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06926 USA TITLE OF THE I NVENTI ON: Systemto | ncrease
Capacity of LNG based Liquefier in Air Separation

Process BACKGROUND OF THE I NVENTI ON [ 0001] The

present invention concerns the well known process
(hereafter "Process") for the cryogenic separation of

an air feed wherein: (a) the air feed is conpressed,

cl eaned of inpurities that will freeze out at 5

cryogeni c tenperatures such as water and carbon 06926 USA
di oxi de, and subsequently fed‘into an cryogenic air
separation unit (hereafter "ASU') co r|S|ng a main

heat exchanger and aTITHEQFR THEINYRNT Nnn system (b)

the air feed is cooled (and optionally at |east a

porSyistam twindesase Sapacitytofd NGxbased-dauwefiek i §epargljon Process
indirectly heat exchanglng the air feed agai nst at

| east a portion of the effluent streans fromthe

di stillation col %QBPMND OETHREINVERITEN ai r feed is
separated in the distillation colum systemn . "
[a00f1] u&he presentiaMentionconerTAg the well mrﬁgrpﬁwaefeﬁﬂef Process”)

fdbithd gg@#l?rﬁé‘ger?aréﬂd’ne@@n%nf o6 @Mlefgin:0xygen (and,

opt1 respective streans enriched in the

r emay)ithe afr FLHOS %aharééfse& *L-'Pea%a of ResLiritie® fHaltl Wmaee%gmﬂ at

krypton and xenon) 5 (d) the distillation col

cg«yg%ﬁiquaius@sst&h msgr?éer HidLatbonedieye,An d.5SeaUaNYYgd ito an

cRbE§ERE bR sﬁﬁf1 fidh uﬁ:? ehdiffteh c&hﬁﬁﬁh@? 8 nfedh HB& exchanger and a
ar at es e air eed Into effluent streans

dﬁh‘&“@ﬂl"ﬁy"’a’ gyistam; pr essur e nitrogen stream wt hdr avvn
fromthe top of the hi pressure col um,

cr ud ) the;air aeqskly geeleé (ar@a?ntmne*woﬁtmt ammonr@ns%@%eamn the main
h&4t dxBRaritjed B? 'ind%@ciW ﬁ‘éa’i %kél'lé?l@‘dgrfﬁe an ‘f’eétﬁébdir%t hhl%abt@/\ﬁdrtlon of the

ressure co urther “processing; (f) the | ower
%P@%‘sﬂﬁrﬁé"@df%"hfhes@ﬁﬂﬁmrb@“ﬂfﬁﬁ SY$te@e |iqui d oxygen

streaminto effluent streans includin Xy

pr od{Rtthe eodlenpiffaedds separatedin %h?é"ﬁﬂl?’ﬂ‘gh‘?%'%mf‘ Ristomnloeffluent
sﬁ?ﬁ%h&%dﬁ@' dléffhanﬁéﬁi'loheh %lﬁ’b@%dﬁ&a %trbﬁrﬂ%ﬂcﬁéd maﬂygen (and,

W rawn

romthe to the ower ressure
OBBID. desRastids HIeres SHTiched I dhe (RERINGCRRCRBRISH, 11e ffeed

m@fﬂudmgm?gon& S and ggrhdh? drige | ower pressure colum);
and -1 6 USA (g) the higher pressure colum and

| owe(d) Rt aistilatiof @b ssRnt behpidels)a Righds PFesstirEolimatand a

at |east a portion of the high pressure nitrogen is
lowsh EasS e QOH—'"&“- reboi | er/ condenser agai nst boili ng

0oX n-rich liquid that collects otto
S u?/rg e) the higher rgl'essure oglumn separates t e aqueedb into e u nt streams

including a high pressure nitrogen stream withdrawn from the top of the higher pressure
column, and a crude liquid oxygen stream withdrawn from the bottom of the higher
pressure column and fed to the lower pressure column for further processing;

(f) the lower pressure column separates the crude liquid oxygen stream into
effluent streams including an oxygen product stream withdrawn from the bottom of the
lower pressure column, and a low pressure nitrogen stream withdrawn from the top of
the lower pressure (and often a waste nitrogen stream which is withdrawn from an upper
location of the lower pressure column); and
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of the | ower pressure colum and used as ref |ux for

ogdre WAt I |l ati on col um system 5 [0002] More
specifically, the present invention concerns the known
enbodi nent of the above-described Process wherein, in
order to provide the refrigeration necessary when at
| east a portion of the product is desired as |i
r ef r (g)heahigber pressixe columadndriower pressuse calyMAATe ﬂzﬁm@&%‘mked

sichSb 8 dss 2 dFich o ¥nd A Al fiftdh b ErRGEEd in 2

i quefier
relbnller/ophdelm‘r agamsu_bo@mawgen Figfu bqun@tha; collestsdn me pattong (or sump)

of Jhg ib%ér%quﬁue %llghﬁ%ﬁ& Bed5 h%fﬁ& fz?rf thé 'Pj%nhét&H'déld%P@V&ém

red portion of

[dobﬁﬂ e“o?é’s;?@c‘iffc?%f Bhd @re%@ﬁttif\%?ﬁoﬁ Qoﬁ&&?ng h%tldnblvﬁténﬁﬁbdtment of the

i onal e naln
alboverdesgabgd Pochss whsreyn nrh@-der quuovide the rtefrtggeailonswcessarv when

%ééi%f,?d%r?& tﬁé de#ﬁ is ded Q&%s I QQﬂrngFcatlbr'l\'ﬁ Saraeidd CSrom

|que ers rogen i1 s conpressetl i n stages an
liusfiee datveal\gae rﬁhm'eafgmé‘uu(j‘: )i bydee@og nikegen &rahtha gk;stlllatlon column

e e

liquefied.t Hat feastia portivh ef trmdnpndewemct desivasl is liguid opygen, at least a

p%h&r‘f g?{hgehaﬂé(ﬂédrmréié‘nt is? %1&%8 W@I!aﬁ?ﬁf@h g s?fs 4 optlonally

the, n3qio heaeemangg) Pathenwise 3he liquafieg, mtmgesgs ot dramj as product
5,141,543, all further discussed bel ow. [0004] The
[0908] | Eypicalof LNG-based ligusfiers,the aittogee is mpresﬂedae stages and

c%bg% ve | onaHﬂg *ﬁg?rfoqr lzlﬁ)ﬁ#t e%ﬁqgs g?fﬁgt NG, | r\'fq[lﬁ&ccsmpressmn is

pertarmedavith a mlch:tﬂet tempgaturepthe duNG wnllals!:ebe umﬂ mrcmi the feed to the

AR 0B ol R ey BoEnd T A ot
Bmdimweﬁeme:aa berfoyrstingiB pateot WIeatmm H376.6708 and MiScatent
5%?@55} , §s§5@f ahdi8 1hﬁ"5§453$|| %ﬁﬁé?d:é’éus@é’@ﬁé‘lbwon This is

y true forlrguid nrt rogen since the demand

|
0P8 18] AR sl 5 APEAMRUb AN b
liquefigrand-tberacre conmooai liuefier dvhekg/gnsrrefraeratmn @pcesﬁgry to make

q‘y r‘odbﬁl ﬂﬁéh\%&ef%m fur %Qbaerm.%é [ﬁe HhngQH B ik Féeﬂg

oac owever 1S t I'ncre I'tal cost

[doﬂé r ARENER Sésé?@fqugﬁ&' i§ gfgﬂ:aih?é\éeﬁ?%la?éf‘ & é&corrfrﬁ%gt? a projected

proj ected dena ncrea y realize
mgqe[a;;e lﬂ:@ﬁmm ofdiquid praghiataafierdee initiahyearp of operatien. | This is

pefictiary % fof liagidnfegBh Qo Hepdeditiiy ot g o8 BGErany
partieuiarbt ASd aiften igeows fesinthan the demend fordudimugenetove the base
lohdNGt Ilc@ﬁ@ 5l deh oEIHiSH ﬁ‘lgrﬂiirﬁt I?&Eél@% e R;ﬁ%rm #hn Wioversizing

recel term nal an
annr@awmwmr isrthe incrementall qapualcgsbemeeamS[r@m beginTe pay off untii

ti
th@%j@&éd ggpﬁggir;&g%a%?ﬂse Eaﬁalgf fr‘ibﬁ (F'&Yﬁ@ F%Eh%ﬁn&g capital costs
araup@umaélv sensitive for hiyCebased rhneehans since,asmppesed ta domventional
liquefiers which are typically located near the customers of the liquid products, LNG-
based liquefiers must be located near an LNG receiving terminal and thus incur a

product transportation cost penalty.
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separate and distinct fromthe auxiliary conpressor(s)

pe9astuBAed in the LNG based Iliquefier. This allows the
suppl enental conpressor and the associ ated heat
exchange 5 equi pnent to be purchased and installed
when the projected demand increase is actually

realized, if at all. In this fashion, the increpental
[0066) t T address Wispigbleay ha Prasenti BYentaR if 3 YIS 19 jpcrasse the

ca?é?i‘if‘bﬁh@ﬂ ﬁaﬁﬁﬁqﬁ@ﬁ&%o?ﬂp‘ﬂlgﬁb ﬁupbﬁgieéngléoﬁbﬁésboﬂmaﬁs
Semaraie iand dfstmotérqm theeaixiliangcampressarts) contpingd in @&Mﬁéﬁsed
In%:@ﬁ%r‘j?ﬁ'ﬁsf ?Ig:&usghh F??bg%eﬁ%@&ﬁbﬁéé&%ﬂ%é hescrlitéd hé/atteﬁchange

as noted above, w |
eqsfipreentitabe purchased and installgd sden e projectaskaeraric Beioase s actually

refaﬁitﬁ h%t bit. At tﬂ sHAHHGT tﬁ§ {hﬁ}érﬁbental Fb'a?r‘i‘él thdt %% hrﬂé&)thenmse been

Factltioner " prec:| a
speit on oueisizing the LNG-passeklique erﬁmthe(ﬁtart doss wm&swt ol itis
se |

ol NG Arb B\ o 8 s AL o Loy rcronco
pmmamlyzdse@lydawalmuha@billwg@rwucengldqumnméuch p@@g alggve, will
of?é?'falg‘eﬁ}g ﬁth@ﬁﬂa? g&sﬁggggtﬁgg ﬁﬁ?&%ﬁ%ﬁ&fer% IRCRI dxygen from the
plaet ri gerati on may be used to Ilquefy a nitrogen

stream The LNGis first punped to the desired

[0987] vZhe skiledspractitioneewill appessiate thas, as an-alteraativede ihe present
mJgﬁl “ﬂe’ﬁa@h&hp&% NG- b'agec?ﬁlfﬂeﬁgr éd?] Beinerdasad b%addlng a dense

exXCh hger conpressed 1 n several stages.
fldd expandes e Howevernpnly sadest cam@tshlaweaﬁesr@an by achigjad lnihls
m%ﬁ héprned to the heat exchanger and cool ed again.
ter the final stage of conpression the nitrogen is

gL 93 patért Jgﬁﬁéﬁgﬁﬂ \Mﬁ e%ﬁs(ﬁb!?e%ﬂm%m”) Yé’ddh@s ﬂ'ﬂﬂvery basic

I'S pro the streami1s reduced

cqncestcefrr@w IhNGwefrigpraion magéneeusedé@ ligueafy. A niteogen @&rea@d The LNG is
waP%rﬁ?éH Rhé Bksiredt @élﬁelngﬁ‘s‘ﬁf@dﬁmgﬁ %lr@&ed foa [hQQp&]chEﬁger The

eaches nman IﬁpO anent al princ
WaITR 5Itrogen gas e olrfmsaldslmm pxehangenthen p@mp@ssetg tmeweal stages.

ASMERh SRR & 5%{;* 3, ow wafn?é}tnnrdg‘ent.fﬁet ezt (511 Het

vapori ze eric pressure, ng
e’f@ﬂﬁﬁ?’aﬂﬂ@rmgﬁlm eAf!%f she tinal gtage & sompregsion the G“"Pﬂ@n is cooled

th@htré&iﬂ:‘éﬂoﬁ‘@l'ésgu@ea"c%és %&é’ﬁ?ﬁc{fﬁfi@%r&&c@& Wasetithe 3tr8am is

bars 1n er to condense NG vapori zat 1 on
feﬁﬂ@%%@rm’%%ﬂ &,1fOMEMARET isgeneaieduvhich ﬂSﬁ@CV@a@M t6g aporopriate stage
Ofm&ﬁdﬁ lrPr €ssure be increased. Therefore, mltiple

sta nitrogen conpression are required, and LNG

[082Y) bGB“P%’tetae ?h?ﬁn ni fi éﬂénlghﬁnrﬁ:ﬁﬂ&r ‘Ffr?.ﬁihe LNG is not

i nt'er cool er an tercoo eco because t
suflégigntlynoist to liayelya Iawmmsyre\antrﬁge@mr ladagtolf theclNG mto be
véb%hkétg‘ﬂt @ é}fc ptbédursl the wm.ggcwsn%é@gm @&IHBE YYpically above —

gas IS generate
260°F, and the mtrogen would need to be compressed to at Ieast 15.5 bara in order to
condense. If the LNG vaporization pressure is increased, so too will the required
nitrogen pressure be increased. Therefore, multiple stages of nitrogen compression are
required, and LNG can be used to provide cooling for the compressor intercooler and
aftercooler. Second, because the LNG temperature is relatively warm compared to the

normal boiling point of nitrogen (which is approximately —320°F), flash gas is generated

-3-
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when the liquefied nitrogen is reduced in pressure.
06B26%A ash gas nust be recycled and reconpressed.
[0010] U.S. Pat. No 3,886,758 (hereafter "US ' 758")
di scl oses a nethod wherein a nitrogen gas streamis
conpressed to a pressure of about 15 bara then cool ed
and 5 condensed by heat exchange agai nst vapori zi ng
wheiCthe Tigasfisd nitrggen igaeducedémpressirgi Thisdashgemmust bp secycled and

wer pressure columm of a doubl e-colum cycle
regﬁmbn%ﬁ]wt he top of the sole colum of a single-colum

LRG]Sy S 168 218 788 TMGRERE LisTnhd) BLbEACE et Whorein a

ange wt apori zi ng
nitregen gasistrean isecommpsaen to laeprelswre of amua 5 bamhﬂn pﬂ%‘ﬁd and

LRI AERER OB fc ostri

originatee frdinsthé kdpaofi tbe laver pressure ¢oturan oka dﬁ@ble@;awmcvcle or from

o8 PP o R 50 O] AR i
nitrogemwhiich was produced by beatrexgkange withodperizing 4G is returned to the

to?; eogirﬁeg& Iﬁggrg %ILWE h% ﬁn d rt}%ﬁﬁhé Eﬁée%ﬁynﬁf eﬁp Th@q"éfnberat;on that

as~re
isrsiuppiiagty ihe liquigaitragends trapsfommetid mmdrstﬂlamoanghem to produce the

o%ﬁgh tp?&#l%& %g IQ Ilﬁg@?g%gepohﬁﬁ ﬁ%oﬁ&ﬁ\rsgg il uid 51|t?@%f\ Irtﬁ‘ét' i€ ot returned

tosthe eistillation| dofyumern isatireatgdito storagepae prpduq huulg rtﬂmgenu sed
to cool nedium pressure streans fromthe air
[094phr EPi 304,855 (hetertley “ERIAS5Yteadhes wt usa ofaimiper gas egcycle such

a{ ﬂﬁ’ljohgrg Rrséfgoﬁ % Q?tcﬁ?h%ﬁ@ﬁ'pt? tldn%‘?ﬁ’éfﬁger@ froRlthe Eﬂ@ to the air

as re eran notiva ere | s
sendrationi planthdn this szheme the: high pressererinen ga&mahmﬂed agalnst

AR o B0 cRSTARHS g go Bo Sparaton i

(ASU)x Rnmofdhe AStkstraams, after ecaoting.ds cold comprassed, liquefiecband

regllﬁ'{wﬁﬁ ?J‘ﬂ\@q!ﬁ%lg gg h{fﬁgerhnte emdfivalion h?h %?c?‘ﬁ]fgirgﬂp Eﬂb #iféhms in the

Fogen al so assert Of
sarhe healfexcgemganaenhm bGieat af higheripeesasts then theoliNGad his is done to

=458 e LB mp R g ool 3 1 AR TR &t e
cangt B transpagied e the AU witibe iggafiesisstuns sisgen. Te aythors also
adiertthaing pARAH uR felfierBlion!48aBA &Y i@ AS P blofat18iiux liquid into a

ese ree documen SO teac
restifyingaolumme. I n all three of these documents, the
nitrogen feed to the liquefier is made up of | ower
[001285 sUirS Ratents 5132 1558p5.489.64¢€, arict 5, b46543 (heseafter fUS 558", “US

] T |

S a1 T USSR 8 LbSFRT ey o B9 TR P Tos0

Thesertbrgerdacuments alsa tganka thesstatecrhtherart adthat timer Ipakttves ef these
e, 1Pt Bl s R0 18T b1 ok ol B e

preesrs nitmigenstreams ifrom men\ﬁ{d dihe lowen presswe aitrogen stream@siginates

fr:?rﬂ ﬁfhére @5;“}83{, ?e)%sgr r g.?'b’ﬁg%{; E gﬁﬁr?%lfré( E@fﬁ%&aﬁ}@?g Pﬁfes from the
highentirassusg coleme. No direction is given as to the ratio of the fower pressure to’

higher pressure nitrogen streams.

[0013] There is little new art in the literature since the early 90’s because the majority
of applications for recovery of refrigeration from LNG (LNG receiving terminais) were

-4-
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-4 06926 USA filled and new term nals were not
o6seWsAY being built. Recently, there has been
resurgence in interest in new LNG receiving termnals
and therefore the potential to recover refrigeration
from LNG 5 BRI EF SUMVARY OF THE | NVENTI ON [ 0014] The
present invention relates to a cryogenic air
fileelandnevotenmirials wérieatot gomhianlysbeing buitiGReeersly, thetfukas legen

§

s i 6 ol FcoRAISRARARIEA THIGRS trebienta to
regoearenefrigerationtfroomLNG. a system to i ncrease the capacity

of the LNG based liquefier wherein, in a |ow

producti on node, the nitrogen that is fed to 10 the

LNG based |iquefier consists only of at |east a

portion of the hBRIEFSUMMARY QIFt THIGINVERTIEN t he

distillation colum systemwhile in a high production
[00942, The prggentinventin relatastoaseryegeanic aisseparatiapdinittwhiefeutilizes an

LRGE5a849Giq Eﬂé?'tl? hﬁﬁrgfe tf\e ‘P@Fl@érgﬁor?ﬁ &e@@a#g%eﬂ@?e%éf 8 gomon of the

nltro en rom 1 oNn CO stemto cr
peogict i us desired as liquig| ﬁlmeemser)t invention is a smern teSingEaasd the capacity

of t'hg erren?ecﬁ dg.l%?iert@hérgﬁl BWBrobﬁBf ﬁtrﬁ&i% tr% r'in{? en that is fed to

ressor I'S 'sep araeanél
tﬂer ld\lﬁtblaeed; Myejlas cohsists Qelf/ iobat leaﬂuaspoxtmrooisthe hlghm!em gitrogen

1rbih tHE disl A AN g,}sé@rgm]ﬂgﬂ b Yigh b8 hg;dacagaaéélgrg?ntai

needed a hus av oversl ze
compregsaris asegptechaost thoepresa;matﬂ Ipast aipgpetion qirt!wlsm pressure

o e B SBET Ff ESR0p8 ffor ot

theHdViehgse iquetien dA key to the presenpinventionris thecsupgieragntalicempressor
@ég‘éﬁa% Aha HSENEHERP e LNRY- ggééd’ﬁ%%ﬂg? S aljdwi s Purchase to be

IS a SC mati c I agra oW ng
delayedcbuntil afcapacityinerease is acmaélmne@ded and @uaamﬁ buiiding an oversized

Gy RSl ot o o 25 27

basi c concept of the present invention, but differs
slightly with respect to the configuration between
t he LNEREERESCRIRTHONOK gvmuwmoﬂms DRAWINGS
Figure 3a is a schematic di agram show ng the detail
[aod g] o fitguEs Aajs @ seffematic Qamrn@ﬂewngumm imemt of the prior art to

wfqicﬁ\fﬁél ?{ﬁfofﬁ'l Egerﬁn%‘jeﬂ % ire 3b is a schematic

di agr am show ng one e the present 30

[0OHBF NFigRfe 1!9?# 4 é&ié'n?dtubﬂua%?amtshbﬁl ?ttﬁ‘é bhsic E&fcept of the present

i ntegration between the suppl enen processing unit
inyeRtiona relpliontedigureilduef i er of Figure 3a. -5 06926 USA

[0017] Figure 2 is a schematic diagram identical to Figure 1b in terms of showing the
basic concept of the present invention, but differs slightly with respect to the
configuration between the LNG-based liquefier (2) and the ASU (1).

[0018] Figure 3a is a schematic diagram showing the detail for one example of an
LNG-based liquefier for the flowshest of Figure 2.

[0019] Figure 3b is a schematic diagram showing one embodiment of the present
invention, particularly as it relates to the integration between the supplemental
processing unit and the LNG-based liquefier of Figure 3a.

-5-
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[0020] Figure 3c is a schematic diagramof a second
oeadmuUsment of the present invention, particularly as
it relates to the integration between the suppl enent al
processing unit and the LNG based |iquefier of Figure
3a. [0021] Figure 4's schematic diagram of the
fl owsheet that served as the basis for the 5 worked
[@020} p IFiguse S¢ isna Schiematis diagramad asiecend ambodiment efithe present
je
ihlor, PAELERP o5 oGS 1o Hipglfor) ot £ b Honte
pusessiog uoi and the LNG-bagedliquedier ofifigire@a3] Figure is is
a schematic di agram showi ng one enbodi nent of the
{921)r Figure vis schametic diagrapy st tbmﬂowslneat that seeved as the basis for the
o r la, the
@Weﬁﬁ%&%lé’grﬁ%@e@ﬁgﬁgﬁﬁ@ﬁ depéﬁ |qu ?‘J"g""&% " and a
cryogenic ASU (1). In this exarrpl e, the cryogeni c ASU
i ncl udes a hlgher pressure colum (114), | ower

pressure col ugg (LE'E?bES@fﬁP%N‘O@*ﬁJT@ 9 q-g?]\p Feed

air 100 is conpressed I'n and dri ed to 15

lﬂfﬁﬂ U%e?}?ﬁ&%@mﬂgﬁloﬁé besInkeRstoc whdH RAdiin ggﬁdgtﬁtlon with the

exchange agai nst returning gaseous pr
dEaWiRgfs, to produce cooled air feed 112. Stream 112 is
distilled in the double col um system to produce i
[0023]:i Frigswe dais a sehermatigidiagramshowingi Qﬂ%@bﬂfﬁ'ﬁgm(@ﬁh%afﬂﬁf artto

which)thé 8stbra\bi m@ﬁlﬁgérﬁ éﬁUe@g&Q Eé‘nﬂﬁé ﬁéi‘gi‘rﬁ?ﬂo’v@@ Figuré®a, the

nitrogen gases

facilisniaplydes an 6NGobgsegdiguefier{2kanska aryegeniel ABRI(1). Sinrtiigexample,
theStybdentCASUihdideR! avmggé Bé”ﬂ.uré g@@ 6@2 4(}%%? pfessure column

Stream 176 1's process

(1'9). and rea@aﬁxshan%ué‘ﬂuoédFﬂed 2ib 400 isgamniessestin d402ang dried in 104 to
pRIdtice sEedf 108! CRe8M 10¥fi5 bS&é&m maﬁtéx%ﬁﬁﬁg?q 10|ab9|H§ﬂ‘e urning

nItTO en refri gerant stream 1 I's 1 ntroduced

gﬁ%uﬁmr%ﬁucbﬁtrew terREOdURe @@@Jﬁd ais faask1 183 cSteaam m)ls istiled in the
d&ﬂflé coBrMdyeent & prbaﬂ%qu?ﬁf’o@bgﬁ 958 EH:%H Ere@étﬂé F‘@gn gas (stream

fromLNG stream 1 oriz
1fAlanddew ressura nityegen gasisaar 186).1The nitragergases 174 and 180 are

warrﬁé&m%auh%ﬁéhdr@& h¢o H\ﬁ Bacs ﬁréa{gﬁ&iﬁfe &id 182, %&e‘ﬁ‘i’ﬁ 82 is

whi ch Orllgl nat es pressure col um

U'ﬂ'm*eh[ trigced to the atmosphers. sSteeare 16 l&prgc%s@adm thedNGrgased
IldJéﬂeP@§ 'tc?cr%ﬁféqﬁﬁbﬂéﬁ mfrﬁgerfﬁr%ﬁﬁ&tstrehﬁ’lvﬁﬁt%;m q'ul?! m(bogen refrigerant

relation to gure erring now to

stream 186 Llﬂ@@' H'EOQWQHQ@%‘@ gtream ﬂaﬁ ISalnuo@:qeddntprthqwﬂta@on
cOMiRAY &foSgH QvBsLLSs andl 1R rﬁéfﬁéerbﬁoﬁfbi’ L Ré- b&gﬁcﬁq[@ﬁd? is provided

exchanger™ 110 agal nst returni gaseous
ff%mrl@!ﬁfgtream 184 othiek iscaprezeda heaseditolrocuca steagm 198 In Figure

13, -°théJI bﬁIS/ 'n':tfd@@n'fé\ed fgﬁhﬂ PNE- ﬁas‘“eelllﬂﬂ‘é'ﬂeWssét?éQnﬁ ‘i’?@svﬁﬁél'f'&' iginates

|| pressure nitrogen ga
franI)e E'Eaeﬂﬁfﬁﬁ%f@%'tim 1|4trogen gas (stream -6 06926

[0%%4] Figure 1b is a schematic diagram showing the basic concept of the present
invention in relation to Figure 1a. Referring now to Figure 1b, feed air 100 is
compressed in 102 and dried in 104 to produce stream 108. Stream 108 is cooled in
main exchanger 110 against returning gaseous product streams, to produce cooled air
feed 112. Stream 112 is distilled in the double column system to produce liquid oxygen
158, high pressure nitrogen gas (stream 174) and low pressure nitrogen gas (stream
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180). The nitrogen gases 174 and 180 are warned in
osopeUeAchanger 110 to produce streans 176 and 182.

Stream 182 is transformed utilizing a suppl enent al
conpressor and the associ ated heat exchange equi prent
(referred to hereunder as the "suppl enental

processing unit" which is depicted as unit 3 in Figure

180)) The ritesgemegaSes ti74 and 18@ are wermed ingdainiexthangee 310 to produce

o5 45, S5 B Gl i comprossr

amd theagssociatekiriegbexaiange equipmedt(refeged (o bereundenastthe n

L PBotRRARRLsbhAUSK. iy H i [AOSR, F 471G Bboomo

strern 184, than mixgd with stesani 386,40 dorima feeldrto kNG hased liquefier (2).
Fi o1 i 1.

ot e A R 8881 g B b o0 are

ptbdRcedditiin dhe [RNG2gseddiquefieed Liginhrdtrogamerefrigerant stream 186 is

FHABLELRR: o ORAERI A bls BhAES 98 RBHI98. i B3 o e
14,the 366@eich thechitiegdn feed tdted NG-aserhliiefied leawdsabe AShkas two

that the term does not necessarily nean

S‘?‘(F)Pté’?dl}ggra@%\‘/ﬂee‘;ﬁea| conpressor and the associated heat
i b e e
efhaip gfiphrol " AOLIR B EfBbichayke el B T fbes il ep Bdbariy

mehatiee suppiérhemtabcongiressor and fiegasseciated heat exchab§e egeipment are

e 7Ll I P SEBIRe S50 S onal rocessing
(3)iis despeibeqh irodbtait witlo réfergacel toothe genbadiroehts of {hetimemtion depicted in

. 58) is relatively Iow and hereafter is
A

err as "l ow production node". Wen operating

19626 CBoPRR ot Fauh? 1o ARBIC Y B So i Aol sbbart 182 s
verdediand noOed tisa supplersentalquocassingiuitr(8), Is prefekedeeiandhe ratio of

W i bevdie il G0 e 1oBrBa B8 Rty low
anX hereafier is defetred ta as%ow piodustisrsmode’n WBE) operating in this mode, it is

o §d Boriat ol oTiiicbel 16 B Ty g Pessure cotumn.
Opetatian as shewniin Figgenily, heteafter cpferfédin dsr“bightppoductior mode” is
PRAg 85 whelt @346 orifu{Hludqéh Bl of 3 Bheh Jrdls (sream
wa'stre*an 168)cis redetively high.n bf suchna ¢ase, sa aweh aftrogen ea_adsmzbe

BN e 8 PR 15 G0t i raderTbedRp et bothpe ioher
priessurefcolumn @yd idwienpressyretdolinttesi gn and oper ati on of

the LNG based liquefier may be simlar in both high
{0827] | thvFiguredihs theosuppleteental iprodessing unit€3) islrseged tef transform the

SHRHATED Rl lo PP T2 RS Y s 0B AR 170 prr
tognteahiuctiom to imedNG-based liquefier. By doing so, the design and operation of the
LNG-based liquefier may be similar in both high and low production modes. In fact, the
design of the LNG-based liquefier can be exactly the same and the equipment simply
operated at “turn-down” in the iow production mode.
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-7 06926 USA [0028] Figure 2 is a schematic di agram
oégpewesal to Figure Ib in ternms of showing the basic

concept of the present invention, but differs slightly

with respect to the configuration between the

LNG based liquefier (2) and the ASU (1). In

particular, whereas |iquefied nitrogen stream 186 is
[0028] t Gigune2ds 3 scheératicatiagramidenticaktodrigure 1biigtenas of shgwing the

o5 G318 ehibrh b BU Syl W epat i
cenfigpration dstweenliba LGtbasaddiguitieri@ianchtherAfilli Y- & partiewlar,
i TGS el oo s i nd R G n Figure
10, sreany tB6histied & the maig hgalsaxehanger iniigures2.r Baferingrow to Figure 2,
BT §0rortat L 1 o e AT BR8uck Sy S0s. Stoam 108
isssplitiatesa fitsé portion (208) add acsesond porion (230) r Steaanp 308 is cooled in 110

agifidt Plftibo Ser B e Sredit. oo Bk sbdbd g Wepty) Stream 200
isSirstemoteddd 2 1@adadstretursing igasédusquioduct stiears thendiquefiadhto produce
S0 832 LU AL e 89 L 4575 s SO 5o colomrs
thyaugh( wiives2861:81) 2407 Streaims 120 gand @32 ege distilagria theddoublecolumn
WG b oulBiod f515 B ordsSind B BhOH YEF clreh 7 and ow
piessureritcagen gas (sheamdBa). eiwehritiogen gdsesd 74@and 980 are warmed in the
maHPBlchBBder Y19 B Brddih sBis 78 08188, USRS gerant
strean 486 idicattsst todhe maireexchangemwhese itiis vapenized by indiirect heat

oA DR Boelbl G 030 FEG Sl s 068 2. o
proggctionambdeystréami 182 santed@indistyeams 288 and 476 BBSprocessed in the
L5 A AR B Ao b BRI B roger
refrigerantistream 1861 Inihigh prodection Tdte, stfieam B2 isttransfarened in the
sfHeEmei it et HiftoPloYrEpREchrt 1, Iy A8 tin sream 17e.
The mixeddsttaaqyipilsttteany288, aed piogessedtin therldNGhbasad liquafieoto create

iql8flef Koo ot Btea Tat B0 RAREHiopt forddraliybin 168
10028} b exad vsrg b et op St dRRLAEREF B (ARSI Pilsent
ingéntion, howavexskhawv thedigeefierintegrates ith thefugplemepial processing unit (3)

SSEEHAHSS B st S Ao Bk i s 2

isideseriheddn FigurelBas Eigura 3keand 8c willhgive examples efthpisamerliNG-based

. . Lt ] i .
WREREETH, BB [ront CORInGTE 616 Yool fyodBing nt )
I a4 : NSk O..: .
L0930 | RBfelrape it ey nioh sfigleriubdar) i) Sdehf 176 K nixoa with
vapon niregen returt steeam 28810 foxm stiears 330, whicl ispsubseguintiy caoled in
. fLE il | 4. .C 08) o
i o 30 1o PRI RS B B8 Pty
compressor (HP cold compressor 308) to form stream 336. Stream 336 is cooled in
liquefier exchanger 304 to make stream 338, then is compressed in a second auxiliary
compressor (VHP cold compressor 310) to form stream 346. Stream 346 undergoes
cooling and liquefaction in liquefier exchanger 304 to make stream 348,
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i quefier exchanger 304 to nmake stream 338, then is
ospgased in a second auxiliary conpressor (VHP cold
conpressor 310) to form stream 346. Stream 346
undergoes cooling and |iquefaction in |iquefier
exchanger 304 to make stream 348. -8 06926 USA [ 0031]
Li quefied stream 348 is further cooled in cooler 312
[0031] oLiusfigd:stread 048 f$t furthen codkd in socleddttm fomn piresss 368. Stream

354 TRt BucbsirRtro VA A P ind RS o veSkeL 316 Gisre the two
pmutk fluid)ig sétpatat@cam \&?& steaamul '852 ahd midt Qﬁée:llm $56sliquid stream 356 is
i wo st reams: stream an ream o
st e D e ctien i AGH Hic t50h o Wi SbRlletg g nitrogen
refiigérantst@aneihteid directel to theymrgsgenic ASIUL Stiane 360 BGeduced in
o5 sl RGeS
sémaé'mﬁ% vaﬁdrtmﬁﬁ%ms ¢ Ildumxhitgggért prodect strg@rﬂulta& sxapel pgireams
. or_ streapm re med ,i.pn,cool er.
34 anq 358 Bfevairieimooleh oZAtp 987 sHhamp b Rnubs. Bepedival.
Sﬁ_ﬁdmi364fisl furtmer wamt &k ih élxghm366 n ?09&5 {o’gﬁ‘bfﬁlgo%mnmd it Stream
rogen styeam, romthe ase
3$¢ i{ﬂ'é‘fg‘ﬁgll'&a] '%qu‘?ri geration for the LNG based
[ j LS. [ L tL 194 [ ' .
1993k Rfipeishion dbFthe Ehickbnsr iciphst e punslied Y LIS sitgar 104, which
isfvaporizdd arahorhedmeddn Bdlefien ekdhangér 301 leSdrns stream 198
ternms "vaporized" and "condensed" applies to streans

[a0B3] & metshimrtlsbﬁser, thy ferms &lapprizest gnd “cabidensed” applies to streams
i BfeFow b’ BN AHEDS GG 3% SrdrbudipAd A BohbiePidsure
nitrogém lsmham] and 94 @ﬁnrflbmgtsn?iplyj hmtatlprmerestegremastgdu critical. Itis
oo et BRI R TR ARy BTt Y \RbgrtE “RatiBr they
urmctqw;gu 'aitchangmﬁf siatiemhanﬁerfzgﬁ bg la h;/i\%h ﬂégreg geamgabhcity. h(_)nehof normal
SKUE Y B8 2B, aeieB alh toBisilaes BomBBR PBRSRSRA oo prerfE of neat
capatity (et Sapeicriticah corditiors) Ardipogsessing datent hemt (& @ubcritical

adi tions). [0034] Referring nowto Figure 3b, in
c‘%&@ﬂ’"&i‘oducti on node of operation, |lower pressure

5] BBt 650 a3l G lgon e
pressurp miteagen streamnt82is antadditiona psba:ccemf a:trogenmmtingtely needs to
od Bl PoF edapy VAT, ABREALAARRRTHR IS s boer
addeadda inab8iorm Svw peassdi@hifragencstizanetBaintona gighen pressure nitrogen
oS SARRE 2 D B 5 BRSROA R Blpoen v
stesarh 36 to fof Btream 3700 Birsancd70 isld:ooliedrimgmmcmtim@ heatT#2hanger 322
o8 el e el Sy /4 BB 80 igosure
gaseochis nimogen semh sirédam 386 from the LNG-based liquefier to form stream 374.
Stream 374 is compressed cold in the supplemental compressor (LP compressor 306) to
form stream 184, then mixed with high pressure liquefier feed streams 288 and 176 to
form stream 330. The refrigeration for cooling stream 370 is provided by LNG stream
394, which is vaporized and/or warmed in precooling heat exchanger 322 to form stream
396.
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Stream 374 is conpressed cold in the suppl enental
osorpusAsor (LP conpressor 306) to 30 form stream 184,
then m xed with high pressure liquefier feed streans
288 and 176 to formstream 330. The refrigeration for
cooling stream 370 is provided by LNG stream 394,
whi ch is vaporized and/or warned in precooling heat
[0838h aﬁ);mratfb?&:f LNG;;basngS Fueﬂ&nf@ﬁﬁ drigur® 3B vy sitmlal GOBa]
eratiop o NG. base Lquefier (2). in Fi i .
gy 58 il WK 3o axeehtPhaohs i Folfh . Hbdn FoliS ppolea i
IiWiep?kmagew%Mi 1o foring streand 3?2.$trmn3343& dompeessieddn HR cold
i quefier. exchanger 3 t or tream 332 ream 33
opmBiegap iRl iomh g die. S ioBis SOk guplir FRehaRter 304 to
make Eaa”ar&%a. ﬁtdoaﬂms%'ée in YHPosWIecornprebsat B Dite form stream 346.
XC er 304 to 5. make stream 33 I S conpress [ n
SR B indBiies SopinGEA yefRaion Blousfar SHaTancar pas | make
sttelim @ader goes cooling and liquefaction in |iquefier

exchanger 304 to make stream 348. [0036] As in Figure
[0036] | iAgure Figaek S4,Nigaeficstdiraam 348 isifarther @obled in coaterd@i@rto form

stiedin 380 . SiRrmCiocla PAriicaq in brkBaiTh APtk vahS A% i foguped to
véike! Stewherelthe twe phdsesitiid iswgdais?g%csbﬁiapet ﬁrbalmgﬁalm liquid stream

358 SR 86 e 356 . Hgh e Shamiz Bre Y ol B4, BB gwhicn
constitltes therliguidtnitragent rbfrigeramt stlearn that godirectdd todies emybgenic ASU.
Sl Pone fivafe Praseud apiDsh IFiyE BY0 3R] rofibfp VeeSé 320 where
therttvogtiase tiuitlds sepesated 36 Gapur atreamt362 dnddigpidatteogeniproduct stream
B8 b P et Pl S s st o
354 respectivelg.ool er 312 to form streans 364 and 354,

respectively. [0037] Figure 3b is different from
[0BB3@)ir Eigtiee Binist different from Fighitel 3a whihahstreana364) whicheis auow pressure

i3 ot BE S e A 48 48 PSP moresor
(LPxcald som_ﬁfaﬁsa' 3;06& ;kmé ﬂ'dl’iﬂﬁé hllr(]aetwm?ossi?lﬁ vgaysho gerrr:]_bhefsfmam 364
wil? Sy étp dor, 1Tt T MiérmagIndMGaliE R freritel 84, BVES B8 i brosed ana
valyee882 isropeni dn thizevent siresrm388 4lows dwaughvaivgh?@ml bezoBi@gaseous
. . 8 .
il Rpb G PR B (SRS ot ARRREE e R RG vin cou
nitrogerotped streanh :|§|l2r da:hé%lé?s thermodiaahdcadly prefercr)et? case, vs(lelve 380 is
o AR Rl ko T Frd Al Y34 607 PllgiiSoo o
bédomessttdano 884, is warmed@Bthead exchange3tst tetbecons §adeousmitrogen vent
s 3 LG SARIGher: R bR RER Firogen esa sream
182. gThef mere thetmadyinbmichityl praféded\aptioni{valve 380 cibest) wduicbiben
employed if the cold vaives 380 and 382 were incorporated into the liquefier at the
design point; the less thermodynamically preferred option (valve 382 closed) would be
employed if the inclusion of the supplemental processing unit (3) was executed as a
retrofit. In the latter event, valves 380 and 382 might not exist and line 382 would not be
present.
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182. The nore thernodynam cally preferred option
06926 VesA380 cl osed) woul d be enployed if the cold
val ves 380 and 382 were incorporated into the
liquefier at the design point; the |ess
t hernodynam cal ly preferred option (val ve 382 cl osed)
woul d be 30 enployed if the inclusion of the
[e0s8)! fm Iy anh F%m&ls,sinﬂmsmm thufé%isa,}maﬂigevgﬂgmfmghggga-based
retrofit. Ln atter nt. val ves. n P
i ' ayipplis by Enveim, FUE gt F ey and B wifed i taueier
exdiargeP 364 td36r@B8&h 198nal |y in Figure 3b, and as in
Figure 3a, refrigeration for the LNG based |iquefier
[00393 upis igddatblu abbie, the mwge‘rﬁﬁbn Mbohzé f)we]?pmsjsa?mimgbn in
or r in liqgue r ., exchanger o.fo rea
psgSt e xatanditpes sy “ang0ar0 andlor warmig LG sfsaftb 304 As an
ai‘t@mEtNéJ@t i$ gg@s‘lblﬁ ltcﬁéﬁtdoﬁa @btd_rmlg@;[enijstreﬁnﬂmﬁ i ¢olg N%hiﬁfdrmediate
exchanger . i vapori zj and/ or war nin
QCERRE A6 Jassr hea exchBRerBd WAt el st i Pighelager 322, then re-
cealﬁhat@trganﬁn@kchﬁﬁg{eﬁ goa This edightiiecddniehe elimingdteothe need to pipe

er medi

L6 dfEartng neaCothaider 222 ab momyl by sysem idin FLERE S8 Any
stitetle stream mdybecussilasahe sdirée ofl thhecold Whbdgdregabpbectt &5 streams
3§é|$$§;at $4éxhe need to pipe LNGto pr gcoo! i ng heat

chia 85 22 as shown by stream 394 in Figure 3b. Any
1o} FeFfa oY I8 Pl a2 S Bles Snpieriadit Brdgesting ifigmiant be
efp4el. Refceragaingintigh prodtctin modeof pesationliewer pressure nitrogen
SRR B2 R ot 85uBH ohRirbadh Bt uhEeudy Bepdé e TaisTied. Per
ther gresentdnventiom ghe suppieraamtallfidcessingrunitdd) hastbeen stided ¢etransform
SPoiBebird it Hrebi 920 RS iptetie ey Seed 4phg Stream
182ist cap®inddhwiti earm dwaniessurd nigogérogaseousnitioges sentstream 366
BptBaIRE B B &P, S P R in o
sypplernental cormpregso (wame bR comprassgeded)cthin sboled in tfeicooler heat
oL b S 0009 i B e S MR ) oo
sicearpriéd s lcﬂtre{amrl tm lzs(F)smeetF]uemys nﬁ)ée’zﬂgﬂi)t} high ﬁnalslsml ligdefier feed

er XC er. ypi NG, o

sledis B8 a0 176 tof P SRR, T3 2petetbh o fia Livg g gygtier s
sigtilnetnthaBdescBbecimFigird 3asexuebtsteparmB6§ ismok eentadt h hi gh

pressure liquefier feed streans 288 and 176 to form
[09dA b aAs 3B6ed Frevicosiy rthe sopplahentaeprobéasBgamit dsi depictadeas unit (3) in

j Wy f hat r. bed jn.Fi.gure.3 exgept
FigBres ik skl Wtttk ol i s iy Fiempoe, e
suppiersental compressor pao be sontamed in & hoasing pith othér asmpréssors while

' Ei es_3b and . 3c _does not .necessatil
to bt et Exiotar 3R b Nt 2 ORFES Wih gter heat
exchangers. It shouid also be noted that while the supplemental compressor and heat
exchanger operate at above ambient temperature in Figure 3¢’s embodiment of the
present invention, this equipment operates at below ambient temperatures in Figure 3b’s
embodiment and therefore must be insulated.
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suppl enent al conpressor can be contained in a housing
osgZelusa her conpressors while the suppl enental heat

exchanger can be contained in a housing with other

heat exchangers. It should al so be noted that while

t he suppl enental conpressor and heat exchanger

operate at above anbient tenperature in Figure 3c's

enbodi ment of the 30 preseﬁﬁMmf-Entl on, this equi prrent

operates at bel ow anbi ent tenperatures in Figure 3b'
[0842] d Arvearkechexarople has been preparaskdodemensiraig possible Operatmg

%%%%?egw thé Ql%aﬂn iV ﬁ%ﬁd ARyt "‘saélff@n%ﬁﬂand common

repa Str OSS oper at’i ng condi ti ons
betwson iopertinginddesh a'hpaeweas Mllrhﬂegwerb Cagad corrgpponRdsipiew

g 30l R SR R0 29yl Coses 2

and 8 ¢owrespondiio diughcmedmtlpo madetapsration ivdthste puRpiemental processmg

o B R Pl 536 BB e ERCISBRENor 2o
Figuce3ss Casgs 2and 3 a@)depicted bicthe LNG-basadliquptierdRbandthge

i 5ot 5| P40, gt o g oo o

valvq 380 iserloga)) andnive 38258 ppenEhe anyomru@éﬁyu inghawn in ther detail
n?gl[fllquérsdaﬁ cngg(ﬁ)bggﬁes 2 and 3, referring to Figure

I's ¢l osed and val ve 382 is open. The

[%f g ;ﬁé{'f:é:rnﬁg& Flgvéh@\gﬁa%%@ﬁ%@# gp(r) %ﬁéd?ﬁﬂreﬁe@ i ‘tﬁ&%ﬁm“alr

cemprespiret02; paiifiedl andssrhantrpeda 104t rﬁmoﬂﬁ PR ltlﬁs §p¢h as carbon
dﬁQﬂ@ %ﬁ%?z[tellgfen dGad | F&M&r&@éﬁg R&BS b%g a(];%’stkﬁm 208. Stream

| es SUC as car
20& mo@iad i exkin heat exgbangendd o mlbecome ﬁm%&,amvw&ﬁﬁ air to

tr%Qﬁghét w&éolﬁﬂﬁ 113 ‘ﬁ%ﬁ@%éﬂs E&BIE? W&‘Een%@?ﬁl%@ﬁ%ar that of

ecorre stream 2 he "vapor air
sthearh @12 thersateast pettialycantiensesi todarm steam 232 dbpe gversually

réo‘?;@? ﬁﬂé&ﬁxrg %@Fosk Sﬁﬁleg %36 §ﬁ& E’lér%a&‘&ﬁ@f) thé Aigher pressure

y conaense orm S ream
c@umntum ang lowertpressuire colpmeskig Thedighes prassyrecoien praguces a

ni?régel"i‘ '%ﬂrlélﬂatdr gUF ﬁgmtlﬁer Hn??h %@W ﬂf?% @rﬁ:‘sﬁﬁéﬁgeﬁ %Héﬂ%d]s}/éam 450,

I ower Suré co pressure
froml tbmbomrod lﬁt@errmems splitrintg @tfeamﬂu?éta@d sirapor4Gd: Htraane 174 is

ufFﬂﬂed ﬁ*ﬁhsfﬂﬁuﬁ' gé]até'j‘ r%@%r% =k g@rdscéﬂ‘égmsﬁﬁ%%e ﬂﬁ§=based

to st
Iswedneeta)eameamms's cengansgd iri mbomvfcnadeng&?ﬁ?&{mnn stream 466. A
q u g Qﬁéan% g?@ lsé"éﬁﬁ*ﬁgd %)‘élﬁe ﬁyhgﬁﬁ?gé%vgg&&u“hea%)p @stfedm 468);
theooiainger,ctiedendas); istaventually intreduceddaitneliowier prespyietqolisnn as the
f
Bl A0 Al B 60 52 DR R SN 50 o passact
thetargamcdimn'si rebeileecooderiser 484 thoelighawivect5ehand atdeast partially

vaBSTERY 16 1oh! S 8BmPasel Whiich is directed to the lower pressure column.

[0044] The lower pressure column produces the oxygen from the bottom, which is
withdrawn as liquid stream 158, and a nitrogen-rich stream, 180, from the top. Nitrogen-
rich stream 180 is warmed in main heat exchanger 110 to form stream 182. A waste
stream may be removed from the lower pressure column, as stream 490, warmed in the
main exchanger and ultimately discharged as stream 492. Boilup for the bottom of the
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top feed to that colum through val ve 472.
0690608sAenri ched stream 450 is passed to the argon
colum's reboil er-condenser 484 through val ve 452, and
at least partially vaporized to form stream 456,
which is directed to the | ower pressure colum. [0044]
The | ower pressure columm produces the oxygen fromthe
loet bressunstdolmn is (BOvided bylrebetierscontenger 418t Acmppn iy is extracted

o ey prrtr et 3BERe {8 and 1A o Blump 482. Argon
pﬁgo?m gegdmfﬁ? ftcmtl fher top of :hmmma fs ﬁguidstreamﬂ%e Bettem Jiquid |
b SRR oA T ity B o
o ey
O'F%B%tleF %P mc@ﬁ (H'M'se\é\%ef ?%‘% ci“.{/ngrb%f Lﬁﬁc?)nwa,lég,p extract ed g
8T, i Sl A B o EPf rocfgor whre
e oreare
"'&%ﬁ%‘hﬁ?t“‘sf'rﬁé'%ﬁg}éﬁ for the argon colum is 5ppr ovi ded
by alioh SHER o BOUAPA Tt ) i R0 LB o gmosoners o
thei Aybid (agpstessmm A86); siream 366 issvantachto4bospiaoe Bpmithe LNG-Based
WP SERAE o) SR 164 B 488 o2t BB mae Casos
2end i@ syeams t1B2 (amstesam 488)and86 28 loassedﬂo kha S.L_mptﬂmental
oBlcbhAS . e 5758 oy AL REAEBGL Gl CB2 o3
ex_mmples,maué G?Wrcm Btreamel??wimrmmgtfmeraﬁneztm)er peetsspmmowm) is also
o, SR B LS e S Hon 5 froghlb e 42 om
ther ighu preissurerantieni{ Bavadensdddm cetdjleridcondenser [818] @ad used as reflux

. 3 .
M AR oAl P R e by BRSO BBhure rirogen
afit thet Higls presauriei ritdgen, Goly thebaostbd3pressure aitioges js fetldo the LNG-
oS0 o PSR 2 A 56 ey, p 2
scamaria in high peoduictien podei Jhe gistin&mnmegneqxl% @asai2 end 3 is the liquid
nfiohél RESyChn i&%ﬁ%ﬁ?ﬁ*@'aﬁenﬁéfffﬁié] “and used as
15364 06 e o BB MR RHEER S e rago
Spvarakhalancei paints ean be gleaned éroatbe fTabiieasdrdicated by iNotegeh5 therein

wh&h&%i?%@%ﬁ,ﬁggémlo based |iquefier in high

produc . Although this is not mandatory, it is

i 08 b DR BB o e 1 1 aso2
liquid pxygen produttion istheisameas €ase Randidgher . [ 0046] Cases

1-3 are intended to illustrate how | iquid production
Noter2: Jdei liquidaiitsegen production increases 60% in going from Case 1 to Case 2;

liquid nitrogen production increases 140% in going from Case 1 to Case 3.

Note 3: The high pressure nitrogen flow is sufficient to meet the liquid nitrogen
production requirement in Case 1, but is zero in Cases 2 and 3.
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Several bal ance points can be gl eaned fromthe Table
06a26 WeAcated by Notes 1-5 therein 25 which are

expl ai ned below. Note 1: The liquid oxygen production

i ncreases by 33%in going fromCase 1 to Case 2;

i quid oxygen production is the sanme in Case 2 and 3.

Note 2: The liquid nitrogen production increases 60% ,
Note 4;dEveq though toa tiquid oxygedapreduction is signiticantly jesgdmCase 1, the air

tdQn ;d [ j I GHR; : (1385

gl R EARD i 3557 ch sl g0 Rl TTie AR rhpbRtaitisdure.
Whehfanei elents topnedage nitregari fgom thenASY @gdiigh pressureniteagen then the

[ S : i
okfPH sBGTBR] tongtofs Aradih et 3 g Bropsin et lioks one o use
thersadnecair compressorgaridf samenClypgeric ASUFoCak thrae cases. ai r
flowto the ASU is roughly the sane for all three ) )
NotesB:LCasehi epdrateanvithmed:R @omprassouithe suppiesersaldorecassing unit (3) is
I ce nitrogen fromthe ASU as hi gh pressure
"é‘?‘?érg’gggﬁ then the oxygen recovery declines. As a
result, the use of the presentmbggqnti on allows one to
use 5 the sanme air conpressor and sane Cryogeni ¢ ASU

for all three cases. Note 5: Casecgbeqper at@ssewd t h NQase 3 Notes

LP Conpressor (the supplenmental processing unit (3) is
Ukfid ORRYeHbw (MSHE 1 Case im§pase 24Gese 3 Najgas Li qup859
LN ogenProdutb@ipw (Ne8) hr Mm3B0 5, 8340 5, 8591d344Li qui @0016
N did agemFiowaeeBsyt Fl ow ( 18@haminB/ hr128340 133266 20016 255
Li quid Argon Flow (486) NnB/hr 121 255 255 LP N2 Fl ow
P2 Flaslexit ASQ Y1838/ hr 7, 4d@3/hB, 958,489, 438 1§958ssur 20,438
befressire? 1.2 1.2 LP N2 to baent (488) NnB/ h#.27,469 1.2
P, MDD veo488) N2 to Unit NadB8) Na@ssr 0 13366 20334134
LAFN2\R Urlitd(488)i t ASU ( 176)NmBBY hr 9,0084 0 013556Pr ess@p3B4
bara 5.2 n/a n/fa Vap. N2 refrigerant exit ASU (288)
HNP2 RlowxR 8UG1 854 8, 445 NiBssur@18srs 5.26.2 5.2 0
LPrggsufer om Unit 2 to Vent (@66) NnB2hr 156208 0 LP N2
Vap. NR refrig@ranBed)ASUh@B8Ir n/Nm3MO9 36898 Press@iB84bare BHMS

1.Prespure bara 5.2 5.2 5.2
LP N2 from Unit 2 to Vent (366) Nm3/hr 1562 0 0
LP N2 to Unit 3 (386) Nm3/hr n/a 2499 3666

Pressure bara n/a 1.1 1.1
Temperature C n/a -179.6 -179.6
N2 from Unit 3 (184) Nm3/hr n/a 16055 24000
Pressure bara nfa 5.0 5.0
Temperature Cc na -49.7 -49.5
Air Flow (108) Nm3/hr 29,831 30,598 31,923
Pressure bara 5.7 58 5.7
Lig. N2 refrigerant from Unit 2 (186) Nm3/hr 8,298 8,354 8,445
Pressure bara 53 53 5.3
LNG Supply Flow to Unit 2 (194) Nm3/hr 45142 64190 82291
LNG Supply Flow ta Unit 3 (394) Nm3/r 0 5329 7994
Pressure bara 76.53 75.84 75.84
Temperature C -153.9 -153.9 -153.9
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Tenperature Cn/a -179.6 -179.6 N2 fromUnit 3 (184)
oéd/ sAan/ a 16055 24000 Pressure bara n/fa 5.0 5.0
Tenperature Cn/a -49.7 -49.5 Air Flow (108) N8/ hr
29,831 30,598 31,923 4 Pressure bare 5.7 5.8 5.7 Liqg.
N2 refrigerant fromUnit 2 (186) N8/ hr 6,298 8, 354
8,445 Pressure bars 5.3 5.3 5.3 LNG Supply Flow to .
[0047) I tha Aéscriitn iof FigBesd, grsaous mrogen strgarm Shiey the bigh

e s

theliquetsr 26uldatefradivgly becontiensedin rabpiiercrondensar d4itdl. In this

L e
174 vo8lg et vaparizdd’génd warmddsn ltihejonain keat exchadger.
al ternatively be condensed in reboil er-condenser

[G048B] Finially, tdsi can tecappeediated by pae skiiéchig the adesreadhough the

SR EHIIEIRE ot b ot [obGH dopyaid i apchohine
aexiiiaTp ngmpressos)dir thie hhG-baseasiquelierba capmosdnaghing eguid drive both
. ' ' h t | "
i, PLoloafoh, B, o il s i iéling iSrag R VG e auoiiary
carnptessar(s)iwhzm thé plantisbiuili could canain asaocarntpinion forerentually adding

: ! i : h
R R S EresRor, AT PR Bt} Eng el
suppi¢raghtabcdnmpressdr aredrivendyaepatatamachides gk pragiuction mode.
when the plant is built could contain a vacant pinion
for eventually adding the suppl enental conpressor.
Alternately, the auxiliary conpressor(s) and the
suppl enental conpressor are driven by separate
machi nes in high production node. 15 06926 USA. DCC - 15
06926 USA CLAIMS 1. In a process for the cryogenic
separation of an air feed wherein:

06926 USA.DOC
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(a) the air feed is conpressed, cleaned of inpurities

osdastUsAal | freeze out at cryogenic tenperatures such

as wat er and carbon di oxi de, and subsequently fed into

an 5 cryogenic air separation unit (hereafter "ASU")

conprising a main heat exchanger and a distillation

columm system (b) the air feed is cooled in the main

heat exchanger by indi rect IGLAIME exchanging the air

feed against at |east a portion of the effluent

st r edm$n & pooness éor thie crypgenic separatignohansjideedwhein.c)

the cooled air feed is separated in the distillation

col u(a) tbey air éaad iacomprassed dleansed ob impuritins that Wi frepze out at

c@f)é ﬁéﬁfﬁ?& %d&h'ﬂstvféi&eéhda&qb&l Gibkigé @rﬁ@db@@@fén‘tl? fed into an
gen ective streans enriched

ciyagenie air sepanation) umbﬂpmé’aef %A&Jﬂ") cABPHSing #deain healexghanger and a

d@fllfh(ﬁgn cﬁfﬁﬁf%té?ﬁld xenon); and (d) the distillation

colunmm e

conpri ses a higher pressure colum and a

15, | SShe B faHE R0l Tho thEA rbAFlh SRS bt hoat

colu separates the air t streans

exohangtm-ﬁge air feaghagainst stisastd portigjeef the clfantstraamsdigm the
df‘sﬁl‘lﬁgbﬁ%lu )@’Eerﬁ he higher pressure colum, and a

UId oxygen stream w t hdr awn from the bottom

of t éd ai? e‘b%ﬁ?' E@Q‘ﬁﬁieﬂqﬁ‘tﬁé‘lﬂst figfiort Sblttjr'ﬂﬁ s&ﬁ@ﬁfmto effluent

pres it e co rocessl n? Eﬁ
sireamns lrpluémua @trewn ammr@dmnﬁmcgn andasirga emrfq djm oxygen (and,
t
OBIRYAP SIAKATR bidine Shicnd) e SRATIN Qe e af feed
lrlclwdmg argen.duypiors andxenondanda | ow pressure nitrogen

streamw thdrawn fromthe top of the | ower pressure;
and (@)the distilatign eplumnesystana compiisas aigherduessups ealumpand a

IowWr F@ésﬁfeecdlﬁﬁ”al ly linked 25 such that at |east a

por |on of t 'hi gh pressure nitrogen is condensed in

?63%%1 ﬁi’gﬁ@P;Fk‘éSer@ o d“ei:‘aré?@é {nleHir fed ﬁﬁd‘eﬁlhéﬁt streams
I i qui t he

at” collects 1 n the ttom (or sunp
'nlcbkﬁﬁ\g Q)P@Bﬁﬁséummfﬂﬂﬁfhﬁ@aﬂswh@éwﬁ thtkleﬁ‘éﬂ Oftthﬁ hlgher pressure

oSl gﬁ@a bﬂmeq rm?,gt ¥$ 5irddm VitHaratvh fl'dr‘n mect%uohpof the higher

provi de the re I On necessary wh | east
pf?éﬁ't'red-‘ﬁ“%ﬂm F'Fféfedﬁﬂ dRrilewer ereéélérerc@wrrsrsfor qu'ih‘BﬂPfoceSSMQ-
refrigeration is extracted fromliquefied natural
(her & meéewewesw@;cyluw sepatatertha crydedisyid exyaes Fis am into

eflLiSht dtl'eﬁFdsCiﬁblﬁ&ih (et StrbarA WithidAfwnorh the bottom of the

(hereafter ' ased quefier”) where It is
°I“ieﬁ HEsSSU® W%rﬁﬁ'ﬂ@s‘QWereﬁﬁ'a’ée H'FTPQ%@HEEM withdrgwp e the top of

tHeFowet GrassuriSariey one or nore auxiliary conpressors,
and cool i ng t he ni trogen between stages by indirect

heat l(q)gl?“é‘ﬁl%ﬂér FHES4UNS EoluMUsHd I8 SHosEURé cOBfmN dPe fibrmally linked
such that at Ieast a portion of the high pressure nitrogen is condensed in a
reboiler/condenser against boiling oxygen-rich liquid that collects in the bottom (or sump)

of the lower pressure column and used as reflux for the distillation column system; and

(h) in order to provide the refrigeration necessary when at least a portion of the
product is desired as liquid, refrigeration is extracted from liquefied natural gas (hereafter
“LNG”"} by feeding nitrogen from the distillation column system to a liquefier unit
(hereafter "LLNG-based liquefier”) where it is liquefied by compressing the nitrogen in
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exchanger. a systemto increase the capacity of the
06998 bgaed |iquefier conprising a supplenental 5
conpressor that is separate and distinct fromthe

auxi liary conpressor(s) for the LNG based |iquefier
wherein: (i) in a |ow production node, as between the

| ow pressure nitrogen and the high pressure nitrogen,
stabes nsing one or Mo aindliane dompressers) 2@ ¢aodieg the rjtiegendetween

<3BAE T AP P S98hecTopotéd Alyal g1 o Ay e
exxdaegert he suppl enental conpressor is used to boost the

pressure of at least a portion of the | ow pressure
asiystengterindreasetbe papacityrob tref LNG dbased iqueliseearprising a supplemental

0 : .
oflgbleBRE s SEEEH® MRORFRL oA 23 BBatir EOHERsBoE)36 ihe LNG
bédaui Iquifievveiezein; i n t he hi gh production node, the

nitrogen that is fed to the LNG based |iquefier ]
conpf(i} eslolairbdudiion muasie;, as beiwess dhelom pressyse nitepgan and the high
Ci ' . . o _

plsBE3 ritntin i hiPody Fiat s fob 18 ENGSdlo Bty cineigtSBry of at
lgast a porion fof thechigh pless@e nitragesuard ni t rogen i s condensed

in the reboiler/condenser and used as reflux for the

di st {il) lira ihigh produstion syadecthessupplements) camprassokis iised to boost the
PR sPIeESrY hGnbh bf 0810y B st ieHlohe Brdbite of the high
prassureNfiregendd creste bedsted piessuregtirggeadsdeedior thaldNGdmsed
ii"i.lefiépe process of Claim1 wherein, in both the | ow and

?n gh ‘production nodes, the nitrogen that is fed the
liquefier includes at |east a portion of liquefied

nitrogen resulting frompart (h) after said portion

! . 1 ng. . ! Cho

i 1 Poayeeked of Bl ChnalgR, in 6 HaRYioREfb Moce; 8 nivogen
that isdedtorthe LiWEbased liquefier cqmprlscsgotmge brestpd prassure nifrogen, and
at 188st n&&‘i &ﬁﬁ&fhghgbréémﬁrggbaﬁ | ow pressure nitrogen

I's cooled to cre a coo nitrogen stream -17
06926 USA by indirect heat exchange against LNGin a
suppl enental pre-cooling heat exchanger that is

sepaga 5o Clrh 1 Viereihh it i : :
exg hghgg?%%ﬁ’gcmg ess o'b’.%lal gibia’lﬂ\%g?tg??bgp P tr{eohtgh
PresureiNifEPaends censleagedin the gehoilsreangensersndiused @sirefdx for the
e BOLTHT SR Bkl B8 Reiceh o BBCHAYPrebir 1RSen and the
high prassyreomitrogen, enly the bpested pquswetr&rqgm is fegl torke |i@E-based

liqlefie S HigH hrobIBERA mode.

4. The process of Claim 1 wherein, in both the low and high production modes,
the nitrogen that is fed the liquefier includes at least a portion of liquefied nitrogen
resulting from part (h} after said portion is vaporized by indirect heat exchange against
the air feed in the main heat exchanger.

5. The process of Claim 1 wherein, prior to boosting the pressure of the low
pressure nitrogen, the low pressure nitrogen is cooled to create a cooled nitrogen stream
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stream the |ow pressure nitrogen is conbined with a

06p26448% nitrogen vent streamfrom 10 the LNG based
liquefier. 8 The process of Caiml wherein: (i)
prior to boosting the pressure of the | ow pressure
nitrogen, the |low pressure nitrogen is conbined with
a gaseous nitrogen vent streamfromthe LNG based

by mdmmﬂ iheat exchangmagainst)LNG inea suppiereenial Rresopingsiaqt exgiianger
b5 bt SRE e S By S Sichahgacing ¢ to

ased T querier om1pressure nitrogen is
cool ed by indirect heat exchange against a cooling
medi umin a supplenental aftercooling heat exchanger

thatgi g8 %P%%@% Bf gﬁﬂﬁ sqirdrdin ‘b‘nof fo%ﬁds’ﬁﬁg Moble@fnﬂrémt stream,

exchanger rocess of Claim 1 wherein durl gm
theleeoledwitegensitennis ﬁ@mbmeﬂ Iéth-A,gRS€0H8 yltrosewewﬁr@m!f the

LRES Yﬁ %y a machi ne containing a vacant pinion for
even I'’y"driving the suppl enmental conpressor. 25

10. The process of Claim9 wherein during the high
production node, the supplenmental conpressor is

i nst gl Tﬁgﬁ%e%‘%f éﬁﬁﬁ%twlﬁr&h%’lor tolcook ﬁ?tﬂ@l@ﬁ%?éssgfe nitrogen

Caim erern during the high production

he
stzaam.|thelow pIGaBHre SWEnges)s g@mbmﬂ@ v«gtn @Iasaaws pifrogen vent Stream from
the AN -Based qu'ifeﬁeﬁr iven by separate 30 nmachines. -18

8. The process of Claim 1 wherein:

(i) prior to boosting the pressure of the low pressure nitrogen, the iow pressure
nitrogen is combined with a gaseous nitrogen vent stream from the LNG-based liquefier;
and

(i} after boosting the pressure of the low pressure nitrogen, but before feeding it
to the LNG-based liquefier, the low pressure nitrogen is cooled by indirect heat exchange
against a cooling medium in a supplemental aftercooling heat exchanger that is separate
and distinct from the auxiliary heat exchanger.

9. The process of Claim 1 wherein during the low production mode, the auxiliary
compressor(s) are driven by a machine containing a vacant pinion for eventually driving
the supplemental compressor.

10. The process of Claim 9 wherein during the high production mode, the
supplemental compressor is installed on the vacant pinion.

11. The process of Claim 1 wherein during the high production mode, the
auxiliary compressor(s) and the supplemental compressor are driven by separate
machines.
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