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ETHOD FOR TREATI NG A GAS The present invention rel at28 AUGa2000 wos
thod for treating a gas, to effectively and safely neutralize a
SJ err] conponent contained in e.g. a gas generated by 5 conbustion of
fuel containing a sulfur content by e.g. a boi |l er. < \When
fuel containing a sulfur content is used, SO[err] is al nost al ways
contai ned in an exhaust gas, thus causing our RefQfraB+RR60O{F2008ppAOAL US
and air pollution. SOerr] will 10 react with water vapor contained in
t he exhaust gas to forma sulfuric acid mst, which will formwhite
snoke or vi ol et snoke when discharged in the air. Accordingly, in
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METHOD FOR TREATING A GAS

The present invention relates to a method for
treating a gas, to effectively and safely neutralize a
Sb3 component contained in e.g. a gas generated by

5 combustion of fuel containing a sulfur content by e.g. a
boiler.

When fuel containing a sulfur content is used, S03 is
almost always contained in an exhaust gas, thus causing
corrosion of an apparatus and air pollution. SO3 will

10 react with water vapor contained in the exhaust gas to
form a sulfuric acid mist, which will form white smoke or
violet smoke when discharged in the air. Accordingly, in
order to remove SO3, it has conventionally been employed
to preliminarily add to the fuel a slurry having e.g. an

15 oxide or hydroxide of calcium or magnesium dispersed in
an organic solvent, for prevention of SO3 formation, or
to neutralize S03 after combustion. However, with such
methods, the additives are likely to deposit on a heat
exchanger in the boiler, and when a large amount of the

20 additives deposit thereon, the operation of the boiler
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order to renove SO err] it has conventionally been enpl oyed to
Rrelimnarily add to the fuel a slurry having e.g. an 15 oxide or

hydr oxi de of cal ci um or nmagnesi um di spersed in an organi c solvent, for
prevention of SO err] formation, or to neutralize S err] after
conbusti on. However, w th such met hods, the additives are likely to
deposit on a heat exchanger in the~bdi Fer, and when a | ar ge anmount of
the 20 additives deposit thereon, the operatlon of the boiler

-2 will ‘b@lhllnqeﬁwdem@ aendraragrdinglysikaie hardséoause a | arge
anount of the addi tives. Further, to actively neutralize SJerr]
ina flue, itl#ege amou%éeﬁfeﬁﬁﬁo9ééltévﬁﬁject a pomder of e.g. calcium 5
hydr oxi de, nagne5|un1OX|de or magnesi um hydr oxi de or sl urry having
sai d powder di speFYE8hPH. méPeFCtﬂUGQNenPPé€a lize §pBeﬂntﬁef3%ﬁau§¢ $&€ has
passed through an air reheater. However, in the caie where the powder
itself | Reen | SRPLAVEY gﬂlénﬁﬁ?ﬁoﬁ p8¥d?ﬁe050ﬁd8r F&CrEct ed by

_5 hydroxide, magnesium oxide or magnesium hydroxide or a
slurry having said powder dispersed in water, to the flue
after the exhaust gas has passed thrbugh an air
preheater. However, in the case where the powder itself
is injected by this method, as the powder is injected by

10 means of e.g. a screw feeder, quantitativeness will be
poor, and no stable effect is likely to be obtainable.
Further, in the case of injecting the slurry, the powder
contained in the slurry is likely to deposit on and clog
the transportation line for injecting the slurry, whereby

15 the method can hardly be carried out stably.

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

20 will remain in the flue, and may cause probléms in post-
treatment of magnesium oxide, since magnesium oxide has a
low solubilify in water. Further, it is difficultlto

guantify the injection amount of the powder.

Further, a method of gasifying ammonia and injecting
25 it to the flue, may be mentioned. However, there are
regulations in handling of e.g. a high-pressure gas and

problems in view of working temperature, and there is a
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10 neans of e.g. a screw feeder, quantitativeness will be poor, and
no stable effect is likely to be obtainable. Further, in the case of
injecting the slurry, the powder contained in the slurry is likely to
deposit on and cl og the transportation line for injecting the slurry,
whereby 15 the nethod can hardly be cargled out stably. Furt her,
in the case of using e.g. nmagnesi um oxi de; since magnesi um oxi de has a

LAY ﬁéééfbfgw%o that acibSaRREAIAA! KulPaRdinay SXCERNLA amRUNt of

a magnesi um SU a case, unreacted nmagnesi um oxi de

20wl remghg,ip &QﬁsélH@ldaagstn§¥l§aU$ﬁquﬂ@%en§t'fspﬂéééss?ry to

treat nent of magnesi um oxi de, Since nagne3|unloX|de has a

sol ubi ity 'nqﬂ@ﬁ§§ tﬁ@régéraftér'éoﬂbﬁEtEBhthQween tﬁBaEEhEYah@ean

i nj ection anount t he powd ther, a nethod of gasifying

amoni a and 'Qkﬁ&ﬁéﬂg%ag5deéﬁlf9ri9€rf|Hﬁd HBEuQQuEEEtb@&@dmlsHoﬁﬁyebe
there are regulations in handling of e.g. a high-pressure gas and

pgoblens SN VESWNQA PPEKI 8O, I EHRSHAEYF SvaBBf tHCERe! AtRosphere, and
when the exhaust gas is discharged to the air from the
exhaust gas desulfurizer through a smokestack, a streamer

(trail) of white smoke or violet smoke may rise.

For the operation of a boiler, in order to prevent
10 lowering of the operating efficiency and to carry out
operation safely, it is necessary to prevent formation 6f
sulfuric acid mist due to cooling of the exhaust gas, by
neutralizing and removing sulfur oxides, particularly
S03, and to prevent clogging of the flues or the
15 corrosion due to an acid at the side wall of the flues or
in the steps until the exhaust gas is discharged.
Further, when S03 is quenched and reacts with water
vapor, sulfuric acid mist may form, and cause a streamer
of white smoke or violet smoke when discharged from a
20 smokestack. Further, dust deposited on e.g. the flue
will be discharged as acid smut containing a large amount
of sulfuric acid by load change, whereby acid dust fall
will be caused and the environment will be deteriorated,
and it is important to suppresé them in view of
25 environmental countermeasure.
Accordingly, a method has been desired to remove SO3

and sulfuric acid mist by more effective and safe



possibility that acid ammoni um sul fate may be forned and new y cause
gcid dust fall. Further, it is necessary to quench the gas after
conmbusti on between the flue and an exhaust gas desul furizer, and a
sulfuric acid m st my be 5 formed from SO err] and water vapor in the

at nosphere, and when the exhaust gas,is discharged to the air fromthe
exhaust gas desul furizer through a snokestack, a streaner (trail) of
white snoke or Vvio t he .operatjon of

| 3 a_smok

boi | or - or BEFCPBIFAVARE CRBACREREr i 5Bt & ABoSEPAELAg TS MG e At Tand

Sulfuri & aci i 8 S orpeRalRmgYorstRe” ERRTLEPRTR Y B Th 1 g
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logai g of tRePFEhEethrErye 2 BT EER, pstugith § ChmBlSribPitBlar ),

of the flues SéﬁifrOTi@Oégglskﬁgg'gﬁﬁi%eégg géggﬁg&gggfsba disschar ged.

Furt her, when err| 1s quenc cts wt vapor

sul furic agci d;pbalipaxsl pEMeapdneaEge a streamner of white snoke or
vi ol et snoke ﬁﬁ%n éiscﬁargedefronla 20 snokestack. Further, dust

deposited on e.g.AEEgraﬁﬁgly,_itwﬁglageogﬁggma@&equsﬁygégﬁﬂnn_containing
a | arge anount of sulfuric acid by |oad change, whereby acid dust fal
W Il be causefinfefdtibg esvpretiaat awinkkhba 8€t efifecatied, and safe
neutralization treatment of SO3 and sulfuric acid mist in
the above-mentioned gas.
10 The present invention provides a method for treating
a gas containing a SO3 component, which comprises adding
a mixture of a sodium hydrogencarbonate powder having a
mean particle diameter of at most 20 um with an anti-
caking agent for sodium hydrogencarbonate in an amount of
15 from 0.1 to 5 wt% based on the above-mentioned sodium
hydrogencarbonate powder, to a gas of at least 60°C
containing a SO3 component for neutralization of the SO3
component in the gas.
Now, the present invention will be described in
20 detail with reference to the preferred embodiments.

In the accompanying drawing:

Figure 1 is a flowchart illustrating a conventional
method for treating an exhaust gas obtained by combustion
in a boiler.

25 Here, SO3 contained in the gas is present in the gas

as sulfuric acid mist due to existence of water wvapor.

However, in the present specification, S0O3 and sulfuric



and it is | nportant to suppress themin view of 25 environnental

gount er neasur e. Accordingly, a nethod has been desired to renove

SO err] and sul furic acid m st by nore effective and safe
neutralization treatnment, froma gas containing SJerr] such

as a gas generated by using fuel contalnlgg a sul fur "content in e.g.

a boiler, including a conbustlon exhaust” gas fromfossil fuel, or a

gas contalnlng SHerr 5 |npur|t|es to be r enoved.

Accordingly, PEifsMis§ oﬁF@cEeﬁﬁrﬂﬁé ldvegederred t°|ﬁ§6ﬁtﬁ§ﬁ COMPPHE e a

met hod of effectlve and safe . neutrallzatlon treat of. S and

sul furic acid mist T"e preseRt ABYRRLION i dited HEOPST Tea ¥ q"g?ee‘ient

et o s 1 S oppger? (AL 3 S )
Fg?;fgﬁ&f?;bg aéﬁFIQSQEr hav ng gpraylng &8 gﬁaélcke ?Eégésgﬁ at most 20
5 therein, it undergoes decomposition to form sodium
carbonate, carbon dioxide and water, whereupon the
portions from which carbon dioxide and water have left
become pores, and particles of sodium carbonate having a
porous structure with a high porosity and a large
10 specific surface area, can be obtained. When the
particles have a porous structure, absorbability of e.g.
S03 will be high, and the SO3 component can be removed by
quick neutralization.
The sodium hydrogencarbonate powder of the present
15 invention has a mean particle diameter of at most 20 um,
preferably at most 15 pm, more preferably at most 10 pm.
It is considered that sodium hydrogencarbonate having a
ﬁean particle diameter of at most 20 um.has a large
specific surface area of the particles themselves, and a
20 large diameter of pores to be formed at the decomposition
at a high temperature. Accordingly, it is considered
that the diffusion rate of the SO3 component will be
high, and as a result, the reactivity will be high. The
smaller the mean particle diameter of the sodium
25  hydrogencarbonate powder, the higher the diffusion rate

of the SO3 component, such being favorable. However, it

is preferably at least 1 pm, in view of practicalness and
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céking agent for sodi um hydrogencarbonate in an amount of 15 fromO.1 to

9 W % based on the above-nenti oned sodi um hydr ogencar bonat e powder, to
a gas of at least 60[err]C containing a SJerr] conponent for
neutralization of the SO err] conponent in the gas. Now, the
present invention will be described in 20 detail with reference to the
preferred enbodi nents. I n the aéconpanyi ng draw ng:

Figure 1 is a flowhart _i|llustrating a conyenti onal t hod for

treating an ehRRdsingasfELEAPRSY by RBHBEELFBRION OFfj ibg ggw gF. 25
aci d m st due to ShPePeRLENORYRRPEPGABGPIAte POz oE, 20dethamPasont
e e oameiht of SEERErrBbY| fromr b Pebor 5 STUEVEEREY] component
D D oS AYSULARN, k280G 820501 1Bt "OElivapone? BBEEHRR |,
€9 spra%ingtﬁg égftcéﬁpéﬁeg%ségﬁ5§§hed in the gas. If it is less
than 0.5 equivalent, the SO3 component can not adequately
be removed. However, the sodium hydrogencarbonate in the
present invention has a high reaction efficiency as
compared with e.g. magnesium- hydroxide, and accordingly
10 about 5 equivalent of the sodium hydrogencarbonate can
almost completely remove the SO3 component.

In the present invention, weak alkaline sodium
hydrogencarbonate is used as a neutralizer for removing
the SO3 component. Accordingly, an operator can safely

15 handle it as compared with ammonia which is a poisonoum
substance and regulated in handling as a high pressure
gas and sodium hyqroxide which is a deleterious
substance.

In the present invention, to remove the SO3 component

20 in the gas, an anti-caking agent for sodium
hydrogencarbonate is_added to the gas, together with
sodium hydrogencarbonate. The particles of sodium
hydrogencarbonate are likely to coagulate due to presence
of a trace of moisture, whereby fluidity tends to be

25 poor. However, in the present invention, since

coagulation of sodium hydrogencarbonate can be suppressed

by the presence of the anti-caking agent, fluidity of
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5 therein, it under goes deconposition to form sodi um car bonat e,

garbon di oxi de and water, whereupon the portions from whi ch carbon

di oxi de and water have |eft becone pores, and particles of sodium
carbonate having a porous structure with a high porosity and a | arge
10 specific surface area, can be obtained. Wen the particles have a
porous structure, absorbability of e.g. "~ “Sgerr] will be high, and the
Sd err] conponent can be renoved by ui ck neutrallzathn

The sodi um hyaeég@mcay%ﬁ%m%itaeéat@f thﬂ drezene. e5d SRFENM on has a
mean particle diameter of at nost 20 preferahly nost 15 pn1
nore pref er abydBEPIRBSRIPONBHE can bﬁtdﬂ§p@6ﬁ§@d Fﬁ& ﬂﬁat%§bgﬁﬁh1 As

hydr ogencar bonat e_havi n

a large Eﬁ%E@FrcasgﬂggcéeéFEéOBfg&ﬁécﬁﬁpFVbF€§

| arge di aneter of pores _to be.forned at .the d
t enperat ure. ACCOITE‘renGWl ?ﬁl?gc&qgln&erl@d prete: % %IR%%%"T‘F%’ ate of
t he e tivity

he S d
W) S RAREAS"S B Partigaensdanshhl S, Hrcindl- 0osu it S Ly 25
hydrogencarbogﬁé gﬁgd Ehel ggFeE%EO g%lggfkﬂi'%%o%% %entloﬂg the Sqerr]

conmponent elrng avor mever
particle diameter range are added as the anti-caking

rticle diamet of .at nost. 20 pm has
?%‘?eﬁ?ééf“x‘fé&n Shd a 20
a_ high

agent, said fine particles adhere to the surface of the
sodium hydrogencarbonate particles, whereby coagulation

10 of the sodium hydrogencarbonate particles to other
particles can be prevented.

As the anti-caking agent, specifically silica is
preferred, and in the case of using silica, hydrophilic
silica having a good dispersibility in water is

15 -preferred. Although hydrophobic silica has high effects
for improving fluidity of the sodium hydrogencarbonate,
in a wet absorption tower of an exhaust gas desulfurizer
in a boiler, for example, hydrophobic silica may
coagulate on water and form a layer, and the layer may

20 cause foaming.l As silica has hydrophilicity when it is
not subjected to a hydrophobic treatment, one having no
hydrophobic treatment applied thereto can be suitably
uéed as the anti-caking agent in the present invention.

In the present invention, the anti-caking agent is

25 added in an amount of from 0.1 to 5.0 wt%, preferably
from 0.3 to 2.0 wt%, based on the sodium

hydrogencarbonate. If it is less than 0.1 wt%, effects



Is preferably at least 1 pm in view of practical ness and

-, 6- handl i ng efficiency in pulverization of the powder. The
sodi um hydr ogencar bonate powder is added in an anount of preferably
fromO0.5 to 5 equival ent, particularly preferably from1l to 4
‘equi val ent, based on 5 the STerr] conpgnent contained in the gas. If it
Is | ess than 0.5 equivalent, the SO err] conponent can not adequately

b d. th ' hyd b te inth t
Cvent s on has THE R PR, SAtTEREY SRCoREL SO khdiDgencariiated

[ hyd iod d ' 1 Lval 0 he sodi um
ot coencay boreha” £e, BE18GEPT SuPendy 10r ROOUkS-88115 B BPY, PhnE o honent
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used as a neu I'Zer "f or renovin componen

ahich 15 s por sy O B R M AP as a high
pressure 5 5888uaRd1$OdMPBFRLE, Oxhde til csts el RICHOWR gh.

In the present invention, since the sodium
hydrogencarbonate powder is added to the gas together
with the anti-caking agent, the powder will not
precipitate, unlike a slurry. Further, since the

10 fluidity is excellent, no clogging may form on the
apparatus, and since operation is carried out dryly, the
apparatus and the operation can easily be controlled, and
a stable operation can be carried out. Further, since a
good fluidity is imparted to the sodium hydrogencarbonate

15 powder, the sodium hyvdrogencarbonate can be injected
quantitatively, and e.g. SO3 can be removed by
neutralization safely and surely.

Now, the method of the present invention will be
explained with reference to a method for treating an

26 exhaust.gas produced by combustion of fuel in a boiler,
with reference to Figure 1. Figure 1 is a flowchart
illustrating a conventional method for treating an
exhaust gas obtained by combustion in a boiler.

An exhaust gas having a high temperature, combusted

25 1in a boiler 1, is transported to an air preheater 2

through a first flue 6, and subjected to heat exchange

with an air for combustion transported to the boiler 1.



subst ance. In the present invention, to renove the SO err]
conponent 20 in the gas, an anti-caking agent for sodium

hydr ogencarbonate is added to the gas, together with sodi um

‘hydr ogencar bonate. The particles of sodium hydr ogencar bonate are
likely to coagul ate due to presence of a trace of nvoisture, whereby
fluidity tends to be 25 poor. However, 9 m t he present invention, since
coagul ati on of sodi um hydrogencarbonate can be suppressed by the
presence of tHeeant Fheakkhguagegds Leutdpnpperted to an electrical

-7- sodi um hydr ogencarbonate wi |l inprove, and sodi um

hydr ogencar boRaée eahlpetarspetbeaughl p sgcomd Fdale As and dustesult, a
hi gh reaction efficiency can be maintained., - _ The anti-caki ng agent
i s preferabl yCPRha1B&F: L8| EBe exhauFEngag dSakPevEcry &t@fdter of from

above- ment | on®leCtTLCRYY | (TB° of LARHBrCr by gesEr GoAdREHORs ot REYaRPE- Bfki ng
5 used depending upon the components contained in the
exhaust gas. The exhaust gas passed through the
electrical dust collector is transported to a
desulfurizer 4 through a third flue 8, and e.g. SO; is
removed by e.g. a magnesium hydroxide slurry. Then, the

10 exhaust gas is transported to a smokestack 5 through a
fourth flue 9, and discharged from the smokestack 5.

When the exhaust gas is discharged as mentioned
above, such a phenomenon that a long streamer of white
smoke or violet smokelis rising from the smokestack 5,

15 may appear. It is considered that this is caused mainly
by a sulfuric acid mist formed by reaction of SO03
contained in the exhaust gas with water vapor contained
in the atmosphere in the flues or the desulfurizer 4.
Accordingly, generation of white smoke or violet smoke

20 can be prevented by adding the sodium hydrogencarbonate
powder to the exhaust gas, for removal of SO3 and the
sulfuric acid mist.

In the above-mentioned process, the sodium
hydrogencarbonate powder is added to at least one of the

25 four flues, and the flue to which the powder is added, is
optionally selected depending upon the purpose. As it is

an object of the present invention to remove the SOs;



agent, said fine particles adhere to the surface of the sodi um
hydr ogencar bonate particles, whereby coagulation 10 of the sodium

hydr ogencar bonate particles to other particles can be prevented.

As the anti-caking agent, specifically silicais preferred, and in the
case of using silica, hydrophilic Si{4 ca having a good dispersibility
in water is 15 preferred. Al though hydrophobic silica has high effects
for 1mprovindchlphflch, of ! 88 E?QE%%EQ&%B%&&%B&“%& in a wet
absorption tower=of an’exhaust sul N a boiler, for

exanpl e, hydrﬁﬁgggb%BEEEbgﬁa owdercgigﬁlé BeOBeRlEr raRd form a layer,

and the | ayer cause I ca has hydrophilicity when it

s not Saegs%ﬁéltzera ggar gehegl 5a&c:§éhﬁ§9&?a§?%f@wbag t®0add the

hydr ophobi ¢ treatnent appli ereto can be sul used as the

anti - caki ng aggiliekNtbNendr eaeRl EAUGNEILONTL is necesé&r&hehﬁﬁeﬁﬁ@tgas
I nvention, the anti-caking agent is 25 added in an anobunt of fromO0.1 to

5.0 W% pyefenabhy flue £EOMMOnBalifed. Qowet 1easedeorcthe sodium
hydr ogencar bonate. If it is less than 0.1 w% effects
Further, by adding the sodium hydrogencarbonate
powder to the second flue 7 between the air preheater 2
and the electrical dust collector 3, acid dust fall can
be suppressed, charge failure of the electrical dust
10 collector 3 can be suppressed, and ammonia can be reduced.
In the case of suppressing the acid dust fall, it is
preferred to add the sodium hydrogencarbonate powder in
an amount of from 1 to 10 wt% to the amount of dust.
Now, the present invention will be described in
15 further detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted to such specific Examples.
EXAMPLE 1 (Working Example)
In order to confirm effects for removing a SO3
20 component in a gas by addition of sodium
hydrogencarbonate, a test was carried out by using an
exhaust gas formed by combustion of fuel in a boiler.
Specifically, an exhaust gas was treated in the following
process, and to a flue between an air preheater and a
25 desulfurizer, a mixfure comprising a sodium

hydrogencarbonate powder having a mean particle diameter

of 9 um in an equivalent ratio as shown in Table 1, and
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- 8- for inmproving fluidity of the sodi um hydrogencarbonate tend

to be low. Further, if it exceeds 5.0 wt% the anmount of the
anti-caking agent will be too nuch, and the fluidity of the sodium
hydr ogencar bonate i s not - 5 adequately inproved, and the costs tend to be
hi gh. In the present invention, .since the sodium
hydrogencarbonate powder is added to the]&as t oget her with the
anti-caking agent, the, powder w | precipitate, , urr
Further, sinc @ﬁ@Phlélcffﬂmﬂ@tﬁliécéxE%VFBﬂta WSQEI88§Fﬁ§E ? 5h ¥he

apparatus and_since operation is carr ut , the t d
the oper ation®Eaf- @hs leeanﬁ@?BPFeak gnﬁ e %agsﬁaBPetBSeﬁgﬁfﬁﬁﬁc;ﬁ 32

carried out. Further

df '
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smokestack was visually observed, and evaluation was
carried out. In Table 1 is shown Comparative Example
wherein no sodium hydrogencarbonate powder was added.

In Table 1, the addition amount of the sodium

10 hydrogencarbonate was represented by the equivalent ratio
to SO3 contained in the exhaust gas before it was
transported to the desulfurizer (before it contacted with
water vapor to form the sulfuric acid mist). The
temperature of the gas in the flue between the air

15 preheater and the desulfurizer was 158°C.

PROCESS: an exhaust gas having a high temperature
combusted in the boiler was transported to the air
preheater through the flue, to carry out heat exchange
with the air for combustion, and the exhaust gas was

20 transported to the desulfurizer through the next flue, to
remove e.g. SOz by means of a magnesium hydroxide slurry,
and the exhaust gas was transported to the smokestack
through the next flue, and discharged from the smokestack.

The boiler to be used and the composition of the

25 exhaust gas were as follows.
Boiler

Model: forced-reflux benson boiler, amount of
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with reference to Figure 1. Figure 1 is a flowhart
gonventi onal
in a boiler.
25 in aboiler 1,

nmet hod for treating an

An exhaust gas having a high tenperature,
is transported to an air preheater 2
first flue 6, and subjected to heat exchapge_

conbustion transported to the boiler 1.

- 9- Then, > ga% b; transported tQ.an.
col lector 3 t AVERGHeL198¢oRd £/ Fa ¥3PLKd eratur&io
elgctricity. The electrical

gas is renoved by stati
?re§§gaede§éﬂd#ﬁécﬂp0n t he conponents contained in the

may not be

exhaust gas. thgpexhaish 84S RAsse® Yasough the
collector is transported to a ___ desul

t he exhaust

esul furizer 4 through a third flue 8,

and e.g. S(err]

Then, the
5

Table 1

illustrating a

exhaust gas obtai ned by conbustion
conbust ed

t hrough a
with an air for

an el

el ectrical dust

IS . regnved.b . a nesi,u ydroxi de slurry.
0 exﬁ%ds#'ags gngr%héggrggghtgﬁg's%gkgg ack 5 through a

Equivalent ratio of sodium
hydrogencarbonate

Conditions of white smoke
by visual observation

Not added

Streamer of about 300 m

1l equivalent

Streamer of about 150 m of
white smoke with a half
concentration or less based
on the case where no sodium
hydrogencarbonate was added

2 equivalent

Streamer of about 10 m as
confirmed by careful
observation

4 equivalent

No streamer

EXAMPLE 2 (Comparative Example)

g)tor# 06\1;! dust
i med Y Yhe exhaust

dust collector. 3

The test was carried out in the same manner as in
Example 1 except that sodium hydrogencarbonate having a

10 mean particle diameter of 26 um was used instead of the
sodium hydrogencarbonate having a mean particle diameter

of 9 pym. The results are shown in Table 2.
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fourth flue 9, and discharged fromthe snokestack 5.
such a phenonenon that a
snoke or violet snoke is rising fromthe
is considered that this is caused nmainly
contained in the

exhaust gas i

| ong streamer of white

snokest ack 5,

by a sulfuric acid mst forned by reaction of S err]

s di scharged as nenti oned

15 may appear. It

When t he
above,

exhaust gas with water vapor contained - 13 +n the atnosphere in the flues

or the desul furizer 4.

vi ol et snoke

powder to the

Accordingly, g

2 can
T@%ﬂ ?t gas, for renoval of

enerati on of white snpke or

be prevented by addi ng the sodi um hydrogencar bonat e

SO err]” and the sul furic

acid m st.
hydr ogencar b
and the flue
dependi ng up

Equivalleht! e t3k0\wE ydikaned

M8 ESTond Nef sWdi £& smoke

Q§Q e of éﬁgérgékigﬂur que%,

R o ] e
f Cl o auucu,
)mothedﬂuﬁpose As it is

AP WP~ P |

uptruliart'y otl Ubl. CU

mmxﬂamﬁi of dbeutprzeenn

i nvention to

hao
I CITuvye LIIC \3\4_ ClhT]

1 equivalent

Streamer of about 300 m of
white smoke with a
concentration of 60-70%
based on the case where no
sodium hydrogencarbonate
was added

4 equivalent

Streamer of about 200 m of
white smoke with a half
concentration or less based
on the case where no sodium
hydrogencarbonate was added
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According to the present

a sulfuric acid mist derived

easily and safely be removed.

white smoke and violet smoke

from e.g. a boiler can be suppressed.

gas containing SO3 as impurities,

exhaust gas, can easily,

invention, S0O3 in a gas and
therefrom can effectively,
Accordingly, a streamer of
of an exhaust gas dischargéd
Further, S03 in a

in addition to the

safely and securely be removed,

and such is useful in view of industrial production.
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conponent, it is preferred to add the sodium hydr ogencar bonat e powder

to a flue before the desul furizer, and it is particularly preferred to
add the powder to the third flue 8. It |s necessary—that._ Ihe_ggs
inthe flue is maintained to at |east 60[err]C rther y
addi ng the sodi um hydr ogencar bonat e vvder to the ’!H& ,’Lﬂ,ﬂ;ﬁ,’ﬂ”’
between the air preheater 2 and the ectrical dus HC|d
dust fall can. be suppressed, charge failure of the electrlcal Sdusdt 10
collector 3 can %e suppressed and anmoni a can be reduced. In the case

of suppressi ng. thg ﬁ%ﬂo&“%%rf alls atltnﬁ:) as dyfs qfr?% to squ t he sodi um

hydr ogencar bonat e po of fro W% to the

amount  of dusé mponent., g?gh £B& p?&gégngdpﬂﬁﬁn%!ﬁﬁxWh&% %& desoidiked in

15 further érence However, it shoul d be

under st ood tQﬁ%§£§§eﬂé§§ﬁgﬁakéxgﬁgﬁég h?vgﬁgng mean BﬁﬁQicﬁ%ﬁbﬁdﬁéﬁéﬂ‘J

such specifi i ng anpl e) In order

to confirm efég%é Ifneét gvﬁfnnglehs%eehh ~28xkif e"ae@%t fiok &ceREmPY

addition of sodi um drogencar bonat e test was carried out by using

an exhaus{a88§eh0LFBINAY CORDHA LABuRE b¥elrrbm @ .hoitkens. wty based
Specifically, an exhaust gas was treated in the fol Iomrng

on the sodium hydrogencarbonate powder, to a gas of at
least 60°C containing a SO; component for neutralization
of the S03 component in the gas.

10 2. The method for treating a gas according to Claim 1,
wherein the sodium hydrogencarbonate is added to the gas,
in an amount of from 0.5 to 5 equivalent based on the SO;
component. | |
3. The method for treating a gas according to Claim 1

15 or 2, wherein the anti-caking agent is fine particles
having a mean particle diameter of from 0.005 to 0.1 um.
4. The method for treating a gas according to Claim 1,

2 or 3, wherein the anti-caking agent is silica.



process, and to a flue between an air preheater and a 25 desulfurizer, a
m xture conprising a sodium hydr ogencar bonat e powder havi ng a nean
particle dianeter of 9 pmin an equivalent ratio as shown in Table 1,
and hydrophilic funed silica having a nmean particle _

di anet er of 0.01 [ferr]min an anmount of 1.0 w % based on the sodi um
hydr ogencar bonat e powder, was added mﬁrhlétrrring by the air. Then, a
streaner of Mhifﬁﬁgﬁfke (i ncluding violet 5 snoke) due to a sulfuric acid
m st di schard’é%é' a snokest ack was visually observed, and

wher ei n 1o Sadi urf HYBEBERNESY EHar B Rgu ey S RagoRa R 8 BAEE | VT SRS,
the oqui val eriomiiet . WGP eotlor | Sed ARRIA"E APRENEC AR pogeaspl T Y,
1S vapor IR ML B8 3 e GPLECECathblcer
5 of at most 20 um with an anti-caking agent for sodium
hydrogencarbonate in an amount of from 0.1 to 5 wt% based
on the sodium hydrogéncarbonate powder, to a gas of at

least 60°C containing a SO; component for neutralization

of the S03; component in the gas.
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tenperature of the gas in the flue between the air

desul furizer was 158[err]C

t emperature
preheater through the flue,
for conbusti on,
desul furi zer through the next flue,

a magnes

t he snok
snokest ack.

benson boil er,
evapor ati on:

kg/cnfe

k. 1

ide slurry,
t hrough the next fl ue,

15 preheater and the

_ PROCESS: an exhaust gas having a high
conmbusted in the boiler was transported to the air

to

to carry out heat exchange
and the exhaust gas was

with the air

transported to the
renove e.g. SO err] by neans of
and the exhaust gas was transported to

and di scharged fromthe

The boiler to be used and the conposition of the 25
exhaust gas were as foll ows.

Boi | er

Mbdel : forced-refl ux

- 12 -
pressure: 140

anount of
83 t/h, vapor tenperature: 520[err]C, vapor
1 Conpositipn of—exhaust gas
S /g B g B g R
6 7 8 9

5 —> discharge
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5 Tabl e 120000‘!-%2'2—3
1P0S

g é&F]: 4.5% SOerr]: 1,400 ppm :SJerr]: 20 ppm
Fqurval’'ent ratio of sodium Conditions of white snoke

hydr ogencar bonat e by vi sual observation Not added

Streamer of about 300 m Stre

about 150 m of whi t e snoke wi

1 equi val ent concentration or |ess based ,

on the case where no sodi um { 07 noy 4880
hydr ogencar bonat e was added Stir eaner of
about 10 m as 2 equi val ent _chflrned by c%r fot

observati on 4 equi val ent EXAVPLE 2
(Conpar ati ve Exanpl e) The test wa same nmanner
as in Exanpl e 1 except that sodium hy d@gﬂgnrkn qsgjhaV| g a 10 nean

particle diameter of 26 pmwas used instea Cesodiu

hydr ogencar bonat e havi ng a nean particle dianeter

The results

are shown in Table 2. _ _ - 13 -
Table 2 Equi val ent ratio of sodium Conditions of white snoke
hydr ogencar bonat e by vi sual observation

-1 -

METHOD FOR TREATING A GAS

The present invention relates to a method for
treating a gas, to effectively and safely neutralize a
SO3 component contained in e.g. a gas generated by

5 combustion of fuel containing a sulfur content by e.g. a
boiler.

When fuel containing a sulfur content is used, SO3 is
almost always contained in an exhaﬁst gas, thus causing
corrosion of an apparatus and air pollution. S0O3 will

10 react with water vapor contained in the exhaust gas to
form a sulfuric acid mist, which will form white smoke or
violet smoke when discharged in the air. Accordingly, in
order to remove SO3, it has conventionally been employed
to preliminarily add to the fuel a slurry having e.g. an

15 oxide or hydroxide of calcium or magnesium dispersed in
an organic solvent, for prevention of SOz formation, or
to neutralize SO3 after combustion. However, with such
methods, the additives are likely to deposit on a heat
exchanger in the boiler, and when a‘ large amount of the

20 additives deposit thereon, the operation of the boiler



Not “added

Streaner ‘of about 300 m

Streaner of about 300 m of : r—wht-t-e—snok w1
with a concentration of G@E'ﬂ%ﬁﬁﬁé\ii %HEEQ
equi val ent - 15 - based on the chsg WhEré no

sodi um hydr ogencar bonat e \a s ? adedyy 2050
Streaner of about 200 m of Mhi't'e snoke

with a half 4 equi val ent concentration pritl-ess—pased

on the case where no sodi UNETHOD FOR TREATING GAS

hydr ogencar bonat e was adde esert—Tnventi on,

S err]

producti on.

1. A nmethod for treating a gas containing a

5

N a ABSTRRET
ef fectively,

whi te snmoke and VAO}neﬁhéaoferEraat% aas? agagofltashanged so,
boi |l er can be suppressed. Further,

as inpuriti esgohporéigh | ivHidR &
securely be renoved,

a sulfuric acid m st derived therefrom can

5 easily and safely be renmoved. Accordingly, a streaner of
frome.g. a
errT in a gas conta| ning SJerr]

rlseseéaéﬂﬁér f3fixEaprecasi hysos2f{m y and
10 and such is useful In view of industrial

hydrogencarbonate powder having % cx{ng??]paisélcie diamk&rMS:
of at most 20 um with an anti-caking agent for sodium
hydrogencarbonate in an amount of from 0.1 to 5 wt% based
on the so.dium hydrogencarbonate powder, to a gas of at
least 60°C containing a SO; component for neutralization

of the SO; component in the gas.

No figure suggested




cor'ﬁib'h"ent, whi ch conpri ses adding-a mxture of a sodium

hydrogencar bonat e powder having a pean particle dianmeter of at nost 20

5
[erFr]mwi th an anti-caking agent for sodium hydr ogen¢ gk
anount of fromO0.1 to 5 wt % based on the sodiun1hydr)gtgggcggﬁg?egﬂkFr
powder, to a gas of at | east 60[err] C containing a SO err] conponent
for neutralization of the SO err]_gonponent in the gas| §1Pp @ 200he
nmet hod for treating a gas according t ima1, wher ¢i p t he sodi um
hydr ogencar bonate is added to the gas, in an anount of TromU. 5 10
equi val ent based on the SO err] conponent . 3. The. nethod for
treating aEdsl) |ngto Caiml 15 or 2, wherein the anti-caking
agent is fi having a nean particle dianmeter of from 0.005
to 0.1 [err]m 4 The nmet hod for treating a gas according to Claim]1,

2 or 3, wherein the anti-caking agent is silica.
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