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PROGESS AND APPARATUS FOR CLEANI NG EXHAUST GAS BACKGROUND COF THE

I NVENTION 1. Field of the Invention - The present invention relates
to a process and an apparatus for cleaning amoni a-cont ai ni ng exhaust
gas. More particularly, the present invention pertains to a process and
an apparatus for cpRECESY ANDOAPAARATUSI FORJCERARLSEG gmwmms'
exhausted from a sem conduct or manufacturing process or a chem

treat ment process. 2. Description of the Relat
wi dely been used in recent years in each of s’i}'%g] eenREEﬂlimedoce Egé w?ttap%

cont i NUOUSB AEKGR OPNENOF OTHR INERNTOANuUCt or dustryyp-anm’q
optoel ectronics 1 ndustry, a precision nachln

manuf act ur iing Fiatdsefythae &swentédncarbi de material industry, an ornanent
manuf acturing industry and the Ilike. Anong the foregoing industries,
a | arge anount Bfieanppasants ugéﬂnFHOPherﬁéﬂE?ﬁc-t°tu?ln@rﬁFﬁﬁéssa%@ a@n
nitride filmof a conpound sem conductor. Although annnnla IS an

i ndi spensabiPRABYHYS 4 i f1eABLNgn AMANIF TR t AT sSHRaYS oﬁﬁﬁhnd“°re
sem conduct or it is highly toxic, and thus has threshold limt value
intime vRRY %%H139%Yag§h€TEWeﬁﬁ® (ﬂnYﬁ?ﬁhﬂﬂ Pﬁﬁﬁ%ﬁ?ﬁ °i%h PRRCEEZS"
where an anmoni a- cont ai ni ng xhaust g IS eéoggggglnl Xg us 8t J0sPh §1§h
exerts evid"iFPAEAERSY B ﬁﬁﬂlﬂgd BLORAG~CRAVA T ONNBNE X ALR0r A ngly, Ci't
|s necessary Lo.clea 'Of 195 % NBHALCEBr ! BEnYFIRIRAGHEG Hcess or a

ammoni a- coht aPAPRY exﬁawﬁom

chemical treatment process.

2. Description of the Related Arts

Ammonia has widely been used in recent years in each of
manufacturing processes with continuous development of a
semiconductor manufacturing industry, an optoelectronics
industry, a precision machinery and instrument manufacturing
industry, a cemented carbide material industry, an ornament
manufacturing industry and the 1like. Among the foregoing
industries, a large amount of ammonia is used in the manufac-
turing process of a nitride film of a compound semiconductor.

Although ammonia 1is an indispensable substance in the
manufacturing process of a compound semiconductory, it is
highly toxic, and thus has a threshold limit wvalue in time
weighted average (TLV-TWA) of 25 ppm. Therefore, in the case
where an ammonia-containing exhaust gas 1s exhausted in the
atmosphere, it exerts evil influence upon human bodies and
environment. Accordingly, it 1s necessary to clean, prior to

exhaust in the atmosphere, an ammonia-containing exhaust gas
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- 2- whi ch is exhausted after anmonia is used in a sem conductor
manuf acturing process or the I|ike. In addition, a | arge anount of
amonia is used in some chemcal industries. In this case, an
ammoni a- cont ai ning exhaust gas is exhausted as the case may be, and needs
to be clgared pid ObyxhauexBausftidH OahifiénBd MaSphasedl in a sEndcendator
her et of ore been known as a process.for clean- ing ammoni a-containing
exhaust gagnulfakcitjurd ngy @aessdsn orhittte drikeanmoni a- cont ai ni ng exhaust gas is
brought into contact with an acidic aqueous solution of sulfuric acid or
the |ike so asIno addicaion heagdsrge capiwnrt ngft hemgmieniic cosedi hBd SOREr ei n
as.a salt such as amoniumsulfate; [err] a process in which an
ammoni a- cehteaiimiadg exidausirigas. | SN nthtdduced sy a afoniAeoNGR - domtdddd "go  as
to clean the gas by converting the ammobnia into water and nitrogen,;
[err] a ephosesds dd$ imhprhaughedapforiie CathtBahiPg. exRAuBLedas tos be
brought into contact with a dry system anmoni a harmrenoving agent to
cl ean t he cdganedemr]ior tgrsdtst ANl drea WS cont ai ni ng exhaust gas
is brought into contact with an angoni a decorrgosi tion cat alfyst clLinder
heating so as &A%Y YEet B EDnRerti kECRe2anfloRF] P ito LoFi (/658 and
hydrogen ;. [err a process. for cleaning an a nia-__containin nit haust
gas by thé"&o %%f?%‘gﬁm'zﬁajf'h’en%nﬁﬁﬁ?é{s d888podi tT oA 2ET AT il gncl[c?’h@ndry
system amoni a .harm . r.enovi n agent ; and tq)e I i(:_llgleC g{ cess weyer,
rob

nal Ctact wi
the abovE PEAGITER *PrbaE v Ves Suen Y e Ae dseertnéd @
her eunder . The J easn(jJP

an acidi (?cai(ﬁiuiecouasquseoqcu ion %?Pésﬁf ﬁff[éfg{é%aQL?P{LEggH‘%g'egt& #(%(r)s%toag[s e
clean the gas by capturing the ammonia contained therein as a
salt such as ammonium sulfate; @ a process in which an
ammonia-containing exhaust gas is introduced in a combustion
furnace so as to clean the gas by converting the ammonia into
water and nitrogen; €)] a process 1in which an ammonia-
containing exhaust gas is brought into contact with a dry
system ammonia harm-removing agent to clean -the gas; @® a
process in which an ammonia-containing exhaust gas is brought
into contact with an ammonia decomposition catalyst under
heating so as to clean the gas by converting the ammonia into
nitrogen and hydrogen ; ® a process for cleaning an ammonia-
containing exhaust gas by the combination of the ammonia
decomposition catalyst and the dry system ammonia harm-
removing agent; and the like process.

However, the above-mentioned processes 1involves such
problems as described hereunder.

The cleaning process @ of bringing into contact with an

acidic aqueous solution of sulfuric acid or the like suffers
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- 3- fromthe defect of by-producing a |large anobunt of an ammoni um salt
at the time of cleaning treatnment. The cl eaning process [err] by
conmbustion in a conbustion furnace suffers fromnot only the di sadvantage
that the process is possibly acconpanied with inconplete conbustion,

abnor mal _conbyst | 08Fo&ici®XPhoshpgebafiause of abhemwaniami ons
in the g£§°1ml %%er geeféc%:r(}ﬁfbggfiﬁ% l(j:%?rlg%nent s and the like, since the

exhaust %%éti \?\%t nﬁﬁee{ﬁﬁgst&d MNGle i 184 at + @aEnYnBt arfRei R1e@NYNgaPEDCESE

al so thé drawback that harnful nitrogen oxides are generated by the
conbusti @ tyeddmlst iU Gl eANidib N tGRes S atade byuifidmyifmpn ot @advi nt o
contact wth'a dry system ammoni a harmrenovi ng agent suffers fromthe
shor t comigpgs dihaldvdhtdipe aase: afhd reatders a s |prgs Mo wwcagfeagifshivd th
contained in the gas, a |arge anmount of the harmrenoving agent is needed,
wher eby a r@eatl dpeasrbuis ibnguratetbrmaindcémbuabion g orarke sAgegerr &k nent
unit is required in cleaning treatnment. The cl eaning process_[err] by

bri ngi ng & ogaisoni nbeceontactt wi tthearvariii anetd i t99%h LdaFalidt® under
heating suffers fromthe di sadvantage that a part of ammoni a renains,
undeconpesedust idblooncenpenenbs ard sheelakerefdncs $&FerHPMTA%EFs Phom i n
t he cl eaned exhaust gas, since the ammoni a deconposition ratio i

speci f i edhddy et ustirdi wndergtf F HRRAIRT aHohd® tHe TIRCIHHTSS I'?"lu%o%istol on,
the cleaning process [err] by the conbination of the decormgs(jjti 0N e
cat al yst el drawhasin Feao B aER Eye it T SI09R LF TR 1 FRBAICD

| arge anount of the harmrenpvi ng.2 nt i.s needed owi g, f Iair{grﬂ_gqat - ni a

concent r I HLRVEFSRPERE -t § §eg§|e§f’lnﬁur?§r°ec§§’sp i '?he e Zt(rﬁ@

exhaust gas. | o cSMUSLe SYEL, CLTGHPLADEER abhoRPS REAR- ARSI NG desdded Lo
suffers from the shortcomings that in the case of treating a
large amount of ammonia contained in the gas, a large amount-
of the harm-removing agent is needed, whereby a great expense
is incurred and further, a large sized treatment unit is
required in cleaning treatment. The cleaning process @ by
bringing the gas into contact with an ammonia decomposition
catalyst under heating suffers from the disadvantage that a
part of ammonia remains undecomposed in a concentration of
several tens to several hundreds ppm in the cleaned exhaust
gas, since the ammonia decomposition ratio is specified by the
chemical equilibrium among the reactants. In addition, the
cleaning process ® by the combination of the decomposition
catalyst and the harm-removing agent suffers from the drawback
that a large amount of the harm-removing agent is needed owing
to a high ammonia concentration of several tens to several
hundreds ppm in the treated exhaust gas.

Under such circumstances, it has been eagerly desired to
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-4- develop and provide an efficient process and a conpact
appar at us whi ch exhibit high cleaning performance, facilitate the
treatment after the cleaning, mnimze amonia effluence in the exhaust
gas after cleaning and are capable of treating an ammoni a-contai ni ng gas
at a low gastiop SHNVABYoOEAEHEahNVENEiGYent prbades saell ciar cenmpantes,
i ntensi ve extensive research and investigation were accunul ated by the
present i ggpatats s Whid@nlesxkibso| Negh helabovrgmpatrionsdnpepblfers lihabkved
inthe prior arts. As a result, it has been found that ammoni a-

cont ai ni nghgak et tal absér cahpl etledanigieamethiyi ze pansessa wiifdbhence
conprises the steps of bringing an ammoni a-contai ning exhaust gas into
cont act wihhthe swienist decorpbset | oheantnal yod anederababiengft reasdhgose
the ammonia into nitrogen and hydrogen, thereafter bringing
undeconposedam@aensai-g ontaiailmgn @aisn ath@ d&Y &Pfé&r t he anmoni a deconposition
treatnent into contact with an adsorbent to separate ammoni a through
adsorption, and subsequently again bringing the exhaust gas used for

heating regenerating the adsorbent into contact wwth said amonia
deconposi§EHH§E§L2Eygﬁg_ﬁﬁxﬁgglﬂgen found that the treated gas can be

exhaust ed under. the condjti on of nininizechoncentr tion of anmmoni

b
bringing said YBLREustUCYas LIS feut i A0 -PRGENEr T HY The aagéfﬁ‘é%{‘ Y

i nto contagl, iwv%gt%gt?a DSk, HTTANIA fiudahed tbhggh%a %L&%ﬁeﬁ( §n§§§%gﬁsaﬁ0”i a

deconposi?lon cataly whi'ch "has ot hérw se n provi resent

invention,hgg, baeh a6¢9aPlimN1edho¥elREnt 266881 Bobh bl NGR, AN NI LT FREI ON-

prior arts. As a result, it has been found that ammonia-
containing gas can be almost completely cleaned by a process
which comprises the steps of bringing an ammonia-containing
exhaust gas 1into contact with an ammonia decomposition
catalyst under heating to decompose the ammonia into nitrogen
and hydrogen, thereafter bringing undecomposed ammonia
remaining in the gas after the ammonia decomposition treatment
into contact with an adsorbent to separate ammonia through
adsorption, and subsequently again bringing the exhaust gas
used for heating regenerating the adsorbent into contact with
said ammonia decomposition catalyst. It has been found that
the treated gas can be exhausted under the condi£ion of a
minimized concentration of ammonia by bringing said exhaust
gas used for heating regenerating the adsorbent into contact
with another ammonia decomposition catalyst (a second ammonia
decomposition catalyst ) which has otherwise been provided.
The present invention has been accomplished by the foregoing

findings and information.
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- 5- Specifically, the present invention relates to a process for

cl eani ng ammoni a- cont ai ni ng exhaust gas which conprises the steps of

bri ngi ng an ammoni a- cont ai ni ng exhaust gas into contact with at |east one
train of an amoni a deconposition catalyst under heating to deconpose the
ammmoni a i nto ngp&egeDcadnd, hydeogersenlte rigafardri dyr imgliakes Heo respreoanss

m xed gas into contact with at |east one train of an ammoni a adsor bent

whi ch i sfénstcdldaadigp ausonbaundeteipdnad exhfrdta gasmaiviilsd | poRpELses
exhaust gas so as to clean the exhaust gas, and subsequently heating the
adsor bentthe stgesercdt ebx hedirgreanwWIMmENEai-§§intg 1 ndegr Sdets texdtist s
contai ning the ammoni a desorbed from the adsorbent into contact under
heating, esnrhaettmdthsaatl lgambnioRedebbdhdsPEi G BIRR SFCaRBeRLELIoN
ammoni a deconposi- tion catalyst so_as to clean the exhaust gas_containing
the desofdbdlapbornderTheadidedio iIRMBITL aFRY PEPe Fs1REC aRitEpBSPat us
for cleanin annnnia-containing exhaust_gas whi ch ign@gises gn annnnga
deconposi ABNPERT AR patRegePASPYe PR PRI OGN tAADRF Y HRBENPBLEPT i RS cAP &Py st
and equi pped with a heater; n ammoni a _adsorpti on col um_.packed insid

with an anfdhfgt HﬂEBrB&nﬁ%ﬁé}(ﬁﬂﬁ[ﬁﬁﬁf%ﬁ?ﬁ %Ph%%T%?l?na?%%r%ﬁ%geﬁééﬁg
stage; and such cognstitution that re duge st . rate at
the time bf RESLPIdFegshel arTRD SRae5GaBBRYa; SrEeATs sty R e

ammni a decorposi g}agnt SRELR: gﬁeanottggfr_e%mm%o%sisecogp@sgahgggsaheh%st

i nstal |l ed”Separ at rom irst e Inent of "t resen

invention relaleshQ ag505858 thOkegBhB828kBY trRMDAHA- G B NbPIngEXhaust

gas whi CtFI conpri ses-t%e steps o EI’I ngli ng an anmonl a-cont al ni ng eXhaust

gas into £9ptagtic¥ht edtalS@shalnedn@dihi®lg aPh8MiRloRia desorbed from
the adsorbent into contact under heating, with either said
ammonia decomposition catalyst or another ammonia decomposi-
tion catalyst so as to clean the exhaust gas containing the
desorbed ammonia. The present invention also pertains to an
apparatus for cleaning ammonia-containing exhaust gas which
comprises an ammonia decomposition column packed inside with
an ammonia decomposition catalyst and equipped with a heater;
an ammonia adsorption column packed inside with an ammonia
adsorbent and equipped with a heater in the subsequent stage;
and such a constitution that reproduced exhaust gas generated
at the time of heating regenerating the adsorbent is fed to
either éaid ammonia decomposition catalyst or another ammonia
decomposition catalyst installed separately therefrom.

A first embodiment of the present invention relates to a

process for cleaning ammonia—containihg exhaust gas which
comprises the steps of bringing an ammonia-containing exhaust

gas 1nto contact with at least one train of an ammonia
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deconposition catal yst under heating to deconpose the ammonia into
nitrogen and hydrogen, thereafter bringing the resultant m xed gas into
contact with either of at least two trains of an ammoni a adsorbent by

swi tching one after one, said adsorb- ent being installed to adsorb
undeconpoged, RFTDNE 2o CRBEANREL iUhdeRe HFAUY URASISCMSodd Eheaamnbeia
exhaust gas, and then heating the adsorbent by switching one after one to
regener at £n+4 hgi 8aBBenMainkie Hfdridjan] st enhbusingasheoneauhtagtt he
ammoni a desorbed fromthe adsorbent into contact under heating wth said
anmoni a ORLREPOghEI AmteatE@dysictsowasht eitheanofhet exmusttwastcaimsi of ng
t he desor bed anmoni a. A second enbodi nent of the present invention
pertains 40 afmphaaesdsiabeatitedry nyidrininia-aontaf re ngerxhassid gagdsahbech
conprises the steps of bringing an anmoni a-contai ni ng exhaust gas into
contact wkhbh &kingasinorwel ledi hoofkdse rdnmurder onitcmhorinemie cheapysinander
heating to deconpose the ammbnia into nitrogen and hydrogen, thereafter
bri ngi ng {hethesdsthaist nixedsgads v ebatactbei exhauskergast, aand ehBeNt wo
trains of an ammonia adsorbent by swtching one after one, said
adsor bentheethngi hbeapfegrbenkdbsr EWakgbéBApsBedadhfibnPae FenhfAPRGT ARt he
exhaust gas so as to clean the exhaust gas, . and subsequentlg heating t he
adsor bent tB§ saRechFhylenbripgdpa yRBredvuregdersbPavat: AdssgABtahpirg the
bringi ng reproduced exhaust %as containi%g t he _ammoni a gesorbed frgn1the
adsor bent 2MeBiac8REgEPed SH8P theapARgT PRIEh 1PERoFRBFAChNHBAFR Peating

deconposition catalyst sp as to clean.the exhaust gas contai ni th
desor bed ¥hBnisa*d gﬁm°%&?h%ﬁ&°&#ﬁ&d$ﬁ8&;%ﬁ*%ﬁ%fﬁn%%eﬁf ﬁﬁbéﬁpggﬁ ?

Concernedexhaust gas containing the desorbed ammonia.

he
S

A second embodiment of the present invention pertains to
a process for cleaning ammonia-containing exhaust gas which
comprises the steps of bringing an ammonia-containing exhaust
gas into contact with at least one train of an ammonia
decomposition catalyst under heating to decompose the ammonia
into nitrogen and hydrogen, thereafter bringing the resultant
mixed gas 1into contact with either of at least fwo trains of
an ammonia adsorbent by switching one after one, said
adsorbent being installed to adsorb undecomposed ammonia
remaining in the exhaust gas so as to clean the exhaust gas,
and subsequently heating the adsorbent by switching one after
one to regenerate the same, while bringing reproduced exhaust
gas containing the ammonia desprbed from the adsorbent into
contact wunder heating with another ammonia decomposition
catalyst so as to <c¢lean the exhaust gas containing the
desorbed ammonia.

A third embodiment of the present invention is concerned

—6—
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with a process for cleaning amoni a-cont ai ni ng exhaust gas which conprises
the steps of bringing an anmoni a-contai ning exhaust gas into contact with
at | east one train of an ammonia deconposition catalyst under heating to
deconpose the amonia into nitrogen and hydrogen, then bringing the

resultant mxed gas in{o t aGte MWty OSEmbh b e O t &in gD Rixd aacs0r et
whi ch i§w$%€t§1lgﬁgfgg§ds%€ undé%éh%%sed anmonia renmaining in the

exhaust gas. s0 A$uld iHanthbe Ldpausé£ gdginagiagt len aeadnig-cohbaduisod bent
to regenera%e it Whi'l e bri ngi ng reproduced exhaust gas containing the

ammoni a despL fed %59”1&96 adsenbt @mthi atoleantaoheuhdeinheft angampeniaaid
ammoni a deconposi fion catalyst or another ammoni a deconposition catal yst
SO as to0 gglk8APoLieisxhaustalyas amdeai fiewftirhe desdedempespphha. ammoniap
fourth enbodi mnent of the present invention pertains to a process for
cl eani ng aABBNhateeRkal Rind) rexhaumn gashehi ehingbngr FBesrefvlEpRpsmpxed
f eedi ng an ammoni a- cont ai ni ng exhaust gas to either of at |least two.trains
that are gaehietepesedasft varkhmnnmiteaitt odhoant PBROBLR aPFSPTRRAT aliPAfoni a
adsorbent and are juxtaposed in parallel in _an alternateuy_smjtchabkg
manner, bsi ngistgllsd dto apdsArk- cHFCECRPRGedeatiigtta gAY t¥ntdCt
with the catalyst in said train to deconpose anmnpni a intg ?Ltro en §98

c

hydr ogen, eghdusti misngs? hesr &8ulER hl&EXRALST I3 coft? Pt ASEhS

adsorbent in said train to separate .undeconposed anmoni a r.engini i.n -t he
exhaust ghbebya@8eEPprt t}on *RALETF I &dn tﬁélgﬁh Ust" gas? n%ﬁ?kggﬁggging

e st ook Lot e b Hhscrere
said adsogg%ngn%%t%é%'gé%nuﬁﬁg¥ﬂhéy%¥ﬂdu%f@ﬁ'Eaid ammonia decomposition
catalyst or another ammonia decomposition catalyst so as to
clean the exhaust gas containing the desorbed ammonia.
A fourth embodiment of the-present invention pertains to
a process for cleaning ammonia-containing exhaust gas which
comprises the steps of feeding an ammonia-containing exhaust
gas to either of at least two trains that are each composed of
an ammonia decomposition catalyst and an ammonia adsorbent and
are Jjuxtaposed in parallel in an alternately switchable
manner, bringing. said ammonia-containing exhaust gas into
contact with the catalyst in said train to decompose ammonia
into nitrogen and hydrogen, and bringing the resultant mixed
gas into contact with the adsorbent in said train to separate
undecomposed ammonia remaining in the exhaust gas by adsorp-
tion so as to clean the exhaust gas, while heating the adsorb-
ent in the other train when necessary to regenerate the same,
and bringing reproduced exhaust gas containing the ammonia

desorbed from said adsorbent into contact under heating with
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t he ammoni a deconposition catalyst in said other train so as to clean the
exhaust gas containing the desorbed amoni a. A fifth enbodi nent of
the present invention is concerned also with an apparatus for cleaning
anmoni a- cont ai ni ng exhaust gas which conpri ses an ammoni a deconposition

col um packed hRSh9s WeldnPdd AT & ALCGA0SiA | 88igabahyst tardnequd pped
wth a heater, at |least two trains of ammonia adsorption colums in the

subsequenty , st fgen WhENexRE st | Y%t aposedining Pias adésdbrbed aamadr ba nat el y
swi t chabl e manner, are each packed inside with an ammoni a adsorbent and
are each equi ppedsiFth ambba@ament afd tare ipsisdntatirorertoror eissli aencerned
repr oduced exhaust gas generated at the tinme of heating regenerating said
adsor bent al#o swi€h asmoappadatoapbsit ¢ baagbhgnammonia-centiinhneneil weht
of the present invention relates also to an apparatus for cleaning

amoni a- capdai nimgrexhanpriges ami e@mmeorigr | decompo sl a cdedRpoRIEF
col um packed inside wth an amoni a deconposition catal yst and equi pped
with a heaeideatwitdasant wonnenias delcompesiitd o&dsor b1 ot caPEmeavhPPede
subsequent stage which are juxtaposed in parallel in an alternately .

swi t chabl evhelanet , hgedexachapackedst ndivide HWFEkNEN °%rrﬁﬂ‘ﬁ‘i°&13ds%ﬁ1’b‘éﬁ%th?f&l
are each equi pped with a heater, and an installation for feedin ,
reproducedcekwanst §as HeperatRiedrent hestask ohidat PRG ré@ﬁﬁ@PgFFﬂg £3%i d

adsorbent to an_ammonia deconposition colym which is installe se%g%aitiely
BARBRT a

from sai d PARAbALL dBcERp A %S UMY L T Pk P PHE 12T 7RG

decorrposi tion catalyst, and is .equipped w.th heat er.. o u:.LA sgvve_ntt:kt] a

enbodi mantl%?l?ﬁew#gsé'ﬁt AMRPEHE (ﬂﬁjo%é A" S (PN PRIl 6

cl eani ng aﬂ@?@é@jcgﬂéagﬂiQgs%éﬁiﬁﬁﬁon for feeding reproduced exhaust gas
generated at the time of heating regenerating said adsorbent
to said ammonia decomposition column.

A sixth embodiment of the present invention relates also
to an apparatus for cleaning ammonia-containing exhaust gas
which comprises an ammonia decomposition column packed inside
with an ammonia decomposition catalyst and equipped with a
heater, at least two trains of ammonia adsorption columns 1in
the subsequent stage which are juxtaposed in parallel in an
alternately switchable manner, are each packed inside with an
ammonia adsorbent and are each equipped with a heater, and an
installation for feeding reproduced exhaust gas generated at
the time of heating regenerating said adsorbent to an ammonia
decomposition column which is installed separately from said
ammonia decomposition column, is packed inside with an ammonia
decomposition catalyst, and is equipped with a heater.

A seventh embodiment of the present invention pertains

also to an apparatus for cleaning ammonia-containing exhaust
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-9- . gas which conprises an amoni a deconposition colum packed i nside
Wi th an anmmoni a deconposition catalyst and equi pped wth a heater, one -
train of anmmonia adsorption columm in the subsequent stage which is packed
inside with an anmonia adsorbent and is equipped with a heater, and an
installat{Qn JfcH eedinpe iR OgHCethmdiausiegaspgeneLah edatlunrhepatkedof
heati ng regenerating said adsor bent to an ammoni a deconposition
col um whjghigs iwstil bad sepanhabeldeddmpossiaiibn agubalasteconhoeqtiipped
colum, is packed inside with an anmonia deconposition catalyst, and is
equi pped with a heait’yr, one tAathghih asmbodianentsofptiive prekwmt imvehei on
pertains further to an apparatus for cleani ng ammoni a-contai ning exhaust
gas whi chsubsapneses atabeaswhiub tiai nsacked dmsideixtwpdsedni napaeakeel
in an alternately swi tchable manner and are each conposed of an_ammoni a
deconposi éflenrbehtmanghiich ¢guipnefledithsiaddaftar ardzimdhi angeadhpbirhi on
catalyst and is equipped wth a heater, and an anmoni a adsorbent col umm
whi ch i sEpacKeedimng deepr efuand asubaiug tadias benpesabed s aéqlispetim™ PR a
heater, and such a constitution that part of outlet gas from the ammonia
adsor bentheatine | Fegenesrrting n i be JWFeErRADFy BY t 02Fhe 2HEBPBENt

in the other train as the gas for regenerati the sane tine, and i

r epr oduceeERHRASE LIRS FAIHMN hEh LR of Sed st 4 RRAF2 RS nfT ¥ cFBARed

t hrough the ammoni a decoggositio colum in Eaid.oth r tn%hnan amgghEg
DESCRI PTI 8" 8P FHECORARPRAES T o1 COMME 1 155 PR CEE e Al ES MGt P8t PBRC2ABwI ng

an eX&”D'SeQmeosition catalyst, and is equipped with a heater.

A eighth embodiment of the present invention pertains
further to an apparatus for cleaning ammonia-containing
exhaust gas which comprises at least two trains that are
juxtaposed in parallel in an alternately switchable manner and
are each composed of an ammonia decomposition column which is
packed inside with an ammonia decomposition catalyst and is
equipped with a heater, and an ammonia adsorbent column which
is packed inside with an ammonia adsorbent and is equipped
with a heater, and such a constitution that part of outlet gas
from the ammonia adsorbent column in either train can be
switchably fed to the adsorbenf in the other train as the gas
for regenerating the same time, and reproduced exhaust gas
from the adsorbent in said other train is cleaned through the

ammonia decomposition column in said other train.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a schematic illustration showing an example of

exhaust gas cleaning apparatus ( reproduced exhaust gas is
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exhaust gas cl eaning apparatus ( reproduced exhaust gas is

- 10- circul ated through an ammoni a deconposition colum ) according to
the present invention; FIG2 is a schematic illustration show ng an
exanpl e of exhaust gas cl eaning apparatus ( reproduced exhaust gas is

cl eaned thypughs8c8eERPIugATEAI amfleanapastbhpastbiammcahdmh henacggrding
exhausted as it is ) according to the present invention; FIG3 is a
schemati ced | thist paésentshowengian; exanpl e of exhaust gas cl eani ng
apparatus ( reproduced exhaust gas is cleaned through a amoni a
deconposi ti on EDEuPM isnd themenatiexhidysbHationt shewingc @y diFRIPRLL t Ak
present invention; FIG4 is a schematic illustration show ng an,
exanpl e oéxhandhusasgaslepoaRPn@RRAFAHUs ( FRFBHREH exhaust &%ss i §°

cl eaned through a second ammoni a deconBQsition col um and %hen ia

exhaust edcheanedi shrapghr 8 AG<PBdt ABMBREEABCPRTRALFLAR GRGUM™ andfhen ;o
a schematic illustration show ng an exgnBIe of hexhaust as_cleani ng

appar at usis (exkpraladedseihadst ) g35°PEI1P LRGP ENPEEGRE AMvdnra

d iti lum and then is_.exhaysted as it is ) dj t

or esont i nvent Fofi- 3 LD GRAPPERLE1 ey mbracy ony shlynaRt ot btnble | OF
2, 2': heat 3 ' i1 adstd qallis
armoni o GEBRRBE (1oh capanjie” e EE TN Enadsc T gasiis

16, 19, B%iegi'lgiin%hrz%llj jl';l" :clillaniln‘?’or;ll“la 1élecéﬁpggi%§oﬁo’c?@h§§1 3§hd4Q:’l{EQ‘; ; i¥a| ve

8, 8': anmbnla adsorp h colum ammoni a adsorbent 12, 23, 29,
34, 4l eé?ﬁ&ﬁ&tgésaguﬁﬂeiglPeac%éidQBQWQB the present/in¥éntidf; 18', 27,
: cool er

33, 39, 3

FIG.4 is a schematic illustration showing an example of
exhaust gas cleaning apparatus ( reproduced exhaust gas is
cleaned through a second ammonié decomposition column and then
is exhausted as it is) according to the present invention; and

FIG.5 is a schematic illustration showing an example of
exhaust gas cleaning apparatus ( reproduced exhaust gas 1is
cleanéd through a ammonia decomposition column and then is

exhausted as it is ) according to the present invention;

[ Designation of Symbols ]

1: exhaust gas feed line 2, 2': heat exchanger

3, 3': ammonia decomposition column

4, 4', 21: ammonia decomposition catalyst

5, 5', 10, 10', 22: heater 6, 6', 16, 19, 31: piping

7',11,11',13,14,14"',25,26,28,30,32,38,38"',40,40"'; valve

8, 8': ammonia adsorption column 9, 9': ammonia adsorbent
12, 23, 29, 34, 41: exhaust gas purge line

15: blower 17, 17', 18, 18', 27, 33, 39, 39': cooler
20: second ammonia decomposition column
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20: second ammoni a deconposition col um 24: inert gas feed
l'ine DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention
is applied to the cleaning of an ammoni a-contai ning gas which is exhausted
froma chemcal treatnent process as well as from a sem conductor
manuf act Upz . RArRr 988S$eed linelhe present invention is concerned with a
process for cleaning an amoni a-contai ning gas by bringing an ammoni a-
containing gas into contact with an amoni a deconposition catalyst so that
the ammonia contained in the aforesaid gas is deconposed into-nitrogen and
hydr ogen, ptBeRr IrauHNN @ramrHENPREFERREDS GMBOMIMENTSapt ur e undeconposed
ammoni a contained 1n the treated gas, exhausting the gas from which
undeconposed ameOMEeswEst bésnentioneds Imgbired atPndhehe igringlsof bent

t hrough heating, and again bringing reproduced exhaust gas containin%
amoni a wameknis -¢esdabed nfor ogpshevhiiglor bent exbaugsedt | FEOBf ThegbrRgC2
regeneration into contact with the ammonia deconposition catalyst,

fol | owed byegfmeatharsacasts tae $akl phusronr aaseRicopductprcBRRMEARG US| d
reproduced exhaust gas through the system conprising the anmonia
deconposi PN PTE&EEISyst and t he amoni a adsorbent in conbination, foll owed
by the exhaust of the gas thus treated. The, a ni a deconposi ti on
catal yst to beTt&€edPTASERE ’ﬁ?@%ﬂﬂ%"ﬁnﬁﬁnﬁ9&$%§?$in£§§%cf¥i%%ﬁ? Tiffed
insofar as_the_ catalyst is capabl.e of. as-ghaﬁg d %oggo%ition %Rm%gqggia
into hydFé§AR1IR% ARt rBYIP 1B EL T w85 % alArySten Thi §

containing gas into contact with an ammonia decomposition

catalyst so that the ammonia contained in the aforesaid gas is
decomposed into nitrogen and hydrogen, then causing an ammonia
adsorbent to capture undecomposed ammonia contained in the
treated gas, exhausting the gas from which undecomposed
ammonia has been removed, regenerating the used adsorbent
through heating, and again bringing reproduced exhaust gas
containing ammonia which is desorbed from the adsorbent at the
time of heéting regeneration into contact with the ammonia
decomposition catalyst, followed by the exhaust of the gas
thus treated, or circulating said reproduced exhaust gas
through the system comprising the ammonia decomposition
catalyst and the ammonia adsorbent in combination, followed by
the exhaust of the gas thus treated.

The ammonia decomposition catalyst to be used in the
present invention is not specifically limited insofar as the
catalyst is capable of gas-phase decomposition of ammonia into
hydrogen and nitrogen. Examples of usable catalyst in this

case include well known conventional ammonia decomposition
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case include well known conventional ammoni a deconposition

-12- catal yst such as a catalyst conprising a netal exenplified by

ni ckel, iron, palladium platinumand rutheniumor a conpound of any of
the netals, said netal or conpound thereof being supported on an inorganic

carrier; a catalyst. ywhi ch. conpLisesstapymplikR8gahonetaRntekened iTekal bar
conpound fREPedr as An' effect) ve I ngredient, and is prepared by tableting

mol di ng o ; G USO8, b4 gai GRY p1§8LALNMShnehirGRheaDni 8&S aa daimpoaind y
of catalytic spécies In addition to any of the above-nentioned netal or

conpound tfiergof . & tHeSRethikhenidim cabehySor Scompeind abherebecausag of
hi gh ammonia ‘deconposition activity obtainable thereby even at a | ow

tenper at Urgpported A8 &4 lLherghave- exerpkirf;i ed caabdlyyst whdrhbegqureparesd by
a nmethod in which a nmetallic salt solution is inpregnated into or stuck to

a carrier asichoas vldimapayeamenthodedn mitiadh ar powpeundnetizdrewfmpaandn s
tableted along with a lubricant, or a nmethod in which a slurry containing
a netal cemmduives iegtedsénn, mhdeds Hoepesed bie tedlgiting implfizid A3 e
fromthe nmarketed amoni a deconposition catalysts. The shape of the
amoni a decdnposidn onotditagysandsansatadpgsti Wbdghl wamprises, bRy idval |y
exenplified by the form of ring, tablet, colum, sphere, and the |ike,
The amonicf cheookposs t$Rec £t al ysaddktien e 2pacedh PR AE DM
( hereinafter referred to as "ammoni a deconposition colum ) ans s used
in the fomAtl aoFi xekmpRYNd WEBRTERE - arffonitiesgecorpdgtiWh catatyst i
used by being packed in the anmoni a . deconBosLtio colum, the packin

| engt h thé?%%ﬁeq%P{EHKQQ%Pqﬁﬁ of high ammonia ecomposition ‘activity

obtainable thereby even at a low temperature.

Any of the above-exemplified catalyst can be prepared by
a method in which a metallic salt solution is impregnated into
or stuck to a carrier such as alumina, a method in which a
powdery metal compound is tableted along with a lubricant, or
a method in which a slurry containing a metal compound is
extrusion molded. However, the catalyst is available from the
marketed ammonia decomposition_catalysts.

The shape of the ammonia decomposition catalyst is not
specifically limited, but is usually exemplified by the form
of ring, tablet, column, sphepe, and the like. The ammonia
decomposition catalyst is usually packed in a metallic column
( hereinafter referred to as "ammonia decomposition column ),
and is used in the form of a fixed bed. When the ammonia
decomposition catalyst is used by being packed in the ammonia
decomposition column, the packing length thereof is usually in
the range of 50 to 3000mm, approx. In more detail, however,

the length is determined in accordance with the concentration
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the range of 50 to 3000mm approx. In nore detail, however, the length is
determ ned in accordance with the concentration

- 13- of amoni a contained in the amoni a-containing gas, flow rate of
the gas to be treated, reaction tenperature, shape of the catalyst and the
i ke. of THEnGARdI Loaradnder Mhiwte tdmmeni®nientSimianprpasediiow tdree

present invention is not limted by the concentration of amronia contained
in the ammppi gneoRkLal Nidbgatrebrea, i teble i ononemperattivar, rdagrest athest

100%, the ammonia can be catalytically deconposed as it is wthout
any pretregie®nyst dhe tractira.tenperature at the tinme of deconposing
amonia is wusually in the range of 450 to 1200[err]C , preferably 600 to
900[err] C. Prefeeakidndiytiion tmedermwhighdddonpasnenda fgcrdegamposgad hin
decreasing operation pressure, thus enabling ammpnia deconposition at a
reduced pressupeeskokevigrventhieoropes anpbn lipideduky jtheuseeRr st rahge
of 0.01 to 1 MPa, preferably 0.09 to 0.5 MPa fromthe viewoi nt-of
oper abi | | tymmonia cppEadmesy fini Bne| pREQPIGeFBRERYNINE VRS FYEM dnhohig-
cont ai ni ng exhaust gas in the amoni a deconposition colum is, deterniged
i n accor dafeecopthathencofeefhest i festa % + coft%i YN hetan be
anmoni a- cont ai ni ng gas, packing length of the a nia deco gﬁitiﬁne
catal yst, FeERt¥YbhCEhPerdRRW tA8 4§ k&S wAKHOuS Hal PYSFReRhEePhnge
of 0.1 to 200 cni sec, greferagl¥ 1 Eotgg %g%seg eégrgasggihn terms. of . LV
at O[ err] CRAMTSAFHOLPhEPPREPPEYES! 8] By °led5iRNRP R dnABN A
contained int exhau gas_under hgg &af or.es i C gﬁ |
£ 1590 ;3 % Py 6 o
concentratVﬁHaTg¥ éﬂﬁo%%f T8"9%) Gwer ed “usual I'y t3960 go %%Qﬁ%n1at t hd
outlet of 588%?mm¥yékerability in the ammonia decomposition increases
with decreasing operation pressure, thus enabling ammonia
decomposition at a reduced pressure. However, the operation
pressure is usually in the range of 0.01 to 1 MPa, preferably
0.09 to 0.5 MPa from the viewpoint of operability.

The superficial linear velocity (LV) of the ammonia-
containing exhaust gas in the ammonia decomposition column is
determined in accordance with +the concentration of ammonia
contained in the ammonia-containing gas, packing length of the
ammonia decomposition catalyst, reaction temperature and the
like, and 1is usually in the range of 0.1 to 200 cm/sec,
preferably 1 to 50 cm/sec expressed in terms of LV at 0°C and
atmospheric pressure.

By decomposing ammonia contained in the exhaust gas under
the aforesaid conditions, the concentration of ammonia is
lowered usually to 60 to 1000 ppm at the outlet of the ammonia

decomposition column.

The portion wherein the ammonia decomposition catalyst is
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deconposition col um. The portion wherein the ammoni a deconposition
catal yst is - 14- packed in the
anmoni a deconposition colum is nmaintained at a desired reaction
tenperature with a heater placed on said colum. Prior to the feed of the
exhaust gagskldd tie erdDanRondecasponpbsonionl uphumht ilss mpdsgiainedt @tpreheat
said gas by a nethod in which the exhaust gas is heated to the reaction

t enper at Wes i reAPpresctionh Bembensturea wigtthod imeattexrh plliscedexpausrigas
subj ected to heat exchange with the exhaust gas comng out fromthe

ammoni a dedamposi PEdor coburine afeled hefl ithe snhtdwats.gas to LhgnFAMRenga t he
amoni a adsorbents that are usable in the resent invention include

nat ural zesldutpesigyimirheté umeol $tels BQ{SF@'EEéthaPEGHeaﬁl §fiida 328 e @ gel
and silica alumna. O these, synthetic zeolite, activated carbon and the
li ke ar e metheider bl eltbedmusbeofedhattle 9Ad it eﬁ§?¢r§dad§brﬁf‘?oﬁe€éﬁ&ar’ty
obt ai nabl e thereby. There is preferably used synt het i eolite, .h VI a

m cr opor & HIPRRAEITDf BPRFPK- dfltg'[ efri B eﬁ%ﬂécu’r%r which, Fhea - 5

produced by Uni on Showa Co. . Ltd. e
adsor bente¥h@yafuA3s et ieated a‘i% ?a%e?’ﬁﬂp ’i)%ecl&]ath t}‘ er?‘erHTDlﬁt Jas
colum ( herei nafteg re]c rred to as ."amoni adsoronltl 1i0d or

to actual U9 (HE a%%?rbentdeconé%?l Vat ed and "Eorﬂerea ter s used

to adsorb atre},d separate undecorrposed ammoni a t hrough physi cal adsorption by
bri ngi ng "t Shaust gas com ng fromthe amonia deconposition colum into

contact with thig ng;m?;"ﬁfaaégrmama adsorbdhideiiesend b ausid i Q. edde

oper ation pressur
present invention include natural zeolite, synthetic zeolite,

activated carbon, alumina, silica gel and silica alumina. Of
these, synthetic zeolite, activated carbon and the like are
preferable because of stable and intensive adsorption capacity
obtainable thereby. There is preferably used synthetic zeolite
having a micropore diameter of 44 or 5A , approx. ( molecular
sieve 4A, 5A produced by Union Showa Co. Ltd. or Linde Corp.) .

The ammonia adsorbent is usually used in a state of being
packed in a metallic column ( hereinafter referred to as
"ammonia adsorption column ). Prior to actual use, the ammonia
adsorbent 1is activated and thereafter is used to adsorb and
separate undecomposed ammonia through physical adsorption by
bringing the exhaust gas coming from the ammonia decomposition
column into contact with the ammonia adsorbent.

In the present invention, the operation pressure of the
exhaust gas from the ammonia decomposition column at the time
of being brought into contact with the ammonia adsorbent, is

not specifically 1limited, but can be set on atmospheric
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exhaust gas fromthe amoni a deconposition columm at the tinme of being
brought into contact with the ammoni a adsorbent, is not specifically
limted, but can be set on atnospheric

- 15- pressure, reduced pressure or elevated pressure. In addition, the
superfici grekisiear, wRINddd gidlswie the exbausédf ppesstee. amnpaddition,
deconposition colum at the tine of being brought into contact with the
amoni a adser baderfiiscitsal 1 yedan vhkorange @) bft i) exiisest prehmethbly 5
to 15 cm sec. The tenperature of the exhaust gas fromthe amoni a
deconposi emapendal deeoalp oishie itane odfumipe iarkg thveo trgine iofit bedont droughitt Anthe
ammoni a adsorbent, is in the range of usually 100[err]C or |ower,

pr ef er abl gonBpetr fPCtdr thewammondee agisefrdeniyl.y isr ognvdllyr dnngbhy renper afure
( 0to 50[err]C The adsorbent which has been used for separating
ammoni a tthteugR s8deesti OF sferedddt idv&ced 5( cHésecnafter referred to as
"heating regeneration of adsorbent"™ ) by passing therethrough, a dry gas
free from amoAtg& uhBBPeRaAMFRg. °Fhdhens&bauste 98s t@ﬁ?@i%%“bfaHEQPFﬁg
regeneration of adsqrbent varies depending _upon an adsorbent itself,
and can 9RE6PTPREL TAREqGVSER AF tg‘?t &ifen&d, Petng breugat jRtopcontact
tenperature_ _higher than the _.tenperature at the tinme of adsorption ally
b The r AP0t he; AMar ior arFTBEnE: "i8 T hea 1P cobndrubi-br P
adsor bent ca ut i nte racti by passi t heret hrough r _heati.ng,
part of tﬁ% “55?35' 5%h2ﬁﬁ$€' ?@ﬁ géﬁef%%@%g'bggrgléﬁﬁé%fé$ﬂ€ aﬁ%ﬁ%ﬁia-

cont ai ni ng,.@¥AaY$t +4GP ANl ek o §hgthed to as "self-gas”) or an inert

gas such as nitrodgen. In the follow ng, the the present invention

wll be The adsorbent which has been used for separating ammonia
through adsorption is reactivated ( hereinafter referred to as
"heating regeneration of adsorbent” ) by passing therethrough,
a dry gas free from ammonia under heating. The temperature at
the time of heating regeneration of adsorbent varies depending
upon an adsorbent itself, and can not be wunequivocally
determined, but 1is set on é temperature higher than the
temperature at the time of adsorption, usually in the range of
100 to 3507C .

The heating regeneration of adsorbent can be put into
practice by passing therethrough under heating, part of the
purge gas which 1is generated by cleaning the ammonia-
containing exhaust gas (hereinafter referred to as "self-gas")
or an inert gas such as nitrogen.

In the following, the the present invention will be
specifically described with reference to FIG.1, which is a
schematic illustration showing an example of exhaust gas

cleaning apparatus according to the present invention.
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specifically described with reference to FIG 1, which is a schematic
illustration showing an exanple of exhaust gas cl eani ng appar at us
according to the present invention.

- 16- The ammoni a- cont ai ni ng exhaust gas is fed to the ammonia
deconposi ti on @alUdhmdntii-aigit dihei e hetistusfasgd eetls | Fa@ toaklbe ahmonaat
exchanger 2. In the amoni a deconposition colum 3, which is packed inside
With the aewonipasdedonpesilnon 3cadhaiopgh the sxbaiustheasederdt Ainchdapsf 5,
nmost of the ammonia that is contained in the anmoni a-contai ni ng_exhaust
gas is detbepdsst éxtlamger oden Tandhsy R a TRecomPPet tHRR FPOHPRNE .
ammoni a deconposition colum 3 is introduced in the ammonia adsorption
colum 8 whuch is P@GﬁeétkmﬁaﬂﬁjW%ﬁh ﬁ@ﬁyaﬁ@ﬁﬁé@a@&F@“ﬁﬁF&G@ﬁ“ FﬁéaﬁgéF
exchanger 2, the cooler 17, the p E ng 6 and the valve g
amoni a aéso@wﬁ(ﬂ?(ﬁﬁQFﬁﬂEV+%hpéc 8d ?ﬁsPdemRFFh°Fh§heaEFW9893dtBB otBent
9 such as synthetic zeolite, onto which _the undeconposed E
outl et gaSoptemnede iBmdiR 2™MBRRHAPORR FF LRI BRRaYS Sgaas6gn§§cggppﬁg it

is separated fromsaid ﬁa t he exhaust as¢ t hus c eaneghls exh%ugted
in the at mMB&Phdre iYL gH™ %h@y %ﬂ?%ﬂ. Yo PHg gXn&st gt BuFg&™MPhe12.

At the ti 7 5%%@%%' 3 eﬁh%.gﬁtc 3 % arh, «of &U{CﬁdO%' %eg%gmo!‘na%matd@% ngomw a

adsorptio S5 hr oug val've he "a ni-a

amon; & |89 %"sorbea’hlbceﬂ ”?%SE%%?S?sd%‘*ﬁga%?ﬁgmg# o e RPEatuzy SRR s
which is gxhaysted o, JhQRddie 2MRa IO PizoN Gl UBPpBng #dan@i &he
valve 7.

The ammonia adsorption column 8 is packed inside with the
activated adsorbent 9 such as synthetic zeolite, onto which
the undecomposed ammonia in the outlet gas from the ammonia
decomposition column 3 is adsorbed so that it is separated
from said gas, and the exhaust gas thus cleaned is exhausted
in the atmosphere through the wvalve 11 and the exhaust gas
purge line 12.

At the time of said gas exhaust, part of the outlet gas
from the ammonia adsorption column 8 is introduced through the
valve 13, in the ammonia adsorption column 8' being heated,
where the adsorbent 9' onto which ammonia is adsorbed is
regenerated by heating. The reproduced exhaust gas which is
exhausted from the ammonia adsorption column 8' and which
contains a large amount of ammonia is introduced in the
ammonia decomposition column 3 through the cooler 18', the
valve 14', the blower 15, the piping 16 and the exhaust gas

feed line 1.

—16—
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contains a large anobunt of amonia is introduced in the ammonia
deconposition colum 3 through the cooler 18, the valve 14', the bl ower
15, the piping 16 and the exhaust gas feed |line 1.

-17- In addition, when the heating regeneration is conpleted, the
heati ng of the BMPAlSL fESOr RhieAN teRl WEatE ngniddydnieaatieat ers Idbmpleted,
interrupted, and said colum is allowed to cool to around ordinary

t enper at urghd O HRARE bar the changecyendswrphibhe awhumm a 8ddseiphi drhe
col um 8. At the point of time when the adsorption capacity of the
adsor bent hddtdéherampsai antadsoppedonandolsaid <@ lngachess altlwed diurened
adsorption anmount, or the effluence of ammonia is recognized in the outlet
gas, or saia aftbbudnoedisadyatiemperaiyre the pasrpussAgEwde sCRANITNRF
fromthe valve 7 to the valve 7', and fromthe valve 11 to the valve 11
so as to wsiiih cthe hempertagedryretienecolem@t8gas fromthe amonia
adsorption colum 8 to the side of the ammoni a adsorption colum 8

Moreover, heat iy FegeRetati 6f & mehe@Pafndiica ARG QH1CQﬁﬁ9ﬁﬁ¥€?ﬁ sthe

carried out_in the same manner as t hat of the COlquﬂgﬂ 0 as_to Ere are

for the chithyERert th@?eF@e ammongg tﬁ%s%5%9b°%eﬁi %roE%ﬁﬁP%

made possible to Ietelx cl ean anmmoni a n thg onia is

anmoni a- cdﬁ?%?ﬂ?ﬁ@d éﬁﬁ&ﬁgF ﬁ%& ALt 8§h gglﬁﬁﬁﬁ £ n A0S

T The oBITETBLESEr A (HAS AR dbtompasi or# CEFERREOERT 8 BT g

upon the(%g§%ytkﬁed%%%m%§§§gbé¥5¥iféogﬁitpyédlkrbﬁ the valve 7 to the
valve 7', and from the valve 11 to the valve 11' so as to
switch the passageway of the outlet gas from the ammonia
édsorption column 8 to the side of the ammonia adsorption
column 8°'.

Moreover, heating regeneration of the ammonia adsorption
column 8 is carried out in the same manner as that of the
column 8' so as to prepare for the changeover thereto.

By the above-mentioned procedure it is made possible to
completely clean ammonia contained in the ammonia-containing
exhaust gas without exhausting ammonia in the atmosphere at
all.

The concentration of the undecomposed ammonia in the
outlet gas from the ammonia decomposition column varies
depending upon the catalytic decomposing conditions, but it is
usually in the range of 60 to 1000ppm, thus enabling the
undecomposed ammonia to be easily separated by adsorption in

the ammonia adsorption column 8 or 8°'.

According to the above-described systematic procedure, it
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usually in the range of 60 to 1000ppm thus enabling the undeconposed
ammoni a to be easily separated by adsorption in the ammnia adsorption
colum 8 or 8'. According to the above-described systematic
procedure, it i s made possible to exhaust the purge gas which
is conpl etjel Ynadd 660 & 05 @ame®NkAnaliker thbe palrganigag ehitche iex hawgtl egasy
wher eby t he ammoni a- cont ai ni ng exhaust gas can be perfectly cleaned,

di spensi ngrau t Froamuxhhinahya n@fist altheor cleesbdngcest ¢heepexhianste| asts.i c
power for heat source or driving power source wthout generating any.
bypr oduct whemébs ngheecomdaria-dareatimeintg exhaustt das poari bee Rerfantly
present invention as illustrated in FIG 2 to deconpose ammoni a cont ai ned
in the amdrianesbnt alispensindauvsith gaauthtiary t mMafariald Madr FREPURFes
introducing the reproduced exhaust gas containi ng anmoni a which is
desorbed exammtt hoadsordrtini @t PPRErt ifpr ohedkationg cPeg@neARLVOAT| MAyer
anot her ammonia deconposition colum which is installed separately
from sai gourfifoniathasEomRNRgTalohg cardnmiyPerduqt RefdiRiPEerse Tl Ped
to as "second ammonia deconposition colum"). The outl et gas
fromthe $&&Hd"eMoni a deconposition colum can be exhausted into the
at nosphere as such, after . being dil uted si nce the concentration of. the
undeconposed a]fﬁ’rD‘rﬁap‘??‘F"s%f"d ]glht'flé? %%%s?réti]rf“fef{gclroanngaes o]ff]gbﬂtroatf(?oomppm
appr ox. , ' is rkedl y decreased as ¢ ared w.th con i0

t her eof ﬁﬁ&%etoi ???"é?ys%rrarr"ﬁ"rl\?%%%oﬁ ré’fér)\%%é le&#a%%téntg}'g%mv%i(gqga;ﬁhne&]
obj ect of é&ﬁgﬂgéulgag nikpbs &f%%%gen and hydrogen by introducing the

reproduced exhaust gas containing ammonia which is desorbed
from the adsorbent at the time of heating regeneration into
another ammonia decomposition cblumn which is installed
separately from said ammonia decomposition columns 20 (
hereinafter referred to as "second ammonia decomposition
column”) .

The outlet gas from the second ammonia decomposition
column can be exhausted into the atmosphere as such after
being diluted, since the concentration of the undecomposed
ammonia in said outlet gas is in the range of 60 to 1000 ppmn,
approx., which 1is markedly decreased as compared with ‘the
concentration thereof in the initial ammonia—contaiﬁing
exhaust gas which 1is the object of cleaning. In this case,
however, there 1is inevitably exhausted into the atmosphere,
undecomposed ammonia in an amount based on the decomposition
efficiency in the second ammonia decomposition column.

It is possible in the present invention as illustrated in

FIG.3 to clean the ammonia-containing exhaust gas by the
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however, there is inevitably exhausted into the atnosphere, undeconposed
ammoni a in an anount based on the deconposition efficiency in the second
anmoni a deconposition col um. It is possible in the present
invention as illustrated in FIG 3 to clean the anmoni a-cont ai ni ng exhaust

gas by th@gmpination of an ammonia decompositionl8clumnCeffli aat a@moafiaan
ammoni a deconposition colum and an ammonia adsorption colum. Likew se,

it is possiglle?pith dhechl B8R0t Likewanid onias id | pessabbe iim FiG: 4 presehsan
t he anmoni a- containi ng exhaust gas by the conbination of an ammonia
deconposi tiin@en&alom asan iamshiratadsonpt | BAGCAl ubm arkean ddoon@maerari-a
deconposition colum. In any of the above- nentioned cases, however, the
cl eani ng eperatindmof exi@musdxhagast fas tbei neqnbabhyiemdecs ntady mammema
since the operation of adsorbing the outlet gas fromthe anmonia
deconposi diegenposiidrien | soliumpossiabl eamgapiiag adperrhiben i e lywyeryht ifon
of the ammoni a adsorption colum. Further, it is possible in the
present i me@endonamsoniip| ydeeeresihiem GOP LW edR tHY affonthReE cARCXiSni ng
exhaust gas by installing two trains in parallel each conposed o% th
amoni a d@eHFIeNed orf &5 Batevar amfdift a ARIBYNT oPREAAFHER  © e
constituting the adsorption systemso that it is posskble to feed part of
the outl e sttr orffdhe LFmoAleviHEBIBt i BAdEol dRheTBR trPher SARCE adtthe
adsor bent -regenerating_gas_ for. the t her train, and ki ng .changeover.
oper ati on °£etgfé’1tﬁ~é’t”el fgf adsorking | cllet he® Etesdni r?g"ssyg}eor‘r‘% i sF?’eas IHE
case with . FIG 5, conposed of two trains in al | each cgggri%rég:.%g;
anmoni a déi(?&?&?soﬁ]]%&n@rbol G Y8hd ar am%'ﬁ?gsggégr pﬁu&%n(gol urm. so as t
enabl e al t eI NS ST Hne SRHbYS L& d T 1 Wiimn .

Further, it 1is possible in the present invention as
illustrated in FIG.5 to clean the ammonia-containing exhaust
gas by installing two trains in parallel each composed of an
ammonia decomposition column and an ammonia adsorption column,
constituting the adsorption system so that it is possible to
feed part of the outlet gas from the ammonia adsorption column
of either train as the adsorbent-regenerating gas for the
other train, and making changeover operation alternately.

Even if the c¢leaning system is, as 1is the case with
FIG.5, composed of two trains in parallel each comprising an
ammonia decomposition column and an ammonia adsorption column
so as to enable alternate changeover, said system is included
in and belongs to the combination of an ammonia decomposition
column and an ammonia adsorption column according to the
present invention, if it is so constituted that an inert gas

is supplied from outside as a regenerating gas for each of the

ammonia adsorption columns.
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in and bel ongs to the conbination of an amoni a deconposition colum and
an ammoni a adsorption columm according to the present invention, if it
is so constituted that an inert gas is supplied fromoutside as a
regenerating gas for each of the ammonia adsorption colums.

- 20- The, Or eselentNVAaNd M Sl EReEherakiresm ited ct@anleas,t s the
post-stage treatnent, the outlet gas fromthe second ammonia deconposition
col utm bypd be- 46898f t2edimehype themonital €t eqasngromgéhe, srcard oYrOwER
absorption by neans of aqueous solution of an acid, or by introducing the
gas in a goFbmsésoniénr aatemn by the uaseofiher éry heype camhegiaystepnring
according to the present invention is incorporated with any of the

af or esai dagest ; sbagé&hriought werkt abisonpdgianr &y awedns Ry FRYLP VAl SohpELon
resources such as dry type ammoni a cl eani ng agent, aqueous solution of an
acid, fuebfoantheifljkerabroidtngdueingethpedffiehp JySPBRYSHHONSHYFRAGT - such
requi renent, the purge gas can be exhausted in a state free from amoni a,

t hereby eBabthegcaaearhese tBApFéeanipfeskFhgMof CFAEIEAFDRP atRBNPEFRTR

exhaust gas. . In the case where_the reproduced §xhaustdgas %roggthe
adsor bent ipgenhipBdiisedNFAr PREALAAODKE G dBEENPESFEF oAt REPERNY PBSEr85RIT he
gas, followed by exhausting the sane as such as . illustrated in FIG.3and

5, the exhaB2EMBAE. cak FEIFER% P i i e Wieroid tRzO4bEVe- 5"

e on ROk Pt ALY < Phab g V4l A58 AN | Uy D63RAC i

the heating, ,regensrafi off,of Pixe! §8coRUIRLPRY crRFCH Sl fifend OsyLhen. PEASEN
spite of such requirement, the purge gas can be exhausted in a
state free from ammonia, thereby enabling an almost complete
cleaning of the ammonia-containing exhaust gas.

In the case where the reproduced exhaust gas from the
adsorbent is introduced in the ammonia decomposition column
to clean the gas, followed by exhausting the same as such as
illustrated in FIG.3 and 5, the exhaust gas can be treated in
the same manner as the above- mentioned post-stage treatment
of the outlet gas from the second ammonia decomposition
column.

It is still further possible at the time of the heating
regeneration for the adsorbent according to the present
invention to feed the reproduced exhaust gas containing
desorbed ammonia in a train comprising the combination of the
second ammonia decomposition column and an ammonia adsorption
column which is installed separately from the aforesaid
ammonia adsorption column ( hereinafter referred to as "second
ammonia adsorption column") so as to clean said exhaust gas

—90—
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invention to feed the reproduced exhaust gas contai ning desorbed amoni a
in a train conprising the conbination of the second ammoni a deconposition
colum and an ammoni a adsorption colum which is installed separately
from the aforesaid ammonia adsorption columm ( hereinafter referred to

as "secong, 2RTRNI HiAfSYEP! | 9810l ANEENinFOsASLER dleatvitniny enbresthgas

-21- t herein. However, said cleaning systemis nothing nore than one
modi fi cat LR Afodits dHESHNtot MRAt poEsémt t Davéasicensensehe bhsdcf skehisrg
within the scope of the present invention. The apparatus for cleaning

t he exhaugshu@a$add inlg wEtthaedthd rsdelp@ bt ahe Fresreditnd nventhenpr esent

i nvention conprises an anmmoni a deconposition colum for deconposing

ammoni a i nto  Minier @agea rartohsh yihro gdreansimga riien iexhadsdr giaisodsc dHd s trgted
adsor bi ng and separating the undeconposed anmoni a contained in the gas
after theidedd®pdsity % reateedingahe phpi Rgeseptaanvapparpt GEMprises an
appar atuses for feeding reproduced exhaust gas_ contai ni ng amonj a desor bed
from an adgoobd® decoR@osifdost CRAHEPNgGLOF eg@PEPBRT T hén1a | A0tRe
ammoni a deconposition _col um. It is preferable tog use, 33 t he
material &ftE@eEny u@Midn b9 affonidTREiGp AASOEST 1om um? W e £8F
which is naot only capable of enduring the reacti%p t enper.at ur con%ﬁtions,

but al so PEsPERY BN SRR RN e IITTIERTRE ™A FOM PR Gue ™

ué to

L Q050 TSR i TR b BRSSP AL SO, T e

o Bhord b O0E), B £o2 2GRN EERRR L 0B
containing ammonia desorbed from an adsorbent at the time of
heating regeneration thereof, in the ammonia decomposition
column. ‘

It is preferable to use, as the material of construction
for the ammonia decomposition -column, a metal which is not
only capable of enduring the reaction temperature conditions,
but also is least liable to hydrogen embrittlement or nitrid-
ing due to nitrogen or hydrogen formed by the decomposition of
ammonia contained in the exhaust gas, and which is exemplified
by nickel chromium alloys, Incoloy 800 and Inconel 600 that
are available from INCO Corporation.

Well known heating methods are employed for heating the
ammonia decomposition column, and are exemplified by a method
in which a heater is fitted to the outside of the ammonia
decomposition column, a method in which a heater is embedded
in the packing portion of the ammonia decomposition catalyst

and a method in which a preheater is installed on the upstream

side of the ammonia decomposition column in addition to any of
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ammoni a deconposition colum, and are exenplified by a method in which a
heater is fitted to the outside of the amonia deconposition columm, a

met hod in which a heater is enbedded in the packing portion of the ammonia
deconposition catalyst and a nethod in which a preheater is installed on
the upstramy =Hdlee-aferithtomadoneansiechnposialen potsiinle taddaRoreya ahy
of -22- t he above-nentioned neans.
It i's al saqrostsithitei dro Bdlapt heath excheogst iisutdfdieatiegt bedateesk didiffe 938
effected between inlet gas into the ammoni a deconposition col um and

outl et gasinter@ie cmmomi ar deconposhhbere ece henk Rrderullet Fahdperefrom
There is enployed, as the material of construction for the ammonia

adsor pti onieottder ke corhan¢enthestiesml et Fi#"Such as SUS 304, SUS 316
and SUS 316L. In addition, there is also adopted thod in i.ch

heater is fittetherethe VIRLI¥RA of afhé:hfm%\?%r’a?jﬁoggt ISR SESIUGT OBy afaor

nmethod in which a heater is enbedded inside the columm. .

It Js .
possi bl e it hA"RPRERNRISARTEAELEN SO Ulea? tFRF F Uiithi B HoHi ! ni TR 5 filust
gas by only one ammpni dso i colu it ds ferabl e .t g adopt
such a cord{§h u??oﬁ”?h%ﬁoa}"atélf)%ag?6t% a%ngg%éds rnpt"’l%dﬁtcl&nu&sheaﬁee £
juxtaposed jn parallel so that the adsarptign e ni nd
t he heati n%isfoegggié)lpatteraonaofmeih%e()éadégrbwzrﬁthlarg ckg%arél%g g%%ﬁe@%el%?n

cach of the,coldims, LAUS fRBR:LNASS0ELINAUL o1 EAYNS Hedddd in which
gas.

anmoni a- cont ar ni ng exhaust he cleaning apparatus is further equi pped

with piping,cooLers, Yabyg3eANtnsife LhkecspPimheeding an inert gas or
self-gas to lE)e used for tﬁe ﬁeatl ng regeneration of the adsorbent.

It is possible in the present invention to clean the
ammonia-containing exhaust gas by only one ammonia adsorption
column, but it is preferable to adopt such a constitution that
at least two ammonia adsorption columns are Jjuxtaposed in
parallel so that the adsorption 6f undecomposed ammonia and
the heating regeneration of the adsorbent are carried out
alternately in each of the columns, thus enabling continuous
cleaning of the ammonia-containing exhaust gas. The cleaning
apparatus is further equipped with piping, coolers, valves and
the like for feeding an inert gas or self-gas to be used for
the heating regeneration of the adsorbent.

Such being the case, the ammonia adsorption column can be
equipped with the constitution same as that of a well known
gas purifying apparatus for adsorbing and removing impurities
such as a general purpose gas including oxygen and nitrogen.

It is possible 1in the present invention to install a

break through detection means in the latter half portion of

the ammonia adsorption column so as to enable changeover to
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Such being the case, the ammoni a adsorption colum can be equipped wth
the constitution sane as that of a well known gas purifying apparatus for
adsorbing and renoving inpurities such as a general purpose gas including
oxygen and nitrogen. It is possible in the present invention to

i nstall a-hQr%%%éﬁ“éﬁgﬂkékﬁéﬂﬂéélhmﬁaﬁﬁidﬂ thechat beeakathrpoghi ofi ohe the
anmoni a absorptlon columm so as to enabl e changeover to
-23- t B8 sBLRRA cRISES PEMION ©! UL PEeDr the tdwendirienkadseopighonf codgmn
adsorption colum, or between the amoni a adsorption colum and a standby
amoni a agds@r Bt is@Rna@yUEhnon ke dasirgitiet ewliumn tpodte snageliledr eof the
Exanpl es of the break through detection nmneans include sanpling piping for
anal ysi s gastard syj@Dtharcdet e@xamples of Thbe extralkt thyayghcldedrickgon
apparatus according to the present invention is equipped wth punps,
bl oners, piepineg foveludepmapipigiren Phpihggderandnahesiskdass aodi FRON 1Ror
the purpose of feeding reproduced exhaust gas contai ning anmonia desorbed
fromthe desediemt- to the ammoni a deconposition colum so as to clean said
gas through circulation at the tinme of perforning heati ng regeneration of.
t he adsorbent. Thee teh@usdt @ach €46PPABAt PBPABPTYPecT S q*ébliﬁﬂt<£%e By
constituting the exhaust gas cl eani ng _apparatus in e foregoan manner,

é) ng or

it is madEesedy birvertieeahst REUARREH H1EBnPAMRCng £GSt &a

continuously, efficiently and conpletely. .. According to the.pre t
inventionFqHP%ﬂk?%eéé-mh%?%ttﬁﬁﬂpréﬁSOJUE%dlé§ﬁau%? J i on %in?%ﬁ gﬁg%nia

S b s A e A SRR TR STRY e
desorbed from the adsorbent to the ammonia decomposition
column so as to clean said gas through circulation at the time
of performing heating regeneration of the adsorbent. The type
of each equipment is not specifically limited. By constituting
the exhaust gas cleaning apparatus in the foregoing manner, it
is made possible to clean the ammonia-containing exhaust gas
continuously, efficiently and completely.

According to the present invention, in the case where the
reproduced exhaust gas containing ammonia is introduced in a
separately installed second ammonia decomposition column, then
the ammonia contained therein is décomposed into nitrogen and
hydrogen, and thereafter the outlet gas from said column is
exhausted as such in the atmosphere, the cleaning system is so
constituted that the exhaust gas can be mixed with a large
amount of an inert gas or air.

In the case where the outlet gas from the second ammonia
decomposition column is cleaned by the use of a dry type

ammonia cleaning agent, aqueous solution of an acid or a
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hydrogen, and thereafter the outlet gas fromsaid colum is exhausted as
such in the atnosphere, the cleaning systemis so constituted that the
exhaust gas can be mxed with a large anmount of an inert gas or air.

In the case where the outlet gas fromthe second anmonia deconposition

col um i ¢ Ghaanethdy ffi%akse of ta 4 Y pb)BEL13MMEYI dmptbgantaigr esiganting
aqueous solution of an acid or a

-24-  conjust | RRowhUr&@eEpment, | seppetithvelyo e oyheoilespdndi noy s et |
known equi pnent, respectively, and the cleaning system therefor is not
speci fi caldnedd o+ efls not spédifscpbbsi bimiwédthe tinme of the heating
regeneration for the adsorbent according to the present invention to feed
t he reproduced Exhasstpasasi klhdont at nithg deigor befl &ihveodicatiing regenenation
conprising the conbination of the second ammoni a deconposition colum and
t he second@amrbhia asdeobEmitors cotuding sbo a§heo PEksahts diny edtiQstt qakeed
therein through circulation. However, said cleaning systemis nothing nore
than the WombrenrPéncefl ekbagsfoidsd EUYRICEINT sexBRah afRP Y Yita 2
plurality of ammoni a adsorption colums in the basic sense, thus falljng
Within theatigpe 6PMPREShPEsehb e nFOfiigRtion  ofpy The t (ZEWIY A PPPER s
and apparatus for cleaning.the exhaust gas, jt is possible to. clean the
ammoni a-cd?ﬁ‘é?‘?ﬁ?@lté%ﬂaﬁgguﬁas apg eex%céWéi VIYH 2139 ey covmn
irrespective of .the concentration of anmmoni,ga contained in the ex gas.
In particifafs i t%e%sﬁahﬁefggﬁﬁgtr «?Srsocﬁceer lé]xht&fs u%}isc ?%ﬁn Q%I%%n'
ammoni a adsorption colu .S _Lntrodu int i itio

col um toq%%7$§e50t %?%§E|5 ?351?$ea§ﬁeﬁ%£ i?gignyﬁgiegpggéf Igéééﬁex %ﬁst
the purge(gﬁﬁbf$£€£oﬁh%fchﬁﬁylJmhonia decomposition column and one or a

plurality of ammonia adsorption columns in the basic sense,
thus falling within the scope of the present invention.

By virtue of the process and apparatus for cleaning the
exhaust gas, it 1is possible to clean the ammonia-containing
exhaust gas in an extremely high efficiency irrespective of
the concentration of ammonia contained in the exhaust gas. In
particular, in the case where the reproduced exhaust gas from
the ammonia adsorption column is introduced in the ammonia
decomposition column to carry out circulative treatment, it is
made possible to exhaust the purge gas after the cleaning
treatment in a state free from ammonia. That is to say, the
ammonia-containing exhaust gas can be cleaned continuously
and almost completely without the use of any auxiliary
material or resource.

Moreover in the case where the reproduced exhaust gas
from the ammonia adsorption column is introduced in the second
ammonia decomposition column, it is made possible to exhaust
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treatnent in a state free fromamonia. That is to say, the
anmoni a- cont ai ni ng exhaust gas can be cl eaned continuously and al nost
conpletely wthout the use of any auxiliary material or resource.
Moreover in the case where the reproduced exhaust gas fromthe anmoni a
adsor pti ongcdl Wik ds iqald odumediningheaseennsd imnmadnimardeddypodétsemsed
colum, it is nmade possible to exhaust

- 25- t h€on Peh€Lat 86 aS08b@pALrag wamhDhha ot figinakr kewldyia deenvabeing
concentration as conpared with the original anmonia-containing exhaust gas
as the objeghaoét pghanay theabhpatt Bfir phémapyetireatmaet caBerhereoreieint he
outlet gas fromthe second ammonia deconposition colum is subjected to
conbi nat i ot toaesat meherewitttte athestouftlage gaeatirom byet ﬁ@%’é* ORMBORE Y
type anmmonia cleaning agent, aqueous solution of an acid or a conbustion
furnace, ide¢smpmsétpossidsilamno t$ eaHbiREtSAmE oal JRIRI NGk eFyeatment |
the followi ng, the present invention wll be descrlbed nore specifically
with referehte RoPesHpatadey Ees@iftEs BhdthfoMRPNGE %rﬁﬂ%stYHﬁl%‘hm%h%ver
shall not limt the the present invention thereto.

Fabri cati ofl®pr&RfAadSegas IR PgSAPPEEAPULE an aCI$h€Fé‘%a§°TBB?F%%?ed
as an ammoni a deconposition col.um bul ar ct or ich was made o

| ncol oy 80BUBRASRad Ak Fﬁ3|ﬂédﬁlaﬁ8F§FbgF 8§ﬁn1§ﬁ835 | eNGt hS3TC 10BTRAT" The
t ubul ar reactor tgus fabricated was packed inside with a nickel -based

col urmar afABRTE 8&&onposi tion catal yst which had a di aneter

In the following, the present invention will be described
more specifically with reference to comparative examples and
working examples, which however shall not 1limit the the

present invention thereto.

Example 1

{ Fabrication of exhaust gas cleaning apparatus )

There was fabricated as an ammonia decomposition column,
a tubular reactor which was made of Incoloy 800 and had an
inside diameter of 83mm and a length of 1000mm. The tubular
reactor thus fabricated was packed inside with a nickel-based
columnar ammonia decomposition catalyst which had a diameter
of 5mm and a length of 5mm in a packing length of 500mm, and
was composed of 18 parts by weight of nickel supported on 100
parts by weight of alumina as the carrier. The reactor was
equipped outside with an electrical heater so as to enable
heating from outside, whereby the ammonia decomposition column
was completed.

Subsequently, there were fabricated two SUS 316 made

I
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of 5mm and a length of 5mMm in a packing I ength of 500mm and was conposed
of 18 parts by wei ght of nickel supported on 100 parts by wei ght of

alum na as the carrier. The reactor was equi pped outside with an

el ectrical heater so as to enable heating from outside, whereby the

ammoni a dgggggggi L G UM cyBSntdNRhehelaving anSueeiqiendigmetdrer ef
were fabricate two SUS 316 nmade

- 26- angBNBAnAGHHRA P4 qangeahurm ¢as0miavithg adsargtdondi eedbumps othus

108. 3nm and a | ength of 1350nm The adsorption colums thus fabricated
were eachepgekedtibasivife aSact pavRada iaddideherds, ami ahmoniacgdgrrkent.
synthetic zeolite ( nolecular sieve 5A,  produced by Union Showa Co.,
Ltd.) whi;ghnhad aceiamraer sfnthetim anedoditengf h mfleBiuham £igyeki A

| ength of 1200mm The adsorption colums were each_ equipped outside
with an pebactckiacaby Heaber Stewwa a€o-toLtéhdblehidleabpfg @ fdbaTebet sPde,
wher eby the ammoni a adsorption col ums were conpl et ed. Thus an
exhaust gas 6ameamidig abpeath ust a8nn| Lnser #PeKipA 1eppath ®fs '2808FMcat d8°hy
the use of the ammoni a deconposition colum and anmoni a adsor pt i.gg col ums
as menti opddoapdienandcal uipat BREAanGECP a RBHIRRCGN Yt Bt Qher ¥ an
Preparati on of exhaust gas cleaning agpar atus._> Thetfﬁ:terms%rl]]%rstidier] t he

cl eani ng appatatigeadecdfitacé® &t h*Ri t#BgRhe dRPtHMh P mPoni a
e aaf e o e et PSR SR RIS 0 vor oo
ol BT} o e SR i Ca B R e PhRE RS Ay e 2 o
FIG.1 was fabricated by the use of the ammonia decomposition
column and ammonia adsorption columns as mentioned above and a
heat exchanger, a cooler and a blower.
{ Preparation of exhaust gas cleaning apparatus )

The atmosphere 1in the cleaning .apparatus was replaced
with nitrogen, and then the ammonia decomposition column was
heated to 800°C .. Subsequently the cleaning apparatus was
charged with an exhaust gas consisting of 20 vol% of ammonia,

5 vol9% of hydrogen and 75 vol% of nitrogen at a flow rate of
50 NZ /min under atmospheric pressure from the exhaust gas
feed line 1 as shown in FIG.1-Exhaust gas cleaning apparatus.

The outlet gas from the ammonia decomposition column was
exhausted from the exhaust gas purge line via the ammonia
adsorption column 8, while part of the outlet gas from the
ammonia adsorption column 8 (:5 Nz /min ) was fed via the
valve 13 to the ammonia adsorption column 8' which had been

heated to 300°C over a period of 10 hours to proceed with the

regeneration of the adsorbent in the ammonia adsorption
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feed line 1 as-shown in FIG 1- Exhaust gas cl eani ng appar at us. The
outl et gas fromthe amoni a deconposition columm was exhausted fromthe
exhaust gas purge line via the anmonia adsorption colum 8, while part of
the outlet gas fromthe amonia adsorption colum 8 ( 5 Nerr]/mn ) was
fed via thgiunal ¥e .13nke chie c2Mehied addsehitican cotuman 88’ thei bkakadgbeén
heated to 300[err]C over a period of 10 hours to proceed with the
r egener at yBA chofwa s h@isadsaribarid, | andt heas ahfroned taddsoppli drp around
-27- colum 8'. Thereafter, the adsorption colum 8 the heating of
whi ch wasodiitnaryi teegerandreasoalalsowed prepasel fog &heunextochbirngegver,
tenperature so as to prepare for the next changeover, while the reproduced
exhaust gabifleotrheheepdodugeidorxbalugin gg's frad ither edgesatiant KeleRRalst
gas feed line 1 via the cooler 18', valve 14', blower 15 and piping_16.
The out| evagasntreduasd aimokha g¥BaNEbsidgisof e Uit 1 wakar ERet §oPher
ammoni a adsorption colum 8 for 100 hours, .and__then the feeding was
swi t ched 18 th&aa¥forita -ald@rsri d? A8uRiPi89 dAd continued for 100 hours,
whil e the regeneration of the dsorpent in the %Tnnnia a sogptiog colym 8
r

was carried out P Pt sqRE r *hg s PR LA TSR To- L P 0T h
the preparatio f haust gas_cl eani ng. apparat us. . The_a rptiaon
operationgaant eqﬁhﬁﬁﬁféMQ St ? %oﬁ%gh%ﬁscg?u%n 3e?8reg§ﬁ Bﬁ@FFOrﬁg at
ordlpary %Ee e%%%u&%édiﬁ CI%%n%QQt%E%%rE%EQ%ef%Rm%%ﬁ%uﬁhsg?iti n columne
feedi ng of the outlet ga§ P6m% he amoni a econposi - tron colum was

switched §6 LRy PR AHSASPLLIGR SOLHIN Gnildi Ehe YBFenkRLioAl orOkHLNATY

tenperature to start cleaning experinent for exhauSt gas, while part of
the outl ef3gd8$pbbh®Min the ammonia adsorption column 8 was carried out

in the same manner as the foregoing to proceed with the
preparation of exhaust gas cleaning apparatus. The adsorption
operations in the ammonia adsérption columns 8, 8' were each
performed at ordinary temperature.
{ Cleaning experiment for exhaust gas )

The feeding of the outlet gas from the ammonia decomposi-

- tion column was switched to the ammonia adsorption column 8

which was kept at ordinary temperature to start cleaning
experiment for exhaust gas, while part of the outlet gas from
the ammonia adsorption column 8 ( 5 N¢ /min ) was fed to the
ammonia adsorption column 8' over a period of 10 hours to
proceed with the regeneration of the adsorbent in the ammonia
adsorption column 8°'.

During the cleaning of the exhaust gas, part of the
outlet gas from the ammonia decomposition column 3 and part of
the outlet gas from the ammonia adsorption column 8 were each

sampled at a definite interval of time to measure the
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t he ammoni a adsorption colum 8 ( 5 Nerr]/mn ) was fed to the amonia
adsorption colum 8" over a period of 10 hours to proceed with the
regeneration of the adsorbent in the ammonia adsorption colum 8'.

During the cleaning of the exhaust gas, part of the outlet gas from
t he amMmoRrica decongoisin | @h aokamia centh jyeed tderdire. outl et gas fromthe
ammoni a adsorption colum 8 were each sanpled at a definite interval
of tim to Amaguresuflhe ammonia was not detected in the outletpg@as
concentration of anmoni a contai ned therein. As a result, ammoni a was
not -det ediredn  Bhe hamgerniigt afeCeTRYINR t peluhioli dudder ;i Baréedumd d%uring
a period of 198 hours fromthe start of the feeding of the

anmoni a- dOHES nf R BRAaGERr§ast Bhe deadHepainthst at“l"fﬁé‘WTé’rPWWs
el apsed fromthe start thereof, the concentration of ammonia in th

out | et g&é‘hfar‘{ﬁ‘h {9 ankhi 2 taddts p?‘?’d'ht cof ukim8 #ReBedédd thl?é'rsTIf’\}aﬂ\%@d The

results iven in Table S connection,. the neasurenent of

amoni a (ﬁ? ntP8t |55ﬁ1 it tsté‘?‘f]e%gh b{e FRIC ST Ahd o rHe d@BYORLANS Nofthfas
chromato hy wi t heat COI’ldUCtl V|t det ect or apd a et ector
pr oduced%ba&%a 68"‘ e arﬁ‘% %{ﬁ%%/?ghmlll ﬁ?i”'&'f‘ r"f'?i)(gl the
Table 1: /] rre an A cent r.at.i eanl ng
Experi rrent Lapse € res“%(%s glgperh qabf%OL In tdﬁs c%cnc M+199

Conc. at | t O.. 50
638C a 2&&QM%§%%Eé§§ngd§£f%dﬂnhf§‘ééﬁcé&%¥9tlon 1@ sald QhausQ gas

was performed by means of gas chromatography with a heat
conductivity type detector and a gas detector ( produced by

Gas Tec Co.,Ltd., lower detection limit of 0.2 ppm ).

Table 1: Lapse of Time and Ammonia Concentration

in Cleaning Experiment

Lapse of time (hour) 5 50 100 150 199

Conc. at decomposition

column outlet (ppm) 620 640 650 630 630

Conc. at adsorption

column outlet (ppm) n.d n.d n.d n.d 30

[ Remarks ] n.d: not detected

Example 2

Cleaning experiment for exhaust gas was carried out by
the use of the apparatus for cleaning exhaust gas and the
ammonia-containing exhaust gas as used in Example 1. While
ammonia adsorption was conducted in either adsorption column,

heating regeneration was conducted in the other adsorption

—98—
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colum outlet (ppm n.d n.d n.d n.d 30 [ Remarks ]
n.d: not detected Exanple 2 Cl eani ng experinent for exhaust gas
was carried out by the use of the apparatus for cleaning exhaust gas and
t he anmoni a-cont ai ni ng exhaust gas as used in Exanple 1. Wiile amonia
adsor pt i 0R MRgnCONGYCtAd drhstidlRer r éplsat piig omheol fvregoirent pngcedure, a
regeneration was conducted in the other adsorption

- 29 - neQlswFsmdit akhaer matiel wir egeat Lagsehe£f driggoi fgpmpr beedgterta of
measur ement was made of the |lapse of tine fromthe start of the cleaning
experi mentchied dlkmrmpiciqitexpetimentwhen the pafiphi af tdpeerbesrt ithe Anmapga
outl et of the ammoni a adsorption colum 8, or 8' reached the upper limt
of TLV- TMaosppmatiqn batakhet ipudlgl af nehe IWEOniasaldseTrPiAen Falen jn
Table 2. It was confirmed fromthe Table that alternately repeated
heating Begerrerdti orached ther elgpefontitittiedot wiEkNotiMA ddRePPB! at i biPrsak
adsorption capacity in any of the amonia adsorption colum 8 or 8.
Table 2: Nimsarghof tR@sbat sTAAd BEak Thg®gh9FVRE 1n Table 2. THHAH 4

adsor ption Ammoni a adsorption ol um 8
colung 8-cqpﬁ@ﬁmqqln§rom the Tabﬂ% E@gt alternately repeated %ﬁé%lng

fg(éond ti rI:Eageneration waszogﬁﬁeligouﬁ;cfrhdlfcﬁ%d without Zgé'tegg%{:gtici)rqe of
199 Fiftg&ggg%tion capacity iéEQ;y of the ammonia adsorptfyé)column 8,
or 8'.
Table 2: Number of Repeats and Break Through Time

Amﬁonia adsorption Ammonia adsorption
column 8 column 8'

First time 198 202

Second time 205 201

Third time 196 204

Fourth time 208 199

Fifth time 197 210

Example 3

The procedure in Example 1 was repeated to proceed with
cleaning experiment for exhaust_gas except that there was used
an ammonia-containing exhaust gas consisting of 5 vol% of
ammonia, 5 vol% of hydrogen and 90 vol% of nitrogen, and the
ammonia decomposition column was heated to 600°C instead of
800°C , while measurements were made of ammonia concentrations
and variations thereof in the outlet gas from the ammonia

—929—
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Exanpl e 3 The procedure in Exanple 1 was repeated to proceed with

cl eani ng experinent for exhaust gas except that there was used an

anmoni a- cont ai ni ng exhaust gas consisting of 5 vol % of ammonia, 5 vol % of
hydrogen and 90 vol % of nitrogen, and the anmmoni a deconposition colum was
heat ed t 04QQQNsli€ildist 8atumh 8808h&r the ,owlliée HaasuFmientse wamnmomige of
ammoni a concentrations and variations thereof in the outlet gas fromthe
amoni & adsorption column 8. The results are30given decdmigs: t Bon Tbel umm
8 and the outlet gas fromthe ammonia adsorption colum 8. The results are
given in Tablc@ntrathi®n ceficenmpatiponirof themonitd eitn gdwe Hremh ethgafmmomhat he
amoni a adsorption colum 8 was not higher than the detection [imt
during a pesicagtdfonl 680 homn s 8f s t het shdoheat than  eeli Agtertippe 1imit
amoni a- cont ai ni ng exhaust gas, but at the point of tinme when 169 hours

el apsed f domitige sstpetiodaptl dbAckavrat £65AM tBgcsd@rss ofpihe feedinargyf o

3: Lapse of Tine and Amoni a Concentrati on i n_C eani ng
Exper i menthel ameoniateomtahpipy exhaust gas, hyf at 4y poingget Timggg
Conc. at deconposition col um outletnérg) m 780 . . 760 770
780 780betond 6 9athaussr haReed TPy ‘gutslté'trt('ppf‘r")‘ld copcgntratipn
n.d n.d 65 [ Remarks ] n.d: not detected Exanpl e 4

reached 65 "ppm.

Table 3: Lapse of Time and Ammonia Concentration

in Cleaning Experiment

Lapse of time (hour) 5 50 100 150 169
Conc. at decomposition
column outlet (ppm) 780 760Q 770 780 780

Conc. at adsorption

column outlet (ppm) n.d n.d n.d n.d 65
[ Remarks ] n.d: not detected
Example 4

The cleaning apparatus same as in Example 1 was used to
proceed with cleaning experiment for exhaust gas except that
gas sampling piping for the purpose of detecting break through
by ammonia was installed at the position 150 mm upside from
the bottom of the adsorbent packing portion in each of the
ammonia adsorption columns. Thus the experiment was started
for the cleaning of the ammonia-containing exhaust gas and the
heating regeneration of adsorption columns in the same manner
a@s in Example 1. At the point of time when break through by

—-30—
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The cl eani ng apparatus same as in Exanple 1 was used to proceed with

cl eani ng experinent for exhaust gas except that gas sanpling piping for

t he purpose of detecting break through by amonia was installed at the
position 150 mm upside from the bottom of the adsorbent packing portion in

each of thg .apmnia adgakRi-ied ol UBRS. pbYusi dhewBREPET ithRNt gawels sahpltiad
for the cleaning of the amoni a-cont ai ni ng exhaust gas and the heating

regenerati gnp9hqaday PEi 0880/t Mehé NaliB6rpBTBNMRIYIAINN  aStcHd FxaNMTkedingAl

t he point of tine when break through by

-31- anmypRi a wastded@ct @d atthde pehbkiron adsimptiite gasobanp| i nghepiepiyng
was fitted to the adsorption colum, the gas feeding was switched to

the ot her coadsaluphigorthe 0f 168N ing hexphyi meaont £ oni hget behalistingag over a
experinment for the exhaust gas over a period of 1500 hours. As a
result, ipewasd ednfliSOfedhoudsat ammonia was not detected in any of the
pur ge exhaust gas throughout the period of cleaning experinment for the
exhaust gas, andst herefesglthatitt lwas| comifrigmess pbptecammonip| st 8¢t
Exanple 5 < Fabrication of exhaust gas cl eani ng apparatus > The
anmoni a dedefrpesied dm @slvuraf Whiecpunge fexbhausdt s Fhrevghsud Fheapegded as
the first ammoni a deconposition colum. Further, as the second ammoni a
deconposi t P&n cdelmiRg ErdeT ifent 8y ithet exbausth9as PPSctherRirer et
made of Incoloy 800, had an inside dianeter of 83mmand a | ength of 600mm
and was piBReFlieAiidd Wath R Shhiohi i PIETSATES ti on catal yst sanme as

Example 5

{ Fabrication of exhaust gas cleaning apparatus )

The ammonia decomposition column which was fabricated in
Example 1 was used as the first ammonia decomposition column.
Further, as the second ammonia decomposition column, there was
fabricated a tubular reactor which was made of Incoloy 800,
had an inside diameter of 83mm and a length of 600mm, and was
packed inside with the ammonia decomposition catalyst same as
in Example 1 in a packing length of 350mm. The ammonia adsorp-
tion columns in Example 1 were each used by fitting thereto,
gas sampling piping for the purpose of detecting break through
by ammonia at the position 150 mm upside from the bottom of
the adsorbent packing portion in each ammonia adsorption
column. Thus an exhaust gas cleaning apparatus as illustrated
in FIG.2 was fabricated by the use of the ammonia decomposi-
tion columns and ammonia adsorption columns as mentioned

above.
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in Exanple 1 in a packing I ength of 350mm The ammoni a adsorp- tion
colums in Exanple 1 were each used by fitting thereto, gas sanpling
pi ping for the purpose of detecting break through by amonia at the
position 150 mm upside fromthe bottomof the adsorbent packing portion in

each aMmpnicy AFSHPldxPer iGRIIMEorTRiMaAE@UIt gas cl eaning apparatus as
illustrated in FIG 2 was fabricated by the use of the ammoni a deconposi -

tion colums amd ammBBLA AbiSe Pl | decoolpoisian neol immea@ndabblye. second

- 32- < Cl eani ng experinent for exhaust gas > The first amoni a
deconpos iamm@ih GO0 ldavom it thieors asonohn avamsni e e e@ipdsiitnesh ado999TC wer e each
mai ntai ned at 900[err]C. By using the changeover systemin which the first
ammoni a Badsosphgonthe| ehangesvelie sesrrl dmnorbbcRdddept FHRSEolAMAP Afer e
alternately switched therebetween prior to_ break through, adsorption of
amoni a addoregdreT atednmdf M@ FPSor HRALN fe M ARy | @EASVEPLLPN o B NEY
tenperature and 300[err] C, respectively, while the cleaning apparatuys was
char ged wiette & tegnmkaltyaavittdird ShHFERITWRN A DhYF %ﬁ&rﬁgaé‘, LAY of
hydrogen and 75 vol% of nitrogen at a_ flow rgte E%f EO N erQJ/nin
under aPREOFRNID pPEsalPerdfer™d FEIVEHTIRTD RbuFlS B9RCEPLBt NPT at

the time of regenerating the adsorpent, the self .g S assed .t hr.qugh
t he adsoG¥idftoPtfmadt FHWI% a?%m%?r%pu’f\if ePPf %@iowf'orrpebs eocg:rlsveelgc'h,

the reproduced gxhaust ggs f1omthe 20500 PLAOD,CSOL PR oHASHRESICY s

t hr ough econposi t1on ~col um, out l'et gas
fromthe c%ecsc:)irl.s inang‘oD#]i 90 98%%“’8?' E‘ilnﬂg igm '5”‘2‘1.01‘9@5 ofdihly"&r%%enwatrﬁ 75
gaseous Tnitrogen,” fol | owed bei ng exhaust ed i n"the at nosphere.
vol9% of nitrogen at a flow rate of 50 N/Z /min under
atmospheric pressure over a period of 960 hours. Concurrently,
at the time of regenerating the adsorbent, the self gas was
passed through the adsorption column at a flow rate of 5
N¢g /min for 5 hours each, the reproduced exhaust gas from the
adsorption column was passed through the second ammonia
decomposition column, and the outlef gas from +the second
ammonia decomposition column was diluted with gaseous
nitrogen, followed by being exhausted in the atmosphere.
As a result, ammonia effluence in the outlet gas from the
ammonia adsorption column was not recognized throughout the
experiment, and the concentration of ammonia in the outlet gas

from the second ammonia decomposition column was 520 ppm at

the time of showing a maximum value.

Example &

{ Fabrication of exhaust gas cleaning apparatus )

There were fabricated two ammonia decomposition columns
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M




As a result, ammonia effluence in the outlet gas fromthe ammonia
adsorption colum was not recogni zed t hroughout the experinent, and the
concentration of ammonia in the outlet gas fromthe second amoni a
deconposition colum was 520 ppmat the tine of showi ng a maxi mum val ue.

Exanpl e 6_, < Fabri,catd.om of agxhaustenaas Gl emphmgl @ppar Butspacked inBhidee
were fabricated two anmoni a deconposition col ums

- 33 - uwhicgh Wekenaac oS dilkal datddyann| erith BuBdpabedeigbitdet as
t he ammoni a deconposition catalyst, with 0.3%by weight of netallic

r ut heni uMEs¥RNAFiice Or @Eh &h Uk Naupporadd tomnaluména . ey eaddbkien: efhexs
anmoni a adsorption colums which were each sane as that in Exanple 1. Thus
an exhaustegas felbedriated apparameniss dddarstrigine ¢ alpmmsGwh igls wedisr is@sted
by the use of the ammonia deconposition colums and ammonia ]

adsor pti osameol asnsthat meitt | Fraapdisovd - wiThusu@R ac¥BAYEEt BTDN THFA 1tWe
cleaning apparatus consisted of two trains which were juxtapos I n
paral | el appaeadiusc agpdsddgirafird dm (HE It £ 2R SahRss ity dgﬁle é'oﬁpeuﬁg
and one of the ammonia adsorption colums. < deani.ng experinent for
exhaust g&be> ammonigyi HIQIRMRAFIHD d&OHIYY t B c AR &?ﬁ? P n

and the ammoni a deconposition colum in the other train re _each
naintaineGQ%UWHKH%ﬁrTEPFlBVGGsﬁﬂfWﬂu¥%ﬁﬁnﬁﬂﬁ&e? §§§F%ﬁ$$§lﬁﬁigﬁaafﬁ?e
ammoni a adsorption colum jn either .trai.n a _tpe a Qkﬁs adsQrpti Qe

col unm i n ie@ndfifer FPRFREGRFe SPPEMREES y Hwi t ehed

juxtaposed in parallel and each composed of one of the ammonia
decomposition columns and one of the ammonia adsorption
columns.

{ Cleaning experiment for exhaust gas )

Both the ammonia decomposition column in either train and
the ammonia decomposition column in the other train were each
maintained at 600°C . By using the changeover system in which
the ammonia adsorption column in either train and the ammonia
adsorption column in the other train were alternately switched
therebetween'prior to break through, adsorption of ammonia and
regeneration of the adsorbent were carried out at ordinary
temperature and 300°C, respectively, while the cleaning
apparatus was charged with an exhaust gas consisting of 20
vol9% of ammonia, 5 vol% of hydrogen and 75 vol9% of nitrogen
at a flow rate of 100 NZ /min under atmospheric pressure over
a period of 960 hours. Concurrently, at the time of
regenerating the adsorbent, the self gas was passed through
the adsorption column at a flow rate of 5 NZ /min for 5 hours

each, the reproduced exhaust gas from said adsorption column

—33— .
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t her ebetween prior to break through, adsorption of ammonia and
regeneration of the adsorbent were carried out at ordinary tenperature
and 300[err]C, respectively, while the cleaning apparatus was
charged with an exhaust gas consisting of 20 vol% of ammonia, 5 vol % of
hydrogen ands 73.4Qe% OhrSLghOGeR hmén{h OWIRIPoRfi tiQ NESTGhn / Ainn tisler
atnospheric pressure over a period of 960 hours. Concurrently, at
the time sofe tLIEREr AhdNEntheualser §88t frémessed famasn 1asapasseds t hif @ugh
the adsorption colum at a flowrate of 5 Nyerr] /mn for 5 hours each

t he reprodesesmexagstd gastdd owisai dyadsarpt hbtregénmiollowed by being

- 34- was passed through the anmmoni a deconposition colum in the sane
train, andettheuotédeingasef atmosphdrammoni a deconposition col unm was
diluted with gaseous nitrogen, followed by being exhausted in the

at nosphere. As As mesebu)t ammmmir ceef fverreeipnn thwe outlet gas ffomm
each of the ammoni a adsorption colums was not recogni zed throughout the
experi menteacimd dfhe tbencemmeni f oradgforghiciti acPhumple WAR | @otgase¢e @i 22 h
of the amoni a deconposition colums was 860 ppmat the tinme of showi ng a
maxi num vateoughogbnpaeaexper Branpl eand the cqpgepkpebien eof IR 1l
was repeated to carry out the cleaning experinent for amoni a-contai ni ng
exhaust gakhexedpteti gas 3 FRIhehdhp RMINTS B hE LA dSH PR DN

colum 8 and the -amoni a adsotgtion colum 8' was_renoved. As a
result, it¥@sPeBnPPPndl FRSt taPel BAsFPBBE " Bph BRI BNBetdMBsed ammoni a was
contained in the exhaust gas purge |ine throughout the experinental

period. .

Comparative Example 7]

The procedure in Example 1 was repeated to carry out the
cleaning experiment for ammonia-containing exhaust gas except
that each of the adsorbents in the ammonia adsorption column 8
and the ammonia adsorption column 8' was removed.

As a result, it was confirmed that at least 600 ppm of
undecomposed ammonia was contained in the exhaust gas purge

line throughout the experimental period..

This Sheet Has Been Replaced

TR




VWHAT IS CLAIMED IS: 1 . A process for cleaning amoni a-contai ni ng
exhaust gas which conprises the steps of bringing an amoni a-cont ai ni ng
exhaust gas into contact with at |east one train of an’; f Ias Been Replaced
deconposition catal yst under heating to deconpose the a

nitrogen and hydrogen, thereafter bringing the resultant to
contact with at | east one train of an anmmonia adsorbent which is i nstalled
to adsor byypgeggmeeagtedmgni a renmmining in the exhaust gas so as to clean
t he exhaust—gas, — and subsequently heating the adsorbent to regenerate the
same, Wwhi4e bxi nghreréepr dducedl exhingt agaondigntcantiaiginge PRl 9Jas
desorbed fromthe adsorbent into contact under heating, wth either said
amoni a deeawpostbhpni sas althst stepmopfierbnMNIA ade COMPELRCOR t@ATdNIst
so as to clean the exhaust gas containing the desorbed ammuoni a. 2.. The
process f exhalusanigay damtonicerdantaivitly alxHapat gre Feddr Gthg™t G "GN 1,
whi ch conprises the steps of bringing an amoni a-c¢ontai ni ng,exhaust gas

i n'élo C(ﬁnt defcomiptas idti dreagat pHES t t PaRer oPeahiBAnbRi 4SGBBRS5Esi 1 0f Cat aly st
under heating to deconpose the ammonia into_nitrogen and dr Qgen

t her eaf t erintier imgirrRgemear@shy 8EATSRy xéaeﬁﬁgffcﬁfoggéﬁﬁé&g vq\—’n¥’teh S HSA5

at least two trains of an ammoni a adsorbeni by swi tching o ft
sai d adsomderqd HEa figlPEaceq 8 chdLdr %%ei%?‘r%%scélae a]r:rfa'rtg)’ﬂi g%r gﬁ’aiaﬁ{mﬁgﬁ%n

ngtFﬁgau;%ggﬁiﬂgg}gghgghg§§?nikggalféga%% aé@@rb angchpﬁggHGQHﬁbnia

remaining in the exhaust gas so as to clean the exhaust gas,
and subsequently heating the adsorbent to regenerate the same,
while bringing reproduced exhaust gas containing the ammonia
desorbed from the adsorbent into contact under heating, with
either said ammonia decomposition catalyst or another ammonia
decomposition catalyst so as to clean the exhaust gas

containing the desorbed ammonia.

2. The process for cleaning ammonia-containing exhaust gas
according to Claim 1, which comprises the steps of bringing an
ammonia-containing exhaust gas into contact with at least one
train of an ammonia decomposition catalyst under heating to
decompose the ammonia into nitrogen and hydrogen, thereafter
bringing the resultant mixed gas into contact with either of
at least two trains of an ammonia adsorbent by switching one
after one, said adsorbent being placed to adsorb undecomposed
ammonia remaining in the exhaust gas so as to clean the
exhaust gas, and subsequently heating the adsorbent by

switching one after one to regenerate the same, while bringing

) O A N
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switching one after one to regenerate the sanme, while bri AG

- 36 - reproduced exhaust gas contai ning the ammoni a de ﬂﬂ"” Rm, me
adsorbent into contact under heating with said amonia de

catal yst so as to clean the exhaust gas contain- ing the desorbed ammoni a.
3. The prpggssaliebac! Safi v agERN Gt fYy NPheX Ra%n i33Sde $669Edli BgoiO
Claiml1, which conprises the steps of bringing an anmoni a-contai ni ng
exhaust gefei HAsHBYREL ivitbh @éntLast vader tH&ting aftANMEHA ammonia
deconposition catal yst under heating to deconpose the anmonia into

ni trogen asdohpdeagenn tchendgktteso bsi ngi kdebhe thesekhankstngasdcgasainto
contact with either of at least two trains of an amoni a adsor bent by

swi t chi ngingethaf iesorbed, ams@inda. adsorbent being installed to adsorb
undeconposed anmmoni a remai ning in the exhaust gas so as to clean the
exhaust gas, and subsequently heating the adsorbent by sw tching one after
one to regenerate the sane, while bringing reproduced exhaust gas

cont ai ni ng® -t e aRfBARPES de¥or BéaaPipfh @ cdSodeetRindng cothatest uader
heating wth another ammonia deconposition catalyst so as to clean the
exhaust gASceBALAPNIAgCLR&MddsoMbdFafRPRrFASes the FKkePsr8EebE1ipging| @Bni ng
anmoni a- cont ai ni ng exhaust gas_  according to Caim1, which conprises the

steps of BPMARLAGCARTAARIBAT £X0aMsh (Fafy BRSNSt | v Eh caht deeshi PReat
| east one, train of an amoni a gecongosition ca%a5¥s£ gg%fr heating to
deconposetFAd affon?d AN r SEABAH hhR oG8R 1Y fikr dWyE, heating to

decompose the ammonia into nitrogen and hydrogen, thereafter

bringing the resultant mixed gas into contact with either of
at least two trains of an ammonia adsorbent by switching one
after one, said adsorbent being installed to adsorb
undecomposed ammonia remaining in the exhaust gas so as to
clean the exhaust gas, and subsequently heating the adsorbent
by switching one after one to regenerate the same, while
bringing reproduced exhaust gas containing the ammonia
desorbed from the adsorbent into contact under heating with
another ammonia decomposition catalyst so as to clean the

exhaust gas containing the desorbed ammbnia.

< . The process for cleaning ammonia—cohtaining exhaust gas
according to Claim 1, which comprises the steps of bringing an
ammonia-containing exhaust gas into contact with at least one
train of an ammonia decomposition catalyst under heating to
decompose the ammonia into nitrogen and hydrogen, thereafter
bringing the resultant mixed gés into contact with one train

of an ammonia adsorbent which is installed to adsorb the

. A O
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bringing the resultant m xed gas into contact with one tra

ammoni a adsorbent which is installed to adsorb the Ummjm mlll l!l

- 37 - undeconposed anmoni a remai ning in the exhaust ga ean
t he exhaust gas, and subsequently heating the adsorbent to regenerate the
sane, while bringin e d exha agn GoRt ad gt hgagmamni as to
desor bed Ppgﬁct%"%of%sc{)rgéﬁ?}e%ﬁto colri:ﬁgl(?? under heating w tgh sai d amoni a
deconposi E;il%%ﬁlcaér?é YSinaQht 3§k et namEpisa @ea@IROSicbitangc ahal ysisabens t o
cl ean the “exhaust gas containing the desorbed ammoni a. 5. The process
for cleaning LS5 €ONt /¢ NsAfleCXRAide B9 ngdagordiprgdiuced aixinalistwdash
conpri ses the steps of feeding an ammoni a-contai ni ng exhaust gas to either
of at | eagl,totdinid@i Nehd hadmdei 4 Uxdepmase | nfxpar aldhed  iadsorkenter natte y
switchable nmanner, and are each conposed of an anmonia

deconposi idodit £t alnddr ansh tinqannbtrh as aidd crregnti a e grpiprpiddian @&EERT gas
into contact with said deconposition catalyst in said train to deconpose

t he anmDnioa i methétr agenndnd ddnanrogdrticandcdtad Hegthgse hasr &sullad hib&d
gas into contact wth said adsorbent in said train to adsorb undeconposed
amoni a r exdkiausty 43S t¢enexhaing Yee deFORPA AR M3 on so as to clean the
exhaust gas, while heating the adsorbent in the other train when necessary
to regenerate the sanme, and bringing reproduced exhaust gas containing
the amonia desorbed from said adsorbent into contact under heat itn W th
t he ammoni® de@BRpd¥TAGIT c&PEl ySteaH i B’“B?ﬂéf“??'&?ﬁlgbn%se 5Y5¢1 edt
the eXhawﬁEéﬁEﬁ{ﬁgtEéﬂ&?gi&h%,d% g%ge%o%gg%g%%'the steps of feeding an

ammonia-containing exhaust gas to either of at least two
trains that are juxtaposed in parallel in an altefnately
switchable manner, and are each composed of an ammonia
decomposition catalyst and an ammonia adsorbent, bringing said
exhaust gas into contact with said decomposition catalyst in
said train to decompose the ammonia into nitrogen and
hydrogen, and bringing the resultant mixed gas into contact
with said adsorbent in said train to adsorb undecomposed
ammonia remaining in the exhaust gas through adsorption so as
to clean the exhaust gas, while heating the adsorbent in the
other +train when necessary to regenerate the same, and
bringing reproduced exhaust gas containing the ammonia
desorbed from said adsorbent into contact under heating with
the ammonia decomposition catalyst in said other train so as

to clean the exhaust gas containing the desorbed ammonia.

& . The process for cleaning ammonia-containing exhaust gas

according to Claim 1, wherein the ammonia decomposition

—37—
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6 . The process for cleaning anmoni a- cont ai ni ng exh ding to
Claim 1, wherein the ammonia deconposition Tlmlﬂml‘lm[ﬂﬂm

- 38- catal yst conprises as an effective ingredi ent'?*%t e nenber
selected fromthe group consisting of nickel, iron, palladium platinum
rut heni um and; By SOMRMPT iGle sanys ObnsaifiFed®iivad Singredientfheapr deesst fome

cl eani ng anmoni a- cont ai ni ng exhaust gas according to Caim1, wherein the
exhaust gagenpePr Géglictdd Ofreonttact wyrbdhpt hkereninoning def omiaietli,oniron,
catalyst at a tenperature in the range of 450 to 1200[err]C. 8. The
process fosarleanung amatinamcomutihemigmexdedise gaspoaodowodi Pt T ad ke 1,
wherein the exhaust gas is brought into contact with the ammobni a adsor bent
at a tenpetiatatre.of 100[err]C at the highest. 9 . The process for

cl eani ng amoni a- cont ai ni ng exhaust gas according to Claim1l, wherein the
gas which is used for heating regeneration of the ammonia adsorbent is
either part of outlet gas exhausted fromthe adsorbent or an inert gas.
10. An appr at Thef oprereasi f@ranfbapRiventEMRPAE -ERRAALN159s SXRAYH 935
conpri ses an ammoni a deconposi tion colum packed inside wth an annpn£a
deconposi t?®FCEALBAY§P gﬁéléqdhpﬁgfﬁﬁ%q1Eﬂérﬁ%ﬂ%ﬂﬁteﬂaﬁeh§tb5ﬂ%g?Yafﬂ Bf

anmoni a adsorgtion colum in the subsequgnt st age. which Es pacggd
i nside wi M %ﬁt ﬁﬁdﬁ} the ammonla ecomposttion catalyst a a

a a
temperature in the range of 450 to 12007C .

8. The process for cleaning ammonia-containing exhaust gas
according to Claim 1, wherein the exhaust gas is brought into
contact with the ammonia adsorbent at a temperature of 1007

at the highest.

9 . The process for cleaning ammonia-containing exhaust gas
according to Claim 1, wherein the gas which is used for
heating regeneration of the ammonia adsorbent is either part

of outlet gas exhausted from the adsorbent or an inert gas.

7T O. An apparatus for cleaning ammonia-containing exhaust gas
which comprises an ammonia decomposition column packed inside
with an ammonia decomposition catalyst and equipped with a
heater; at least one train of ammonia adsorption column in the
subsequent stage which 1is packed inside with an ammonia
adsorbent and equipped with a heater; and such a constitution
that reproduced exhaust gas generated at the time of heating

regenerating the adsorbent 1is fed to either said ammonia

WA T s
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adsorbent and equi pped with a heater; and such a consti t utrfigaee cen Replaced
repr oduced exhaust gas generated at the tine of heating r% “bl l“e
adsorbent is fed to either said anmonia

- 39 - deconposition catalyst or another ammnia deconposition

catal yst i sctoqnlrfloesditsle rarcgltglg,g@ref&om anothdr Th@madpRpar atascdmyo i teiaom ng
ammoni a- contal m ng éxhaust gas according to Cdaim 10, which

conpri ses ﬂ#@%&aﬁf&@%&fé@ﬂycmmrrmcked inside wth an

anmoni a deco sition catal yst and equi pped with a heater; at least two
trains of ammoni a adsorption colums in the subsequent stage which are
juxtaposed in parallel in an alternately sw tchable manner, are each
packed i nshdq W trheanappaeatas ddsordbedninmgd ammendaclroagaippad véxhayst
heater; and an installation for feeding reproduced exhaust gas generated
at the tigms ofabeat@nggr egenecaniimg si@i,d adsiottberntomryiswisd ahmoRfRenia
deconposi ti on col um. 12. The apparatus for cleaning anmoni a-contai ni ng
exhaust ghscomquesttiony tool@hmi mpackedwhi ehsi¢onpryse’d &N antfMeRyla
deconposition colum packed inside wth an anmoni a deconposition
catal yst atekeupeppetoni datalysst eand aeapéaged twidht rai Reabpramidni beast
adsorption colums in the subsequent stage which are juxtaposed in

paral | el itwantaptiesnaetl pomogiae haBser RhRfRr CodtBnSach? pd&ite S YRZTHESF t h

an ammoni a adsorbent, and are each equippe ith a heater; -a dl an
i nstal | ati $FP9dr Wokdh ng TeepAyitaaseghatSt 58%53 e\fg«aral‘tned‘""é’\t aﬁ‘l%”t’? of
heati ng resgvtlaingék?gkl)fg smaérgneard,sorat%%ntegghanpaacrﬁgodu 2 <ide with an ammonia

adsorbent, and are each equipped with a heater; and an
installation for feeding reproduced exhaust gas generated at
the time of heating regenerating said adsorbent to said

ammonia decomposition column.

1 2. The apparatus for cleaning ammonia-containing exhaust
gas according to Cléim 10, which comprises an ammonia
decomposition column packed inside with an ammonia
decomposition catalyst and equipped with a heater; at least
two trains of ammonia adsorption columns in the subsequent
sfage which are juxtaposed in parallel in an alternately
switchable manner, are each packed inside with an ammonia
adsorbent, and are each equipped with a heater; and an
installation for feeding reproduced exhaust gas generated at
the time of heating regenerating said adsorbent to an ammonia
decomposition column which is installed separately from said

ammonia decomposition column, is packed inside with an ammonia

decomposition catalyst, and is equipped with a heater.
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deconposi tion colum which is installed separately from S 3heet n Beplaced
deconposition colum, is packed inside with an ammnia d W II
catal yst, and is equipped with a heater.

- 40 - 13. The apparatus for cleaning anmoni a-cont ai ni ng exhaust gas
according 1t®. Grge Mapbaratdl Chor C@IWanses; aimoARIADEH R a LGP @Kihaiuat
col um packed inside wth an ammoni a deconposition catalyst and

equi pped whkh adwatdrig oneo t r@ilaimof 1ap amhioha adeprpsiesn eal urmmonishe
subsequent stage which is packed inside with an amoni a adsorbent, and is
equi pped deicbhmpashddtoar ; amwd wmm | nyealklesdd | onirfsordef eediirtdp r e@modu@athonia
exhaust gas generated at the tine of heating regenerating said adsorbent
t o an amdeicampesdiien t¢arpkpsunandheabipped nwitthl |aadheaber at ehy furarnsai d
ammoni a deconposition colum, is packed inside with an amonia _
deconposi PfoRNcATIYE 2 a@sorpiieruFpheBn wikrhthehedpepquent | stagge which
apparatus for cleaning ammoni a-contai ni ng exhaust gas according to daim
10, whi chioftTkad aPsfdgstvittho 37 aPRBONERat2 S YRkt -apiddifn SgaiaPes in
an alternately sw tchable manner and are each conposed of an ammoni a
deconposi Fir&H RolMFAESHI cRT%S PRCKEW tsi e 9M t hoan LM SE d&@5RSvSES on
catalyst and is _equipped j t heat er, nd, .an anmoni a_ adsorption
Col urh whPERAPS tp 88Re ATREATE Witth tRE disniof DRACAPSeFESRRE " PE B Fapad
with a he r; such a_constitu- tipon that part of optl et s fromthe
amoni a agggfﬁpi%g’% co urrﬁgi n%g"f“toﬁ‘éra tr(:‘gelcn()m aOnSJECelosnwi t%?lg‘b'f'r;’/ fgglfg t HE
adsorbent ; i@ b ot L\, ag e f n | e _sane, and
Cepr oduced SRAS gar PHoe TraTsoHC A | A ERE"EE AbhBYs L PEoR TR0 N

is packed inside with an ammonia decomposition catalyst, and

is equipped with a heater.

1 4. The apparatus for cleaning ammonia-containing exhaust
gas according to Claim 10, which comprises at least two trains
that are juxtaposed in parallel in an alternately switchable
manner and are each composed of an ammonia decomposition
column which is packed inside with an ammonia decomposition
catalyst and is equipped with a heater, and an ammonia
adsorption column which is packed inside with an ammonia
adsorbent and is equipped with a heater; and such a constitu-
tion that part of outlet gas from the ammonia adsorption
column in either train can be switchably fed to the adsorbent
in the other train as the gas for regenerating the same, and
reproduced exhaust gas from the adsorbent in said other train
is cleaned through the ammonia decomposition column in said

other train.
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I s cl eaned through the amoni a deconposition colum in said other train.
- 41 - 15. The apparatus for cleani ng ammoni a-cont ai ni ng exhaust gas
according to Caim 10, wherein a nmeans for detecting ammonia break through
is installed at a latter half portion of the ammonia adsorption colum, or

between the @i”m“fr?e QP?QEQQ:'U%” £8L UR 3R9nd SIARSHYa AT i A5 ObRhhABE

col um which Installfed in the subsequent stage thereof.
gas according to Claim 10, wherein a means for detecting

ammonia break through is installed at a latter half portion of
the ammonia adsorption column, or between the ammonia
adsorption column and a standby ammonia adsorption column

which is installed in the subsequent stage thereof.
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