ON- SI TE GENERATI ON, PURI FI CATI ON, AND DI STRI BUTI ON OF
ULTRAPURE ANHYDROUS AMMONI A CROSS- REFERENCE TO RELATED
WRRBEN (5473 ONS [ 0001] This application clains tPer/us2005/017085
benefit of U S. Provisional Applicant No. 60/572, 256,
filed May 18, 2004, which is incorporated inits
entirety herein by reference. BACKGROUND OF THE
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and nore speci f IRKHEREANHYDRQUStAMMONIAr ocess for
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[0003] "@9@%@&@&&%% o AvLECREISNse
1000 cui cod BB oA GO g BEFEasiaas. Ao Applicant No.
60/5721256 SRRH MayIEITROGS With fshcoRibt %&ﬁht@aﬁlr %}e@ﬁb reference.
properties “of the actual seni conductor eri al

have properti %%he Séﬁsgf@) b@erhﬁq@jvﬁqg}b&t rinsi c
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C senm conductors invol ves the use of
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amm@ig-i ty of the reactive gases plays a large part in
determning the resulting quality of the sem conductor,

2. Dederiptien bbthePnienAiftact ured, and in particular, the
electronic quality and characteristics of the
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critical to ufactuT ng .ca aci ti sandé/ el d
purlﬁ%algpﬁ) gases useful 1n microelectronics processes have experienced extensive

technological effort and advances.

[0004] Ultra-pure ammonia is an example of the gases in demand by the
semiconductor industry as the use of ultra-pure ammonia in semiconductor and compound
semiconductor device manufacturing has gained ascendancy in the past decade. Specifically,
ultra-pure ammonia is used in nitride manufacturing processes for the production of high

brightness blue and white LEDs (light emitting diodes), high performance optoelectronics,



conplexity to ammonia delivery installations is the
recent need to sustain high flowrates. To aid this

wo e@adiesasmoni a del i very systens have noved frBam/us2005/017085
cylinder quantities, e.g., with a nom nal capam ty of

about 23 kg and ton container quantities,
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el ectrochem cal di ssqciation, and urea decorrposn tion.
Howeyffe thaggaiemepteyd RSTHERS TEIBRETENtY Al LaHy @ PhY@HIngfactors in this

{
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ultra-mn@@mwmas a proven | arge-scale industrial process;
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process has been proposed by some in the sem conductor

dissocistignstndyuras depenmosidienal he Habes-Baseh prdsess Bawe basspeschssisogen
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ammofifi, UNSRIPRESS ASRTCRTS HOLRESE A0Y PEIRSHR oHYEVHal 5,8 e
syntheBisON LA nrieN 81kR1i lridtal Sl & clRéesl et it nitB&Bintroduced at the cathode

and hydrogen introduced at the anode. The electrochemical dissociation process also

operates at elevated temperatures (e.g., at 400°C) but at ambient pressure. While utilizing



and has a high risk of alkali netal contam nation.
Anot her concern with adopting these two processes for
w@eonenatseng ultra-pure ammonia it that the HabetrBs®0$017085
and el ectrochem cal distribution processes require
rge anounts _ of hydrogen, which adds _significantly to
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sem conductor i ndustry. [0007 nce, there remains a
of operetemi froamingpracgeaeratien fasty.aAdothyrpreesss fargegemnting pinmynia is

| tra-pur.e.a nia use .in the senm conductor and .
throudy e BRI TORE b Bt Peok i PGS RESEA T uf 2R ipas
recentMpbeeh iB€orpoMmtdddHioarontpléfe phckiabed plast Reizhsd faleBRiRfhehOystems

Igh flow rates of amonia while also providing a
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in theS@MidoRhororTHMARY OF THE I NVENTI ON [ 0008] Thi s

invention provides a novel nethod and system for
[0007pr oduciHepcanierd edrhains & needfogimapgrbosi methbdaraugystearTfongemerating

for manufacturing sem conductor and cgonpaun
ultra-RURARGIINA RS ISR E SR s g et g éféfﬂrably, such
methd 3488 5§ EhbildMR B kIed REREet R inkRLHRs d8hbYEfof high flow rates

containers or stationary storage tanks %y'prOV|d|ng an
of ampensi Whilgalerproyiding a sdercopatating famintyrihat requires fiess gbatement
‘ ubsequently fed into an on-site downstream
Conr(fjfijrification systemthat is fluidly connected on-site

to an ammoni a generating reactor. [0009] More

specifically, tSUMMARNOPOTHY IWERTIONTEt hod for

on-site generation and purification of ultra-pure _
[0008RMMONI Fhidialeritida | proigesIaRREPhEMEd aRBRten Fdt prod RaLL M,

_ thereby producing a first effluent conprising amonia
delivesing highpflewt vlge-punearmgsiader prodactimeg sy conduoior andregmpound

. inel ude, ren lipted to. catalyti.c.on;site

semich ey 8RB RBba L e E R B b R for aree

deliveg @ B&itahERDr sAtitnON sHrdge tikd belpystidingfan Wh&ate plstepifor Eynerating
t he generated anmonj a, the net hod incl udes

ammanizy MY is sppeaptlyifed int an prysitg dewnsiresy puFifisgliqnosystem that is

idl ng; hd Y | uch as to a purity

flui féve%agggagg?“¥ﬁg%hg%3§n%8%%g¥£#%mgﬁe preferred

[0009¢bodi et spdcifidaily, thisviewdntion pravindesfaimethod fdrlonesitie geseration and
transf.erred to a first absa%Ption apparatus. fluid

purifigafion QL PHER-RUC eREqniaptinclugies geppiati O 2 fFﬁCé!”)’/ thereby
produb@i RAHs(CINbdm ¥8SipMbih D aRRRRA LI npN8Ed. IMEthehS bﬂﬁﬁg%ctn@g the

provide a first overhead fraction of carbon dioxic
ammagirdmay mstudanpiprenasflindtaddni catadyits watiteranameonia generation,

bottom fractionincludi ng anmmoni a, ter, .mmnor unt
ctectrgheirCRl 8 S afffisdte iR d I8 i ISR viaentien SEC PR e
generdted Boehohls tHeahethod Indtl@iss frimnsfing tHe T st dTRudrt 16 b phefiéMidh
fraction to a first distillation
process and purifying the ammonia, such as to a purity level greater than 99%.
[0010] In one preferred embodiment of this invention, the first effluent is transferred
to a first absorption apparatus fluidly connected to the reactor. In this embodiment, the
method continues with absorbing the first effluent to provide a first overhead fraction of

carbon dioxide and minor amounts of ammonia and water and a first bottom fraction



apparatus fluidly connected to the first absorption
apparatus. The first bottomfraction is distilled to
w@emsiitdas2a second overhead fraction includi ng BOMUSE085/017085
havi ng mi nor anounts of water and trace |evels of
) i.mpurities and a, second bottomfraction of water and
mclu(#,}png

BTN, Riaker oIngEABAPALS of erThan dipkidenanddmee dovsls ofumpurities.
The Méthéd fulr @ APILHBE SREQAR: ﬁl\éeﬂ'ra%?@ofl{ kiR o étﬁrrﬁ Lﬂl@ﬁlllﬁtlon
first purification systemfluidly connected to the
apparpfus gluidly serirlebtad ito theefppaabserption appardtus. sThedfist lbdttom fraction is

. aratus includes a fi.rst purifier materjal.
distilBFRT PR E S Bl eutad B5Rto DF b gl arlRomh haying MHags agpunts of
water 238 $rab & RV eld RO thp il @Ad B@E@oﬂ@%@ftoﬁ"iﬁcﬁéﬁ bewarl ¥nd hﬁ%ﬁﬁ amounts
t han about 100 ppm water along with m nor anounts of
of amgpgmifon di oxi de and trace |evels of other inpurities.
he ne inc n e s
o11[7°, e e pdhd (5l LAk M S e Bobhd By SEERMthatign ghrguen a

first pmﬁnamsﬁem ﬂlh&lyfdohﬁéctermtbltﬁe fint dnllaist ppuratilze THhegead
rification systemincludes a second purifier
dlstﬂlﬁﬁ%?rrpérawsomﬁlwé% HEIShPYIHIST Anaserial (Rprovisie as REiME & seraud gffluent

o 40,3 00RO A 88y o
ppm \aatdr dlppg with eviebsanodunid dife;rarbdnrpiuaixidé asl trdd@0&]s diteher impurities.

ontinyes.with transfer the third effl yent
The ol SaBBit BET Ao e it e L (Pt Sec0BR AU ggon system
fluidly Soririe6ted 6 AU B UHACERSH BRtedY STIRMecHUb TR tion system includes a
distilling the third effl’'uent to provide a third
second pri fieragaterialdp ipeeviderm thindraffleend v Eathmadiaf reaitg loss thm HBe0 ppm
unt s of

water 84 Rles GBI R R e SR ARL T HED SrBrd Bt s o and

nau:&ea@aﬁommﬁﬁmﬁﬁﬁkson appar at us mhlch i ncl udes ammmoni a
ving | ess than about 10,000 ppm water and

[0012!” ef er dbF ethadcontinggs Vﬁﬂb@"ﬁm@rb@&’fhelt@é% etflygnt 0@ sspend

G AR AR S ond SHEIAR B0 B

the thlrd‘pfﬁuem ®proddela |d’ﬂﬂf @sredtday ,frabms Tieathirdboedhedd frdtion is made up
npuri t.i es. 013] t he net hod i nc] udes

of carpir i PR miReT A bR STPRaLS dhihiHralgH GEqhenigalso generated

from BB 5édond AlstiARSY Hparaadd Whith YnchRAS %ﬁrﬁﬂh&f &Jﬁr{)@e&%% Shout 10,000

distillation apparatus containing a t
ppm wm@reandazrefgmbbs laspthanabowied ppnf,desstthaned( prne narbofh damderdnd

prefergys BT LB ML aRL P SRR PN st 2 pom othe

1mpurﬁfefs | auﬂriirefafa%@ 1636 kHagl @S ohteSsprh Baer ARRIHed0 ppm car bon
di oxi de and preferably, |ess than about 0.4 ppm carbon

[0013h; oxi dBlextaty metbed inehidea fowingbe thigragomeiradtiopihtiougles third
purlﬁﬁﬂrﬁtgn Q{}s%rﬁ R n%gox!lr%%t%dttgm s@poqlldtdlﬁﬁfégg% ﬁ}gpﬁ I t %(hen alm-gg]ea third

eneration me
puriﬁérnmitemtﬂ %0 fak avprogide hefoﬁlﬂueﬁﬂluelﬁfcff |latiednia hﬁv@x@fésﬁthﬁ@ dbdh 10,000
urificatj stemf]uidly connected to the thir
pom fafiran GRGiFHS it G ahohé 308 ape et (s EarihcNSgY lgyincludes
less tHaH abside® pRnf (%I'S&T‘dl@k'l'ab hh@prefBhi n‘?ml@és théh QY b qg)ggp gzﬁbon

desired output of ultra-pure a nia havi ng
lede&b@lﬂilewhm@omp rﬁOQmpmothﬂdpilpeﬁecsamid)p,reﬂeaaw idsa thaabmuut 2 ppm

1mpurlz:!t11r§:8I Qﬁe ul\{vaatpeurré amr%%%uat ghe%Qrat‘:?l 819 }'Inteth%g tﬁ&%nﬁ&bﬁc u es clwglgg the

fourth effluent through a fourth purification system fluidly connected to the third purification

system. The fourth purification system includes a fourth purifier material to provide the

desired output of ultra-pure ammonia having less than about 10,000 ppm water and



preferably, |less than about 0.4 ppm carbon di oxi de,

and al so | ess than about 200 ppm other inpurities and
wee®@seiakd y, | ess than about 2 ppm ot her i npurPe1/€852005/017085

[0014] According to another aspect of the invention, a

hod, and correspondi ng system is provided for,
Preferggf%(efea% thag b yirlq0 paP & ¥ that ghoupfi gpmeathos digyide and
ferXBiyNREs {HAF hbiSlRD. £ ' a
e84 105 8000 RAA L0 B0l B BB Sy 2 g ot
impurtiestand prefablyy lessithar tbarft 2gypmoother anpohritiepuri ti es, which
y vary on.the copfigurati.on of the reactqr. The .
10014fe1 hod ASGRETIRISGIER S PEE S 1Y eTE, 25ethor. &1 ¢engonding
syster! is pPoviidddefor 8énePatigildkd-pave afiin S R Bnt didtust STRORRERHS AL ludes
to the reactor outlet. The received first effluent is
operaping @ exnstod (o atherigeperping doviestdralevisys tte genesate ampffluent at the
' . of t.he i,npuriti t roduce .an
reactog %?Fict‘étfoq;a I eclar%fﬁl %M gy 165é rv%hgﬁ} g v%rﬁlg%lgtpg %ngllfl%ui'/atlon of the reactor.
The nentroeidoatindaddiith @oéiving,thé hactoetiioent adah udesofutpurifichtiéh system
or consumng the outlet streamw th a point of use

that isgpapeggiebio thelsaeter euiriedhe opyed Rest stituent sarocsasegyithethe
purifigilEn’sSAERTS perh % AU YT O A2 B McPlream of
99.0 eraegt e HiglarIputiyy, arsmohiaa A dditidnahy, tthembthod declades ubiliziag or

s SRt e S AW o
purifi@ioh ROSEmS Kihk k&@tdrNtht BEriBEdtionsPfed P the ﬁoiﬁﬂgpﬁﬁe%ystgrg (or at

generation technique and reactor configuration can
least 1{seinled)dire proyidedtat & singlecfa¢itiye puchaas, withie thei beuhdarieg of ahe

i1fication system t ake a nunmber of farns to .
mana S FRONE Sty BTG Pl e amat= Fogn Hpuizofs wil
be apf¥éaml By tist skidled a5tha att 1helspédi BlammnldRiaicA6AESH R@hitue and

the first effluent with the purification system may ‘
reactor g figysatinngan b vgricdvoriiagtice Mssiay grtionnangoiatarly,ghe purification

. . . ) ;

systerg ey U k@ S BB TR e B BLNBLa AR R,

[0015\ t h aFbr exaimpdé, dut hdtak adimispipay the poceginpcefahe figst Effient with
ahsorpti on apparatus bottomfraction to produce an

the puERY BRI TErACRY Ui P e R AGSCHP o SPRHEAUER § Pofom

fractioMPd @imARHa, W AEE nlift@htoufls JrERIbh HidkSde, 2 §a&BPRS B npurities.
processing further includes using a first purification

Then, gath Brsbdisallammaapparatus, praceseing lilee abserphiendpparatos bottom fraction
fromthe . distillation apparat.us to flow fhrough

to profyieR i cfrtsad B ogmuPae BEVLE wub ARl RTaHergnd trace lovels

of impiitiesi Bhis @xémglahygiScdskiap fiadi incliicdQ8ing ﬁﬂiréi@u}?iﬁcaﬁ@rﬂ&gvice or

amounts of carbon di oxide, and trace levels o
apparatypigraapsedye overbeaddeastian &rom the distillgtion anpagrses tadlavhdrough
puriﬁé}lfﬁ;ltgxrial 36 éx%ﬂgﬁ% 5{99&1 e u'elflﬂ o%h‘gﬁ 2 Hf esi glgr]f gi)odtrl 0,000 ppm

Sonme cases, e above-descri bed processtrng Is
water,anippt amenitedf vdrbdn didciide, andatacs 1e@pls off iaputitiedg ThS is€@nd effluent
. s.gc nd purificati OF device to produce a third effl uent
is proyjgled,aaln Putlet Streag Of e PurifisHion systsmaat er by f1 owi ng t he

0016 €condppidudients HarBUAERFiBePMobEsRE if R dnnted R additional
[ _]\?vith a second dsi stillation 1a?)par atsus,%létrrﬁ}eo‘f’téhnl?érnde accitiona
steps igtludwgnsings: sscauigsediation gavoriuo eredubot tlond éfflaettiofamoionia
havinga E:g%?llgrg Sﬁgvmhggt&lb‘?f @g\%/glgﬁhea ?e%grtld g:' ugertho%g}x Vr\rl?otrg {)hri}igsrrslaterial.
Then, with a second distillation apparatus, the third effluent is processed to produce a bottom
fraction of ammonia having less than about 10,000 ppm water, less than about 40 ppm carbon

dioxide, and less than about 200 ppm other impurities. The processing may further include



di oxi de, and | ess than about 200 ppm other inpurities.
The processing may further includeusing a third
w@osfiiesat i on device to create a fourth effl uertT/082005/017085
anmoni a having Iess t han about 100 ppb water, |ess
. than about pm car bon di oxi de, and |ess than about

usingya hiich Pé’fllﬁé?“‘?’h‘}ﬁﬁ‘iett? gxsatna fogRe PHEperhe! omeRimheyiagess than about

100 b(Wa\tExh fosS B0 rago&h &4 hﬁﬁl%ﬂbgﬂ AR dlﬁzs% ﬁaaﬁ' ga\attzf}fpwsaer
urifiér materi al esire

impupities by &ating mhmlmlionefracstlousfmdn the setand dlttellahonl apparatus to flow

qu nt thr.ou ad. |t|o r materia
through gHHEE rREFat phNeB. SAsRRaE i Rog Epdh i Sis oo flow the
fourtRéfuRht &Ec{%ﬂ@dﬂ&oﬁ@l uﬁ@i‘ef‘ha@ha%?rmte @ifra-fite Bmmonia that is
DESCRI PTI OF THE W NGS [0017] Fig. 1 |Ilustrates
provigpad phiheioatlptoitrepmde dwpoiingrof asﬁ Pitesl-t e ammoni a
generation and purification systemaccording to the
nvention; [ 004Rlgf w%s@mﬁmw FEEBRAWIRCR @
amoni a generati on an pur| Icat1on sys accordlng
o one gnb . invent | n and
10010 o ot e et HPTAGT 5% ik B REts, BP af -8 affon Ceepggation and
puriffch@en Systdnt bGbfdhSH B8 idllehtidn; pur e anmoni a gener ati on
and purification method such as may occur durlqg
[0018per at i 18- Dillustigtes g uiiigrpsapmpnlamgegeraon mdmpyrifiption system
accoBﬁ%&Bl Eyegﬁog‘}r:ne-ﬁﬁgf &Q’YM&@H@&%{M Jcpér%at%@ X?E&r‘t 8fthe process of
provi des a uni que process for on-si
Fig. gendration Wi th subsequent on-site purlflcatlon to
ultra-pure nia levels. Figure 1 illustrate
[001%Yener al ﬁy %ﬂ{‘rﬁg&?@ a WigR- pﬁfeo%@gnw@n?ra&loraﬁnfwf&as% gethod
such #THRY Ioec&%ﬂﬁﬁgbbaatlaﬂaf R yskdr 8dvaindfigCESs utili zing
he ideas of The present invention. Thé method 100
starts at 110 such as with identifying a manufacturing
or ot her MHETAILEDIDESGRIFTIONQE gHE INMENTION s used
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directly to _outlet 20 uf f er 74 a its
o coftingt M pUBET EeErishiGrouzney i BerTe e Potiot hgiion or
ammBRRRfraiH s FBEkd. ST &%ﬁ&i@f’h@@nﬁ%ﬁ?ﬂé 8# McRdt Nyt & not limited to,
purifier material through which the received third

carbdsgpelymef matariatsn al@mlmhcaé, mpdlélamahsmpawé@r afii ether material

capalﬁgr % gr rra(tnetgaﬂr, alo erﬁ? calrtf\gfl élﬁ]?agfltgs E%ﬁ) Bmvhcg:g at its output 284 a
fourtB kefflueasof dmebhia ehdwag UGk ain 286G 101008MpnOWvheF, 188 tted &out 40 ppm
capabl e of sorbing noisture. The third purification

carbogHeide. p8d Jese t Pwe?é)Osm)m etherimnynticenslp enefeferrpd embodiment,
the f&fhl éfﬁﬁ]&%nt(i)sf r?:ﬁUH g“féfg%alnea%ﬁutt ]g)%ﬁ)pghy%fér e 9198 P@g]SOA ppm

wat er ess m car I OXI de
carbanhtioxidéant léﬁ@@ammtmmtﬂ‘lﬂrm Iothm:l impurities. For sonee zﬂfpﬁfzﬁ[dn@ dhe output

o o S g oo e Sront e Teee
use s?sﬁérﬁ 290 4§ rhhRBia AR ah&%&bt%@eﬁ%n@mﬁﬁ u?&{’] fe"v]gl  he

| mpurities. For some applications, the outpu
[00331hi rd Poroitifer cabodimeatirarshows IIEE@unfa)Z dvd 3pﬂmmctbdd 800 continues

| et 292 of Sit. f. stem 2
at 386 th tﬂe per{ormance fg ap{og.&p gurdﬁ zglé)gl P §§1 ?Hené}e]wﬁﬁr? Fplhllrlltyf %vel ora
deSIréd?M&hwpure ammonia output stream from the purification system 238. As shown in

Figure 2, the fourth effluent is transmitted from the output 284 of the third purification
apparatus 280 to flow through a fourth purification system 286 fluidly connected on-site at its
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[0033] In other enbodi nents as shown in Figures 2 and
3, the nethod 300 continues at 380 with the
weenboeresence of a fourth purification to achi emer/es2005/017085
hi gher purity level or a desired ultra-pure amonia
. treamfromthe 1 fication system 238.
intet 47 fithe RiiiRsAGAN et 4 by ftai ioE0h Surtemoss dy
confifuredtd held QbW puifer datdr® sublh EflbRWoh fiiné@Y k@ Bne or more of
apparatus 280 to flom1through a fourth purlflcatlon
carbogyRqlgpep@ateriplsi tlmwr@arﬂnls@s,eruolewlgn sieveat s11ucta§ehlaaﬂ/oz ggolites. In
t at.1,Q The, f our
some cfleyfe A oBY B4 T (R BRERY S22 s Pk ngpepic o
organmlfUnﬁﬂlcﬁ’fal ERiups dl@bersﬁikﬁ‘rhorasulbﬂ theselistedl Putifel h@teri®8er Rrany other

more of carbon, polymer materials, alumnas, silicas,
materia) |capailien?! sortipg molstiei dangiem” mn@patmmtp@gls Whick eree
produ g%gr?d d]%{tll ufeﬂlﬁré/ tﬁygohffr?bag%g r(Ee%l Ahala a zﬁ}as com

es r |ve I norg ani ¢ “or O anlc unc IOﬂ

for aciglltmqa]sa\dlulslpldit)sﬁdhéﬂ& parifie ﬂhhﬁeﬂalfs ﬁasLesellm tHequiridightidr &paratus 286),
mat l}ﬁjs or l any other material capable of sorblngl
are exayiRdgs é\?ﬁtqr}ﬁs piehPRERE3toR e &¥sProyjiie @hthe output
288 ofp&rif £
RESREEESEinSad o LA 30 T 381 S
wateralgad thababout ¢0 (prbnt dagsm doxiié,iaad lesatleniahbst Z00rppns ethenimpurities.

rifi par at us 286 exanmgl es of .suc
The fienP o he Rl P ERRRR St B SRR Fopiouido? o
custoREOYdedR it 200 eSl@ﬂltfiébﬁtl}Z% Rw PHE bf the @Fﬂnﬁlﬂlle@@)@%ﬁﬁezﬁlon system
286 ultra-pure ammoni a having | ess than about

outlet 2§ (apant ofjuse gﬂﬁr?é?ﬂ) mﬁcmoobmowpmm dcmcddlmmmajusage by
o938 b3 308 QSRR SBEle | EPMERY 68T FHIL BBl of

ultra-plirs amintuiHd Thiedlopi faed dt 1688 A82etadnple| ShH W inUBErapdt B $0 to 50
90. Signjificantl the flow rate of the amonia the

poungsanope fr ingxcesy of g‘?ﬁ RANdean bag. Qfcopsentevernl aradytica] @mple

poin )0 BT SERLE y TAARSY e A SEATERIL® o

and cattod dyelownseeam porifyrav poiuhe ofugelslet 299 dridneh&yppity within the
moni a). The flow rate at 288, for

ur
puﬂﬁgﬁynﬁvg@nﬁés be in the range of 10 to 50 pounds an

[0034four t ‘Pn bdﬂlﬁé&?ﬁﬁtﬁe BhriRAGoR AR Qﬁtlﬁﬁldﬁ%’éps gcrﬁa@% Ej)?&lously, it is
several anal yti cal Sanple pOIntS may |Str|

possitiq hatigtheupurt tlplmmethdaamtbwclprn@mmekl hﬂ:eamﬂentmme@bdkr@

nd cant r ol t he .downstre ur oin
nventigh, TR RSG5 5 g T RB a  ohy Ay hd raB and
cryog@d.ib trbpLaini lerused &t rRBucé3IBe varkiis dhpliriticdd tid AmbRiatthed stream.
urification and distillation steps described
[0035Br evi od$F ybowerdqsgnhﬁéggqttmcboﬁqmrtlteogenerratlmmmf@amcrm&nd

dlstnU{ﬁ%BH ‘39 Al1tAr BUGSWHEH ltl‘ﬂe zgﬁms ! C gﬂ&&t‘io ngrattl% and the

I nvent | on. caflon met as ne
punﬁ@e&parsy&temmsre a@deddtecmn sitet andpase flaidtly afnylecgahhﬂsehéaﬁ§s@ﬁble in

sed to educe the varjous inpurities jn . the
particy i 08 S tepp PP BB eAnb B b YR Bris agiea.
[0036]TEt hod vath B uBbeRiSEHRIOAF AL inPeHtiohinatisRBd amﬁ be useful to
distribution of ultra-pure ammonia, in which g

discusg spma pﬁthgeadeara@ge@ mrcemmirlm the nEﬂubdtdnd spstcquf Izt inwention. The

imvendGob BT i olzpt E8Y AR o/ i Bt ety prr

systenmmsapmumte @istﬂﬁdxoﬁ@ﬂlﬂt&%r& einfoRd Utedn-fl@Me@fhiques of the

fabrication.
invention help eliminate potential environmental consequences associated with connecting
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[0036] Wth the above description of the invention

understood, it nmay be useful to discuss sone of the
wa@eaniages provi ded by the met hod and syst em BET/USE®05/017085

invention. The invention facilitates mnimzation or

el i m nati on of ni a storage necessary in prior
and disganefiing Hwea%%q%'gqrﬁ@neﬁ SRGQUBLRSbRheT apmepiz. lﬁaé?lé"efed from a
hquldaémarél fe., thE SheAbcSanli®y aeafb@&wﬁaerpfontdaes hoeqtitftolst Br
[im nate pot ent | al énvironnent consequen es
handla@sﬁdxqatdeajnmpmla soamee cAddigenmadlydihs mmmtaem elginates. the potentlal

ort abl nt ain ncou
catas TSP EhL PRI Etre D Boally Gl 8t Smirbnia
encoudyréEWhed athh@niay aelivesd fQRS 1@ JoReie anf paftRUBLE), 9[arge source
handl i ng of |iquid anmoni a sources. Addltlonakgy
used torgesh highrflayy raigsn aihegnethedsiod svtteras obthe arventiph ragduce (or even
. I
ehmngagcgﬁaﬁ&tﬂlﬁgg st%¥a%fe oft- s?tgg@leeﬁélg tl{%? a6 %§F ‘%%gexl §§}mmblrgqulrements in
the sugpbit vEdiedibutionoAultiaguirdlaramoni@aendnitht dambt tigear E§A RMP
| arge .squrce used to_neet hlgh flow rates. The net hods

requlrammé;}% therrgppert phdistribyon ploHIR-PYTFERERIaey en

[0037¢! i m n%@in@ﬁﬂ@ﬁ‘ ﬁﬁ'th%f Pdrcﬁgﬁesoﬁlrﬁh'iz%tlt)ﬁ o EYlnibd Qf th Qmount of
not trigger M5 requirements I n the support

enclo&hdsspaqemblatenwnofequirtd a@-the swppartod dls&utamdntolﬁ attradourn atnmoma The

inveng?%g&pém[z Eéhvegf 01{1@?1? eaggrgﬁs | nﬁlﬁtg%y[eggg%tltngﬁ)@n condensable
contamfM4aaN i @fatfonr dnB&intérag Whieh ahBRnH B AP & el BdnPh liquid source. To
elimnation of the anpbunt of encl osed space abatenent

supportedemandsifar iighh@ow ugps the inyentiion providasidshvar ofilconsastgnipeoduct
flow rg{gggg flmarlljaé Iﬂ%/ rgeehlt Ogoﬁc’ ﬁ%ﬁlﬁ% %eaﬁ gF ve{@\éﬁ%%th ggﬁ%glgg’tered quen

ammozifeik At vered alfd v@bﬂ@éd ﬁd&ln%l’lf‘q@imécﬁf&d A& Nh@mveitich prévides
vaporized froma |iquid source. To support demands for

delivegy @%cqméwnlt Broguct Ctuﬂléty| by ebimn g meshe seriaRuti qficentainge
contaﬁiﬁﬁﬁbﬁ‘ Eﬁ&tllnféﬁé?fj\!\)ﬁén Jﬂn‘{-l%lﬁ% EivBeashl Th n@&{ieﬁ Grdnl& 1 Wﬁ&ﬁ%ource
counter t heat vapori zat1 on encount ered
The ma:timdﬂ kad bystabed oftbe Brveatih rapide b 2&tindlogivaly Ismmdg elconomlcally
.source. Al so he i nyention.provides dellver

feasibeprarest R Slgmﬁlﬁa%t%y tiEifes 4 Tk YRt T gmpggia usage by

elimirfa@hg Bhlﬂ%hf&[he?fraﬂé&@haﬂrﬂ%[oa@ gt &R ARECR, %M&:ﬁfﬁ%f ulk
when anmonia is l'ivered vapori zed from a I qu

contaigerg ané larghstorage Itﬂméts ﬁh@hrelymt(mredlows highevalwme atnnomia usage in

l.de a techn i.cal und sible
venuep AL U Boheir i preEant 170 fioat T Toiiestheiirosene
methoWB bhtha mmnnan uE@agRtddt reduiceipdahtifctobttnkin St @ieR€ Connection and
transport, transloading, disconnection, and connection

discorgiectin of lu¥nsoarsssr s and | ar ge storage tanks. The
[00381 PHEBh Bh Q0 gé}le'ré%i%/d%%gﬂ&i #@es?@%ﬁ%@llg%%gﬁuﬁ&ug BREERL

erm-t amoni a.
therefénay its Imet subjdee tcslyaid:}emsbaﬂﬂvamhhmj& iothetdaee inrbudia pbm‘ble tanks The
elimnate or duc otenti al . cont am i on

inven{ys AtesHs 61 At ffdde Pridstrenyimee SB6 o8 gsomtpra@%éﬂta for the

on-site Bﬁeré’cﬂ § b "Qferlﬁ{/élttl'v@ BtRUE dah %%dn%ﬁoﬁt@ﬁ@t%x?tldl%hanges in final
general ly a continuous one and therefore, Is no

efﬂuegtmgabmwm@ra@gﬂy; hnmlembmed hhanges off dperatingparandtére thmﬁenqt possible
.abl e e i,nventi.ve proce can,.r eadi
with e BRUEL R SR P Bl M b B PR RSP oo

systenf,8ticH Jfbethat shown in Figure 2, can be provided as a configuration of skid units that

can be decoupled and installed in different locations within an on-site facility to support

space planning (i.e., dissolver tanks near road access, reactor apparati on the roof or
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on-site operator's use. The inventive process can

accommodat e potential changes in final effluent
wa@abities2svi th readily i npl ement ed changes of oper/asiongo1708s

paranmeters that is not possible with traditiona

delivery systens using |iquid anmonia sources.
basen}fcﬁl&lwlgﬁéfl%lés clpgeg to wipdrinty@nd tha ltk®)- such as that shown

[0039] N Fi gu&y bé@er&&twwﬂhgfedskﬁ%ed%mrk G @61! ik 8F on-site
skid units that can be “decoupl ed and i nst al 8 %
ammatiif ggreeaiton| votapurdiation topravide ubire-irt emhzpiid 1staystetpochange in the

indusE 0 R tra R AR pBa B o i e vedh N FBBY S5 548 Bipimizes the
risk aﬁ&l reﬂ%;fdsafe pﬁggeﬁsasqhﬁg@leaeﬂv@rm sRth Y BinkPdre nb&tRdl 108€9ite generation
be appreci at ed bx those skilled in the

will uap@ct tl]tquaI&@e@ﬁ ithigedf lbmaéqet &s wplrenihe Lgdrdidimanketsi t h

urifi [ .
[0040@ hang eGII%tﬁ f?l{%é&ﬁﬁ @5&;{1})9&1 Hé?ig rlé{i %s J:J 5\%1\% dgﬁ 8t ?1% %lplgmples of
the 1naérttroac tFuvteert, sinbé glhnmhyﬂiednﬂsemxs aaa chimgms Riilireaddy bb@ur to those

and, exposure present as | arger delivery and
Skﬂleéfrbﬂﬂa@g franmat dgsiged fe digupthe @1V6§P?‘ét°gt€ﬁ ¥agt F%‘?ﬁtw‘ll?n and process
show1'1 Hpé’é‘st:nlg&ieab@@y H@&frémgﬁ} Elzljl ?ul#‘a R ﬂ@&llﬁ%& NEk {quﬁ&’leﬁt@ thay be
TFT markets or egol ng scrlp fon 1s
resortcab tusfadmgsmlas th dcope ofathe weentidryasofefinbe bp thendaipisebatdbllow. The

nvention. . Further, . sjnc umRr ous, ifications. .
words, PSR o 198 SR TG ERY Qo BRPY 1 o i
specifdation hhd irSthB @b11ERE ERfNd & lihtBhdedith Spdcity R ﬂn‘éE‘entc@ of fted
exact construction and process shown asS describ
featurgy, dutegerpceBIP@Neys. Pr sighs, byuthengo @omrdqtlﬂdezﬁneupmssnm addition of

one of I R o Biel ST el o Ml bl e

fO||OM/ The words "conprise," "conprising,” "include,"
"including,” and "includes" when used in this
specification and in the followi ng clains are intended
to specify the presence of stated features, integers,
conponents, or steps, but they do not preclude the
presence or addition of one or nore other features,

i nt egers, conponents, steps, or groups thereof.CLAl M5
W claim 1. A nethod for on-site generation and
purification of ultra-pure amonia, conprising:
generating amonia in a reactor to produce a first

ef fl uent conprising anmmoni a and inpurities; processing
the first effluent with an absorption apparatus
fluidly connected to the reactor to produce a bottom
fraction conprising ammoni a, water, mnor anmounts of
carbon di oxide and trace |evels of inpurities;
processi ng the absorption apparatus bottom fraction
wth a first distillation apparatus fluidly connected
to the absorption apparatus to produce an overhead
fraction conprising amoni a having m nor anounts of
water and trace levels of inpurities; flow ng the
overhead fraction fromthe first distillation
apparatus through a first purification system
containing a first purifier material and fluidly
connected to said first
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distillation apparatus to produce a second effl uent
conprising ammoni a havi ng | ess than about 10,000 ppm
wowdoenieses nor anmounts of carbon di oxi de, and tP@EDES2005/017085

| evel s of inpurities; flow ng the second effl uent
t hrough a second purification systemcontaining a
second purifier materi al ArINMB i gl y connected to the

We claimst purification systemto produce a third effluent

— _conprising amoni a having | ess than about 10,000 ppm

1. wett methodiferoon-sitengentsitiof amhpltrd'rcadomnf uiler,a-mmdammnm comprising:
| evel s.of i oce the hird effl uent
eSS e OS2 s itk riprissiumenia and

impuriitiest he second purification systemto produce a bottom

fraction CO%H si ng amoni a having | ess than about
10T ESSIRTHE ftt@ifﬂuqnéysthtanahsmn apparappsniluidivteonnected to the
[ ' bout 20 m qt her. ur i
reacto lt(%ﬁ%oggc‘et %g&bd&? ?rgicﬁ(?lr AL Irghn arl%r%)x? E, Waa Cglﬁlaor@ oun&s g‘fs Carbon

dioxidH sidittdcaldveR odpippurdiass t hrough a thi rd purification
system contajning a third purifier material and

f Pmcaw&faﬁ ﬁ%%%tm PRIISHAIPR FRCSET Mita B displatipnapparatus
ﬂUIdI%' Corfeiél %et %%Ia{alt’@sm) CSUTRE I%.\g bU&hﬁigﬁ%o u{&@lﬁ%ﬁgmg

ess than a out ppm wat er, Ss t
arnmqmm]hwmgmmod lanmoumte oﬁmatelr es&trﬁchﬂaveibmﬂmﬁl@lﬁle@p m ot her

I npurit d W ou ef fluent t

¢ SR¥ing BE By et rohon) e e st abweis foughs frs
purifibdioh sl REmBhRAMIR a BRE pliiérdhMecARAE TRy bondeBRAUNELE first

purification systemto produce ultra-pure ammonia

distillpfzan apgatagisgo presticad eerond effbeot mmpnﬁatgemnmb&@élamgdess than

m car bon_di an abqut )
aboutqe%ﬂb 91 \%}ﬁ:p 61}1{1 . an%ouﬁl S Qr‘d%fb%{éhod‘d‘? O]anzi Frgﬁ:enl]ele %Jél?g;ﬂrﬁles
S ﬂbdmagme Beddnt effiRAEMaduRH ali¢cdiddiueifitati tlsydfe@@cdritaining a second
aqueous solution in a closed reactor to generate a

purifigrifpaierialepg Gidly e@rmsﬁﬁeé 1%@65W§caw ystenyioapdise aghiad
efﬂueﬁ?&o‘?ﬂl}msﬁlg %&%ﬁ%ﬁg‘h ‘?J s PB]% 10% Vai)'n{]wﬁﬂr %Mg?%}lglgnts of

rea aim 2 erei n’sai
carbom dloardeamdetma:s l&dmflmpuﬁnasq;)rl si ng 50-70% urea. 5. The

nmet hod. of . cl.aim 2, wherein s action occurs bel ow
ABEos 80k e 5t et aboL oS KB 0B APTHA AL HBA CEmected o

the se€difdl ﬂﬁ‘r&icaﬂghe@@feﬁl RHPr6READR B f?acﬁ@ﬁ‘ @Sﬁgﬁgnggmﬁ{bma having less

el ectrochem cal reaction between hydrog
than ahqmtrl@g@ﬁ pp wWlen less themchbofit 4 prinacdrbombmxalenamsbiess than about 200
noni a. |s generated by reacting gaseous hydrogen and
ppm O?h ISB%%IG&/er a netal catalyst at 4750C and 20 MPa. 8.

Tﬂ@w[f%tth@dot@(fm ladiion FomWheseRbid gigfiMationrsppaatiksithio8Eh a third
material is at |east one naterial selected from

purifiGagpp sYAIR Coptaiing a hindipyg figemategalpndbigly ggnnected to the third

distillation apparatus to provide a fourth effluent comprising ammonia having less than about
10,000 ppm water, less than about 40 ppm carbon dioxide and less than about 200 ppm other
impurities; and

flowing the fourth effluent through a fourth purification system containing a fourth
purifier material and fluidly connected to the third purification system to produce ultra-pure
ammonia having less than about 10,000 ppm water, less than about 40 ppm carbon dioxide,

and less than about 200 ppm other impurities.
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10.
11.

12.

13.

9. The method of claim1, wherein said second purifier
material is at | east one material selected from

womldosedsas si eves, activated al um na, or nodi f PEriUS2005/017085

alum na. 10. The nethod of claim1l, wherein said third

purifier i.s nodified alumna. 1 t.hod
oftbergibadiot int bitiersie s3fl gmande mgﬂl%fatﬁé g W urea in
haguéuBYbiutidn ineaV Slbsel Bk & to lrbRaRRGHEt FBubht REM 9?15151 ammoma
wherein the produced ultra-pure amonia Is provid %
aﬁanbnnétoxede aHCbmam of use systemin fluid
R W the fourth rification system and
V\,her eleﬁhﬁ]défocrlaéra{lc heretlﬁgalgélfeﬁtlg&fy Y&k system and
C QP @rietind dSo ff Q4T mE rvﬂ@f‘dﬂl Bgd Lbe iPEOEQRBLADIaNch ddhgprising 50-70%
flom ng steps are contained in a manufacturing
fHERIty, wher eby the produced ultra-pure amonia is ,
1 £ ich &
TR RE R Ry 3 St R il PR ol WS oD SDI adbeton
c:ahant|2sfeMPlaess than about 100 ppm water, and the thi rd

Iue t canpr.i ses | ess than about 5 m, wat er
aigy L Whereln id ARmenidis ePatirien éﬁ‘fllelFéHPChemlcal

ceéﬁ@ﬁbﬁavde%ﬁy&reg& MRAAoAO0 ppb water, |ess than
about 0. m car bon di oxi de, and | ess than about 2

p [Tﬂifﬁ oteftlead Qfmlﬁm k, |vé1=§relm saidamoTonsd is gendrated bpueastinggastdas

A R o I 0, A o

efﬂhla wfododf oBdImOl tWtRkein @ fik @ﬁhﬁér htehislanht eBhé Hlafifial
ammoni a, carbon di oxi de, and water; and a purification

syeleded Wotfﬁnalﬁcﬂlﬁll wevesonliraccband ealifes.r eact or out | et
f o TTRY t.
pg?lle tdl dof{r}gasl,lt)llﬂt’ éxjrlﬁe%?% %ag(i é%gS@EUHffA@rer{l?t ?l th le%st pue material
r eesimted frotnshaletulad digveal dctiodted hlantad, be modi fixdi aﬂlﬁnfmad t he
W@.ﬁ_ler to pro?uce an outlet stream conpr| SI ng 99. _

& arthasrofglatmy le VST $3)d Hpdgniridier Bsteral sanodified alug)éna-
SYHE fio | t ;
v %{?‘ﬂaﬁ*&%‘ém SOttt U RO UL aBhloRRMA T hurty level
pgraafer teani abnutsPs pfmsttrm whareintke prloducadnbna-pueunieonia is provided

an m)nl nerati.on. syste h . .
ot £ Plat P SRS of b TG b eGP ey Bedhuidy muriication
heyke@al dnd vehei@hR dicrehdibn, B Jodftiofulesysikd, atlompsiam fof
claim14, wherein the purification system conprises:
aRcHyEHRg thegmoesswing and e fflopiintl stepsonn eontaided i 2 menufacturing
r ?a%ﬁ t? rwl?e%lga\?tthe %poec{u%g)d ?ltrtacf)uper %%ﬁ%gl&gﬁgo&etr f Ean?lg 8%117 and used on
da@mlgﬂfbrﬁfld: trace levels of inpurities; a f | rst
Et i1l ation apparatus fluidly connect ed to th
B8e psthodp &&ﬁarlaw@grea‘ut&lsts@@nfi@fﬂwbe@@gmﬁg lft5h&han about 100

gﬁlﬂr\@&%{ogl}me Hipd émum%&ghéés%gs (04h 4duPS gsfﬁqsatéﬁ

er he action conpri si anmoni a havi ng- m nor
aifbeintethodfof whiirerl, swhereirr the éodrﬂmﬁ‘ﬂaemfcompspsassl lesseBan @roat 100 ppb

water, less than about 0.4 ppm carbon dioxide, and less than about 2 ppm other

impurities.
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a first purification device containing a first
purifier material and fluidly connected to said first
wale®bsilidsat i on appar at us t hrough which the overkeEEUs2005/017085
fraction fromthe first distillation apparatus is
forced to flow to produce a second effluent conprising
14 o oSt HiFRRY TS BRISORIA LANGIRRAN SYEETH GOMBRINGat er, ni nor

anRYRnforRS cGRERRA sPiONi BRwridRE alrbRF& Jef¥BliRe Qffirst effluent at an
impurities. 16. Theé system of “claim 15, the
outletptheirédctateifibwens yerhpmsifigiammeniac carpen diorgle, andseaten dnd
purif.i.cati on device containin econ urifier ..
A RFTER s PRV BF 9% EX Rabe See e TEFiny pF aftet i recciving the
first ePidnt, vaakdiR thedRiiaiiond1Bledl Probéi8esBs BRd el fdhH@Yendbol oS
t hrough the second purifier material to produce a

substaniaHy alb pf thgearbonshpideindghe mistentapiedvann duskss stréaancomprising

r; e d distillation apparatus for
99'0pge?%g{egsﬁﬁg{%%@t?ﬁf@%@%%ﬁ@ent fluidly connected to the

sagoid opusd dyseat adapted € @izl the ol 8tréarh@hd B#%ing an ammonia
) fraction conprising anoni a having | ess than about
input ﬂB‘,dGR?d)lyﬁBW? P ,thq RudiclH S EH 0 rg@plb%%ema outlet stream,
v t a 200 ' i tices:
e e B S PR PR ET B, LA B8 system
are hqused i aamanrefsaniing faaihidy.f | ui dly connected to the third
distillatian apparatus, wherein .the bottom fraction
15, IBysiEn elEBin (a1 LT RART BHLPRE LT POVETHT ough
t B abddrptebrPipphiab RrIVIRY @bhfcteddQo BHePA S utfeP¥pdrible to produce a
ef fluent conprising amoni a having | ess than about I100
bottorp ftactien eymprisrgamimaniaaiyeigt, noindr ppenntse fxarban dgkide andiace
I t han. about 2 ppmother inpurities; and a fourth
levelspogili%yflrgtgﬁsi’ on device containing a fourth purifier
matfestidadtiliation hppardhyfgidineeheded © thdgbsofdtiod apparatus adapted for
purification device, wherein the fourth effluent is
proceysiigsiag abW R FPPARBISPRIIPRTICH R fhpisdiser anegvericed fiagtion o
compquif?éj Hﬁ;@q 'ilﬁ\?}]a%ﬁér rﬂfn%E hffo ity vagter hd tra;rééqevc‘e)fsssﬁm Qlliities; and
clarm Z? ereln the purification system processes
t béir§tipusificatfdnl deeite cahtaminganfisst ptrifier roateddl and hadly abeittted to

said F JeeRnon B T B o B g e Faioa s the Krst distillation
apparRBORIBick@b A t@PFIdlitCALdBRd Bfflubhd doRipPidlE ATHBRL Raving less

conprising. generating anmonia in a reactor to produce
than ahoit 10s300g0pinl wetst, ntipapaheintigobeanmi dipxige.cod dscalpvehof
irst effluent with an absorption apparatus fluidly
Sfinected to the reactor to produce a bottom fraction
16. CUAPEYsHngf BTG ahe PadiRdatioR BFktGA TRGer do@ytisiag:

processi ng the absorption_apparatus bottomfraction

wi serond prrifeatigngleyice sentamingrpiecandisurifiarinetsrial ene duiddd
conne%t%d tt?%e%?tgfuﬂtﬂ'c i na&g?crea&fﬂgrehﬂhg Ee%gﬁg gffﬁﬂnf)ﬁc?\!;'{]ﬁ@g*gh the

raction conprising ammbnia having m nor anpbunts o0

secondvptiéfier rhaterialng ptdiecoy dritdedfludnt acipsing ammdnitehdviiigless than

istillation apparatus through a first
about (g ppm water; PP g

impurit

a second distillation apparatus for processing the third effluent fluidly connected to
the second purification device to produce a bottom fraction comprising ammonia having less
than about 10,000 ppm water, less than about 40 ppm carbon dioxide, and less than about 200
ppm other impurities;

a third purification device containing a third purifier material and fluidly connected to

the third distillation apparatus, wherein the bottom fraction from the second distillation
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purification systemcontaining a first purifier
material and fluidly connected to said first
wale@sitldsat i on apparatus to produce a second efPdTIER1005/017085
conpri sing anmoni a having | ess than about 10,000 ppm
wat er and car bon dj oxi de; and outputting the_ammonia |

appar?t%ﬂpfvﬁ ghrpyghsthe ghird pyrifar msers) & Ry Ids adpurth phuepk comprising
| fdvid lekkstﬁaﬁﬁl%lﬁ o Cvgfep léﬁqhﬁloét;&ht 6”21 gﬁ?‘ﬁceﬁ‘yﬂ &Bkide, and
e Teact or e absofption ‘appar at us,
less tlginsibbutl 2appno nthep papuities; andnd t he first pur| fication

system are ovi,ded at asn e manuf act uri
430 TR iRl L B e BT e Sgp LBy reatrd ud Gyiqhpgonnected
to the\MnH‘ Mdaﬁbl@ ﬂe@H@WHe?eu\Mﬂen@h'ﬁh ERTIdhY ik B8usSl 8 AOR t%ggh the
f qui d anmmoni a sources. 19. The nethod of

fourtfwwfm m@temhtqmedu@dh@uhtrgrmge prineRiat o t he out putti ng:
f II%W ?sg é’{i Ia?cl%%(f f L lﬁ%‘ urgfh cagglgh sg r%%?o%?ss}gs gle first effluent at

purl |onsstem Sntal Ing a s

a temparhtard gratandlai hlbblﬁ l1goTDRNasi éstniatioh bﬁafhtrfoﬁtum carbamate and
purification systemand provi ded at the manufacturing

ammqn&EPICFerct% produce a third effluent conprising

18. a?ﬁ’ﬂ@fr}%?crl g@r ?te eg%ﬁérah&ﬁﬁ‘%@}gﬂﬁfcagoﬁgmlﬁt;ﬁ;e alﬁ&%ﬁﬁsé&ﬂ&smg

econd distillation
agparatingsanmmonia deal raattor heprodue afitstiefiflogntfcaaiprising ammonia;

el CRLIEE e B o SRR B A AT L
reactor &S proliiéh BRI Qi AARnRRINYBnGhonih,89&erd Qﬁ’d"cﬁp&i‘ﬁloﬁgie

ppm carbon di oxi de, and’l ess than about 200 ppm ot her
i ppagessirigabe falb@mtr@ apperatystbotsomfiragtion wnthfa fnst dibellawnenparatus
I.Sti ratusthr qu third puri
uia e Sl B ARRESG et Ttradhet Mo ahrid tPh s Plagsine
ammoata Rdvingtaingt agbinits BOwhRE] | | ty and fluidly connected
to the third distillation apparatus to provide a

f daving tbe prerbead Eassipnifnmn dedimohstilatan ?IP@“F%%%H‘P%&W first

N T

distillitooar dpparatusitd poaiicon s@:}bﬁﬂ effluieandomiprisitg @nrhonithiiving less than
ifier material, provi t t he manuf acturi ng

about ngb{) PPJR WalRfAnd) qar‘mnfl%g% é8fed to the third
pHﬁﬂpﬁ!tﬁgtﬂh@zﬁnﬁ}Sﬁk%nﬁ thel, Bicklidd &R & qgf%? bfa F}oint of use

whefienthe ultra-pure a nia i1s transmtt
systen,nWlerein thet pmntplf ust stenushe ppstogithe @Gorplios apparhog, thé first

clam18 id.a niais ener ed b .
distill e AP 5 6 et P e e mir SROT IR0 3Es Shely manufacturing
facility,0a6dréy the peRnerf @Je%y@telfnl i§ Sip éﬂi@ﬂ W@Qiun‘f@ﬂﬁﬁirﬁdrﬁ‘egwnhout requiring

ammoni a, carbon di oxi de, water. 2 1. The net hod of

storagg japgl herEiting wih S geidpmypenia mté@@sl s dry urea. 22. The
19. ggfngﬁq%ghg)fd 82'&'}@ S‘}%gfur@g%fglh}ﬂbs 1ogé§?nf: o~°t1t .39823
chawing2te smbﬁal efﬂneﬁajhebwgh agecond pmﬁumsorb@)s@m @dihing a second

purlﬁe%?n%%glaellggd % d?y connected to the first purification system and provided at the
manufacturing facility to produce a third effluent comprising ammonia having less than about
5 ppm water;

processing the third effluent with a second distillation apparatus provided at the
manufacturing facility fluidly connected to the second purification system to produce a

bottom fraction comprising ammonia having less than about 10,000 ppm water, less than

about 40 ppm carbon dioxide, and less than about 200 ppm other impurities;
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about 2.5 MPa. 24. The nethod of claim 18, wherein
said ammonia is generated by an el ectrochem cal
WO e@stiiases bet ween hydrogen and nitrogen. 25. APCDUOSB0/E€17085
ul tra-pure anmoni a generation system conprising: an
nmoni a _generation system conprising a system

a ] > .

geifering fhegosameradign Aomythe spcanddisilatiomapnagaius Grough a third
pusSEhLL 5Bkt ETHRNE A MU e R
facilityeaied fBuidbuddnetctédro the deidwlistglatibe apeasttioto wbiidaarfdyrth effluent

wherein the purification s em processes the reactor
compgeie GERROTG NP 5 B b DAPPY VATer abq (<o b Auit (4 Bem
carbohQid¥i@dysg an outlet stream conprising 99.0 percent or

greater purity ammonia, the purification system
c dlepving thedourtinefflusoir thtough a dpypthr purifscafibw sydtem cantaipotgedfourth

porckPel PRI LB ARGt BHEHGE ea e

purificaur dybte@Sto peoduck Siftradhist bmhithiL) vhapgamatulsa-phrei sdionia is
connected to the absorption apparatus adapted for
transipitigd de Bierplet pficthe peint pf wss¥ydpPar at us fraction to
or " S o : Cor .
20, DG HEG G S 20! AL AR L PR TIPS ook B9 nUMping ypea in
aqueduis sslutipm ir 4 closdd reactoletyigereratent frstneffigera chbinpaiting Wrinkdréd, carbon
. .material and fluidly connected to said first
dioxidg, apg !WIa?Pi on apparatus through which the fraction from
21, t N@elrhdiRd b iStditd 2, Wi APRAE BlddSs &S Jrgy ced to flow to

produce the outlet stream conprisi'ng ammoni a havi ng
22. | dd mdthod eftxdaim 20 whoGkipemd weeaes an aqueons siwtiomt e nydrising 50-70%
carbon dioxide, and trace levels of inpurities; and a
"poi nt of use system adapted for utilizing the outl et
23.  stTheametidio MM D, WheAMTBAAd Peakbidrad@ufd BElE §BbUtM 50°C and below
connected to the purification systemto receive the
aboutgZendyliaa outl et stream 26. The system of claim 25,
rej ' - ' S. h .
2. MeThANG AIBOTY, SRS Ao SRkl by ap lseupghemica
reactibobst®den hydropganatidadtrogenng facility. 27. The system of
claim25, the purification systemfurther conprising:
25 o AJEBHIEF HITR PSRRI SHRY BRATCAICH GPHETENSecond

Tt e . L Cl il ‘ .
DUy B g o0 Lo SO0 St et
outletptheirédctateiffbwens yehpmeifg awsoniarand ginpttigess exbnd puri fi er
mat er.i.al .to produce an.effluent c risin nia. .
ORIy DRV B, e a8 e T orOW Rl geceiving the
reactddieSiliicht, FHefdin ARRAKHECHMFor BhteR HOESSENEe Ifé%@to@_fe%ﬂldéﬁf‘tto remove
ui

fromthe second purification systemand flu
substandiaHe ell efitheamphetiesde prefuse pi Plideisiream sgmpvsing 89 Prosthepor
.action . ' . 1 | et stream conpri sing
&r eateglg(ﬁ%ﬁ'i aallmﬁgr\l}%g Irdgrslfsfgattlﬁgﬁy% o PH 860 ppm wat er, | ess
than an absorption apparatus fluidly connected to the reactor outlet operable to

urca

produce a fraction comprising ammonia, water, carbon dioxide and impurities;

a first distillation apparatus fluidly connected to the absorption apparatus
adapted for processing the absorption apparatus fraction to produce a fraction
comprising ammonia having minor amounts of water and trace levels of impurities;
and

a first purification device containing a first purifier material and fluidly

connected to said first distillation apparatus through which the fraction from the first

19



about 40 ppm carbon di oxi de, and | ess than about 200
ppm other inpurities; 28. The system of claim 27, the
w@osfiias2d i on system further conprising: a thipdr/us2005/017085
puri fi cati on systemcontaining a third purifier
(é and fl uj dI y onpected to the second .

t}d R PR APDEGIES fo It Pivdusrethe PHES! SHRAM COMPE RS
semafthidhating 1t AR aaamroaig%gm Q48 hGHERodiof Qb dh dioxide,
purifier material to provide an e P dent conpri si ng
aramd tiage keals ofirhpegiashan about 100 ppb water, |ess

t han.. ut 0.4 on..di. ox nd | ess an about
R e B S o s 2 2hmonia
intak& ﬁﬁﬂdﬁﬁlly‘ QBRI tie ﬁlﬁiﬂfchtﬁblp%teﬁi RredB Etht ann®a outlet stream.
fluidly connected to the third purification system
26.  whesiystemtnd cbaﬂmﬂéewhelferrbthﬁ emaankd gehepstion Sysemi a purification
systefY S b BERE D Gml e OB S OMah L BHE FRGRYT L T e

27. ommﬂeeystsmrcﬁamlm% thépﬁaﬁbmbnfs@ste@efnﬁhatdoﬂ@dsidgr a-pure

ammoni a for on-site use, .conprising: op eratln? a

r eaetd R figatios systenpeaitaining arsesandrmuridier matepiah ansk Mgely

f | j

connioll® b FRAR! purlBnGH Bt M BR LERRAP LR RO FRTRRRL A B stem
flowsttbroagip threi secalt uvifies ;tmteem ogodckeed efftudnheompadh®ammonia having
) out | et ; roces sing the received first effluent with
ess thaRabgyt3 Fﬁ"EéYai "g\/st emto renove substantially all of

t heebdHAWidtiiaBdn Eﬁ’pa‘?itﬁﬁf&%r&@ss‘?{&g {heefilcheRIMGAIRE bRl Plrification
9.0 percent or greater purity ammonia; andutilizing

systemtyad Suidly conpeeted fo fhecsmqnldeoup@patfqrxmrsnemtosy@ctv@ma\diachoramakmg
st em. connected .to.t he

up thd gut[1 st?g%uéore%ﬁ’ 51?51%@83%1%]8?111&1%58 tlr}ﬁﬁlr bg}l{:iad @@(ﬁp@? g\{aéeﬁ,‘ less than

aboutaarmq)phh@rw dibxidt, dRldeSWBiEBoal 20FRY biedinddurdicsi ngl e
facility. 30. The method of claim29, wherein the

28.  pribesxsemgt slin Re, the pynfiegtionsysiemdurthericomwrisiggt h an
aQ%{ﬁE‘(PI)l!II@ﬁ]C g s%rff %Bltltlaﬁ‘llll% E%/ th?r(a S?EFlglaltegalt 4}1% ﬁlﬁglgltc%nnected to

out pro rac Ion conpri
the seamd)dlstdlatmatapparam mziieratmlumfr&tmﬁ fiwad ﬂﬁn;edjrﬂ)dldﬂlaaﬂfﬂ apparatus
ri.ties; first distillation

I evel u
ﬂOWSé%‘B% &g B\lfaﬁ%r%ﬁrﬂ?éé? B ids anednist BPTppYigRg ammonia having
less tHARRBHA! 109, ppBWREGS RENGah Q@mﬁ‘@ &91? tABoRBRAURL M RN h&¥bout 2

fraction to produce an overhead fraction conprising
ppmczihmmparlh%svamb m nor anounts of water and trace |evels

ur uri. |cat|o dv'c
oo AR iricEon Aifert borntpiine o Qi Plaifeg A b gy
conne@téﬂﬂl@ﬂie&ﬁlrdl pusS@ddlioh isyém dwBdreinl tBS &R eAIRR Mdkhird purlﬁcatlon
causi ng the over head fraction fromthe first

syster jissqaupqdtoifiony tppiehdbe fourth purifer mpteoalgh prodice ithesultra-pure
s . Pavi ng | s ¢ han about 10, 000 ppm
29.  wel reethodiforgenambngitbragfure anboiia for on-site use, comprising:

operating a reactor to generate a first effluent at an outlet of the reactor, the first
effluent comprising ammonia and impurities;

receiving the first effluent at an inlet to a purification system connected to the reactor
outlet;

processing the received first effluent with the purification system to remove

substantially all of the impurities to produce an outlet stream comprising 99.0 percent or

greater purity ammonia; and
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di oxi de, and trace levels of inpurities, the outlet
stream conprising the second effluent. 31. The nethod

wtooshaises 30, wherein the processing of the fiP&L/US2005/017085
effluent further conprises: with a second purification
devi ce ¢ ntagglng a secgnd purifier material and

f 1Y (RO pEgnt GorHae praktation systeR dtihohpialpluse system
conn&Pdsth e hlkEiRBEH E‘ﬁte‘?ﬁ f»{/}ié%lh tﬁe‘%eﬁét@ﬁ’vtﬂel'ﬁlﬂfiﬂgtﬁ%rh%s&%ﬁ QR the

purifier material” to produce a third eff
pomt@émsysien‘garammnd@ dbawinge faedity.t han about 5 ppm water;

it h [l at. t C ection to the
oSBT PRt Fhovnslon B8 PGRHEE PR GIRY Syl comprives
efvﬁlhﬂﬁﬂibsb@tlﬂﬁ Qﬁﬁﬁiﬁuﬁﬂbm}t &Iﬁn@:ét@@ td B r&RMR ro'uﬁétnﬁroducmg a
anmoni a having | ess than about 10, 000 Fpn1mater | ess

bottomHgastign éempm@ng) pmTeAtA Biatedi iog amownis of earbon diaxidghodtrace

599 fher inpurities; with a third purification
level n@e cohtalnlng athird purifier material and

f Iwittod firse distiBati@chpparatus dlulidly conmbcteditd kit dbedrpeapp apmiratss,
cau5|n the bottom fraction fromthe second

procegfjing h|e|a9§qr%%iiwafaé%@ttpal frriRndmPEATYFE dheverhraddraction
comp Hkﬁhlgfahﬁﬁoﬂ@ﬁﬁflﬁ%}mﬁo aRfoBts 3¢ witdr QHE {rQ eelfer/él’s' ggﬁnpplgltles and

conpri sing aving less than bout
watitdr 3 fitsepwrifidation dbdot chtdnimgra ﬁratrmmﬁed nakdré anchﬁmhdly

con 3 S A PR B oA e TR L o S P o o

distillatién Apparatieb STowadhrp thd HisHpyri GRMMREIZ W bR ILbEa Eé&bﬁ&j effluent
purification device, cau3|ngpthe fourth effluent to

compflﬁl@ﬁ/atrm@eﬁghﬁwmlem@m abqui i 9.00@ ppmaw ater, mmqrcarrmmm@arbon
leXl(&g LA PR 18V ATPR %n‘t)l{e l'ledoeuQIe aretarrheco%lljlgrgs%tlg t‘?le €M effluent.

31.  The method of claim 30, wherein the processing of the first effluent further
comprises:

with a second purification device containing a second purifier material and fluidly
connected to the first purification device, causing the second effluent to flow through the
second purifier material to produce a third effluent comprising ammonia having less than
about 5 ppm water;

with a second distillation apparatus connection to the second purification device
processing the third effluent to produce a bottom fraction comprising ammonia having less
than about 10,000 ppm water, less than about 40 ppm carbon dioxide, and less than about 200
ppm other impurities;

with a third purification device containing a third purifier material and fluidly
connected to the third distillation apparatus, causing the bottom fraction from the second
distillation apparatus to flow through the third purifier material to provide a fourth effluent
comprising ammonia having less than about 100 ppb water, less than about 0.4 ppm carbon
dioxide, and less than about 2 ppm other impurities; and

with a fourth purification device containing a fourth purifier material and fluidly
connected to the third purification device, causing the fourth effluent to flow through the

fourth purifier material to produce ultra-pure ammonia provided in the outlet stream.
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