was carried out to confirmthe

effect for anmeanipgrtbelél aiahetetyo@ndsdiugmpessi Binilky ofofrepfd@esed um
carbonate powder by the addition of an anti-caking agent or coarse
particl es ah®’ raichtaispergifiie surface area of 1.9 m?/g, was used
instead of the sodium carbonate having a mean particle
diameter of 7 ym and an angle of repose of 50°. The
results are shown in Table 3. Even if three times by mol

ratio or higher was used as compared with Examples 1 and

10 2, the plume could not be extinguished.

Table 3

Amount of Analytical Pl

sodium value of the | Plume length ume .

carbonate S0O; camponent concentration
Nil 17 ppm About 300 m | (Standard)

0.8 time by mol Substantially
ratio 15 ppm About 300 m no change

1.6 times by mol About a half of
ratio 10 ppm About 200 m |the standard

3.2 times by mol About 30% of
ratio 8 ppm About 200 m |the standard

EXAMPLE 4 (COMPARATIVE EXMPALE)

To compare the difference in effects due to the
15 difference in the injection mode of sodium carbonate, an
aqueous solution containing 10 mass% of sodium carbonate
was prepared, and instead of the sodium carbonate powder,
such an aqueous solution was sprayed in the fourth flue 9
{added in a state different from the powder state), and
20 the state at that time was visually observed.

The

results are shown in Table 4. Even if five times by mol



10 dried state during the storage. Wth respect to one having not hi ng added
to a sodium carbonate powder pulverized to a mean particle diameter of 7
pm (sanple 1), one having 1 mass% of hydrophilic fumed silica added @RovnQ4
anti-caking agent to sodium 15 carbonate (sanple 2), one having 20 nass% of
coarse particles of sodium carbonate having a nean particle dianeter of
105 um added (sanple 3), one having 20 nass% of coarse particles of sodium
hydrogencarbonate having a nean particlg, dianmeter of 90 pm added (sanple

4) and one 20 having 1 nmass% of zeolite added as a drying agent and stored

ch I ted
Sgﬁﬂﬁﬁéﬁwﬁﬁ%ﬁ%ﬁﬁﬁ%s%%%&tﬁwﬁéﬁ%%;eﬁ“e
val ues, theQan %e88§fd O?n énQQ{lggu&I%g%blllty and the dispersion
i

degree as an in ex 0 | sper Si wer e Jneasured and eval uated. If the

angl e of reeggfeegceeds 55, the 5 fld dity tends to deteriorate, and the
t

|
hat—di schatge fromthe silo tends to

handl i ng ..e:enC“ deereases—sHeh
be difficu g dlspepgﬁaﬁtr e | es t han| 20%met he di spersj ng
state when %ﬁ?%g%d in the gg%ue sPre 1%3 ed@Fgr'@bﬁbentIaeiteﬁults are
shown in 5 —Fabi &b ﬁﬂ@?t?ﬁe_enp!e 1Sanpl-el2Sanple 3Sanple |
4Sanpl e 5 Angl e f;1555153%35319 oy About 300 m | (Standard)
3 times mol
Fatio 12 ppm | Abouc 300 m |o¥C T8 o8
5 times by mol About 70% of
ratio 12 ppm About 300 m |the standard

5 EXAMPLE 5

The following test was carried out to confirm the
effect for improving the flowability and dispersibility
of the sodium carbonate powder by the addition of an
anti-caking agent or coarse particles and maintaining the

10 dried state during the storage.

With respect to one having nothing added to a sodium
carbonate powder pulverized to a mean particle diameter
of 7 um (sample 1), one having 1 mass% of hydrophilic
fumed silica added as an anti-caking agent to sodium

15 carbonate (sample 2), one having 20 mass% of coarse
particles of sodium carbonate having a mean particle
diemeter of 105 um added (sample 3), one having 20 mass$%
of coarse particles of sodium hydrogencarbonate having a
mean particle diameter of 90 um added (sample 4) and one

20 having 1 mass% of zeolite added as a drying agent and
stored for ten days (sample 5), the powder characteristic

values were evaluated respectively.



repose () Dispersion d 1248151720 (% egree ) Discharge 1506010010080
time (sec) In order to confirmthe effect for inproving the flowability
and the dispersibility due to the nethod of 15 maintaining the drietpht80i
during the storage (due to the difference of the packaging material), a
case wherein sodium carbonate having 1 mass% of hydrophilic funed silica
added as an anti-caking agent, was stored in a compn polyethylene
packagi ng bag havi ng no-danpproofing 20 44 eatment applied (packagi ng bag
1), was conpared with a case wherein it was packaged in ? packagi ng bﬁg
having a da of 4 a applied. by .l am pati.ng a I num t he
g MPPAQ h@gﬁ§F5% bgﬁ rRR c& 5§%%§QWR&¢%%3F§§? e

out si de of said pol'yet ene~packaging ba . = 26
020, 2) % i SRS OnE B0 6N Ui TR 0 B
degree as an index of dispersibility, were measured and
evaluated. If the angle of repose exceeds 65°, the
5 fluidity tends to deteriorate, and the handling
efficiency decreases such that discharge from the silo
tends to be difficult. If the dispersion degree is less
than 10%, the dispersing state when sprayed in the gas

stream tends to deteriorate. The results are shown in

10 Table 5.

Table 5

Additive Sample 1| Sample 2| Sample 3 | Sample 4 | Sample 5
iggi:eofo) 55 51 53 53 53
gi;gzgsif;‘? 12 a8 15 17 20
E?Iiih?iii) 150 60 100 100 80

In order to confirm the effect for improving the
flowability and the dispersibility due to the method of
15 maintaining the dried state during the storage (due to
the difference of the packaging material), a case wherein
sodium carbonate having 1 mass% of hydrophilic fumed
silica added as an anti-caking agent, was stored in a
common polyethylene packaging bag having no-dampproofing
20 treatment applied (packaging bag 1), was compared with a
case wherein it was packaged in a packaging bag having a
dampproofing treatment applied by laminating aluminum on

the outside of said polyethylene packaging bag (packaging



As shown in Table 6, 10 kg of each powder was 5 packaged and stored in an
at nosphere at a tenperature of 30C under a relative humdity of 80% for 30
days. Then, the powder characteristic values were neasured. The r&§u¥0¥s2004
are shown in Table 6. It is evident that for the inprovenent of the
flowability and dispersibility, it is 10 effective to maintain the dried
state by using a danpproofing bag. Here, the danpproofing bag is a
packagi ng material having a noisture-perd®ability of at nost 5 g/ nR/day at
40C, as stipulated in JIS-20208. Table 6 Anti-caking agentNi |1l nmassy of
hydr ophi | i cbagl RtaoPatkagi pgciaténgabBac kagiingPac Kagiprgladkiags ngPackagi ng
bag 1bag l1lbag 2bag 3 Moisture perneability 1010Less than4 2 (g/M 0.5 /da)
Angl e of repoesatip6i58pRi5eBi byersnanndegiayliWeha? 464D rlis<EXAVMPLE 6

( COVPARATI VE EXMPALE) A test was carried out in the same manner as in
Exanpl e 1 udpagksgdngnbear Bdnate having a specific surface area of 2.7
nm2/ g, having the dispersion degree of 20 Table 6 |owered to 32% (1 nass% of
hydrophi lic fumdé ssiomwincanadedéde FacKdyike dfagarhhvaswidsed wksch is not a
5 packaged and stored in an atmosphere at a temperature of
30°C under a relative humidity of 80% for 30 days. Then,
the powder characteristic values were measured. The
results are shown in Table 6. It is evident that for the
improvement of the flowability and dispersibility, it is
10 effective to maintain the dried state by using a
dampproofing bag. Here, the dampproofing bag is a

packaging material having a moisture-permeability of at

most 5 g/m®/day at 40°C, as stipulated in JIS-Z0208.

Table 6
Anti-caking agent Nil ii??ii% of hydrophilic

. . Packaging | Packaging | Packaging | Packaging
Packaging material bag 1 bag 1 bag 2 bag 3
Moisture permeability 10 10 Less than 4
(g/m’/day) 0.5
Angle of repose (°) 67 58 52 55
Dispersion degree (%) 4 32 46 42

15
EXAMPLE 6 (COMPARATIVE EXMPALE)
A test was carried out in the same manner as in
Example 1 using sodium carbonate having a specific
surface area of 2.7 m?/g, having the dispersion degree of
20 Table 6 lowered to 32% (1 mass% of hydrophilic fumed
silica added; packaging bag 1 was used which is not a

dampproofing bag). The results are shown in Table 7. It



danpproofing bag). The results are shown in Table 7. It 16 Nov 2004 - 27

Is evident that with sodi um carbonate having noi sture adsorbed and the

di spersion degree decreased, the effect for preventing a purple snpkeiQy 2004
decreases even if the average particle dianeter is 6 dun. It is considered
that 5 this is attributable to the fact that the fine powder of sodium
carbonate was injected into the gas to be remained in the aggl onerated
form whereby it was not uniformy dls?grsed and sprayed in the gas. Table

7 Amount of Anal yti cal Pl ume sodi umval ueof” 't hePl umel engt h car bonat eSC3
cconpnent concent, on Ni|1 t300 Standard) 0.8 tine

e Aot G o bt AR ORt TR SA SRR 158V pdEPbStREE About a
hal f of rati out 200 nthe standard.3.2 ti out _30% of
a1 06ppARIathy e ok %Pﬁ@%ﬁ%r%ewﬁ%{%é%%ﬁsrﬁ £E86ut in

th T t Ex di

e baant o " eyt A g muﬁé}%e%m@é% ?%E?Qa‘asa?@ﬁg aﬁd? & with
t b th h 1.0 96 d |
Pavi ng S oaiTagd e IHE AP 018 6 TR, Y Ut e B b ot
powder

5 this is attributable to the fact that the fine powder of
sodium carbonate was injected into the gas to be remained
in the agglomerated form, whereby it was not uniformly

dispersed and sprayed in the gas.

Table 7
Amount of Analytical Plume
sodium value of the | Plume length | .~ .= . ..
carbonate SO; component
Nil 17 ppm 2about 300 m [ (Standard)

0.8 time by mol About 80% of

ratio 12 ppm About 300 m the standard
1.6 times by mol About a half of
ratio 8 ppm About 200 m |the standard
3.2 times by mol About 30% of
ratio 6 ppm About 100 m | the standard
10
EXAMPLE 7

The test was carried out in the same manner as in
Example 1 except that in Example 1, porous sodium
carbonate was added as it was pulverized, instead of
15 adding, with stirring by air, the mixture having 1.0
mass% of hydrophilic fumed silica having a mean particle
diameter of 0.01 yum added to the sodium carbonate powder
having a mean particle diameter of 7 um.
At the time of addition of sodium carbonate, sodium
20 carbonate having a mean particle diameter of 108 um, an

angle of repose of 45° and a specific surface area of 1.1



having a nean particle dianeter of 7 pm At the tinme of addition of sodium
carbonate, sodium 20 carbonate having a nean particle dianmeter of 108 pm
an angle of repose of 45 and a specific surface area of 1.1 1 6 NOV§NDV42004
-28- n2/g (light ash manufactured by ASAH GLASS CO, LTD) was pulverized
to a mean particle dianmeter of 8.9 }gymand a particle dianeter at 90% of
cunul ative undersize distribution is 28 dam by a high speed inpact air 5
classifying mll integrated with a classifier (tradename: ACM Pul veri zer
60A, manuf actured by Hosokawa M cron Corporation) and was directly

finely pul Verd 26+ 88n Seb cpbBRar Buhag b, hEhkE kst e exhiabit ves gas in
such a stat u&@ggl%eﬁgtgfﬁs%%aﬂnké% ?%ﬂ%t%ﬁ§§§ %Js %F%P |nagwgraft whi ch

generated b Verizer o at'e, Flowrate

of the gas pagege%daaaﬂlgtme aleNloBG! ¢ ncml%&ﬁ% fgdpsagt for these

condi ti ons, e operation was carri R > Same anner ﬁs in |
Exanpl e 1. ohgengat,ion snoke cause
by a sul furlégggg}{gﬁurgnbgt l}%l s2\§h 9’1]:rom g{%i 1§'@> and%[ ei'e guantitative
anal ysi s; of cnagss‘é@@maomqrie%tbg;xfa*&%df wt'hh [ lci8 ki eR0E (GalddBhout and

eval uated. 20 Tabl e 8 Anbunt of A alytlcalplune SO
I ength car bgast @&@eew%qn%@taqO%%tf%%tth%ﬂﬂylﬁo%ﬂ%%um%m St andar d)

Corporation) and was directly injected into the gas as it
was, without storing it. At that time, the finely
pulverized sodium carbonate was injected into the exhaust

10 gas in such a state that 1 kg of sodium carbonate was
dispersed in a draft which generated by pulverizer of 50
Nm® in a standard state, and the flow rate of the gas
stream during the injection was 40 m/sec. Except for
these conditions, the operation was carried out in the

15 same manner as in Example 1. 2And, visual observation of
the plume of a purple smoke caused by a sulfuric acid
mist discharged from the stack 5, and the guantitative
analysis of the SO; component in the fourth flue 9, were
carried out and evaluated.

20 Table 8

Amount of Analytical Plume
sodium value of the | Plume length oncentratio
carbonate 80, component < 1on
Nil 17 ppm About 300 m | (Standard)
0.8 time by mol About a half of
ratio 5 ppm About 200 m the standard
1.6 times by mol
ratio 2 ppm Less than 10m | Hardly observed

3.2 times by mol
ratio 1 ppm Not observed Not observed




0.8 tine by nol 5 ppmAbout 200 mAbout a half of ratiothe standard 1.6 times
by not ratio2 ppniess than 10nHardly observed 3.2 tines by nol ratiol
ppmNot observedNot observed 1 6 NOV 2004 - 29 According to the pre$gmiiV 7004
i nventi-on, the SO3 conponent in the gas and the sulfuric acid m st
derived therefrom can be renoved inexpensively, efficiently, sinply and
safely. Accordingly, the purple snoke, etc. of the 5 exhaust gas di scharged
froma boiler, etc., can be suppressed.%iurther, it is significant from

the viewpoint of industrial production at renoval of the SO3 conponent
is carried out inexgggsively, efficiently, sinply and safely also with

respect to a gadCEORPAPHi h§ IHesheRsens davssrtemt adhm Shpgemppnesther
t han t he exhaug}t1 8as. Tge entire _di sclosure of Japanese Patent Application
No. 2000- 14583%°F; #88 8RAMEPe17ulSBB8C AELGIMIgE SsadivEce sesetrami s,
drawi ngs and skgaré ar ed15 i ncor por aied herein by reference in its
entirety. 13" SBBRVEC3NCEPRRREVELY - ASKELRIGTIIY /1 BdEEILYg adyas
containing a tSOf. co one@t ic{:%conprifes addi ng a sodi_.um car bonat e
powder havi f3"8 %earf{%%‘?]f Prel¥i ae drubple sweke . 26t6m of othfie gas to
renove Hpe g% au%%”BQQGHEsEBQQQEHef%%%’a boiler, etc., can be

suppressed. Further, it is significant from the

viewpoint of industrial production that removal of the

S03 component is carried out inexpensively, efficiently,

simply and safely also with respect to a gas containing

10 such SO; component as an impurity, other than the exhaust

gas.

The entire disclosure of Japanese Patent Application
No. 2000-145537 filed on May 17, 2000 including
specification, claims, drawings and summary are

15 incorporated herein by reference in its entirety.
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wherein together with the sodi um carbonate powder, an anti-caking agent is
added in an anmount of fromO0.1 to 5 mass% based on the sodi um carbonate
powder. 2. The nethod for treating a gas according to claim1, whet&iNVi20&
sodi um car bonate powder is added in an amount of fromO.S to a noll per

nol of the SO03 conponent in the gas. 3. The nethod for treating a gas
according to Claim1l or 2, wherein théPnti-caking agent has a nean
particle dianeter of fromO0.005 to 5 M 4. The nethod for treating a gas
accordi ng FB‘A§W§=one of Clains 1 to 3, wherein the anti-caking agent is
fumed silicg B and/ ldte.. 5 _Anethod for treating a gas containing a
$03 corrpongnt,ag\/r#{: g{%r%%ﬁestezgeaa%%ga FHEGreaLpgnat 803 powder having a

mean parti clegpamier o 20 pm_10 the gas to renove the S03
conponent fronlﬁ he gt%s @mfQ£§Péﬁﬂ%ﬁeisﬁdﬂ-§§eﬁh§bonath t he sodi um
carbonate p Baw n parti.cl.e djanmeter of at nost 20 pm coarse
particles OP sodium car oﬂaaﬁeagéln LiSod Ghameiarogénatrbosat20 wavi ng a

mean partickg $hze & 0 are added in an _anount of from 10
to 50 mass% based g%r? g%%‘%ﬁr&%%ﬁ\ feTRowsR orixere dthangas,gas

cont ai ni ng ._conmponent of 500 vol. ppmor larger and a SO 3 conponent
of about Zoﬁgglﬂpﬁ?ngem?’éhwéﬁhpthseSOSMC&dﬁ&déﬂé%%\dd& thg SO 3
conponent by addi ng sodi um carbonat e powders having a nean particle

di aneter of92®ireaking sgauhket} &6aeaCLRT bR O PUL ¥ 0,1 21 NG sOdi um

mass% based on the sodium carbonate powdey

4. The method for treating a gas according to Claim 1,
wherein the sodium carbonate powder is added in an amount

of from 0.5 to 8 mols per mol of the 50, component in the

gas.

3. 1
The method for treating a gas according to Claim 1 or 2
f

wherein the anti-caking agent has a mean particle

diameter of from 0.005 to 5 um.

4. The method for treating a gas according to any one of

Claim i i
§ 1 to 3, wherein the anti-caking agent is fumed silica

and/or =zeolite,

5. A method for treating a gas containing a so,

component, which comprises adding a sodium carbonate
powder having a mean pParticle diameter of at most 20 nm

to the gas to remove the S03; component from the gas



]

carbonate having a nean particle diapieter of 0.05 to 0.5 n into sodium
carbonate powders.having a nean_particle dianeter of 20 u mor

smal | er-by means of a dry type pulverizer equipped with a pneunati t6 NOV 2004
classifier, and directly adding the sodium carbonate powders di spersed in

an air streamto said gas. 7. A nethad sfjor_ treating the gas according to
any one of Clains 1 to 5 wherein the gas contains a SO2 conponent of 500
vol. ppmor larger and the S8 conponent is about 20 vol. ppm 8. The
method for treMereim gasetdosond ity fi @aai%ecaébo%@égo& (0 7, wherein
t he gas Cor;taa;ir ning a SO03 conponent is one formed by CoO usc%?ron of a fuel
cont ai ni ng Ing a anshii ACgRS] € QT RidH | n,ampunt of at | east
500 vol. ppm and the concentration O%‘:'ﬁg%%% }cr:lgsﬁ%o%@ i FO4TRE gas i s
reduced t oP@rEEl enfoftsoditn ZatHonMsa%/ kUG, L0 SO3.

hydrogencarbeonate having a mean particle size of more
than 20 pm, are added in an amount of from 10 to 50 mass%

based on said powder.

6. A method for treating a gas containing a SO; component of

500 vol. ppm or larger and a S0, component of about 20 vol. ppm,
which comprises selectively removing the S50, compeonent by

adding sodium carbonate powders having a mean

particle diameter of 20 & m or smaller, characterized by pulverizing sodium
carbonate having a mean particle diameter of 0.05 to 0.5 mm into sodjum carbonate
powders havine a mean particle diameter of 20 1 m or smaller by means of a dry- tvpe
pulverizer equipped with a pneumatic classifier. and directly adding the sodium

,carbonate_powders dispersed_in an air stream to said gas.

7. A method for treating the gas according to any one of
Claims 1 to 5, wherein the gas contains a SO; component of 500

vol. ppm or larger and the 350, component is about 20 vol. ppm.

8. 7 ]
The method for treating a gas according to any one of

Claims 1 to 7, wherein the gas containing a so, component
is one formed by combustion of a fuel containing sulfur
and is a gas containing SO, in an amount of at least 500
vel. ppm, and the concentration of the S0, component in

the gas is reduced to a level of at most 2 vol. ppm'as

reduced to 50;.



