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METHOD AND APPARATUS FOR PURI FYI NG AMVONI A o0 02137 ¢
BACKGROUND OF THE | NVENTI ON The present invention relates toa
nmet hod and apparatus for purifying amonia in which an amoni a-c@?“ai;nfﬁ?p??
streamis passed through an adsorption unit to renpove noisture andla )
menbrane unit to concentrate the amonia. Mrre particularly, the prte%nt
invention relates to such a method and apparatus in which a stream' fot med
by processing the amoni a-containing streamin the adsorption and nmenbrane
units, is partially condensed and then partially vaporized to a delivery
pressure to forma pressurized product streamlean in heavy and |ight
I mpurities. There are many industrial processes that '
amoni a of ultra-hig ' .4@@@@@&1\ j qﬂiﬁg Ly
produce a product ha\r/hid%gﬂa(?o%ut 1 ppm n‘DIISJ?EPI‘ e, Eeagg/{hieﬁpurl ]étetg‘l\at" about a
0.5 ppmlevel, and light inpurities at about 0.5 ppb. Heavy inpurities
conpri se nobile ions such as godi um and potassiu |ight netals such as
al umi num or cal ci um such heaRRGHUVYNDOK JBE INVENHONyr chr omi um  and
heavy hydrocarbons. Light inpurities can include nitrogen and oxygen.
Purification of the ammonia feed is effected by distillation. However, the
probl em i nher ent iTheGirsseht ihvadntion relstest 1B atméthod &d@%ﬁﬂﬁﬁf‘s?& PRbif}iRYamRfRARYR €
and thus, the product stream nust be reconpressed. The reéconpression
presents a riWhiclhanagimenis-eentdining fstream lisipassed fireugihneh adseritiokeurithtat rearove us ed

I n connection with the conpressor,. Distillation alsq requires a significant
amount of enePgSHeH t“’éeénr@?nei unit g conceRirate the agim P‘E%tchﬂ’t@. arly, the presenig

wi Il be di scugg@tion fdMiesth STEY mbMYE Aid ' ' Lipg an
anmoni a- cont ai ni ngnst reeam In V\ﬂi ch@codn%j?g@gl%\r{%q@%gadtxﬁgﬁﬁﬁgngj@rtgpﬁrg{:&é@gd
after the anrtbeiammenipomtdinieg.stream in the adsorption and membrane units, is partially

condensed and then partially vaporized to a delivery pressure to form a pressurized

product stream lean in heavy and light impurities.

There are many industrial processes that require ammonia of ultra-high purity.
Typically, an ammonia feed is purified to produce a product having about 1 ppm moisture,
heavy impurities at about a 0.5 ppm level, and light impurities at about 0.5 ppb. Heavy
impurities comprise mobile ions such as sodium and potassium, light metals such as
aluminum or calcium, such heavy metals as iron, nickel or chromium, and heavy
hydrocarbons. Light impurities can include nitrogen and oxygen.  Purification of the
ammonia feed is effected by distillation. However, the problem inherent in distillation is
that it is conducted at low pressure and thus, the product stream must be recompressed.
The recompression presents a risk of contamination from lubricants and the like that are
used in connection with the compressor. Distillation also requires a significant amount of

energy input as it is operated at low-temperature.

As will be discussed, the present invention provides a process of purifying an

ammonia-containing stream in which compressors and the like are not used after the

ammonia is purified.
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SUNNAQY OF THE | NVENTI ON The present invention, in one aspect,
provi des a nethod of producing a purified, pressurized ammonia stream from
a feed stream conprising amonia, noisture and other inpurities. In
accordance with the nethod, the feed streamis introduced into a nenbrane
selected to forma perneate streamenriched in the ammni a and the

noi sture. An internedi ate product streamis fornmed by adsorbi ng noisture
fromthe perneate stream The internmediate product streamis condensed to
produce liquid ammonia lean in light inpurities. The streamof the liquid
amonia i s then introduced int « S ssel . The liquid is
partially vaporized within the to a delivery
pressure, thereby to form pressurized amoni a vapor | ean in heavy

i mpurities. The purified, pressurized ammonia streamis then fornmed from
the pressurized anfheEnpresentimvention, in one aspdch) paoniddser metbpd of profducihg apuciedt

I nvention, a nethqod may be conducted in which noisture may be. adsorbe
prior to the PrEBUBEedARENGRIAFCAMTA) af S“F?‘F“FWPE“%%%‘E’POB%’ ’Pﬂ’égffr @gieq{ﬁer

i nvention, the noi.sture j .
nt or modi at o GGG ThEERHAES SRS R HaGeddiEtat 1 BB PO HE L Rhe
i ntroduced i NseldaRdBMRFANE pbrétheh@R feamPGiHIBAL &1 fHel SAMLERA NG Nhel oistiee An

anmoni a. Thereafter, the perneate streamis partially condensed to produce

li qui d anmoni atermediate pradugthstreanyis farmed by adsoshing meissire fiom the permaratensiisala | s
I ntroduced into a_ proguct essure vessel a artially.vaporized to,.
delivery pr esi‘ﬁ"f B{tglf’ﬁfg‘?t&@%“&%?%m Er@g@gﬁ;@&ﬁtg%ﬂ@%gﬁ%@q%gﬁl i favy
i mpuri ties. The, el frRforelfnctTHE lighel 1RANHAN 1 i iRRGtucsd RS FREbduEOFFedstie
pressurized amftoni a vapor. I'n anot her aspect, the present
i nventi on provéssets Tha ligpidds atrtially vapopizaitwithingheprodudt fpressijre yesselstora dedirery
ammoni a stream from the feed stream conpri sing ammpni g, .noi sture. and ﬂ'lteher
a

impurities. IPF_C%R‘:‘Ef'@rﬂéFgS‘?hYet ofR ?rﬁ@ua%?&a%rama@ao Pothisan 13 JIEAYY HRRHEHES- ot
menbrane uni t | & A" QUG atiforiEdREA MEhER FmB@foRlthd ﬁ‘gﬁhn%ea:ma{ Fdper.

selected to

In another aspect of the present invention, a method may be conducted in which
moisture may be adsorbed prior to the use of the membrane system. In this aspect of the
present invention, the moisture is adsorbed from the feed stream to produce an
intermediate product stream and the intermediate product stream is introduced in the
membrane to form a permeate stream enriched in the ammonia. Thereafter, the permeate
stream is partially condensed to produce liquid ammonia lean in light impurities. A
stream of the liquid ammonia is introduced into a product pressure vessel and partially
vaporized to a delivery pressure, thereby to form pressurized ammonia vapor lean in heavy
impurities. The purified, pressurized ammonia stream is formed from the pressurized

ammonia vapor.

In another aspect, the present invention provides an apparatus for producing a
purified, pressurized ammonia stream from the feed stream comprising ammonia, moisture
and other impurities. In accordance with the apparatus of the present invention, a

membrane unit is provided. The membrane unit has at least one membrane selected to
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L3 i
forma perneate streamenriched in the ammonia and the noisture. An
adsorption unit is provided to adsorb noisture fromthe perneate stream A
product condensation vessel is used to partially condense the internediate
product streamto produce liquid ammonia lean in light inpurities. A
product pressure vessel is connected to the product condensation vessel to
receive a streamof the liquid and to partially vaporizing the liquid to a
delivery pressure, thereby to formpressurized ammonia | ean in the heavy
inmpurities. The product pressure vessel has an outlet for formng the

purified, pr e;&g,;% éegg,f: gg@&hﬁeﬁ&ﬁgﬁmé Qb ahd 3 $hbiltaRd ATTRGhAcY 8RPTs.

In yet anothe e presen nventi-on provides an apparatus 1 n which

the adsorpti O{kob'iﬂbd tof ddssrb rasiSaretfiont iR peRhedteisteail Qinpiddecticeadensationarssebis
produce an internedi ate product stream A nenbrane unit is, provided.  The

menbr ane uni tused o partidllycondepsethaintermedietearaduct stesamee produeeliquid smmopia l¢mat e
streamenriched.fromthe anmoni,a in the internedia roduy S - A
condensat i on #night F@P‘Bﬂlﬁ'i ggmfiﬁ?t RIS é[F"ﬁ?F%"HH%‘?%&%%Hg %Ez%gg?tncéoé?%@st%o? eam
to produce a ld.gyi Isfledn i ahdl 16 BartifyPyDEHEhg HeaRmil @ V/@Evely | S
connected to {’éﬁg&(lt:%f\égggés]gts?%n gir‘\l?‘te 19%1 raie%ei ela yg‘fér?’eam %f tﬁ% l'iquid f@ﬂc}),r
partial |y vapgeisate)thetdbe to founmi pegsarized dmimonés lgarpineths heavy imparitiesy The pfodneh
pressurized ammoni a vapor | ean and heavy .inpurities. The produyct pressure
vessel has anpressuresyessed hapamoutles fo5 famaing theaprifisdopfessud é’gmﬁ?%ﬁﬁ“%ﬁb om
pressurized a ni.a vapor. . As can be appreciated fromthe above
di scussi on, 8%68?'}{%%2 P82 8 owed by purification constitutes both a
purification step and a repressurization step without the use of a

mechani cal conpressor and the potential contam nation that could be
i ntroduced t her ebyln Yet anstbet #speatj the gmesentninvéntion |padvides ani apparafuspinrwhicle the

i ncl ude, nitrogen,, oxygen, carbon nonoxi de, cafbon di oxide, and.light.
hydr ocar bons 345eptigs “Pﬂg%ﬁ%ﬁ °§ﬁdﬂ"n@8\§9‘r‘? &Wr“ﬁ"’t feg‘g stream} QPEoquse %tgg’sealﬁf?d
heavy hydroc . s : ;

BRI EF DESCRI %&Qfﬁ dt;real%E Mw%&e unit is provided. The membrane unit has at least one

membrane and is selected to form a permeate stream enriched from the ammonia in the

intermediate products stream. A condensation unit is provided for partially condensing the
permeate stream to produce a liquid lean in light impurities. A product pressure vessel is
connected to the condensation unit to receive a stream of the liquid for partially vaporizing
the liquid to a delivery pressure, thereby to form pressurized ammonia vapor lean and
heavy impurities. The product pressure vessel has an outlet to form the pressurized

ammonia stream from the pressurized ammonia vapor.

As can be appreciated from the above discussion, the condensation followed by
purification constitutes both a purification step and a repressurization step without the use
of a mechanical compressor and the potential contamination that could be introduced
thereby. As used herein and in the claims, light impuri;cies include, nitrogen, oxygen,
carbon monoxide, carbon dioxide, and light hydrocarbons such as methane and heavy

impurities include the metals and heavy hydrocarbons.



VWil e the specification concludes with clains distinctly pointing out the
subject matter that Applicants regard as their invention, it is believed
that the invention will be better understood when taken in connection with
t he acconpanyi ng draw ngs in which: Fig 1 is a schematic view of
an apparatus for carrying out a nethod in accordance with the present

I nventi on; Fig 2 is an alternative enbodinent of Fig 1 for
carrying out a nmethod in acgcordance with the nprese ' ntion;

Fig 3is an alternative enitiEkdSCRIPTION.QFLHE HEMHOFi gs 1 and 2.

The Figures present alternative enbodi nents of the present invention. In
order to avoid duplication of explanation, reference nunbers for the sane
el ements have beenwhe @t ecifitation @oNdhided Wth¢1sigs distinctly pointing out the subject
DETAI LED DESCRI PTI ON Wth reference to Figs 1 and 2, an apparatus
1 and an appamattarsha Applicinty regandzasdhir invensiont it\is bslieved that theripygagon il be

net hods i n accordance with th resent .invention. CGeneral,ly.speaki,ng, in
bot h appar at uREHEr Wdgrstood 3 %?E(egm@aﬁlﬁ%@)n Wftﬂ frapgn¥ing %gss‘aa"hb@h a
conpressor 12 and filtered by a filter 14. Feed stream 10 has a typical
inpurity content of no greater than about 100 ppm of gaseous inpurities and
al so, up to about BEigQ ippstiematieviziv dfaniapparatus for sarryingrouti amethodi imaccondamcei a
and noi sture (dependi ng upon the particul ar enbodi ment set forth in Figs. 1
and 2) in feewiththepmsentanyestieincentrated in a menbrane unit 16 and noisture
I's renoved in adsorption unit 18 to purify the ammoni a.
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Fig 2 is an alternative embodiment of Fig 1 for carrying out a method in

accordance with the present invention;
Fig 3 is an alternative embodiment as applicable to both Figs 1 and 2.

The Figures present alternative embodiments of the present invention. In order to
avoid duplication of explanation, reference numbers for the same elements have been

repeated in the various Figs.
DETAILED DESCRIPTION

With reference to Figs 1 and 2, an apparatus 1 and an apparatus 2 are illustrated,
respectively, for carrying out methods in accordance with the present invention. Generally
speaking, in both apparatus 1 and 2, a feed stream 10 of ammonia is compressed by a
compressor 12 and filtered by a filter 14. Feed stream 10 has a typical impurity content of
no greater than about 100 ppm of gaseous impurities and also, up to about 100 ppfn of
metallic impurities. Ammonia, and/or ammonia and moisture (depending upon the
particular embodiment set forth in Figs. 1 and 2) in feed stream 10 is concentrated in a

membrane unit 16 and moisture is removed in adsorption unit 18 to purify the ammonia.



The streamresulting fromactions of menbrane unit 16 and adsorption unit
18 is partially condensed in product condensation vessel 20 and is then
partially vaporized in product pressure vessel 22 to a delivery pressure.
The condensation produces ammonia liquid lean in light inpurities and the
vapori zation produces ammoni a vapor |l ean in heavy and light inpurities. The
vapori zation wthin a fixed volune of the product pressure vessel 22,

rai ses the pressure of the ammonia to a delivery pressure wthout
subsequent conpression by a conpressor and thereby produces a product
stream 34. ' il [ LO.d,1f nangp ter
havi ng been corrpre?ée\éycﬁlt egrgﬁgs%%ligeig%r%?&%é\??gﬁ}eﬁ%F%églgéc}Giaﬁ?%ds;&}?t?ﬁer 1182{8
that is prefepauily chRaeBEEH Hrodict ¥BNRAAEDA vedselS200indafaaken pdrally ¥hpdrizedrin] in
size. It is understood however that filter 14 could be positioned upstream
of punp 12. Threduchirassute vessel 22ttp aalelivady prasswe.r cierqoniesition BeGUSEHARIRONIAh| ch
shal | be discuss i n mgre detail reinafter, is introduced into.nenhrane
Gt 16, Mok isan i BEh: gondiis and e Semar oS SRR Fepds e STRORY
whi ch noi st ur 3 Hig&gﬁ e ant T, w1 Ta i ' 28
concentrated ’i&rclia @%‘rtgo |é§'xih§)§, v%gg%gﬁﬁ%ﬁgéiaZ%@oxygeﬁ,&gurleg n,gﬁ;%éé%%gg]n,

ni trogen, met{assg 22 Nhises thel présdure of the ammohartb aajetiverpipresifie erthonsubbe et
one or nore nenbranes such as those forned froma coPoI yner of

t et r af | uor oet ¢ophmressioanky peomnresser avd tigrahy predugesparpduct streget M¥ne- sul f oni c
acid. Preferably, such a nenbrane can be prepared from NAFI ON pol yner
obtained fromE. I. du Pont de Nenours and Conpany of W/I m ngton, Del aware,
United States. Memyidngedifid tefekéhce 36 FiRel, Fectll shehd 19taR@LhAlingfbden @ufprtsdedibyl e
stage unit of the type in which a feed is further conpressed and )
recircul at ed emmpressor k2 ip éntroduded into aﬁ'éteem,ahaéisszrcfeahiygsise@i toheroostpasiiolesr al
of cascades of nbr.ane . Per neat e, st ream,26.,passes .t.hrou

adsor pti on un?ﬁaﬁﬁe Wﬂuﬁﬁrlé‘gh"b“ézedé%‘isdfﬁ gstoed ﬁ?%"rvﬁi a Wﬁ’éigé"f"&l& 8@0%?%‘%

t enper at ur e- syd i1®N heS 1 r t d i can
consi st of w%s?g?g%ggggx Tpo1 'agas/egér erﬁtféé\%h%ﬁﬁclgﬁ&goﬁegﬁﬂﬂg@hégg o', bubich

5 shall be discussed in more detail hereinafter, is introduced into membrane unit 16.

Membrane unit 16 is designed to produce a permeate stream 26 in which moisture and
ammonia have been concentrated and a rejected stream 28 concentrated in carbon dioxide,

carbon monoxide, oxygen, argon, hydrogen, nitrogen, methane and the like.

Membrane unit 16 can consist of one or more membranes such as those formed
from a copolymer of tetrafluoroethylene and perfluro 3, 6-dioxa-4-methyl-7-octene-
sulfonic acid. Preferably, such a membrane can be prepared from NAFION® polymer
obtained from E.I. du Pont de Nemours and Company of Wilmington, Delaware, United
States. Membrane unit 16 can be a single stage or a known multiple stage unit of the type
in which a feed is further compressed and recirculated so that a permeate or retentate

stream passes through several of cascades of membranes.

Permeate stream 26 passes through adsorption unit 18 which can be designed to
operate in accordance with a temperature-swing adsorption cycle. In this regard,
adsorption unit 18 can consist of multiple beds of adsorbent which can contain either
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alum na or zeolites such as 5A or 13X to renove noi sture and any resi dual
car bon di oxi de. In a tenperature-sw ng adsorption process, beds of
adsorbent are regenerated and operated so that each adsorbent bed is

subj ected to adsorption phase in which the bed is on-line and adsorbi ng

noi sture and residual carbon dioxide. Wile a previously regenerated bed
is brought on-line, the current on-line bed is then brought off-line for
regeneration.. Al though not specifical illustrated, but, in a kngwn manner
and ¢ hrough. EMEIRR g groligs) suck 58 Saiek for Eove MG e trifunlatartin t he
bed is first yented to atnmosphere, fromits inlet, to initiate desorption
of the previ ously adsorbed ammoni a. Thereafter, the bed is purged with a
purge streamto renove ammonia fromthe void spaces within the adsorbent
bed. A hot purge streamfollows next to drive out noisture that has

previ ousl y been alisatdmpgragye-swingeadswptinanprocsss, hedsioiCadsprbenfare pogenenmated &l used

fTnal step | PERed Dt Gtk aisaibeh bedin ubler e kalOmyaR b Y BB PR ze
the bed wi thopradugls. adsorbing moid etée}@ rdstddat Eﬁjoﬁxg Bohadi ranlle 2 #&ishsly

nitrogen stream 30 1's then 1 ntroduc Into the d 1n the purge step
di scussed abeagenerdthd bed @ bronglitrangiae, the cueeoveanr-bok bsd & them deought effiiind Zor
Thereafter, cold nitrogen stream 30 i s _heated and introduced as_a hot purge

stream The FREENGEIGe /Stpaghnalspestisalinillustiated, Bkin 8 knewr manRes apd faroughdhe
al though not 1] lpStiptadn TRYe Bfes e@fri[ngoth% nr%génlé%%ﬁ, g% E)&f"?é’ ir@Vente@Sigiual
?’art (0] e a proau 4{1

ammoni a bef ore bei ng vented. ni-a ct stream can be

reci rcul at ed afSosphe?é, 0018 tits led) @o Shifife MestiptidnCofl the paslinely ddibbed Afmonia.
t enper at ure-swi ng adsorption unit to drive out nitrogen. This produces an

anmoni a pr oddberepfiargthe died da purged twithsa pluege stwsam\ierrethods amunogia Fomethenvaid
Thi tion i trol]ed, b | ve, 38. The inl | ve tq.the bed. bei
fegener at od SeenBHABIE et i “Epdichnes Frredebloventiiss e PusBhistie
the bed to opgf fid HBAbusRY %ﬁ‘éﬁé%r@é&%y%&?ds@ﬁﬂn&%p%u&%%&&éﬂ%é:%e%@&'ﬂht

on-1line. .
A val ve 40 cdfivbeutagsidvablcdnstituerits oftthe eold midjkot purge atreddds. i THedinal gtep Yeo slosecam

condensati on vessel 42. Purge_ stream condensation vessel 42 can be a
cont ai ner or offdhekqttom of the adsorbent bed and repressurize the bed with product.

In the illustrated embodiment, a cold nitrogen stream 30 is then introduced into the
bed in the purge step discussed above. This cold nitrogen is recovered as a purge stream
32. Thereafter, cold nitrogen stream 30 is heated and introduced as a hot purge stream.
The hot purge stream drives moisture out of the adsorbent and, although not illustrated,
may be sent to a scrubber to remove any residual ammonia before being vented. Part of
the ammonia product stream 34 can be recirculated as a product purge stream 36 and
introduced into the temperature-swing adsorption unit to drive out nitrogen. This produces
an ammonia product purge stream that is also recovered as purge stream 32. This action
is controlled by a valve 38. The inlet valve to the bed being regenerated is then closed so
that product purge stream 36 repressurizes the bed to operational pressure and such bed

can be subsequently brought on-line.
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sitting within a carbon dioxide bath or any other |owtenperature source.
Purge stream 32 partially liquefies within purge stream condensati on vesse
42 to separate out the nitrogen as a vapor. The residual of liquid amonia
(designated by reference nunber 44) contained within purge stream
condensation vessel 42 is also lean in |ight conponents of the inpurities.
Aliquid stream 46 formed from such residual l|iquid, under control of a

2gai n can be & coft BR) GRS bp dBeHtLe, BN BEE SEF Shi o AN AToxi de
bat h or othe j t : ] ;

Stroam 19 | erpR R SRR LR O vessl e By Sy e,

| i qui d anmoniigtingtwithiva éfbon dioritebalvoanyathes Idviresmperdture dntres] Pisgesticamdi2d
stream 50, control|ed by a valve 52, into product pressurization vessel 22
where it parpataliyligngfies wisis puxge steameendspsation vessl fé to separate ot thewitragdoni a
vapor can be_recjrcul at,ed recircul ation Strea openi.ng a,wal ve
56} “back o EAGARGh: | T wacud OB acipin (e Rt bR, MsPe 4P
condensation W Bhi ' L tik 9IRE thhn S iR BeRSeRen® of
ammoni a | i quf%}&{ at hagbg%gh%fg%rrl %%a?ﬁn%gﬁgdit g(\gllaporli zlggi og@ves??e? 22
Upon t he opetherimpofities. \Aligaid S&eam d6 foineedsfrore ameh2eesidsal \mpitk; nadat contaolaof a

vapori zer 60 and then recircul ated back to nenbrane uni 6 for, further
puri fi cati onvalve 48, 1s then Jgtrdisgdcfios RIPGHC! FORTERBHeR: CHATIOET 35 which Again fa8;bs%e

product stregih kel WPQ{sQ\E{P%&Ff TR AURRA E&pquﬁ!ﬂo%idfl%aﬁa”& AEAGitale foi2d
moi sture renmoved do 0 level'sof "approxi natel y bellow 1 ppm 'Recovered

l'i qui d amoniesnpéatire Osoufter gelnfermedise Sprodadn Ktfeaa 10T ii dftroducéd rintoapesduger 47
and conbined with internedjate product stream 19 The conbined streamis

t hen i nt r odueendensation wessad r28radongnwith liguid)ammenia sarans ¢@ o diquid emmeniacis theay  of

t he enbodi nents ,di scl osgd.above at th cove .ammoni a, f rom put ge
Stream a2 | SAsR e = el St ol tosafied B 8 G S 38 AR pRSTREHA .
what a_ condedsgsi DnwNEs sitartidly RapOPRS kd BroBudtPdntiBolid vaght. it ¢l (RO akfhonia
appreci ated, although not" illlUstrated, a recycle stream such as recycle
stream 24 i | vapt can bel réaircilatgd ag a recirculation etgent 84 (bpokerting avalye £i6¢ back to

7 unjit 16. It is to be noted, however, that fhe use of a recycle
streamis opfonsgasatipyyesgsl 2f o Tuther pariication Py Berial cqadensating Reeyals siream 4

product purg . : 0 i [ fimal L or :
illustrated) &r%%&@%tﬁ%@ngd?%@s%$§gl%ﬂ§% ggun;‘filtgét ?ér% gﬁqpc%ggéhs@r?e or
mor e product paddetivapetidatiok sesgely220 eUpsie thef apening & aavalved 58 ckecyicles stegamg@4 dkur i ng

the purification process. ) .
vaporized via a vaporizer 60 and then recirculated back to membrane unit 16 for further

purification.

With additional reference to Fig 2, intermediate product stream 19 is produced
from adsorption unit 18 and hence, has had moisture removed down to levels of
approximately below 1 ppm. Recovered liquid ammonia 44 from purge stream 32 can bg
vaporized within vaporizer 47 and combined with intermediate product stream 19 The
combined stream is then introduced into membrane unit 16. It is understood that for either
of the embodiments disclosed above that the recovery of ammonia from purge stream 32 is
optional. The resultant permeate stream 26 is introduced into what a condensation vessel
20 by opening a valve 62. As can also be appreciated, although not illustrated, a recycle

stream, such as recycle stream 24 illustrated in Fig,. 1, can be recycled back to membrane
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Wth additional reference to Fig 3, the enbodi mrent shown in Fig. 2 (or Fig.
| for that matter) can be nodified by provision of a valve 66. Valve 66 can
be opened so that a liquid stream64 is recircul ated back to product
condensati on vessel 20 or sent to drain. Valves 68 and 70 control the flow
direction for such purposes. The advantage of such possible enbodinent is
that the recirculated liquid partially condenses and then partially

vapori zes again to increase product purity. In all of the

enbodi ments di scussed above, a packing material may be installed in product
condensati o sql:. 20 r .

pur 1 cat i o8P o infe pf RS bRBF G I R 2 3 feol 12 SGaut s ohoB TR ¥ of
mechani sm cafie ahbétilenty 8&Gribed Hegid, IR pré@dt FRPPSRSMOI4Scas e ithet GioRI @S SOr
12 to produce a feed with the required pressure for tenperature-sw ng

adsor pti on dinahpregneidd (apilinstratesy,. or from intermediie produpicstieamd At T all kages,vaen

described with reference ref.err ed, enbodi t s will occur to those
SRir T eq’ b 0GR Snd el RRTRE b MR K TEe L and Brofict e g o
wi t hout depaytifRgidaRéRetde spirit and scope of the present invention.

8 aHutnV%Js gngj)me 1. A nmet hod of producing a purified,

pressuri zed anmonia streamfroma feed

With additional reference to Fig 3, the embodiment shown in Fig. 2 (or Fig. 1 for
that matter) can be modified by provision of a valve 66. Valve 66 can be opened so that a
liquid stream 64 is recirculated back to product condensation vessel 20 or sent to drain.
Valves 68 and 70 control the flow direction for such purposes. The advantage of such
possible embodiment is that the recirculated liquid partially condenses and then partially

vaporizes again to increase product purity.

In all of the embodiments discussed above, a packing material may be installed in
producf condensation vessel 20 and/or product pressure vessel 22 to enhance purification
efficiency. Another point is that the pressure generation mechanism can also be used to
replace feed compressors such as compressor 12 to produce a feed with the required

pressure for temperature-swing adsorption or membrane operation.

While the invention has been described with reference to preferred embodiments,
as will occur to those skilled in the art, numerous changes, additions and omissions may be

made without departing from the spirit and scope of the present invention.
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streaﬁ1conprising ammoni a, noi sture and other inpurities, said nethod

conpri si ng: introducing said feed streaminto a nenbrane selected to form
a perneate streamenriched in said anmoni a and sai d noi sture; form ng an

i nternedi ate product stream by adsorbing noisture fromsaid perneate

stream partially condensing said internedi ate product streamto produce
liquid ammonia | ean in |ight conponents of said other inpurities; and
introducing a streamof said liquid into a product pressure vessel

partially vaporizing said liquid to a delivery pressure, thereby to form

pressuri zed a%l)&ia vapor 1ean in heavy conponents of said other
inpurities; a M ming said purified, pressurized ammonia stream from

sai d pressurized ammoni a vapor. 2. A nmet hod of producing a purified,
pressurized ammonia streamfroma feed stream conpri sing anmoni a, noi sture
and ot her inpur.iti Asmethad df rpedduethgco potitied, ngessurizzdsaninonig steam framsa decd
fromsaid feed streamto produce an internedi ate product stream .

i ntroduci ng séirean oomrising amreoniz, Geristireend other inmusttigs, saidimethed comprisingy ¢ o
forma perneate streamenriched in said anmoni a; partially condensing
said perneate streamto produce |liquid ammonia lean in |ight

introducing said feed stream into a membrane selected to form a permeate stream

enriched in said ammonia and said moisture;

forming an intermediate product stream by adsorbing moisture from said permeate

stream;

partially condensing said intermediate product stream to produce liquid ammonia lean in

light components of said other impurities; and
introducing a stream of said liquid into a product pressure vessel;

partially vaporizing said liquid to a delivery pressure, thereby to form pressurized

ammonia vapor lean in heavy components of said other impurities; and

forming said purified, pressurized ammonia stream from said pressurized ammonia

vapor.

2. A method of producing a purified, pressurized ammonia stream from a feed

stream comprising ammonia, moisture and other impurities, said method comprising:

adsorbing said moisture from said feed stream to produce an intermediate product

stream;
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conponents of said other inpurities; and I ntroduci ng a stream of said
liquid into a product pressure vessel; partially vaporizing said liquid
to a delivery pressure, thereby to form pressurized amoni a vapor lean in
heavy conmponents of said other inpurities; and formng said purified,
pressurized ammoni a stream from said pressurized amuni a vapor. 3. The
met hod of claim1, wherein: said noisture is adsorbed in adsorbent beds

subj ected to an out-of -phase cycle so that whjle each. of Saiﬂ% %dsoiobent
beds is adsoriBirpdpcing gidonermediate jrogduch stregheinift ReMCHBERNE SSelfeted) 10, 10T, 4

bei ng regenerate Lect] r bed to the steps of nitrogen
purging to hek %‘%@%ﬂgﬁIcﬁ%d;g‘fs%%ﬂl?/rgélgg’spaces I n adsorbent contai ned

wi thin said adsorbent beds, thereby to forma purge product stream
conprising nitrogen and amoni a, heated nitrogen purging to cause
desor ption of patally cwidshsing saitl hpermbate tstreara go rprodice liquidl agumaniddean, inglight
product purge with a product purge.streamto purge nitrogen introduced by
sai d nitrogencmnﬁ@épgﬁlﬁ?é‘?g&@g‘“ﬁﬁﬁﬁ? g steps, and a repressurization
step to bring said at |east one other bed up to operating pressure so that
it can be brought on-line to adsorb noisture; and sai d product purge
streamis forii'iﬁﬂdﬁdixigi[aﬁﬁafn offsadaiqulidiuto 4 product presasevéssdld armoni a st ream
10 4, he met hod of claim 3, wherein: sai d purge product
streamis cooled so that said ammoni a contained therein is liquefied

partially vaporizing said liquid to a delivery pressure, thereby to form pressurized

ammonia vapor lean in heavy components of said other impurities; and

forming said purified, pressurized ammonia stream from said pressurized ammonia

vapor.
3. The method of claim 1, wherein:

said moisture is adsorbed in adsorbent beds subjected to an out-of-phase cycle so that
while each of said adsorbent beds is adsorbing said moisture, at least one other bed is
off-line and being regenerated by subjecting such other bed to the steps of nitrogen
purging to help femove ammonia from void spaces in adsorbent contained within said
adsorbent beds, thereby to form a purge product stream comprising nitrogen and
ammonia, heated nitrogen purging to cause desorption of said moisture, thereby to
regenerate said adsorbent, a product purge with a product purge stream to purge nitrogen
introduced by said nitrogen and heated nitrogen purging steps, and a repressurization
step to bring said at least one other bed up to operating pressure so that it can be brought

on-line to adsorb moisture; and

said product purge stream is formed from part of said purified, pressurized ammonia

stream.

10
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and séparated from said nitrogen; and a liquid anmonia streamis
introduced into said |liquid ammoni a condensed fromsaid internediate
product stream 5. The nethod of claim 2, wherein: said noisture is
adsorbed i n adsorbent beds subjected to an out-of-phase cycle so that while
each of said adsorbent beds is adsorbing said noisture, at |east one other
bed is off-line and bei ng regenerated by subjecting such other bed to the
steps of nitrogen purging to help renove ammonia from void spaces in
adsorbent contained within said adsorbent beds, thereby to forma purge

product stream conprisi N &I .ammoni a, heated nitrogen purging to
<R B LS SRRy

cause desorption o ﬁereby to regenerate said adsorbent, a
product purge with a product purge streamto purge nitrogen introduced by
sai d nitrogen and heated nitrogen purging steps, and a repressurization
step to bri ngsaihpargaprdductssreamds oediedt schibat said aomopiaregntaingd sheseisuis dquefiedhat
it-can be brought on-line to, adsorb isture; and sai d product purge
streamis for eP?’GW&QP’tsaEﬂ‘mgagﬁl;ﬁéH)i fied, pressurized anmonia stream

6. The nethod of claimb5, wherein: sai d purge product streamis cool ed
so that said ammonia contained therein is liquefied and separated fromsaid
ni trogen; anda liquid ammonia stream is introduced into said liquid ammonial ¢ondensed from saida

|l iquid anmoni a streamis_vaporized and introduced into said menbrane.
intermediate product stream.

5. The method of claim 2, wherein:

said moisture is adsorbed in adsorbent beds subjected to an out-of-phase cycle so that
while each of said adsorbent beds is adsorbing said moisture, at least one other bed is
off-line and being regenerated by subjecting such other bed to the steps of nitrogen
purging to help remove ammonia from void spaces in adsorbent contained within said
adsorbent beds, thereby to form a purge product stream comprising nitrogen and
ammonia, heated nitrogen purging to cause desorption of said moisture, thereby to
regenerate said adsorbent, a product purge with a product purge stream to purge nitrogen
introduced by said nitrogen and heated nitrogen purging steps, and a repressurization
step to bring said at least one other bed up to operating pressure so that it'can be brought

on-line to adsorb moisture; and

said product purge stream is formed from part of said purified, pressurized ammonia

stream.
6. The method of claim 5, wherein:

said purge product stream is cooled so that said ammonia contained therein is liquefied

and separated from said nitrogen; and

11

O



7. *The method of claim1 or claim 2, wherein said part of the liquid
ammoni a condensed fromsaid i nternedi ate product streamis recycled as a
recycl e stream back to said nenbrane. 8. The nethod of claim1 or
claim2, wherein part of the pressurized amonia vapor is reliquefied al ong
with said internedi ate product stream 9. An apparatus for producing a
purified, pressurized ammonia streamfroma feed stream conpri sing amoni a,
noi sture and other inpurities, said apparatus conpri sing: a menbrane unit
having at | east one nenbrane selected to forma perneate streamenriched in
said ammoni a and.saj i , ' uni g b noisture
fromsaid pera}iﬁg“flg%ﬂ}oﬁnﬁ?& %gs ‘p’)a gggeéitaagl ?g%tg%dﬁggxlﬂgﬂn&%@g@pﬁ?% partially
condense said internedi ate product streamto produce a liquid lean in |ight
conponents of said other inpurities; and a product pressure vessel
connect ed to Bai d Preonethod ofralaims htor slrime2swherein said phy of dhe liguidramoriai d

liquid f tiall | Zi id ljquidt del i b
to 1 or m pr escimAsual BARCRICITARER A BaRiort sy Rexisb Ahies OF SEehrhoadclE

i mpurities; a?@QOBfaBQUCt pressure vessel having an outlet of for formng
said purifi eds, préessurized amoni a stream from said pressurized anmoni a
vapor. 12

8. The method of claim 1 or claim 2, wherein part of the pressurized ammonia

vapor is reliquefied along with said intermediate product stream.

9. An apparatus for producing a purified, pressurized ammonia stream from a feed

stream comprising ammonia, moisture and other impurities, said apparatus comprising:

a membrane unit having at least one membrane selected to form a permeate stream

enriched in said ammonia and said moisture;
an adsorption unit to adsorb moisture from said permeate stream;

a product condensation vessel to partially condense said intermediate product stream to

produce a liquid lean in light components of said other impurities; and
a product pressure vessel connected to said product condensation vessel to receive a
stream of said liquid for partially vaporizing said liquid to a delivery pressure, thereby to

form pressurized ammonia vapor lean in heavy components of said other impurities;

said product pressure vessel having an outlet of for forming said purified, pressurized

ammonia stream from said pressurized ammonia vapor.

12
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10. An apparatus for producing a purified, pressurized anmonia stream
froma feed stream conprising ammoni a, noisture and other inpurities, said
apparatus conpri sing: an adsorption unit having an adsorbent to adsorb
said noisture fromsaid feed streamto produce an internedi ate product
stream a nenbrane unit having at |east one nenbrane selected to forma
pernmeate streamenriched in said anmonia fromsaid internedi ate product
stream a condensation unit for partially condensjng said perneate stream
to produce a 19-quifneepasatnioripsprucg ArEisdspressub zdApmARA sty diom adeedyng

a product pressure vessel connected tg sal n t s I [.ve a
stream of sai %Ie%‘\nqct?fr gm‘?l&g aB“eS‘?‘F\?%|“?‘§}S‘\¥§68§P§\e§§“§§?‘§g|s?‘%? gzﬂ' %‘ t](ijls g&{:}éﬁi& ry
pressure, thereby to form pressurized amoni a vapor | ean in heavy
conponents of said other inpurities; the product pressure vessel having
an outl et to dmadsoption upit havingdn agsoghentito adsorbamidomoistuse fremrsaidrieed siegam to
pressuri zed amTBni a v.afggl. .. 11, The apparatus of claim?9, wherein:

sai d adsor pt | RO a0 intgEnediate, PiodHet sHEATS subj ect ed to an out - of - phase cycl e
so that while each of said adsorbent beds is adsorbing said noisture, at

| east one other bed is off-line and being regenerated by subjecting such

ot her bed to i hgentir@Rsusit havikg @ dsasporegmdthbiae elepted aotform anparnieatef steamvoi d
spaces in adsorbent contained within said adsorbent beds, thereby to forma
pur ge product ensichediin seishammenia fom saidogtermediate araduat Wealeat ed ni trogen

purgi ng to cause desorption of said noisture, thereby to regenerate said
adsorbent, a product purge with a product purge streamto purge nitrogen

i ntroduced by, %@ﬁdénéﬂﬁ%ﬁ%ﬁ%ﬁﬁ%tiﬁﬂ%‘%@r@ieﬁéihg Q&I PeRHEAL Bigead! RPProd@tda Hiquid

repressurization step to bring sai
13 lean in light components of said other impurities; and

a product pressure vessel connected to said condensation unit to receive a stream of said
liquid for partially vaporizing said liquid to a delivery pressure, thereby to form

pressurized ammonia vapor lean in heavy components of said other impurities;

the product pressure vessel having an outlet to form said purified, pressurized ammonia

stream from said pressurized ammonia vapor.
11.  The apparatus of claim 9, wherein:

said adsorption unit has adsorbent beds subjected to an out-of-phase cycle so that while
each of said adsorbent beds is adsorbing said moisture, at least one other bed is off-line
and being regenerated by subjecting such other bed to the steps of nitrogen purging to
help remove ammonia from void spaces in adsorbent contained within said adsorbent
beds, thereby to form a purge product stream comprising nitrogen and ammonia, heated
nifrogen purging to cause desorption of said moisture, thereby to regenerate said
adsorbent, a product purge with a product purge stream to purge nitrogen introduced by
said nitrogen and heated nitrogen purging steps, and a repressurization step to bring said
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at |east one other bed up to operating pressure so that it can be brought
on-line to adsorb noi sture; and said adsorption unit is connected to said
outl et of said product pressure vessel so that said product purge streamis
formed frompart of said purified, pressurized amonia stream 12. The
apparatus of claim 11, further conprising: a purge stream condensation
vessel connected to said adsorption unit for cooling said purge product

stream thereby to liquefy said ammpni a contained therein and heref,or
separate sai it e&%hqf &R uRfQonerating gesssurg seythat & gagy g’f) g‘fob‘gﬁ"s‘l“r' ]té'éﬁﬁ“ adsor
condensati on ve.%ﬁgl, ig connected to said product condensation vessel so
that a |iqui g i?8%streamis introduced into said product condensation
vessel . 13. The apparatus of claim 10, wherein: sai d adsorption unit
has adsorbent beds subjected to an out-of-phase cycle so that while each of
sai d adsor bendaidadberptionaunkitds lspmgcteditel saidicutlet of said produeftpressureoyaseal spdbati s

off-line and bej ng regenerated by,subjecting, spch,.other.bed to the steps of
ni trogen pur gﬁahiqpﬁ%éuﬁe?“ﬁger W%ISM?A §°fnr B%? \9)%)I sad QBQE%S@ Rigssutized, %%‘HP‘“Q
cont ai ned wi tg‘)_]@egmsai d adsorbent beds, thereby to forma purge product
stream conpri'sing nitrogen and ammoni a, heated nitrogen purging to cause
desorption of said noisture, thereby to regenerate said adsorbent, a
product purge with a product purge streamto purge nitrogen introduced by
sai d nitrogenlZand Hesapparatisof e'gtm 1 feghes GoBPEREE: and a repressuri zati on
step to bring said at |east one other bed up to operating pressure so that
it can be brought on-line to adsorb noisture; and

14 a purge stream condensation vessel connected to said adsorption unit for cooling said
purge product stream, thereby to liquefy said ammonia contained therein and therefore

separate said ammonia from said nitrogen; and

said purge stream condensation vessel is connected to said product condensation vessel

so that a liquid ammonia stream is introduced into said product condensation vessel.
13.  The apparatus of claim 10, wherein:

said adsorption unit has adsorbent beds subjected to an out-of-phase cycle so that while
each of said adsorbent beds is adsorbing said moisture, at least one other bed is off-line
and being regenerated by subjecting such other bed to the steps of nitrogen purging to
help remove ammonia from void spaces in adsorbent contained within said adsorbent
beds, thereby to form a purge product stream comprising nitrogen and ammonia, heated
nitrogen purging to cause desorption of said moisture, thereby to regenerate said
adsorbent, a product purge with a product purge stream to purge nitrogen introduced by
said nitrogen and heated nitrogen purging steps, and a repressurization step to bring said
at least one other bed up to operating pressure so that it can be brought on-line to adsorb

moisture; and
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sai d 5dsorption unit is connected to said outlet of said product pressure
vessel so that said product purge streamis forned frompart of said
purified, pressurized amonia stream 14. The apparatus of claim 13,
further conprising: a purge stream condensati on vessel connected to said
adsorption unit for cooling said purge.product stream thereby to |iquefy
sai d ammoni a contai ned therein and therefore separate said amonia from

said nitrogen;  and a vapaori zer connect ed to ai.d pur stream
condensat i on i 9d5t°67’fl¢§|c}’é¥ti ig corpectrd Amsaidi Odlﬂéb ‘g@EP%P%eP@SHm aseel sodhaty

vaporizer conpe [ : : ed
in said vaporf‘aiépﬁi%ﬁ%‘top@g‘% gﬁcrelg%%%e %ﬂ b it ggﬁlgq#ﬁlgg%f ar g?gesdv%ﬁ&%él m 9
or claim 10, whapein said product pressure vessel is connected to said
menbrane unit so that part of the liquid anmonia condensed from said

i nt ermedi at e product stream is recycled as a recycle stream back to said at
| east one nenbrane, ¥he, aggﬁéﬁus of claim9 or claim 10, wherein
sai d product b‘!‘essrﬁli“’eaRPé%a?éP clairp SEMBIERBd product condensati on
vessel so that part of the pressurized amonia vapor is reliquefied al ong
Wi th said internedi ate product stream

15 a purge stream condensation vessel connected to said adsorption unit for cooling said

-

purge product stream, thereby to liquefy said ammonia contained therein and therefore

separate said ammonia from said nitrogen; and

a vaporizer connected to said purge stream condensation unit to vaporize said ammonia

contained therein; and

said vaporizer connected to said membrane unit to introduced ammonia vaporized in

said vaporizer into said membrane unit.

15.  The apparatus of claim 9 or claim 10, wherein said product pressure vessel is
connected to said membrane unit so that part of the liquid ammonia condensed from said
intermediate product stream is recycled as a recycle stream back to said at least one

membrane.,
16.  The apparatus of claim 9 or claim 10, wherein said product pressure vessel is

connected to said product condensation vessel so that part of the pressurized ammonia

vapor is reliquefied along with said intermediate product stream.
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