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PURI FI CATI ON AND TRANSFI LLI NG OF AMVMONI A Backgr ound of
I nvention Field of Invention The present invention

w@eotkansvso t o net hods and apparatus for purifyi PQI/IB2005/001339

amoni a to obtain an ultra-pure amoni a product,
particularly for use in sem conductor manufacturing
and rel ated applications. Related Art Ampnia is
typically utilized in the nmanufacture of electronic

devi ces s(RURHICAIHONANR-TBANSHIbEING QRAMMON|A
di odes (LEDs) and fl at panel display devices, as a

source of nitrogen for _depositi t i rlde films
during formation of thédaﬁﬁﬂf?‘dﬁﬁqgﬁf'{}‘égﬁ‘@éﬁ(e g.,

Fidiot 6f IMWeRtionhi de, titaniumnitride, galliumnitride
and silicon nitride). For exanple, in the production

Toe w@ﬁe@tdnme@ttm pemaips tma’sh@%gw apﬁﬁ@%ﬁ@fe&ttfﬁﬂﬁg argmonia
t(ﬁ@% ehri rap e@%%?r g?é ?ﬂrﬂgtﬁétprﬁﬁﬁ&' gﬁﬂfcﬁlatrP({IFbe aké ¥n %é’rhmductor

ur sor

n@tUfactuiing fansii related bp wldsehuo@ermnl a gas to prevent the
m gration of copper |nto regi ons adj acent the

i nt erconnections. Amoni a gas nust be substantially
R@mgt%x [.temaly pure when used in such manufacturing
processes to prevent inpurities fromformng within
Arheoniz Bltypically diliZed imtheyersfactpesof eldcvonichievites sush as

b f t E tr ts
SBrusaruciel ies.doph e Bho i EEDS ahgtasaRe! tispy devices,
A3UPEbIrte M thit érPFdF'%l% ?smﬁﬁFthlﬁ’fﬂﬂi"ﬂbﬂ‘rlm%rcﬁﬁiﬁgafﬁﬁﬁﬁﬁ@ of the

oxygen iIn anno Ia gas parts per billion
pemnm)larodemmee) gudantaiuon nitade,ftianiumenitride. ERIlHeN indgde @ad silicon

se lLattice defects and are detr
BidsE Foeeaial’ it Bequbffiafitot SimicBrrder bfipaiith 85ber
lﬂié?éb?m'eﬁﬁé'ﬁé td Bsrriek IR oF aGREBPARIAS id thpicaty w By the
gas, such as noisture or water, hydrocarbons and
remﬂmnofaa( mgdal qrecgrsor (@gbéﬁtaruumxtam;zlurrap@s@p@@) with ammonia

oFah PR o Dt Rieb s FRFLAISH: Aibln i idiGhpnectins.

Further, certain inpurities |ike noisture are very

dlffICU|t to renove fromamuonia gas to a sub parts
Asamonia gasmushpmsubsiantialy apg @%Hﬁfﬂe% BHF%WBPBILF d in such

YR L BRkRgBbsddSRs Stoﬁ@%ﬂt?mﬂ[mﬁ@gﬂﬁh{%rmgsxt/vﬂﬁﬁ theQfdtal
nitride film layers deposited on the devices being manufactured. Even trace
amounts of impurities present in the deposited films can deteriorate film quality
and performance. For example, trace amounts of oxygen in ammonia gas (e.g.,
10 parts per billion (ppb) or less) used for manufacture of LED devices can cause
lattice defects and are detrimental to band gap properties that are desirable for
LED performance. Trace impurities of other components in the ammonia gas,
such as moisture or water, hydrocarbons and carbon oxides (e.g., carbon
dioxide), are also detrimental and can lead to degradation of the final product if
present in the nitride films being formed. Further, certain impurities like moisture
are very difficult to remove from ammonia gas to a sub parts per million (ppm)

level.
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ammoni a at ppb levels are often very expensive and are
not suitable for large scale processing flows of about

wae@elodiver s per mnute (I pn) or greater. As COPST/IB2005/001339

demand for high technol ogy products involving
sem conductor, LED and flat panel manufacturing

mfﬁi’éﬁé?rﬁe%mﬁﬁrelaﬂ?évaﬁablé parifledsl cdpadlanet@nicving ntdisture from
high purity of ammonia in nulti -tonnage quantities and

anaENiecat I Ievelsiare@fien aiy expeasiveandie &ob suitalklg for large

) 3hep QPR AL 5P A 39030 K8t R 8156 6708 oac
consumIes demagidefde hiyteshaolsyy produdts invmm@semmprwmtmf LED

reducing a variety of inpuritjies wthout
apddigh gang! Wﬁufathw PrOGERSAS KICERRSESh 81 It ted il the raeegd for ultra-

Hl@ééb‘ﬁ’& (?e indl Qﬁg'pe'@?fﬁrtbﬁhégée ggént‘?tfé% a5 ﬂ%‘?%@h% ¥roduced in

rvely ve noi sture and/or
ant éfficienbanc stoaoricahmasuer p dimmenwial purifieatiom eystemfemust be

capppieloBla il va il e tifing AU bt Ghithedtiel Bl fmmona
strabtsok g%&e)és Tg”zltzr‘iﬂ 8frddigi QQﬁé@'off‘lrﬂRuﬁﬁééinthéut generating

contam nation o he purifi ammoni a ccordin
sehendargiinpusities. nSeldhtsgxstams/slamJld fwylmrencludpaadserbﬁnt materials

ardlgcélé]% gegoem{oﬂé)y{ar ?&t?rb‘%lﬁl o %{%ﬁ&ﬁ i rg C{A//eﬁvlﬁlglssg)@%ﬁﬂ%d?or other
cBAtdmipbhiscatedib GH 166880 FusRkr, tRY 'ﬁﬁﬂﬂb(ng?f)f Afenonia including

I'nvention It is an object of the present invention to

transfillice cftanksi er eulindetsy muBsi @lcwﬁdtquno@v@uﬁy mpreyenjor

RSB ERITRFi2) PO 655P sl P RAENE) of ¥ v

apivhide anmonia at ultra-high purity levels that is
efficient and economical. It is a further object of
the present invention to provide an ammonia

Atacrcaﬂfﬁlflélgl Lﬂég% B&%?se? %e%ﬁqo DISigES gﬁ&erﬁ%{aﬂ%ﬁl&&f @?ngé‘

uri vel's as it ered
atieraoniadatl umalhlgm pur‘ﬂlyele‘aéls meddn targbj(eq) smaltetonohgey quantities
|nd|V|du ﬁnd/or in conbination, and it is not
Whiledrirg T%? iciest gpd &eppo ntion be construed as
requiring two or nore ofthe objects to be conbi ned
unl ess expressly required by the clains attached
her et o. Summary of the Invention

It is an object of the present invention to provide ammonia at ultra-high purity

levels and on a large commercial supply (e.g.,multi-tonnage) scale.

It is another object of the present invention to provide ammonia at ultra-high

purity levels that is efficient and economical.

It is a further object of the present invention to provide an ammonia transfilling
process and system that maintains ammonia at ultra-high purity levels as it is

delivered to a desired location.

The aforesaid objects are achieved individually and/or in combination, and it is
not intended that the present invention be construed as requiring two or more of
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In accordance with one enbodi nent of the present

i nvention, an ammonia purification systemincludes a
whydsoerdbon renoval station that renoves hydr BCHIER00%001339

from gaseous ammoni a via adsorption, a noisture

renmoval station that renoves water from gaseous
tr@@f?]@bt@ ¥R @ffshBl iuPlessAexprassly séduitet by thestlaimeattached

Inclluding a distillation colum connected with a
hemtolenser to facilitate removal of inpurities from

amoni a and condensati on of gaseous amonia to form a

purified liquid amonia product. In accordance with
IreaE4deaN G AMtHiomenémbbdintent pf ¢sepresient mvention, an asthoia

Bl ST (08 Siaten peldce e s apne,
h?%@%@@qﬁr&éﬁ%ﬁe d%%oﬂs 8RiANRLAd56BAl a ThEEILPE réMoval station

ons” from gaseous armonia Vi a o
trad semples Mater foydjasgoas monmbnicevia edsogition: and @ndistillation

StatonTarHGING 2 S IaR s e TR PRl s to faciltate
r%é%l!c&f%égﬂﬁ&@ﬂl %@Wbﬁé_d&ﬂ@n%ﬁﬂ@%ﬁﬁo&@mmonia to

renova I mpurities fromamoni a and
faremd @usified diquidfargeadaupragduebni a to form a purifi ed
i quid amoni a product, and directing the crude
gaseous ammoni a through at | east one of the

IN4EERREREO WithedidiRér SrBbiiprantiofehdrpiesiont inveation ad method of

station and the distillation station. Preferably, a
pptifyird amynarfiafin aisystareindludassthedsiers of:t PrOVIAIAG gSuppbnof crude

oaEAB 2T i L OB BV e B

réhbiahyteibéis Bomagascout! spnmpalahsiacidsarption, providioggh
one or ‘nore stations duri ng Syﬁt em operation. |,
|

n.. ,
malsliure semovalstaiicn 1a erarvewaiskilom SAREOUS aNPRaNiR yigyafgorption,
th S . i . i 4 O ; ; ; .
i) RO Sl e oLt i
conRensdrtegatilitevidrhovaltdiémparitieas fromeanastaatia asd e@ndepsation of

pressure in the tanks fagcilitates punping, of a | A
geseeyh ammpaRiado &erm ﬁ@%@@?é‘ﬂymr@gﬂf@%’r 1d'difecling the

i |PhmidtHia et BRe AL hidMocarsbri fgnoval station,
Cg‘jeés% §é§{§dosﬁé?10r aﬁgﬁgﬁPF;réﬁn set anot her enbodi nent
tiod nidistups eemovalistation amch fheadistithtiom stat@isporti ng system
includes a storage tank including a liquid nmedium a

renote station connected with the storage tank, and a

PrERAEbKCH phABRGSFIRidI&N [hBS cBhreadfe hydrocarbon removal station,
the moisture removal station and the distillation station to each other to provide a
plurality of alternative flow paths of ammonia through one or more stations during
system operation. In addition, a plurality of ammonia tanks are provided in the
system and include vaporizers to vaporize liquid ammonia within the tanks so as
to establish a selected vapor pressure within the tanks. The established vapor
pressure in the tanks facilitates pumping of ammonia to other parts of the system
due to a pressure differential that exists between each tank and the destination

for ammonia flow.
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tank. The vaporizer is configured to receive and

vaporize the liquid mediumfromthe storage tank and
waledoewesrvgaseous nmedi um back to the storage taPRT/BERR0EH001339

to facilitate punping of the nmediumin a gaseous or

liquid state to the renpte station based upon a vapor

I@X@%tﬁeﬁéﬁr@%lrﬁéﬁ%ﬂ@hé presdnit aintioage nedibim Wansmrhmg
ot her enbodi nent of the present .invention,

systert iekistasta pigrage fankdnekibingrd UAwIHEN TR, & fen 2 shaon
Bﬁ%\%&ép ftﬁa&gt tbfﬁé‘% t?gQ A48 LRehHASS: %%eﬁ@d’ﬁntﬁfthe storage

nk™includrng the mediumin a
taniguTide vhpbdezerfis evhfigureddo vegeive aad vapnneetttwthwdhnedigm from

storage tank, the va b f
theslorage LTk dnbaeives Gemeos GRILACkiPADB A Age tank so as to

fac‘éll%f’egéuhgﬂi@ ?ﬂﬂ Qﬁéﬁpﬁg |H%3§§é;efbg.1§7&qidtl'@l BREK 1 the filinote station

orag cted vapor pressure
bastdiupontevaparprgesurardstalzlisiied witiiim the plorageitankeedi um
to a renpte station connected wth the storage tank
due to a pressure differential established between the

Iﬁ%ﬁf %ﬁ %’ﬁ'ltﬁfb(i'mbhﬁof PR rBsentlifvastion, badetiododf ttéNSportlng a

vapor pressure within the storage tan
flaid metihﬂfn vdnbcrdanr%mrafthe Hpeirigy @%@mflulmmqlumﬁnclgdes the steps

d,of d

caperifinga saras it BaReriE ey lFin Ldstg, providing a
vfagbt%\‘ é&r%c@‘étﬁwnﬁ'tﬁé\ﬂsf&age Ifere, gl Qaporﬁin*rdlwﬁg t:belgured to

ed bed at alﬁm urality of consecutlvely IE %a
ree?pela?dma@@naad ¢bQUI§Jén@@w€ufr@rrh@eusi@@9@atﬁ§ @‘ﬁ'ﬁ%'é
wat er fr
gasegus %5“ g@s%ch(eat{qcthggb&gb{a %ﬂ% W%étﬁbh Clé‘ljs%]ﬁéc‘ﬂﬁ 98|58r pressure
ViifHin 1P 5@riges ek, aadipensiag theifluisiuhediuen & & eenbh-:estatlon
heating steps to maintain the i ncreasg adsor be

asapeciecitloina Hrags Bk AuR \oraPESSSHHR 5| &¥fEbiished
qoqi\ge%b g@% fa?aq rii{ NG iHd lniGeRiitRCRSS ‘?ésxﬂﬂé*f tﬁésés%lsﬁfed vapor

I On are capable of purifying
;ﬁ@gyﬁéQMﬂhngm@daxagmtmﬂe.feed suppl i ed at varying
purity levels (e.g., 99.0%and lower) to ultra-high
purity |evels of 99.9995% and hi gher. The systemis

Ih%ﬁﬁﬁ%r%ﬁ%ﬂ] RefRi oidlﬁle 85Manvdiftion, brmethodhsruetdiditioning a

ammoni a to other proce ses and/ or storage sites while
pevketidied ingluding galciunysaifate isaturateshvith Wetier instidesdhe followmg

%Fgélg,le Qf)vlfnrntgh.e(le Beggdeé:at\ssthr&?gt reeg’ac?e% ba}edd’gpé %ﬂﬁéll@f fthe
consecutively increasing temperatures and for selected time intervals to remove
water from the calcium sulfate while increasing pore sizes and adsorbent
capacity of the calcium sulfate, and rapidly cooling the calcium sulfate after the
heating steps to maintain the increased adsorbent capacity for the calcium

sulfate.

The ammonia purification and transfilling processes and systems of the present
invention are capable of purifying commercial grade ammonia feed supplied at
varying purity levels (e.g., 99.0% and lower) to ultra-high purity levels of
99.9995% and higher. The system is further capable of delivering the ultra-high
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invention will beconme apparent upon consideration of
the followi ng detail ed description of specific

weniwedoivent s t hereof, particularly when taken P@T/IB2005/001339

conjunction with the acconpanying draw ng. Brief
Description of the Drawings Fig. 1 is a diagramof an
peNEEhaToNi2 fhetherpricasbea Bndforsioragp sitetivile maindaiding the
transfilling systemin accordance with the present
pPUrityedfithe @mMmMeB&: i pti on of Preferred Enbodi nents In
accordance with the present invention, an ammoni a
purification and transporting/transfilling system
Th@caebiowesarm{( ?ﬂldugﬂmnn?j&gfsr, fentaresua gdeaniages péthy pregent
_supply tan and includes a number .of different .
PPt ol PEROBARPA oI ARE T T Atk of 116 EUBing detailed
dBLSASHRIA &W@Eﬁfﬁ?rﬁ%diﬁmy ke b PERFRIARIhER Aken in
ammoni a, chem cal sorption and adsorption units for
corpuoctiony withttbe amcompiagyingedrdwing.anmoni a, and one or

nore distillation units to renove light gas inpurities
fromammoni a. The purification units can be arranged

in the systemin angrigfDegbliptichnsfethe Didwinigso or nore
of the sane types of units being aligned in series_ .
FandV isra diagpamaifias exemplas embadinentsd @asamgiasia RHfifeation and

t ltiple fl , ' Ml
Zpsflog sHeERL i S Ted Rt B pREEIEAUBITS 278 7
i nactivated or brought offline (e.g., for regeneration

of the units). The systemis .capaple of purifying
crude anmmoni a Deseripttpryef Wﬁér%ﬁ@%d'ﬁlﬁqtﬁy | evel s

0 . - hi it . f
{3oBgeiEa i syl se A plincaigtes ©
temepoitgirarsitiingssyisterhlrecdives osrlel amawmia trodua tsopply source

LED, flat I d/ th I ONi facturi.
(poocesuealy tamlg aryLineRies a Rambet o1 dizeentpargraar ot
ir‘?cgb‘diiﬁge\?yhhéﬁ‘ﬂfmﬁﬁ A, 'aH@B@ﬁioh %it%rféﬁl%h%\?ing_fhybif&arbons from

puritred anmonia to various |ocations wthin the i
asyrabaia, shemitd! sasptiomcanid adsorptomusits farmenaying waten or moisture

f%nlp la?r;rggrlug: glpalorﬁ r&rgﬁp%%{ﬂﬁohpq{tttségi{aé{%@pnfgﬂgggg impurities
fﬁ;@%ﬁgﬁoﬁ@ﬂ kihd piMRGtivh Uhite cAriBbivanged #rihe systemen any

vapori zers establish suitable pressure, ) . .
sdittblerraannet, svithi e or mpee obiessamel typesr s pitsdeaing aligned in

lines to facili e I N : ;
RS e PR L8 e oPA 4 REE b A i ow rates
SNGEICEY Aesih@ihifl isysiaat 8petdiien when one or more purification units are
inactivated or brought offline (e.g., for regeneration of the units). The system is

capable of purifying crude ammonia supplied at wide range of purity levels (e.g.,
99.0% and lower) to ultra-high purity levels of 99.9995% and higher so as to
render the purified ammonia product suitable for use in semiconductor, LED, flat

panel and/or other electronic manufacturing processes.

The system further utilizes transfilling equipment that facilitates the transport of
the purified ammonia to various locations within the system as well as locations
remote from the system while maintaining the ammonia in its ultra-high purified

state. In particular, the system includes storage tanks linked with external
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need for nechanical (e.g., rotary) punps, which can
introduce inpurities into the ammoni a product, and/or

WO vpiongyomi t h expensi ve inert gases (e.g., hel PONME2005/001339

argon). In particular, the ¢transfilling system ensures
purity of the ammoni a product (i.e., by preventing or

VEpRSizaRY, WHdry (e Daporiiety ebhlishisunaletpresst diffsiendalsywithin
contamination to the amoni a product) while mnimzjng

tho darls B cakresREABRY ﬂowdweﬁgo ﬂ‘acawgfﬁawm@fnq aed transfer of the
%Hoﬂlam@@gﬂgyétéhe S3HBR! ?p%rt%éﬁ lin -'éhygte?% %%%(I;qqr?é‘lﬁmnates the

correspon rocesses of rese I nventi

reeesy f@nmbd?mmddl éxghirbtary) ;arrdparwhlcbm:ablmtrocﬂuccqammmmtreg into the
in batch, sem - c nt i nuous aﬂg/or cont j nuous nodes

ABRORE Ppdush angllor psEpingw SXRRNSING DR35S o heliyn or
SR R oS g it Uik
proddet (aerntoyi mesemtp1g¢or sibstanttadly syistreizirgnithe introduction of

RPN B A RAoR TRS A ToNEsrogney HailE TERDRing svstem
db?aﬁ“ﬁd cédd o@‘rﬁhb%ﬂi‘@p@& STING URRIRRN: puTm@drmhmdﬂae product.

adsorbent units”include an enhanced design and
regenerati on process as descri bed bel ow t hat, when

roperly reconditiaon acil' ol . . .
HecRiieh a5h 0 et pidBiste Bt RSt fivgntion are designed
f@ﬂﬁébhblﬁfjl antRbRy Eadabié oh bpeﬁa‘mﬂg Ui ibagch)iskRfontiadogs BOd/or

he absorbent capabilities of the uni'ts. An exenpl ary

mmnnous pindesi depengincaueion adwsnben af fgctoysseeh an the process
RRGEIBI St Dt R Bl e gl g frd

comt@mnirangs! eRkling initheecrude semesiacupply, idtc.c The®ystem aad

or stations interconnected with suppl | i.nes
qoaﬁﬁsmﬂama RIoResARs-argrfugher @@%araeql R %ﬁnm'é%'%?ng mpigjmization

rfl‘ i65BAE b mé)g.r%ha%%% g‘&? qﬂﬁ?erﬁysﬁr%%o%?&e
apur| armronlasoraean i ng system
admktbkmtrnmltstlmlaw an;énhatheed des@naarm mgareratmrkprocess as

disered el st waSn RropTbeaaBPYe A AR (8 SpPes

gé'Hé\‘aﬁoﬁ %g&ié% ShBepBL R USRICHMBE ansBﬂfér{t'rﬁé'ﬂeﬁal W|th|n the units

noni a m a supply source (not shown) via an i1nlet
w|thm|t3edwm|eg tha alesorbent Capamhtfesmfdheldeﬁsa valve V5 to

sel ectively control the flow of Iiquid amoniainto the

tank. The liquid ammonia can be supplied from any
Avekébrirg QH’frﬁémbrtﬁer@bt"éh and ti@iillihg @yét@m fMacédtdance with the

amoni a production facili ty connected with
present invention is depicted in Fig. 1. In particular, system 2 includes a crude

ammonia supply source, a series of purification units or stations interconnected
with supply lines to facilitate a number of different fluid flow paths for ammonia
streams to be processed within the system, and a purified ammonia storage and
transfilling system including storage cylinders and a product tank disposed

downstream from the supply source and the purification units.

A crude ammonia tank 4 supplies ammonia to the system and receives crude
liguid ammonia from a supply source (not shown) via an inlet line 3, where the
inlet line 3 includes a valve V5 to selectively control the flow of liquid ammonia
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system 2 or other supply sources (e.g., transport

tankers, etc.). The crude ammoni a provided to tank 4
wa@aneloessat any purity level (e.g., 99.0% or | ORT/JB2005/001339

However, regardl ess of the purity level, the crude

amoni a typically contains contam nants such as

|r{(’§éri Ikﬂﬁdla Eaﬂké gr Wﬁ?lﬁﬂ @ﬁmbﬁﬁ@ﬁb@?np?ndm{roanWammble source
in the amoni
kg toput g teiionn Ah @BRPDR ROCUEII B Gonasatod wih
YR BT SRR SREbe€ g2 HorRBordanferss 6 B THE Chide
aﬁﬂnﬁh‘e;;ﬁbvgbd ﬁu tariky 4 lcendde zaiearg/ purtty 1989 %egpR9.0% or lower).
i gher) and thus t h

Himayespiecariiess shipurnth: st ibp hud a0Bo B N BRhL kgntgins
cpﬁta‘?ﬁiﬂ sgfi‘.p"‘éé ﬂb¥|B§n réiﬂ?otﬁ@ﬁﬁ?dr@cb?dﬁﬁs%at’h@yfﬂavej

I nes aci |tatethef ow of liquid
oniginztedhirt memmhmrﬁaanfzmtum pragess gnoforianding ab sk

alyg'tﬁgpfagﬁptgg ?\?\?rg/ﬁgﬁg@{]éo% S;fcﬁgggr@gpgt@@gsr @%ls%wc} Qﬁy other
cghf;ehrﬁlﬁéh%‘ﬁu?ﬁ@@f’érﬁ@{/éd B s?@ﬁe@r'i phedehi@srethe ai‘ﬂMOhia ateaﬁ ultra-

angers o suitab ypes that serve to

hagfdpuraigdevele(eg],e% 0995% mmtmr higherhare frus %utable for use in the
t e erat
ke Bf S D EaR iR it Ba e abfrear r at o and

vapor pressures to other locations within or outside

of the system The fluid line 5 which del Liqui
PammﬁZ@rﬁr@r@DﬂaﬁRted with U‘@p@fﬂﬂ@&mr@onl%@r‘bdle\éi’% ﬁwdl"ﬂgls% and 7

A5 BB i Heybith Segorer

Halek autBlthe ignk ase. vdmor@d@asls@ras o ihcaaskdbe fvapar pressufe within
extends fromflow line at. a | ocat.i on between v
the taicions soislasEAHer THORTIOLRAAPRERS SIS b&ﬁ}ffem may be
r
RERER s o S0y Lo ez o i
aminoaiavd 4 laelmtai iseipmraiwes; yndmne@was HdOltd@l‘ 4o facilitatentbe flow
nmoni a t hrou

iyapAgzed STERIIpEt SeFERd MNP FHEVaPolan ErspiES 16 bther

IgeR CRRINsAFEhiA Rlor GRS Bf tamf r1ov8 MaaWihk B fwHich gelivars liquid
and i nc es a val ve V4 di sposed al ong the line that

drsmeeleeitoimiahl 4rtaniaporizerd, inoludep dwo velhestYdandiV1 disposed
SRR SRR Sk Py Hub 3 Bl et Ol O i
tRRSURCHRe iRBOA é@ﬁltﬁm?a(bréﬁdzw&j Wéw lihB e extends from flow line 5 at a
location between valves V3 and V1 to another flow line 74 and serves as a
bypass line for system 2 (as described in further detail below). The branched
flow line 8 inciudes a valve V2 that is selectively manipulated to adjust the flow of

ammonia through line 8 toward flow line 74 during system operation.

Fluid line 7 delivers vaporized or gaseous ammonia from vaporizer 6 to tank 4
and includes a valve V4 disposed along the line that is selectively manipulated to
adjust the flow of ammonia vapor back into the tank. Fluid line 7 further includes
a regulator 10 disposed along the line between vaporizer 6 and valve V4. The

regulator serves to prevent further flow of ammonia from the vaporizer to the
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regul ator serves to prevent further flow of ammonia
fromthe vaporizer to thecrude ammoni a tank once a

wWo booedhIb@ pressure is reached that correspondBCE2005/001339

the nmaxinum desired vapor pr&ssure for ammonia wthin
tank 4. A pressure sensor 11 is also provided to
oniet amnidmia fardsonueca Wrebholdipregsute igAsheheer thé?correﬁsponds with

tlet line 12 is provided al on
m%g&%&/'g. fﬁeﬁd{@ad/a&% REPSSHES farmmeeaia within tgnfg 4. A pressure

ST ot OSP4 ST Y

amnhonia vapkr dutetdinediig provisiedtatong withia eaee Vs didposed along
an outlet of tank 4 to

eDelnd Pt i ateadp seastivalis Sinove ammania vapor from the
Rinki dd gaite@nard & é@j[]stt ! I;])%FBY@S%U% ﬂfficm‘ktépg&t:ordmg to

hydrocarbons from t'he ammoni a stream errin
$ysggemrrequiiemenisst purification station incl udes a pair
of hydrocarbon renoval beds, where the hydrocarbon
renoval  beds are preferably packed beds including a

Acupplydirdd 14 isydHilct Ptash bMﬂélecS* tghl@ﬂ%ﬁfroﬁ@ékb‘?@dé Batmonia

is suitable for renoving the hydrocarbons present In
YaRoT Hnedsi ta.a fshevidiicationystatian kbnat neneves hiss andiotfdr e

BRI BEle 5ot BBl oL Bt puston
staorminuiudes a Aalr df WgdioEatisorflicineve hedist hmeré tH%eh)chroéé‘r%on
i s sel Ectlvel mani pul ated to adj ust the flow of

i edae& @fembésaﬁﬁc&ﬁda%e%@pmmamﬁgngmlbmvanable
RReER é’r%nu%‘%%lryc%ﬁ tHE | dsléud%b?l@fo?ergbg)%mvg‘aﬁ?%)%.@Slc%mbpﬂs present

[l ne alo I on eam

:baﬁhdxfammoman d—ldwe\eart enylong dretoveasther uitaifle BypdsasFHy@edcarbon
nd a flow line 80 | ocated downstream

goﬁ?‘@% B'F‘&S Mayedq @f%@ectj@sfbﬁsaétﬁm 0 fenpye thebydiocarbons from
tﬁé'a?f\mwonféheA QQ%“\V?’LA‘ Eﬁﬁsé&wltﬂﬁ' IHEeRs YAL YESe¥ R \%I? V9
ac é des

di sposed al ong the ne and on OppoSI
manlphtatemtceaéjelst therflgyo oﬁarrhmwevapeufmhytahkmeaédeamb during

ly line 14 further extends beyond the
éyh?%?ﬁ@@ﬁ%ﬁﬁpp0|nt with line 16 to a second
hydr ocar bon renoval bed 20 and includes a pair of

vaI ves V 11 and V12 disposed in line 14 between the
&l’é%ﬂf’rcbfﬂiep&ﬂqfﬁ with a bagidlondlinen 6 26 adochtidneddwhsitearh from

V%R%r N @ER 8#@1@% H'i‘é agoexf%ﬁqﬂgg&eﬁNérrgg]é%wydrocarbon removal
mums andi flow BhéBOWcatell BwasiBhm REmVAlpHRPIine 94 (as described
in further detail below). The backflow line 16 includes valves V8 and V9 disposed
along the backflow line and on opposing sides of the intersection point between
supply line 14 and line 16. Supply line 14 further extends beyond the intersection
point with line 16 to a second hydrocarbon removal bed 20 and includes a pair of
valves V11 and V12 disposed in line 14 between the intersection point of lines 14
and 16 and the inlet of bed 20. An outlet line 22 extends from first hydrocarbon
removal bed 18 toward a second purification station, with a pair of valves V10
and V14 disposed in line 22 upstream from the second purification station and
selectively manipulated to adjust the flow of ammonia vapor from the
hydrocarbon removal beds to the second purification station. Similarly, an outlet
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and V14 disposed in line 22 upstreamfromthe second
purification station and selectively mani pul ated to
waadjoasosovhe fl ow of amoni a vapor from the hydpOTEB2E@001339
renoval beds to the second urification station.
Simlarly, an outletline 24 including a selectively

nﬁ@mr%lwiﬂg\eaw@ctm eanteslidsl Valvervd 8ctendsy ffomcsadond
renoval and connects with

hydroserhem nestawat hedA0rd camnefty) Wg'zpu"ﬁ‘é “E%n%%bé afgaflon

f t ooy guration descri bed above and
bﬁ@g‘?@&‘%ﬁ"%wm “\L/al ves V8, V9, V 10, V 11, V 12

and V 13 can be seI ectively and i ndependent 'y

mani pul ated _to ope r close 0 Q,f : .
ASIsaNTheoRE TRLATE S CanDapiaton st n gof apefoted in
&e %ﬁ/eg% % 0, §11e\A2tANEVY3 chR JeoédledB@ly and

aneously. hus the systempermts alternati n%
|rfdepe!nbenﬂyemammﬂammmm\ argleset positionsitfofectitatedhe flow of

fl bed h
o 5 5 LB PSR P By
béth: ﬁéﬁ@él'rﬁiﬁfa}‘\eo%lﬁ)e My tn&%tem%amnrse&lwmaﬁ@ﬂw between the

can be uUsed sinultaneously to permt |ar

v bieds diBcares 20 m@ dveshibid Aipwwiolaneebed whiendhe StirRRRdMes

I V14 I .
s@ qr%\!fe,d Kl ﬁé) ' ) %‘éﬁ%{h&@ﬁ@ﬁ% gr/drgr%bé‘hsafnbht ?(@e%ﬁ?tlvw »
beaiseddsimiutta
T

peonidanger fluﬂmrgpee‘?cm@ feWSecond purification station.
Preferably, the pore screen size of filter 26 retains
carbon and/or other particulate material of a size as
Romlihe 22 @honds BePdhdvalve vetdetosar( imlatrafmsparticuleteefiter 26. The

AT 2645 oY ByitabIa BB G HaTaE PECUEY Hitgsd that may
bgg%)réneere fPaifod Wlf?\cth}éda?@mﬁn}éav rYe?l\ﬁn%h?é béds 18 and 20 prior to

|veyman| dto e flowof fluid
ndistune removaldaiithe istcoad punfusatmnl statiorr Bveferatdy,ahe pore screen

s&%{' gfffﬁtte?i g%b@?a,‘g%%%p@' nrhcﬁéqs St tg'f %grté\:"él’a?e %rﬁ;t\%gg %Jf D§iz6%s small
\(ﬁ"o @ﬁl&oﬁ%té&d(gnﬁgrdhfs ) bhevéereshiztiepftont theadmaionia stream

I on. I ncl udes selectively controlled
pasbmgﬁhﬂiﬁﬂ1W&ﬁﬂEmd V19 di sposed along the |line, where
valve V16 is |ocated between the inlet to unit 30 and
the intersection of lines 27 and 28, valve V18 is

A B6@UBE 27 extends from the outlet of filter 26 and includes a valve V15 that is
selectively manipulated to control the flow of fluid to the second purification
station. Flow line 27 connects at a T-type intersection with a flow line 28
extending between the inlets of a pair of water removal units 30 and 32 of the
second purification station. Flow fine 28 includes selectively controlled valves
V16, V18 and V19 disposed along the line, where valve V16 is located between
the inlet to unit 30 and the intersection of lines 27 and 28, valve V18 is located
between the intersection of lines 27 and 28 and the inlet to unit 32, and valve V19

is located between valve V18 and the inlet to unit 32.
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betmeen the intersection of lines 27 and 28 and the
inlet to unit 32, and valve V19 is | ocated between

wo 206003998 and the inlet to unit 32. Each of therCTER2005/001339

renoval units 30 and 32 i ndbude an adsorbent materi al
to renove noi sture fromthe anmoni a stream passing

EbBR el WakrysiovaPusites@bhy 32tineludatarT adsorbeat materiad to
I'nclude calciumsulfate (e.g., commercjal l vall IL
rémove moisture-fiomdhe ammen|a siregin passig, th 5@4&?“51 ed‘ﬂ'@) keferably,

tr{qﬁ\&ﬁ;‘ég Ie gg%b&{rﬁlgsﬁaﬂgem%asu\ﬁag? ﬁ@g%@h&rﬁ c’m@ available from

wever, any Sul ta

VAGs gderiond Dderstel cc@,nLtdeenibaorm)ytobemvmwated froom the
renove noisture fromthe a

ammenig ¥iardeeraion eosh ahendcahgor %‘i'o"f cHBORvet %tber suitable
a@%ﬁﬁ@%ﬂt @'ﬁ}é‘ésrlgar@ﬁé%h‘éﬁﬁfa esﬂitﬁfzbe o réfnble @ndidture Hom the

[ spos Ine 34 upstream from
atrimeortibistréapuri fication station and sel ectively
mani pul ated to adjust the flow of ammoni a vapor from
the water renoval units to the third purification

c?,féde? fine §WE)Jtéﬁdé’f Pﬁ‘lnflr@’ti\ﬁlbfﬁr rbindQaBénit B0 kodarba #hird

ctively controlled val ve V20 extends from second
pmammnanestatm with & pelr efvaivesnvitt apd M2 hdispesed in linfe344

t | he
b ahRE L OGRSt Fnf S elilony B BRI Lo pciust
trﬂ?ﬁb\ﬁto?@nhﬂoﬁbg/apbr froah BRSwiES rebval Wi toMthe, thhﬂ@uaﬁcbtlon

can be selectively and i ndependent]y anIP

stailonpe&mﬂarlw arfsedtlépidmet o msiuting aGeieaiiely G ﬁﬁa V20
n|a vapor fro

oS R Rl R B 2 U gl i Y Bhe 04

I&da“ﬂ'ﬁhtb@‘t\\ﬁ@éﬁ‘vﬁlveghﬂﬁ ahdi®&2dystem pernits al ternating
| ow between the two units 30 and 32 to divert fluid

fI ow to one unit when the other becones saturated wth

A e SR o s o
F"%mvt@ﬂ%pyz?@r \?ﬁj:’\g’lﬁ; Ir\lglic?eis‘:/?@ dred Vgé@asfmsselanf@tﬁlm apdt o
|
idapenylonfy BnimuBtacBrdien soroned Rodtant i EaGofe oy of
Bﬁi%t\}éjaofr ‘?lron’ﬁ ﬁﬁér‘?6 Rofe DRivata Brhoval @hlté @U@h@' 32161,

rend for reuse i s described bel ow.

aﬁbmtivehet@bowmmtsdsn‘mﬂianeduslw \Tdaus'zlhetsysaerpmetrmﬂmaétﬁ@ating
filter 38. The filt

flewt l@tyvgen(tgeéwo ynits Oﬁ%{’,?%t Hﬁﬂz |§ ﬂB t%) qcrtél @hi€when the
A e ddRtkd Sattifted with moisture and needs to be brought offline for

regeneration. Alternatively, depending upon system requirements, both units can
be used simultaneously to permit larger fluid processing flows. A unique and
highly effective regeneration method and corresponding apparatus for restoring a
saturated water removal unit to render it suitable for reuse is described below.

Flow line 34 extends beyond valve V21 to a particulate filter 38. The filter 38
filters fine particulate material (e.g., calcium sulfate dust) that is entrained in the
ammonia stream emerging from the water removal units 30 and 32. Preferably,
the pore screen size of filter 38 is small enough to filter particulate material as
small as about 0.03 microns or even smaller from the ammonia stream. A flow
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amoni a stream energing fromthe water renoval units

30 and 32. Preferably, the pore screen size of filter
wa30em0®pml | enough to filter particul ate nat ePCEHIB2a65/001339

smal | as about 0.03 microndlor even smaller fromthe

amoni a stream A flowine 39 extends fromthe outl et

lirfd 36 iekie?Ids3orh eh& oLihiet oF fittex 3Bitoat fhird pmmlt:atwn statnpm (A pair of
of selectively controlled val ves

selesiuslpconraiesl valves ¥82 andeVe% ?F%XEBPW‘? AOORE3% | on
includes a distillation colum 40 connected with a
distillation tank 42 di sposed at the | ower end outl et

ThéE tﬁll‘tﬁp@@ﬂlwf@n siétoreinchndes42 distitationesolumgut Wcemesied with a

t hat fluxed th
distitianciank 42 dispenaibadta aven e glst a8t wrs ank 42
recc%ll\}é'mlﬁlz}ijahﬁn&rﬂafthfﬂﬁé?é’fld)éédrtﬁ?@jgfﬁthlétﬁdlumﬂd |aeition, a

or a condense e vapor to Itquid for further
coriderses 4dds aspobsedrat Bad) Mr@nd avitlet of the sJumuanRGis canfigured

tqsq%cgél,%t ﬁ?@ﬁﬁagpén%mo&%] Bs%é)rr ' ‘?’?’Fiﬁflﬁ pérv%'ﬂ?gt&ﬁlni\m‘?&‘ firther
p@%@@fﬁgr& déR9®Rd tfe’#di\bo'lD@mra%h dolurfir dbasepdirates dantaminants or

e separated from amonia and are collected in
lmmmwa‘domﬂbeanmﬁonlandem’ﬂctﬂar Helat gasappsdMpuritigg, such as

oHRTTAAE o S gL, A o
&Hlé We%lléﬂ%d&ﬁ ith@hlead|spest iop conadsey 44hand removed
Istillation colum to provide inforpation . re

duheg lspisteﬂhapeltaélﬁﬁe rAa{tvLﬁLéw&!e ByFRer QEmEﬁ@tWt “ﬁofﬁ@ g

s%ﬁ%g% 1 %é ﬁ%@c égﬁéﬁg% @% glgspg) q?tank@u‘ﬁéble locations along

thé”éisﬂ%ﬁ)nacdaﬂn\fleto\ﬁd\wtibamformatsem eegardmigythaanhemﬂalate&@erature at
to control the flow of the ammpnia streaminto the

spch incations mithimthe COlWMBr anch |1i ne 45 extends from fl ow

line 39 at a | ocation upstreamfromvalve V31 and

extends to a second inlet of colum 40 that is
Fiapiiha 3ot ersds toedffiestdnlet proximéatedtivetiower end or baseof column 40

an8lncuase By VAL IS spiechie i Pem By e Sle Gaffilihe fow of the
aﬂ‘ﬁﬂbﬁfa%ﬁréa'ﬂn rits théhrst c@furﬁ‘rﬁ%l@lt h& brantt 181 45 lesmtdscfmm flow

e Co dition, the colum can incl ude
naefsgwna ta)blaholm upb’eeamffrcbmwet\ee Y31 gnd extends iera see@)d inlet of

at, var | oc

oo PSSP TR G 8 e oror oxample
18E 5865 Rliet dﬁh%@ldcatéiﬂammwmwg* uphiee fdrmyth @f thehdlstlllatlon

amoni a streaminto the second colum inlet.
cohlnve $as/depigtedl nFigch) opany other suitable location along the column. In
addition, the column can include any suitable number of inlets (e.g., three or
more) disposed at varying locations along the column. A valve V32 is disposed
along branch line 45 and is selectively manipulated to control the flow of the
ammonia stream into the second column inlet. Thus, valves V31 and V32 can be
selectively controlled to adjust the amount of ammonia that enters the first and
second inlets of the column depending upon the amount of impurities or

contaminants that remain in the ammonia flowing through flow line 39.
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selectively controlled to adjust the amount of ammoni a
that enters the first and second inlets of the colum

wale@enoiopgy upon the anmount of inpurities or PCT/IB2005/001339

contam nants that remain in2he amonia flow ng
through flow Iine 39. A sanpling |ine 46 branches from

A éé?erhﬂ%@ ﬁné%%airaﬁcﬂaé@%moﬂbvbﬁhmgrat\aalbmﬁoﬁlaam v‘/élwe V23
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station (not shown). The sanpling "st ation an |nc
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S

igRESSS BRPerisceFAPREENE: rioc casmida SRPOR e He e sampling
s?éﬂH?Pnh@lu@@§ aSbfsiiFe a?ﬁi’yiéﬂ% 'ﬂ%?érH’ﬂﬁé‘ tiiahistare @@ntéﬁ?i‘n the

to control ammpni a om1throug he wat er renoval
amminoeia(gagystrearnt ana mearrtelaeumtbd@t@scaﬂ awsedio cortrelrammonia

not he i ncrease or decrease s fl
i EFRLAT i WA FaR VAL 610+ B rRat Ty b flyfgtom one
u‘nﬁ%%*othérhﬁlcﬁ@e@@ bdbcrbadd prodEmY flone |ett§‘|2? ARErrRHtiveRyT r in
gas ch romafo raphs to neasure the concentrations o

agiditiganio rnemwg@qmommnemﬁminﬁwe samppling statien 4nay ickide one or

fore PR MO BER R Rt i PR Ers o pR 7 ifiSgen.

hiyfifodarbers, 3¢l in &le® Bchrhonhiatssrelam, td’nﬂ MBsﬁeééLﬁ’edeata can be used
col unm. The measured i npurity data can al so

tedetqrovee the towpaih of Ammaniaues tlarmveh.cmet o Mbwfé%flfﬁt and
SQ%HQ é’l{s%%g q ﬁlgﬁw QWF@@V Tﬁé nji%ufré purity data can also be

ari ion sta i ne
u@litédato ceritrol e flbwmfca‘mmbmactMMgh boe an botH Ieydrof:arbon removal
condenser. 44. The flow.line 48 includes a pair of
b\‘?gﬁ\Pef;stth/ﬁ@t&Hﬂf'%@r’tﬁ%o%r e selectively manipulated to
control the flow of amoni a vapor exiting colum 40
and traveling into the condenser. Condenser 44
A ﬂmh/u:desl&aeﬂendafmnwm boutiet néartthexop ntithet ¢olomgHotdreinlet of

HRAEERER44. Tl 5Bl Sh IR A Pey 57 LaB8 e VB bt are
seRiEtival rhasipliltey Rf cERfdIaRé flb SFEhimbhfa Vébdr ehitirig'€olumn 40

syst en oper at| on.
and traveling into the condenser

Condenser 44 includes a coolant coil 50 that extends through the condenser and
includes valves V34 and V35 at the inlet and outlet locations of the coil to
selectively control the flow of coolant through the coil during system operation. A
suitable coolant medium (e.g., chilled water, glycol, liquid nitrogen, etc.) is
circulated through coil 50 to control the operating temperature within the
condenser within a selected range so as to maximize the liquefaction and
separation of impurities from the ammonia vapor entering the condenser.
Preferably, the operating temperature within the condenser is controlled within a
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sui tabl e cool ant nedium (e.g., chilled water, glycol,
liquid nitrogen, etc.) is circulated through coil 50

WO 000600399®@| t he operating tenperature within tPer/1B2005/001339

condenser within a selectedl¥ange so as to maxim ze
the liquefaction and separation of inpurities fromthe

rafg® of abu@pd0°End abong3 s re(abontiedtETC td’abder ABIIC) tfacilitate
operating tenperature within the condenser, is
reciovabPl It gasepws KPRUHESHAS RRisdraboygdion Jaystied agupronia within

tﬁ?QpHH%né_bq Wférﬁﬁer%mlétse%sgp 5 Lkasid ere"i‘@%r%ﬁﬁ@%{hm

gaseous T npurities as noted a
dondeaéerem tofanilitate\pretise temperainmecsdral withire theecenderser during
sensor 49 maasures the tenperature within condenser 44
YBEMOPEIANe precise tenperature control within the
condenser during system operation. |npurity gases,
such as the |ight gaseous inpurities note above, are
Impudtyeglhsesy such addhs dghidgassausamperities note gbave, Bre removed
vent line 5 nc ud lve nd Vi
R ondagt By Py ing ol ThekedBinkcet ndhtia Fal of vaves

3o8md WBQﬁaﬂa@SﬁleétWelﬁmahwatea Qo0 @eﬁ?mét%eswomtthéf
processing station (not” shown) addi tion, a sanp

condenser for dativery to acsaryibar arj qibensprpcaﬁ&ag istatian Get Shown) In

LR SREInG 5% SRR LB v PR aRa B ieen

valsi V@ ahd V8 4ed extends 2o arsanaslingostatigagnot shown) for measurlng

chr omat ogr ap hsf) A valve V39 is disposed al on% 'ﬁ‘gf
the ﬁ@nwt@twn@ thelimptrities (e-GaNipeN@PEmars gesShromateoraphs). A

ol 748 T ish 886 bl @B TRb S 0 s e SRHRY faridlRaii to

varyl ng ri n em oper at1 on

fadlimtnthecédrhdtiontdfa gassampler intiutHeesarhple linesatsfaoyingriignes
guefied and purified anmonia fromthe condenser to

dé‘l"GQasdétqu@é’Pfg@-and/ or directly to manufacturing

and/ or other processes, and a valve V41 is disposed

along flow line 54 to selectively control the flow

A fiow liaE 34 igudomnectediioahe coddenser anﬂemg)rttrarmw@htingﬂiweﬁed and

e s ABnd Sohindd 15 5Tk GBS e o
mﬁd?aétuvﬁth;%dv&%tﬁeﬁgmgs@é UM & VaRe 1t B Gish&sed aﬂahg flow
contr ol e anmount of i anmonia (e.g., sone,

lioe Sdoosieledtively eontedl |tms<ﬁdwtrata<ofcltﬂw¢1 gmeoonigproguct ﬂowmg

tﬁ%@ﬁb:tﬁ% Illplgpvé é%tu §P Fe'?ﬁ& Ifnrqug aqg\é cbﬂﬁe&éd% tfleen condenser
44 and a top portion of column 40, with a valve V42 disposed along line 55 to
selectively control the amount of liquid ammonia (e.g., some, all or none) that is

refluxed back to the column.

A sampling line 53 branches from flow line 54 at a location between the
condenser outlet and valve V41. Sampling line 53 includes a valve V40 disposed
within the line that is selectively manipulated to control the flow of a liquid
ammonia sample to a sampling station (not shown). The sampling station can
include any suitable number of analyzers (e.g., gas chromatographs) to measure
the amount of impurities in the purified liquid ammonia product.
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condenser outlet and valve V41 . Sanpling line 53

i ncl udes a val ve V40 di sposed within the line that is
wa@edembiovel y mani pul ated to control the fl ow oPCHIB2005/001339

l'i quid ammoni a sanple to a sanpling station (not

shown). The sanpling station can include any suitable
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IGudarBBIon Fom BedankribiUsh B 2s9n2eoand erpk ip dhe ik as a
VBéBI\NS&BS ) %rggﬁlﬂa‘v@p&rﬁ&éﬁé Wi the BIrkuBa sd18cted value.

orizer and to the tank as a vapor so as to
Thedtuaadime BAewhighodelivees qud ammbhia frore tealkR6tto vaporizer 58,

d |
'nq?qué:%ae SAgaYS2 iaaeed AongenBding ot Bedely Reipuated to
L{égm’eeﬂé@%f ‘é‘rr%ﬁ@ﬁi%%ﬁiuyﬁﬂthbhiﬁe' 'F'l@ldtllh@t 59 8elivers vaporlzed

ctively mani pul ated to adjust the flow of anmoni a
atnmomgrfrarh avapprizer 58 ta tanki Sfeamd ingdidesca yalygpir1 disgosed along

TR SR 8l A g PO S g bk

ifte th® Wik edluldPliris 59 StrthidranélLags afregumisr 60 disposed aidng line 59
into the tank. Fluid line 59 further includes a

bebuyeemveporser fisspubvalval iy Theeeastatee sapies toapeyentdhe further

B PP BB 8] oG i o
thresdolelt CFréﬁmn‘QI i8 rémﬂe&ﬂheécarremmm theesmxinruimsdesired vapor
reached that corr espondfﬁs\g %\1 t he maxi mum [

sired .
PIRSHE fRrABIIoRI Withihip PHISPUIRARNSY. OIS 7IEQ pEpvded to
igded to nonitor the pressure
n?&{iﬁ)?&h?gﬂ%s@g@\n&ﬂyﬁaﬂklf{éﬁe 62 branches fromflow |ine
54 at a |l ocation between valves V41 and V50 and
extends to a fjllin tation 64. The.flowline 62
ff&wua@@abr@apb ot o8 insad ahiahieten BT yalfes y41 and
E)‘(t%hﬂs a2 fmmogaétﬁﬁoﬁ 84C OrHd Mw 1iR8 62! |ﬁ&5!u@§sm% ¥45
throug I'tne t e filling station.
dispatsedml@ry theclinedtsit & selectively manipulated to control the flow of
ammonia through the line to the filling station. Filling station 64 includes a
manifold piping network connected to a series of cylinders. A pressure sensor 65
is connected to line 62 to monitor the pressure of ammonia product traveling
through the line. Thus, flow line 62 facilitates the direct filling of liquid ammonia
from condenser 44 into the cylinders at station 64. Alternatively, liguid ammonia
can also be transported from product ammonia tank 56 via a supply line 66
connected to an outlet of tank 56 and flow line 62 at a location proximate filling
station 64. Supply line 66 includes a valve V49 disposed along the line that is

selectively manipulated to control the flow of liquid ammonia from tank 56 to filling
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mani fol d pi pi ng network connected to a series of
cylinders. A pressure sensor 65 is connected to |line

WG 2006003%Mi t or t he pressure of ammoni a product PCT/IB2005/001339
traveling through the line.15Thus, flow |line 62
facilitates the direct filling of liquid amonia from

SEHIHEBL EThé HrésHife Withire nkBETscomtrofiéd bydhe @nmonia vapor
Alternatively, liquid amonia can al so be transport ed

presswrerwhightis inivsnicantraied By opeetignfysipprizehed gand this

BRPARIDE S EreRR o B arfinoh B HomtaAR Sg 0 Mg gt S8

66 includes a val ve V49 di sposed al ong the I | ne that
is selecti veI% mani pul ated to control the f
i

A gafipamaninendéis sannacierkiosiiow §ne op) atr?g'@Fat'% FIOWES”?H@ from
I
ST Sl Dl K RS PALAS e and [egcenmiy
mﬁpaltatemtoocﬁontawme flew cﬁ@,asahmughlthlsdmet r'ﬁths gata @ummlme
rate of lig ni.,a fromtank 5 fil stat

L@hze%a@ sr@rbaa% (€ Bndeam) 45 BhRiia i ahine g g e sgangffom fne
gﬂ%‘ @ﬂgé@%tfrnﬁ?g%t%h@ﬂmalm ad¥ftion, é%cauwﬂbump\rm@ 70 and
I sposed al ong IIne I's selectively
sxm:btmulllae g@, eack intluding isetectively contrghed valvesdi 4 ang V438, are

I [ ne Tté?%pg&mgwrmaﬁzga utidi ze(%y\anébnergrpgaﬁ ﬁ?fﬂ?% ion

b@%/vééﬁ Bublpelife/68 %ﬁ@rfﬁ)v\ﬁﬁné 612 It(b fwzllﬁét@t d8ctfie vdduum withdrawal
dition, "'a vacuum punp |ine and scrubber line 72,

oéaotl/orrscruhhlm@ of gatetialvempved rﬁrtom theeaylingleve at filling gtation 64.
V48, are also connected to flowline 62 at |ocations
downstream from t he connecti on between punp line 68

Rsterrinigoaydin ke tifthiel firfichtiomttation| distillationankug mcIudes an
W t hdrawal of and/or scrubbing of material renove

outleheennectsd tmadiow ke 74 whish T furpieoerise tOF@I/@P?I’I%?gf 76. A pair
a2 5 S AR ST s ey

mdnipwatedthto cortteol the fberefdiquial amvr&mm froaT tan. 42Atqomporrzbr 76. A
val ves V29 and V30 are dlﬁ}o sed

ﬁaohagéln@emdwv@ng G splebiel st oledkvave onis fisd hoppected
th! lté’r'ﬂi ?@TH%’] féé?é‘&ﬂv%’\)ﬁtﬁ’d?aﬁ%l ¥ h*no’n‘?é vapor é‘amrﬂes for
anpl ing 11 ne

I ncl udlng a sel ectivel Yy contro
analysis msamhag $tatm1(m\etsb«JINnb Thekaapling srcatmrl ¢aratn@Iude any

SfablpaI st of Ahiara o BIARLE M GIERCarBY i OF more
n%%[]ﬁ’uéé‘ ?%ét oisturs Ay drCAreRs Wg@H' hﬁl@g@nn étﬂo)‘aﬁntﬁih the

yze tO neasur € t he content of one or
anponiat gasssgraptg. , A poessune 6ensgrdf o tSaﬁ!IBQ @anﬁﬁt?géﬂ tank 42 to

monl{orqﬁe bréasfs%r w“‘fhﬁnh{he tanE. A further flow line 79 is connected to a

second outlet of distillation tank 42 and includes a valve V53 disposed along the
line to facilitate selective removal of ammonia from the tank through line 79 as

desired.

A flow line 80 connects an outlet of vaporizer 76 to flow line 39 at a location
between valve V23 and sampling line 46. A valve V25 is disposed along flow line
80 and is selectively manipulated to control the flow of ammonia vapor from
vaporizer 76 to flow line 39 for travel into one or more inlets of distillation column
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amoni a gas sanple. A pressure sensor 77 is also
connected to tank 42 to nonitor the pressure within

wo bh@otoasyko A further flow line 79 i s connect edP€DIB2005/001339

second outlet of distillatilon tank 42 and includes a
val ve V53 disposed along the line to facilitate

zﬁ)9é§6éédm)erdeéﬁb@ |Bfa I i dw e Bhes tankedtbd cmeyween flow line
line 79 as desired. A flow line 80 connects an outle

745 (ab apocaticsy bete/ees vialvas Y2Handd/3R) and fivaling R2det a/é%%tlon

S PR Lol V21 5 PR s csposea aong

ﬂasanmrtwimmd atré s@&nﬁwely rhhripllated & selentwely dwbﬁhefﬂawrof liquid
vapori zer low I'ine 39 for_trav

.in
W@nl%ﬂr@ﬂsdl%tf"aﬁpﬁtt?m‘f 42 dijgctiviq fiting s 'Oa‘eé‘g?%%%system
Qg)l%? In addition, a flowline 84 is connected
Weeh flow |ine 74 (at a |l ocation between val ves V29
and V30) and flow line 62 (at a | ocati on downstream

AR Soed bR eoRgHITcTY 16 Seris PamEen shiteqnigcfE flow line 80 with
fwrn{w‘l@t 2oy di0e Wﬁ?ﬁ@b@s&d%lw baéltfmf hr%N1 efbeltwaén Qhe
fromdlstl ation tank directl fil

nsiEaseomlon@cf lides 1680 andopdieay'8.0and walve ISaﬂﬁbQ@lve

PERE I oA S8 ORI Lo a0 Gy stton
(ﬁé OfMEtOAS bf fléw{nb' tBQhé@nd@mzaweaorUhm Vintlipes @t i 30§ during
I'Thes 16 and 80 and val ve V8, and valve V24 is

syetasg Opetionmani pul ated to divert the flow of amonia
vapor to the first purification station (i.e., instead
of flowng to the distillation colum via [ines 80 and

APhurther nBeENSORINTREAITRS 8 @Rtentls flomtfloer lireoS ¢at erade@ammonia
flowllne8extendsfromflowllneS(at crude nia7
taalﬁ ) i flow inp i (3t Adosaliarepetyeepdhe iconngedamLaning AbInes 74 and

r'?c?E Q%fvg'\/éw'tgtfa&iﬁtaoé 5%&{%&3 Bf‘éru% FhoY)ﬁi ﬁSth%%)ferPand

ass e anmoni r omt
w@dnd mﬁdaimrr stbruoas f@rrtran@brtajmedtly rto tmaﬁBMerflcatlon station

directly to the thi ur| ion s
B COSYSEB OREr PN \)’é éfé isP@s 6't9 [l,r&e % g location
dnrbﬁ?né% e @ohﬁ%&fdngfb)ﬁf Qéﬁhié%hehnteg% 54 ?Qcatrioqg s%%di"velg

tween 11 nes an I's selectively mani pul ate
mampuraie@to towetrdlitbevflowv of Imumblaranmmna $o vaporigssriczetiorse delivery

tg(gl %{Wa .8@%8 s ad (Vi3 Histdd 1 as BBP col utm 40 (via lines

The system described above and depicted in Fig. 1 is designed for flexibility and
includes a number of modes of operation, where the ammonia stream can be
routed in different circuits to bypass purification stations as desired and
depending upon a particular application and the types of purification that are
required. The system can be operated at any suitable temperatures and
pressures that are desired for a particular application. The various modes of

system operation are described as follows.

Initially, crude ammonia liquid is delivered into crude ammonia tank 4 via line 3.

A portion of the crude ammonia in tank 4 is vaporized, by opening valves V3, V1
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The system descri bed above and depicted in Fig. 1 1is
designed for flexibility and includes a nunber of
wo@e®09b0 oper at i on, where the ammoni a str eam BENIER805/001339
routed in different circuity to bypass purification
stations as desired and dependi ng upon a particul ar
afBPV4, GRid fawiag ride ahirh@sia QfﬁromlghlIifnlecatlmt@wadmilzeafieand through
required. The system can be operated at any suit
line rfeacke inteetankt Pree die waPQIESaWE WA tenk Ads Wit in'a suitable
r ¢
r%rgi_é Wéa% \é?é\? dgggr\hggqf Jgg?d’ aefdoo&%dﬁ%qﬁtﬁgm GH%EHP or liquid
f@fﬁl)ttfarﬁbé delivated or @enpeel edbthet pards oﬁl&easysimma(vtealn‘le 24 or line

8})’52\%%9%54@;@(; %%b%p&%r%@g§ta%shqn}i1ggmeéyﬂthtegyﬁpor pressure
h al
'{5, i\ ngﬁr i | °8 t@e 325%%9 Asithg v@porL BFé%sM?é’@férﬁsecb drop

nto tank 4. Once the vapor
withirs tanked, wialvesnV 3, avik andi\s! alet gain a)peued a0 If@cmtat@éaponzatlon of

v
RO ERIB NG 141k to TeRrRpe i VBRSO as ARiaion of the
chSHé’éHﬁ'iorﬁéW@ \Péﬁdrﬁér B puifidAthel di@dé‘énﬁ’rhohiaﬂﬁy r@movmg

as a res e pressure differential established
chetinesontaminap sticih aeseetakoxides drat may gyisbirmibe gramonia prior to

0 ste vapor pressure starts to drop
d\ﬁJIYEH'yﬁO%i G RUG! 'C%}kﬂr\/% t'QR‘é) V 1 and V4 are agai n opened
to facilitate vaporization of ammonia within the tank

to increase the vapor pressure. The vapori zatign
In Bebadety guritigation mode ¢TUdaAMPBIa \GIRAr éD dgwerrfeﬂ é@n@ it@k 4 to the

fifdHRRRITR e 63‘ﬁg§¥h|ﬂg VERI By BrbBHAT BB Bf 944685 99, V10,

he ammoni a prior

\dell, Migrand v18 t@hibel K/afves at2 amd S’Baareml@sed)ndepémim@ upon whether
purlflcatlon npde, crude anmoni a vapor is deliver

the aRMMAMR VEPEb IS 19 diragted dilarwgbaﬁrﬁoﬁlﬂdj%%%%&,hyderocarbon

SR S e e e bt

roleteertHroug hupexh1 &vi(lla!y bpening e/awaso\m andapidr and ctasn‘[gevalves V11,

I r e&;}\/q Qidg\ﬂp%h ﬁé@eﬁ‘:&%{e‘% %éj tp%%@ﬁﬁéﬁo ream can then
b%tdn‘?é@é&?d‘ 88 203b§/ dér{%{/&véwgtéﬁcpwb d@n@doﬂe‘?mﬁgiwves V11,

openi ng Va ves cl osi ng val ves
\Amanaws ).Whhis dlewsiddriinoous procassing efcamuraniaatihe first

then.be diverted to bed 20 l osin
riEficar gt wig et Gb frog Rrafon o7 e di gihe saturated
b}é@l?@l;{e}géﬁ/éﬂl | fNGoteaHOVE ONSthB e RS BAE 20f cANb® ehibl@yed
simultaneously for purifying the ammonia vapor stream (by opening valves V9,
V10, V11, V12 and V13). The hydrocarbon removal beds of the first purification

station are preferably operated at ambient or room temperature to effectively

remove hydrocarbons from the ammonia vapor stream.

In an exemplary embodiment, a saturated hydrocarbon removal bed is
reconditioned by flowing ultra pure nitrogen (e.g., at about 15 - 25 psig or about
103.4 — 172.4 kPa) through the bed and then to a scrubber (not shown in Fig. 1).
The reconditioning temperature within the bed undergoing reconditioning is
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purification station while permtting regeneration or
recondi tioning of the saturated bed. Alternatively, as

wootedo@bove, both beds 18 and 20 can be enpl opemB2005/001339
simul taneously for purifying the anmoni a vapor stream
(by opening valves V9, V10, V 11, V12 and V13). The

P&@Fé&@h%ﬂaf%@éb&ﬁ@@oafssdﬁ@ for bSuffsient peridd oftime (e.g., up

statlon are pref erabIK operated at anbient or room

ta Bfhheuss dependingfupestthe siag ofdhededhydr ocar bons from
the ammoni a vapor stream In an exenpl ary enbodi nent,
a saturated hydrocarbon renoval bed is reconditioned

nf lE8WhB ahe kst upiitatich statiorntheearomonid vaqmmtre’leﬁnis 25
Ub\é)l or gbout 18)3 4 - 172.4 kPa) t hr oug

Stlh%tﬁnﬂ@”}aff@@ ofi BydrocaranssHihis dq%lvraregi tqgaﬂlwlétee fit&™56, where

TSSO DERRR RS LAl ol g oo i

oB5boG 0.08 rﬁmsmfs‘ orcsrmalierrisremaved frommrene emgaonla papor Stbeam by
hour s dependi ng .upon the size_ of the

theBliern gT@mmonia VaRer sireamiis e 4 %'f\@ﬁeg %%@%ﬁ%mdammﬂca’ﬂon

SYEﬂB?Ir xéﬁ‘lbﬁﬂ!ﬁéﬁsumt antially free of hydrocarbons and
'S ifvered to particulate filter 26, where carbon

and/or other particulate material entrained with the
ammoni a

R S RS 2 S o A B
réﬂnbmgcrg §ﬁ1r@'ff6?ﬁ'tﬁe UARRGNIS It SRB droodth %téleﬂenv&rae @RIté‘ 30 and

purification station via flow line 27.
32h dzcsrem@mplﬁmnnmm vaporstait be mltlallyeroutﬁdathr@ugiapaﬁ 30sby

oRenisiaife st h Lt PRy Y38, IS At 3 Ve unit

3DBnfes SRt Withp@bistae, bt amimidrad Fgw cart led diverieddb unit 32
unit 30 bé/ openi ng val ves V16 and V17 and cl osi
e

byallasirg vaBes\Wi® and \WZ@ndereningvalves \bes inksand 1V20. As with

8 U1 BB TR e SRR on st

peRfts Beloctly evevtliy oVadinturta ¥8W. bedweshtumits!s® and S to facilitate
purification station, the confjigurat \l{ygrf%of .the second

bangml & etusAtesh W @‘leﬁé‘pﬁmf@@w@mg maiptainigg gmmonia flow
H'tﬁ‘e ske%ﬁﬁpﬁﬁﬁgloﬁﬁt%ﬁorf P |rPad: f!gn t5oth B'ﬂoaérﬁi 32 can also

gl ng a Sa or recon |t|on| ng
befuslefei simiufttaeoiisly tapofyi amfrionie vapanagdesiredsdyoorening valves

e
V8. Vi Sho Vil sl the Slssuetio BB ldis Prs, reiaiboperated
2Y ARG 18 peesture dA(R¥rPRRIThBShoGHoY féconditioning water saturated beds

in accordance with the preéent invention is described below.

Ammonia vapor emerging from the second purification station is directed via flow
line 34 to particulate filter 38, where fine particulate material (e.g., calcium sulfate
dust) entrained in the ammonia stream is removed as the ammonia flows through
the filter. The filtered ammonia vapor stream is then delivered to the third
purification station via flow line 39. As noted above, a sampling line 46 is
disposed along flow line 39 to selectively divert a sample from the ammonia
stream to a sampling station, where any one or more impurities in the ammonia
vapor (e.g., moisture, hydrocarbons, oxygen, nitrogen, etc.) within the stream are
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V16, V17, V18, V19 and V20). The water renoval units
are preferably operated at roomtenperature. A

w@e@benived net hod for reconditioning wat er satPCBEIEG05/001339

beds in accordance with thel9present invention is
descri bed bel ow. Ammoni a vapor energing fromthe

o%?é(ﬁ@@’ t@Hdillthe2dwe Boﬁltréltdf‘lﬁe iapnrAlbhigGdtRGANY itiroligpWweds s and 20,
to particulate filter 38, where fine particulate

umiatts &0iand 32, and/octy iplai lecationadispasedalend distitalion golurw 40
amoi t renoved as the amonia flows through
('t%ev'ﬁ Iﬁe% ége%ﬁaé@l tered ammoni a vapor streamis then
delivered to the third purification station via flow

| ine 39. As noted above, a sa

Tdiesffmaml%lm@r stresn lis digecied @ %fi%&?n%rﬁeﬁpoé utigts of
d\%ﬁﬁ? |8n fc{)fﬂrr]ﬁﬁ ES Bgtg)?f%'cﬂvéH Iéf?or?ofﬁéﬂ?éé V31347 V89 to open

€ Tmpurities 1n ammoni a vapor
anel. cﬂosed?pogtlom@, wingels tiresdidve 0§ anorywiarenteriing trgecolumincthyough

Bt dnesporans Srrriacbens sonidlestiasaskiion edfpusy content
o‘l"ﬂ'\é Srrorfta $trédm. aﬂﬁ{rﬁd’)méQ/aBBP ?révélﬁfga%\ﬁﬁﬁi ﬁﬂré%?é&umn 40

along distrilation co via |ines
otf9rs condeasadd,ovia ﬂperler4=83alvhere Il@ht gas@@usammltles (e.,

SOE18 SRR L UGB Y B goce o
cBRdefssSaH Q@&érbtémﬁém Il@fm@fﬁné thrﬁbmw qfheaéﬂfmmr%er is preferably

entering the colum throu each of lines 39 and 45 is

aperatetlial elbput it°Cotol atwubas@do dipeititateheeparption of the lghiraas

e PR e S5, A SRR BB G o

chBdeMbar e rhatdin @persindscriomiv s tthe (destred teinberatare.
oxygen, carbon dioxide, etc.) are concentrated in the

head space of the condenser and separated from

%’g\l@ QYW? %S%%ET[EE?@% g f&h?eﬁ$ A %{Jrjgiﬂuxed either

ﬁa?mwadrlcbm;ﬂétdmduhmg the Uals:hlpmmcahmremddeobabk intoctolumn 40 via
Cool ant is flowed thr ou h flow line

fioweing Bt @errefl%x%iw@.amra%'@aaq &"E%‘ﬁ&u i .d&@ag?n iéﬂ& 42.
4RSS tﬁgggﬁéﬂjﬁﬂﬁﬁ ton éﬁ[ﬂi@éﬁ %dlu@ﬁ%‘i‘ratngf’ér d?%?u&@@épor ammonia

condens N COI’] ens xed
tlmméxghagéwlr(sirarmmﬂsdoadqjmfntahom gy$tbmskmcb nte drstrllattm colamn 40,
mode ack into coJ um 40 5.

i Brrieaat il Ul o dateef Hgbiel dtamidiia hds atbtimupted in

Qf,%g Hgﬁ;]a,{w@z E@PI o bolk pur i fication process,
g transfer of cru e vapor anmmoni a
Upon collecting a suitable amount of liquid ammonia in tank 42, delivery of crude
ammonia vapor through the first and second purification stations and into column
40 is suspended (e.g., by closing valve V7 to prevent flow of ammonia from tank
4 to the first purification station), and purification of the collected ammonia is
carried out solely at the distillation column. In particular, valve V30 of flow line 74
is opened to allow liquid ammonia to flow from tank 42 at a selected flow rate to
vaporizer 76. Vaporizer 76 is operated to deliver ammonia vapor at a suitable
vapor pressure and flow rate back to distillation column 40 via the first and/or
second outlets (by selective control of valves V31 and V32). The amount of



10

15

20

25

30

through the first and second purification systens and
into distillation colum 40, is carried out until a

wa nobabdoeo anount of |iquid anmoni a has accunul BCEB2005/001339

distillation tank 42 (e.g.,20about 90 kg). Upon
collecting a suitable anount of liquid amonia in tank

vApgorigsd Bipohiglentarirdethanconmng wafiow linkr3gugihd/oh ot linet45 can
and second purification stations and into col unn

beuejeitel cantplds(prnamie tARSGIRGR b ravuet qarggniration of
iBpufE i R bR feeButlfoy piFacp e 8t o ammonia in tank

4eanis sachpling linel78.y at the distillation colum. In
particular, valve V30 of flowline 74 is opened to

allow I'iquid anmonia to flow fromtank 42 at a
Iﬁ%b&ﬁlBﬁgofdbﬁ\\ﬁé riﬁ/&mh?oﬁié% bE &l a Gitabl@ReW &flé td the istillation
operated to de er ammnl vapor at a suitable vapor
cpluesis,waposiadr 76 Mhmrentmes cedtaili impuritiesitbat welyexistd the

iguRaBimosta Phedatnenisdrnsiimei B dideft Aroafme uing the
pﬁf@fﬁ@ &F reBr&Qllattsh b\hlﬁqdi@ IaH{moNlaéfrcfrh B 4 42 ‘ba@ﬂft@@dhmﬁn 40, the

l'1ne 45 can be selectively controlled,
sespemdes piagees ofigelivaring ¢rode anymodien@ner i &nlkot to tank 42 (as

ceited A6l b i AR TP SRAM PG yorfte REIPE o yquic

anstebhiadn the dibsillAN@T tahgk drap® befow aphreshbldvaluéf alblde vaporized
flowrate to the distillation colum, vaporizer 76

anmnenierfepd gande dieggtad ﬁromrfﬁnh 4 tethe firat arﬁ%)?»e(é&n% pugitication
si;ggngls' \%ﬁ\b %%‘W?ﬂbﬁa l}/j&fﬁt s@eé ?%@Q@H?fle?cglgﬁgré tgﬁ zé{?'nn 40 to
cohdéhspri4l amrtrmrﬁtd‘dlst‘ﬂett@hlta|4124back to columm 40, the
suspended process of delivering crude ammoni a vapor
fromtank 4 to tank 42 (as described above) can be

A

nmﬁléafh%?]%?lhqeﬁgbd%ﬁpg{jlg%sn t an rﬂ?g ‘gghg&‘ed% grbﬂl&'d:tdammoma
tariic 86 Iaatjﬂ)r\ﬂ#lng&stabmm 84, viapbe ivaddus frowrinesfasedescaibeldeabove.

Cﬂc'zx{q%%f CamispesEinginor of Wi A5 haRE i 68 enderser can be

éékrtattﬁ&nré'uéh idol#hh 20, Gébéﬁﬂinﬁ‘&pbﬁ tﬁ@ r;b@ﬁfss@weﬂaf the

an then to distil atlontan
animaeiai asddéterminede foyeaxample aby ammi@ma\serm:des extﬁa@ieddly

SBHRBu e Bupos Pueigddapidatile Boditt ndhd (ffing e, 1n
aggﬁi%@é 8p&adihy AUpoffthé iplivtydietanamtha purifiey tigaiccameie product
collected in distillation tank 42 (which can be determined by extraction of a

sample from tank 43 via sampling line 78 as described above), this purified
ammonia can also be transported directly to filling station 64 via flow line 84
(upon opening valves V27 and V44).

The gaseous impurities in the condenser that separate from the liquefied
ammonia are removed via flow line 51 (by opening valves V37 and V38) and
delivered to a scrubber as described above. The condenser is designed to
provide an adequate headspace for the gaseous impurities to separate from the
condensing ammonia liquid so as to facilitate a gaseous phase extractidn of the
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refluxed back to distillation colum 40, depending
upon the purity level of the ammobnia as determ ned,

wo e0oceppl e, by ammoni a sanpl es extracted by BemB2005001339

line 53 fromthe purified Riquid ammoni a product

flowng in line 54. In addition, depending upon the
iraparities ihevegh fibwiine FlurAs nmtelga:f,eods anpnriti@s anreomrﬂed from the
collected in dtgsttlllatlo tan

caBg@RsAMmEe @J?t” iondtree yill Be re %% “"mm ?éﬂ‘i&fe4%ff'9'egt
p?mtloﬂ%f gu'ﬁﬁ Eﬁj é’rﬁﬁﬁfdlé) ogfég’F&)delIK/nystoF’tHé'fﬂllr@dstatlon

anmonia c etranspo irectlyto filling
aadhirlpwd@@‘tsmmgbltamk.l i ne 84 (upon opening val ves V27
and V44). The gaseous inpurities in the condenser that
separate fromthe |liquefied ammonia are renoved vi a

ﬁh'e%efHd@iede%oﬁbéQBéb%% RaRBI¥E bEperidsmedns a\eBhtinddds mode,

delivered to a scrubber as descri bed above. The
depaddingamansimisgity nercanirationvevrls avithi thesruderrmmopia.and

Wt BE g IR e bbimed %8605 08 s pbPlRd U high puriy
|83 EStURe RIEBnRXbrodotl. GPoradxdnisieMpLgituations wneuagghf gasv
line 5 1. As nore gaseous inpurities are vented fro

mmruﬁmw&h@ethe qrwée ampenip feedare prdéheordersd a ypdre Ppm

LA BRI S oy S8 R Beof .y oosin
vahat V42) sodé es permid uqmefﬁdaamg&)mapmdu'ﬂ’n é'omat:bnd:lenser 44 to flow
descri bed above can al so be LEzt?rformad |nkgﬁ ti nyous

dirsgtly taitliea statipn ifoAnd/ep RFIGUFt @aHERNA 8P e System
o:ff‘eﬁ}bg 16 RBnfi BRI fﬂ%@a i eveﬂmﬁj theSREE s@&oﬁcﬁ“énd thlrd

Ux 1s requir desired ultra high
pwificatyort eteabnsf, andtthen torsonage pndido canufactudrg @plod)eri process
situations where |light gas inpurities within the crude
SYAIAMMS-a feed are on the order of a hundred ppm r at her
than a thousand ppm reflux flow line 55 can be cl osed
(i.e., by closing valve V42) so as to permt |iquefied
lammothiex npodificationf todhe datclepyrficationtpocessndesaribed gbave, crude

fllllngsttlon64and/ rod

arpiien v B SNBHeopa &t Beoluredne Tanis) Sesdtilpdisaten
stdtdMsdhd be trfahéﬁértedi aressy R wetthird dupficatiorcetation. ThIS mode of
stations and then to storage and/or manufacturjng

QDleh@tIOl’pIBdiS@ﬁé is pifuatians whergibersudesmmeriatis §Hb§T@nt'ﬂU-y free of
ARG LSRR/ RE Rt RES bhiBHng IRy feelty Pocess the
ammonia at the first and second purification stations. In this purification process,
valves V1, V7, V23, V24, V27 and V29 are closed and valves V3, V2, V28 and
V30 are opened to permit filling of distillation tank 42 by transporting ammonia
directly from tank 4, through flow lines 8 and 74 and into tank 42. Upon reaching
the desired capacity of ammonia within tank 42 (e.g., about 90 kg), valves V3, V2
and V28 are closed, and valves V29, V25, V31 and/or V32 are opened (while
valves V23 and V24 remain closed) to permit flow of ammonia liquid from tank 42
through vaporizer 76 and then into distillation column 40. Operation of the
distillation column is carried out in the same manner as described above for the
previous modes of operation, with reflux of a selected portion (e.g., all, some or
none) of liquefied ammonia from the condenser being delivered back into the
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anmoni a can be diverted so as to bypass the first and
second purification stations and be transported

wa@l2ooeob3990 t 0 the third purification station. ThCHIB2R01339

of operation is useful in gktuations where the crude
amoni a is substantially free of certain hydrocarbons

cRUHPIh IR Fé,rrﬁalhmgsulﬁbgkﬁlé iafembhia IRediptaziuat w:@slaletdmlato

ammbnia at the first and second puri ficati on st
filling tskationptr andiestamtn5@r dtaddiliona¢iige anmonigcanng ey directly

T e T

aftinéiaty a?@ﬁ ROthehnearasfereed m alicortinugus manneainko ¢plumn 40 for
through flow |ines 8 and 74 agd into tank 42. Upon
pu&ﬁ@ﬂilQﬁlgtotabeW@sWT@@%@BH@ R'PAYEL anmoni a wi t hin tank

42 (e.g., about 90 kg), valves V3, V2 and V28 are

cl osed, and val ves V29, V25, V31 and/or V32 are opened
I Whidtoneabes MAesabléé distitbénidelamsmoia vapasfaliowed by

agorRan Gt woraresbeRSend MErue Eonainaas DegisiRR ST Spria
e ﬁjc#Lﬁa alrrggbh%rl% %’[a cte?i t%adléﬂnfé\‘ﬂloﬁlﬂolurﬁnfdﬂ)ein&ﬁmanner

manne scr ove for the previous nodes
depemtaed abovayivttreredf iswapofized aed @aridad po colugm ¢ a@d condenser

A SoRs R Pabl M rRTREA T <BrLAg ppmoni

Iléﬂﬁ |ﬁ%‘€?{|ll5h&9 }éﬂl@ 412 PWItRINH BRI He rakgd. dThe ﬂdu@tammonla in tank
ling station 64 and/or tank 56

42dd rthemdl,recied dretoammnlzar ¢anvalee Yahtis glosedtangd Yqjves V24 and V8

vapor|z r 76, rath I

?F?‘gtt? Bﬁfmﬁﬁ!?“ﬁé“'avb%@.og?%ﬂ%ﬁ I'a ap%ér&ﬁgwtl[?%tm to the first
phhﬁeéticﬁ{ §@floh N TheGMionitpusparaher floivstio accdnlmmuod@ nanner
purification to an ultra pure amoni a product

tisoughtthe fisstwaeeand, enidhiag SUFREAON Hakiplt I 7 SEP'!ﬁfemannef as the

r.f b

BT BRSSP s D SRl RE) M Byre SR RG B R 08uc
drhérging fRomtetrdiensef 44 88 thdinrdirgobet] ta)flltingstatioaltﬁéband/or product
colum 40 in the manner described above, where it is
ayapeniateak®®d purified in col um 40 and condenser 44

until the concentration of |ight gaseous inpurities in

the refluxed ammonia liquid in distillation tank 42 is
Badhhofrthe shainbald Enkaisyeonridoted withiadvapariner i the maAren 2

St bl F A B o erstin
e
'IfHeDvm)orlzeas ecenselaotnmiy ganitielfed to ensure a suitable vapor pressure
exists within the tanks (e.g., that tanks are pressurized by vaporized ammonia to
a pressure that is higher than ammonia vapor pressure of ambient or room
temperature and/or the pressure is high enough to enable vapor or liquid within
the tanks to flow into other designated purification process stations, receiving
containers and/or other locations within or remote from the system), which in turn
selectively controls the flow rate of ammonia vapor or liquid from the tanks per
processing requirements. In particular, for every 1 1b (454 g) of ammonia vapor
that is withdrawn from a tank, approximately 600 BTU (633 kJ) of heat energy is

lost from the tank. Accordingly, heat must be supplied to the tanks as vaporized
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through the first, second, and third purification
stations in a simlar manner as the continuous process
wale®einoived above, and the ultra pure anmoni a pPOTIRA05/001339
energing from condenser 4428s then directed to filling
station 64 and/or product ammoni a tank 56. Each of the

afiEHA ds bamgSwititdra@ANeOrésk tof hiintain dipe dezieed lvapd)nhpressure
manner descri bed above to facilitate va

withinothiedatlks, ianst fiugedswiable BressHIe ﬂlﬁfsr%? %@)ﬁf\'ﬁ%%? éach tank and
tl]geé Eﬁdslhggtuﬁrﬁg&whgfgeme ShnlBrE Hhefrhe%'é'&?d MSsure

vaporil zers are se ect control |

re%glxlftﬁﬁ ufiezedd ﬁmletaah vepeeper (aprdessiibed abose)spmvtehtsdheﬁenk to
anks. (e.g

. k
i St Bt BN e G s Bl 388t shucor
f%’ﬁ&r%r togﬁrﬁééh‘tf ﬁeQ[%mgﬁ?)vaﬁﬂfJg%H afrﬁn%htaeﬂamrtﬁbwrafpoﬁzdf Bé4ck to the

ssure 1s to enabl e vapor or liquid
tamkt dmce 4 fiereshaolkdspresstiredor thet presstrer re@aatgrnlétréaChed
purification process stations, receiving containers
and/ or other |ocations within or renote fromthe

A%yrﬁtéa}abov@' e LHTIISIHP rbf%ﬁlraﬁsweV@mmcﬁwahécﬁdmcél Idewices can

ammnl vapo quid fromthe tanks per
intrastuesaheigl peqmuleée@,rhmrocvafbpaﬂlﬂbrmnﬁ angl/gr ofhes r'mpyr'F'BS into

o S BRI VBB i 32 Rl S on e

e&ﬁé?nefl)f Qfﬁéri%/é 3BYulting aPhbre @kpenﬁﬂ@bpm&hgﬂmsﬁmpﬁheed
he tanks as vaporizedampni a i s bein t hdr
tr@ndﬁlhng systemokihe presedidsvertion, yfiieh HP&%%LIWE VRPOR PFPSSUFG of

th k

Lk TS o GRS TR 2 i
vhp8rizsdrBRindonia tb @ dusiedripeation] ehighlykeffectiven eninimizing system
regul ator utilized for each va ori zer s descri

cantueyd fing e nEoguation of AtPerRl ippgiss S B TR e
Erﬁhpﬂlgoé’rsp 9{ ar Zéqdlﬁoeﬁj asiiyied ﬁbew C{th/a%oﬁﬁéﬁﬁrV of crude

revent t ow of "vapori zed
awmoniaanftammtfbahmamparams deartiin tropyritiest (auzh @sdeetal oxides) that

rﬁ&gﬁgﬁ.lndthgf&@g%hglafggm}n%ﬁ@{r ﬁtﬁ{a%éﬂ vrapc% zdedp%rpgnoma prior to
'F'ﬂ?l Ccm g%’tgg‘?ﬁﬂéé”v‘é brif&Y br@Sorfid 3t bR of thes purifdation stations.

ydro arbon | ubricants and/ or ot her
| npurities into the amonia stream Further, using

ert ses like heliu r argon . .
AP35 Pl S, BN R § e romtank
£&5the- flrgﬂ%ﬂffe@ﬂérﬁ istdtionaig ¥ias am Kitdrhativegseode liquid ammonia
i nvention, which utilizes the vagz)or pressure of,
can be delivered directly to distillation tank 42 or vaporizer 76, via line 8, in
situations where it is desirable to at least initially bypass the first and second
purification stations. Vaporizer 6 controls the vapor pressure within tank 4 to
facilitate delivery of either crude ammonia vapor or crude ammonia liquid at
selected flow rates to the varying locations within the system during the
purification process. Similarly, vaporizer 76 controls the vapor pressure within
distillation tank 42 to facilitate delivery of ammonia vapor to distillation column 40
or ammonia liquid to filling station 64 (via line 84) at selected flow rates.
Ammonia product tank 56 is also connected with vaporizer 58 to control the vapor

pressure within tank 56 so as to facilitate pumping of ultra pure liquid ammonia to
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the ammonia to establish a suitable pressure
differential so as to punp liquid or vaporized amoni a
WO 0008/008930 red | ocation, is highly effective i nPCT/IB2005/001339
m nim zing system costs anad4reduci ng the introduction
of potential inpurities into the ultra pure amoni a
finingcitation 64 (vddiowi line 6@)somtotay athew syitatile lacations{eud. atirectly

té)fﬁrﬁ;mﬂggﬁu%ﬂérﬁotbgr ha@@fég&HrﬁéB?Jqqégf’g{]ﬁ Eggc @{wtvar“ {s during
s Qt%n%géil%tlbhq‘#h%saw a{:fdrpﬁh& hﬁn§ir |#§§ oF 8888 dLENd liquid

nmonra priror to p tion of the crudé vaporized
aammoniadoatariany lcmatuohe within thecsystem, & storage/fillirgfleeationg and to

i T e oS FRRR AR or e
préEritd Br ¥bl§stlahf1§Iyﬁﬁinlmliéérd@ﬁémmdilon(‘df Wee ahiraohid with

anmmoni a can livered directly to distillation tank
sézomnlaryaqo@tammenve“oduﬂmgasystﬂ@ @perghior, t uati ons where it
Is desirable to at least initially bypass the first

and second purification stations. Vaporizer 6 controls

Thiaesy4etAdeBEABSH BBoV Bht ticpiuted h Fiy. flasan me manuauy or

del i"very of either crude ammoni a vapor or g\o}

agiteroaticallyi apnitrelied ta selestively falltéwatﬁtﬂew Rajhs ﬁ'@ Ewraﬁes of
GPTAATIRAIL R r 2 TR HE P OO, hvaves car

bRrindepredentlynd guteidtically m’anﬁmﬂ:ktedﬁotapehmd ctbaeé positions
delivery of ammonia vapor to distillation

(Quofi? ﬁ’nﬁpﬁlﬁ“é} opirPls) ahryary aPP A '%Qre(ﬁH't&b 9 R@géﬂ'i‘mﬁ%'e logic
coh r8ﬁér‘§g:§f W@%’"ﬁf&‘ﬁﬁd toAI@EFﬁ 18 ARESHHAE (?[%iﬁnéﬁnu%lé’élﬁé’ of valves

connect vapori zer 8 to contr t he” vapor
dispesedneithin tth: eystenkdlﬂmgsanyaef the thatch Iaunda:tOeEltlpuﬁp$ mpdss of
ultra pur on 64

opeRRHqN @,% r‘%‘p @va& @% hgrfgtrgllﬁrtog ?rp gtqa&néom%umcate in
aqr}mgnéi’.?tab@ rrn%ﬁhény @lé@l@bﬁi@ﬁﬂ%ﬁmrarﬂﬂop\wr}ébss connections) with

acturlngpoe at desir flow rates during
any&ifdhe upkveat pmssufEha&d temeemuﬁmsoramdtarmﬁers jat agy of the

sarostig iy sTat g BIP Iy Br it Bl Brps Bredtaimed o
s%leh;%e@ﬂ dansrof thevapdraitesasrbun ieagh pf deeas®sonia sasies, Hsadell as
out in"a manner that prevents or substantially

the fiowi of @mmeniaaat anyt swiekle fewgatasmai B Wt suitatio fawrRaths as

2P 30 b4 Mo R Rl o gRln GfhpfatGre Btereasyred within
tRE taksooredisrdtion coturhn eislvweell &9 nmseoed inepuritist ermwntratlon data
fl ow paths and fl ow rates of vaporijzed and |iquid

thatis letermined ghona O ESAMMNG LaloRst-e, the val ves
can

In another embodiment of the present invention, a reconditioning process is
implemented to restore the moisture removal units of the second purification
station after becoming saturated with water. lt is desirable that the adsorbent
material is capable of removing trace amounts of moisture from ammonia in an
economical and effective manner and also maintaining its absorbent properties
upon being reconditioned. An exemplary adsorbent material that is suitable for

use in the moisture removal units of the present invention is a calcium sulfate
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be i ndependently and automatically mani pul ated to open
and cl osed positions (e.g., via pneumatic controls),

w@ar@eampoone or nore suitabl e programrabl e | ogPCT/IB2005/001339

controllers can be providedsto facilitate autonmated

openi ng and cl osi ng of val ves di sposed within the
paytidutatequodugt comymefciallyeavailable o \Work HammengdarieritefCo., Ltd.
gerab on as descri bed above. The controller or

(€8Rigy 8N¥r s can communicate in any suitable manner

(e.g., via electrical wiring and/or wreless

connections) with any of the valves, pressure and
Areexamplaty mcisinepremoal dinitiaelydes & containgr epnstristed of a

SRR ATATIA 0% o R bBRAA) b S0 g 8w

flﬁh§é§ BhE ihdlugingt Pfindtiplstamensilet R Miise ual |S/\p<’ad:kedswtthealcmm
[ dw of ammonia at any suitable flow rates and in

ssuifatermmcnﬂlatﬁmmmb aﬂet@@rmgléwrawawvab%abames ‘Shturated,
S HEQUGR e b e R fer WBEeHBRFaHER) M BUbjeblé o 2

reddndilidning precessihvelvingra deddual heatlmgsoﬁ‘élemdsanbmmed with
one or, nore sanpling stations, In apnoth enbagl ment

sibstandialhy @g@mtrpeeemnaﬂumaslwewm L] H‘ep‘r”U ess is

i npl emented to restore the noisture renoval units of
the second purification station after becom ng
s ptefeate dedriditiovin@ prodessj whibbsinvalbes stdmaand lsontinuous heating

P T N g —
5] Jvﬁﬁ? c%ﬁs@?ur}ﬂ%r%ﬁéﬁoﬁﬁé@s SED) ﬁééﬂhbto%lcﬁ@ﬁl(&h@té packed bed

ties upon ‘being reconditioned. An exenp
taahboubé@@ Grﬁdreaboalt 12Hm:urs (23 beahmeebebeto amltl‘l@ot ée’or about 24

I]Tngqlrg,lt M@ﬁf Vlgelrgia né%quthQ';’gefggaﬁflﬁ Gnhglyr% Q)%dt?h@bed to
\b@*t bgbte fcﬁrréBBdM&”ﬁodr‘Q”QB) méaPrieshed B Sbout 30030 for about 48

Xenia, Onhio). exenpl ary noisture renoval unj
Haues; (6 eat ﬂa@rhead teeabmﬁrsﬁor Gdoeabeit 48 Beyrsapnd (7) rapidly cooling

b8 Girpufconelets FERAREEYna i ncl uding & 1 i neh

inlet and outlet). The unit is packed with cal cium
sul fate particul ate product., \Wen the rml sture reno

Luring thissleusarcieontinuays haating PeRRHIMQIFIIe ABd Qg Vlaile
602%6&51 | Genfltea g Qhégﬁﬁﬁée§Mh% &]“S% ddsdtbent material

oni ng process i nvolving a eating of
ih e bedordsaltinglirch raiotdrarszatidraot nwlrnaylgpmemt of tattbiegeatructures of

tﬁg gltdlscr;}]boelﬁf lr%atglnglw 'IDhge Fe%rrpaun rérr%ehn olf ?r'ué [attice structures further results
in the shifting or reshaping and even enlargement of pores within the packed bed
of adsorbent material, which increases overall pore surface area and volume and
thus adsorption capacity within the packed bed. The newly developed pore
structure that forms from the slow, continuous heating process is maintained
within the packed bed by rapidly cooling the bed from 350°C to room temperature

(e.g., with liquid nitrogen or gaseous nitrogen at a selected temperature).

After the packed bed has reached room temperature, the adsorbent material can
be further treated to remove any solid residuals (e.g., metal oxides, carbonates,
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A preferred reconditioning process, which involves
sl ow and conti nuous heating followed by rapid cooling

wo 2@eaofbow of substantially pure nitrogen, i nECT/OE905/001339

the followi ng consecutivel y26perfornmed steps: (1) heat
the cal cium sul fate packed bed to about 1000C for

cAb.ptiatIRayexissin tha)maenbl. tSacib%hldlsvalslawterﬁbw(ﬂ:bﬁldbwmg
about 24 hours; (3) heat the bed to abaout_ 2000C f

2AHDANIBENNS &t & sglafted sesyure (B&d atzpua@QcFe psigrRr 206345 kPa)

T

oot B t6S hewsk; Th@dm{rﬂa)nlaawpons thaml vemgl;ed frenmbthe packed bed,

! oomhﬁ%ﬁgr|§&’i‘?gﬁ '?Q%%g‘béﬁ% [metalile] l{?ﬂ—%' t %&h’gpugﬂ(iihe unit at a
s% Aakd h@aﬁ Bd% éfe?eﬁ*éd‘fﬁéﬁﬁhdlﬁ%ﬂﬁd“&/c?él UE%%S cOhtinuous flow

e parti c e adsorbent materd al
of ssbbtantiglly pum mltroggamdladesaﬂned‘olImwmgrmf@enghvely)fperformed

st i bemeie o To ool L8 BB ZELBHT (RUICH the bed to

a’b%wbsg ¢ Fort Aot P4t AU, @) heds R EWtRaso @3B C for about 24
enl argenent of pores within the packed bed of

iwdnss;rm¢4)maplém coolinghihe vedrie reamdempesatyre (aeaut 25°C). For

R e B

rﬁhmé:g@rr@sgﬁat forms fromthe slow, continuous heating
process is maintained wthin the packed bed by rapidly
cooling the bed from 3500C to roomtenperature (e.g.

4 Bl PRSP BB Bl 0RR e S ova

Heclaegially wifectivé &)raéseaﬂedn.tsagetcérthalpacm bdsdnpenh materlal
treated to renove any solid residua

dispaned WS S anGs. BT eayiouigs RdbaRiioned calemim Sulfate is
c‘éﬁﬂgfé & redatihl rﬁS%h%@oﬁté’}g% Er?é@hﬁ%’or?é( at b@?ﬁ\be%;rﬁratlons of about
e about

Ia vapor “at a selecte ressure

.g.,
580p[E gyei iggber 0puriics mpntratmns bEalpadkea ppat onless.

hol ding the ammonia therein for a suitable tinme (e.qg.,
about 3 to 5 hours). The ammoni a vapor is then vented

fHu%ﬁ}@&ysQéi%%Mlomﬁeﬂw@%to%bh@édj WbBYE @ré bébé’lﬁl@rbf

is then continuously flowed through the unit at

mevldmgetmltradugm pgrlﬁgat pemanigr(efdera purityee{tIh9Pb| qrr’rggher ) from

cFie SgLROTAANGERS0 (RESPOR I AE e Hd L a0 P )Y 2 bBonomical
mREfnet Wi ot Besusd d) mBerdnit AU bPerbsnsive és&fs while
about 24 hours; (2) heat the bed to about 2500C

re@ptainipg the witea-high) puridy of thecamepnia. Yepgentsgtiens @frlmpurltles
sﬁ%ﬂ lé\ts r%étal oxides, moisture, hydrocarbons and light gaseous impurities can

be lowered in the ammonia from ppm levels to ppb levels. In addition, the
reconditioning of calcium sulfate in the moisture removal beds enables continual
re-use of the calcium sulfate without losing the adsorbent capabilities within the
beds.

The purity of ammonia can be sampled in both the gas and liquid state at a
variety of locations within the system to determine the effectiveness of the
purification process as well as whether process flows need to be re-routed within



hours; and (4) rapidly cooling the bed to room
tenperature (about 25C). For exanple, the rapid

W@ owbionggooray be conducted over a period of m NnECEEB2005/001339
(e.g., 10 mnutes or |ess).27The reconditioni ng process
as descri bed above renders the noisture renoval beds

tie aPsteneinf 89} bMpeldboveaeetived Hengsaths. leﬂﬂeadzlqadi ammonia can
adsorbent material disposed within the units.

bezpartialiy ar comnl@telﬁ&aﬂﬁd inknthe w&da%&mmm%@h §ylmder3 at the

A o R S G SR P 0 TR gt

pEOEERR) Hepbhding quonathetduaﬂ]tﬁOfﬂhmanmmba&semérgmg fohe the
systens and vari ous t hods descr.i

C@agw@ ofhip RNl R mghwatemfgﬂowftfqn @ﬁﬁg%hmh gurity ammonia.
(e.g., a purity of 99.9995% or higher) from crude

armoni a and al so transport the anmonia in an efficient
lmadditioontive systemedeseribediabbueantrdepicted it Figsdhearn balmodified to

ehillele e PR Ao hand auiaya VA Bt i e Rl fgp i one or

%%f'tﬁé %ﬁffe?éﬁhp@%dé%ﬁ'sté%n@e$or@<‘aﬁ’ip¥é €the system could be
rocarbons and |1 ght gaseous inpurities can be

mcoxﬂnbeda ducin thaterageraninaonia @oushbe W@i/élr@cttyotoww @feth@wrlflcatlon

stalioheded. oiedtigBE TS Fembud sty d Ttk SALsyfavle
nhh@oé?r%f%yﬁﬁw ot fl@WQﬂWzd‘lhg lihes egn rm@ inftermdatdenilternate flow of
capal ities wwthin the urltyof anmoni a

apamoni@ theergheany aAneer mqrﬁepl@la@am SWIQUS @ngtiin@ayfongecutive

t
of . Sk ate BRIl b e ek g g of
ansmvhiet thesugh theesstoht pusifioatish S’@tlba foﬂewedtb;dﬂow through the
W t hinthe systemin any of the above de Eh(?rlbed Iow

figsttmutfication ﬁtaél@ma%hh@néhmgh&he Ahirg pupibication statien.
conpletely | oaded into the product anmonia tank,

cylinders at the filling station and/or deli vered

Htvireg tescribedneal systefnsiard rdtieodefay the aunﬁmﬁmmd tragsfilling

Brergong. o helowsiBRbaeE inclifatiohsoyaialiond B bianges will be
sﬁggést:égi ntBrtF?ﬁé@tsklﬂ’éb A thiel drk ﬁ‘T\ﬂébeRHé *téa\/crﬂrgg@ﬁéﬁorthrherem It is

system descri bed above and depicted in
tirergfore tode Wrdersttioti that albstictcvariations, tegiffdatansfand changes are

TRAENRR S IRETENTHE SRUNIR 08 T

Jppen8gdlids. the system coul d be
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nodi fi ed such that crude ammonia could be fed directly

to any of the purification stations (e.g., directly to
WO b@ofndose ure renoval station). Further, any seCT/a0es/001339

nunber of bypass or flow di28erting |ines can be

i mpl emented to alternate flow of ammoni a t hrough any
CHipn®r nore purification stations and in any

consecutive order. For exanple, the systemcould be

nodified to facilitate the fl ow of ammoni a through the

second pur, f ] i At l.an, Wﬁﬁ] .l ow t hr ough

t he B'r rst Aﬂlérﬁﬁfogg$Pgﬁﬁé4t§ﬁlsg%@£b]g t er%Yq rough t he

t hi r ¢ Hydrbéarbahiremovhkdtation tidvemgves hiydidoardbons, bm gaseous
systens and net hods for the purification and

amraerinivia PA§OPtIORDNi a, it is believed that other

nmodi i [ i adk: ' i3 Vi
sugod T 8 TpmiEel SelB ThattaninasaRRet ol Febequs ammonia via
ateapiionganset forth herein. It is therefore to be
understood that all such variatj.ons dificati

REsthe T W MO A R R
chﬁéﬁé&réP%&Waié’Fbrﬁévﬂfo impdritds rb® aRARMEENd condensation of
clarms. Crarms 1. An anmonia purification system

geeepus aimmyonia thyomo agyusified dighishammania pedudiat renoves

hydr ocar bons from gaseous ammoni a vi a adsorption; a

noi sture renoval station that renoves water from

gasequs amRdyitdthadiAHAT PiwIssteiriih@ rofbhei rehadviab station is
station conpri'sing a distillation colum _ connected
lvéatted dovmstieaseiromdhe dwdrocagben remevalistaion-npuri ti es
from anmoni a and condensati on of gaseous amopnia to
forma purified liquid amoni a product. 2. The system

of clgi m Fhadrenroftdein®i fattheecomprisiay: st ation is

| ocat ed downstream fromthe hydrocarbon renova

| .
st at iaofiitration WA dispasesbstween ths BydrogaFRRL retaoNs! isiation and the

SRS i EEPAE Dl amons
tfaﬁl@ﬂﬁ? tiaubhabé Altextiortuenit. al  from gaseous anmoni a

traveling through the filtration unit. 4. The system
of claim2, wherein the distillation station is

l ocatge d The system of claim 2, wherein the distillation station is located

downstream from the moisture removal station.

5. The system of claim 4, further comprising:
a filtration unit disposed between the moisture removal station and the
distillation station to remove particulate material from gaseous ammonia traveling

through the filtration unit.

6. The system of claim 1, further comprising:

a plurality of fluid flow lines connecting the hydrocarbon removal station,
the moisture removal station and the distillation station to each other to provide a
plurality of alternative flow paths of ammonia through one or more stations during

system operation.



10

15

20

25

downstream fromthe noi sture renoval station. 5. The
systemof claim4, further conprising: a filtration

W@ Riok/00§93posed bet ween the noi sture renoval steCT/ABROGME1339
the distillation station to2enove particul ate
material from gaseous ammoni a traveling through the

filtrati Orl'héfﬁy%terﬁ of themsY, stresreipl thel raidrdarbbu réimeral station
corrprls:adg plurality of fluid flow |ines connectlng
ufadjbh

COMPIringd ot agdasraenisheds arangabwiBindhersystetiseAaS to

RSB b b ok, Ay 10 £ sk oo o
aﬁmmladsbe@wgbdMingrsymm*ﬂ opeedtiomns during system

operation.7. The systemof claim1, wherein the
hydr ocar bon renoval station conprises a plurality of

adsogbent Tﬂ%gﬂﬁ/s?érﬁféﬁ% vy tvméiefnhtﬁ Srﬁél"sﬁﬂéﬁérrﬁﬁ/at Station

facillitate sel’ective alternating o ammnia fluird flow
compnises@ ;ﬂdsaixt}behadmtjemtobmeeadjwthdhe systendsoiasgto

fadiaideane Pitatio of smamie g i Fof g AEEPFNy ped to
gam%%gbrd%ﬁ%eard@m@%%mrw Qréthfh systemso as to

acilitate sel'ective al'ternating of anmonia fluid flow
from one adsorbent bed to anot her adsorbent bed during

system operati o 9. The r

t he gdsor ﬁi’ﬁtsyﬁgqu O(gPlGE"He %‘ﬂ?rotb @8%?8”,[3@;@ o%gﬂe moisture
rérﬂe{/ama@orpm@tum phfiouRite hh@tbrlémmhpﬁslﬁ% caiiwhwulfate.
sulfate. 10. The systemof claim1, furt

conprising: at |east one sanpli ng [ine di sposed at a

sele ed ' i l configured to
ext r H@‘%&?yﬁg&?‘v&(ﬁ%@é fﬁﬁ%@ ﬁaﬁgfl oW ng

t hr ouag léatsh @né)é&hﬁfmgdln@rdlmeﬂzara seledieiddooaticn within the
concentration of at |east one inppurity within the

systephaad soptigureddpiexyasta ﬁam%ﬁpm A ﬁmrm@n'aﬂ@,eaév fowing
ﬂﬁﬁu@hﬁbé‘%ﬂ teﬂf'@ ?rl‘u gﬂé&ﬁerdf dﬂétHrﬁHeoé‘c e n(ff*eé?éeast one

on s cluesapura ty o
impuofiyguitiea the ameoeniastgasedusngsysiameoperatiany i ng
| ocations along the distillation colum. 12. The
systemof claim1, further conprising:

11.  The system of claim 1, wherein the distillation column of the
distillation station includes a plurality of inlets configured to receive gaseous

ammonia at varying locations along the distillation column.

12.  The system of claim 1, further comprising:
a vent line connected with the condenser and configured to vent gaseous
impurities that separate from condensing ammonia within the condenser during

system operation.

13.  The system of claim 1, wherein the distillation station further
comprises:

a distillation tank in fluid communication with the distillation column; and

a reflux line connecting an outlet of the condenser to the distillation

column;



a vent line connected with the condenser and
configured to vent gaseous inpurities that separate
wo c@aioep@ensi ng ammonia within the condenser PBOT/iBRG05/001339
system operation. 13. The s3istem of claim1, wherein
the distillation station further conprises: a

di st iyHerbinoRetraMix lie fd corfigteearinirandfepat Makha tpoetion of purified
distillation colum; and a reflux |ine connecting an

liguid anmehia peodtishfrensthe candenserfos tiavehthrowgh thestistillation

rein.t fl N ;s configured to transfer at
Cﬁ@&@? agdb@?)ttfwgrdlsgmahhﬁ%d@d i qui d amoni a product
fromthe condenser for travel through the distillation
colum and into the distillation tank. 14. The system

of cl4m i@e gysterA&f chaimptd, Jurer GPBRIRYZer connect ed
bet W%G\Fb FE{Dﬁﬁ?cﬁ{e?}tblégw&%r?%h | Jubt mhﬁ%?nér‘]tlll%@gn%nk and at least

| east ation co

ohadnlet bathe distiitationatalumndd faciktatedvaporizatian roéchqwd@rnmonia
fro,méhe djistil] t|o t ank and tr?tqwort 0
[

reegiveq rem Mﬁ’i" tighdpnk é‘nfjﬁ'@népg '&‘%Vﬁﬂor&ﬁ‘ﬁﬂ‘?ﬁm&qm% back to
tl\?ﬁhf’sﬁ hiSbr &9 él%cte-ﬁ bem of claim 13,

erel ano eto t he stl Iatlontank connects
wi th af|II|ng station to faC|I|tate transport of

Fank 185 ed NI A | Lgviarai dnouds Oriie g BelRf tank

c@ﬁnéét@'\ﬁﬂhla flfIMgtéﬁé’t" orPﬁﬂ%"clh?ét@ Qran%pﬁﬁldﬂ%uﬁﬂﬁﬂ Mgaidt &Akhonia
conlg?ure eliver crude anmonia directly to at

preduat frome thef distidatiopdiesk atinestly tethefilling statiobn, t he
noi sture renoval station and the distillation station;
and a vaporizer connected with the crude amoni a tank;

wher gigh t Mhev@erhzg cldim T Jofth@us@tptisingecei ve and
vaporize crude liquid amonia fromthe crude ammoni a

t ank aamudq @mmeniadanl eogligweddoslelive erugaammeniandirectly to at
I&J “ el thdrtot?%t‘borf[? ch ng g?é‘t%tnemdé@o%tﬁ é*?e]mmfé’lrsﬂ}ﬁfn and
g e rom

rae I Spos ovvns ream
th@dus@nmdﬁn&etnoa,rmd:onf | gur ed
a vaporizer connected with the crude ammonia tank;
wherein the vaporizer is configured to receive and vaporize crude liquid
ammonia from the crude ammonia tank and deliver crude gaseous ammonia

back to the crude ammonia tank.

17.  The system of claim 1, further comprising:

a storage tank disposed downstream from the condenser and configured
to receive purified liquid ammonia product from the condenser; and

a vaporizer connected with the storage tank;

wherein the vaporizer is configured to receive and vaporize purified liquid
ammonia product from the storage tank and deliver purified gaseous ammonia
back to the storage tank so as to establish a selected vapor pressure within the

storage tank for pumping of purified liquid ammonia product to a remote site.
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to receive purified liquid anmonia product fromthe
condenser; and a vaporizer connected with the storage
WO 200k/0038b@r ei n t he vaporizer is configured to PET/E2065/001339
and vaporize purified Iiquid amoni a product fromthe
storage tank and deliver purified gaseous anmoni a back
to t H@. st ghagystanlof simst 7, avrestimbhesbmots slte coatprises a filling
vapor, pressure within the storage tank, for punpin f
sw&qnfln@ladmgq%Pwralﬁﬁﬁgpal"gﬂ%aﬁevg%te W’&@Peﬁg{g)gé f%@ﬁ
The systemof claim 17, wherein the renpte site
conprises a filling station including a plurality of

cyl i n@er s Thersystaredf cidim t,Harteemecagprisingk. 19. The
system of cl ai

.1, further, conprising: a storage tank
i ncl @dftRER9S taqu%Wﬁﬂi"QP'daamg%é'@: ng st afi on °
Conn%%%givmq ﬁaﬁiﬁﬁ cBhREASA Wifiihe StBFhgR tAARCAMA €T

connecte e storage tank; wherein the vaporizer
i s canfapguizedconnectedwith thadtaragertanls | i qui d anmoni a

fromthe storage tank and.deliver Q 1.8 k
o t Eebr 86 ToPariatlys 0n0H B P RYR AR BB e ctRr
aNAABhiaATRRIHE StotbiBitanKk B8d SbVardfaseank anthodirl bask forthe

amonia in a gaseous or liquid state to the _receivin

starage dank g0 asTaestaplise @ sleeipdivapep pregeere wihimine storage tank
SRR AL oS S BBy S,

met hod of purifying anmonia in a system conpri sing:
provi ding _a supply of crude gaseous ammonja t.o

th |
Syt @ prbw st ot laiolsh MaTeinchey gPoing $1gHoR i configured
1 S{B rﬁ%ﬂh&%&%@vgf SFnSGIRS '3t RIEEPBAG cbhiner.

sorptiron; providing a noblsture renpval station to
renove water from gaseous ammoni a via adsorption;

ve water fromgaseous amm adsor pt i on
G ot At ot FomeUAd i UIMRSABICNA I 4 SKHRILREPrSBo

faci r EridBgsddduBSarhfrioma bRl spa;
cond ﬁé@??’gn§§®@g$oﬁs agémni atoforma pusr%li fied
| i quiptiovidimgra hydginocdrbx reamayal istagioni tageenovedwdsecarbons from
amoni a _thr auq/h at, | e?st ~one of the hydrocarbon
gaseous ammoniavia adsorption;
providing a moisture removal station to remove water from gaseous
ammonia via adsorption;
providing a distillation station comprising a distillation column connected
with a condenser to facilitate removal of impurities from ammonia and
condensation of gaseous ammonia to form a purified liquid ammonia product;
and
directing a flow of ammonia through at least one of the hydrocarbon

removal station, the moisture removal station and the distillation station.

22. The method of claim 21, wherein the moisture removal station is
disposed downstream from the hydrocarbon removal station, and the flow of
ammonia is directed through the hydrocarbon removal station and then through

the moisture removal station.



10

15

20

25

renmoval station, the noisture renoval station and the

distillation station. 22. The nethod of claim2 1,
wWobk@cadive he noi sture renoval station is di SpoB€DIB2005/001339

downstream from t he hydroca¥bon renoval station, and

the flow of ammonia is directed through the

hydr ggar borhe @R ofsdlainh o, @/ﬁérélﬁﬂﬁ‘e pristieew furtHes comprises:
nmoi sture renoval station. 23. The method of claim 22,

wher dgliigcting anmymapie thigughea flltr@tipnutg@téhatjﬁrdé%ﬁ@%ﬁgi between the

EIGkob BEAHPA el BREMS Blls KPR ST e
pmlallaltreanémthhﬁtm@amnmlar enove particul ate

material within the ammonia. 24. The nethod of claim?2

1, wherein the distillation station is |ocated _
downsiy eampis %}ﬁ&%ﬁa?ﬁﬁ 94 EwhEFERN fhe H%‘uﬂatucgﬁ&aﬂﬁﬁ?‘lo%ated
errergmgfromt e noi sture ftenoval unit Irecte
dowrsshean frendinetbistureaenxivat Unih. artbamifaniarettesgdingffrom the

claim 24, further i ni a
mW§M%ﬁe@Of‘/?"'{lrI"5'lsl (ﬁ??ra%?d ﬁ‘rf’ﬁ%'fﬂ" 8'3 @%g)é]e T[E%'?ween t he
noi sture renoval station and the distillation station

to renove particulate material within the ammoni a. 26.
The r%;hodl’hﬁmeltfmdmfzdalm 24y funther comprrisiiigag:  provi di ng

I f fl th
2 B Al oPlmbl el ks B2 BB s ikt petween te
rabidiUre femddaf tatich ahil |thé‘His‘ﬁﬂaﬁdrﬁ§1!aﬁBntt@ r@m@be Plakituldte material
facilitate flomng amonia via a plurality of

withire thenammeoniow pat hs t hrough one or nore stations
during system operation. 27. The nmethod of claim2 1,
wherei n the hydrocarbon renoval station conprises a

pl ur gg.ty THe aessdentlaipeds, furthengechpaisiry:n t he system
so as to facilitate selective alternati ngt of ammo

f1 ui Previging a ehiralify o dyish ik linee gonredingt H@mysla%Qﬁrbeﬂtremoval

SE’%ﬂgﬁglpé" FREtRe FpOva STt & HbsiRfiONSERGR I8 ch other to

fédsmtalt@ﬂ@wmg%mmm@knasa plurality of sfteirsative dlopl pathbithyough one or
adsor bent beds arranged within the systemso as to
mors stationedydng sY$toRT aPe'8HARt i ng of ammonia fluid flow

from one adsorbent bed to

27. The method of claim 21, wherein the hydrocarbon removal station
comprises a plurality of adsorbent beds arranged within the system so as to
facilitate selective alternating of ammonia fluid flow from one adsorbent bed to
another adsorbent bed as ammonia is directed through the hydrocarbon removal

system.

28. The method of claim 21, wherein the moisture removal station
comprises a plurality of adsorbent beds arranged within the system so as to
facilitate selective alternating of ammonia fluid flow from one adsorbent bed to
another adsorbent bed as ammonia is directed through the moisture removal

station.

SUBSTITUTE SHEET (RULE 26)
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anot her adsorbent bed as ammonia is directed through
the noisture renoval station.29. The nethod of claim

wasposidpei n each of the adsorbent beds of theP@DIBMWF@®1339

renmoval station includes caBciumsulfate, amonia is
directed through a first adsorbent bed of the noisture
renpv29. stHie orethachdf claim 28t whersinreaiebrof doepdpedent beds of the

T T
heta@idrbbrepdy ofiingahbiseretrBmovhPetadbn 2am® tHemiehticu fitther

second adsorbent bed; flow ng a nmediumthrough the
dampisesdsor bent bed to heat the calciumsulfate within

the first adsaqrbe d .t nali. g, f

prog r'd Y] @%a‘Pfﬁqm?‘g@ftetPQ? 'gﬁpag{’%{ %Héisb%fj o‘xr"}{r% gl Séa éc?cé[%d talmrroeunt of water,
ngﬁ’?ﬁmé st auesblyit bed offline® bl iangertifig theeflowlof iawmonia through a
sulfate within the first adsorbent bed to a cool ed

sasepdragsereentd®d; The nethod of claim2 1, further
conpr ng: ' f P12
o g a GRS HBRoft st ogbibsat Bgtdo Feaf B CH Bym

duiftd Wtﬁthir}/\l}iefﬂre’% éd!sbribgslttmd toean Qlumﬁtwaiprmmﬁsively higher

concentration of at |east_ ope | ity in the at .

erpesAiLI e [ elpsion imeaannds follaer binfapyeqdiing of thggicium
RO Gt fyfeﬁrgeé@)?orﬁam;mtocgzebre@ {88 I@%ﬁéﬁ ing the

Irecting ow of anmoni a throu e system
based upon the nmeasured concentration of the at | east

one i ri [ h t ol t t t ed le. 32.
The mihod! 8% MEaP e siairads SGTOMHTENG a1 on
col Ur@ktfaftgihgdaﬁee?st@n@ré%{mélé AfammMbAiaSréth R 9@t odle sampling line

varying cations along the distillation colum, and
dibpostd ata isakpctgd lostion withist thersysiens; amd| udes

i ot DegfuiRs SReBTRR Tat duBad oned Bkt Fla fBast one

SRAE@ EnfiesIaahdlib 9fa 8h ahBEzat. | east one inpurity in
the at | east one extracted sanple. 33. The nethod of

claim2 1, wherein gaseous ammonia is directed through

Loe 3TLy. RS hRingl B bdfin SN Futi: BRIt her
adjusting the directing of the flow of ammonia through the system based
upon the measured concentration of the at least one impurity in the at least one

extracted sample.

32. The method of claim 30, wherein the distillation column includes a
plurality of inlets disposed at varying locations along the distillation column, and
the directing of the flow of ammonia includes directing gaseous ammonia into at
least one of the inlets of the distillation column based upon the measured
concentration of the at least one impurity in the at least one extracted sample.

33. The method of claim 21, wherein gaseous ammonia is directed

through the distillation station, and the method further comprises:

separating gaseous impurities from liquid ammonia that has condensed in

the condenser via a vent line connected with the condenser.
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separating gaseous inpurities fromliquid anmoni a that

has condensed in the condenser via a vent |ine
w@oerameioedd with the condenser. 34. The net hod oPCT/AB2008/E1339

1, wherein the distillatiog4station further conprises

a distillation tank in fluid comunication with the

distillation colum, and a reflux |ine connected

D e s i fqh\fméjr%ﬁf b Fotafeton i uper
Ce(yﬂprlg_ﬁé %?%%ﬂ%tlgﬁﬁgﬁly | i gMEQMV\ﬁchQ'cﬁéﬂllbhéﬁ icBlimn,

ng purl anmoni a product w thi
ahb8& @lud@néwonnéc’reeldjetwgea tise condensarranshthedfistillagion column

fied | d amo

a?ﬁ:alcﬁwl@gntaﬁ':@q%@PFg&W&H& BB latign oSy on oot o to
e

Whe gﬁr%E Hpéaglégéehcsi %ﬁ@oﬁﬂ%ﬂ@h%ﬁ%ﬁllﬁoﬁcaumrﬁ4

e ammoni a further includes:
di r e¢drimigg puutied gqslelcamrm)ma)pmiuphwdbgh’ther@ndenser

hydrocar pon rerm statio
exi t OHECHNSD A SEIRE %‘}GF@&E‘F BEW !%‘pﬁﬁg Iﬂg’l@? ion '?'ﬁr ouggbﬁrom
tﬁé‘ Bof@sI el throGampi Rl reﬂhiﬂhh@ Rindand diktilation colugas eotie distillation
ammoni a exiting fromthe noisture renoval station

tar’lk_ou_gh th_e d! stillation station so as to accunul ate
purified |iquid amonia product in the distillation
tank. 36. The nethod of claim 35, wherein the

di r eglg ng THe ABthoddbien B4 wherein tha didectingupiche ammonia
accumul ating the sel ected anount of purified Iiquid

fantieminalugdesduct in the distillation tank, stopping the

e e *@érﬁﬁéngf%@%ﬁwm

s{téﬁtﬂjﬁ dhammni a product ;rom t he d| stillation tank

rou a vapor t

e a2 e bR S o e 936 LPaATAR Pl station
RN Ghe RHFL b9 QBfor @ of the distillation

directing gaseous ammonia exiting from the moisture removal station

“r

through the distillation station so as to accumulate purified liquid ammonia

product in the distillation tank.

36. The method of claim 35, wherein the directing of the ammonia
further includes:

upon accumulating the selected amount of purified liquid ammonia product
in the distillation tank, stopping the flow of crude gaseous ammonia through the
hydrocarbon and moisture removal stations;

directing purified liquid ammonia product from the distillation tank through
a vaporizer to form purified gaseous ammonia product; and

directing the purified gaseous ammonia product into at least one inlet of

the distillation column.

37. The method of claim 34, wherein ammonia is further directed

through the distillation station by:
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37. The nethod of claim 34, wherein ammonia is further
directed through the distillation station by:directing

w@ooefd®do | i qui d ammoni a product from at | east PONEB2065/001339

t he condenser and the disti3flation tank to a filling
station. 38. The nethod of claim2 1, wherein the

pr oV b QhPhurileddny IR aARHGNIaTPTOAIE ftam tHh éeasy sherof the
includes: directing a sel ected ampbunt of crude |iquid
cmdmﬁeaamdhe@isiﬂlag@n tantolei afifinartatione a vapori zer to
form crude gaseous ammoni a; and directing the crude
gaseous ammoni a back into the crude ammonia tank to

est aBi shTResaéROHed Clap2 1, (whesrsim thevprokiding bkcrudagaseous
ammoni a tank that forces ammonia fromthe crude
aememia o thmRY$IBMENCIUERSt one of the hydrocar bon

TN B e SRt sride

di st tion e nethod of claim2 1,
antiessianahkints pstaporizer tdfermosrage igaseows SuNeRje; aagtk

O et L e YL LS BT b
th g\fsl{a?ﬁéh %Egefﬁtgﬁgﬁﬁgﬂ ;5|%%§hfégwﬁhiﬁ]§hé%ifmb afphoYia @ink that forces

ed |1 nia product fromthe storage tank
atrimonigHram tap orlidesammonia tankptoratiieast qjesefdhe hyererargon

roduct ;. .and directing the purif ] ki
SPEU TS MASLR P eIt Ffo S RYf R EEn
sel ected vapor pressure within the product tank that
forces purified liquid anmoni a product from

h .
pr od\AL?oﬁt t dine methedrefrabaien 21 .twhergmn thﬂﬁysﬁ%@"rfbl%hgf CRIMRMAPS @
9, ' h ' ' Ei ki .
et O G AR IRI AR PO I R e

pYbditt ilten HOEaEferisafkandithe métrodiferthed cofmpebasim 39,
wherein the renpte site conprises an el ectroni

clorrp@iif@ﬁtingrgrﬁﬂqg@q, pm@rg%pgmiedgfﬁqglq}ﬁénwgp%@%gpct from the
sfoé{%bg}t%%@bhé{)%ﬁ Eﬁ%\@?@?@f fo%oﬂ%;p&ﬁi%&!g%is@%ué atirAbAEproduct; and

ammoni a;,” proviading a vapori zer
connereetingitidptifitedsgases daamonia produspbaclz ito itee pepduct tank

BT NI (AT e
0% SHAIRES phetitlet FBnPHAROUEE: Bnkeb arehtbtd aRer

40. The method of claim 39, wherein the remote site comprises a filling

station including a plurality of cylinders connected with the storage tank.

41. The method of claim 39, wherein the remote site comprises an

electronic component manufacturing system.

42. The method of claim 21, further comprising:

providing a storage tank including liquid ammonia;

providing a vaporizer connected with the storage tank, the vaporizer being
configured to receive and vaporize liquid ammonia from the storage tank and
deliver gaseous ammonia back to the storage tank to establish a selected vapor

pressure within the storage tank; and



pressure within the storage tank; anddirecting amoni a
in a gaseous or liquid state fromthe storage tank to

W@ 2006083990 Ng station due to a pressure differe,ptT/a2005001339
est abl i shed between the stéfage tank and the receiving
station as a result of the vapor pressure within the

st or adifedtingamrdnialinea gasénss of litlidstatd ronwtiey storaddtank to a

receiving station is configured to store apmoni a 011
Iffgrentiabestablighed between the storage

reepiving statia Aiug 1o &@ RreS;
tank and the receiving station as a result of the vapor pressure within the storage

tank.

43.  The method of claim 42, wherein the receiving station is configured

to store ammonia or deliver ammonia to at least one container.

SUBSTITUTE SHEET (RULE 26)



