PROCESS AND APPARATUS FOR RECOVERI'NG AMVONI A - 1- BACKGROUND -OF - THE
FNVENTION 1 . Field of the | pvention The present inventkﬁg relates to
"a process and an apparatus. for .recovering anmonia l e
particularly, t he . present i nvention pertains to a process and aﬂﬂappaﬂa@us

for efficiently recovering. amonia froma, |l cont ai ni ng
anmmoni a with a high & § AN AP %Rﬂ&rﬁa%?wﬂ{%é F@f@é L Arts

Anmmonia is widely used not only as a raw nateqi al REPLA;GEEM QyIEErrldust S8Ges
but al'so for the formation of a nitride film il

or nament s, m(ﬁ%mlc&. iﬁwﬁﬁwt ors.

remai ni ng arfeRa—+S—eoRverted—rto—a+ ow val (g Deiahaer e pedd. Vs URL&SS ..

subst ance, i C haust g3g
part into t\#g a?nlne?iere w?ehou‘?e“g{%ﬁg treat edp b (}d lhl% &P --------

of useful ammoni & 233_1@?‘; on. Jepess :
ammoni a i s used. or xanpl e, in t e productlon of a corrpound sem conductor

such as a galdddiauiid I il | itdeov@sing! MmEWIA, | MEbAURAE AR SIGH, fraB a

conpound sem conductor nmanufacturing unit w thout causing any reaction at a

hi gh concentgraldedit fiebnbebAY pehtatase t I PRbcEXHCRRA ah l@fiiraths Ao
harmrenovi ng treatment of ammoni a. Thus the recovery of ammonia is eagerly

desired fromgfiecidryipoi Begovbrhagh axdmmmvufmweat dlarsp esmeursindofha gas
effective utilization thereof as a valuabl e resource. 1 n such
Cci r cunst ancesntdim e sution v ewt tiora (yh desneentration.

2. Description of the Related Arts

Ammonia is. w1de1y used not only as a raw materlal for -
chemlcal 1ndustr1es but also for the formation of a nltrlde
'film in the production ofl_ornaments, carbide tools and-
:semicondUCtors. Aftef being used, the remaining ammonia is
converted 1nto a low-value substance or a valueless substance,
:which is subjected to an exhaust gas treatment or exhauste&
in part into the atmosphere without being treated. In addition
a lafge amount of lusefui ammonia~ is exhausted on occasion
depending upon the step-in.which.amﬁonia.is used. For example,
in- the. production of a compound semiconductor such as a
gallium nitride.film, most of ammonia is exhausted as such
from a compound semiconductor manufacturing unit without
causing any reaction at a'high-concentration. Such being the
.case, a great expense is required for a harm—removing
treatment of ammonia. Thus the recoxery of ammonia.is eagerly
desired from.the viewpoints of both the environmental science

and the effective utilization thereof as a valuable resource.
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_process and an apparatus for eff|C|entIy recoverlng ammoni a. An
sanmoni a- cont ai ni-ng exhaust - gas generated after the use of ammoni a has -

her et of ore been sel dom recovered as such in usable form of anmonia, since
anmonia is a relatively inexpensive conpound. Instead, the

ammoni a- co ta|n|n exhaust gas has b sub cted i.n m cases to exhaust
gas treat S SEST ARG aﬁ'\i’(?n ﬁngm)\}éﬁ' | #TOYVifeFe 2

har nt ess o, %@%S ﬁggfgtnasa;@%r%%a%é%'&e ity 93 ajhﬁfnéa%ave %"

known as a“process amoni a- contal ni

combust i on t 1 ealEenty %e%%ntaal\mgﬁmaq}gtog, Hbadbd] A Ul W0

process, a- deconp03|t|0n t reat nent process I nat 1 onal process o

deconposi t b@N Aoy ALSOrPdFOFoAEFL B@eh' k&lwrgﬁovgpgdawes{mﬂt Ilglned

processes invol ves such probl ens as descri bed hereun The conbustion

treatment psa®Aes FWrel Sof I osmhdRidef egintBatl ammohtg! i8UCR asAHYIFAy
necessary . for conbustion treatment, the applicable range of a conbustlon

unit is na&h@prﬁEiﬂdﬁﬁbmpﬁﬁndﬂ|Iﬁbte@®d tRb! bARBR1aC%bARSindnE exhaust
by- pr oduced acconpanyi ng the conbustion of ammoni a. The wet absorption

process i ngalsi sameanckubjemm@mslﬁoﬁuh}oaaseseﬁBIakﬁdusufbe&StEb%$mbBQ
di sadvant age that the by-produced amoniumsalt is difficult to dispose of.
The dry adbyr p&i ovetirasteds |whinhclammomia aiss maderddy neagdniy chenmade
adsorption suffers fromthe drawback that the use of an expensive adsorbent
causes a hhgﬁmﬂeeétﬂsntheoiuhe1smh@scasedahcbm@asam@ axhanugt gawsunt of
ammoni a- cont ai ni ng exhaust. gas.  On the of her hand, the deconposition
t r eat ment proceggere hgye been known as|a process for treatlng ammonia-
containing exhaust gas, a.com ustion treatment process a wet
-absorption process, a dry adsorption process, a decomposition
"treatment process, a combinational process of decompOSition
. B W
and dry adsorption andzthe?like. However, the above-mentioned
processes. 1nvolves such: problems as described hereunder.
The combustion treatment process suffers from the defect
PR - |
.that a:: fuel such as propane is necessary for combustion
treatment, the’ appllcable range of a combustion unit is narrow
for .load wvariation, and nitrogen ox1des are by—produced
accompanying -the combustion. of ammonia. The wet absorption
process in which an acidic agueous solution is employed
suffers from the disadvantage that the by-produced ammonium
salt is difficult to dispose of. The dry adsorption process in
which ammonia is made harmless by chemical adsorption suffers
"from the drawback fhat the use of an expensive adsorbent
causes a high treatment cost in the case of treating a large

amount of ammonia-containing exhaust gas.

On the other hand, the decomposition treatment process
. -
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in which ammoni.a is deconposed into nitrogen and hydrogen by bringing
-amMmonia into contact- with an ammoni a deconposi.tion catal yst under heating
can not conpl etely .deconpose ammoni a, since-a part thereof remains: '

"~ undeconposed on the basis.of chem cal equilibrium There is also known a

conbi nati onal  pr.ocess_of deconpositi d d ' ' ' oYED |
i s deconposé® i'Htthi PPEGRAand héyedcr%&)a%] y _{)%{Fﬁglﬁggpgﬁ%gn?gdwgoq}cont acrytﬁ
with an a o L1ian |- pder,hgat LAg l; aWeth dBmd Ll g
of the ungg%ory%pég'@ogym%h%%gbylt dg éé;eltggga wdl:}gaa%lgoragg%{n;lgNeverth% ess,
sai d procesg il {188 BRatgt GOUA NHot Nebmpatile AectmpdeReinthia,

adsor bent causesa high treatnent cost in the case of treating a | arge
amount of aERHA- QoY1 RhPHRUSEelldins AuriRfddigskdiesni s obasianyoof
t he above-nenti oned processes for treating ammonia as the exhaust gas is
each def ect icHRmiand beguiasiHsiut Mhegededst GaXHs 0kevowdaN| conttsi rea tiseiail
substance. That is to say, the basic problemrenains unsolved in that a
usef ul substgesis &f I adcomp@siali choramhediy ahdsorptiilenr ies whigh ammonia
sem conduct or manuf act uri ng i's converted unfavorably into a val uel ess
~or | ow val udsubeteampesad dntongiidercgEre awmdt hy@roges bandrimging jammonia
enpl oyed.a | arge anount of highly pure ammonia in the production of a :
nitride fil mreen combasttor wirkd t An: |ammonian decompesd tippevakalystt wider
ammoni a .i s exhausted as such wi thout causing any reaction at a high
concent r at i dreatridngd ur fpdlowads byargkeanidigt of aﬁé-et nedecompoised; ammonia by
di sadvant ageous .to apply any.of the foregoing processes to the treatnent of
t he anwoMa&#ﬁﬁﬂQﬁ?ﬂ%é %Xﬁgﬁs?dgggbent. evertheless, said process suffers

from the shortcdming-that-the?usé of an expensive adsorbent
céuses_a-high.treatmenﬁﬁédgéﬁinﬂ#he case of treatingra-large
amount of émmonia—containihg:e#hédét gas.

As described' hereinbéfbré;  any of the above-mentioned
prscesses for treating; ammqnia: as the exhauSt gas is each
'defective, and bésides is-nbﬁ intended to recover ammonia as a
-useful éubsténée;.Théf is;téﬂéayj.the basic probleﬁ remains
'unsolved in. that a usef‘ul:”:;ﬁ;bétahce as a raw material for
chemical . industries or semiconductdr manufacturing is
convertéd unfévorably into a vaiue1ess or lbw—value substance
at a considerable cost.

On ohe hand, there is emp;oyed a lapge aﬁount of highly
pure ammonia-in the production of a nitride film semiconductor
and the like. In this case, however, most' of ammonia is
exhausted as such ﬁithout causing any reaction at a high
concentration and further in a-largé amount, and therefore it
is disadvanfégedus to apply any of the foregoing pfocesses to

the treatment of the ammonia—cdntaining exhaust gas.
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-4- An efficient recovery of the anmonia thus used, if made possible, can
favorably contribute to not only the effective ut|||zat|on of a resource
but ‘al so environnent al preservation.. However, there i.s not yet proposed a
process for eff|C|entIy recovering t he - annnnla SUMVARY CF THE | NVENTI ON A

| object th resent inventio to devel o i de cess
gﬁgegﬁ agpja(ra;tlfg‘ f%?gje‘gﬁﬁ'eﬁf’lf:?\‘/’?égo &r tﬁbeam%?h ?Fg :ége é:‘armngn
a gas Conta'“'ﬂﬁ.a”“ngnafé%th %1“'99,%8331 tr%%ioﬂctuﬂﬂﬁg %Hﬁﬁ effective -
t

ci rcunst afices I ntenSiVe exXtensi ve resear nvesti g |on

accunul at gg.;t H_YC#J]%J_JH ey f@é’&%ﬁ% %u@ %[gt?reﬁ@uratg{ﬂ NSreservation.

above- nent1one ect. As a resu as been at amonl a

cont ai ned u&%@m@ﬂé@ﬁ%@ A qge@aﬁrs?ﬁséﬁ af fpwc%@fsl Y AR £ £ Ak opgh

adsor.pti on by passing e aforesdi d gas rough adsorption tubes which are
packed i nsidlevidihfndsaiheiiasuch as synthetic zeolite or activated
carbon and which are cool ed by passing a. heat transfer nmedi um t hrough t he
out side of the adsorption tubes, and al so that the ammoni a thus captured

t hrough adsorption can be collected in high yield within a short period of
time by deuMMing dhermmmINvENTIOET reduced pressure, while heating with a
heat transter nmedium the 1nside of the adsorption tubes wherein anmoni a
has been - adsorbedgenéﬁalhebaé&arbﬂmtthéhprpseﬁeninwemembnoﬂshasabmemelop
acconpl i-shed by the foregoing findings and information. Specifically, the
present i ramshtimprovidates tprecgss®cezsnsd an apparatus for efficiently

recovering ammonia from'a-Iarge amount of a gas containing
- ammonia w1tn a hlgh concentratlon.

Under such: c1rcumstances;'.rntensive extensive cesearch-
and 1nvest1gatlon vere accumulated by the present inventors in
order to achleve the above—mentloned object. As a result, it

has been found that ammonlarcontalned'ln an ammonia-containing

gas can be efflclently ca fred through adsorption by passing

ithe aforesald gas throug_aa‘sorptlon tubes which are packed

- inside with an 'adsorbenumueuch as synthetic zeolite ' or
activated carbon . and 'which. are cooled bj passing a heat
transfer medium through_ﬁhe outside of the adsorption tubes,
and.also.that tue ammonia-thus.caftured through adsorption can
be collected in'high yield within a short period of time by
desorbing the ammonia ‘under reduced pressure, while heatd.ng
with a heat transfer medium, the inside of the adsorption
‘tubes wherein ammonia.has been adsorbed onto the adsorbent;
The presentlinvention has been accomplished by the foregoing
findings and information.

Specifically, the present invention relates to a pProcess

This Sheet Has Been Re[ilaced —4-




. for recovering anmponi a which conprises.installing at |east one shell and
frul ti-tube adsorber which is equipped with-a plurality of adsorption tubes
each packed inside with an ammoni a adsor bent and equi pped with a fl ow
mechani smfor a heat transfer nmediumfor perforning heat exchange through
sai d adsorption tubes, passing an ammoni.a-containi ng gas .t hrough_said
adsor pti on fabezecaiielrdngommeRigh#hich Fomprisss] 1&?P€nagu38§sﬁiPHea
heat transfer nmedium so as to capture the ammonia contained in said gas

t hrough adsskgtilonandangulfd&abesr adsarden ndhiR cdt uPSY BRFEN &Lt oﬁ'gh.

desorption, while heating the inside of .said adsorption_tubes.wth hea

t rans?er rreBFHFrPgﬁ&gr ?Eguﬁ‘éﬁmﬁwé’sgﬁr c-ubgE pﬁaé:z"ent%afzﬁﬁgnt}%ﬁl%%r twa]?tr?s al'so
to an apparatus _for recovering_ammonia which ¢ ris at le aQne |1
and mul ti -t 8BB°84&80r¥ °WT‘%€ i© Igrerg?ﬁi‘f)’p%%e% ?’ﬁ%gp pt u?gﬂ"t 371 eocﬁ' sagld's%"r p??lgna

t ubes packed inside w.th an anon . i ] fl oW,
mechan!osm ngag ﬁggpstfregns ﬁlu%goﬁm%%%&%%g{lhﬁlnqﬁ?}q%g%?l%glﬁc@h%ﬁég’ut r\(%fl?g(.il

sai d adsor pLigq, Lubes, Apfed PWERLJiGl ex&.cgﬁ.}gwmaﬂ&%d&sﬂn 80T 9281 hrougn

-adsor ption es o sofb educe ressure, sal ppar at us havi ng

such consti Lyt hOnahldkphs chaPebesO! PA$IENIcAB1 AFONLRe COHMH U NG Pa%aia
t hrough sai d adsorption tubes, while cooling the inside of said adsorption

tubes Wi t h-agBeabthbANHuledTRA tHN $0n&St { ErSABELE CnbALUANEBNEE €ONaptREd N
said gas through adsorption, and thereafter collecting the captured anmoni a

t hrough desenpt | @motba! ecdedimngdt H6 | Baide dis Sahdoadhor Mlsptides \dndh
a heat transfer medi um under .reduced pressure. The present invention is
further COﬂtBéﬁéébe?hd@ﬂﬂéﬁh&ﬂg_thg-captureﬁ.ammonia through desorption,
while heating tﬁe.inside ofﬁs#ia'édSQrption.tubes with.a heat
transfer mediﬁm-under;re&ﬁééésﬁ£;55ureu |
Thé.present invenfionfﬁé;téins also to an apparatus for
redoveringj ammonia which-.ééﬁégfses. at least one shell and
multi-tube aﬂsorber'_which‘ i;f:équipped with a plurélity Qf
adsorption tubes ?acke&uingidé §ith_an ammonia adsotbent and
;quipped:wifh'é fiow méch&n@%ﬁ f§f-a-heat transfer medium for
performiné heat exchange thééﬁgh.;aid:adsorption tubes, and a
pump'fbr evacuating the insidgﬁof_said=aésérptibn tubes of the
adsorbér af- reduced preSSuré; éaid aéparafus having such
con;titut;on thét is-capable of péssing an ammonia-containing
gas through said.adéorption tubes, while cooling the inside of:
éaid adéorption tubes with a heat transfer medium so as to
capture the ammonia contained in said gas through adsorption,
énd thereafter coliecting: the captured ammonia through
desorption, While heating the insidé of said adsorption tubes

with a heat transfer medium under reduced pressure.

The present invention is further concerned with a process
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and an apparatus for efficiently recovering amonia'in high yield within a
Short period of tinme that are .each character- ized by its capability .of
preventing the deterioration of adsorption perfornmance due to the
tenperature rise of the adsorbent ow ng to the heat of adsorption, by
forcibly and efficiently cooling the adsorbent through the heat exchange

with a heat ¥n3RePRRAFARHS | RORJALTIGH entdvy TRREREING 128PAR At ¢ T

ich haracterjzed b its_ bility . of ting the | i r f th
desor pt i on PHDGETBIEnE SBYH RIPH Bh BOEnEPRls PR RO TRy
t he heat of .an ' _ | zat i it_the ti f,.d ' th La th
(e eal, of ATPnLS, vaRer! Siaon ALy e LT, o SRSONALI0LbS SUIRRI G,
possi bl e by ontl 16, SUGH GRS | A0e2% S ONEdnBEESEPE" ¥fhd Oof  the
m ni aturi ze the anmoni a“recovering apparafus, since a [arge anount of

anmoni &_can s AUSHDO BN b ALl IR £0Ta b AP My A0 1B I3 TR o

t hus. adsorbe e desorbed within a short perio time, and besides it

is made possdiyifcidiEBPY cb814aG ekt afRbhrbhe Captddih 2BHe heRldt e findhGe

adsorbent, since heat exchangé between the adsorbent” and a heat transfer
medi um i s fauaiabhy medd otraHskyrt MfedOiPl N2hi AaditihP) | 881 datHo R Nola

water without the need of a special heat transfer nmedium BRI EF DESCRI PTI ON
OF THE DRAWHYgardtas i8ra St ichatddsdraid®dn BHOWIRG arcapeilliayf of
anmoni a . recovering apparatus according to the present invention; and
FIG2 is a potemmiting| lthe! r ibwepisgowNgthe &edgiptidn rageNmdué &dsother
according to the present invention. .

' temperature drop of the adsorbent accompanying the heat of
ammonia vapbfization-atfthe time of desorbing the ammonia thus.
absorbed, bf'fdrcibIY¥an&1efficiently-heating the adsorbent.

Itz.iS- made possible by. adopting such constitution as
mentioned-heréinbefbré_to miniatﬁrize the ammonia recovering
apparatus, since a'lﬁrgejamount of ammonia can bé adsorbed
with- a small amouhtf 9f‘.an:-adsdrbent and the ammonia. thus
'adsorbe&‘can be-desqué&"within a short period;bf time, and
besides it iS'madé éﬁssible thereby to carry out both the
cooliﬁg and heating of the adsorbent, since heat exchange
between the adsorbent and'a heat transfer medium is favorably

performed by the éombination of cooling water and hot water

without the need of a special heat transfer medium.

BRIEF DESCRIPTIOﬁ OF THE DRAWINGS

| FIG.1 is a scheﬁatic illustration showing an example of
ammonia reqovering apparatus according to the éresent
invention; ana

FIG.2 is a schematic illustration showing an exémple of
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[.'E‘)'é's'i gnation of Symbols ] 1: ammonia exhaust |ine 2, 2", 10, 10", 12, 12",

45, 17, 20, 22, -24: valve 3, 3': adsorber o 4 4' . adsorption.
tube 5, 5': adsorbent 6, 6': heat transfer nedlun1|nlet 7, 7'; heat '
transfer medi.umoutl et 8a, 8b tube plate - - 9. shell portion 11
exhaust |ine . ampni a recove | i ne 14: aguun1punp

16: exhaust agagorm aﬂ%&#%rm%oli%m%u‘f? b % esent inven |
pressuri zi ng 21:. recover i a tank 23: surge tank DESCRIPTICN

OF THE PREFER %E.? l\ﬂ%%f%b?rjfvgent invention is nmainly applied to the

process for recoverln anmoni a %ron1a | arge anount of gas cont ai ni ng

ammoni a in rél &M %ﬁ%ﬁﬁﬁ?%ﬁﬁl HtFation. By the term"gas contai ning
anmoni a (amg)nl@ com almng Pas 15 as1genHon§6l hes eifyl s, t a gas

wher ei n ammrfl a i's cohtained Th a gas of mk%ed gas Whi- ch does not react

wi th anmoni g aty oy dj ‘%‘a‘; 1errperature and pr‘gss %gsog' PEi 8POVEpe MENt i ONed gas
I S not speC|f|caI Ty mted to but exerrp I fied by a 'gas containing anmoni a

i n hydrogen,s Nig v 0gefkodlsdhem argon and the like. The concentration of
anmoni a contained in the ammoni a-containing gas i s not specifically ,
limted, butg, gt udesad att NSEEPREM it i90et t hereof ranging from lowto
hi gh concentrations. In the follow ng, specific description wll be

gi ven of the sheld mmamsféﬁm@@ﬁ@ﬁb@ﬁtmﬁorm ng to the present

8a, 8b: tube plate _ 9: shell portion

11: éxhaust_line._ - 13: ammonia recovery line
.T4:-vacuum pump- _ _ TG:-éxhaust gas circulation line
:f8; buffer taﬁk -  1 -3:_ .19E pressurizing pump -

21: reco#ered'ammonia.tank 23: surge tank

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present ihvention is.mainlj applied to the brocess
:for réc6vefin§rammoniérfrom a large amount_of gas containing
ammonia in reiatively-high.concentfation.

By the term ."gas containing ammonia (ammonia-containing
gas )“laé meﬂtioned'heréin is meant a éas wherein ammonia is
.contained in é gaé.or mixed gas which does not react with
ammonia at ordinary temperature and pressure. _The above-
mentioned gés is not specifically limited to but exemplified
by a gas containing ammonia 'in hydrogen, nitrogen, heliuﬁ,
.argon and the like. fhe concentration of ammonia contained in
the ammqnia;containing'éas is not specifically limited, but
includes various concentrations thereof ranging from low to

high concentrations.

7— . This Sheet Has Been Replaced .




I nvention with reference to FIG 2. The shell and multi-tube adsorber 3 as
smentioned in the present invention is an -adsorber in which a nunber of
tubes ( adsorption tubes ) that are each packed inside with an
adsorbent 5. are housed in a shell through two tube plates 8a, 8b as shown
in FIG 2. The adsorber 3 is constituted so as to enable the

anmoni a- cont ai AknghgastebLewing ¢ heBaghfecAescriRE 198s drigtli Jie t b¥eengot
enabl e cooling water or hot_ water or other heat trapsfer nmedium-such a
steam t o Ehew Shekh t BBAn a1 dhaber afsaThRr Metording. Fhe Hitt PFF&ﬁE‘?:er
medi um outl et 7, through the space between the shell portion 9 and the
adsorptlohnYﬁﬁéé%! f'ﬁ&?’ &Féeﬁﬁf‘cﬁett\ﬂegﬁ%gth the tube plates 8a, 8b, and

al so enabl e to_heat  or, cool _the ent .5 cessar i e and
nul ti-tube adsSBSeeri?lﬂasa‘?‘Fnem%ﬁ%t FPBEi 89se Wcr‘]?e T8 tHatMeT Rl %(gl ?H Ith

mul ti-tube_heat., exchanger or, he [ e g qsed
in the fiBFESSFEcABYERT™ ussta?rl1 eés&s%%elgun%%n I'a gﬁsor g{']‘tgétroggetggbgoy(gd

in the prsagﬁkgltg_\éﬁnt lt%gsor b?'lot cRReci Ligal Lychl 03589“—‘3 pr]g.ygq?j tAdy |

capable o I'cally a ng a | arge anount anmoni a an readl

rel easi ngahgsrﬁmmsa ddlhSeead bed stﬁsif%heeugnetqee kabk0 @19%@@ tslaons

such as variration of tenperature, pressure or the ke. Usabl € adsor bent,

whi ch sat.ggf ixgs s‘}?dvﬂurﬁﬁubibté C AR Gy drHdit 3. Ifseésﬁptiéuﬁdabyosxat hetic
zeolite ( nolecular sieve 13X, " 5A, etc. ), silica gel, alumna,

activat edenabhen thyd ddifoni&econtaiing’ éé\stGS fpbhomagugﬁpesbhl of the
description-wll be given of
adsorption tubes 4, enabf!.-e. cooling: water or hot water or other
heat transfer medium such as steam to flow from the heat
- transfer medlum inlet 6, to thé:'-'hea_\t ‘transfer medium oﬁtle-t 7,
through the sp-ace between the shell portion 9 and the
adsorptlon tubes 4 that are put between both the tube plates
-8a, 8b, and a-lso- enable to hea-.t. or cool the adsorbent 5 when
necessary. Said shell and mu1t1 tube ad’sorb-ef S 3": has the
lconstltutlon same -as that of ‘a: shell and multi-tube heat
e-xch-'a:nger or a shell and m-u-'ltl—tube- react_o-r'each being used' in
the fiel‘d: of chemical industries. |
T'he- ammenia adsorbent to be employed in the present
invérition is ﬁot specifically 1imited, provided that it is
capable of physically adsorbing a 1arg'e amount of ammon:ta and
of readily. releasing the ammonia thus adsorbed_ by selecting
“the ‘operation cenditions such as variation of temperature,
‘pressure or the lik_e.. Usable adsorbent, which satisfies said
requisite characteristics is exemplified by synthetic zeolite
( molecular 'sieve 13X, B5A, etc. ), silica gel, alumina,
' activated carbon and the like. e
eet Has Been Replaced’
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the anmoni a recoverrng apparatus accordrng to the present I nventi on wi th

feference to FIG 1. The adsorption and desorption of ‘anmmbni a can be put

into practice with one-train shell and nul ti-tube adsorber_ln t he present

invention by firstly perform ng anmoni a -adsorption operation, then

di sconti nuing the feeding of the anmmoni a- contai-hing gas,_ and suhsequ ly
] il Bengiveingt

per f or mi ng amdm sthiesbe Pﬁhnspersé’teiq}ﬁlcPr%%‘F%ﬂﬁfV‘Hbv% h&HYe
mul ti-tube adsorbers are installed with at |east . trains £$ pan%;éﬁt
as to enakhe aPRBPRiRe ERSAYESIES IRPREREYR,AF g &% n“PEr PED

ammoni a adsor bi ng cay turing o eratronzaﬂg tts desorptron operation in order
to conti nd®YanF HQH: TSP 2 1 schematic illustration show ng

one exanpl e of rgmkr% {e%ﬁ¥ﬁﬁh 98?5%%U%f % h%%fgﬂé&ﬂﬂﬂgﬂé&éﬂiﬁgb

t hat enabl es a gcovere rom an annon

contai ni ng. 438 % 3, {1 Nad LR ulch hett 8 | a2 InlIHER L £hHOC 2RURCERET 512 Ehe

(<]
J-uxt apose t"llar ns In para angeover I's carried

out betveen 46, 2d3aRe) or hsgyhlflr fyof ¥ AR bﬁﬁnﬁoH%f 04 dFo AFFDSH 2

adsor bi ng “operati on, er perforns ammoni a desor bi ng

oper ati on.qddy W, det@idn RS RHERANGONERE NI fwemgg PRESeshbhr Smgdnide
ammoni a exhaust line 1 and the valve 2, "and is int uced to the top of the

adsor ber Jodt}ihidle is0rd odulbsb@Serdt PACEKELEbPRINE Aihdnidedasisostibn 5.
At this time, it is nmade possible to prevent the deterioration of

adSOFDtI0mg&¥éﬁMdﬁmCﬁrdﬂerhalyhﬁoheweera@wuiywaﬂﬂ(ﬁul&ﬁ%ﬁuhuwimgmrEEnmnng
to the heat of adsorption, by passing a heat transfer - 10-
~are 1nsta11ed w1th at least two trains in perallel so as to
enable alternate changeover,lang are.each.subjected iﬁ turn to
_ammonla: adsorblng .capturlng operation .and. its.'deeorption
epetatien-in-order to.contlnuously recover ammonia.
FIG.1 is éfschematiclillustration.showing one example of
. an ammoeia recotering'apparatﬁs having such constitution that
enables ammonia to be continuously recovered from an ammonia-
_'conta-i'n-i"{fng- g—ae ._ by-': amethod in which shell and multi-tube
adsofﬁers are juxtepeeeée in two . trains in paraliel, ‘and
altethate changeo&er is carried out 5etween the adsorbers,
that is, one' of .tﬁe'-adsorberS' perfdtms ammonia adsorbing
operatien, while'.the other ' performs ammonia desorbing
operation. In more detail, the ammonia-containing gas passes
through the ammonie exhaust line 1 and the wvalve 2, and is
introduced to the top of the adsorber 3, into the adsorption
tubes 4 packed inside_With'the adsorbent 5. At this time, it
is made po;sible to prevent the deterioration of adsorption

performance due to the temperature rise of the adsorbent 5

owing to the heat of adsorption, by ?assing a heat tranefer
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.'rre_di um such ‘as cooling water fromthe heat transfer mediumi nl et '6'_t.o' the -
heat transfer nmediumoutlet 7. The gas from which amoni a has been renoved
I's introduced to the exhaust line 11 through the valve 10. At the point of

ti me when the amoni a adsorption with the adsorbent 5 reaches the saturated =

adsorption or close to the saturated adsorption the valves 2, 10._are

cl osed anuedhemyauds as, awline BpERE] fxPhakbecRadfeotErnsiex hBed B a
passage to the adsorption tubes 4' that are packed inside with the

adsor bent iBle&nd keousbe Pﬁatthéréd@(?reﬁef“e@wé‘qtﬁ“ﬁfg@& it h the heat transfer

mediuminlet 6° and the heat transfer nediumoutlet 7' so.as to._ini tgiu%te%

ammoni a adsor pfh8n 9aguEToFARHSR AMPONTZR Bas) Peen FSEQ¥SI 48 ARETRISS St i on

tubes 4 are eyacuated nmeans, .of_.the vacuum ‘14, t hrough the anmmoni a.
recovery tf’i?'r e f?s&’al“(#yl nesﬁ'(}r {EREOs \"o%%eofvgljl%rre%' when the recovered

L e L

Thereafter, th are opene e state that the va

¢l osed andalBspeduyn ngf?h%ré chiel BARBAP AL GRS | 1886 PYBP £hR | S

oper at ed sane T the a rption tubes 4 are heated by passing

a heat tranglehLodf 49LSHER18R, NAindabglival S3 eafgl NaaaigkibRaasPace haleneen

the adsorption tubes 4 and the shell of the adsorber 3 to recover the

desorbed .gEAQRAIsA 20, L HE ' T QEQVESEsh&dMes| dalkankcrdndduvaiighot henbu dwaontiank
18. The ammmoni a thus recovered I's stored in the recovered ammoni a tank 21,

and is takarsadle do NERA dd¥drdiidhaublsy/ 6t 2ZhaAf tfife tparke@ingtiiden wdfth
ammoni a recovery, the evacuation of the adsorption tubes 4 is discontinued,

and t he adser IHorbent 5" and housed in the adsorber 3' equipped with

inthé-heat transfer;medium-inlef.G‘ and the heat transfer medium

' .oufiet 7fso.és.to.inifiétéfémmonia adsorption. Subseéuently,

the 'vélQeITTé' is. Jpénedf and the adsorption tubes 4 are

evacuafed by meéns of the Vacuqm.pump T4 through the ammonia

.recévery- line 13° for a  short period of time, when the

recovered gas is intr@duced'in the surge tank 23 tﬁrough the

-=Yélvé 15.§penea; Théré;fte;:ffhé7balves 17, 20 are opened in

B ﬁhe-étété_that the valve 15;is.closed and.the-vacuum pump 14

is in-operation, the pressurizing pump H9 is operated aﬂd at

: thg-same-time; the adsorption: tubes 4 afe heated by passing a

heét'transfer mediﬁm such as hot water or steam through the

space. between the adsorption tubes 4 and the shell of the

adsorber 3 to recover the desorbed ammonia in the recovered

._ammbnia tank 21 through the'buffer tank 18. The ammonia thus

-recovered is stored in the recovered ammonia tank 21, and is

taken out at need through the wvalve é2.

After the completion of ammonia recovery, the evacuation

of the adsorption tubes 4 is discontinued, and the adsorbent 5
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-in the adsorptlon tubes 4°is aIIowed to cool t o-around. or di na-" ary
tenperature. At the sane tine, in the adsorptlon tubes 4.is introduced the”
outl et gas fromthe adsor ber 3 or an inert gas ‘coming from pi ping equi pped
" otherwi se.so that the pressure in the ~adsoption  tubes - 4 i's brought

back t t h t f t t
oper at onPTHBRASHAIHA TSR Lol DATENTE T o9 oot s Tt

' t he_ad but -t ft t f
Z%”Tﬁnf'i‘“g%g?éﬁﬂ%eﬁait%?? 5" stie ng 15RES) B0 90" ier bR SROTARIY 1 °

f th | t ' t
Che ammoais %ﬁtaus{l? |ne grggtg? Els SEoh i '%hrough AL e

t he ammnla e oW rate e valve 24 and the

‘exhaust  9@s Liddatilraf 1% | P by {@ﬁﬂé@r@énmiw%t&éﬂe e pf M s e

adsorber accord- 1ng to the presen nvent1 on has each an 1 nside dianeter

.usual ly ii t e aBESoBkidn t uBBY™MY PiLf §ralighto0bhek1S08M athivspritsd e
d| anet er thereof, when being smaller than 25mm™ results in such

di sadvant stéiﬁte &d HPed afd P Y i ekt Uesn gé v BpdRsk fcause

of Iessened packing anmpunt of the adsorbent. per each tube, thereby not
only increasi ngHd @ gERatiTén OGE CERe alisbhbeadsor her gut ialtso prawstidyy ime
vol unetric efficiency of the adsorber. On the contrary, the inside dianeter
t her eof , - wihen demergnarmeerashan $8émadsgirbes 13,sduto e hoplafactionsat ther

| owering of heat transfer in the case of.cooling or heating the adsorption
t ubes. Thé&hgbovampreet i omedfadewrgntiiaomdshegst s tackaariedgblutuswiah ythe
the range of 250 to 3,000mm preferably 500 to 1,500mm The length thereof,
when bei nyajless k%arb@mnnpémsmstead of the valve 12.

The recovered gas 1nﬂthe surge=tank 23.15.1ntrodeced iﬁto
the ammbnia_exhaust iiﬁe 1 at:éeiow flow raté thre;ghithé
valve 24 and the exhaust gas.eirculation-line 16.

The adsorptionjtubes-tq be used for the adsbtber accord-
ing to the'_present invention has. each an inside diameter
usually in the range of 25 to 300mm preferably 50 to 150mm.
The 1n51de diameter thereof :when being smaller than 25mm
results-1n-such:disadvantege that.a-large number of adsorptlon
tubes. are required because of lessened.packing amount of the
adsorbent pef' each tube, thereby not only increasing. the
prdductien cost éf_ the adsorber but also lowering the
volumetrie efficiency of the adsorber. On the contrary, the
inside diameter thereof, when being larger than 300mm, gives
rise fo such defect as the'lowerihg of heat transfer in the
‘case of cooling or heating the adsorption tubes.
| The above-mentioned adsorption‘ tubes has each a length
usually .in the range' of 250 to .3,000mm, preferably 500 to

1,500mm. The length thereof, when being less than 250mm, leads
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-12 - to  such disadvantage as |essened packing anmount of the
-adsorbent per each tube in spite of intricate structure of the adsorber,
whereas the -l ength thereof, when being nore than 3,000nm brings about .
such drawback as increased pressure |oss for the-anmoni a-containing gas.

The shapes of the shell portion and shell cover poriions (gas..introduction
porti onpaﬁ'(P gEUL  hista ‘fﬁ‘?‘:‘?ﬁﬁ ar®® eactH = pe@??]fic%? Iy"’('%‘?%ét ecf;.’éjl—bq%/‘ﬁveéver,
the shell portion is preferably in,th foeyli ,slgpg: r SE
tine, thea&f@ﬁbe&b?/e"’r&’bo‘??‘f%n%'y%?ell]iea%%]{%rgc}fe)rggﬁ/i%ét he or@n‘é oéf hc‘(%:}j:-up or

dish from e MENPOLAL: Qb <PTEIET MIAGHR S8RUESoE | UhBRS Soding NRokEMLIIn

desorptiveﬁy recovering amonlia un reduced pressure. The nunber of

‘adsorption td@ﬁns,u}?%]bﬁ§ DOUSE U5 iy L §La P8ISOk DRE 1 el sspgstddHitd Yloss

limted, but sel ected or set in accordance with the anmpunt of

anmmoni a- C%Iaim@gamig_@&ﬁéﬁﬂ@@,g@mni a concentration in said gas,
the dianmeter and | ength of the adsorption tubes, desired changeover tine,

the node of arrg{Wi S8apbE BESeRRB! ishlRINURTUibd h@Adamiercarstr tfertides

factors. It is possible to install pass . partition plates in the space

bet ween t hgyzal Sttt b Diic £ b¥e Sp&rEli b candiedhs Pexha ot | poit tvom)dans beacH atot he

purpose of efficiently allow the heat transfer nediumto flow therethrough.

Mor eover , dgediSEpesElipl Eibitedot Howaesr ¢athéoshebpt perichor ahs tprefewablhat

the heat transfer nediumis passed through the inside of the adsorption

t ubes housiad the tfermdsbr &rlindend, t fmed aabobhe- same atineg tYas skebhsseder

t hrough the inside of the shell which is packed with the adsorbent.
portions are each preferably in the form of cup or dish from
the viewpoint of'preéefving-pressuré tightness at the time of
désqrptiveIxérécbve:ing émmohia-under reducea:pressure.

The number df éasofétioﬁ'tubes that are housed in the
adsorber is-ﬁbt'speéificallyllipitedy but is suitably selected
_or set in accordance with the amount of ammonia-containing gas
to be treated, ammonia concéntrétion in said gas, thé;diameter

i-andrlenéth_of.fhe adséfpfidntﬁﬂbés;'desired changeover time,
" the mode bf'arfahgihg-fheeédsbféfion tubes in the adsorber and
the like factors. .

It is possible to install éass partition plates in the
space between the adsorption tubes and the shell portion in
the adsorber for the purpose of efficiently allow the heat
transfer medium to flow therethrpugh. Moreover, it is possible
but not practical to adopt such constitution that the heat
transfer medium is passed through the inside of the adsorption
tubes housed in the adsorber, and the ammonia-containing gas

is passed through the inside of the shell which is packed with

the adsorbent.
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-13- The material of constructlon for the ammonia adsorber IS not : _
specifically limted, but that for the adsorption tubes is usually sel ected

for use fron1sta|nless steel, type SUS 304, SUS 316, SUS 316L, -or. the |ike
"taking-into- consi der ati on favorable heat conducti vity obtainabl e t her ef r om

wi t hout polluting anmoni a gas_to. be recovered or causing corrosion.. The
‘adsor ption per foem@itesia r@;aHEBFBEHFté?"tﬁQrtFﬁﬁ SPmORI G FAFE tReFordisa i n

L onpar at uPEt RERSHETa LY darath e buty ““C i e ai%@arat”r[ew%”t i
f bl t t SS

bt Scoor i ny=uFd ”areylresce*u"%ib?égéil °et5m° LG FE8e o PP sYR A e

adsor bent B‘“sh% negdec{gre, '%rprBHB“ﬁ’uEeoolt' ngl ePﬁEéusceon‘g dPu e

capacity oP t he gas, and "accotrdi ngly I'S pre era 6 use Water or a

wel | kno a% abflr cezt Al teLof 9L£991£ﬂerggfta1;QSlgpe t@ltéx%'}r%hes%iﬁdq}tthe

time of adso I Ng amoni a |nt e prese I nvention Is not SpeCIfIC

linited, putulu%lrﬁl A AL JA DD Ide FEUHANGE ¥ t&ﬁéﬁ&%fdﬁ%for the

origin of the amoni a-containing gas. It is usually I n the range of

ordinary presseme tfafolet{ 61 pekkForaBRERX off adﬂ@gaagéﬂbéﬂasxaéertﬁte' Gﬂntehe
pressure tightness of the adsorber to be used as well as the advantage that

the hi gheobft haadyasmiy CanibA1EDN® tHife APSOEhE ONNGEARE bhY iSfcramsRai a thhe
superficial linear velocity (LV) .at the tirme of bringing the

anmoni a- captairiingg ofjdts itdnperiniie! but tithe thunpsisaihantthitdddds is in
dependi ng upon the concentration of ammonia .in said gas, and thus can not
be unequi kbeal Irpndret erafi negsually '—3.0- to 90C, preferably ordinary
__.temperatﬁre toSO T froﬁt- the _a-'spect of easiness of cooling.
The gas is: l;l-sa-io-le- asthe :1*.1'e.'ai-_-':.transfer. medium for -coorling
the ad‘serbent, but 1s 'ine.ff-ecfive in promptly cooling it
because of low hea-t capacity:.r::_'_o.'-f'__the gas, and accordingly it is
preferable to use water or a we11 known anti-freeze after
cooling thereo-f. |
The operatlon pressure at .the time of adsorblng ammonia
in the present 1nventlon is. not spec1f1ca11y 11m1ted but’ is
ma1n1Y determined. in ac-cordan-ce ‘with the conditions for the
origin of the' ammenia—cpntein--ing- gas. -It is usually in the
rahg.e -of- ordinary 'pressu're'. to 5 kgf/cm?, approx. taking into
consideration the pressure tightness of the adsorper to be
used as well as the edvantage._that the. higher the pressure,
. the more the adsorption quani:ity of ammonia.
The superficial- linear velocity (LV) at th'e. time of
 bringing fhe ammonia-containing ges into contact with the -
adsdrbent var-ies depending upon  the concentration of ammonia

in said gas, and thus can not be unequivocally determined.

-13—
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-14 - However, said linear velocity is in the range of usually at nost 100
-cm sec, preferably at nost 30 cnmisec. Wth regard to the operation pressure
at the tine of recovering amonia fromthe:adsorbent after ammonia
adsorption in the present invention, the easiness of amonia desorption

i ncreases with a decrease iin the pressure, but .the l.ower the ressurﬁy .tar}:e'_

hi gher the &PHQYRT onshfaditparediftietist &SvACudRSIFITnES I548
ti : ' in th : f.usually 0.5 t 00, nmtHg 66 t
06- 645 Pa ) maer GG a5 0 IO Best 0 o e Sooron.  The
heat i ten tyr. t the tJj f ' ' f h . t
D ter the absorpiliGi | FoNBEds pEe! foHies) Puer rRepRy P Uk Cuk ! e S BiiE o

heati ng tenper c%t‘y(_{lg]fne%@qn fﬁé%%r%%mmggig%@é%%%?@m&’%ﬁmm%dg&Ption |

tenperaturei's no urre since the evacuation I s

carried out iﬁg@ﬁégﬁg#ggq&p;ﬁ%;{%o n l;gu]g%g%ﬂgsi Bl Nl I <SS by

50 to 200[er era 0 [err e gas is usable as the heat

transfer medigupdledegttRdat e adaddemt  tivelt pkaskiehf eplity enlen IWttNe
heating it because of |ow heat capacity of the gas, and accordingly it is

preferabl e tR-disfd®] WRLEIhi SEEAMEAR eSSt GZLIoNOapRlcayOr réd@isald | 3&d a
steam There is also usable other heat transfer nedi um such as a high

boi | i ng poi. RtadkdK OpaRPON Thiuks. is% iR 1aSi dn ephysiliee PLESERt theyainge ¢
recover ammoni a in high efficiency.through its adsorption even froma |arge
amount of a uBueekl yas . 50RbaisSHIoN YO 66 | Bohbgh6abnPanfr,atpgrafdrablyr 3 bty
cooling the adsorbent wth a heat transfer nediumat the tinme of adsorbing
ammoni a, whi3g® mmHg ( 666 to 39,986 Pa ), approx. .
Thé heatingﬂteﬁpgfa£ure at the time of recovéring ammonia
froﬁ tﬁé¥a&sofbéﬁgiéfﬁér{fhe-adSorption-is hot~spééifically
limited; and fhé'highér7the heating temperature, the easier
the deSorptibn- _quever, the heating temperature is not
reéuired tofbe qarkedly high, since the evacuation is carried
_Cpq;_undEr'reducéd pressure, and- thus it is in the range of
usuallyso to . 200°C , preferably 70 to 150 °C .
ThéfaaS;isftéégié as the heat transfer medium fof heating
fhe-'adsorbént; but..is. ineffective iﬁ promptly heating it
becaﬁse-of lﬁw-heat.capacity of the gas; and accordingly it is
préferabie to'use'hpt water, Stéam,-pressurized hot water or
préséuriéed-Stegm. There is also usable other heat transfer
medium such as a high boiling point hydrocarbon.
It is made possible by the present invention to recover
“ammonia in high effiéiency fhrdugh its adsorption even from a
large amount of a mixed gas cohtaining ammonia iﬁ high
concentratioﬂ by forcibly cooling the adsorbent with a heat

transfer medium at the time of adsorbing ammonia, while
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preventing the adsorbent tenperatureffron1being rai sed by the heat of
-amoni a adsorption. On one hand, it i’s al so nade possible by the present
invention to efficiently col I'ect through desorption, a.large anmount of. _
ammoni-a whi ch has been adsorbed in the preceding step within a short perlod
of time, by forcibly heating the adsorbent with a heat transfer %ﬁu h

al ong MAthP@@a@HﬁﬂFGh‘Hﬁﬁe? FeehRRY beBBSLAEURE LKem PRdngs T d@§ﬁ¥§ the

anmoni'a, while preventing, the adsorhent tenperat e from pei.ng | mered
the vapori P&fon®he A" HAMEHSRT PR A 1 QP (RS Bé“fﬁoos%{")blles b9 tRe wadd

t to. h th d t_at | | | heat i
Present | 3wﬁzﬁcg&§pgfégh ohfbngshlLath: el LFER L et
th : f t by th nbi nat he
e 13 o 0% s T, 050 e 4 TR S e e

Con”'bu“%%so‘}b% rifé’hé - 20URDLG E@8§V$E¥h§8pgr§ttl%§‘t 3>d?tdﬂ ltime,

further e p055| e by th presen Invention to sinplif acilitate

heat i'ng an%y“%ﬂﬁ%%ﬁf@@ﬁ@&t?ﬂ PHed QEBEPQn% %H%h'aa%%dﬂﬂﬁfaﬂéﬁgifﬁgﬁiﬁﬁr

which is col'l ectl y integrated with arge nunber of adsorption tubes

each havi ngll%rfgelﬁitl’{eh%a%%ltlloﬂ' ANFIEF ﬁaéueeaprﬁayéafecoeé eﬂd hagle tdie

adsorbent, wheéreby even a gas containing ammnia in high

concent r at. |dé'3;or¢ﬁ.ﬁld0aatﬂi$1€£él VEhY1bl p2bodnt ial ?d thee Fulsriatt arampéfatare be

effectively recovered within a short period of time. The ammoni a thus

recover ed Gombodivef Bowetéd B 8heawapdirékzathionahda®! b W@ rEan e is

refined as desired to higher purity by well-known refining technique.
further: made possible by the present invention to heat the
adsorbent at & relatively low heating temperature owing to the
desorption under reduced prehéure; for example by the use of
hot waterlvwhereby the combination of cooling water and hot g
ﬁater'can be-aiternately_use&jaSche heat transfer medium,
thus eontributing to-simplifj.the.ammonia recovery'aéparatus.
It is still further made p0551ble by the present 1nvent10n to
.51mplify andl-fac1litate heating and cooling operations by
'adopting a shell and multi- tube adsorber which is collectively
integrated with a large number'ef adscrption tubes each having
a relativeiy.emall diameter and to promptly cool_and heat the
edeorbent, whereby-geven "a gas containing ammonia in high
cencentration can be effectively treated, and the adsorbed
ammonia can be effectively recovered within e short period-of
time.' |

The ammonia thue recovered can be used as such as a raw

material, and otherwise can be refined as desired to higher

purity by well-known refining technique.
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-16 The wor ki ng effects and the advantages accordlng to the invention are
.summari zed as follows: 1. Ammonia can be efficiently recovered within a
short period of time even from.a |arge anount of gas containing amonia i'n
hi gh concentration.. 2. Amoni a adsorptlon can be efficiently carried out f
under the condition of hlgh or of t n ce.
t he adsor bent c&Reb&F¥FEh gE ngng alqg a?%ﬁnéka%ﬁiégi Eo %h%

t he: heat of anngnla adsorptlon gy V|rt%e qfwforced cooling with a heat
transfer Bvﬁﬁtafntﬁeetﬁmg S 1&990 A% SRdsS St on. 3. Amonia recovery can -
be efficieqtl %@rHEFQ: Y ¥1ePfgcfeﬁgf% rggétggeﬁfwitﬂgn §'Qﬁ%rth%erlod

adsor bent can be preven elng Towered In tenperature owing to the
heat of a”Hgmtém\éa%Q}érFaﬂ&dﬂ %’yléﬂ:&e UQmQLnEOB@e@aQe%'n%QJ.W:LBG ambRatia in
transfer nmediumat the tine ammbni a desorption. 4. The heat transfer

medi um can,BELCRRRREAL At ild}e combi nation of water and hot water dispensing
with a special heat transfer nmedium since heat transfer between the :
adsor bent andag@ios i e AidyBript fay Fabine caficadmilly darrika change@ser there
of the amoni a adsorber can be set on a short tinme, since it is nmade

possi bl e t eopaeEeesd VbEh High adaebRpit@dnopssf bomanée a dfar tive am@sirbaint ,
ammonia with a snmall anpbunt of adsorbent and al so the desorption operation
of ammoni aswnicki ntheslmdontsinitod cah: thee prévehitedanfmoomn a bedtgy er yisedariat us
i's capabl e of not. only being sinplified but also being mniaturized by
virtue of thmpebaterennWimmedoetheche&andfadmannageadsorption by virtue

of forced coollng with - a heat. transfer medium at the time of

ammonia adsorptlon. e

3. Ammonla recoveryﬂcan e'eff1c1ently carried out w1th1n a

short period'of time;'s nce the adsorbent can be prevented
from: being lowered in< temperature ow1ng to the heat of ammonia
vaporlzatlon by v1rtue of forced heatlnq w1th a heat transfer
medium at the.. tlme of ammonla desorptlon.

edlum‘can be composed of the combination

4 The heat transfer_

of water and hot water dlspen51ng with a spec1a1 heat transfer
medium, since heat transfer between the adsorbent and said
medium ts favorabJY'carriea=out:

5t The changeover time of the ammonia adsorber can be set on a
short_time, since it is made possible to proceed with the
adsorption operation.of a large amount of ammonia with a small
amount of adsorbent and also the desorption operation of
ammonia within a short period of time.

6. The ammonia recoverj'apparatus is capable of not only being

simplified but also being miniaturized by virtue of the above-

mentioned effects and advantages.
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17 - In the follomnng, the present invention w |l be deecribed innmre
~detail with reference to a conparative exanpl e and a worki ng exanpl e, which
however shall not linit the present invention thereto. Exanple 1 (
Fabrication of an amonia recovering apparatus } There were prepared. two _
sets of shel | ap étfoifgﬁlﬂ SOLRE' &@ea@ meoeneeen L DEPr par abgerybbl 19

nunbers of SUS nade adsor pfion t es each having an inside dianeter of

1108.3  nmy ﬁnﬂOﬁ@ dh%@¥ﬂ1wfﬁh fePOPendd taNd Migdtathad Stikple and a

constitution enabl ed a heat transfer nediumto pass through the
space betweereihe Wsmidild ONwhilBARS wbvdie shahh aiotd heim@gordiss . present
Subsequently, there was fabricated an ammoni a recoveri ng apparatus same as
t hat shownipveft£od ¥hesBtvas conposed of the above-prepared adsorbers
whose adsorption tubes were each packed inside with 250[err] of nolecul ar
si eve 5A asxampladsbrbent, a vacuumpunp, a pressurizing punp, a buffer
tank, a surge tank and a recovered amonia tank, and a cooling water |ine "
and a heat {Nabeaiecationecofican sumpBi&cdetovenéngdeppbertuso} as to enabl e
al ternate changeover between both the adsorbers and between the cooling
wat er |ine and Theraesenr bxeparedetve /gsekni 2L cshobly andempptatrtpbe
Prior to the start of the experinernt, the adsorbent was activated b

met hod i n afiserberseshd chi Meggerrams ingorpprakedighi the %deemlpe¥en°¥u§9§ 4,

4' to replace the air in the adsorption tubes with the nitrogen;, hot water
at go[err]Qj@bsmade adsorption. tubes each hav1ng an inside diameter of

108-3- mm and a length of 1,500 mm and which- had such
constitution -that"enabiedt_a heat transfer medium to nassn
tnrough'the¢Spacenbetneen tne=adso:ption tubes.and-tne shell
of the adsorber. Subsegﬁentlyylthereéwas fabricated an ammonia
recovering epparatue'same &e that-shown in FIG.1 which was
composed of - the above—prepared' adsorbers whose 'adsorption
.tubes were each péckedainsi&eswith 2502' of moleculaf sieve 5A
as the adsorbent a.vacuum nump, a pressur1z1ng pump, a buffer
.tank a surge tank and ‘a recovered ammonia tank, and a coollng
water  line and a heating water line were connected to the
, adsorbers-so.as to enable alternate changeover between both
the eaasorbers “and’ between .the cooling water 'line and the
heeting weter line.
{ Ammonia recovery experiment }

Prior to the statt of the experiment, the adsorbent was
‘activated by a method in which gaseous hitrogen was passed
through the adsorptlon tubes 4, 4' to replace the air in the
adsorption tubes with the nitrogen; hot water at 90°C was

circulated outside the adsorption tubes and inside the
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C|rculated out si de the adsorptlon tubes and |n5|de t he adsor ber .shell to
sheat -t he adsorbent for 5 hours, while the inside of the adsorption tubes
was maintained with the vacuuntpunp at a reduced pressure of at. nobst 5-

mMHg (666Pa) ; then the adsorbent was allowed to cool to ordlnary

tenperature and gaseous n|trogen was introduced |n5|dS adso

tubes to br#@@P?h%rpﬁé§§&ré“ba Rato hent, £QEre d’é% t %pFE?e
the activation, Subsequent , anmoni a %950 tlon wa car |edtou%h| Q um
fol | owing imskderofckbeo AT WO ?ﬁu?at %?%éu?b Bnghe vact

" the: addy %ﬁr%%S%*Lﬁseuaeaf BrReRdugoPhortangetys: Palia (P8 rafT tidn tAE
m8/ mn, whi 'Ssﬁﬁi"é‘é {%}m COO éisor S te&o coo%S[teJr]a(;‘dlthg'f o ngs tv.h!?J dgndmc

the shell. was cont i nué urs and

thereafter, é%&ovﬁ%uxqiggoggﬁ wBQemt%H%hﬁ EBQE%%BQ adga§pt§%t Ehﬁgs t8

t he adsorbé? adsorptlon experiment by the use of the

adsor ber 3, ni ff c h ek J&s Eﬁpntghe
bH&E& thé& rlé%r}ﬁ.gr | nSIS OtT’;S Qi FSGShd i & hprauklet

adsor ber 3. SubSequent| t t he adsorption tubes 4 of the

adsor ber 3 ¥@gp gg@gu@ﬁgdachQQelggduced pressure with the vacuum punp 14
for a short tlne of one mnute in the state that the i nsi de of the

adsorption. tubegybdeqhBftlyTRidMinied adéor € Lo dwasOicliridied tAMPeiat Yhe,
during which time the. exhaust gas from the adsorption tubes 4 was
i ntroduced £&116@ingur gRahnek. 2&asbeiizs theteadanstat i swdirathetempanatpusp
14 was switched to the sides of the buffer tank 18 and the recovered

anmoni a t ankndl.atmospllétrion, phessapki ngcwataining?25ienohiaadrwidoghedby

~volume was fed in: the' ad‘s-c;ﬁptidn tubes 4 of the adsorber 3

at a flow rate of 0. 136 m..s‘f'___ i ..:.._._'l'thji'le- ‘passing cooling water
at 25¢C ‘ through: the .insi.-_de of the shell. The ammonia
adSOrpt:ion: was continued - _fo-r_'- ‘8. hours and thereafter, the

.fée.d'ing of the ammon-ia—cqqt-a-ininq gas switched to the

‘adsorber 3'. Durlng the e-d'sorption- experiment by the use

" of the adsorber 3, ammo-n""’""j" ffluence was not recognized in
the .ou.f_let g’asz' from tl?-l.e-.. é-d-s_b:i:'bé;. 3- S.ub.seq-uently, the inside
of the adsorption. tubes _.4' of t:he adserber "3 was evacuat:ed,
u_nd'er "reduced.'press'ure with t:hé 'vacuum-. pump 14 for a short
time ' of .one minute in.'the state that ttxe inside of the
ads.orption tubes 4 wlas maintained at around ordinary
tentpefature, during vthic.h time the exhaust gas from the

. adsorption tubes 4 was introduced in the surge tank.23.
Then the exhaust _line of the vacuum pump 14 was switched to.
" the .sides of the buffer tank 18 atnd the recovered ammonia

tank 21. In addition, the cooling water at 25C was switched

to heating water at 90%€ , which was fed to the inside of the

T [N
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to heating water at 90[err]C, which was fed to the inside of the  -9-
shell, while running the pressurizing punp- 19. Thus the vacuum
evacuation procedure was .continued.for..5 hours under the aboeve-mentioned
heating to conpléte the anmonia recovery operation. Thereafter the

feeding of the heatin mater was smntched t o that, of COO|IF¥bW@Hﬁ¥ f 0:£Q0
to ordi narghebhper BARiRgefhe pEFFSSHFlzﬂﬁg BUfPet " gas” from the

adsorber 3' was fed to t he adsor ber to bri r.e 0
at rmspherlYEaﬁPE@sﬁl”é‘c"é‘&lé’?top’b?‘é?)%‘?’éefBFSt ﬁgn puedy T % DAStict PR

angeover dur

which time the eco ere e _sur Wag N d
exLaustIIiF%elﬂ 8Ye!m98gﬁg % BSFE ﬁ?ogéh ?ﬁglégﬁve | EEggHEE ggﬁggg?ygas
circul ation I|n Vg i o GRLAT

was carrie@P 85? 8ﬁ't ;litr}r)es %te]%egﬁ ggﬁ% %dﬁ%%ﬁg?ghgﬁangeo%her p.g?@?ﬂg&%s

adsor bei cs %it?hed +8 rgﬁgkt,okhecggqggba gggg¥er¥°raggowastQB%anlﬁa&g
and the |npur I'n the recovered anmonia was only nitrogen in a

concentratigg gfr Qui3 % GRAPaERLAVE Bxaddl 8l fHedlP@PidL r afy el the
appar at us was Brlcated In the sane manner as in Exanple 1 except that the

apparatus ,4asreerpesed,9f ¢aa adsOimdi a@sbyberas e BEbRgheneWpreshad an
I nsi de dianeter of 472 mmand a length of 1,800 mm was packed inside with

250[ err] . haBRCkid1GatRESpReiclpRA@siiFe) Ofo Makedl Prepame Ddr ashehmext
adsor bent, was equi pped Inside with a therno- couple for tenperature

measur enen&haaaéofvu;rrt hefuriatg eepvi gpedingt tihde reddvyereah gasethr tbhe lseatger
and a thermal insulating.

tank 23 was lntroduced to the exhaust line 16 at a low flow

rate:through.the;valvea24 and-the-exhaust ga5=c1rculatlon llne'

Thé abové;ﬁehtlonéd ammonia recovery .procedure wés
carried out ten times-reééétedly with élternate.changeover of
the aﬂsdrbers 3, 3'-1Ks & result, the ammonia reéovery rate
was 98%; or more, and the 1mpur1ty in the recovered. ammonla

[T

‘was only nltrogen 1n a concentratzl.on of 0 15 %

Comparative Example 1

An ammoﬁia. reco?exingg apparatus ﬁas fabricated in .the
same maﬂner as iﬁ-Example'1 éxcept that the apparatus was
composed of one adsorptlon tube as the adsorber which had an
inside dlameter of 472 mm and a length of 1,800 mm, was packed
‘inside with 250¢ ( packing length of 1,500 mm ) of molecular
sieve 5A a$ the adsarbent,'Was equipped inside with a thermo-
couple for temperature,measurement; and further was'equipped
outside wifﬁ an electric heater and a thermal insulating

material.
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mat eri al . -20 - Subsequently, ammonia  adsorption - was. carried out
by passing through the adsorption tube, gaseous- nitrogen at ordinary
tenperature and atnospheric pressure-containi ng anmoni a by 30% by vol une at
a flowrate of 0.136n{ferr] /mn. As a result, the tenperature of the '
adsorbent was ssequentially raised fromthe top _portion of the adsorption-

t ube towar ds th%“BE?ﬁHﬁPEiY—t-i oATRRBLE0f 2d5RTPLLRBNe a2 5FEFFIEdaf PHF 2DY
hours fremthe. st ar%?of -t he amoni ad'soré)t I on kgrocedure. I n_addi tion

Cafter 3 hRATHRLr eFP DAY EONT A e?‘??‘b%%’e Rast PtogIREP U  PhéT8dF et Akt

t he adsorpt.i e, ,and accordingly.after the lapse of 3.5 hours.fromthe
start of t Ié&gngg i atgalg’gff)lt o p%é%ldeduértg",wséé}ll%nb‘?oc gﬁ?gugﬁs :éﬁ g?rlﬁpl)flgd.

An att t dg t [ d s b _

cvacuat i g iR LBCBY L B0REC BYno el AF0R 23V RRRE, 02" ) 1oR 1OATRYRE B
ho adscf pf 1 andér Feduced’pr &ssu _ f

S hours A R 2, CERbe b Seht ) i, SelheE Ty

tenper at Ura@SasStLkt thel 8bpefodtiblieoteRrhbakaRerbiteBnOtubBetadapart tAa
tube in spite of appreciably raised tenperature on the inside wall surface

thereof. pot#¥l pbSreidnMERdrBod, - aRaPraaehed 02596 C QW dr B ARHRAL 2 FMBInChH
conprises install- ing at |east one shell and rrultl-_tube adsorber which is.
-the start of the ammonia. adsorption. procedure. In addition,
after 3 ho:.ur.;s. therefrom ammonia effluen.ce- was recognized at
the eutlet of theaadsefpfion fube, and accordihgly after the
lapse of 3;5.heurs.ffom:the.s;er£ of the ammonia adsorption
'ﬁ-fireeedufe? sé&ﬁ%é?oee&hre:Qeeﬁiﬁterrupted; |
An etfémét Was'medeite:reeOQer the ammonia adsorbed onto
the adsorbent’ bir.f evacua-tim'jl..'.- .the.- ;adsorption tube under reduced
pressu_re_ by the ~use of the vacuum pump, while heeting the
ad:s.orptiqn tube with -the-'el.'ectric heater for 5 hoﬁrs. As a
result, the anim-o'nie;",_wa?e;' "-:igcééé.r-ea by only 28% , since the
M.tempefEtufe-ﬁas-eiiéﬁfiy réiséafét the central por£ion of the
-adsorﬁtj.on- tube in spite lq:f: appreciably"raised temperature on

- the inside wall surface thereof.
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‘equi pped with a plurality of adsorption tubes each packed inside with an

-ammoni a adsor bent "and equi pped with a flow nechani sm f or. This/Shest HasB ced

medi um f-or perform ng heat exchange through said adsorptio ing -

an ammoni a- contai ning gas through said adsorption tubes, . t he

I nside of said adsorption tubes with a heat transfer nediumso as to

capt ur e .t IRHAPTDS | QGLADMERI B8¢ i n sai d gas through adsorption, and -

thereafter collecting the captured amoni a through desorpti.on, while

“heating th@ i nBi BzosPssaifPTakeAINIHNY LHEEORG R WhL R aEORPERS PR IREHRLAT

under reduced pressure. 2. The process for recovering amonia acgorging to
Fert<fn tfie

Caiml, vieFeid tHeatdsone ofbeddes2Rdy Mehth-tPe nG4reRehe

range of 25 to 300 nmand a | en tg_in.th r%%ge f. 250, 'to 3,000, mMm _3 ghe
process fo‘?qﬁ"eﬁbﬁgri"ﬁgtthrrﬁonPi“gﬁ oFdi n‘bte'té‘ PPN \hUPRT n SARE JRABKE

d bent | I t nber. sel ect f t L Sti
o0 Dert LS fhe Sk O35, ARG C SRS HAR LIRS Flow
aluni na. 4, Jhe, prgcess f of kecqvering SaU0N 2aGR0 A9 gl LAl neat

wher ein ;H% C %¥ain|ng gas "I's an exhaust "gas comng fro nitride
filmsem copolghal "BRAG UshiE Widorptiar 2tuBes [N BaREIGES Sad Chmmoniia-
recovering amonra according to Clalnmff Wher ern af east two-train shel

and mul ti -wneamﬁgbeaass aLRr8ayhPREA ANdaserpesbRd thideBachuptNer cael-aﬁgte o

enabl e alternate changeover thefeof, and each of the shell and multi-tu
adsorbers i{geNBfside CHF Y sQdl CHARELHY 86N PHARKHI QilthC| #diHMht transfer

medium so as to-.capturg the ammonia contained in. said gas
through' adsdrption, and.-theréafﬁér' coilecting the captured
' 'ammohia-through desbrptibn, ﬁhiiéjheating ﬁhe insi&é-of said
adsorptién fubes Qith-ii heat tfansfer'mediwm under reduced

pressure.

2. The process for recovering:émmonia'according fOTCIaim 1,
wherein the adsorption_tubes haVeféach an.inside diameter in
the range of 25 to 300 mm and a length in the range of 250 to

3,000 mm.

3. The process for recovering ammonia according to Claim 1,
wherein the ammonia adsorbent is at least one member selected
from the group consisting of synthetic =zeolite, activated

carbon, silica gel, alumina and silica alumina.

4 . The process for recovering ammonia according to Claim 1,
wherein the ammonia-containing gas is an exhaust gas coming

from a nitride film semiconductor manufacturing unit.
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adsorptrve capturrng of anmoni a and desorptron thereofThlss e<’the_'
amoni a can be continuously recovered. 6. The process f _

ammoni a according to daim1l, wherein the anmoni a adsor

the range of - 30 to 90[err]C at the tine of adsor ption, and S heated to
t he range of 50 to 200[err] C under reduced pressure in the range._of 0.5 to
500 Mty (86 (TheHBACFR) Tar MmasavaRi i qmeeﬂtﬂ|EﬁF°9619m Eﬁpgﬂarws’ﬁor

whi ch t e el l ti-tube
oot ber ARRERIRs Bfuut SRk BPPTCEs bR PaPLy 208 B0t %@gbﬁg&@r

d h d d d t f
2 heat ¥“r SR BP e A P 5 orﬁ%a%gaﬁt’eg# e‘%zghsan\éges e Su ISR | o
t ubes, Pﬁn@%me%m tRYAGHEL I ngngheeéasr Ok p3al dnafigorid O%Jl‘gle%di{%;[‘e

adsorber a uced pressure, sail apparatus havi ng such constitution

 SpoaPab) adboiRss 0% %ma'@ageg. e aBeditno a0l ARl A USRIRI 01y

t ubes, e cooling the inside o on t wth a

transfer Hﬁ@o'ﬁ %Qrea%a?ﬁ. (AT Uil N A S ri:h%%!éi:ﬂéﬁa tdtfz‘wgh
adsorption, there er co Iectrng t'he captured ammoni a t hr ough

desorpti oge mb@dheafammdﬁe dats IHE YntsSidlubiispriidRfedddes with a heat
transfer nmedi um under reduced -23 - pressure. 8. The apparatus for
recovering anmoni a according to Claim7, wherein the adsorption tubes have
each an inside dianeter in the range of 25 to 300 nmand a length in the
range of 230 thhe3, @ﬁ@cm iorTrmeca:p;pmngSaﬁMniaecadeordgngmnrcaaam:or,dr ng
to Caim?7,

whereln the ammonla adsorbent 1s cooled. to the range of — 30

to 901} at the tlme of adsorptlon and is heatedito the range

'-fof 50 to ZOOthznder reduced pressure in the range of 0.5 to

- 500 mmHg (66 to 66 645 Pa) at the time of desorption.

7. An apparatus for recovering'ammonia which comprises at
least one: shell and mult1 tube adsorber whlch is equ1pped w1th
;a plurallty.of_adsorptlon tubes packed 1n51de with an ammonia
adsorbent and equ1pped w1th a flow mechanlsm for .a heat
transfer medlum for 'performing heat exchange through said
-iadsorptlon tubes; and.a-pump for evacuatlng the inside of said
adsorption tubes ofrthebadsorber at reduced pressure, said
apparatUS'having.such constitution that is capable of passing
an ammonia—containin§ gas through said adsorption tubes, while
cooling the inside of said adsorption tubes with a heat
-transfer medium so asfto capture the ammonia contained in said.
gas through adsorption, and-thereafter collecting the captured

ammonia through desorption, while heating the inside of said

adsorption tubes with a heat transfer medium under reduced

—22—
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wherein at |least two-train shell and multi-tube adsorbers are equi pped and.
~“connected to each other so-as to enable alternate changeover thereof, and
each of the shell and nulti-tube adsorbers is made to carry out changeover
procedure i ncl uding adsorptlve capturing of ammonia and desorption thereof
in turn so that the ammonia can be continuously recovered. 10. The
.apparatusP#%?SFEEGverlng ammoni a according to Caim7, wherein the ammoni a
adsorbent is cooled to the range of -30 to 90[err]C at the tine of '
adsorption, and is heated to the range of 50 to 200[err]C under reduced

pressure #1 t@ger S‘B Srltus %oro rg%%vm_'%g( gﬁ\mto?ugs a@:%%rgq}lgartot E;en.a“nn? of

-desorptio

wherein the adsorption . tubes have each an 1n51de diameter in
the range of 25 to 300 mm and a length in the range of 250 to

3,000 mm.

9. The apparatus for recovering ammonia according to Claim 7,
wherein at least two-train shel’l and: multi—tube adsorbers are
.equ1pped and connected to each other so as to. enable alternate

_changeover the-reo-f-' ;and each . of the shell and multl—tube- _-

-adsorbers is. made to carry ow changeover procedure 1nclu<11ngE
adsorptlve capturlng of ammonla and desorptlon thereof in turn

so that the ammonia can be’ cont;nuo.-usly recovered.

'I_O- The apparatus fo' recoverlng ammonla accordlng to C1a1m

7, where:.n, the ammon:.a. a 'ent 1s c,ooled to the range of
—--30 to 90"C at the tlme of" adsorptlon a—nd is heat’ed" tO'the-

range of 50 to 200°C under reduced pressure in the range of

0.5 to 500 mmHg (66 to 66,645 -P'a.). at the time of desorption.
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