DESCRIPTION
TITLEOFTHEINVENTION:N >,OANALYSISDEVICEANDANALYSISMETHOD
TECHNICAL FIELD
[0001]
The invention relates to an N 2O analysis device and

analysis method.

BACKGROUND ART
[0002]

Dinitrogen monoxide (hereinafter referredtoas N 20)is
known to be one of greenhouse gases. However, since itis not
subjectto a flue gas regulation, the concentration of N ,0in
flue gas discharged from sludge incinerators and ci rculating
fluidized bed boilers has notbeen measured, or con trol based
on the measured concentration of N 20 has not been performed.
SinceN ,Ohasabout310timesasmuchgreenhouseeffectas carbon
dioxide, the reduction of N 2O greatly contributes to the
reductionofthetotalamountofgreenhousegases. Accordingly,
it is strongly desired to reduce N 20 discharged from sludge
incinerators and circulating fluidized bed boilers asmuchas
possible.

[0003]

Conventionally,themeasurementandanalysisofN 2Ohave
beenperformedwithanalysisequipmentsuchasano n-dispersive
infrared spectrometer,agaschromatographymasssp ectrometer
(GC-MS), or a gas chromatography electron capture d etector
(GC-ECD)aftergasissampledandpretreatedtorem ovedustand
coexisting gases (H 20/C(G,/CO/SO,/CH,4 and so on).

[0004]
Inaddition, nowadays, a gas analysis device capab le of

continuouslyanalyzingNO,NO 2,N 20andNH ssimultaneouslyusing



multiple quantum cascade lasers (hereinafter referr ed to as
QCLs)aftergasissampledandpretreatedtoremove onlydust/H 20,
isbeingdevelopedandresearched(forexample,ref ertoPatent

Document 1 below).

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0005]

Patent Document 1: WO2012/120957

NON-PATENT DOCUMENT

[0006]

Non-Patent Document 1: O. Tadanaga et al., "Efficie nt 3- um
difference  frequency generation using direct-bonded
guasi-phase-matched LiNbO3 ridge waveguides", 2006, APPLIED
PHYSICS LETTERS, Vol.88, No.6, 061101-1-061101-3

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007]

However,eventhegasanalysisdevicedescribedin Patent
Documentlrequiresdustremovalanddehumidificati on,andthe
analysis is performed under a reduced pressure to r educe
interferenceofothercoexistinggases.Thus,this gasanalysis
device has problems of requiring much cost and time .Forthis
reason, it has been strongly desired to directly me asure the
concentration of N 20 in flue gas without pretreatment.

Moreover, for a QCL utilizing long-wavelength

mid-infrared(8 um),onlyamaterialhavingahighdeliquescent

property such as CaF 20rMgF ,canbe usedforwindow material,

which makesitimpossible to directly measure combu stionflue
gas containing a large amount of H 20.

[0008]



In view of the above, the present invention is mad eto
solve the problems described above, and an object t hereof is
to provide an N 20 analysis device and analysis method capable
of directly measuring the concentration of N 20 in flue gas
without pretreatment.

MEANS FOR SOLVING THE PROBLEMS

[0009]

To solve the above problems, an N 2O analysis device
according to a first aspect of the invention compri ses light
emissionmeansforemittinglaserlighttofluegas containing

N;O,H ,0,andCO ;;lightreceptionmeansforreceivingthelaser

light emitted to the flue gas; wavelength control m eans for
performing control such that a wavelength of the la ser light
emittedbythelightemissionmeansisina3.84to 4.00 umband,

and N ;O concentration calculation means for calculating a

concentration of N 20 by means of infrared spectroscopy, using

the laser lightreceived by the light reception mea ns and the
laser light controlled by the wavelength control me ans.
[0010]

To solve the above problems, an N 2O analysis device
accordingtoasecondaspectoftheinventionisth eN ,Oanalysis
deviceaccordingtothefirstaspectoftheinventi on,wherein
the wavelength control means performs control such that the
wavelength of the laser light is 3.9034 to 3.9060 rm, 3.9090
to 3.9116 um, or 3.9122 to 3.9148 um.

[0011]

To solve the above problems, an N 2O analysis device
accordingtoathirdaspectoftheinventionisthe N ,Oanalysis
deviceaccordingtothefirstorsecondaspectoft heinvention,

whereinthewavelengthcontrolmeansperformscontr olsuchthat



the wavelength of the laser light is 3.9047
3.9135 um.
[0012]

To solve the above problems, an N
accordingtoafourthaspectoftheinventionisth
device according to any one of the first to third a
the invention, wherein the light emission means inc
nonlinear optical crystal, generates, by means of d
frequency generation using inputs of laser light wi
wavelength of Az andlaserlightwithawavelength of
lightwithawavelength of Agsatisfying 1/
outputs the laser light with the wavelength of
[0013]

To solve the above problems, an N
accordingtoafifthaspectoftheinventionisthe

device according to any one of the first to fourth

the invention, further comprising temperature measu

meansformeasuringatemperature oftheflue gas,

um,3.9103 um,or
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whereinthe

N,O concentration calculation means calculates the

concentration of N 20 by means of the infrared spectroscopy,

using also the temperature of the flue gas measured
temperature measurement means.
[0014]

To solve the above problems, an N
accordingtoasixthaspectoftheinventionisthe
device according to any one of the first to fifth a
theinvention, further comprising sampling meansfo
theflue gas, whereinthe lightemissionmeans emit
light to the flue gas sampled by the sampling means
[0015]

by the
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To solve the above problems, an N
according to a seventh aspect of the invention is t
analysisdeviceaccordingtothesixthaspectofth
further comprising heating means for heating the fl
sampled by the sampling means.

[0016]

To solve the above problems, an N

2O analysis device
he N 20
einvention,

ue gas

20 analysis method

according to an eighth aspect of the invention comp rises

emitting,bylightemissionmeans,laserlightwith

of 3.84 to 4.00 um to flue gas containing N
receiving the laser light emitted to the flue gas;

calculating a concentration of N 20 by

spectroscopy,usingthereceivedlaserlightandth

which is controlled to be 3.84 to 4.00

[0017]

To solve the above problems, an N
accordingtoaninthaspectoftheinventionisthe
methodaccordingtotheeighthaspectoftheinvent
thewavelengthofthelaserlightemittedbytheli
meansiscontrolledtobe3.9034t03.9060
um, or 3.9122 to 3.9148 um.

[0018]

To solve the above problems, an N
accordingtoatenthaspectoftheinventionisthe
methodaccordingtotheeighthorninthaspectoft
whereinthewavelength ofthelaserlightemitted b
emission means is controlled to be 3.9047
3.9135 um.

[0019]

To solve the above problems, an N
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according to an eleventh aspect of the invention is the N ,0
analysis method according to any one of the eighth to tenth
aspects of the invention, wherein equipment includi ng a
nonlinearopticalcrystalisusedforthelightemi ssionmeans,
the equipment generating, by means of difference fr equency
generation using inputs of laser light with awavel engthof g
and laser light with a wavelength of A2, laser light with a
wavelength of Az satisfying 1/ A3=1/ A;-1/ A, and outputting

the laser light with the wavelength of 3.

[0020]

To solve the above problems, an N 20 analysis method
according to a twelfth aspect of the invention is t he N ,O
analysismethodaccordingtoany one ofthe eighth toeleventh
aspects of the invention, further comprising: measu ring a
temperature ofthefluegas;andcalculatingtheco ncentration
of N 20 by means of the infrared spectroscopy, using also the

measured temperature of the flue gas.

[0021]

To solve the above problems, an N 20 analysis method
according to a thirteenth aspect of the invention i stheN ;0
analysis method according to any one of the eighth to twelfth
aspectsoftheinvention,whereinthefluegastow hichthelaser

light is emitted is sampled.

[0022]

To solve the above problems, an N 20 analysis method
according to a fourteen aspect of the invention is the N >0
analysis method according to the thirteenth aspect of the

invention, wherein the sampled flue gas is heated.
EFFECT OF THE INVENTION
[0023]



The present invention makes it possible to measure the
concentration of N 20 in the flue gas accurately and promptly
without pretreatment.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

[Fig. 1] Fig. 1 is a schematic configuration diagra m of a
sludge incinerator including an N 2O concentration analysis
deviceaccordingtoafirstembodimentoftheprese ntinvention.
[Fig. 2] Fig. 2 is aschematic configuration diagra m of an
example of laser light source and a wavelength cont roldevice
included in the N 20 concentration analysis device.

[Fig. 3] Fig. 3 is a graph illustrating the absorba nce of
N;O in a wavelength band of 4.5 um at room temperature.

[Fig. 4A] Fig.4Aisagraphillustrating the absor bance of
H.O in the wavelength band of 4.5 um at 800°C.

[Fig. 4B] Fig.4Bisagraphillustrating the absor bance of
CQ in the wavelength band of 4.5 um at 800°C.

[Fig. 4C] Fig.4Cisagraphillustrating the absor bance of
NyO in the wavelength band of 4.5 um at 800°C.

[Fig. 5] Fig. 5 is a graph illustrating the absorba nce of
N;O in a wavelength band of 3.9 um at room temperature.

[Fig. 6A] Fig.6Aisagraphillustrating the absor bance of
H,O in the wavelength band of 3.9 um at 800°C.

[Fig. 6B] Fig.6Bisagraphillustrating the absor bance of
CQ in the wavelength band of 3.9 um at 800°C.

[Fig. 6C] Fig.6Cisagraphillustrating the absor bance of
N;O in the wavelength band of 3.9 um at 800°C.

[Fig. 7] Fig. 7 is a graph illustrating the absorba nce of
HO, CO,, N ,0 around the wavelength 3.9 um at 800°C.

[Fig. 8] Fig. 8 is a graph illustrating the relatio nship



betweenthe measurementtime andthe measurementre sultofthe
N,O concentration analysis device.

[Fig. 9] Fig. 9is a schematic configuration diagra m of an
N,O concentration analysis device according to a seco nd
embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0025]

Descriptions will be provided for embodiments of a nN O
concentrationanalysisdeviceandanalysismethoda ccordingto
the present invention based on the drawings. Howeve r, the
present invention is not limited only to the follow ing
embodiments described based on the drawings.

[0026]
[First Embodiment]

Descriptionswillbe provided using Figs. 1, 2, 3, 4Ato
4C,5,6Ato6C,and7foranapplicationofanN »0concentration
analysisdeviceaccordingtoafirstembodimentof thepresent
invention to N »,O measurement in a sludge incinerator.

[0027]

As illustrated in Fig. 1, a sludge incinerator 100 A
accordingtothisembodimentisafluidizedbedinc ineratorin
whichsludge(fuel)lissuppliedintoasludgeinc ineratormain
body101byasludgefeeder(feeder)111,andinsid ethesludge
incineratormainbody101,afluidizedbed102isf ormedbysand
grains (fluidized material) as a heating mediumtog etherwith
thesludgelandcombusts.Combustionair2withit stemperature
adjusted is introduced from a bottom 10la of the sl udge
incinerator main body 101 by means of acombustion airsupply
pipell2aandacombustionairsupplyflowratead] ustmentvalve
112b,andauxiliaryfuel3isintroducedintothef luidizedbed



102 in the sludge incinerator main body 101 by mean
auxiliary fuel supply pipe 113a and an auxiliary fu
flow rate adjustment valve 113b, and then combusts.
grainsinthe heatedfluidizedbed 102 are moved an
togetherwiththe suppliedsludge 1 bythecombusti
generatedcombustiongas. Further,whilethecombus
sludgemovesupinafreeboard103abovethefluidi
combustion of the combustion gas is completed with
air4suppliedbymeansofasecondaryairsupplyp
asecondary air supply flow rate adjustment valve 1
flue gas 5 after the combustion passes through a fl
an upper portion of the sludge incinerator main bod
is discharged to a flue gas treatment device.
[0028]
Thesludgeincineratorl00AincludesanN
analysis device 10A for analyzing the concentration
the flue gas 5 passing through the flue 105.
AsillustratedinFig.1,theN

device 10Aincludes alight source 11, windows 12a

light receiver 13, a control device 14, a temperatu

measurement instrument 15a, and a signal generator
controldevice 14includesalightsource controlu
asignalanalyzingunitl4bwhichcalculatestheco
ofN ,Obasedonalightreceptionsignalfromthelight
13, atemperature signal from the signal generator
reference signal from the light source control unit
[0029]

Here,descriptionswillbeprovidedforanexample
light source 11 and the light source control unit 1
Fig. 2.
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10

As illustrated in Fig. 2, the light source 11 incl
the two near-infrared semiconductor lasers (hereina
referredtoasNIR-LDs)11aand11bhavingdifferen
wavelengths, a mirror (reflection mirror) 11c, a mu
11d, and anonlinear optical crystal 11e. Intheli
11thusconfigured,laserlighthavingawavelength
fromthefirst(one)NIR-LD 11aisinputtedintoth
opticalcrystallleviathemirrorllcandthemult
and at the same time, laser light having a waveleng
> ;) generated from the second (the other) NIR-LD 11b
inputted into the nonlinear optical crystal 11e via
multiplexer 11d. As aresult, the lightsource 11 e
light having a short-wavelength mid-infrared wavele
(A Az=21 A-1
This difference frequency generation is based on th
order nonlinear optical effect and occurs in a seco
nonlinear optical crystal. As second order nonlinea
crystals, lithium niobate (LN), lithium tantalate (
potassium titanyl phosphate (KTP) which have large
constants are well known.
[0030]

In addition, to utilize the nonlinear constant
efficiently,the phasesofthewavelengths
incidentand outgoinglaserlightsneedto be match
angle matching method or the quasi phase matching m
used for it. For example, as shown in Non-Patent Do
LN is used as a nonlinear optical crystal, a period
polarizationreversalstructureisadoptedtoachie
phasematching,andawaveguidingstructureisfurt

to generate a mid-infrared light in a 3
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11

efficiency. AlthoughinNon-PatentDocument1, ligh
band is generated, for example, it is possible to g
short-wavelengthmid-infraredlightwithadesired
Azina2to5
Aiandthewavelength
[0031]

Inthis case, the stability/robustness of the devi
guaranteedbyusingNIR-LDlightsources,whichhav
for many applications for communication or the like
original light sources. In addition, ina QCL that
and generates along-wavelength mid-infraredlight,
wavelengthlinewidthofthegeneratedlaserlight
measurement tends to be affected by coexisting gase
other hand, since in this embodiment, the NIR-LDs,
wavelengthlinewidthsofwhichare extremelynarro
as origins, the wavelength line width of the genera
short-wavelength mid-infraredlaserlightis as nar
NIR-LDs, and this embodiment has a characteristic o
hardly affected by coexisting gases.

[0032]

Note that although the incident lights from the tw
NIR-LDs 11a and 11b enter the nonlinear optical cry
through the spatial optical system in Fig. 2, optic
can be used for the incidence.

[0033]

The light source 11 is controlled by the light sou
control unit 14a, which performs temperature contro
twoNIR-LDs11laandl11lbandthe nonlinearopticalc
and electric current control for the two NIR-LDs 11

Appropriate setting of the temperature allows for p

umrange,byappropriatelyselectingthewavelength

A2, whichareinthenear-infraredrange.
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12

control of the oscillation wavelengths at the NIR-L Ds1laand
11b, and precise control of combinations of wavelen gths that
can be efficiently generated by the difference freq uency

generation, at the nonlinear optical crystal 11e.

[0034]

Further,inthisembodiment, utilizingshort-wavel ength
mid-infrared (around 4 um) for the measurement wavelength
allows sapphire window plates having high strength/ corrosion
resistance to be utilized for the windows 12a and 1 2b.Onthe
other hand, since, in a QCL utilizing long-waveleng th
mid-infrared (8 um),onlyCaF ,,MgF ;,orthelikehavingahigh
deliquescent property can be used for window materi al,itis
impossibletodirectly measure combustionflue gas containing
a large amount of H 20.

[0035]

Meanwhile, strong basic absorption of N 20 exists at a
wavelength of 4.50 um (absorption intensity 1 x 10 18
cm/molecule), and typically, N 2Oisobservedasatargetina
wavelengthregionwheresuchstrongabsorptionexis ts.However,
in the application described above, for example, wh ere gases
such as 50% of water and 12% of carbon dioxide coex ist, for
example, even though a strong absorption of N 20 exists, itis
impossible to measure the absorption line accuratel y because
theabsorptionofN 20Oissmallcomparedtothe coexistinggases
andthecoexistinggasesobstruct(interfere)them easurement.
[0036]

Afterdiligentstudiesinthisrespect,itwasfou ndthat
absorptionofN »Ocanbeobservedataround3.9 umwhileavoiding
influence of the coexisting gases, eventhoughthe absorption

intensityis2.5x10 20 cm/molecule,whichisasmallabsorbance
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compared to the basic absorption. The situation wil | be
described using Figs. 3, 4A to 4C, 5, 6A to 6C, and 7.
[0037]

Fig. Sillustrates the absorbance of N 2,Oaround 4.5 um.
Fig. 3illustrates the case where the concentration of NO ;is
100ppm,thepressureislatmosphericpressure,th epathlength
is 6 m, and the temperature is room temperature. Fi g.3shows
that, depending on the wavelength in this region, t here is
strong absorption the absorbance of which exceeds 1 .Figs.4A
to4Cshowtheabsorbancearounda4.5 rnmbandforthecasewhere
thetemperatureis800°C, whichisanexampleofa temperature
assumed to be inside the incinerator, and where 50% of water

and 12% of CO , coexist. According to Figs. 4A to 4C, it was

confirmedthatinthe hightemperature conditionat 800°C,the
absorbance of N ,O reduces while the absorption of CO 2, Which
is a coexisting gas, is very strong, which makes it difficult

toobserveN ;0. NotethataccordingtoFig.4B,the absorbance

of CO ; is larger than 1 at wavelengths of 4.52 um or less.
[0038]

Meanwhile, Fig. 5 showsthe absorbance of N >Oaround3.9
umforthe case where the concentration of N 20is 100 ppm, the
pressureislatmosphericpressure,thepathlength isém,the
temperatureisroomtemperature.ltisshownthatt heabsorbance
of N ,Oisonlyaboutone fortieth ofthe absorbance arou nd4.5
pm. Inthe same way as in Figs. 4A to 4C, Figs. 6A t 0 6C show
the absorbance around a 3.9 um band for the case where the
temperature is 800°C, which is an example of a temp erature
assumed to be inside the incinerator, and where 50% of water

and 12% of CO , coexist. From Figs. 6A to 6C, it was confirmed

that unlike the vicinity of 4.5 um, this region is less
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susceptible to the absorption of CO 2. Fig. 7 illustrates the
casewhereFigs.6Ato6Caresuperimposedandthe scaleofthe
verticalaxisischanged.AccordingtoFig.7,itw asconfirmed
thatalthoughtheabsorptionofwaterexistsaround 3.9 um,the
positionsofitsabsorptionlinesare sparseandth einfluence
of the absorption lines of water is small, and iti s possible

to observe N 0.

[0039]

From this result, the light source 11 is a mid-inf rared
semiconductor laser capable of emitting laser light with, for
example,avibrational-rotationalabsorptionwavele ngthofN >0
inawavelengthbandof3.84t04.00 um,preferablyawavelength
region Al (wavelengths of 3.9034 to 3.9060 um), a wavelength
regionA2(wavelengthsof3.9090t03.9116 um),orawavelength
region A3 (wavelengths of 3.9122 to 3.9148 um), or more
preferably a wavelength of 3.9047 um, a wavelength of 3.9103
pm, or a wavelength of 3.9135 pm.

[0040]

The windows 12a and 12b are arranged to face each other
atthe flue 105 and can be passed through by the la ser light.
Itis preferable thatthe windows 12aand 12barem ade of, for
example,sapphire. Thisisbecausethatsapphiredo esnothave
adeliquescentpropertyandeliminatesthe needof maintenance

such as replacing the windows.

[0041]

The light receiver 13 receives the laser light emi tted
bythelightsourcellandhavingpassedthroughth ewindowl12a,
theflue105,andthewindowl12b.Alightintensity signal(light
receptionsignal)obtainedbythelightreceiverl3 isoutputted

tothesignalanalyzingunitl4btobedescribedin detaillater
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of the control device 14.

[0042]

The temperature measurement instrument 15ais disp osed
soastomeasurethetemperatureatgenerallythes ameposition
asthelasermeasurementpositionintheflue 105, andcapable
of measuring the temperature of the flue gas 5 flow inginside
the flue 105. The temperature measurement instrumen t 15a
measuresthetemperatureofthefluegas5,andthe temperature
signal generated by the signal generator 15b is out putted to

the signal analyzing unit 14b.

[0043]

The light source control unit 14a transmits a cont rol
signaltothelightsource 11tocontrolthe wavele ngthofthe
laser light emitted by the light source 11, and tra nsmits the
referencesignaltothesignalanalyzingunitl4b. Thereference
signal is a signal having the wavelength informatio n of the
laserlightemittedbythelightsource 11basedon thecontrol
signal.

[0044]

The signal analyzing wunit 14b calculates the
concentrationofN 2Oandoutputsasignalcorrespondingtothis
concentrationofN 20.Thesignalanalyzingunit14bcalculates
theconcentrationofN 2Obymeansofinfraredspectroscopybased
on the reference signal transmitted from the light source
control unit 14a, the light reception signal obtain ed at the
lightreceiver13,andthetemperaturesignaltrans mittedfrom
the temperature measurement instrument 15a via the signal

generator 15b.
[0045]

The measurement time of the N 20O concentration analysis
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device 10A described above and the measurement resu It of the
concentration of N 20 will be described using Fig. 8. In Fig.
8,thetestspecimenindicatesacaseoftheN 20O concentration
analysis device according to this embodiment, and t he
comparative specimen indicates a case of a conventi onalN ,0O
concentrationanalysisdevicethatmeasuresthecon centration

of N ;0O afterflue gasis sampled and pretreated to remov edust
and coexisting gases. In Fig. 8, the thin line indi cates the
measurement result of the test specimen, and the th ick line
indicatesthe measurementresultofthe comparative specimen.
The measured gas contained 50% of water, 12% of CO 2, several%

of O ,, and the temperature of the gas was 800 to 850°C.

[0046]

As illustrated in Fig. 8, for the maximum peaks of the
concentrationsofN 2O around 30 minutes, itwasfoundthatthe
test specimen was able to be measured 1 minute and 38 seconds
beforethe case ofthe comparative specimen. ltwas alsofound
that the concentration of N 20 of the test specimen was higher
than that for the case of the comparative specimen. For the
minimumvalues ofthe concentrations of N 20around40 minutes,
it was found that the test specimen was able to be measured 1
minute and 25 seconds before the case of the compar ative
specimen. It was also found that the concentration of N ,O of
the test specimen is lower than that for the case o f the
comparativespecimen.Inotherwords,itwasconfir medthatthe
N,O concentration analysis device 10A according to th is
embodiment makes it possible to analyze the concent ration of
N,O promptly and accurately compared to a conventiona IN ,0
concentration analysis device regardless of the max imumvalue

and the minimum values of the concentration of N 20.
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[0047]

Thus,theN  ,OconcentrationanalysisdevicelOAaccording
to thisembodiment, having the equipment described above, can
directly measure the concentration of N 20 in the flue gas 5
without pretreatment of removing dust and coexistin g gases

otherthan N 0 in the flue gas 5, which makes it possible to

measuretheconcentrationofN 20inthefluegas5promptlyand
accurately.
[0048]

In addition, changing the attachment positions of the
windows 12a and 12b allows for the measurement at a nupstream
portion such as the inside of the freeboard 103 whe re the
concentrationofparticlesishigh,orapositiond irectlyabove
the fluidized bed where flames cross and the concen tration of
N, Oishigh.Moreover,inthemeasurementatadownst reamportion,
the concentration of N 2O measured by the N 2O concentration
analysis device 10A according to this embodiment sh ows an
averagevalueonthelaserlightpath.Forthisrea son,although

conventional sampling measurement requires traverse

measurementortheliketofindarepresentativeva luewhenthe
concentration is not constant inside the flue, the N,O
concentration analysis method in accordance with th e N,O
concentrationanalysisdevice1l0Aaccordingtothis embodiment
makes it possible to always measure the average con centration

of N 50 in the flue 105.

[0049]

[Second Embodiment]
Descriptions will be provided for an application o fthe
measurementof N >0 inasludge incinerator in accordance with

a N 20O concentration analysis device according to a seco nd
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embodiment of the present invention using Fig. 9.

Inthisembodiment,asamplingdeviceisaddedto theN ,0
concentrationanalysisdeviceaccordingtothefirs tembodiment
describedabove,andexceptforit,thisesmbodiment isgenerally

the same as the first embodiment.

[0050]

As illustrated in Fig. 9, a sludge incinerator 100 B
accordingtothisembodimentincludesthe sameequi pmentasin
the sludge incinerator 100A according to the above first
embodiment, and also includes an N 2O concentration analysis
device 10B.

[0051]

The N ,0 concentration analysis device 10B includes the
sameequipmentasintheN 2O concentrationanalysisdevice 10A
accordingtothe abovefirstembodiment, and furthe rincludes
asamplingdevicel6.Thesamplingdevicel6includ esasampling
pipel6a,adeliverypipel6b,asamplingcell16c, adischarge
pipe 16d, and a blower 16e.

[0052]

Thesamplingpipel6aisdisposedwithitsdistal endside
protrudedintotheflue105,andsamplestheflueg as5flowing
through the flue 105.

[0053]

Theproximalendsideofthedeliverypipel6bis connected
totheproximalendsideofthesamplingpipel6a, andthedistal
end side ofthe delivery pipe 16bis connectedtot he proximal
end side (the end side connected to the light recei ver 13) of

the sampling cell 16c.
[0054]

Thedistalendofthesamplingcell16ciscoupled tothe
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light source 11 through awindow 12c, and the proxi
thesamplingcelll6ciscoupledtothelightrecei
awindow 12d. Note thatitis preferable that the w
and 12d be made of, for example, sapphire in the sa
in the windows 12a and 12b.

[0055]

The proximal end of the discharge pipe 16d is conn
tothedistalendside(theendsideconnectedtot
11)ofthesamplingcelll6c,andthedistalendof
pipel6disconnectedtotheflue105downstreamof
pipe 16ainthe flowing direction of the flue gas.
16e is disposed in the middle of the discharge pipe
theoperationofthisblowerl6e,apartoftheflu
through the flue 105 will be introduced through the
pipe 16aandthe delivery pipe 16binto the samplin
andtheflue gas 5 having flowed through the sampli
willbereturnedthroughthedischargepipel6dto
[0056]

Thesamplingdevicel6furtherincludesaheaterl
heatsthesamplingcell16ctokeepthetemperature
gas 5 inside the sampling cell 16c at a desired tem
This allows the inside of the sampling cell 16c to
apredeterminedconstanttemperature,andmakesit
measure the concentration of N
measuring the temperature.
[0057]

Here, the main operation of the above N
analysis device 10B will be described. Note that th
operation of the sludge incinerator 100B is the sam
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are omitted.
[0058]

First, the heater 16fis activated to heat the sam
cell 16c. This keeps the inside of the sampling cel
constanttemperature, makingitpossibletokeepa
correctionconstantwhendirectlymeasuringthecon
ofN ,Ointhefluegas5flowingthroughtheflue105,a
eliminating the need foratemperature measurement
and its signal generator.

[0059]

Then,theblowerl6eisactivated. Thiswillcause
oftheflue gas5flowingthroughtheflue 105tof
samplingcelll6cthroughthesamplingpipel6aand
pipe 16b.

[0060]

Next, the light source 11 emits laser light with a
wavelengthofapredeterminedrange (forexample, 3
um)basedonacontrolsignalfromthelightsource
14a of the control device 14. The laser light is re
the light receiver 13 through the window 12c, the f
inside the sampling cell 16¢, and the window 12d. T
receiverl3transmitsthelightreceptionsignalco
to the received laser light to the signal analyzing
of the control device 14. The signal analyzing unit
receivesthereferencesignalfromthelightsource
14a.

[0061]
The signal analyzing unit 14b calculates

concentration of N

spectroscopy based on the light reception signal an

pling
|16cata
temperature
centration
ndthereby
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thedelivery

.84104.00
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reference signal.

[0062]

Thus, even in the case where the flue gas 5is sam pled,
the N ,0O concentration analysis device 10B according to th is
embodimentincluding the above equipment makesitp ossibleto
directlymeasuretheconcentrationofN 2Ointhefluegaswithout
removing dustand coexisting gasses otherthanN 20intheflue
gas5,whichmakesitpossibleto measurethe conce ntration of

N;O in the flue gas 5 promptly and accurately.
[0063]

Moreover, the N 2O concentration analysis device 10B

allowsfortheinstallmentwithoutalarge-scale mo dification
work such as attaching measurement windows to a fur nace.
[0064]
[Other Embodiments]

Intheabove,descriptionshavebeenprovidedfor thecase
where the concentration of N 20 inthe flue gas containing 100

ppmofN ,0,50%0fH ,0,and12%0ofCO ,ismeasured.However,the

concentrationofN 20inthefluegasisnotlimitedto 100 ppm.

When the concentration of N 20 is higher than 100 ppm, the
absorbance of laser is high, and accordingly, it is possible
to obtain the same operation effect as described ab ove.
[0065]

In addition, although in the above, descriptions h ave
been provided for the case where the concentration of N ,Oin
the flue gas containing 100 ppm of N 20,50% of H ,0, and 12% of
CQ is measured, the concentration of H 20 in the flue gas is
notlimitedto50%. Whenthe concentrationofH »0islowerthan
50%, the absorbance of laser is lower than in the ¢ ase where

the concentration of H ,O is 50%, and the influence on the
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measurementoftheconcentrationofN 2Oissmall. Accordingly,
itispossibletoobtainthesameoperationeffect asdescribed
above.

[0066]

Moreover, althoughinthe above, descriptions have been
providedforthecasewheretheconcentrationofN 2Ointheflue
gas containing 100 ppm of N 20,50% of H >0, and 12% of CO ;s
measured,theconcentrationofCO sinthefluegasisnotlimited
to 12%. When the concentration of CO 2 is lower than 12%, the
absorbance of laser is lower than in the case where the
concentrationofCO 21s12%,andtheinfluenceonthemeasurement
oftheconcentrationofN »Oissmall.Accordingly,itispossible
to obtain the same operation effect as described ab ove.
INDUSTRIAL APPLICABILITY
[0067]

Since the N  ,0 analysis device and analysis method
according to the present invention can measure the
concentration of N 20 in the flue gas accurately and promptly
withoutpretreatment,itcanbeutilizedextremely usefullyin
industrial applications.

REFERENCE SIGNS LIST

[0068]

1 sludge (fuel)

2 combustion air

3 auxiliary fuel

4 secondary air

5 flue gas

10A, 10B N >0 concentration analysis device
11 light source (light emission means)

12a, 12b window
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13 light receiver (light reception means)

14 control device

14a light source control unit (wavelength control m eans)
14b  signal analyzing unit (N 2O concentration calculation
means)

15a temperature measurement instrument (temperature
measurement means)

100A, 100B sludge incinerator

101 incinerator main body

102 fluidized bed

103 freeboard

105 flue
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CLAIMS
[Claim 1]
An N ,0 analysis device comprising:
lightemissionmeansforemittinglaserlighttof luegas
containingN 0, H ,0, and CO ;
light reception means for receiving the laser ligh t

emitted to the flue gas;

wavelengthcontrolmeansforperformingcontrolsu chthat
awavelength of the laser light emitted by the ligh temission
means is in a 3.84 to 4.00 um band; and

N >0 concentration calculation means for calculating a
concentration of N 20 by means of infrared spectroscopy, using
the laser lightreceived by the light reception mea ns and the
laser light controlled by the wavelength control me ans.
[Claims 2]

The N ,0 analysis device according to claim 1, wherein

the wavelength controlmeans performs control such that
thewavelengthofthelaserlightis3.9034t03.90 60 um,3.9090
to 3.9116 um, or 3.9122 to 3.9148 um.
[Claim 3]

TheN ,Oanalysisdeviceaccordingtoclaimlor2,wherei

the wavelength controlmeans performs control such that
the wavelength of the laser light is 3.9047 um,3.9103  um,or
3.9135 um.
[Claim 4]

The N ,0 analysis device according to any one of claims
1 to 3, wherein

the light emission means includes a nonlinear opti cal
crystal,generates,bymeansofdifferencefrequenc ygeneration

using inputs of laser light with a wavelength of A1 and laser
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light with a wavelength of A2, laser light with a wavelength
of Assatisfyingl/ A3=1/ -1/ XNp,andoutputsthelaserlight
with the wavelength of As3.

[Claim 5]

The N ,0 analysis device according to any one of claims
1 to 4, further comprising

temperature measurement means for measuring
temperature of the flue gas, wherein

the N ,0 concentration calculation means calculates the
concentration of N 20 by means of the infrared spectroscopy,
using also the temperature of the flue gas measured
temperature measurement means.
[Claim 6]

The N ,0 analysis device according to any one of claims
1 to 5, further comprising

sampling means for sampling the flue gas, wherein

thelightemissionmeansemitsthelaserlightto
gas sampled by the sampling means.
[Claim 7]

The N ,0 analysis device according to claim 6, further
comprising

heating means for heating the flue gas sampled by
sampling means.
[Claim 8]

An N ,0 analysis method comprising:

emitting, by light emission means, laser light wit
wavelength of 3.84t04.00 umto flue gas containing N
and CO y;

receiving the laser light emitted to the flue gas;

by the

theflue

the

h a
20, H 20,

and

calculating a concentration of N 20O by means of infrared
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spectroscopy,usingthereceivedlaserlightandth elaserlight
which is controlled to be 3.84 to 4.00 um.
[Claim 9]

The N ,0 analysis method according to claim 8, wherein

the wavelength of the laser light emitted by the | ight
emissionmeansiscontrolledtobe 3.9034t03.9060 um, 3.9090
to 3.9116 um, or 3.9122 to 3.9148 um.
[Claim 10]

TheN ,Oanalysismethodaccordingtoclaim8or9,wherei n

the wavelength of the laser light emitted by the | ight
emission means is controlled to be 3.9047 um, 3.9103 um,
3.9135 um.
[Claim 11]

The N ,0 analysis method according to any one of claims

8 to 10, wherein

equipmentincluding anonlinear optical crystal is used
forthelightemissionmeans,theequipmentgenerat ing,bymeans
ofdifferencefrequencygenerationusinginputs of laserlight
with a wavelength of A1 and laser light with a wavelength of
A2, laser light with a wavelength of Az satisfying 1/ =1/ N
-1/ ., and outputting the laser light with the wavelengt h of
A3.
[Claim 12]

The N ,0 analysis method according to any one of claims
8 to 11, further comprising:

measuring a temperature of the flue gas; and

calculating the concentration of N 2O by means of the
infrared spectroscopy, using also the measuredtemp erature of
the flue gas.

[Claim 13]
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The N ,0 analysis method according to any one of claims
8to12,whereinthefluegastowhichthelaserli ghtisemitted
is sampled.

[Claim 14]
The N ,0 analysis method according to claim 13, wherein

the sampled flue gas is heated.



