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-EXHABIST GAS TREATMENT APPARATUS FOR USE | N | NCI NERATI ON EQUI PMENT

BACKGROUND OF THE | NVENTI ON Fi el d of the Invention The present invention

relates to an exhaust gas treatnent apparatus, for exanple, for use in a
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refuse incineration equipnent. Description of Related Art In a known refuse
I nci neration equi pnent, exhaust gas di scharged froman incinerator is
Supplied to a bag filter, by which flying ash is caught. In general, the

tenmperature of the exhaust gas to be supplied

to the bag filter should be

reduced and, therefore, the exhaust gas is once cooled, for exanple, from

280[err]C to 170 Ch t t dj ust | f t jet t
Ater the MRTASEGAT P A A e i R5R € oty INGhRREEION e bap”

filter, the exhaust gas is heated again by a heater, then catalytically

denitrated BVIPM trator, and

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an exhaust gas
treatment apparatus, for example, for use in a refuse

incineration equipment.

Description of Related Art

In a known refuse incineration eqﬁipment, exhaust gas
discharged from #n'incinerator is supplied to a bag filter,
by which flying ash.is caught.

In general, the temperature of the exhaust gas tb be -
supplied to the bag filter should be reduced and, therefore,

the exhaust gas is once cooled, for example, from 280°C to

170°C by a temperature adjuster column of water jet tjpe.

After the flying ash in the exhaust gas thus cooled is
caught by the bag filter, the exhaust_gas is heated again by
a hgater, then catalytically denitrated in a denitrator, and
discharged from a stack into the atmosphere.

The re-heating.of the exhaust gas by the heater is
required because the exhaust gas should be heated up to
about 230°C for the catélytiqzdenitration of the e§§gufﬁ_
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gas.



di scharged froma stack into the atnosphere. The re-heating of the exhaust
gas by the heater is required because the exhaust gas should be heated up
to about 230[err]C for the catalytic denitration of the exhaust gas. 2
In the aforesaid exhaust gas treatnent, the exhaust:gas is once cooled in
the .tenperature adjuster colum, and then heated by the heater. This
interferes wwth the efficient utilizatiomof the heat of the exhaust gas,
and is very uneconomcal. It is, therefore, an object of the present
invention to provide an exhaust gas treatnent apparatus for use in an

I nci neration equi pment which is capable of efficiently utilizing the heat
of exhaust gas. IIUNVERefGremdE d oSN gas treatment, the exhaust

gas is once cooled in the temperature adjuster column, and
then heated by the heater. This interferes with the
efficient utilization of the heat of the exhaust gas, and is
very unéconomical.

It is, therefore, an object of the present invention to
provide nn exhaust gas treatment apparatus for use in an
incineration eqnipment which is capable of efficient;y

utilizing the heat of exhaust gas.

SUMMARY OF THE INVENTION

In accordance with one feature of the present
invention, there is provided an exhaust gas treatment
apparatus for use in an incinefation equipment comprising: a
temperature.adjuster for cooling exhaust gas discharged from
an incinerator; a dust collector for removing dust from the
exhaust gas cooled by the temperature adjuster; and a
denitrator for catalytinally denitrating the exhaust gas
supnlied from the dust collector, the temperature adjuster
having a first heat exnhanger for cooling the exhaust gas of
a high temperature dischérged from the incinerator with air
and a second heat exchanger for neating the exhaust gas of a
lower temperature supplied from the dust collector with the
high~-temperature exhaust'gas discharged from the

incinerator.



In accordance with one feature of the present invention, there is provided
an exhaust gas treatnent apparatus for use in an incineration equi pnent
conprising: a tenperature adjuster for cooling exhaust gas discharged from
an incinerator; a dust collector for renoving dust fromthe exhaust gas
cooled by the tenperature adjuster; and a denitrator for catalytically
denitrating the exhaust gas supplied fromthe dust collector, the
tenperature adjuster having a first heat exchanger for cooling the exhaust
gas of a high tenperature discharged fromthe incinerator with air and a

second heat exchaDogle f£foeati % ilf X NAKSt LAt in @ difa thePe at ur e

supplied fromthe dust collector wth the high-tenperature exhaust gas

di schar ged f;EQUL%hfoi-gﬁLQ@iﬂE%he exHalBt ! B8 31 9" 535Y Ha X NPHSEnG AR iast

t reat nent apparatus,
of a pipe line for leading the exhaust gas heated by the

second heat exchanger to the denitrator.

In the aforesaid exhaust gas treatment apparatus, a
portion of the first heat exchanger which_is tc be brought
into contact with the exhaust gas is coated with a coating
material for prevention of acid-dew-point corrosion.

In the aforesaid exhaust gas treatment apparatus, PFA
resin is used as the coating material, with which the
portion of the first heat exchanger is coated to a thickness
of 200um to 1000um by baking finish.

In the aforesaid exhaust gas treatment apparatus, the
first and second heat exchangers are transverse multipipe.
heat exchangérs, and the first heat exchanger is divided
into two pieces which are disposed integrally and parallel
to the second heat.éxchanger.

In accordance with the aforesaid construction, the
exhaust gas from the dust collector is heated up to a
temperature required for the catalytic treatment by
utilizing the heat of the exhaust gas from the incinerator
by means of the second heat exchanger. Therefore, the
exhaust gas treatment apparatus of the present invention is
more economical than a conventional exhaust gas treatment

apparatus that is adapted to heat the once cooled exhaust



heater for heating the exhaust gas is provided in the mdst of a pipe line
for | eading the exhaust gas heated by the second heat exchanger to the
denitrator. In the aforesaid exhaust gas treatnent apparatus, a portion of
the first heat exchanger which is to be brought into contact with the
exhaust gas is coated with a coating material for prevention of

‘aci d-dew point corrosion. In the aforesagd exhaust gas treatnent apparatus,
PFA resin is used as the coating material, wth which the portion of the

LI rkjst hfeat _ eﬁch?nger isfcoat ed to a thickness of 200 err]mto 1000[ err] m by
aking finish. In the aforesaid exhayst gas treatnent apparatus, the first
and second &fatOTENE R SRS & se nul tipi pe healtopexchangers, and

the first heat exchapger is divided into t i eces i ch are .di sposed
integral ly and pet #dBitiqny @%M%ﬁﬁ%aﬁﬁm%%ceﬁm%r with
the aforesaid construction, the exhaust gas from the dust coll.ector

heated up twhieh erpdiaths dranht dntvreaHAchrE thithe et 485 1s

coated with PFA resin to a thickness of 200um to 1000xm by
baking finish. Therefore,.a sufficient corrosion resistance
is ensured without compromising the thermal conductivity of
the first heaf exchanger.

Further, the temperature adjuster comprises the two
heat exchangers, and one of the heat exchangers is divided
into two pieces which are disposed integrally and parallel
to the other heat exchanger. Thus, the size of the

temperature adjuster can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating an exhaust gas
treatment aﬁparatus in accordance with one embodiment of the
present invention;
Fig. 2 is a diagram illustrgting the construction of a
témperature adjuster of the exhaust gas treatment apparétus;
Fig. 3 is a front view illustrating the temperature
adjuster of the exhaust gas treatment apparatus;

Fig. 4 is a side view illustrating the temperature
adjuster of the exhaust gas treatment apparatus;

Fig. 5 is a graphical representation illustrating the

characteristics of the thermal conductivity and the anti-



utilizing the heat of the exhaust gas fromthe incinerator by neans of the
second heat exchanger. Therefore, the exhaust gas treatnent apparatus of
the present invention is nore econom cal than a conventional exhaust gas
treatment apparatus that is adapted to heat the once cool ed exhaust 4
gas only by neans of a heater. In addition, the portion of the first heat
exchanger which is to be brought into comgact with the exhaust gas is
coated with PFA resin to a thickness of 20Jerr]mto 1000[err] m by baki ng
finish. Therefore, a sufficient corrosion resistance is ensured w thout
conpronising tgf,thernal conductivit% of the first heat exchanger. Further,
the t enper at¥f&liRE BFEPeEERpYEERYS hRe hRipkaesExehahldr EeSARJCBRELIRE  t he

heat exchangers is divided into two_pieces which are disposed integrally
and paral | el Fig. 6 is a front view illustrating a modification to

the temperature adjuster;

Fig. 7 is a front view illustrating another
modificafion to the temperature adjuster; and

Fig., 8 is a diagfam illustrating the construction of a
temperature adjuster in accordance with another embodiment

of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the present invention will be
described with reference to Figs. 1 to 8.

Fig. 1 illustrates an exhaust gas treatment apparatus 1
which is to be provided, for example, in a refuse
incineration plant (other exemplary incineration planté
include an industrial waste incineration plant, a burned-ash
or.flying-ash melting plant, a power generation plant and an
0il refinery plant). 1In the exhaust gas treatment apparatus
1, flying ash and the like in exhaust gas discharged from a
refuse incinerator 2 is :emoved, and the exhaust gas is
denitrated by adding a catalyst thereto, and then discharged
from a stack 3 into the atmosphere.

The exhaust gas treatment apparatus 1 comprises a
temperature adjuster 11 for cooling the exhaust gas

discharged from the refuse incinerator to a predetermined



to the other heat exchanger. Thus, the size of the tenperature adjuster can
be reduced. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block diagram
illustrating an exhaust gas treatnent apparatus in accordance with one
enbodi nent of the present invention; Fig. 2 is a diagramillustrating the
construction of a tenperature adjuster of the exhaust gas treatnent
dpparatus; Fig. 3 is a front viewillustr@ting the tenperature adjuster of
t he exhaust gas treatnent apparatus; Fig. 4 is a side viewillustrating the
tenperature adjuster of the exhaust gas treatnent apparatus; Fig. 5is a

grannical | SRRERRILA o .t BBNE b6 SHIEACUS! W3RN Bl B BB
PFA resin C%%&kg%;to be described later), a bag filter_(dust collector)
12 for removing dust from the exhaust gas cooled by tbe
temperature adjuster 11, a denitrator 14 for catalytically
denitrating the exhaust gas supplied from the bag filter 12
through an exhaust gas pipe line 13 by use of a
predetermined catalyst, and a gas burner (heater) 15
provided iﬁ the midst of the exhaust gas pipe line 13 for
heating the exhaust gas.
. The temperature adjuster 11 includes a first heaf
exchanger 21 for cooling the exhaust gas of a high
- temperature discharged'from the refuse incinerator with air
and a second heat exchanger 22 for heating the exhaust gas
of a lower temperature supplied from the bag filter 12 with
the high-temperatu?e exhaﬁst-gas. The second heat exchanger
22 is éisposed upstream of the first heat exchanger 21 in an
exhaust~gas flow-pafh.

As shown in Fig. 2; the heat exchangers 21 and 22 are
transverse multipipe heat exchangers (shell-and-tube type).
The exhaust gas flow and air flow are shown by arrows in
Fig. 2.

More specifically, thé.high—temperature exhaust gas is
supplied into a shell 22a of the second heat exchanger 22
disposed on the upstream side, while the lower-temperature

exhaust gas from the bag filter 12 is supplied into tubes



Fig. 6 is afront viewillustrating a nodification to the tenperature
adjuster; Fig. 7 is a front viewillustrating another nodification to the
tenperature adjuster; and Fig. 8 is a diagramillustrating the construction
of a t'enperature adjuster in accordance with another enbodi ment of the
present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS One
énbodi ment of the present invention will jbe described with reference to
Figs. 1 to 8 Fig. 1 illustrates an exhaust gas treatnent apparatus 1 which
is to be provided, for exanple, in a refuse incineration plant (other

exenpl ary igshnggath@nsRLaRaShbRE! Udengngbpdgstrial waste incineration
pl ant, a burned-ash or flying-ash nelting plant, a power generation plant

and an of | ‘refinghy olanhle kis! BRof DAUSLNORE 5583LFCRHA0RALAN R e

flying ash and t eline gas di scharged froma reruse inclnerator
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exchanger 21 disposed on the downstream side, while coolant
air is supplied into tubes 21b of the first heat exchanger
21.

As shown in an enlarged diagram of.Fig. 2, the exterior
surface of the tubes 21b, ﬁhe interior surfaces of the shell
and tube plates and the other portions of the first heat
exchanger 21 which are to be brought into contact with the
exhaust gas are coated with a coating material 23 (e.g.,
fluorocarbon resin coating or ceramic coating) for the
prevention of the acid-dew-point corrosion. Thus, the
corrosion of the exterior surface of the tubes 21b and the
like portions can be preyented. In this embodiment, the
first heat exchanger 21 is constructed so as to allow the
exhaust gas to flow inside the shell 21a. This is because
the coating of the exterior surface of the tubes 21b is
easier than the coating of the interior surface thereof.

An explanation will be given to the coating matgrial
23, particularly, to a fluorocarbon resin coating whié% is
used to cover the exterior surface of the tubes 21b of the
first heat exchanger 21 for the prevention of the acid-dew-
point corrosion. The coating material can also be applied

td the interior surfaces of the tube plates and shell and



froma stack 3 into the atnosphere. The exhaust gas treatment apparatus 1
econprises a tenperature adjuster 11 for cooling the exhaust gas di scharged
fromthe refuse incinerator to a predeterm ned 6 tenperature (e.g.,
about 170[err]C which is acceptable to a bag filter to be described later),
a bag filter (dust collector) 12 for renoving dust fromthe exhaust gas
cool ed by the tenperature adjuster 11, agdenitrator 14 for catalytically
denitrating the exhaust gas supplied fromthe bag filter 12 through an
exhaust gas pipe line 13 by use of a predeterm ned catal yst, and a gas

oo o Tl Sl End L SO0 PR 0%, 12
heat exchanger, 21, g f0ladd ddife L0 DN %e xRl 9'kas.
More specifically, the exterior sﬁrface of the tubes
21b of the first heat exchanger 21 is coated with PFA
(copolymer of tetrafluoroethylene and perfluoroalkyl vinyl
ether) resin to a thickness of 200um to 1000um, preferably
to a thickness of 200um to 400um, by baking finish.
Exemplary materials of the tubeé 21b include mild steel and
stainless steel.
The bases. for the use of PFA resin as the coating

material and the preferable thickness range of the coating

being from 200pm to 400um will be explained with reference

to Table 1.
Table 1
Resin Acid-corrosion Heat resistance Ductility
resistance
PFA Excellent Excellent Excellent
FEP Accebtable Acceptable Excellent
PTFE Unacceptable Acceptable Excellent

PCTFE Excellent Unacceptable Excellent




tenperature discharged fromthe refuse incinerator wwth air and a second
heat exchanger 22 for heating the exhaust gas of a | ower tenperature
supplied fromthe bag filter 12 with the high-tenperature exhaust gas. The
second heat exchanger 22 is disposed upstreamof the first heat exchanger
21 in an exhaust-gas flow path. As shown in Fig. 2, the heat exchangers 21
‘and 22 are transverse nultipi pe heat excyangers (shell-and-tube type). The
exhaust gas flow and air flow are shown by arrows in Fig. 2. Mre
specifically, the high- tenperature exhaust gas is supplied into a shell 22a
of the second heat exchang 22, di sposed on the ugstr am sj MQ h %
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7 22b of the second heat exchanger 22.
and a bending test were carried out on steel pipes (25.4

mm®) coated with various fluorocarbon resins. Used as
refereﬁce examplgs of the fluorocarbon resins were copolymer
of tetrafluorocethylene and hexafluoropropylene (FEP), poly-
tetrafluoroethylene (PTFE) and polychlorotrifluorocethylene
(PCTFE). The corrosién resistance test was performed under
conditions of 80% sulfuric acid (at 140°C) and of 20%
chloric acid (at the boiling point) simulating the severest
use environment. The thermal cycle load test was performed
by repeating cooling (to 0°C) and heating (to 200°C). The
test results are shown in Table 1. As can be seen from
table 1, PFA resin is thg most excellent in the acid-
corrosion resistance, heat resistance and ductility.

Next, how the thickness of PFA resin influences the
anti-swelling property observed in acid dipping under
temperature gradient and the thermal conductivity was
examined. In this case, a stainless.steel having a
thickness of 1.5mm was used as a substrate to be coated with
PFA resin. The results are shown in Fig.. 5.

As can be seen from Fig. 5, the thickness of the PFA
resin coating is preferably 200um to 400um, more preferably
300um to 400um, which satisfies requirements for the
_corrosion resistance and anti-swelling property without

compromising the thermal conductivity.



The exhaust gas fromthe shell 22a of the second heat exchanger 22 is
supplied into a shell 2l1a of the first heat exchanger 21 di sposed on the
downstream side, while coolant air is supplied into tubes 21b of the first
heat exchanger 21. As shown in an enlarged diagramof Fig. 2, the exterior
surface of the tubes 21b, the interior surfaces of the shell and tube
plates and the other portions of the firsg heat exchanger 21 which are to
be brought into contact with the exhaust gas are coated with a coating
material 23 (e.g., fluorocarbon resin coating or ceramc coating) for the
prevention of the acid-dew point corrosion. Thus, the orrosiog of the
exterior surfacer?O?ﬁ%S%ﬂ%e%eilﬁt%hﬂetﬁ%sFiK%Spﬁ?f?bﬁé 2uh ¥R9BFevent ed.
In this enbodinent, the first heat exchanger 21 is constructed sop,as to
all ow the exbuditigns stmplapingsecaehiealhepe onyireppents LBCHBLER: he
coating of the exterior surface of the tubes 21b is easier than the coating

of the intetherestefiace shefact. of\naespeaharinn (2P 4BE®Yi ceated Vhkh
coating materi al

PFA resin to a thickness of 200um to 400um was subjected to
80% sulfuric acid (at 140°C) and to 20% chloric acid (at the.
boiling point) while the interior surface thereof was cooled
with air. Further, a thermal cycle test was carried out
under conditions simulating the actual use environment, in
which the exterior surface of ihe steel pipe was repeatedly
cooled to the room temperature and heated to 180°C while the
interior surface thereof was cooled with air. These tests
revealed that the PFA resin coating having a thickness of
200um to 400um exhibited an excellent performance.

Another exemplary heat-conductive pipe exhibiting a -
good corrosion resistance is a éteel pipe mechanically
coated with PTFE resin. However, the PTFE resin coating
suffers from a bad adhesiveness to the steel pipe, resulting
in a deteriorated heat-conductivity and corrosion
resistance. In addition, even a small mechanical damage to
the PTFE.resin coating results in a large tear of the resin
coating. Further, if subjected to a thermal cycle, the PTFE
resin coating is slacked.

With reference to Figs. 3 and 4, the construction of
the temperature adjustef 11 will be described more

specifically.



23, particularly, to a fluorocarbon resin coating which is used to cover
the exterior surface of the tubes 21b of the first heat exchanger 21 for
the prevention of the acid-dew point corrosion. The coating nmaterial can
al so be applied to the interior surfaces of the tube plates and shell and
8 the other portions of the first heat exchanger 21 which are to be brought
into contact with the exhaust gas. Mre Hpecifically, the exterior surface
of the tubes 21b of the first heat exchanger 21 is coated with PFA

(copol yner of tetrafluoroethyl ene and perfluoroal kyl vinyl ether) resin to

a thickness of Olgrrimto 1000 err refgerab t hekness of
ggg[grr} mdto 40(%?%r€‘]‘?n @W%Iéﬁ'fé)e f?‘%ﬂqgsﬁ?e’fixgirfrblgpr(? éh)% %’Eﬂpa}fs of the tubes
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frame 31, and the first heat exchanger 21 is divided into
two pieces 21A and 21B thch are connected in series and
disposed parallel to the second heat exchanger 22
ﬁhereunder. If two heat excﬁangers each having the same
size as that of the second heat exchanger were used as the
first heat exchanger 21, the length of the first exchanger
21 would be about double the length of the second heat
exchanger 22. In this embodiment, hbwever, the first heat
exchanger 21 is dividgd into two pieces which are disposed
parallel to the second heat exchanger 22 thereunder, so that
the size of the temperature adjuster 11 can be reducea.

A known exhaust gas treatment apparatus capable of
treating exhaustlgas from the refuse incineration at a rate
of 40,000Nm3/hr, for example, requires a heat exchanger
haQing a size of 2m x 2m x 5m (height) in addition to a
temperature adjuster column of water jet type having a size
of 10m (height) x 2.5m to 3m (diameter). In contrast
therewith, the two heat exchangers 21 and 22 of the
temperature adjuéter 11 according to this embodiment only
occupy a space of 2.5m x 1.8m x 2.5m (height), so that the
size of the temperature adjuster 11 can be reduced in
comparison with the known temperature adjuster column and

heat exchanger.



material and the preferable thickness range of the coating being from

200[err]mto 400[errfmwi |l be explained with reference to Table 1. Table 1
Resin Aci d- corrosion Heat resistance Ductility resistance PFA
Excel | ent Excel | ent Excel | ent FEP Accept abl e
Accept abl e Excel |l ent PTFE Unaccept abl e Accept abl e
Excel | ent PCTFE Excel | ent ihaccept abl e Excel | ent 9 A

corrosion resistance test, a thermal cycle |oad test and a bendi ng test
were carried out on steel pipes (25.4 mjerr]) coated with various

fluorocarbon resiHs. ailsa s Ha AEEd K HEL €S Fm 1R fdUMAOATRAN $18Si NS
wer e copol ynmer of tetrafl uoroethyl ene and hexafl uoropropyl ene (FEP), poly-
the first heat exchanger 21 is supplied into the exhaust gas
discharged from the denitrator 14 to prevent the exhaust gas
from being discharged as white smoke from the stack 3. (The
term "white smoke” is herein defined as exhaust gas in which
water vapor included therein looks white because the
temperature thereof is low. In view of environmentél
concerns, preventive measures are taken against the white
smoke. )

The exhaust gas of a high temperature (e.g., 280°C)
discharged from the refuse incinerator flows through the
second heat exchanger 22 gnd thg first heat exchanger 21 so
that the temperature thereof is lowered. Calcium hydroxide
is added.to the exhaust gas cooled, for example, to about
170°C in the heat exchangers 22 and 21 on the way to the bag
filter 12. After flying ash is removed from the exhaust gas
by means of the bag filter 12, the exhéust gas'ié heated in
the second heat exchanger 22. The exhaust gas is further
heated, for example, to about 230°C by the gas burner 15
provided in the midst of the exhaust gas pipe line 13 and,
thereafter, supplied iﬂto the denitrator i4 to be
catalytically denitrated.

The air which has absorbed heat by'cooling the exhaust

gas in the first heat exchanger 21 is supplied to the

exhaust gas discharged from the denitrator 14 for white



tetrafl uoroet hyl ene (PTFE) and pol ychlorotrifl uoroethyl ene (PCTFE). The
corrosion resistance test was perforned under conditions of 80% sul furic
acid (at 140[err]C) and of 20%chloric acid (at the boiling point)
simul ati ng the severest use environment. The thermal cycle |oad test was
performed by repeating cooling (to O[err]C) and heating (to 200[err]C). The
test results are shown in Table 1. As canzbe seen fromtable 1, PFA resin
is the nost excellent in the acid- corrosion resistance, heat resistance
and ductility. Next, how the thickness of PFA resin influences the

ti - 1 t b d.i I d. di ppi der t di ent
and the thePHBRecBRALEPForhy ARS BRaR had. CRhePAFceeasts Tt efhrRFeds st col
havi ng a thicknegéeof 1. was used as a substrate to be coated with PFA

resin. The FEeR aPE2€Kotn in Fig. 5. As can be seen fromFig. 5, the

t hi ckness of the PFA resin coating is preferably 200[errlmto-400[err]m
more preferably §bﬁ[@FP?HFFogﬂBOFg?FTﬁggﬁﬂiEﬁ°§a§h§f£%§ %éhEFFe nt§ for

the corrosion resistance and anti-swelling, property wthout .
heated up to a temperature required for the catalytic

denitration by utilizing the heat of the exhaust gas from
the refuse incinerator by means of the second heat exchanger
22. Therefore, the exhaust gas treatment apparatus of the
present invention is much more economical than a
conventional exhaust gas treatment apparatus that is adapted
to heat the once cooled exhaust gas only by means of a
heater.

Furfher, since the temperature adjuster 11 has two heat
eéxchangers 21 and 22 vertically disposed therein and one
heat exchanger 21 is divided into two pieces which are
disposed parallel to each other and to the other heat
exchanger 22, the size of the temperature adjuster 11 can be
significantly reduced.

Though the first heat exchanger divided into two pieces
is disposed parallel to the second heat exchanger thereunder
in the aforesaid embodiment, the pieces 21A and 21B of the
first heat exchanger 21 may be disposed parallel to the
second heat exchanger thereabove as shown in Fig. 6 or,
alternatively, may be disposed vertically and parallel to
each other beside the second heat exchanger 22 as shown in

Fig. 7.



conprom sing the thermal conductivity. 10 A corrosion resistance test
was carried out under conditions sinulating an actual use environnent, in
whi ch the exterior surface of a steel pipe (25.4nmferr]) coated with PFA
resin to a thickness of 200[err]mto 400[err]mwas subjected to 80%
sulfuric acid (at 140[err]C) and to 20%chloric acid (at the boiling point)
while the interior surface thereof was cddled with air. Further, a thermal
cycle test was carried out under conditions simulating the actual use
environment, in which the exterior surface of the steel pipe was repeatedly

cooled to the rOPH}£RHPEVﬁBHﬁéhaﬂﬂeh&?&?@s&@dlgﬁﬁéaihghﬂhiéea&Qﬁtéat%B'Or
surface thereof was cooled Wwth air. These tests reveal ed that the PFA
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the second heat exchénger 22, the high-temperature exhaust
gas may be supplied to the tubes 22b of the second heat
exchanger 22 as shown in Fig. 8. However, the construction
shown in Fig. 2 which allows the.exhaust gas to flow outside
the tubes 22b facilitates a cleaning operation for éleaning
the interior surface of the second heat exchanger 22 on
which dust such as flying ash in the exhaust gas adheres.

Still further, though the gas burner (heater) is
provided in the midst of the exhaust gas pipe line 13 for
leading the exhaust gas from the second heat exchanger to
the denitrator in the aforesaid embbdiment, the gas burner
may pot be necessarily requiréd.

While the present invention has been described above by
way of a specific embodiment thereof, it should be
understood that various modifications and changes may be

made without departing from the spirit and scope of the

present invention, as defined in the appended claims.
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good corrosion resistance is a steel pipe nechanically coated with PTFE
resin. However, the PTFE resin coating suffers froma bad adhesiveness to
the steel pipe, resulting in a deteriorated heat-conduéfTVTT?‘éﬁd‘corfosion

resistance. In addition, even a small nechanical da mﬂmm, 1 resin .
coating results in a large tear of the resin coatings _ ﬁw I bj ect ed
to a thermal cycle, the PTFE resin coating is slacKed. Wth Mef erence to
Figs. 3 and 4, the construction of the tenperature adjuster 11 will be
descri bed nore specifically. In the tenperature adjuster 11, the second
heat exchan@§bet22si ¢ldiimpdséd:in an upper portion within the frame 31, and
the first heat exchanger 21 is divided into two pieces 21A and 21B which
are connected i ih.ser Aeseghdudtsgesctirpatakehs| appariéusefomdukeatinerchanger
22 ' :

incineration equipment comprising a temperature adjuster for

cooling exhaust gas discharged from an incinerator, a dust

collector for removing dust from the exhaust gas cooled by

the tempe:afure adjuster, and a denitrator for catalytically

denitrating the exhaust gas supplied from the dust

collector, characterized in that

the temperature adjuster has a first heat exchanger for

cooling the exhaust gas of a high temperature discharged

from the incinerator with air and a second heat exchanger

for heating the exhaust'gas of a lower temperature supplied

from the dust collector with the high-temperature exhaust

gas discharged from the incinerator.

2. An exhaust gas treatment apparatus as set forth in
claim 1, wherein a heater for heating the exhaust gas is
provided in the midst of a pipe line for leading the exhaust

.gas heated by the second heat exchanger to the denitrator.

3. An exhaust gas treatment apparatus as set forth in
claim 1, wherein a portion of the first heat exchanger which
is to be brought into contact with the exhaust gas is coated
with a coating material for prevention of acid-dew-point

corrosion.



thereunder. If two heat exchangers each having the sanme size as that _of-the
second heat exchanger were used as the first heat exchanger 21, the |ength
of the first exchanger 21 woul d be about double the | _ \M\‘ﬁ td
heat exchanger 22. In this enbodi nent, however, the fip\ l marger 21
i,s divided into two pieces which are disposed parallel %0 ¢ hé s8cond heat
exchanger 22 thereunder, so that the sizd6éof the tenperature adjuster. 11
can be reduced. A known exhaust gas treatnment apparatus capable of treating
exhaust gas fromthe refuse incineration at a rate of 40,000Nrerr]/hr, for
exanpl e, requirgs a ReAlxPAGRANGEL RPUaRGeA tSagRatatdd 2Pt FO-LRCIGt)
In addition to a tenperature adjuster colunn of water jet type having a
size of 10m,4Rhgi,05t) el ® L0 3P diha Bt €k £ sG0RedS aLeWt b iLhe
two heat excl}uangeré ﬂ‘ear? 2% 8% t&e t enper aturlgsadj usa?;eiex%g} g‘?cgr Prjfté:li)‘to
this enbodi qent _onl a f 2. +3m I ght )., t hat
the size of Iitghté-’ot gr?ypg?%?%% g’(ﬁﬁ%&%grn%ff%cg}r?%leJtr}%dl?)égéugnm %%%pg'?i )583%\%% h

t he known t%qr%%r %t lérogta}‘dgu%lta rerggllugr& and

r prevention of acid-~dew-point

corrosion.

5. An exhauét gas treatment apparatus as set forth in
claim 3, PFA resin is used as the co;ting material, with
which the portion of the first heat exchanger to be brought
into contact with the exhaust gas is coated to a thickness

of 200um to 1000pum by baking finish.

6. An exhaust gas treatment apparatus as set forth in
claim 4, PFA resin is used as the coating material, with .
which the.portion of the first heat exchanger to be brought
into contact with the exhaust gas is coated to a thickness

of 200pm to 1000um by baking finish.

7. An exhaust gas treatment apparatus as set forth in
any of claims 1 to 6, wherein the first and second heat
exchangers are transQerse multipipe heat exchangers, and the
first heat exchanger is divided into two pieces which are
disposed integrally and parallel to the second heat

exchanger.



heat exchanger. 12 The air which has absorbed heat fromthe exhaust gas
fn the first heat exchanger 21 is supplied into the exhaust gas di scharged
fromthe denitrator. 14 to prevent the exhaust gas from being di scharged as
white snmoke fromthe stack 3. (The term "white snoke"” is herein defined as
exhaust gas in which water vapor included therein | ooks white because the
tenmperature thereof is low In view of 1epvi ronnental concerns, preventive
nmeasures are taken agai nst the white snoke.) The exhaust gas of a high
tenperature (e.g., 280[err]C) discharged fromthe refuse incinerator flows
t hrough the second heat exchanger 22 the first heat exchanger 21 so
that the tenperature thereof is | owered{ Calci

_ um hydroxi de i s added to the
exhaust gas cool ed, for exanple, t
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170[err]C in the heat exchangers 22 and 21 on the way to the bag filter 12.
After flying ash is renoved fromthe exhaust gas by neans of the bag filter
12, the exhaust gas is heated in the second heat exchanger 22. The exhaust
gas is further heated, for exanple, to about 230[err]C by the gas burner 15
provided in the mdst of the exhaust gap p%pe line 13 and, thereafter,
Supplied into the denitrator 14 to be catalytically denitrated. The air

whi ch has absorbed heat by cooling the exhaust gas in the first heat
exchanger 21 is supplied to the exhaust gas discharged fromthe denitrator
14 for white 13 snoke prevention, and thgn the exhaust gas'is discharged
fromthe stack 3. The exhaust gas dischargqg fromthe bag filter 12 is
heated up to atemmrﬂurereqmredfortMﬁcMaJWic‘
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denitration by utilizing the heat of the exhaust gas fromthe refuse
fncinerator by neans of the second heat exchanger 22. Therefore, the
exhaust gas treatnment apparatus of the present invention is nuch nore
econom cal than a conventional exhaust gas treatnent apparatus that is
adapted to heat the once cool ed exhaust s only by neans of a heater.
Further, since the tenperature adjusteﬁ 21 has two heat exchangers 21 and
22 vertically disposed therein and one heat' exchanger 21 is divided into
two pieces which are disposed parallel to each other and to the other -heat
exchanger 22,- the size of the tenperature adjuster 11 can be significantly
reduced. Though the first heat exchanger divided into two pieces is

di sposed parallel to the second heat exchanger thereunder in the aforesaid
enbodi ment, the pieces 21A and 21B of Eﬁﬁgaiggt heat exchanger 21 may be
di sposed parallel to the second heat ekc g t her eabove as shown in Fig.
6 or, alternatively, may be disposed vertically and parallel to
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each other beside the second heat exchanger 22 as shown in Fig. 7. 14
Further, though the aforesaid enbodinent is adapted to supply the

hi gh-tenperature exhaust gas to the shell 22a of the second heat exchanger
22, the high-tenperature exhaust gas may be supplied to the tubes 22b of

t he second heat exchanger 22 as shown in Fig. 8. However, the construction
shown in Fig. 2 which allows the exhaust4 §3s to flow outside the tubes 22b
facilitates a cleaning operation for cleaning the interior surface of the
second heat exchanger 22 on which dust such as flying ash in the exhaust
gas adheres. Still further, though the gas burner (heater) is provided in
the mdst of the exhaust gas pipe line 13 for |eading the.exhaust gas from
t he second heat exchanger to the denitrator in the aforesaid enbodi nent,

t he gas burner
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may not be necessarily required. Wile the present invention has been
tescri bed above by way of a specific enbodi nent thereof, it should be

under stood that various nodifications and changes may be nade without
departing fromthe spirit and scope of the present invention, as defined in
t he appended cl ai ns. 15 What is clainmed is: 1. An exhaust gas
treatnment apparatus for use in an incingr/ari on equi pnent conprising a
tenperature adjuster for cooling exhaust gas discharged from an
incinerator, a dust collector for renoving dust fromthe exhaust gas cool ed
by the tenperature adjuster, and a denitrator for catalytically denitrating
t he exhaust gas supplied fromthe dust collector, characterized in that the
tenperature adjuster has a first heat exchanger for
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cooling the exhaust gas of a high tenperature discharged fromthe
tncinerator wwth air and a second heat exchanger for heating the exhaust
gas of a |l ower tenperature supplied fromthe dust collector with the

hi gh-t enper at ure exhaust gas di scharged fromthe incinerator. 2. An
exhaust gas treatnent apparatus as set forth in claiml1l, wherein a heater
for heating the exhaust gas is provided /¥ the midst of a pipe line for

| eadi ng the exhaust gas heated by the second heat exchanger to the
denitrator. 3. An exhaust gas treatnent apparatus as set forth in claim
1, wherein a portion of the first heat exchanger which is to be brought
into contact with the exhaust gas is coated with a coating material for

prevention of aci d-dew- point corrosion. 16 4. An exhaust gas treatnment
apparatus as set forth in FI G 6
21
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claim2, wherein a portion of the first heat exchanger which is to be
brought into contact with the exhaust gas is coated with a coating nateri al
for prevention of acid-dew point corrosion. 5. An exhaust gas treat nment
apparatus as set forth in claim3, PFA resin is used as the coating
material, with which the portion of the first heat exchanger to be brought
into contact with the exhaust gas is cogtgd to a thickness of 200[err]mto
1000[ err] m by baki ng finish. 6. An exhaust gas treatnent apparatus as set
forth in claim4, PFA resin is used as the coating material, with which the
portion of the first heat exchanger to be brought into contact with the
exhaust gas is coated to a thickness of 200[erg]Jmto 1000[err] m by baking
finish. 7. An exhaust gas treatnent apparatu® as set forth in any of
claims 1 to 6, wherein the first and second he exchangers are transverse
mul ti pi pe heat exchangers, and the first heat™ changer is divided into two
pi eces which are disposed integrally and paralf el to the second heat
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exchanger.

ABSTRACT OF THE DISCLOSURE

EXHAUST GAS TREATMENT APPARATUS FOR USE IN INCINERATION

EQUIPMENT

An exhaust gas treatment apparatus for use in an
incineration equipment is provided which comprises: a
temperature adjuster (11) for cooling exhaust gas discharged
from an incinerator (2);_a bag filter (12) for removing dust
from the exhaust gas cooled by the temperature adjuster
(11); and a denitrator (14) for catalytically denitrating
the exhaust gas sﬁpplied from the dust collector, the
temperature adjuster (11) having a first heat exchanger (21)
for cooling the exhaust gas of a high temperature discharged
from the incinerator (2) with air and a second heat
exchanger (22) for heating the exhaust gas of a lower
.temperature supplied from the bag filter (12) with the high-

temperature exhaust gas discharged from the incinerator (2).

(Please note that Figure 1 should accompany the abstract when published)



