TI TLE~OF THE | NVENTI ON Ammoni a Anal yzer BACKGROUND
OF THE I NVENTION 5 Field of the Invention The present
invention relates to an NH err] anal yzer for continuously measuri ng
the concentration of ammonia (NH err]) contained in exhaust gas Such
an NH err] analyzer is set on an outlet of a flue gas denitrator for
exhaust gas treatnent on a Iom/t%ﬂperature part subsequent to an air
preheater of an 10 oil burning boiler or on a outlet of a dust collector

havi ng an NHrgn'H OE’THEtINVE N utilized for measuring the NH err]
concentration in the-treated exhaust gas. Description of the Prior

Ar t Aingnoria Asalgzerchemat i ¢ bl ock di agram showi ng an exenpl ary
conventional 15 NH3 anal yzer. Describing the neasurenent principle,
NH[ err] anal yzers for flue gas enpl oying catal ysts include an

oxi dati on t yBACKGROUND OMFTIEENNYENTION type anal yzer. Each NH3
anal yzer is forned by a sanpling probe part 51 consisting of two

sanpl i ng 5or obeld ¢fitise lovertigher r] and No[err] passages, an anal ytic

part 52 having an zers for neasuri he concentrations of . the NH err]
B 20° N err ] pUA BisSent bvgBe (Rt toAn Nok SRORR S gy T
cal cul ati ng fnBgsiMAZ the conceRBEESH bPaATBNIr (NF,) BontbiRed M eidustigh@ns obt ai ned
fromthe two_anal yzers. NH3 passage iIs provided with a catalyst C,

which is prepagean Nibranalyzenisosaton an outledaf @diveogascdanirater farexbrestoxi dat i on

type anal yzer_ nj t] [ 1. Lon type
anal yaor.  zckes YreBd i oGS vERe pors suRBMRALRD shii i BF el 6 o
cont ai na@ i noil lemiNgDoiler or o asEABE of Atdustgollestdretiaiil AnNHY iiestbs ahbe
concentration,_of t her eby measuri.ng. the NH.err], concentration. In

ot her wor ds, utiiepd fen mgaseing the ik ecangenfratiorin the tregted exbyaust 288d hence t he
NH err] anal yzer -reduces NJ err] contained in the flue gas to NO by
an NJ err]-NO converter upstreama detector. Since only the N(Jerr] 30
concent r at i dDescriptiehesftthe Arior e N[ err] passage while the total

concentraton o e v s bSreE Hod st e S5 b e
bet weenjdet eqHl aRalyAlrieDestriltifg 5 MeastirBnieh pkiMSiple, NH, analyzers for flue
gas employing catalysts include an oxidation type analyzer and a reduction
type analyzer. Each NH, analyzer is formed by a sampling probe part 51
consisting of two sampling probe lines of NH, and No, passages, an analytic
part 52 having analyzers for measuring the NO concentrations of the NH, and

20 NO, passages respectively, and an operation part 53 calculating the NH,
concentration from the NO concentrations obtained from the two analyzers.
NH, passage is provided with a catalyst C, which is prepared from an ammonia
oxidation catalyst in the oxidation type analyzer or an ammonia reduction
catalyst in the reduction type analyzer.

25 The oxidation type NH, analyzer oxidizes NH, contained in the NH,
passage into equimolar NO and detects the concentration of NO, thereby
measuring the NH, concentration.  In other words, NO, generally exists in the
flue gas, and hence the NH, analyzer reduces NO, contained in the flue gas to
NO by an NO,~NO converter upstream a detector. Since only the NO,

30 concentration is detected in the NO, passage while the total concentration of
NH, and NO, is detected in the NH, passage, the NH, concentration is
obtained as the difference between detection values of detectors in the two




2 passages. On the other hand, the reduction type

NH err] anal yzer reacts NH3 contained in the NH err] passage with
equi molar NJ err] through action of the reduction catal yst and
detects the concentration of N(Jerr] defecting by the 5 reaction thereby
measuring the NH err] concentration. In this case, the NJerr]
concentration decreased by the NH err] &ncentration is detected in the

NH[ err] passage, and the NH err] concentration is detected as the:

di fference b detection values in the passages.
conventi %n&gﬁfﬁ[ err]

The anal yzer inserts two sarrpl I ng pipes for NH3 and 10
NO[elrr] ina flue @h@e@ﬂ@b@m&s&@%ﬂh?d énaiyozél F peaitel i) fTht he |
sanpl i ng es wt ided on the anal ytic part e sanpling
pi pes are contamegie dhe E"‘bpﬁ'é‘i?@é ﬁ@ll@fél?éé‘ﬁg *’%{%‘LECUQDGF ghejC for

brevent i ng dfiuction caEAMSAIAELA< the BBHSIHRIHUFNG! Edlebtind fiPuld e oas.

In order to prevent dust contalne ue gas T¥rom ng the 15
NH err] det edaction IbbérteanﬁéasUh@gtHeJNH asncentfatioher Irf this cak, theeNQual i s

previ ously set .in a sa I n be passage su nt to suction

port of the WP@&OMS&"GGS t%ﬁ@"gaﬁ%o?@’@'a@ﬂ §%t%‘%e§é'ﬁl theyNFhe sanpl i ng
pi pe |ocat e%é(fga%%‘ il tHe NiPancentration is detected eisgthe?dlﬁéfeﬁcé)ﬁétvb%éét
fragnented si 'evat 1 onal® Vi ew show ng a sanpl i ng pl pe of a

sanpl i ng prodﬂeoﬁoranalhlbl[;mﬂie pmmhgaser set on an outlet of a dust 20

col I ector having NHB | ect,qr heav bur ni ng. boil in state
dri vi ng t he P"%[CN aNzF;Elnseyts(%wo samphngg:pﬁgfgr b B pi pe

62 of myigal N ﬁﬂ&'ﬁ%%é"éﬁd‘s&k@%@hﬁﬂeé&ﬁ&% f%ﬁka@tends ofth@séﬁpmg ature of
400[ err] C for éxW;B However, due to 1 nfluence by t enperature
G Dmmn

(genlerauy abpes &o:lp\edeqo:r)ﬂnaamalymm Th@sarenmmﬁeseeof the 25
{ t t
a0 P Fedpade & ehwetnt Rt Sk R RSP ERie 4B 1 o hsorertc

equal ly tO t dhdensatiorf bli@oB@Sre contained in the fluel@ast 68 such as ammnl um
hydr ogensuf at e adheres to the forward | end of the sanpli | pe 62. It

i s known that the INigrderto reaveRtAust cattainadss the flue gas éﬁﬁbfthmg 8e when
the dusthO 6, é&%ﬁoﬁ%%@@?%%@% g§ rrpﬁsﬁlﬁeplﬁgroaﬁ%iemval is prevnouselT dust 68

adheres or war i'ng
parti cul at esnaf samnpliogiprobes pddsape sainstigaenie a sudtion pdrtef g‘assémnslng@cpedl c

The catalyst C is provided in the sampling pipe located in the flue pipe.
Fig. 2 is a partially fragmented side elevational view showing a sampling
pipe 62 of a sampling probe of an NH, analyzer set on an outlet of a dust
20 collector having an NH, injector for a heavy oil buming boiler in a state driving
the boiler for a long time.
The sampling pipe 62 of metal is enclosed with a heater 66 and set at
a temperature of 400°C for example. However, due to influence by the
temperature (generally about 140 to 150°C) of flue gas, the temperature of the
25 sampling pipe 62 gradually lowers toward its forward end. The temperature at
the forward end of the sampling pipe 62 is about 140 to 150°C equally to the
flue gas. _
Dust 68 such as ammonium hydrogensulfate adheres to the forward
end of the sampling pipe 62. It is known that the NH; analyzer indicates an
30 abnormal value when the dust 68 adheres. The mechanism is as follows:
The dust 68 adheres to the forward end of the sampling pipe 62 since
solid particulates of ammonium sulfate contained in the flue gas form acidic

e



3 ammoni um hydrogensul fate (liquid) at about 160 to 250[err]C, to
adhere and sedi nrent The chem cal fornmula for this is as foll ows:

(NH err])[err]SOerr](solid) [err] NHerrJ]HSOerr](liquid) + NH err] (D)
When the flue gas tenperature increases (the boiler |oad increases) or 5
t he NH3 concentration decreases, the adhering and sedinenti ng amoni um
hydrogensul fate partially deconposes an® rel eases NH err], to increase the
i ndi cated val ue of the analyzer. The chem cal forrmula for this is as

fol | ows: : I (ol $8no°, ] (gas) +
SO err] (gas) an i F&dmge?ﬂwﬂhqhﬂfg Sﬁédt f%&nﬁ%gﬁ %%%?F‘Pe nper at ure
decreases (té=iidnent erTheoctibrpiegirfeandlaforthis isats follewdH err] concentration

[ th t t he, adher | i di ti nmoni

hydr ogensul at o part KNFYSQUSbS RSO eyl tdile T Cnverted to

ammoni um sul fat e, Wﬂer?%‘fé ﬁﬁégé{é‘?nadé}?ﬁuf@rﬁ:%é/s@s%ﬂ)é%oifepﬁad increaddddo¥zer -
or thig s as tollows:

The chem cal fornula

NH[ ef r ] HSQ[ ethe] NHj qomeBntratishidecrdasgs sthe-adhéting and sedimentisObenmdnisol i d)
(3) 15 [ knomnﬁliyg(?t t he equil,i bri um ti.on between amoni um

It i I
sulfate  hvekpgenshiess RRrtRsoBIases and rolspre Nt naeasaiibor at ur e and
N 1] Par tipgibated val P68 irblyz8? STRABhéric forle fof W4 1934 fillowal ues

nmeasured by a tlow net a region ere the gas
tenperature is in exd5SE),(igbidlit—28lh,eas) €S0,(gas) +4Q i cul@ es of amoni um

sul fate contained,jn the Ll ue s dec ose and r.el ease NH errn] gas
through the forrryl\éige'? %e é‘r‘ﬁjg?sg%’m &Eggsﬁﬁﬁ’e@,se§ft91§£?ilﬁreoa§ decreases
theor et fgal | o i Mﬂ%@@ﬁcmmr%e%%ﬁ ﬂﬁeec&ﬂm,n%tao%feﬁﬁ%aw/ nerr]N

exi sting in dust froman outlet of a dust collector having an NH err]
i nj ector i nceasipestingremmonium hydrogensulfateaparsially absorbeBlHy gas grdis by about 3

ppmif the er,.h 11 | r erienced in
an experi neﬁ%?r{\% e,d téﬁﬂ'%‘f“”ﬁ‘ #L%F%Foidgc?}gg tnglﬁ?%%aa Vg%ﬁ?rﬁ‘ﬁ sul fate
adheLi n%LFera}agz@dsOTibébld@ﬁi@@bﬁmNh{a%rkhié@@@fﬁlin: on the _te(rjr_per atgre
or the err] concentration to, ca abnor it n the i ndi cate

val ue of the anal yzeNH4HSO48’qU'd)+ﬁﬁjﬁﬁﬁ)l? 4>$@2$‘thjpana@)zer of the NO
reducti system i q%j,,b?e@‘% | e tDC : where the NO
concent ?'gt ion in grg‘ss I's hig g?nét %gﬂht% e ﬁ%ﬁ?&%‘%&%&rﬂ%ﬁ‘ﬁ% Ion, the

NH err] concamt aratriooiunmaydrogemsifate Variesxwitte the tempédature and dhcmartialat i on i n
starting of a boiler or the Li It has been proved,th t he

reducti on c'GFSHEE: %“bg"(‘)‘? 'W\#ﬂﬁg pl']‘StﬁprfghYaS“%Sa@Ea?‘ge by tigw grethed  ease the

NH3 In a region where the gas temperature is in excess of about 250°C,

particulates of ammonium sulfate contained in the flue gas decompose and
20 release NH, gas through the formulas (1) and (2). For example, it can be
theoretically said that an ammonium sulfate component of 10 mg/m*N existing
in dust from an outlet of a dust collector having an NH; injector increases the
indicated value of an NH; analyzer by about 3 ppm if the analyzer has no filter.
The inventors have experienced in an experiment that, even if a filter is
25 provided, ammonium sulfate adhering thereto adsorbs/desorbs NH, depending
on the temperature or the NH, concentration to cause abnormality on the
indicated value of the analyzer.
While the NH, analyzer of the NO reduction system is applied on its
principle to the case where the NO concentration in gas is higher than the NH,
30 concentration, the NH, concentration may temporarily exceed the NO
concentration in starting of a boiler or the like. It has been proved that the
reduction catalyst absorbs NH, in this case to thereafter increase the NH,



4 I ndicated value. In this regard, the inventors have investigated
the relation between the catal ytic tenperature and the anount of
adsorbed NH3, to confirmthat a |arger anount of NH[err] i s adsor bed
when the heater tenperature (catalytic tenmperature) is as |low as
shown in Fig. 4. Wen the catalyst is 5 provided in the sanpling pipe,
the catal ytic tenperature nay change dué to I nfl uence by change of
the flue gas tenperature. Thus, the conventi onal NH[err]

anal yzer is hﬂfcﬁféd)valué‘ ”lﬁacﬁ!érr'égﬁﬂtthe lnventat%cﬁ‘e[\/%cl%vésgf {ela%y%ﬁg
concentration in the-f pi pe, ~and extrenel eteriorate

r esponsi veneb@:vmntthem:lamlwc Wmmerahmeuhﬂéhe ]armun’ceﬁadmmmﬂgto changes due

to change of _t | u 9as te RY OF THE | NVENTI ON
accor i ngl v, CHRETGPE iR per SPOEREOHIE: s AdsprRpg IO Ciager HRSTEL e
measur ement (%@@Wterﬁée@mr%%rsrlbw%@aémrmﬂ@)uoy%eh%efca&waéurement of
15 the NH3 concentration in An ammonl a anal yzer

accordi n@ t opr@mdadmﬁne samplm mms catalux@rhehmerature may@bapge dueye a
sanpl i ng proi rtin into a flue pipe and gui di ng
flue gas out Rﬁ‘l‘ l??%ﬁ? ﬁgd&ﬁ%gﬁg@m & det ection part

nmeasuring the ammmlg ERNESVehtibhal NH, rhriaﬂ&ef' IsUpfediP irfimegsiirboneft through a
20 catal yst, corrprl ses a terrperature control part keepi g the tenperature

of a FAGRMrRRYS fopdbe A4, aseceptrtion inlthe flygpics:end entrp of the sanpling

pi pe and the ?‘Wﬁ g o 400[err]C
In order to %ﬁtgggrﬁgz ad %s? ?8%? %‘%ﬁ@’%ﬁ&ﬁéfﬁ M?érhﬁ}mﬁﬂ (e,or?éen%%%o}'l

hydr ogensul fehamiges dub o ichaegeshbthedfirage, tepipekatard.arly in the flue gas
suction port, 25 the inventors have exam ned the deconposition tenperature

of amoni um - sulfate. Fig. 5(A) is a nodel diagram show ng an
apparatus f \@@g sition test of ammoni um sul fate, Fig.
5(B) is a n%g@%%g%TsE!N OrP state change of a sanple, and Fig

5(C illustrates Mmdrésglvrmwtged%wémﬂthagr@ent lnvenﬁorglsab@nprweeﬂreert i cal

axis shows the tenperature and.th ori zont al shows the apsed
T, I niBa e eht bt TaeRGr BF NbmE s oL e ER " the RSN pi aced

on a heagi ngth@epmq &dndBRtrtiofHingd ghe change of the sanple was
observed while nohjtori ng the tenperature of the heating part The
An ammonia analyzer according to an aspect of the present invention,
comprising a sampling probe inserting a sampling pipe into a flue pipe and
guiding flue gas out from the flue pipe and an ammonia detection part
measuring the ammonia concentration in the flue gas directly or through a
20 catalyst, comprises a temperature control part keeping the temperature of a
flue gas passage between a flue gas suction port of the sampling pipe and the
ammonia detection part in the range of 250 to 400°C.
In order to prevent adhesion/sedimentation of ammonium
hydrogensulfate in the flue gas passage, particularly in the flue gas suction port,
25 the inventors have examined the decomposition temperature of ammonium
sulfate. Fig. 5(A) is a model diagram showing an apparatus for a visual
decomposition test of ammonium sulfate, Fig. 5(B) is a model diagram showing
state change of a sample, and Fig. 5(C) illustrates the test result. Referring to
Fig 5(C), the vertical axis shows the temperature and the horizontal axis
30 shows the elapsed time. In this test, about 5 mg of powdery ammonium
sulfate was placed on a heating part of metal and state change of the sample

was observed while monitoring the temperature of the heating part The



5 anbi ent tenperature was 20[err]C. Anmoni um

hydr ogensul fate did not deconpose but remained in an adhering and
sedi menting state under 250[err]C, while deconposition of anmoni um
hydr ogensul fate took place at a tenperature exceeding 250[err]C. 5 The
deconposition rate gradually increased from250[err]C, and it has been
confirmed that annnnlun1hydrogensuffate5 nredi at el y deconposes at a

tenperature in excess of about 300[err]C. This result '
suggests thag”ﬁ@;ﬁg%ﬁgém%m@n of ammoni um hydr ogensul fate can
be prevented when the tenperature is in excess of 250[err]C 10 The

i nventors have furAh‘emomwnMdmgenadfa{bedldamdacommselbut rempained rean t est

that NH err] dh oxi di ed! anq converte %%ﬂ??ﬁllggdﬂt@% %turg exceedi ng
400[err] C Y
Therefore, v@mmdfﬁﬁﬁ IwardgEﬁsdr%ﬁ@%@é plé@e 8 a t&fpélatiGrel@ cBERE 266°C.

between the flue gas suction port and the ammoni a detection Eart in the
range 155 ofheSecempagipe rate@radually indreased fwne?@ﬁt@@ﬂddhhﬁa e@e correctly

the present confrmed that afhcAEe k2Rt i REBRN Beg BB e, 0" ©

sanpl i ng pi peerhpdratiirefin @ﬁcéysnﬁabout 306°@d guiding flue gas out fromthe flue
pi pe and an ammoni a detection part measur i n% he ammoni a

concentration in theisresidt guezedisrtbat aghasion/redimgn oszar@rﬁpauw

conpri ses a o ort

COMPI1SeS 2 hikbgind Mt nd SIBUA=RI EeferHIR i BRoauepBR

IL t]tlle dencenhe atven’coh reﬂwapelﬁ%ntheﬂt ! foted mﬂmq:rmnést SUdSII} a;ﬁil_dgetrmpmmetésu n

t he ue gas,i s i a e congen ion o gener at e Y,

deconposi tgl ot f\ﬁ'g ﬁd@?gﬁﬁ'ﬂ%e Ncgét adgmeeatare ?"H’@eg E?‘p&ﬁ:at es of

25 anmoni u@&éﬁr&é&@ﬂﬁﬁﬁ Pﬁlcfa?egPVQQet hrough a filter. It has been
en”provi

confirmed ing a filter on a forward end of the
sanpl i ng pipe to e'prmre&re when kéaplng\/tdaeabmpératum of thetflue ddsymasgage 1 ow i n

the fl d /d dust ,adh t
the 1ilter |aReitaBaS et SIHEI nor afd the ammend &tebton ot i HRUABES on 1 he
responsq 5spesrDSE td M0 TTHRDNA @Sﬁé‘éﬁﬂ'éﬂ%nﬂﬁnt bd orredty) ARhE@EHY 30

negligible. This is because t Re anmount of flue gas comng into contact with
the filter in a coNsemmonia aealyzersecerding troanatbersaspschof tgopresentes as

compared inveidr) chprisiAs & Bmolh ¥t isertife &'shipling Pink o RR%sipe

and guiding flue gas out from the flue pipe and an ammonia detection part

measuring the ammonia concentration in the flue gas directly or through a
20 catalyst, comprises a filtter for dust removal provided on a flue gas suction port
of the sampling pipe to be exposed to a flue gas flow in the flue pipe.

If the concentration of particulates of ammonium sulfate contained in
the flue gas is so high that the concentration of NH, generated by
decomposition of ammonium sulfate cannot be neglected, the particulates of

25 ammonium sulfate must be removed through a filter. It has been confirmed
that, when providing a filter on a forward end of the sampling pipe to expose
the overall filter to the flue gas flow in the flue pipe, adsorption/desorption of
NH, in dust adhering to the filter is saturated in a short time so that its
influence on the response speed of the ammonia detection part is substantially

30 negligible. This is because the amount of flue gas coming into contact with
the filter in a constant time is several 100 to several 1000 times as compared
with the case of providing the filter in the probe.



6 The filter is preferably prepared froma bag filter of
cloth. The bag filter flutters due to the flue gas flowin the flue
pi pe to brush off the adhering dust and decrease adhesi on of the dust
The sanpling pipe is preferably provided with a coiled sheath heater 5
and increased in thickness on its forward end portion (flue gas suction
port side). Consequently, the heat® capacity of the forward end
portion can be i ncreased to keep the sanpling pipe at a prescribed

t enperature betweeThé ffer is prefefrél#ﬁ pEpRred b bRS FkerddTLIbthe T2
: The heate

detection part r provided on the forward end portion

of the sanpl filey firtersiduetto the fluefeas fiowinithe floa pipe torbruen offtthe adbesrgiuent | v,

the forward gn oftiaon of fthe. ) ling pipe, which is readily
decr eased insy%@%‘?%ﬁﬁsedﬁ%'e[sﬁmﬂffthﬁéﬁgg by the flue gas
tenperature, can b¥h&edinphig Sip®issrefdrably provitéd dithisfcoiled sheath heater AN
ammoni a anal yzer according to still another aspect of the present

i nventiod cangincesasgddn shisknassprotstswardsend pergion (Busrgrs sctisniort nt o a

detecti bn parier " CoeEl Bty weEnERSrkity P P EndbbBoR B Ben out e
wi th an ammoipicheased to kexp disé sampkit Giby &t aPreginbedrtempardtedisdtveandhé al yst

in the annon{ﬁe pass&%e for neasuring the nitrogen nonoxi de
concent r at i ofide £#5 SyELQNERGsE and Hhe ammonigdetegtier Partd obt ai ni ng the ammoni a

concent rati on {1 Ok RoSPGRRNIGA &Pyl STELFHGE of U SRTERRe s, | .

conpri ses a heating box Se ue pipe

ammoni a ldxi dpteferablyaheepséd hrdehb'&y.an@gnﬁ@ueaﬂmdh? dilwa[ ed ahg sbrtiﬁrr: éf the
constant tenperature. . . Adsorption of NH err] tQ the anmonia
oxi dat i on cggéin@gtg Ripe. trfichyisgadily decreas éﬁﬁ%’F‘Pﬁ‘F"f‘t‘df&t“fHey‘]é’t' YRNGERYes when
the catal yti r ' 0 sorption of
NH[ err] varig]setﬁ\njgtj%t e@eé%%r%tﬁ%g\qyeﬁgragt%ﬁg?m hgsrtg%re, when
setting the catal yAn ammenieahawermgcbaingitn stilhdnaibercaspeby of the prestrsinge of
the flue gas. tenperature and keepin he sanpe at a constant :

t emper at ur o, VeI GOUPENE 25 ite Prabe Tasering §rsa IPIgE g dTtge TumPiest e by
the 15 anghd/@Gding fiRends Rt font e MNP apll aAdeAnBhib etedtidNetr] . 30
In this case, the analyzer preferably conprises a tenperature control
part keepi nghﬁ\ﬂfég worpassages Eoraimmpsiafande girogpa oxgavideanaemanta f| ue gas

sucti on por o gfaddieeSARE bPsh BioRfort fod B TR iff B/ Siiichih Sadabyst 11

t he
for measuring the nitrogen monoxide concentrations in the respective

passages and obtaining the ammonia concentration from the concentration
20 difference therebetween, comprises a heating box set outside the flue pipe for
keeping the ammonia oxidation catalyst or the ammonia reduction catalyst at a
constant temperature.
Adsorption of NH, to the ammonia oxidation catalyst or the ammonia
reduction catalyst increases when the catalytic temperature lowers while the
25 amiount of adsorption of NH, varies with the catalytic temperature.
Therefore, when setting the catalyst in the heating box not influenced by
change of the flue gas temperature and keeping the same at a constant
temperature, it is possible to supbress an error in the value indicated by the
analyzer depending on the amount of adsorption of NH,.
30 In this case, the analyzer preferably comprises a temperature control
part keeping the temperature of the flue gas passage between the flue gas

suction port of the sampling pipe and the ammonia conversion catalyst in the



7 range of 250 to 400[err]C Furthernore, the

anal yzer preferably conprises a filter for dust renoval on the flue
gas suction port of the sanpling pipe, to be exposed to the flue gas
flowin the flue pipe. 5 The foregoing along with other

obj ects, features, aspects and adyﬁntages of the present invention

w || becone nore apparent fromthe follow ng detail ed description of
the present invention when taken in conjunction with the acconpanylng
drawi ng  10rangBRIf 2E0RBEIOR’ETI ON OF THE DRAW NG Fig1lis a

schemati c bl ock diagram of a conv ntion H err]. ana

Fig. 2 is a parti a’?‘?"y‘ﬁrﬁﬁl’jﬁféh?@@a FefePrél eg@giy Q?Hél%”sﬁﬁé‘ ﬁf)%Wa sanpl i ng
pi pe of a sapgpl %%% a dust
col | ector é\%gsllantﬁgﬁug%ifer rii ncJHe‘(::ntag’ﬁl}:J or hnéﬁagae\%b %?F urﬁftﬁgﬁ%m | er
in a state aﬁmeagasjﬂowurmﬁwaﬂme gipe. boiler for a long tine;

Fig. 3 illustrate ui lipriumr atl en ammn ul fate
and amom um hydr%&f?g‘ﬁ aongwrth er o ec%t? ?1?%9?9 the ratio of
NH err] adsoédvah%ge%%faché%tf@édﬂ \)gh Hn(nﬂﬁ barent®ahthe

t enper at ur e, | agram show ng an
appar at us fofollawmgsimﬂed descnmxm)sﬁ ﬂlecpresarﬁ:tsmﬂnt@nm}mnﬂak@mirf ate, Fig 5(B)

i s a nodel agram shos at e change of a sanple, and Fig. 5(CO
i |l ustrates ?‘?@" @g%accompanymgd FAWMINECi 9. 6 is a front sectional view

showi ng a sarrpl I ng probe accord| ng to an enbodi ment of the present

I nventi on; ﬁ is a sectional view taken along the line
A-Ain Rig GBRlEF DESCRIPTIO I@FgTBiEI BRAWINGI ar ged sectional view of a part

cnciosed bt th o 8L £l dncreatiT bl BogMiotacoppriose TR e O
PREFERRED EMBODI MENE. 2 is a partially fragmented side elevational view showing a sampling

pipe of a sampling probe of an NH, analyzer set on an outlet of a dust collector

having an NH, injector for a heavy oil buming boiler in a state after driving the

15 boiler for a long time;

Fig 3 illustrates the equilibrium relation between ammonium sulfate
and ammonium hydrogensulfate;

Fig. 4 illustrates the ratio of NH, adsorption to a catalyst with respect
to a heater temperature;

20 Fig. 5(A) is a model diagram showing an apparatus for a visual
deposition test of ammonium sulfate, Fig. 5(B) is a model diagram showing
state change of a sample, and Fig. 5(C) illustrates the test result;

Fig. 6 is a front sectional view showing a sampling probe according to
an embodiment of the present invention;

25 Fig. 7 is a sectional view taken along the line A-A in Fig. 6;

Fig. 8 is an enlarged sectional view of a part enclosed with a circle in
Fig. 6; and
Fig 9 is a block diagram éhowing the concept of the embodiment.

30 DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 6 is a front sectional view showing a sampling probe according to

an embodiment of a reduction type ammonia analyzer for flue gas according to



Fig. 6 is a front sectional view showi ng a sanpling probe according to
an enbodi nent of a reduction type ammoni a anal yzer for flue gas according

to 8 t he
present invention, Fig. 7 is a sectional view taken along the line A-Ain
Fig 6, and Fig. 8 is an enlarged gectional view of a part encl osed
wth acircle in Fig. 6. Fig. 6 is a sectional view taken along the
line B-Bin Fig. 7. Fig. 91is a conceptual diagramof this '

enbodi ment  tHe present invention,ag is agsauitipral Miewvtal@n dlong tredineel-A ih Bigf | ue
pi pe for sanplin | ye gas .hag a flyue gas spction port 1 a_on an
end t her eof mﬁ{é@g@n&ﬁ %@elglﬁiggdfepgor}aslwewo.%pgggng s MithryCiestel in Fig.
ntegrating &n e glis aiedliofid Wiw Sakeh dlorE\HeTREB- B ikie 7 Fig gl 2. The
tube 2 is increased in thickness on its torward end poigtlon.

heater 3, whicehceptusidiagameefahiscernbadimebte 2 of the sanpling pipe 1, is

cover ed wth heat. i nsul at qr. ,4. .The heater 3 .s_.increaseq in density

on the fofward ﬂsanaq{;&g&,pqﬂgv%%g "Qs.e"'ﬁcf‘ﬂﬁdiﬂea?'ﬂ?éorc%ﬂWFﬁiBg%Hﬁtgﬁsy?)l

control s t hehhgatiRk t i t at : .gas suction
atfie %33_5 Suction port 1EER ahRAIHRIRSF. ?E@f%?\ﬂﬁ%&%ﬁf‘g,@

port 1 a of the sanpling pipe 1 at. 300[ err _ r so t hat
t he tenper at acsby weldng andcistagrating/opter fretalrcavey 6 with an inpes imetalin of t he

sanpling pip nl . flug.qgas sucti ort 1 a |.s prpvided
with a fil teﬁ‘b;eu%pgr”t‘e beea%bs’gc'%gged i thickiigss ofhtsJonVag e nartion 7 Aor dust
removal , forheatenB| whichds eoied sletnd ehe QIR 2 bhthe samplingfdipd £lis Sbb@REt 5. The
bag filter 7 i egpos,edtoaflue gas flowin the flue pipe. A

backwasi&i r tdpsulaier 4shdhn heater 3 isinereasddin depsity oy the forward t he
sanpling pip, b a ' [ he b Llter 7, to
20" backnaold RoCALTE ( of tyREE AT, Bl R el NSRS 3ot ST Ty
Ease ﬁng of kemp ﬁmﬂﬁm’p@a@#@&r&nﬂﬁé@aﬁsbeﬁbﬁi mbrameﬁ?ché\gal’ﬂpﬁlﬁ'lg%ipeg ﬁt

t
neat i ng. box PO 167 Szl Saiadbthe Taaranes fruatt i gxoese & ARG APEBY I
passage 13 passesn g ni NH3 reduction electric furnace unit 15
i n the heating boxbgfr@;%gn?hgg&ﬁﬁgd 25 out fromthe heating box 9. The

NH err] YBassage 13Thedue eas bettiongrort e is providedavith 2 filiepsuppertil5,amd £ Be

NH err] redugtio ek, C rnace unit 15 is covered . with heat

i nsul at or 17& a%%gé%%é%? 2?&2&@“55&&‘8&’@(%@@?@ ISREO¥igRd £ sR¥Prtheny o
furnace inl efiftdremipport’® TrRVbabRitdry f&!&fjbﬁﬁ td AUk %ﬁé"ﬂovﬂn tHé'flud prpaer at ure
control part g}éccontro,l s the fwaee inlet heater I9. 30 The

NH err] passAgachwash alsmeghaeim/inoh showal ialoyevided faxdeeding ainirgodhar ged

sampling pipe 1 backward and removing dust adhering to the bag filter 7, to

20  backwash the bag filter 7 periodically or at need.

The base end of the sampling pipe 1 is inserted in a heating box 9,

branched into an NO, passage 11 and an NH, passage 13 in the heating box 9
and guided out from the heating box 9. The NH, passage 13 passes through
an NH, reduction electric fumace unit 15 in the heating box 9, and is guided

25 out from the heating box 9. The NH, passage 13 located between the
sampling probe 1 and the NH, reduction electric fumace unit 15 is covered
with a heat insulator 17 and its temperature is kept at 300°C for example, by a
furmace inlet heater 19 provided in the heat insulator 17. The temperature
control part 31 controls the fumace inlet heater 19.

30 The NH, passage 13 is provided with a catalytic reaction tube charged
with an NH; reduction catalyst 21 for reacting NH, and NO and converting the
same to nitrogen (N,) and water (H,0) in the NH, reduction electric furnace



with an NH err] reduction catalyst 21 for reacting NH3 and NO and
converting the sane to nitrogen (N2) and water (Herr]O in the
NH[ err] reduction electric furnace

unit 15. The NH err] reduction electric furnace unit 15 heats the

NH3 reducti on catal yst to about 4Q0[err]C and keeps the sane at a
constant tenperature. The heating box 9 is provided therein with a
space heater 23 keeping the i nternal tenperature thereof at 150[err]C

for exanpl e. uriibé5! eifheitreduction elettricfumaneriniBlS bealisrtbe Nidhredegidare heat er
gui ded out Pk about AXEG: A keehs Brexseane ahAGeNEANE CrERERERE: 1] - sy

gui ded out f : rr]-system
NO det ect or . oy d : tively.
The NO det ec?ﬁ? g@%ﬁ%#%§ g]rroew do%d theré?ﬁ{wétﬁe@ mg%%erﬁl%g%rg%% ﬁ%%@é?%fcor

exanpl e. Pasibgyeal towpesaiueaihdrbef MO 500C fatexaniple: s THe termpelatuss eorgmlded t o
an outlet_thro a pu 29 sucking t flue gas. As to
t he meas en@?#%gr‘_?‘?ﬁ&‘g?g)e BRACE AR té}gﬁsi"ﬁ‘?’ﬁe NH err] anal yzer to

whi ch the present THYRR |&gség<en€pgm§% Ngﬁlpﬁﬁ%ggrwé‘d &R A &nttag fromthe

flue pipe into twd systens, |I. stem nmeasuring the
(NO- NH er r] ) hedting @ are canriemtedibalan NOChystein NQsdetector 26 andram NHg- NO

o o B i 7 SRR 1 0SB o B8, 22

di fference behdMaRinihbBod#itPsds, Sordiadhiple. Passakdeaokstrdsns wid N the NH err]
concentration. Wth reference to Figs. 6 to 9, the flow of

t he fl udQyasdetiestars@Svansk?bere guidedtta aredutlet through a pump 28sugkingghe9 i s
driven to inﬁrogﬁyce the flue gas in the flue pipe into the sanpl i ng
pipe 1 from B9 ue gas suction port la through the bag filter 7. The

bag filter 7 renpvastdHsé nicasirehiemt iorineipleathe rettiction tipd Nﬁaaﬁatyﬁrmsed to
t he flue gasflowmthe_f,ue I pe, utters to brush off the dust

: | ue p fl
adhering to Whiehghg presentiimvestion is aprlied diidgs 3 sprmplescallpeted frem the flue
tenperature 3 ' L.p t . by
adhesi on/ sedﬁ&%%@gt{?@n@%&gﬁ%ﬁ?ﬂﬁ%%’%%%rﬁg%%géﬁ%m&hwqggi’?sed by a slight
amount a5 dusdnoeoirtationesdiam NOg sydtem measyrimgsthe NO lvonogttration, detebes bag

filter 7 can,be prevent.ed. e s led.flu as is fed to the
heati ng box @‘etqfﬁ'lﬁ?{ﬁ'ﬁ'a%'ﬂ'és by e Nﬁbd@@"mrﬁ%@'ﬁﬂﬁ@vﬁe@i Cg’é‘g"s%ﬁ?@ e two
systens of tRRME E)stBREHHdTalchias thd 8ifrbiRie Between two output signals,

thereby measuring the NH, concentration.

With reference to Figs. 6 to 9, the flow of the flue gas shall now be
20 described.

The pump 29 is driven to introduce the flue gas in the flue pipe into the
sampling pipe 1 from the flue gas suction port 1a through the bag filter 7. The
bag filter 7 removes dust from the flue gas. The bag filter 7, exposed to the
flue gas flow in the flue pipe, flutters to brush off the dust adhering to the bag

25 fiter 7. The heater 3 keeps the intermal temperature of the sampling pipe 1 at
300°C, whereby adhesion/sedimentation of ammonium hydrogensulfate
caused by a slight amount of dust contained in the flue gas passing through
the bag filter 7 can be prevented:

The sampled flue gas is fed to the heating box 9 through the sampling

30 pipe 1, and divided into the two systems of the NO, passage 11 and the NH,
passage 13. NH, contained in the sample fed to the NH, passage 13 reacts
with equimolar NO due to action of the NH, reduction catalyst 21 provided in



passage 13. NH3 contained in the sanple fed to the NH err] passage 13
reacts wi th equinolar NO due to action of the NH err] reduction
catal yst 21 provided in

10 the NH err] reduction electric furnace unit 15 as fol |l ows:
NO + NHerr]+ (1/4)Jerr] -> Nerr] + (3/2)Herr]O The NO
concentration in the flue gas in the NHt8rr] passage 13 downst r eam
the NH err] reduction catalyst 21 is at a value obtained by 5 :

subtracting MNH?F%(#%%PW%&&%‘%&G Lﬁﬁ%'&@f@ﬂ’é@kﬁf] been originally

contained in err] generally exists in
the flue gas in addi tN@= Nid, NEANO] . —ThreBF2)H,0 when reducing NJerr]

contained in the flue gas into NO by an err]; onverter upstream
t he detector and d-bﬂ"e ﬁ@‘qm@%ﬂ&ﬂﬂf’r %'Gﬁhgn% R3sEa8ld0  det ector,
t he NO concegbadidn t Wars K det ect ed
in the NHerr Wpassaggﬁ%r?}?g\?ﬁ%‘f%%{) %‘ﬁ%‘@%ﬁﬁﬁ%ﬁﬂﬁéﬁ?@g@o@ I s obtained as
t he diff & enmubtiretingdNO dedctiig with Nil, fiesn DO datieg beers ofiginallyecondaisedes 11 and
13. VWile the NH err] reduction catalyst is enployed in the
enbodi nent, Higflugsgas. present invention is also applicable to an oxidation

type NH err] anal yer suhglly exists if WS filid Bhd P%d'rﬂqr?fﬂf’NH)E/_i NEhepgfobEl er 1]
oxi dation catal yst A5 to _the measurenent . @I’I nciple, the oxidation
NH er r] anal When reshicingsNQOcontainksie the fliungasintetiQ by an HO,gNE converter nt o

contact with the catal yst and detects the ncentrati.on ner at ed

by reaction ?%@Bﬁ/%éﬁ&%&ﬂq egg?tg&?ﬁd\?@lﬁ?nﬁ F‘?n W&hé@%ﬁgt I on. The
20 reagti ofetbefonie NO cohcbRirk@ decreased by the NH, concéidditirié + ST err]
-> 4NO + 6H n the flue gas in the NH err] passage 13

downst r eam _tﬂ%fgeg{%éﬂ the Skl passage 13I, wherebytthe M, cancegeationisetaipedas dat i on
N by an' oy ERTREEE HobedTektion Paues of eeBpRud g PaRES: STERlr bui dea
downstream tt® Nferr] passage 11 and the NH err] passage 13
i frerence o PlRcne e SLEERT GRIBES rmpRed diecopeedivent. dhe 13,
o AU AR SAIE I WU NP, e 2 P
NH3 anal yzersubstibutitinally employmgemiid oddatiemgdtalyst.a As to the measurement
principle, the oxidation NH, analyzer brings NO and NH, contained in flue gas
into contact with the catalyst and detects the concentration of NO generated
by reaction thereby equivalently detecting the NH, concentrétion. The
20 reaction formula is as follows:
4NH, + 50, — 4NO +6H,0
In the flue gas in the NH, passage 13 downstréam the NH, oxidation
catalyst, NO generated by oxidation of NH, is added to intial NO. The
analyzer reduces NG, into NO by an NO,-NO converter and detects NO by
25 NO detectors provided downstream the NO, passage 11 and the NH, passage
13 respectively, so that the NH, concentration is obtained as the difference
between detection values of these passages 11 and 13.
If the amount of dust contained in the flue gas in the flue pipe is small,
the flue gas may be sampled without the bag fitter 7.
30 While the NH, analyzer according to the embodiment employs a
catalyst, the present invention is not restricted to this but is also applicable to
an NH, analyzer employing no catalyst. In this case, it is preferable to keep

w—



catal yst, the present invention is not restricted to this but is also

applicable to an NH err] anal yzer enploying no catalyst In this case,
it is preferable to keep ‘the tenperature of the flue gas
passage between the sanpling pipe and the NH3 detector at a constant
tenperature in the range of 250 to 400[err]C Wil e the
chem | um nescent detectors are enployed in the enbodi nent, the
present invention is not restricted to this but is also 5 applicable to
an NH[ err] anal yzer enploying other types of detectors such as t hose
of wavel ength nodul ati on type ultraviol étl systens or secondary

differential absorption spectrophotonetric systems. Wi | e

the bag filt s enpl o e in the enbodi ngnt, th resent I nvention
i s not restri%é?éﬁ'n{’f) tH'y% Rt M@ﬁeﬁhgﬁap'mweﬁmim is al so

10 enpl oyaipie, detector ata constarﬂt% tp@)"eﬁ:ﬂr';é %Qhé"?é’h%r@ic AP sing a

sanpl i ng probe 1s enpl et% managi ng t oncent ration of
NH err] injected f¥fhilg thhamﬂn@lﬂelsgw’fgiaieﬁowammployedmﬂhebur ni ng boil er

Care. 15 entimel yRRRef ORNREOR o rtfitteel15RE A alsescr i bed and |

i | lustrat®d @applicable tcﬁ@ﬂi NH,, anbMéﬁeﬁb@@thﬂhWbéé 8Pdetbrs sliEn 3@ 1S by

way of illustratio exa y and"is not to be taken by way of

limtation, Stf’n@q W@Yeimgtbmpdulaﬂon type pBrayloletrmysteres ensecandant i on i s
limted only g LG LEESHHSH shOSraRRtBSEH c systemcI ai s

12

While the bag filter is employed in the embodiment, the present

invention is not restricted to this but another filter such as a metal filter is also
10 employable.

The inventive NH, analyzer comprising a sampling probe is employable
for managing the concentration of NH, injected for denitrating flue gas from an
oil burming boiler or collecting dust for example, and controlling the NH,
injection rate.

15 Atthough the present invention has been described and illustrated in
detail, it is clearly understood that the same is by way of illustration and
example only and is not to be taken by way of limitation, as the spirit and

scope of the present invention is limited only by the terms of the appended
claims.



VE CLAI M 1. An ammoni a anal yzer conprising a sanpling
probe inserting a sanpling pipe into a flue pipe and guiding flue gas
out fromsaid flue pipe and an 5 anmoni a detection part neasuring the
anmoni a concentration in said flue gas gui ded by said sanpling pipe
directly or through a catal yst, said ammoni a anal yzer conpri sing

a tenperature control part keeping the tléhperature of a flue gas

passage between a flue gas suction port of said sanpling pipe and said 10

ammoni a detegyg e gt in the range of 250 to 400[err]C 2.
The amoni a anal’yzer "in accordance wth claim1, wherein sai d
anmoni a detection part has two passages for ammonia and an nitrogen

oxi de with an ammoni a ,oxi dation catal yst qr, an a'r_rr'{'rb?nl a reductlon 15
catalyst in said atmoANAPRESAFNS 8¢rﬁ@'&§'ﬂ$‘i’&§3ﬁ Iog BIPbRORRSHAR 2

concentratio 8
concentrati oﬁéﬁ‘n? "r’g @E’g conc@’rﬁsgggfagﬁggla?‘gng%q Q)P‘%ere \Aggﬁp%m

3. 'Cli'he arﬁl“rpnamrmrada vlebzction ;?t!gmedam ’cﬁetdmmbma Imhcemw! in s2fd ftl1ue ga]lcs_ I

said sanplin rovi ded.on jts suction port with a filter
for dust re ’EFB?W ??ﬁﬁ%’ﬁ@glgoo'?%dﬁe‘fﬂyu@’ %ﬁgugl %ﬁﬂws’éaﬁpaﬁi APTONR pe.

4. The ammnbﬁa]?Q@,Jé/&ﬁﬁnél%accordance with claim?2, wherein

said sanpling pipe 1s provided on its flue gas suction port with a filter
25 for dust rermvattelmetﬂum(qmﬂ:ﬂdpactleaeblngethgatsrﬂpbcakuﬁenfmﬂmbgame pi pe.

5. The ammoni a_anal ccordan e wth m 3,. wherein

said filter Pgs?gﬁ%%fvﬁf*?@r ega§c§uc on port fcsaé'j sypRing Rlpeand s7id) yzer in
accordanqe WafndHid dBtebtio e the range of 250 to 4608C] sanpling pipe is
provided with a heater as said tenperature control part, with a

forward end portion of said sanpling pipe increased in
2. The ammonia analyzer in accordance with claim 1, wherein
said ammonia detection part has two passages for ammonia and an
nitrogen oxide with an ammonia oxidation catalyst or an ammonia reduction
15 catalyst in said ammonia passage for measuring nitrogen monoxide
concentrations of respective said passages and obtaining the ammonia
concentration from the concentration difference therebetween.

3. The ammonia analyzer in accordance with claim 1, wherein
20 said sampling pipe is provided on its flue gas suction port with a filter
for dust removal to be exposed to a flue gas flow in said flue pipe.

4. The ammonia analyzer in accordance with claim 2, wherein
said sampling pipe is provided on its flue gas suction port with a filter
25 for dust removal to be exposed to a flue gas flow in said flue pipe.

5. The ammonia analyzer in accordance with claim 3, wherein
said filter is a bag filter.

30 6. The ammonia analyzer in accordance with claim 1, wherein
said sampling pipe is provided with a heater as said temperature

control part, with a forward end portion of said sampling pipe increased in

TR ) A




13 t hi ckness for increasing heat capacity. 7. The

ammoni a anal yzer in accordance with claim@®6, wherein sai d
heater is a sheath heater increased in density on said forward end 5
portion of said sanpling pipe. 8. An ammoni a anal yzer
conprising a sanpling probe inserting a sanpling pipe into a flue
pi pe and guiding flue gas out fromsaid flue pipe and an anmoni a

detection part neasuring the ammonia concentration in said flue gas 10
gui ded by said sanpling pipe directly ogsthrough a catal yst said amoni a

anal yzer conpri sing a filter for dust renoval provided on a
flue gas suction port of said sanpling pipe to be exposed to a flue
gas flowin thighnessder pepRasing hegt capacity. 9. The ammoni a anal yzer in
accordance with claim8, wherein sai d ammoni a detection part
has two passages for anmmonia and an nitrogen oxide with an anmoni a

oxi dati on cat al yst7.0r Thé amifionia andlgLerdh aotordance withtakiys8, whersini d ammoni a

Do d passages and Sk BRI & Rasaimhstar ingreasad RciaeuoN GG TPOHEIED.
anal yzer 3 o Bofon FERFGrnFEBRRLCEN o O sad Tilter is a
bag filter.
8. An ammonia analyzer comprising a sampling probe inserting a
sampling pipe into a flue pipe and guiding flue gas out from said flue pipe and an
ammonia detection part measuring the ammonia concentration in said flue gas
10 guided by said sampling pipe directly or through a catalyst, said ammonia
analyzer comprising
a filter for dust removal provided on a flue gas suction port of said

sampling pipe to be exposed to a flue gas flow in said flue pipe.

15 9. The ammonia analyzer in accordance with claim 8, wherein
said ammonia detection part has two passages for ammonia and an
nitrogen oxide with an ammonia oxidation catalyst or an ammonia reduction
catalyst in said ammonia passage for measuring nitrogen monoxide
concentrations of respective said passages and obtaining the ammonia
20 concentration from the concentration difference therebetween.

10. The ammonia analyzer in accordance with claim 8, wherein
said filter is a bag filter.
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