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TITLE OF THE I NVENTION: Systemto Cold Conpress an
Air Stream Using Natural Gas Refrigeration BACKGROUND
OF THE I NVENTION [0001] It is known in the art that
the power required to conpress a gas can be reduced
by conpressing the gas in stages in order to allow for
cooling of the gas between stages. Eventually a

bal ance i s reached where the power savings are offset
by 5 the capital cost of dividing the conpression step
into nore and nore stages, but depending on the
conpression duty at issue and the relative costs of

power vs. capital, TITeE QR THEMVENDEN:.0f stages wil |
often be several. This is particularly true in the

case of conpresyshen BICHH Compresnar AaStieamf ed to a

typically sized cryngfNguril Gasdafigdraton unit (" ASU")
wherein the air streamis separate into one or nore

product streans typically 10 incl udi ng at |least a

ni trogen product anBAGRGERQURD QF DHECHVENTIGM an ar gon
product, and |ess often krypton and xenon products.

[0000P2] | t itiisskrawaain kieosn tHantrtermwnrequ@U td bampmsea gas can be
savi &Z are ro rtional to the

R edipeeBiing Ha do0Rsiaoss i Giept G AbmIoStpISR! bRges
bétwmsre Fat_;us eEv@ﬁum@baﬁam@es rmadwb«lzl lwhe&a‘ ﬂhg gﬁmnfa\&ngﬂarasffset by
| | e ur, W I ea

e s 56 A SRS Emtaret arlstdiie ot nblupl Shasspu

deindmg@nthe aomlplmeion Brt@twmtlﬁuemd thé aalatﬁ%cbgierompbweﬁm @apital,

thg%p#uw&gler\\/@p urgaffségles B‘all cﬁﬂe@ 'a%vr?% Ela@fs BE?F{IQLH%‘R tnpe |W?he case

ofaﬁ)ﬂlﬂresstﬂﬁj arf &iF sirgeen it Megmaltypgcﬂany @izeoetyotgbtfﬁc air separation unit
ol r-sta O a Co r an col der e

CASitierd oo A2 Ssdemn o SoPatiteo S orf Mo RS Sobgs typically

ingloging iaf bagtd Hitbgéh procactdreiin ¢:¢aRe HAIJUES oft@®hh Beon product, and
water. A notabl e exception 20 however is in the

Ieﬁ%ﬂ&%&'fry@fm@ﬁ‘ AQPN BORLES: near an LNG ternminal. In

[OBHEN o onity 3R KR fiibe BEdATE RewSisgyngs ate Bigoorto i to the

lnteu&tag‘e}t:ooﬁwg feiperdthi@. as pasicua tobkd toa subadmibiber temperature

trea ate at ure
o4tHES? puas Wi AaPRioY pird SulCaReh el b LG etd areater
pévreEr savings tHadagdolifptotdebib@rteyiperstire byalsm\gmﬁ?dlbam coollng water as
di oxi de. 2 0003] As wus e n (a
tnpaPERPBt {GnIHo0HE RENTER § PanERIeon e BES Fiipomer savings
alﬁftgﬂsbt et capitg costsif the aﬁdnt&:ng?&fﬁdmittoh?'e@hrea to cool the inter-stage
sub- ambi ent tepperature at _the a,conpress
o 18 60N e R ot Tamta . {8 eBionB AESE R URLR/ the use
of\/&hyﬂ’mg &oldel than ambient temperature cooling water. A notable except:on
however is in the context of an ASU located near an LNG terminal. In such a case, the
cost of the LNG is often low enough to not only justify the use of LNG, but to also justify
as much LNG as is required to cool the inter-stage air stream to a temperature just
above the freezing point of the contaminants contained in the air stream, particularly
water and carbon dioxide.

[0003] As used herein (and as generally referred to in the industry), “cold
compressing” shall mean compression of a gas that is at a sub-ambient temperature at
the inlet of a compressor stage. (Contrast this term with "warm compressing” which is
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the industry termfor conpression of a gas that is at
approxi mately anbi ent tenperature or above anbi ent
tenperature at the inlet of a conpressor stage.) Also

as used herein, "natural gas refrigeration" shall
mean either (i) refrigeration in the form of LNGor
(ii) refrigerationin the formof a cold (i. a

th%ﬁg@ﬁ?{?ttmop S&@We@%h ®PL gaS FRER eﬂ'a-'g}ﬁrd&ﬁﬁéte@ d?)%@fW temperature

nat ur as, espeécl a col d natural
ot Mverae?ﬁmnteerﬁmrﬁtweipﬂhﬁ et of ammp@eﬁspr plage) aAlpg as used herein,

“We&gt uHH?e a? 85" WPéa% eilﬁz'lgleél)cl% @Fer aﬂr@lheggﬁl bALNEG of (ii)
remgm@ormmmqorrmeapp@s(eata iempaemtur@rbaicev améent cesaeclally well
t

o8 T E bt Sag ButbdaidRg col el a8 ATeohe o vaporizea.
butsorﬂ)Opa?Ub}B/gmre}eﬂl YNGe dFor examplaIbe chde}aa%ra! gasds Iae% teimp,ezfature of

.SYyst ee far e e re of Japan
%DGXZS b npr§?rq§¥ll@gfﬁé'1damggu ?her eaft efa ?:ﬁl zﬁ ;en

P
(G o 1 o PrasBOe e TR s ek p G ihafiisss WaREYas®!
refrigergiion {0 cald copgpessdn ainsipeu csspetialbeart-aig a’trmnl)mhlqhns
%ﬁ]ﬁﬁqH@hB&ﬁ%?% ?gHt OI'fh%r o ?grée' nstéfﬁ ass%g%&océ’é’é fopgﬁample Figures
1Itdﬂ anavﬁsepamt Apglication b3+ 2eT8&iny Ishizu ﬁlys*ewftaréﬂsdlzuémhéiﬁ Patent
i di oxi
B aspg o HSW?'h&‘e"?ﬂf%F 800l tng i n that
b b . .

852 PSP AR i bR oo i
irhaisich €NIG: ie Qeédbtibl prowdemher sta@e)@)dlmgﬂemg cdmpressiomef wet feed air

i nt n

g Lo g A3 boith Bt anl B S it o of
rsisdlrechndQaesomadi @eweetdeeazmg dwinguths iderestade/cantiog &dthatprocess can
bgga&n@}ﬁd]t[?oc be %}er%}ngl gb?%tgiégepatéé b%é r%g%llon‘rPB Hmeed air
tiseg pas aeemmcmmmmm N 56M0 distdaGf for thel gat- sltagqmuwngj tsee Figure
2 PRETR 3 hobishaf ATRAGEB UL Y502 Ap BBl oo
combrdsead air isssubstquenitie cdoled kd alzdut eWOC@Ibefme Mr@to tisdistillation

i ona , LNG also is used to provide inter-stage
C@Hﬁ‘?@{eﬁ dried air during feed air conpression.

OB c o FHTRE GBRRER A hRap e o tePAAISTEPRe il e i
uexd taprgeite eeedbrsatidradity td acempmssetbmtrogemhmd_g@ sreamdenn a

dgé@aqogg%, and | %\? éII()g%? aa\erﬂ% %T]tl:e%ﬁmoéﬁé ldlst(i?altfgﬂlcgrﬁlw Hstern.
Cyatiohalsy, LN@IGIsmBILde@m priovida driter-sthgey egoling Oédli@i air ti!er’ing feed air

distillation colum along with the air stream where
PRETFREN al gas will tend to collect with the oxygen

[8(5(% uced 'ﬂp cgnrﬁ%on concern in Ishizu and Perrotin is the exposure to a scenario

c

where a defect in the heat exchanger used to facilitate the heat exchange between the
LNG and inter-stage air stream results in natural gas leaking into the air stream. In
particular, such a leak would permit natural gas to enter the distillation column along with
the air stream where the natural gas will tend to collect with the oxygen produced in the
distillation column and thus create potentially explosive mixtures of oxygen and natural
gas. It is an object of the present invention to address this concern.
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distillation colum and thus create potentially

expl osi ve m xtures of oxygen and natural gas. It is
an object of the present invention to address this
concern. -2 [0008] The art al so teaches the use of LNG
to cool the air streamafter its |last stage of
conpression (hereafter, the "finally conpressed air

CRBF) [0 SR o LN Ay g OB e e
stape bi canpression (@E¢ter.dRe Uinally vempregsast nstream”) \\aeelfor example
U8 SRR R SRR 5 (B SSBAE U BARR Affoanon
2005/0 15280 py SardthaeakerWand).eby t he stream can be

conpressed at |ow tenperature and expanded to
[Oﬂaﬂbr ize @gy@ensolcnsea a @ypdgenid aigsapalration. prégess lirewhich LNG is used

oRERI gl L PO R ol sl dB e 3o bedh Seh PR gpmpressed a

Iowytemetdm ang mpamwrtowad@&erca(ygergmraatectnhy:ngwbwniro I hiee

ot iiried pERRS TRRE doa e bl e Bl Retrog e B a plosed

cmaioﬂ@oroéarbblﬁichye theadl oh togh Erovides] srfikgebhttongddy totee éhallyadompressed
Ietast a portion of that gas is condensed by the LNG
alf 3¢ Bvi de a bl ended condensate, which is subsequently

1038 L iR B Rope A SRS ot b eHrob ARG ptug o LG by
a@jiragm Icendersaialecgae Imteﬂymtmdagbnmnﬁmtrmt gag sezd;ndensed by the
t t
LRGP Bendet EaneRE MBh i Ak oy LaetiER by Rk
emhan@é wfth adweat wm mediane rrhamééolrartﬂféryhanm g:by daeluseet for
rti

use as the t nsf er di.um 0
o34 (a0 oRteE o aif o0 o L oeRSS eart Atofitted with a
cr@ﬁ@erﬁb aleﬁﬂiae?mnbrno toolged f@fdedumg gas;.f]I I‘revgmdex_éﬁpgf%@lhlbcess,
e Nnota e earjure 1 n 0 ala a . | S . Us
wilp” afi b Ployians BlitarTs oS3 he Pal fatist pdioiy e dgiods Thereot
afehsed eb cog @bt firatly tormpreshed £iNSréam ahd afdonmrdssed nitrogen product

c%ﬂrﬁpressed air stream In particular, the ICMis
I"ed by indirect heat exchange agali nst the LI\IG in a

t heaj, exc r,and the
10045 ¢ o°cDaE WO BRNEF Al copEars VA 8¢ s o1y termediate
cd:ohdg nmcliurin deM)ex chasfgethe mefageratiomfiomeahs LNGEcth amgfnally 25
) fa on, ata an ar ot ect froma
e AR il e Cis 6B bl ikt el 88rBnoe
agahadt t}uehENGI imalfirst heangxchasgat aadthestesalting cesled tGMiiswsed to cool
n as eri,n he di sti on colunn. |
RS 9hm, P ot SichaPot 4 Fhant hegt syehanger.
Incthisriaghiort, Salta fied Waaed aieaorometeddrdnCMstmaﬂweﬂdrageeaueh yhe heat
efc%%hgetzrhueseg Ito cc%l rtheeamal?ls tc%;e)pessec‘? air SP gam resfults in natural gas entering
the distillation column. It needs to be clearly noted however that Ogata and Ward do not
teach to use the cooled ICM to advantageously cool the air stream between its stages of

cold compression.

[0012] Finally, the art also teaches the use of cold natural gas for inter-stage
cooling during cold compression of nitrogen gas. For example US Patent 5,141,543 by
Agrawal et al. (hereafter “Agrawal”) refers to a prior art process for liquefaction of
nitrogen product streams from a cryogenic air separation in which the nitrogen product
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cold conpression. 30 [0012] Finally, the art also
teaches the use of cold natural gas for inter-stage
cool i ng during cold conpression of nitrogen gas. For
exanpl e US Patent 5,141,543 by Agrawal et al.
(hereafter "Agrawal ") refers to a prior art process
for liquefaction of nitrogen product streans froma

stteamg erd @iditdém p@ggécamsmrﬁa lcrd)sé@ bﬁlbrcﬁlh@roﬁhﬂbbﬁ E&?«ﬂe B pNRfe inter-

-3
S CPBIALIING Bodes PO N SUbB hengueronidaragasbon cycle

Aggitibha) m@cLNGdErerd@wr@tﬁgerﬁﬁéﬁ io@%@ltn'g%? mtusrsauy eo Ressed
chl or of | uor ocar ban cycl e. tionally,

negen-de Seees o Qj'e?l%arlvmt%thabeanamgdms Aah éeachrt@ws@/the cooled
cRIBFEALSRESBon TCIM R AR pridrtarts %tggarﬁ é%%sg' ;ﬁé\?l{ié’ g’f@ts@ge cooling for

t hat Agrawal does not teach cool e

Celd Icomprassionsd Hrepinstreaon ted toree ABMor art to

advant ageously provide inter-stage cooling for cold
conpression of the air streamfed to the ASU BRI EF

SUVMARY OF THE | NVENTI ON [001315 The present invention

is a process forBRIEE AMMYAEYSOETHE INKENTIONst r eam i n

10 nultiple stages that uses refrigeration derived

(8318, | i quéhe afﬁssﬂuﬂmm@au%a RERCERRTOT dhescanapressiennf amyair stream in
n’iuhi%leaétégééth&ﬁ!ﬁe%‘?efﬁg@r‘éﬁo@ﬂ@r‘n%ﬂtfr&ﬁ L@%‘h@& %ﬁ&/opeélﬁ'?nﬁf‘uh@tgas for

| east tWO consecutl ve st a er to reduce
copliagithg qir sjeasn toa sulp-ambipad qrrwxatn@ batween pdeastitwo consecutive

stahe£ amordét to'rélid%é'?ﬁéjbéésﬂmﬁ?@i ﬁeﬂgra | dBkik %ln@/{ﬁe diSstream, an

used to transfer the refrigeration fromthe natur
intpraegigte eroling Mediust G eM3iis U%ert@éli@ﬂsilentwgfr@man rfn@m the natural
& tolthe iMEraREdY ait SYEMN. Aone difoddimEHr rtﬁé;{?r%?erﬁéde)ﬁhfu’? 3

is fed tqg a cry oqenlc air separation uni
CORREERRESAInsireaniis T ¥bal crypgerit pis separationmnit(1ASY”) that mcludes an
LY

Rl Ml LML IR B R REF RS e ot Ring o
CQ!‘P\ natugal gam stregih withArayadram thediaugiierdinittas tae oatural gas slveam used
to%doPiRE FEMDESCRI PTI ON OF SEVERAL VI EW5 OF THE DRAW NGS

[0014] Figure 1 is a schematic diagram depicting one

enbodi mnent of the present invention. [0015] Figure 2

is a scherrati c di axceram d(rag cting a second enbodi nent

of t he BRYER SERCHIRVIGN OFSEYERAE VWBHDESERD PAUINGSF
th
5 henatie diagrain deristing e embodnmer?t of the present

HE. | NVENT| ON {0016] According to one aspect,
[0974kent i Higets
invention.
[0015] Figure 2 is a schematic diagram depicting a second embodiment of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] According to one aspect, the present invention provides a process for
compressing an air stream comprising:

cooling an intermediate cooling medium (“ICM”) stream by indirect heat exchange
against a refrigerant stream comprising natural gas;

compressing the air stream using muitiple compression stages; and

-4 -




conpressing an air stream conprising: cooling an
i ntermedi ate cooling nmedium ("I CM') stream by indirect
heat exchange 30 against a refrigerant stream
conprising natural gas; conpressing the air stream
using multiple conpression stages; and -4 cooling the
air streamto a sub-anbient tenperature between at
| easkoding tﬁ’é afr @ﬁe%rm&ﬁ hispbs %nﬂﬁéﬁ@"tﬁﬁﬁér%rébét%én Y least two of the
i ndi rect heat exc agal nst t CM stream I\a0017]
muitiple ¢renressien S@Qﬁ%ﬁy m@r'fect heatexnhaaege agajnst it ICM stream.
i nvention conprises: cooling the internediate cooling
[Gdl um (" Irovpietereceembegiment ithecerocessaaf thesinesrtiearmgaprises:
agai nst a refrigerant stream conprising natural gas;
conpﬁ@@@grt@e timte magdiate coeling madinmi (f1CW° bsteaam b inslireet heat
5 eRRAES ag8iRSY 4 RBdd i 3rbai! doRBinG B fHRzATD! ent

ure en at east t Wo hul tiple

t
f ﬁgp "@PP??‘?‘SQWQES‘}S%%@W S
a| r EBélﬁgeaS ?ﬁ bf?é’arﬂ'ﬂ% Fls[ib- %ﬁ%rg"iérﬁﬁbr kd bé'tglegn Abadt two of the

one nitrogen product s ream an
nbd&spgeewmream@l stagesbyindired dleahexchaegeagaiegishe @l\éstream
nitrogen product streamin a |liquefier by heat
exchaerpratingfhe goeled apd cempragsed air skearpavginghan air separation unit

10 (ABLPLIHY Meaétec{q\érr{}hg%n]fﬂro&fc@éﬁeﬁg Bﬁé%h %%Tn dﬂ}bbﬁé?%ﬁa

product romt ler tot raw ng O

at 'E@&ﬁw PR IEéQ&n%gutRﬁ% g?écfdcggﬁé’d?ﬁ T ﬁ(ﬁ%gbratf)r# fdat exchange

heat exc ange W t east one ni
agriogfibe refigesanh syeamasich gptianeliatretuing atdeasy ﬁtnoasfwrmf nitragen

FO%LHfgﬁﬁF}%thqg%ﬁ(frqa‘mécﬂéut%?d;tep of cooling the I CM

tream n a secon spect the invention

PT OV RGN POH SPIBASH pEHiGPEMRNS Pdf tastr%gﬁpéf%? ﬁ@é‘t dX3Aknge with

conpresses an alr streamin nmu e st ages,
15 theatieast ene sitrager p@@ln@trstr@aﬁgarmwng e &t legsbayportign of thggefrigerant

sﬁ{éﬁ? gcf?ttﬁé &%E oﬁESohﬁg@erlc%‘@tr@arﬁ' nal stage; 20 a

ity o eat angers that cool the air stream

[Gpd8) NSt ap, ? Qé&fn@"a‘ib@étetheqwnh&? gf@ﬁi‘eg %P(aﬁb%l)s comprising:

stream at [east one the plu

eXChﬁ%ﬁfp?eé@Pﬂth&nmﬁrE?se%‘ dn &f §t?é’a'f9| P:%Mﬁﬁle stdiRsl tﬂétnu@ﬁple

stage and the at |east one internedi ate stage and
Sﬁaeagﬁoraa@suag an iniahstagel atigashene, pigrmediakhsigee and 6élnalr€gage
the air stream between the at |east one internedi ate
20 st ag@ Phfidlity peheat ﬁé?h%‘gﬁﬁéhatz%’obweaﬁ"rSt'@éﬁ’aﬁf%ﬂ’i% AN imeqnediate
céolifghadidr %ﬂCﬁlQ%@r@ﬁﬁ\eét feB& dMelof Mg ;ﬁé&ldyrﬁf ﬂeéﬂeﬂcﬁé‘ﬁders cooling
one nitr oq product stream and | edst one oxy %
trtgr%wgqanyp ygﬁﬁ\ theqpitial stage and the at Ieast one intermediate stage and at
least one of the plurality of heat exchangers cooling the air stream between the at least

one intermediate stage and the final stage;

25 an air separation unit (“ASU”) that separates the air stream into at least one
nitrogen product stream and at least one oxygen product stream; and

a liquefier that liquefies the at least one nitrogen product stream by heat
exchange against a natural gas stream;

wherein the ICM stream is cooled by heat exchange against at least a portion of
30 the natural gas stream.
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a liquefier that liquefies the at |east one nitrogen
product stream by heat exchange against a natural gas
stream wherein the ICMstreamis cool ed by heat
exchange agai nst at |east a portion of 30 the natural
gas stream -5 [0019] Wen the nultiple conpression
stages conprise an initial stage, one or nore

[00Vgr Nedi #Yierstha astisd dorapfelsgiah sfatgag eombhsé &n Fh"t%i stafe thne or
that the air streamis coo sub- anbi e

W%ﬁﬁ‘é‘?fa‘te&’ﬁée BiAgpHand ééma'r%%ae éx%ﬂf&iﬁj@déaﬁﬁ thgﬁlrtsrrréammooled to

asstub%@ﬁﬁléﬂtt&ﬁﬁé?at&éiﬁl]‘ w%re&%a@@ﬁ:h@hgé‘ﬁb&nét%@ o7 %‘tr@ér% between
stages. 5 (0020] air stream al So can be cool ed

eacfsafbthaﬁﬁe@ﬁmor%mﬁm&d@ieestge%r to the first st age of
ression and/or after the final stage of

[ ressi HeR Strgamraeq canclg coqlectipmeid-aghientte mpseatyrgparior to
i fir8edtagd Sk prddassh érm?or ft"er {ﬂerf P%tﬁ@é‘B?édﬁﬁ%’\@@é&{ b@direct heat
car bon d| oxi d arl or cool 1 ng”or conpres

ex¢hapge agpiastkig M‘lﬁtféﬁt'ﬂ tenperat ure shoul d be

sufficiently lowas 10 to enable at |east a portion

{21 he wat¥ienthe %ﬁﬁ@ﬁ@econ[aumqterm@ garpen giexgatporior to the

r f

c8ling aajrmcSﬁgﬁgeﬁg st A yegéaatsua em%mbﬁﬂgbggfn&%ﬁshmmeﬂtey low as
tq Q!Mbéﬁ Atdast |a§qmﬂ@dh%0’§te|f 34 @0ﬂd¢n§¢1e presence of

oxg Preferably it is aliquid with a freezing
[90%2ht 1 enpBp seitioerabistinan san soraiseigUefisinatisnl GassLNG") and/or

n&@_“&ehe@mﬁﬁé@{ Ay a mxture of ethylene glycol and
water. Alternatively a refrigerant streamthat is

[0028] eXPl 0$jsUgIWHRNCRPSIRIRE R ﬁ’Mntan’(ﬁPsﬁIBIe mSHH% ré’§Ence of oxygen.
sel ected fluorinated hydrocarbons or m xtu

Praierablyfit is diguislavitisa reegitmppant tpmeaﬂam@selow the fne@wwppmt of

wﬁﬁer' &spcininfld hiixtSicadrRrhiRMR dif;%ll hﬁk@?? ﬂﬁérn‘é{)\%ly a refrigerant

refri ger ant stream such t
skearg LnaétSe'aPr\mnlpSafepmﬁﬁ cmmwﬁh wnter,l soeh ag@e@atedtfblormated

hy@eeérbar%dom&ﬂur@mw&ﬁ Wﬂai@éﬁé&erat' on to the air

conpression, in case the ICMusually woul d be
[oU2af ensed P?éf@#aﬁﬁzt tHeh@M Rl 'R aagLi F%‘taﬁ@ PN H%img agﬁmst the
CO0 medi umthat 1's gaseous after cooling I nst

r%'vﬂﬁr?@fﬁtfﬁg@r%ﬁh that ithenfiid gladub@acar@alﬁte&g@m purgg. However, the ICM
c&PBP K/@é‘zﬁ&éd Ef ErdM&Hgdreﬂ%eﬂﬁ%H &8l tHeOalFéJn%%ﬁél& id@hich h case the

fluid. [0025 e conpressed air can separate
lQM.UﬁgaIBW%ld %éwegﬁe%ﬁg@ﬂﬂtthe zej,riqermwtrﬁamew@cqf@wim

nfe Ao fatL B ghskbud é?te‘? E:QHIIn@%g%fns{ %%fn@@%nf‘éﬁé&‘?ﬂ %rbnsadvantageous
product stream and an oOxygen product stream ual 'y,

ag LOMBRRSEOr PG oyld Qﬁ“‘i‘iﬁ’@d F'Wﬂtﬁlir&(ﬂ% and at | east

[0025] The compressed air feed can be separated using an air separation unit
(“ASU"), especially a cryogenic ASU, to provide at least one nitrogen product stream and
an oxygen product stream. Usually, at least a portion of the carbon dioxide and at least
of portion of any remaining water will be removed from the air stream after the
compression and before separation and/or the compressed air stream will be cooled to a
cryogenic temperature by indirect heat exchange against the at least one nitrogen
product stream after compression and before separation. A nitrogen product stream can
be liquefied by heat exchange against the refrigerant stream and the ICM stream cooled
with at least a portion of the refrigerant stream after said heat exchange. The nitrogen
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of portion of any remaining water will be renoved from
the air stream after the conpression and before
separation and/or the conpressed air streamw ||l be
cooled to a cryogenic tenperature by indirect heat
exchange agai nst the at |east one nitrogen 30 product
stream after conpression and before separation.

pmdh{%t(@rpeﬂnpéi%jeﬂ D?E ?&‘W Adat XEnan %fH §§ @%n 'B‘P@Je e (pfrigerant

exchange agal n ger ant ream

skeare ant lmdlteaool\/&m ICMtstrB@“ast a portion of the

refrigerant stream after said heat exchange. The

[Q026] ogen Thé ppaseduiovension éabesi lusderstoed yéthoeterenteldg theeran-limiting

r I : ot
oFREHFRAR ekl il oLl poskpearns
compmssmg an iayr strean 186ctbatss tasttows ¢rogenicaicseparatontung (“ASU") 1.
non-limting enbodinents depicted in Figures 1 and 2,
[a027h of wHietdmrimg sow D Figerec‘orairesﬂeamf1®isomppmssed1gl the initial

st?'g% g? ??gbr%ﬁpetsg%'raigéﬁ?rf sTrgg %Fglgfﬁo\‘lggﬁg@% Is% bs constlstmg of the

infiagstage Ba, @i intesinediate tage 88 andapinesstage S Th@lntenaiagﬂ air

sti%aﬁ’!gg &if?r?cb @ct ér& ga'EEH 6;%@%@ tt? %’ gﬁggﬂ[twésr{t ?gnn;g%”a@ & Lvﬁh refrlgeratlon
dériveddrom atraturEidjastséeamnd®6. 3o acorddanckiwithlthe pm;enﬁovenTbe an
b, ki slaci PR MR < e fad e thE n Aehafies Between the
nakaral gesl sfream166 aad theaihtegraagstaircssmeainGol 02| amdai@dor dance

wWth the present invention, an internedi ate cooling
[0028] um (" ﬂ'ﬁ?é/b)lrpiose obthe ICH i6 dmavoid asieg blsinghebdat @xciienggeto

Sl T e ex Pl BaufbBh 135 hafR 085 s 38 asq gne or more of e

wmrramealoﬁtredms 102\ands1040 !a\parmtulas,ltmg elimgiates the le@pdsure to a

L e T

theritier-stagagé sireams bine aventudiy teedistiidon toluparsystend where it will tend
s el ure to, a scen r|o whe

BT i PSR I e Ao e PR Ry PRIcRiB pigores of
ownlandrang?liq gmoilr; p?n[acu;ll?nit m;] thgtcrxgﬁgmhe t?maé dozl caiutnn system
TSR bom el B ol rhSute i Ihgctte el i bngitg miorate
dawgi thr?lewipe?mtecm?lﬁh Iayurj ?mtrlomirated? thextiquiceexygén ;mygmms at the
ofisn BEIndiRk PR3 s B A Bhat e 14588 i et nvention
can s any eaf@g&ﬂamtdlnatmmema eacuabssmjxturb €i.eanan-atplaghse) wiheh

kBB PTG QM o G B L A ppyene aveol

abotvatem of the | ow pressure colum. Accordingly, the
ICM used in the present invention can be any
[0020] i ger ait Figheet 1, ¢heedliM sirauldtas inl 2slesed wopceclé A. ¢ particular, ICM

<0 ARy R e R il o BF e of O oo ve0
to produce vaporized and warmed natural gas stream 168 and cooled ICM stream 170.
To make up for normal pressure losses in the closed loop cycle 4, cooled ICM stream
170 is pumped in pump 171 to produce ICM stream 172 which is split into ICM streams
175 and 176. Inter-stage air streém 102 is cooled to a sub-ambient temperature by
indirect heat exchange against ICM stream 176 in heat exchanger 4b and the resultant
cooled air stream 103 is compressed in the intermediate stage 3b of air compressor 3.
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25 and water. [0029] In Figure 1, the ICMcircul ates
in a closed loop cycle 4. In particular, 1CM stream
186 is indirectly heat exchanged agai nst LNG stream
166 in heat exchanger 188 to produce vaporized and
war med natural gas stream 168 and cool ed | CM stream
170. To nmake up for nornmal pressure |losses in the

S%l%ﬁggnﬂe?gﬁgéw Srefm 005 ggolb@% 8 SLBAMbRMt iempér&ure by indirect

to produce | CM stream 17
h%@ilﬁxﬂhaﬂﬂe@gam LﬁM shipem 17330 heat exigangenfe ﬁﬂét%@swﬁm cooled

alr SlE4M68% ¢ exc% n e fnat YR @'@éﬁ?%‘r ﬁﬁp&%@#’r?ﬂ@}’esultmg

I ndirect he ange ag alns
wemmbw:g@streamanm ah@ﬁ%ecﬁ caprkinediot K aireans d B imearoete the

i BB 39058 FFE LA BBt i i

stream
purspd@dicad atternatiwalpecoub beiore therlGbt sttaareisippoleddn heattexchanger 4b.
heat exchange agai nst I CM stream 175 i n heat exchanger
[0080hnd t h&he éisallytcanipressedext stigam H6 ieaooled ¥ agproximately ambient

RGBS e o e 8] S g s VP E90
exahebgeredt. i Theres@iihg vagaed tESing ovaterip rertayedias direamot82dwhile the

régﬁﬁ%?tﬁét&%{dsa{fr' slé eg%w? s%ﬁé etd &”&Feam JI(S? 7{?5 ?%uﬂto?tﬁen?etat exchanges

am i n
inch etad ercttangeisydbo dc Lanchéd, carmnrtlttreofl tﬁh/h@tareamamdcrmair etleam 100 is

o4 Py SOt o 1 oo TBE kB, SRR O 80 oo
atisorptgnainitr 1080y orded ItG erhovedstcasbarhdiogde anphranstiniog eatargontent.
O, i . i
S eA Ol 581 B BSLPELo i B pihancer 12
ahdhdistilldfion esluhtresysteno®2@d air streamis renoved as

stream 107. As a result of the heat exchanges in heat
[a@3dhanger Airdtrearcl10aadoded taa pmogémm tamfiparateravattike main heat

o£OLHT PR B o0 ek Trg SORYPEsDl R o syt
12@ dornprisimg a én@mrp&s’mm colnmin 1]1681awng@rtdp and a hodtomy @ low pressure

oA 08 M N, B N8By P oy i

thedvigh a5d logv Eressure chlesns evtehzin ther aid dtReanl 5 sepdrated into a first

nﬂjoaéﬁ H %&Efgire% §|¥8\9 &%Qhe {og%%’]e @lﬁ%@%glﬁ'gwﬁﬂ]}fﬁl 116), a

cry o enrc enpera
smqridmﬁgmenmadm:m sltreare 140 $reirtostad framrthg topeeiithd by pressusel column

118, KR8 Blie ALAGR P s A AL ERBRES 7, o prossur
cblownprlaaas‘ﬁincenntrogémmmdﬂ:di&tdeamsri@ﬂaanﬂdﬁom usediotdoohair stream 110
G HPaf AP AL BBt A SRR tod ] Py Bl v2
The reseftantavachedmiitoogenfprodiict sineamogrenwithdoawcrostASthtnag 30eams
1&%%58\‘2? fromthe top of the high pressure colum

[0032] Figure 2 is similar to Figure 1 except, in order to produce the nitrogen
product streams 132 and 142 and/or the oxygen product stream 125 as liquid products,
the process further comprises liquefying the nitrogen product streams 132 and 142 with
refrigeration provided by an LNG stream 260. [n particular, the nitrogen product streams
132 and 142 are fed to a liquefier unit 2 comprising a cold end (the bottom of the liquefier
unit 2 based on the orientation of the liquefier unit 2 in Figure 2), a warm end opposite
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second nitrogen product stream 140 (renoved fromthe
top of the | ow pressure colum 118), and an oxygen
product stream 125 (renoved fromthe bottom of the | ow
pressure colum 118). The nitrogen product streans
130 and 140 are used to cool air stream 110 25 to a
cryogeni c tenperature by indirect heat exchange in the
thERIoMY JSH%% BICRNSEhdjddent to ’Eﬁ@ecoicﬁﬁgi t&lfi/ﬂirm"@’cYT&‘PI Zadiacent to the
nitro product streans are withdrawn from A
WM 88 ndﬁ‘zn@ﬁﬁetilﬂ@ sect@BieFated fatweep the C@‘F’ﬁ\ep%ﬂﬂ thsi the warm
Sé:dtlgﬂr ¢hd LRECGRIam 26b @rfgt?fo the CBE%H‘-B? tﬁéﬂﬁ:&]@hél" W hlle the

uct streans 132 and 142 and/or
nlﬁpﬁ@awsm@ streams e teddp deriwasn engof maéqpeft% epi 2f J nhe imérogen

[

pgggaf@sms t1?§%§@% 45%{% tB@g %bh@%@%d gﬁgﬁmneﬁmﬁéﬂﬁué&? unit 2
befe. belimg w@tndrawurfram the meldmndai@mllqmebelmmt Z a9 stigasns 28Pand 252,

TS PSR E2d Bl Rl Bk RSt ot
umlh% by mdsactd*taabax@bnga againstuled nitnogem prodRcti streBmgui3@ any, 142.

a warm end opposite -8 the cold end, a cold section
[088Bhc ent Ao intitied podiod 25Adf the Iimaeﬁectm;’trogempradpqwaams @8 removed

fréljﬂet‘he SBP!hIejH @F{?u’nﬂtzea[ ?{;}tﬁ}e?edsfscl ?cpnl r8§(§4 @‘éduct stream

i-on an
whulflGnrsOndeam faélitatesthé eecaverytdiat kaktta pmmlombf mb@xygemm{imt stream

1%}%& aégm okggetg:ﬁ?%ﬁut %{rggrﬁ nth@r@rﬂ&ﬂtng? '?526\ ?er%g\ﬁedgpom the

m en quefiér rogen
cqid eddand saturmadio tt@z:hsirlidtloma)lmnm sgstérd. do mmtrelsiale dnémitial part of the

AR o 0 UL A0 £y e g pon

pressweanslugBol mhlﬁﬂle rerfidieing @t treanem@Ung soriam srredeabd in

oAl B3l 4 R A G Pkl Shui g, Arematvery,
if tieeonty desingd hiqpidgdediict Stlige@nstrdged, sman:maz wolld0z3jonsolidated into
< % 3100 085 o8l B4 KB € L RAF a8 wouis oo
consglidsftecintastraan? 25@1 dit sbadd be adiegghatithe indentidrris getrestricted by

oRIREIEY 48 6Eh 2891 Sz bfh R s baLfedl8e may be

recovery a“portion én produ
vanomeadno fdreGdesefdgdratipn b oprpgess qjmeaduaithilstheemu t he
remai ni ng portion 252 is renoved fromthe cold end
[0934] r et ur Ardhitiad potiendif thei UNG stream @60 isarmyigedand partially warmed

m%‘é {:blg lélnﬁ 8\‘ tr%rllq'ugﬂér' Lﬁlkt Paldis ﬂl‘rthtepﬁ % iﬂé u@rrﬂ %%:Eﬂo?\rbf the

ssure across a Va urned
IIQL@fleth gy]fl.lttﬁeplném@aj meato@dchmgelawnmm@ma@rrmmm istrgams
S
18264 P2 OB U it e Wi MG the IhueRL SRSIeBm 264.
Tb@ranmmmmgsortm obthedtNG etrgam 260 vahmzadlay:dabashallyadzafmq@mdhe cold

elri)cf 8qu§ ﬁl% %le lu%? ?s \Dhr[c!rr%\gﬁ] ﬂﬁ%‘ghé mﬁ%%ﬁg\?%etﬂg %?g/he liquefier unit 2
asiesoide’daturalcgasdstfpammmt used asitog redrigetgijetreast 166aoc2&iGhe ICM in
h(%%%lxghﬁ%er 188. The temperature of stream 166 is typically -20°C to -120°C, and
most preferably -40°C to -100°C. The warmed natural gas stream 168 from heat
exchanger 188 is combined with warmed natural gas stream 264 from the liquefier unit 2
to form stream 270.
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consolidated into stream 252. It should be noted that
the invention is not restricted by 20 the manner that
stream 252 is utilized in the ASU. For exanple, stream
252 may be vaporized to provide refrigeration to a
process streamw thin the ASU. [0034] An initia
portion of the LNG stream 260 is vaporized and

[d@ﬁl' al | yg‘?f?;dﬁ?ﬂﬁf%{guim thi8 ngb%ﬂﬁlné?ﬁ atshsfhol:\)nqh‘ odu?é? is the

unit 2 an rwarne he “warm sect i
aboue-ndtedjues dighe gaidtnafurphgasiatrener withdgawreremtibatiquefier unit 2 as the

PRSI, DRI Dl SRACTAR Bk Howces

falbwingisyoeOyer as stream 264. The remai ning portion of
the LNG stream 260 vaporized and partially warnmed in
[GOB6] col d Thedbitify df the priegerdfimwentionis told cbmpm'sslmnmm;eme to use

e fe? e AR 3402 Al e S h gt s
peneffugmrgar) anthestlatiegly 1166h teonpeoatlire’ nefrig€htiemof dodchimatural gas as the
8. .Th 166 |

oFYbr BTl oA S BB g0 o i -aoc

1 - ,
(9537hanger TragSeRBh T AL HOf P bl i R uni 2
jtstiﬁasahe frbdbctam df lae addjoedliasrounnot LNKG irto tHeoliqueSémuatra. In
p4riun, dn PRt ol i SR Bk B0 Bl e BRI Flfiseraton
dutg lofitheatithdedwigesid satuezigasi Thidragioms ariigher begree @i ebld @ompression
et bR bR Wihes b ASTNGT e v
tHeabinpedatge s:t/tt@rcgyjd ndtufa0gabiefrigeeativni i replaces), whieh pr weergsults in

nvention's £0 EE %SSI on schene to use either the
poqv%rﬁagvgllqﬁg}tgpjlpge ey 4t geration of LNG as the source
[ Fi qure, .

(Rapk e ve P §F Sdching afiios i Bsin i Bifidins boifbapbizssign scheme to
saab af ﬁleprg?.g:;ngﬁ trtdae sing'Ofor the cofd nailgrglsgw withcvawi from. the lﬁquefier unit
2REpkd 8 BhgP S, it other PemPle, 20Frgh ARk Wteapes he
p@werldavjngs tachieeablé by Figute 2'd eatdodimentt oatlnea:deisdnnt wamtion.

amount of LNGinto the liquefier unit 2. In
[oa®] i cul aAnoter sigoiticant dfaturbief ey embodimeef isitiye tiag iGW closed loop

eq t | :
ofU8 X4 VRLTR ok A 30 TR (MY gl b mpression
aslegl as thef firadly domprqssed;aur eimearn 106 hn partieiddr air stiednd 100 is cooled
' e f | '
ksl B AR BI B b o B S/ B 307 oo
exchiangerstaandtheiresultapl @:@m)alr sttdaoh 30 histcompressed lirt theifinst stage 3a
ol Ry 8y 32 rROBe o PErdes LB . o cBERD f rom sveam
18 nPmelagy,onstead efimsingcooling water to cool the finally compressed air stream
106, the finally compressed air stream 106 is cooled to a sub-ambient temperature by
indirect heat exchange against ICM stream 374 in heat exchanger 4d where the
resultant cooled air in stream 107 is fed to adsorption unit 108 while the resulting
condensed water is removed as stream 197. The resulting warmed ICM stream 380 is
combined into ICM stream 186.

[0040] Using the ICM closed loop cycle 4 to also cool the air streams 100 and
106 as discussed above provides additional advantages. Firstly, at least as it relates to
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serve as a productive "heat sink" for the cold natura

gas withdrawn fromthe liquefier unit 2 enables a

power savings in the liquefier. The exanpl e incl uded

herein illustrates the power savings achi evabl e by

Figure 2's enbodi nent of the present invention. 20

[ 0039] Another significant feature of this enbodi nent

cb@in Phﬁé afr B@edrN00 |t@§%db1a9rﬂﬁ’ent tfp&athre BelePe st sfa%e of

cool the air stream 100 before the initial stage _
CePR{ssaes |36nth§aa‘3hé9é/9§\§lq Saaee perefits 2m60lg C@@ﬁfﬁsé@gé'aﬁ 'élterf stage air
sﬁéérﬁé‘%égﬁd 104 Q@édn' Gvud’ésransé | i e% Lsﬁlk‘?&‘%hﬁgold natural

to a sub-anbi ent ture eat exc
oag alremn 156:M!t§flrrae@rff0mme| lmun%%rtumt@mmgm g‘eturmfartaerdntraéses the

?ﬁérué Iﬁggﬁ"ér it qfi‘ﬁﬂllgoiebgﬁm%%@ﬁ§ﬁ§ o'r Eo&llhs water in

Irst st age of conpres e resu
theapraeess| a0k the capilabcaB 8f theaassoribted edolnngt\@ateonmr tlearh)r cooling
R Yot Lo AR A M B RS s
am@rqmt gif)sed air stream 106 is cooled to a sub-anbient
ngerature by indirect heat exchange agai nst |ICM
am 374hgenerhaiangdsathesde Figlick ke eorien to Bigutet hand are

|o‘\%ﬂﬁ’¢e%dcz shH\eﬁul ng'?%ORI?hd h ngfj jo&vﬁnﬁﬂ%ﬁ@é ?gtﬁl&%gfde':é é%%tltloner

resu condense
Wﬁltammﬂmerhat The or sorg 0f hapt eschanders@d, 4br émandBéd carsbe

SI‘IPJJSE é&@? ldt@tcl%lnlgﬁ\fl\e}tt teg n§§l6 opti ?r%ﬁ]amﬁrvﬁ%ﬁegg%c ger 188.

Sinitarly 1tbe sh@edj psactntm@d willappeeqiate thad g cldgkd IChabp 4 and/or the
cé\gYwﬁp&é\%[‘g% strgéﬁﬁtelsxwthaalvkgﬁ% t@égi%fiéﬁ%rﬁ{é%?ar{ Qso bé Ysed to cool

I stream
Oﬂenﬁfeemmnéheefwess (sheh asithe rlrogandgd tothe warmperesafiliquefier unit

2?%&5@”21%@ sﬁ}ﬁ%sswid;e? he4tEx a e aj{!br%f' %'ft?@ﬁ'a‘féafggh%ﬂ &xit&wgers 4a,

digchknddiand 188. Hirally dbe suﬂechﬂracttmaawulmmtematm khat tr addness

W5 BERY5) s O AN ol GRS BRITERL 2
d?ﬂi@ﬂﬂd toavaporige and panially ivgumfd feactioniof tha, LNKG stk 260 fed to the

luﬁ]e‘f@? g£s the need for cooling water in the process
d capltal cost of the associated cooling water

[dg%ﬁf L1 8 efén%mgoe{%‘a np;g@%{éaér({ﬁwg%wgggé r%th‘@tt.?éch.evable by

theguesent inveniirent air). [0041] The renaini ng features
in Figure 2 are common to Figure 1 and are 10
identified by the same nunb$AMPLRAI t hough not shown in

Fi gure 2, the skilled practitioner wll appreciate
G04al one Onembite ppcersas pesentad dethis Bxamplp usasthariigwid

rajﬂﬁre” ?Qﬂ lah&%ﬁfﬁ](‘i E& thePsotr 6%#6?@8%?&%%88@ tpe ICM. In

tional eat exc anger
tWE’nléfoﬁq?(SSI- Bfé@arpﬂﬁe condisinef a pottion @pﬁneérﬂsatwa slappit. he
closed ICM I oop 4 and/or the
[0044] Another process, one that uses the relatively “high temperature”

refrigeration of cold natural gas as the source of refrigeration for cooling the ICM, is also
presented. In this second process, instead of stream 166 consisting of a portion of fresh
LNG supply, stream 166 consists of a cold natural gas stream withdrawn from the
liquefier unit 2. In effect, the liquefier unit 2 in this process is coupled to the cold
compression scheme for the air stream 100.
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cold natural gas stream 166 withdrawn fromthe
liquefier unit 2 can also be used to cool 15 other
streans in the process (such as the nitrogen fed to
the warmend of liquefier unit 2), optionally in the
same single heat exchanger contenplated for heat
exchangers 4a, 4b, 4c, 4d and 188. Finally, the

(Gdash o1 P bftthegbegsrowé#ues;%g%u Rt Ruld Ve EQIRGERPhigh

efier start-u wn scenari o0s,
tw@etawg@rcmwolm")magmeecommn witha “baﬁ@sqagﬁ gleroggss that does not at

N e 1 SR L AL -
s T

ned@ztdhs Qaedaf oﬂdmmhmamdas@aswpereamumdd hitrogen i eauahpyoportions.

"Rt ade s ep BRI it SR lof it Miefature oM

cbb\lmg i3 assesed tsbe e‘éﬁ“(ﬂ%ddbmtanmesatufe ¢t tm)cqﬂd oatuml gaRstream

TP ORI 9047 RSmBE 2GS 75,k Mo

sbibwe@tfdlt red the @dpegses okiacrehsing ther total odquired LNGefrer i1480 fretric tons

o5 AL BB Rl L LG8l O S 58 RB o

LG 4s thelsoBfteldiG:ftganption fos toag the B2M oeriLicsd sheofeqairexbaid

SBREHEopBiet TR B98N T Mo HASDAR B o
tieDepende bbintkasingltik tota) mmmsd iLOIG o addB0 hueatrid foas aer day to 2140

SR o o 5T RSB E PRl con

n@méllgm as th@solree obnastriyem:howfb:’mmhﬁ@’ﬂmécm bnjyrreda=s the

d t at | |
oo b i 22 a3 R, B bk o
requingdatitesearcotripeedsisi powad irpthediguéfiey ubid @Gronb4.88 MW do 3.54 MW.
tons per day of conbined |iquid oxygen and |liquid

[0d4M 0gen ilnsheylctbe poteg trdt, atheugh herdetdoepleddiguefientn theslow

IR B i OB AP G ad gy et

tlheh quleaafpﬂ atthie thigf tehiperatoledCiviitodling” mrasesstaf Eigure Bsede-coupled

I|q 9%1@' c%ﬁ Bffére%?\raft%tp g%gn t%%%&oajllowg]tthé %E)l?tﬁ'ﬁnlég%ge 'i)Pth%eASfU 1 when

then bouesdier gt 2 Isendt operatioreu T hie dituiBnfmight ansa@vheﬂeverdhe ASU1is

3570, 8kl G0 TP 5 BRSP ebe Hopocucr

v: 3 diqumd ant@fgen &bmi the fiqhefien ufiib? while comiuingehé GMduetitrcafdiquid

gtaggodseo gen gr gny other product from the ASU 1,

[0048] Aspects and embodiments of the invention include:
[0049] #1. A process for compressing an air stream comprising:

cooling an intermediate cooling medium (“ICM”) stream by indirect heat exchange
against a refrigerant stream comprising natural gas;

compressing the air stream using multiple compression stages; and

cooling the air stream to a sub-ambient temperature between at least two of the
multiple compression stages by indirect heat exchange against the ICM stream.
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conpression power from7.32 MNto 6.96 MN The

sinmul ations further showed that, at the expense of
increasing the total required LNG from 1480 netric

tons per day to 2140 netric tons per day, the use of

the relatively "high tenperature” refrigeration of

cold 15 natural gas as the source of refrigeration for
(65l i Ng the FeMoAGleso Bl ¥1,"ANGS the rmﬁmgre%wr@s%i@f dtages
conpressi on power from7.32 MVto 6.96 MN 'but al so _
compligsean Niial stageaned mare iigaedialensiages pod agigakstagsmand wherein
CPQRGCHE S| S (Binkrifos oo d 1ol e 3¢ s s fherature
by ingiire¢ti heat xchange against the i streamdet@anceashi of gte one or more

irRa AR L fices the power savings achi evabl e by
'r?%t egr a? ?t%éééo the liquefier as in the "high
eratu L AOun R of.. El i
B oupl o ITTREERRsk BR42 MiRFER Tl el & oo to suo-gbient
teshpasalurggpridido terinitiallssageuseindireat heatASidhangshagainst tee ICM stream.
liquefier unit 2 is not operational. This situation
[0858ht ari #4. Vhepexess ohi2 oiSEB, Whesein $teaait gcbanpiskoeblexddo sub-

o Ml M o S b By L ichancs
afaigsidhé KeM@gtream2 whil e continui ng the production of

liquid 25 gaseous oxygen or any ot her product fromthe
[008G] 1. [ 0648TThappwess obany enenafdiltedtd whierdimthel aivsirgaimocontains

walkr 'gHQFro thé 99&% df %om@fe%&m& %%e%sfat% withBh s diarditiet |

StTeam conpri si Ag. cooling~an I nternedi ate cool'I hg

temebiratore s [sGiiCiently loscan toyenahigi at éaast a pattiosof Henwader to condense.
agai nst a refrigerant stream conprising natural gas;

[@34E onpr eé6i The praseas of any erenofid itngSnwhereinl tbe refrigerant stream

P TR L Sl L
93] P, $2TEE PR3 T3 Wb Ao

comprisdsenostiiqueties majural gés conpressi on stages conprise

an initial stage, one or nore internediate stages and
[Q056] nal s#Bgdhapdoshepbany orgod|#lng #7 heherein the Helstream

ctGrg dsSEref it B¢kt ?ﬁor@b&rﬂ&sﬁiﬁﬁ% Lr(fié nﬁr@?erﬂé%f 3 eﬁlnt

eratur y 1 ndirect heat exc ge agai nst e | CM

gos7gam bejyeq f 615 | ' i
e L6 1T PocERE LI Rk e JO &y chrh RO RR L phture o
etyleag@ivcel alsovatart o sub- anbi ent tenperature prior to

the initial stage by indirect heat exchange agai nst

[9068] 1CM s#1@a e PIGESP! any orpiet #bite #Byrtedr emRsing Separating
tHNGF &dant, RBInGidn ait dcp@ARation URR YA’ ‘H}té lépreaé‘l'mieﬁ'ﬁ‘ﬁoggy product

tenperature after the final stage of conpression
sirein ABd 8N [P ¥gedYeiyi giream.

[0059] #11. The process of #10, further comprising cooling the air stream to a
cryogenic temperature by indirect heat exchange against the at least one nitrogen
product stream after compressing the air stream and before separating the air stream.

[0060] #12. The process of #10 or #11, further comprising:

cooling the at least one nitrogen product stream in a liquefier unit by heat
exchange against the refrigerant stream; and

-13-



10

15

20

25

30

10 against the ICM stream [0053] #5. The process of
any one of #1 to # 4, wherein the air stream contains
water prior to the cooling or conpressing steps and
wherei n the sub-anbient tenperature is sufficiently
|l ow as to enable at |east a portion of the water to
condense [ 0054] #6. The process of any one of #1 to

g‘tl’ﬂa icifs r&frﬁ \Aﬂﬁ raﬁﬁésfé bf@g?% f@lﬁ%@ﬂ%iaﬁ?&ream after heat

Ilque natura (" e process
exshangey wihn thepdt laalstpoe mogwrnercmiunt stie@nr.ef ri gerant stream

conprises non-liquefied natural gas. [0056] #8. The
[096dLess of1dnVhepreocess of# 12ofuither qumeprising ¢dedng OMhe tat least one

| I . o
8GR g s D Bhori b i) G B o Sahtlyfedfh ot
usdtetpeonl the dCMGieaibt eam conpri ses a m xture of

et hyl ene glycol and water. [0058] #10. The process of
[0962] one o#14i1AtpoockSs of #12 breft1 Jommmyorisgigng separ at i ng

the air stream wusing an air separation unit ("ASU"),

i nt ocadling aasnteomediate coolpgmedion (YCM" sstrasambw indirest heat exchange

aiﬁi%a%%?@%%ﬁ%%%ﬁ Bk bR R i <t eam to &
ot youshbe LASHR! ) Ui Hnagb.a%srnppees% Siange

agai one stream

ft [
he g %%&%ﬁ%na&aﬁb@f@% T A SfeSTIPR Wrvo
m#llmle cfamnrhmorcsm@es by indireat hioht exghamge against thet ICHhetream;
nitrogen product streamin a liquefier unit by heat

30 esedaaatyg thgairstreamhio the ASLY isnltcaat legstropamytraged p]{QCBJt::t stream
o£98) bR oA AR A bofind oy BBiA St 1 e
| eas Eocﬁ ﬂg ftﬁ%iétgggsﬁ %n? hﬁ%ﬁ‘éh ?&Ju@?éﬂeaw ﬂ@ﬁc&%ﬁ% l%y tﬂfat exchange

pr ocess r| sing cool
adans theorefrigenantstrgam; pndduct st ream by heat exchange
with a portion of the refrigerant streamnot 5 used
t o cdwwinghelf aldrastarasainn qfowzqfrigﬁrant sepmaafites beatfexghange with
r
oo SRR EhodbOty o8 A A REE I3t B880h BAihe refigerant
stegpan fs theastepof cepding the @IM s@Aonpri sing natural gas;

conpressing the air streamin nultiple conpression
[0968hes: #15. The process of any one of #1210 #14, further comprising returning

one of the at least one nitrogen product stream from the liquefier to the ASU after the
step of cooling the at least one nitrogen product stream.

[0064] #16. The process of any one of #10 to #15, further comprising removing
at least a portion of the carbon dioxide and at least of portion of any remaining water
from the air stream after compressing the air stream and before separating the air

stream.
[0065] #17. An apparatus comprising:

a compressor that compresses an air stream in multiple stages, the multiple
stages comprising an initial stage, at least one intermediate stage and a final stage;

a first heat exchanger that cools the air stream between the initial stage and the
at least one intermediate stage against an intermediate cooling medium (“ICM") stream,
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10 cooling the air streamto a sub-anbient tenperature
between at least two of the nultiple conpression
stages by indirect heat exchange agai nst the | CM
stream separating the air stream in the ASU, into
at | east one nitrogen product stream and an oxygen
product stream after the cooling and conpressing

st epgy; seBRY .hlg& dxbRarifer Itrs.ﬁ%olgﬂ?e QL&F&\%‘? Hi@fegg gﬁ]%ttle?ﬁ% gne

streamin a liquefier by heat exchange

intermediple stage anddbgdinal staoerapainstthefittesnediata soongroediumn“ICM”)
s@bathhe refrigerant streamafter heat exchange with
the at | east one nitrogen product stream and using the

| eash bh QRit 2fagi ' :
St op orin RN P AT EneE ccoR b g i iSRRIkt b one
niroges psodyict straanvaed af least 2nemxygen produdtiséeampand i si ng

returning 20 one of the at |east one nitrogen product
st r e@riotielianthatdolefinsdhe et least aneenitAiengirodirct stneam by dpat

“PEa pifs! Fafla bEERkedR" N\ Gno o 410 to 15

furt - I [ t ti.on of the .
L TR B 50 BOAH 0 ot DS
theonatunal @ap stee@er. fromthe air stream after conpressing

the air stream and before separating the air 25
[AN66kam [ $085The apparAtusayd gar awheseiodngreiismoce than one intermediate

. : : At
SR Oy ST S A e srar
betwege eag of hadntewmadiatatstagesdi at e st age and a fi nal

st age; a first heat exchanger that cools the air
[067Eam be#lReifhe Bppdratusiohl 13 bayts, avierdimat leat anie df deesat least one

e in
RSGeh PAph TRl eRh e TUBRRaO RSy Ahet bR IRCL BIERBEH ouc
stenar is faurfieditydieat exchangmagdinstweenattitab gas stremmst one
i nternedi ate stage and the final stage against the
[Q08BEr nedi 42@ TohoRpparatusdf any orié GMV1)7 tos!Becomprisingad heat
' [ : ' : t.he. aj k st.ream.
RTA0G 1AL tho birblrh Aridflo AR ERe ackinf] GG FMRate
coaligg measliam ¢¥yMarstieamduct stream and a |iquefier that
| iquefies the at | east one nitrogen product stream by
[Q98 exchidhgEhegepaiaius of acy onedf #idso #20 eamprising adieat
A BBngerha CobRThe By SRER e redie ST A0 Wit nefiate cooling
medium (“ICM”) stream.
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10 [0066] #18. The apparatus of #17, wherein there is
nore than one internediate stage and the apparatus
conpri ses respective heat exchangers that cool the air
stream between each of the internedi ate stages.

[0067] #19. The apparatus of #17 or #18, wherein at

| east one of the at |east one nitrogen product stream
is returned to the ASU aftei Aijpg at | east one nitrogen
product 15 steamis |iquefied by heat exchange agai nst

the p.aturglp#%%%?z&r&%@a% S 68 aif' dPbant BSmaRERg:at us of

any one of rirsing a heat™ exchanger

that cool goc;linﬁ ﬂ'iﬁteﬁﬁécffeﬂ@c%ﬁ rmEcﬂuﬁwZ{ﬁCM”j étr%&n ?39 fffect heat
agai nst the 1nternmedi ate "coolsl ng nmedi um (
exchasgeragditd Gokirigatant Shear opaprsiog naturalgasione of #17 to

#20 conprising a heat 20 exchanger that cools the air

st r eam af campriehsing theaair siteageusiggumiiple ¢amprassienslanes: and
cooling medium ("ICM) stream 25 -15 CLAIMS 1. A
process f ovoliogthpe ais sireagn tma aulb-asbresd lampaipireshetyeen at least two

o8 PR EG I B 1 B L bl 4 O Sream,

stream conprising natural gas; 5 conpressing the air
streamusing nmultiple conpression stages; and cooling
the gir s = j ;
| cast o MEPEckEs & P FIMEDh AEFRALM (fpasdfeaos
compligecat intiekstage; ona g o1cag) mterstediatestagns and adingl skageransl wherein
: S, i . rel il T '
BYBGHE B oS o Fnfring WoRiq e fftah €1 SABABRR Riperature
by mdeectddnbtechsngeyagainstdnal GN stibam hatyeearehchiobthsi ane or more
: | i ir stream conprises cooling the air
mie%(?-&gg%get %tgg%sg sub-anbi ent tenperature by indirect
heat exchange agai nst the | CM stream bet ween each of
the one or nore internediate stages. 15 3. The

procgss o [ : .ambi
PrO08SS  OfnEhchZer SRR 21 Indidh 56 by SHESAR LEFE) 1 abien
tepyperatdier oo ththatinitalctegegey indizgot beattgxehange againshihe ICM stream.
The process of Caim2, wherein the air streamis

cool ed to sub-anbient tenperature after the final

stage of conpression by indirect heat exchange against
t he 420 | The praceasof Claim 2, wherein the air stream is cooled to sub-ambient

temperature after the final stage of compression by indirect heat exchange against the
ICM stream.

5. The process of Claim 1, wherein the air stream contains water prior to the
cooling or compressing steps and wherein the sub-ambient temperature is sufficiently
low as to enable at least a portion of the water to condense.

6. The process of Claim 1, wherein the refrigerant stream comprises
liquefied natural gas (“LNG").
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5. The process of Caim1, wherein the air stream
contains water prior to the «cooling or conpressing
steps and wherein the sub-anbient tenperature is
sufficiently lowas to enable at |east a portion of

the water to condense. 25 6. The process of Caiml,
wherein the refrigerant stream conprises |iquefied

nat ugal g . Tk f j ; 3
wher b ¢ e PropES drorlPs functlif 6 g stiafl dBiprises non
liquetiedhatothl gas.ural gas. 8. The process of daim1,

further conprising separating the air stream 5 using
an air separation unit ("ASU'), into at |east one
nitrogen product stream and an oxygen product stream

9. TBe prboeprwcess dGlain 1, futhercomprising segMating teerir stream,

. . [ e
o o Sndalic] LECASDD. ol Godet B BREBRE R Bl frcahy qra ar
oxyigen praducharda@M st r eam conpri ses a m xture of

et hyl ene glycol and water. 11. The process of C aim 8,

further conprising renoving at |least a portion of 15

t he carbon di oxide and at |east of portion of any

r ema®.ni ngThapmcess arvlnime 1 avtrersinrtea lGM afream cooppisess rafggerant

ing the air stream

th%gg n%h CO%@%@%%OE* gFéS%F' %%&?ﬂg?ﬁer conprising cooling

the air streamto a cryogenic tenperature by indirect

heat exchange agai nst the at |east one nitrogen 20

product s r r t

bt of&: Se’g@ﬁ@g&é@ claf™. e?élﬂ‘ihé I@Q;@{r%rﬁ cB%@@éé‘é‘Q mixture of
et@ylanergly@g! ahdvwaten corrprl SI ng cool ing the at | east one

ni trogen product streamin a liquefier unit by heat

exchange agai nst the refrigerant stream and 25

cooling the ICMstreamwith at | east a portion of the

r ef r1yer ahite processmel Gaines, fadkear corphising sempving ahleastta portion of

PR AT S0 SEn f 557 By e B 0 8 e
aftes gomprassingrine pio gsearn raod efore separatingthp @irtstreamhange
with a portion of the refrigerant stream not

12. The process of claim 8, further comprising cooling the air stream to a
cryogenic temperature by indirect heat exchange against the at least one nitrogen
product stream after compressing the air stream and before separating the air stream.

13.  The process of Claim 12, further comprising:

cooling the at least one nitrogen product stream in a liquefier unit by heat

exchange against the refrigerant stream; and

cooling the ICM stream with at least a portion of the refrigerant stream
after heat exchange with the at least one nitrogen product stream.
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30

used to cool the ICMstream 5 15. A process for
conpressing a feed air streamto an air separation
unit ("ASU'), conprising: cooling an internediate
cool ing nmedium ("I CM') stream by indirect heat
exchange agai nst a refrigerant stream conprising
natural gas; conpressing the air streamin mltiple

CONPYLSSI Bk Soe@Sof CHAnCER kirfHer Eaﬁpﬁéiﬁg 8bd1Rg B ﬂ'fé aﬁ Ieast one
sub- anmbi ent tenperature between at | east two of

nitiegen pipduct shpare dyineat exchgaae with rigrtiaacaf theswfricekam éﬁg@m not
U@E%R@%tﬁ@@m%%y eam separating the air stream in
t he

Into at | east one nitrogen product stream and
an oxygen product stream after the cooling and
conpressing steps; cooling the at |east one nitrogen

prodyct si E%é for @o:lnht Qﬁp%rfegéf angﬁéamjcé aﬁ’éﬁ@?ﬁ%tlon unit

agai nst th rigera eam and draw ng of
(“ABd3tcamprising: on of the refrigerant stream after heat

exchange wth the at | east one nitrogen product

st r eam arebolisy Ag intermesiate eadingangrhiumi( ‘%GM@fStItGﬁm by indirect heat

oGS OB B R I, 1=
CONpri si Ngym d%u%étiﬁifth@%lfg?%ammmﬁtl écbr‘ﬁ??@tssmﬂ@f‘a es;

nitrogen pr reamfromthe 1iquefier to the ASU

af ter NG RARRI PO 4 05 ShoiehERfioeProUghVigsEa loast two

product strea appar at us conprisi ng

of degpuliipletompassigusipgesskicindisect feat exchargn aga"rﬁjltftq |giMEstream;
stages, the nultiple stages congr|5|ng an initia
stage, atSdpasingdneeair areameitithg ASYt intpeatderst ane niyggen product

< i o AP s,
i nter ”Ed' gf"él'?éi’% Ié"&?bﬁ‘éhltrﬁgeﬂl BFO%EE&QI‘(?%ﬁﬁn GARUEMG by heat

medi um (" stream 8 a secon at exchanger
exchangecagslinst thecrefiigerant sseampanidveen the at | east one

internedi ate stage and the final stage against the

i nt er medi @i’ﬁlé’"‘@dﬁig athepstadiogian qf theawfrigesant sHagmaftenpeat exchange

wn?hefPl@ra@téeﬁef‘oﬁér‘h&roéenbﬁgdﬁcttsh%msa?ﬁ gﬁbqﬁe bhRadl d pSribiEathe

Into east one nit I‘O(_:i uct stream and at
refrigqeant sifeans fgrgae sisp st geelingtth SHAM.

16. The process of Claim 15, further comprising, returning one of the at least
one nitrogen product stream from the liquefier to the ASU after the step of cooling the at
least one nitrogen product stream.

17. An apparatus comprising:

a compressor that compresses an air stream in multiple stages, the
multiple stages comprising an initial stage, at least one intermediate stage and a final
stage;

a first heat exchanger that cools the air stream between the initial stage
and the at least one intermediate stage against an intermediate cooling medium (“ICM”)
stream,
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a liquefier that liquefies the at |east one nitrogen
product stream by heat exchange agai nst a natural gas
stream wherein the ICMstreamis cool ed by heat
exchange agai nst at |least a portion of the natural
gas stream 10 18. The apparatus of Claim 17, wherein
there is nore than one internedi ate stage and the

appar at lésseEBH@péegtge?cﬁ ?Fﬁa‘t E@otg‘ﬁ%t ?lﬁéﬁwg@tﬂ\éeﬁ R at least

cool thée air eac he i nternedi ate
one gitenyeestiatd S5tage anditiee mq@at@e tﬂQa@ﬁt itedntasmediat@ seplngmagdium

" e of the at |east one nitrogen product stream
(Icvgaﬁ?}gﬁﬁ‘?ned to the ASU after the at | east one nitrogen

product fai RSk (oast
Phe et vl ek LA EASTP) B B AR s
one irggen ﬂ@@castfm ard ahlaagenetdxpgercooductstrear; and 20

streamprior to the initial stage against the
i nt er medi ljuefierdbati liagefisdhe at Easteme) nisegasantoduct stream &y heat

f
exo PR BTl o S B L o1 The final stage”
agai nst V\tfhhe(i@h MEIR U iCQRdd Sy FER 'MMdngb Rhihst at least a

stream
portion of the natural gas stream.

18.  The apparatus of Claim 17, wherein there is more than one intermediate
stage and the apparatus comprises respective heat exchangers that cool the air stream
between each of the intermediate stages.

19, The apparatus of Claim 17, wherein at least one of the at least one
nitrogen product stream is returned to the ASU after the at least one nitrogen product
steam is liquefied by heat exchange against the natural gas stream.

20. The apparatus of Claim 17, comprising a heat exchanger that cools the air
stream prior to the initial stage against the intermediate cooling medium (“ICM”} stream.

21. The apparatus of Claim 17, comprising a heat exchanger that cools the air
stream after the final stage against the intermediate cooling medium (“ICM”) stream.
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