TITLE OF THE | NVENTI ON: Systemto Cold Conpress an Air Stream Using Natural
Gas Refrigerati on BACKGROUND OF THE | 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.
Eventual ly a balance is reached where the power savings are offset by 5the
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, the opti mum nunber of stages will often be several. This
is particularly true in the case of conpressing an air streamthat is fed

to a typically sized cryogenic ("ASU') wherein the air
streamis separated into one OFW&&&%‘E@%%W typi cal 'y 10i ncl udi ng
at | east a nitrogen produc and a rod often an argon product,
and |l ess often krypton and )@ WHO@% ﬁ%ﬁggg @Eeqnté al s? known :n t he

i nter-stage cooling

art that the power savings are®f#
tenperature. In particular, cooling to a sub-anbi ent tenperature between
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e contaminants containe icularly water and carbon
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i ndustry) ("A"swb dmé@mhewm mbaébammmrcﬁ&mr@@rwucﬁstmétb?qbaltys at a

sub-a |en rature . at the inlet of a conpressor stage rast this
term th fﬁ#@ggtfqggen REPSYah apd an oxygen product, often an argon product, and

less oﬂen krypton-and xenon products.

[0002] It is also known in the art that the power savings are proportional to the
inter-stage cooling temperature. In particular, cooling to a sub-ambient temperature
between stages with a refrigerant such as liquefied natural gas (“LNG”) will yield greater

15 power savings than cooling to ambient temperature by using ordinary cooling water as
the refrigerant. Once again, eventually a balance is reached where the power savings
are ofiset by the capital cost of the additional refrigeration required to cool the inter-stage
gas to a colder and colder temperature. Typically, this balance does not justify the use |
of anything colder than ambient temperature cooling water. A notable exception

20  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.

25 [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 anbient tenperature at the inlet of a conpressor
stage.) Also as used herein, "natural gas refrigeration"” shall nean either
(i) refrigeration in the formof LNG or (ii) refrigeration in the formof a
cold (i.e. a tenperature bel ow anbient, especially well 5bel ow anbi ent)
natural gas, especially the cold natural gas that results from vapori zed,
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invention relates to a systemthat uses natural gas Tefrigeration
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conpressed nitrogen product streamfroma distillation colum systemto
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be obviated by using the LNG to remove heat generated by compression of dry feed air
that has been cooled to about -150°C instead of for the inter-stage cooling (see Figure
2). The LNG cools the compressed air back to about -150°C and the resultant cooled

20  compressed air is subsequently cooled to about -170°C before feeding to the distillation

column system.

[0006] Perrotin discloses a cryogenic air separation process in which LNG is
used to provide condensation duty to a compressed nitrogen product stream from a
distillation column system to provide a reflux stream to the distiliation column system.

25  Optionally, LNG also is used to provide inter-stage cooling of dried air during feed air
compression. '

[0007] A common concern in Ishizu and Perrotin is the exposure to a scenario
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

30 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. ltis an object of the present invention to address this concern.
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30 particular, such a leak would permt natural gas to enter the
distillation colum along with the air streamwhere the natural gas wll
tend to collect with the oxygen produced in the distillation colum and
thus create potentially explosive m xtures of oxygen and natural gas. It is
an object of the present invention to address this concern. [0008]The art
al so teaches the use of LNGto cool the air streamafter its |ast stage of
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stream besinemn. its stages of cold conpression. 30[0012]Finally, the art
al so teaches the use of cold natural gas for inter-stage cooling during
col d 20npi®d3] on of Ometnotagde fegdiere iFboth gatphed UGirddE thatusé of 44 infethekiate
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whi ch t hecornpresgahaipstoganct In particular, the ICM is cooled by indirect heat exchange
' against the LNG in a first heat exchanger and the resulting cooled ICM is used to cool

the finally compressed air stream by indirect heat exchange in a second heat exchanger.

25 Inthis fashion, Ggata and Ward are protected from a scenario where a leak in the heat

exchanger used to cool the finally compressed air stream results 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.

30 [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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streans are cold conpressed using a closed chl orofl uorocarbon cycle to
provide inter- stage cooling and LNG provides refrigeration duty to the
chl orof | uorocarbon cycle. Additionally, the LNG provides refrigeration for
cooling of the finally conpressed nitrogen. It needs to be clearly noted
that Agrawal does not teach to use the cool ed 5chlorofluorocarbon | CM of
the prior art to advantageously provide inter-stage cooling for cold
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process foO
stages. In order to reduce the possibility of natural gas leaking into the air stream, an

intermediate cooling medium (“ICM”) is used to transter the refrigeration from the natural
gas to the inter-stage air stream. In one embodiment of the present invention, the

15 compressed air stream is fed to a cryogenic air separation unit (“ASU") that includes an
LNG-based liquefier unit which is synergistically integrated into the process by using a
cold natural gas stream withdrawn from the liquefier unit as the natural gas stream used
to cool the ICM.

20 BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS
[0014] Figure 1 is a schematic diagram depicting one embodiment of the present
invention.
[0015] Figure 2 is a schematic diagram depicting a second embodiment of the

present invention.
25
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

30 against a refrigerant stream comprising natural gas;

compressing the air stream using multiple compression stages; and
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conpressing an air stream conpri sing: cooling an internedi ate
cooling nedium ("ICM') stream by indirect heat exchange 30agai nst a
refrigerant stream conprising natural gas; conpressing the air stream using
mul ti ple conpression stages; and cooling the air streamto a

sub- anbi ent tenperature between at |east two of the nultiple conpression
stages by indirect heat exchange against the ICMstream [0017]In a
preferred enmbo@reingithe ais étrpamd@wugfambi@titem@@fﬂtum betwigpn ias ggst two of the

o0 g MR ST 801 oE8L LD FECl e ok M aSREARE Rishdafioct heat

5exchange ag st are rant stream conpri nat ural gas; conpressing

the air SISO I N M Liohlibr SOBRESIHENR 174 8SSs of e BRI thrlgsal T St eam

to a sub- t enpérat ur e ween dt [easft two o

conpressi on st %B&Ewlgt{%e ﬁ%hﬁ&&&te%@ﬁ Ogeﬁﬁ%lr?iﬁst C‘W kst b{??nd’w@éf'ﬁ'eta p eam

separating the co resse using an arr separation
uni t 19( " ABINANge jagaivska rafmantmtreamqqnug'simgpmuamasmream and an oxygen
product stream cooling the at | east one nitrogen product streamin a
| i quefi er by heampesssingrigeaiagtiéanstin modipleefampyession stagessam and, optional |y,
returning at |east a portion of nitrogen product fromthe liquefier to the
ASU; and dr awi ggolsiftheairistraam ta agobtamineniftemperatusé betyeenat lesst wamft difa er

heat _exchaapidkorkSLibe sl 67 Ha0thea) LLARRE. BEARUSHe RGRARLATI, USi ng the

at least a ron o ger ant stream cobling the

| CM stream [O%&Jré tihdt %%ﬁ@q a%ﬁ%%ﬁ@weés@@ a'irréYrEQrtn' Bﬁngéﬂ\élr%ga?r%ﬂoﬁﬂﬁ?‘r at us

conprising: a conp sSes an alr I € ‘st ages,
the ni@ti pASLEY, agegt beamnemlmmpromcﬁ iskearptaaden mgemargducimereamt er medi at e
stage and a final stage; 20a plurality of heat exchangers that cool the air
st ream agai nst ce@lingribe ahledstaane nitrogen product stream in a liquefier by heat exchange

against the refrigerant stream and, optionally, returning at least a portion of nitrogen
product from the liquefier to the ASU; and

drawing off at least a portion of the refrigerant stream after heat exchange with
15  the at least one nitrogen product stream and using the at least a portion of the refrigerant
stream for the step of cooling the ICM stream.

[0018] In a second aspect, the invention provides an apparatus comprising:

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

20 a plurality of heat exchangers that cool the air stream against an intermediate
cooling medium (“ICM”) stream, at least one of the plurality of heat exchangers cooling
the air stream between the initial stage and the at least 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.



cooling nmedium ("ICM') stream at |east one of the plurality of heat
exchangers cooling the air stream between the initial stage and the at

| east one internedi ate stage and at | east one of the plurality of heat
exchangers cooling the air stream between the at |east one internediate
stage and the final stage; 25an air separation unit ("ASU') that separates
the air streaminto at | east one nitrogen product stream and at | east one
oxygen prd@U¥ st r edi¥hierihg multiple campreggienisiagesisampripe aefritiad siage, ene dreast
one ni t r oggdte MtOMISTats %fa?@g‘aﬁ?! aZﬁ"lgF stﬁ%&, hag gFéﬁ@rQ@d et ind aﬂasttrlé?ﬁl is %8@938 tg eam
wherein the |CM stream i1 s cool ed by at exchange agalrnst at |east a
portion of2 Sbravdbigktamaeragae bytindirgat hedt @ddsingh @gainkiethenlCMi S]ﬁrleennlwfweﬂzsi on
stages co ' I, td Ak . nore intermnmedi ate stages and a

fi ngl stagjég,ahi%fthi@srbngiyé?ﬂe@%érgé'ﬂ%gfat?ﬁggglé'r streamis cooled to a sub-anbi ﬁnt
t-enper gt ur I ndi reGt; ' > S tween eac
of rr}t)he@oné@%érﬁg‘m)re i@%eagﬁnkg%%gfégg?%ggg'@Q@F@Bc%%@ﬁg}ng\épﬂse{rean’;p% ;\é\rﬁgoré%n be
cool ed t o the Higbstag® pbsampressien andiprafter tho finab stage of compressiag by ofdirecipragssi on

. and/ or af te%hﬂglgsﬁjghm{thg?ggpﬂ%onpr ession by indirect heat exchange

agai nst the | ream n the air stream contains water and carbon

di oxi de pry¢ to th Lo ' . . s.ambi ent
t enper at UI[g&;IAOW d glgh%nutﬁp %Er?éetﬂr?? ﬁ\y@({%@ﬁ%@é@%? hgg%%%ﬁgf% é‘{&e{bgfgﬁfob 1terprt ion of
t he wat er coeelingordenmpeessiraoRe)sT e subFaigienttrmpstat@rarshoald bemufficiently Idwjaef | ed

nat ur g4 g‘i’éelﬁfsd’ré\lgl'%a&%ﬂi%fgﬂpébﬁhﬁ'&ftb%gncﬁb%g.r al gas. [0023] Usually, the

| CM stream I's non-conb e presencé of oxygen. Preferably it is a

liquid w freezi i . . ' «PRIAAL . Of
vt er G021, ¢ PP ITHG (BRlBlant SR Rk bmBRAMRE A GEE RO R alarvery o
r ef ri ger amendiguefivch nateral gas. non- expl osi ve when conbined with water, such as

sel ected fluorinated hydrocarbons or mxtures thereof, may be used.
[ 0024] Pr ef@3230] y, t Rdsunlivithe IGM bgedm isandn-qomidusibket ie theponesemd of ngygeamai nst

the Preferably it is a liquid with a freezing point temperature below the freezing point of
15 water, especially a mixture of ethylene glycol and water. Alternatively a refrigerant
stream that is non-explosive when combined with water, such as selected fluorinated
hydrocarbons or mixtures thereof, may be used.

[0024] Preferably, the ICM will be in a liquid state upon cooling against the .
refrigerant stream such that the fluid may be circulated with a pump. However, the ICM

20  can be vaporized upon providing refrigeration to the air compression, in which case the
ICM usually would be condensed against the refrigerant stream. Use of a cooling
medium that is gaseous after cooling against the refrigerant stream is disadvantageous
as compressor power would be needed to circulate the fluid.

[0025] The compressed air feed can be separated using an air separation unit

25  ("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

30  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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refrigerant stream such that the fluid may be circulated with a punp.
However, the | CM 20can be vaporized upon providing refrigeration to the air
conpression, in which case the ICMusually would be condensed agai nst the
refrigerant stream Use of a cooling nmediumthat is gaseous after cooling
against the refrigerant streamis di sadvantageous as conpressor power woul d
be needed to circulate the fluid. [0025] The conpressed air feed can be
separ at ed puisductsteeanaiiso sepae aboled by heat SEHamBUNH a espievichineyetigerandgeni c
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to collect with the oxygen produced therein and create potentially explosive mixtures of
oxygen and natural gas. In particular, in the case of the typical duai column system
20  comprising a high pressure and low pressure column, the natural gas will tend to migrate
down the low pressure column and accumulate in the liquid oxygen that collects at the
bottom of the low pressure column. Accordingly, the {CM used in the present invention
can be any refrigerant that creates a harmless mixture (i.e., non-explosive) when
combined with oxygen. One example of such a refrigerant is a mixture of ethylene glycol
25 and water. '

[0029] in Figure 1, the ICM circulates in a closed loop cycle 4. In particular, [CM
stream 186 is indirectly heat exchanged against LNG stream 166 in heat exchanger 188
to produce vaporized and warmed naturai gas stream 168 and cooled ICM stream 170.
To make up for normal pressure losses in the closed loop cycle 4, cooled ICM stream
30 170 is pumped in pump 171 to produce ICM stream 172 which is split into ICM streams
175 and 176. Inter-stage air stream 102 is cooled 1o a sub-ambient temperature by
indirect heat exchange against ICM stream 176 in heat exchanger 4b and the resuitant

cooled air stream 103 is compressed in thé intermediate stage 3b of air compressor 3.
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scenari o where a defect in the single heat exchanger results in natural gas
| eaking into the inter-stage air stream and eventually the distillation
colum systemwhere it will tend to collect with the oxygen produced
therein and create potentially explosive m xtures of oxygen and natural

gas. In particular, in the case of the typical dual colum system
20conprising a high pressure and | ow pressure columm, the natural gas wll

tend to miSiniary. Bemstadedin Bieapt Hakisceoles tmiulnad RIE IRTRGERIES BY DRESEH qui d
oxygen t h%%tcaéchsrfges%q?aﬁnsﬁ ReMRBELAM78Min hb& dxBMARYcP 98 YRS tEPldiant 46684 di nal Y,
I n the esent be f

the 1 CM usé invention can any refrigerant that creates a
har m ess ainstraam 106 iecomprisasadkipltios finad ptagrde & @iftsormeiessPt & ORe srayltingne
exanple o r ' [ ] wat er .
[0029] | n_MeBiER M SFamB S Bho 180 dbdtbolheu flo KK EDR 186X BimeRR e

parti ciil aclosedMopt Thaskillesd piastitiongr milatdpyediria that oumpinged thaydiM streamidd st r eam

166 I n MeglnXFA3aA el AP oRLRBHER. HEABH SRA-ARTURLTR HolttiihAlocI2B

stream 16 coo eam make up for nornmal pressure | osses
in the cl | oop l: I i L 171
to produc st regﬁgf%ﬁyv%l @ﬁb?%dsaﬁ\%@taﬁﬁf%@ %%@td F@%’?@H@?@‘%{mﬁ‘?%‘

| nt er - st admmperatust bemdtird@heatexchahglagaingi coalingandtcesitcanet@@indtaat e by

i ndi rect n Is: [ d the
rosul ¢ ant SRR GH AT ¥k RATAG Yt iRl ShORBRAdAs (R e AR o A0 ' 30
of ai 10 comgmuiiastalnod airSitreaieisirgmovett & stegany20Zi As atresdimf Iignhdas excingdst o a

sub- anbi et | SADGLACUECHDY! B BECI o163 oRNE NARGTAGHSh ol MoSHIRBTR 175 1 0

heat exché{hla tantvcool ed air Stream s conpressed in
t he final cetdeymedouinds straamsotas, 498 and 397 Tdepectdeiy. t Sireprmd@Trisded @\arst r eans

The oki |1 aaoBPERTTI AER afifo Iopb BISRBI Gk e BT P bR B G P e 1 n
punp 171 Tha redultanirsit stxeainy 1 b isuherbizddo ASLht co@hising eamin beatexbkahgen 1h2at

exchapger _4h.. [.0030] The finall onpressed air stream 106 is cooled to
appro?( na?@&?'sgﬁagﬁogﬁf’mé?eﬂﬁ?@ by indirect heat exchange agai nst cooling

wat er str 90 in ,\he r 1 L.Ng wat er
S renove(gfd?s"}st reaﬁ'rlﬁfﬁf@ggﬁéieé Cr»%;Eﬂfolggﬁ@%%g%%?ﬁgtﬁaggh]éﬁs renoved
as streametthangés1 2 amsinetrenfltanhar btezetm 4X4 Isdfed és theistdatorecatbramggstem4b, 4c,
and 4d, a rtion.of the water nt ai | | £ SIT i ensed out
2o st reand 2 68mBHLED g bR Gte SAN TR ha L lop 5Pt o By BRHSER
adsor pt i osolumint 11B0&ving atopendtaobattomy \aedia reboitarivondehisex il Hi treenmdaliydimitingi ng
wat er .content.. The resultant air stre L : J.conpri sing
e 20 bt W R S sS soRa teFRTAN B st oot S8 st Goshy A
st r eam 110@itiogen poldedt steeamn 839 ogmoved fremyibe ipusféhé highlpeessarecdhean 116), a

second nitrogen product stream 140 (removed from the top of the low pressure column

118), and an oxygen product stream 125 (removed from the bottom of the iow pressure

column 118). The nitrogen product streams 130 and 140 are used to cool air stream 110

25  to a cryogenic temperature by indirect heat exchange in the main heat exchanger 112.
The resultant warmed nitrogen product streams are withdrawn from ASU 1 as streams
132 and 142.

[0032] Figure 2 is similar to Figure 1 except, in order 10 produce the nitrogen
product streams 132 and 142 and/or the oxygen product stream 125 as liquid products,
30 the process further comprises liquefying the nitrogen product streams 132 and 142 with
refrigeration provided by an LNG stream 260. In 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



exchanger 112 and the resultant air stream 114 is fed to the distillation
col um system 120 conprising a high pressure colum 116 having a top and a
bottom a |ow pressure columm 118 having a top and a bottom and a

reboi |l er-condenser 117 thermally |inking 20the high and | ow pressure
colums wherein the air streamis separated into a first nitrogen product
stream 130 (renoved fromthe top of the high pressure colum 116), a second
ni t rogen pln@d@dten@,ta ecigrsaction adiasentdd the el 60 a Wy mbsedtine aiseeitedrar e

colum 118),., ngq g%wei@gera?gﬁga.oﬁwcs?e@ %&%éﬁﬁ@%@%@ﬁ%ﬁ&%% rhom of

the | ow pressur trogen product streans 130 a 140 are
used to cametticn. rTfetMmr&aLrO%QE Edtgtmrqdib@ﬂ@th%hﬁi@flatwlbzwlkﬁ Wi rect heat

exchange |fldgaf i R N8k LA6NAIERNG hhfm o1 [RIILEATOIA. TR firédehoen

product stre are w as streans 1
[ 0032] i gum@d@t steeagian 32aand tﬁzfargmoéd comgxessist anddigoefigsrin the lsiuetieramittzhe

nitrogen g pdu et Wi aMR R Ml SpaBhelldie, BNV AES sheafusho shiges 125

as liquid he process rises I'rque
ni trogen pPhediNG stsdane 268 ishapoerst dntPpasially W&flfl’lled dgrethetdolshsqutiov ptited figyefiem LNG

To a1 quatitabyitechedespt s lo B0 -BHER Plodbl Flinc Po2 AR TS, T
v m ond SR e ARENER riRheS ol i LRUF oot Prdaty afbo Rl inglea 0

war m sect ifom thejcaliesrtd dfohd lepiefiar uniehdnd sedverad aatiguidedicges psatict sireanocat ed

he el d. aRtegh orde [t e afpyt B ATFE: Bt R SRpR AT Rl 27t ¢

fed to tha2easm ligoi ofygehprddudgistfaaar, theniemahing) txmmm ﬂﬁb@e‘nm@pe«bttumthet reans

pet or o beicAl SICkaHG kA B A e bRt Sl sl # e e e, o

250 and 2%@maihing doNGrsis recured GOpriessuraaordass ad/aanedzqéeaﬂdl ratumediartnetighn t he

| d f the |iguef 2 b h
ot rogan rosita clgpn if Wi tng iiaie Yesb SOPRTE AR B ol F PefeB8R OF ' ¢ e
l'i quefi ed pmgsnn@@aaowa)wce 256 nedratuined tethevew pldsnenedilmen d $8.dAkerdaibfelyt, he

Qe €1 B b BB GRS s gl IR R o SR
product ststreamn 26Bowhite watHelcﬂm; degiveydiquidpratliet ts ligLidenyygen, streamraiionioud per t i on

252 i f th d ty the . distillati. I
eystem | ROBSTEREAIP Srariare; oarapia e pated Ft b byl Wt e PulifPa B cducea
in p\flﬁﬁlsuﬂifehmmeﬂha sm@lamsmé uamzﬁdnmnmsu fFor e*mrnme,g%‘ire]aﬁ‘pz%mgy becol um
116 Ile e.r Inin e renalnln ok n reduced I n
pressure dBPIYE ga {%'}ég éagﬁnfl%g@lrgpgastske?rﬁ hm%‘p’ri ‘ure col um 118.
Al t t | t
St oam 253008 d be untel pARLH Pat b oo BEE vkt b AR e 1 ca
i quid proginetcotdend ofthe liguefigeonit 2 ane énfubeér wan ed |behh&:wal$mlseamn@ﬁthent 0

t 25 It shoyld_ b ted fhat t t ' by 20
o 2o BB et B bR B AR AR SR, 32,
may besvapggiandd 42befure beitg mmﬂravgefrrahltlmmwaon anpmbﬂeﬂmueﬁermrﬂtmhmmm t he
ASU OOB%J\nggﬁ%gfntﬁgaporP c?nr ct)fI tﬁe LRIG étpe%ml‘%i) \Sr.ﬂ,t\;aro?&% %ﬁg paﬁuaﬁf&grmeue in tﬁe cold

_ partially

end of the liquefier unit 2 is withdrawn from the intermediate section of the liquefier unit 2
as a cold natural gas stream and used as the refrigerant stream 166 to cool the ICM in
heat exchanger 188. The temperature of stream 166 is typically -20°C to -120°C, and

30 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.



in the cold end of the liquefier unit 2 and is further warned in the warm
section of the liquefier unit 2 by further indirect heat exchange agai nst
the nitrogen product streans 25132 and 142 before being withdrawn fromthe
warm end of the liquefier as stream 264. The remaining portion of the LNG
stream 260 vaporized and partially warmed in the cold end of the |iquefier
unit 2 is wthdrawn fromthe interpediate section of the liquefier unit 2

as a cold [OPF8r al  g&esyniduiieaive 068 embadimenteds SRWHATIAUE 2alfithes t o

' cool the gbeh-hirebead oemft%rwrﬂertuﬂaﬂ s if@nt fARGaAh Woth Bk Iré&éf%@”h&@fhs'tﬁe
typically -20C to -120C, and 30nost preferably -40C to. - C. The war ned

natural ga@igeRBLsHergB196 troekibe IR é‘ﬁab?xchBgffrs" 880 ﬁBISﬁ@%fUW Revidas Hed
nat ur al - g3@IcRAiEAMe fromthe liquefier unit 2 to form stream 270.

[ 0035] One uni que feature of this embodiment, as shown in Figure 2, is the
above-got egpagie of tihg ébﬂh)ﬂofrlﬁéBF&'enﬁﬁ%r%h%%@d’Mn%é@% {0 B85kl quefi er
unit 2 as the refrigerant stream 166 to cool heat exchanger 188.
Thi s feat @FtBefdP@{?ng%mpﬁf@tlff@1 nefsigierjion ph e Ngas @P@QB‘@P'PIHEEf%QﬁT alian/i.ef afhe
present i meeRighRI Sortks FEIAR r"ﬁ“n%ﬁ'té’rﬁpér%ﬁﬁémrefr@eré% n@f r?ae hatuff gab the,

t enper at ur e” refrlgeratlono G as the sour refrigeration (i.e., as
per Fi gur 80urceof raffigeratiansfi.py 68 yer Wiegiiesanbiguea 2% andr ef ri ger ation of col d
natural gas as the source of refrigeration (i.e per the present Figure

2); and [ 607 The wiliwayithasawasof tneecor,ebmarur@ag@ﬁa’réagago@ttr@mﬁeruebwtae
li quefger gd’s‘ﬁhés the WhdtrictidA @rsarr %rtldﬁtafélﬁb‘ﬁﬁt'o@ﬂN@fmt%ﬂhé‘ﬁc‘éﬂéﬂ%PEﬁEzaﬂP“”t of

LNGinto the liquefier unit 2. particular, an anou having a

ref ri ger atPRBisu@ntan aaeuns of b‘Nﬁ hayingteerefrigeratipardaty @ﬂiﬂ“tﬁﬁ%i i@ﬂ“etfﬁﬁlgﬁ[&tlhdr awn
col d nat uigly didge wTﬁHréwﬁ'chtl?rﬁm&hefhréjS’IWm%%Fﬁ h& dlorf N€
| i quefier unit si nce erature o the Gre rrgeraronrs

| ower t hefn heréiquefrﬁ:relr\iii% &. ginoe the temparatre He 46 ref@gera@m istlowser then
repl aces h Li ounit
| oP! ces) malard il ol L33 Wbl B FERGURIT RS Artdhn i fyELiEly

resent invention"s cold conpressron
schem}5to@é’ﬁﬁ%a\@lzgsanmenmﬁewlf%eat sink" for the cold natural gas
withdrawn fromthe liquefier unit 2 enables a power savings in the
| i quefi er [003# exanpn effeeicihg @biitneiites prasentigyendice’s coldecopwnegsianesdhame to

achi evabl gaR¥ eg?'rro@uftrvé “ﬁé@%ﬁik”?d?tlhé)%o!& ﬂﬁtupél ?%E %thbr%ﬁﬂrdn?ﬂre liquefier unjt

20[ 0039] Anot her s Icant feature o odinent ist
cl osed | o@EnapiEsa mowes' saviees nsted liawefiesol he Rxaraple inglydedrhel1d ilbetraies thene

initial %ﬂ%r Q&vr hied br% %ﬁ%@ré 2Vé.eérh mEHFoffthé‘gJeEé!ntQWQPﬁaSﬁsed air

stream 10 I'n par I cu r treaml i's cooled to a sub-anbi ent

e i | SN AT SR Solely

exchanger 4a and the resultant co
first stag¥clad igglseusedipren Ywraissirepiv10@beiore ihg inidal stagel Cvprpresaion 383 are

conbi ned iy @t\@llla@'\fhé?lﬁﬁ @oﬁﬁ)@ess%ﬂ@irls?{eb% 106‘%‘|ﬁ)ﬁﬁlcﬁlfarlﬁ$r‘§?rgeaﬁrofﬂd EQQ Yeher to

cool the f l'y co ssed alr stream 106 final conpr esseq arr
stream 1060 ia§uecamté@1ttt@naer§m§e Byrisidaet he@hpmﬂge a9@pst; EGM stegam HEkin heathange

agai nst e §Z§5né;r D& Ent ea&@&ag%rr?%rﬂ 3046 Sorﬁﬁ%sérﬁﬁHltﬁ%t ggg& gq air

in stream 7 1S sorptron uni t 8wh| resulting
condeR8ed vaa@r@preisgorr% nbvedsaiting wagned OV strewps 888 are comgbingd intall GMCMreameam

380 i's conigigNegniidtyinkiedhif 1§AFT LS8Ry 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

30 condensed water is removed as stream 197. The resulting warmed {CM stream 380 is
combined into ICM stream 186.

[0040] Using the ICM closed loop cycie 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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[ 0040] Using the ICM cl osed | oop cycle 4 to also cool the air streans 100
and 106 as di scussed above provides additional advantages. Firstly, at

| east as it relates to cooling the air stream 100 to a sub-anbi ent
tenperature before the initial stage of conpression 3a, this achieves the
sanme benefits as cold conpressing the inter-stage air streans 103 and 104.
Secondly, it provides an additional heat sink for the cold natural gas

st r eam le66:opiittiheisticaon] @de d supernibient temperafuradbetore the initialistags other

I ncr eases [ i :

el i m nat eséot ééﬁgye}ﬁs?’g@gé%%éﬁgh%g@% blgﬁ&‘[t%gé Bg@(gtgg@) T%Sr':?!zrl{éﬁ h‘l’éyné%ﬂb%t?%ef & ost

of the assseansd®3cndlitdg Ssaordly titqwevidg¢s areaddifiarl bealsinkgot the calak mdrac ool i ng

wat er bac | . . . ' I ent
My, [ oodr maercie ey FRHEAe e E Al RERAT R RP R oS T
ar e 10Bdemaver eavibys intiee Baueticnumiti r Sinalky, it lkbmgtatesate shedvor icoolffiggater i, t he
skilled practitioner wl] preci.ate that. one or more. of heat. exchangers
2a, ab. adRE P S e conBRREEI ieCaredRbir kool MRleh iter Benfof eaig

opt i onal | thalangedkddiing eaterdrack doge to 48BienSienipesatlng, byt eat skihahgd against
practitioner .witl L ., appreciate that the closed ICM|oop 4 and/or the cold

nat ur al ga?é“@?'? &’ﬂn 166 withdrawn fromthe liquefier unit 2 can al so be used

to cool 1 r str in.the cess-. (such as the nitrogen fed to the
war m end iﬁ&?ﬁquef i gﬁ"%frﬁr"{g'wij fe%@??%‘ﬂ%‘é‘&?g%r?f‘? faMEY Oi:fgrll’ éaﬁgﬂe exchanger
cont enpl atigghtified b dat seexecimanipers s Atlhoughinot 4bowrd th Rigare 8 the dilleal grictitibher
skilled practitiaoner, Wwll appreciate that to address |liquefier start-up or
Shut - down ‘AL epPPRE il arie ERRGER: B4t Axgfingers 64" 32 apti A b Soesi ged Lo
vapori ze aodsgiaatedahioy sieglethaatf exabdngen aftiohdily didia with reanheRbthariged 188 t he
20l i quefier unit.2. [0042] The follow ng e e |1l rates, th wer
cavi nge. t Y s sBE Hrc et SiMeada® ROk closrt Rt debBFone of
t he processkingirasgas stebarm1étwishdexanproe the digudflee uhit @wad alseniealisetius eool
refrigeration of LNG as the source qof refrigeration for cgoling.the ICM In
This pEooout sBaBhin Haerand aih Ssihenfober B e et rESal iGretian v
[ 0044] Anotadptipnallyes she samee ihgle heatesxchBrgaraloatanvyitatyd tdringht &HXemRRGas Yae"

4b, 4c, 4d and 188. Finally, the skilled practitioner will appreciate that to address

liquefier start-up or shut-down scenarios, heat exchanger 188 in Figure 2 could be

designed to vaporize and partially warm a fraction of the LNG stream 260 fed to the

20  liguefier unit 2,

[0042] The following example illustrates the power savings that is achievable by
the present invention.

EXAMPLE

[0043]} One of the processes presented in this Example uses the “low
25 temperature” refrigeration of LNG as the source of refrigeration for cooling the ICM. In
this process, stream 166 consists of a portion of the fresh LNG supply.

[0044] Another process, one that uses the refatively “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 siream 166 consisting of a portion of fresh

30 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.

-11-



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 30LNG supply, stream 166
consists of a cold natural gas streamw thdrawn fromthe liquefier unit 2.
In effect, the liquefier unit 2 in this process is coupled to the cold
conpressi on schenme for the air stream 100. [0045] Both of these processes
("1 ow t enf@048]ur e | @ate oblheaeg pragassestilem tareprieiver e codocaml iNigY) can be

conpared w " ! S " i
conpr essi gﬁ*@?%ﬁ%@@ﬁ@ﬁ%‘%ﬁ%@%% hgs 25% ?%tgr gilr?%: e%)é}‘ggiegcgeesgw\}\gﬁ e
si mul at ed adirintdhee duddcompresgonditberad sieo® et ri ¢ tons per day of conbi ned

l'i qui d oxygen and liquid nitrogen in equal proportions. For these
si mul at i orf@p4élhe t erfesadiffererdipradeesdsNg@re sppligtedsadhe basis popyodeeipad 60Qir e

| CM ling". .i - 1E : t |
gas. st Pearedbiar SRy of Crifined Tl 898ef ARy AT Sirtdh T Bued BpBRlGHS"S 01
The si mul atgramssesdirowatiorishite, tempetaige ek rer NG efippingsashior figw tdraperetuag ICM

requi red LNG.fr,om 1480 ricetd i day,
the use ofCOPHY} 8%%9’55&3& Eg%%nfnéj?t&@g%r?g@%ﬁ%@gﬁﬁ%%&%ﬁ{rﬁe&@%@ g@r of
ref ri ger atised ibohighaehpergturé éCMEChblirey iscassunied to beui3°€d Thiersinolationsssi on
power from 7.3 t.o 6. 96 : j i . t the
expense ofSWWéﬁé"ﬁYfﬁgh? %oe[ng’g’ é’f '-F'?% inﬁﬂﬂok%??q%%ﬁ}@%ﬁ%@? \I‘hlﬁg nlti%ﬁéstoggr day
to 2140 myiaricay tozespeetridaghs pdielayste obe bhiberievdempetajurehieffgerainpertat ur e”
refrigerati of, col d at ur.al I ation for
cooling t H-é\?(lt’]éﬁ/lﬂ?ﬁﬁoué?ﬂ fFQ'&&E?é‘B"{‘%g%P@ﬁq}f'EZ%'agtg@‘?%gﬁé‘? g‘%@%ﬁ%gomr from
7.32 MN t Qobnf?6ssiON pdwsr fraihs D32 ddlce 6.96dWW. ethe simdlations lngber shompddiati an
power in the liquefier unit rom4..82 3 : 7 0. be
noted t hat!"® §KP$56 S ‘@FF@SW@J@%E%%JSW'%&MQ m ﬁfbp%m{: g%%tdéelr[’r}ajg?g}%qr@ | CM
cool i ng" phegiesensyRe taf,itheasé bethposativebathighgsmaetatereatsiigaostionfegldat i ng 20
the liquefier as in the "high tenperature |.CM cooling Rt f Figure 2,
a de- dBup!"&HR| GAFAY tb? Seﬁrﬁeg’ffeé?é%ﬁ%ff)éa%og'%ﬂﬁhet @m&o?rﬁ)yaﬁ%gﬁdnfgﬁet he
cont i nued rdg@ireaf ait sEnXSk5idn pbwer frdre 71320vaf o 961N, it Bisomeducedenat i onal .
This situation m.ght arise whenever .the ASU.1 i t he
aue | er TGRMEeDTGer sasgaron powe ad g 1 At e R BSA M o
liquid nitr n fromthe |jquefi unl,t 2 I e continuj . duction
of liquid [Qgg@as eougllt 8%he BP{egﬁ@atoah@PgBmed%%fgﬂ%dn%%g&,&éﬁ%l%ﬁ
[ 0048] As pasinperinste eChiamiolimgttFoadsstsherifices &re pawerisavingsiachievable by integrating
20 the liquefier as in the “high temperature ICM cooling” process of Figure 2, a de-coupled

liquefier can offer advantages in terms of allowing the continued use of the ASU 1 when

the liquefier unit 2 is not operational. This situation might arise whenever the ASU 1 is

started up before the liquefier unit 2, or whenever it is desirable to cease net production

of liquid nitrogen from the liquefier unit 2 while continuing the production of liquid

25 gaseous oxygen or any 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;
30 compressing the air stream using muitiple compression stages; and

cooling the air stream to a sub-ambient temperature between at least two of the
muitiple compression stages by indirect heat exchange against the ICM stream.
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[ 0049] #1. A process for conpressing an air stream conpri sing: cool i ng
an internediate cooling nmedium ("1CM') stream by indirect heat exchange
agai nst a refrigerant stream conprising natural gas; 30conpressing the air
stream using nmultiple conpression stages; and cooling the air stream
to a sub-anbient tenperature between at |least two of the multiple

conpressi on stages by indirect heat exchange agai nst the | CM stream

[0050] #2. [BB80Ipr oces®- ofhesarocegset dht nwhersinndfie i piRie sonpressien 61Rogs ages
conprise anidiskiadlinifidi 38Re, SR oPMoPPRRrBYBITREL A shdid AUFS1RBAN viHoRgh
stage and wherein cooling the air stream conprises cooling the air stream
to the sulFoahtg Wetaitdiepaycamgrisep goplingi theatr sheam e ensubgrmbigal tasperatiere| CM

stream betﬁﬁﬁ&r&?ﬁ@at@xcﬁﬂ@e%@%ir&i tHE R éiéﬁr@f)@fﬁfébﬁteﬁcﬂ)ﬁﬂng%ne [Phetd #3. The

process of "#2, wherein t alr streami1s cooled to sub-anbient tenperature
prior o tinermegigiegtagesage by i ndirect heat exchange against the | CM
stream [0052]#4. The process of #2 or #3, wherein the air streamis cool ed
to sub- [005HNMDI ent#d: ehpapracenseof #2t wheneletheiairastreamdg eoded tosyirasbicon by

g 0ec! o EMbe RS BBFOAEIRIN Sfagb B I BhR 3R IB 3k T fewRagRe S of

any one o wherein t r stream contalns "wat er

cool i ng Or[Pﬁék[i]'pr essing § c@é},dof%%r%bpwﬁgr%irﬁHQ'aﬂrgﬂjeﬁmisE S0EIPLdH. € 1S
y 1o p the

suffici ent T"'ow as to enable at | east a ortion of_ | wat er to condense.
[ 0054] #6. anmkiepiriepperatuse atienthe figaloftageloftaonEsessicierieingiredt eatefrchageant

strea 15%%%?;' | | ed natural gas ("LNG'). [0055]#7. The process of
any o@ of S%@‘QE%‘MQ eﬁﬁéi n the refrigerant stream conprises non-|iquefied

natural g 0056] #8- ) f : Ins the | CM
Ctroam coneiles o riaf  TREpBERRT 20T ond B PR 3 wiidrel Ok Gr JRERTRE |
oxygen. 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.

[0054] #6. The process of any one of #1 to #5, wherein the refrigerant stream
15  comprises liquefied natural gas (“LNG").

[0055] #7. The process of any one of #1 to #6, wherein the refrigerant stream
comprises non-liquefied natural gas.

[0056] #8. The process of any one of #1 to #7, wherein the ICM stream
comprises a refrigerant that is non-combustible in the presence of oxygen.

20 [0057] #9. The process of #8, wherein the ICM stream comprises a mixture of
ethylene glycol and water.

[0058] #10. The process of any one of #1 to #9, further comprising separating
the air stream, using an air separation unit (“ASU"), into at least one nitrogen product
stream and an oxygen product stream.

25 [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 siream.

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

cooling the at least one nitrogen product stream in a liquefier unit by heat
30 exchange against the refrigerant stream; and
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20[ 0057] #9. The process of #8, wherein the |ICM stream conprises a mxture
of ethylene glycol and water. [0058]#10. The process of any one of #1 to
#9, further conprising separating the air stream using an air separation
unit ("ASU'), into at | east one nitrogen product stream and an oxygen
product stream 25[0059]#11. The process of #10, further conprising cooling
the air streamto a cryogenic tenperature by indirect heat exchange agai nst
the at |east omeclingttheteM speadwdth ateashanpaftioaof terpfrigesinh gtredve after haatr eam

and bef Or%ﬁ%’}eﬁ?@%%tmge EPISa&iorne Etéoggmpﬁé&@ﬁ%}%}@. The process of #10 or #11,

further c 'l east one nitrogen product

streamin Lquefi UuRj | . r.efirl t
Stroam  afgpe e Faachh sReeRS Ry L RFEIRATRANT, SRlink BB EAS, 1\
r ef ri ger amtirogen eaoduaf stexarhisab e extizange wiihtzhpartien at the eefsgeraniestrga ogen
pr oducé St“%%‘iﬁ“%’ﬂ&'%%ﬁﬂﬁf The process of #12, further conprising cooling

of the"at etaFnOQen product stream by heat exchange with a

FSBEE?Q;Z?O%& 2?22%9%5 Aol BB REll e O oo g
agai nst a1 of 1 CQAr A Be i el PR AT b} SGeael (R R s,

st ream i nagaihtt piefrigeoar steaha@omptisigg satutdlgasl i ng the air streamto a

sub- anbi ent tenperature between at |east two of the nultiple conpression
st ages by i ndi cemprdssiag tiexaihaingem agauliple dovgrésSidrsstagesn separating
the air stream in the ASU, into at |east one nitrogen product stream and
an oxygen prodeotlingtthe aimstiédreito a lseba@odlién derapatatioarpeteesn at)lesskips, of the

ceenange! 14y HEFEbRESFPbMSP R PLIPUER RPN LYSHARH L i
Pt ogen pr oduseou PSRN RRFRE fhely Mgk BAE IR bl Hreri e ant
stream f oantl he cxygen wbdud etreary afthethe@bitg @ahtompressing steps;

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

drawing off af least a portion of the refrigerant stream after heat exchange with
the at least one nitrogen product stream and using the at least a portion of the refrigerant
stream for the step of cooling the ICM stream.

[0063] #15. The process of any one of #12 to #14, further comprising returning
20  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

25  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
30 at least one intermediate stage against an intermediate cooling medium (“ICM”} stream,

-14 -



[ 0063] #15. The process of any one of #12 to #14, further conprising
returni ng 20one of the at | east one nitrogen product streamfromthe
liquefier to the ASU after the step of cooling the at | east one nitrogen
product stream [0064]#16. The process of any one of #10 to #15, further
conprising renoving at |east a portion of the carbon dioxide and at |east
of portion of any remaining water fromthe air streamafter

conpr essi ng t hea 8ggondheatenchnngdsdhalcecisdpapiasireqm bhkvesnthegidleagtame

[ 0065] #17.; r by Sif JAQ- otelnyely nat “ ir
streamin 'H@ﬂ??@ﬁ% 52% gaergcf}ﬂ?ﬁlgélrm el%‘:iae St aegéts%ﬂ@gé}%r%ics?ﬁn éﬁaﬁjﬁﬂ ?;;M st age,
at | east at€amMmternedi ate stage and a final stage; a first heat

exchanger that cools the air stream between the initial stage and the 30at

| east one i nt eraredl separaticagmitd (el UTS thad separates tieslainstecarn oitd ageagtdinem ("1 CM')

strea ; e e_air stream between
051 cdirogsn toRftE SR SRl £ Ha R0 bHTbr R Seebltf Pl o e

the at "I east age an I'na

intermedi ate cappd ageH i@@e@# M) le%%{ gn?JTﬁitrog%n prpdyct str Qmﬁbié(rhae%?par ati on |

unit ("ASU') that separa e air streamin east o trogen
product staxebangeradaitst b eabralgas stegmen product stream and a

| iquefier that |iquefies the at | east one nitrogen product stream by heat
exchange agai nswheseindhellGi styeamds carded by heat exolengeiagatriseat |€\dt st poetion ofs

cool ed byéﬁ(%gétgf%%ggg%arﬁgai nst at |east a portion of the natural gas

stream 1 e apparatus of #17, wherein there is nore than one

i nt di t t | .S ! i h
that | 2ol T0os, 0% B, THE PRARIEK o3 7, PREICEP ol SR RERP e Afdhsimedanocrs
[ 0067] #19 stagecaruiipacaparatusfcotiiprises raspectivetimatexchangére dist cooighehirtstreamat

| east one . pveen éHcWo? n{?errrﬁgHi?{e ﬁgé&qm_ is returned to the ASU after the at
| east one nitrogen produc steamts liquefied by heat exchange agai nst

Lhe vaLi 3bosis St 9AB ThBURRIAS o N7 S8 AhéRinh Y oRES BE o bhst Snd' 1o

conprisin eat
nitrogen product stream is returned to the ASU after the at least one nitrogen product

15 steam is liquefied by heat exchange against the natural gas stream.

[0068] #20. The apparatus of any one of #17 to #19, comprising a heat
exchanger that cools the air stream prior to the initial stage against the intermediate
cooling medium (“ICM”) stream.

[0069] #21. The apparatus of any one of #17 to #20 comprising a heat
20  exchanger that cools the air stream after the final stage against the intermediate cooling
medium (ICM”) stream.

25
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exchanger that cools the air streamprior to the initial stage against the
I ntérmedi ate cooling nedium ("I CM') stream [0069]#21. The apparatus of any ’
one of #17 to #20 conprising a heat 20exchanger that cools.the air stream
after the final stage against the internediate cooling nedium("ICM)

stream 25 CLAIMS 1.A process for c@dMSssing a feed air streamto an air

separ at j on unlptroderggk&%oﬂ%r@é%;dg'\ﬁe%%ﬁ%tkb&%fah%ﬁr ddbiatisR URk lr&h@g"&?l ng t he

conpr ess; gqthe air streamusing nultiple compression stages;
ai r st rkbFriased liquafien bt epmpisiger at ure between at |east two of the

mul tiple correcsrﬁﬁr%ggﬁgﬁ{ea&e&ré% L& hﬁfﬁrpié@cﬁ%pr@é&a@aase@ga' nst an

I ntermedi ate cooling nedium ("I CM) stream ‘and cooling the I1CM
stream by | na?qllaaﬁh%@aﬁtr%F%g@bﬁg@iew&ten@pe\r@wq rivaen aldeaddwe ebihgr i si ng

nat ur al maisle dopsiedsisH @cé@@@ﬂ( |'nH|réé?%Eatté3é%h% 5@3%%@ ah ifeelddite 4Bbiing! S

synergi stlcall@}l"nte grated i'nto the process by withdrawing a portiron of the
nat ur al Mgd&ny € éﬁ'&r%%ﬁ]ﬁr}domthe liquefier unit at a tenperature of -20C to

- 120C for ussoﬁa%rtmdm{régﬁWﬁdw%armk@ﬁﬂgéfa s.ﬁeﬂa%ekéﬂwsEreaﬁ al | owi ng
an increase in the natural gas feed to the ITquefier unit. 152. A process of

cl ai m 1SRRG PatkIakIPl ti pl e conpression stages conprise an initial stage,
twoir nore kRdr8EERA B Ehat rRoeicaRdediididiel usit RS ﬁn@r@%ta%l?ﬁﬁb@ra%h{oqﬂet he

air stream conpr) ses coollng the ai.r streamto e Sub-anbi ent terrperature

by i ndi P@&?SWaw'ﬂ&E%waa@dw&w ¢fdbe pateral gre éqeﬁéérﬁawé‘f%m lsgefieromitaia
inter rre@naaeeatﬁrteacgewo%@?zqfoo@r@pma@{m%ﬁggﬂa& stAdMFh B5dl o Rofthk séwtga@ | S

cool ed to sub-anbient tenperature prior t0o the initial stage by I ndirect
heat exBlfafffbanaranse in e natwpkgasdeed to the fiquelieprbbess of claim 2 or claim
3, wherein the air streamis cooled to sub-anbient tenperature after the

final stage of conpressjon by indirect heat exchange against the | CM
255t ea A process of claim 1, wherein the multiple compression stages comprise an initial

stage, two or more intermediate stages and a final stage and wherein cooling the air stream
comprises cooling the air stream to the sub-ambient temperature by indirect heat exchange
against the ICM stream between each of the intermediate stages.

20 3. A process of claim 2, wherein the air stream is cooled to sub-ambient temperature
prior to the initial stage by indirect heat exchange against the ICM stream.

4, A process of claim 2 or claim 3, wherein the air stream is cooled to sub-ambient

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

5. A process of any one of the preceding claims, wherein the ICM stream comprises a
refrigerant that is non-combustibie in the presence of oxygen.

30 6. A process of any one of the preceding claims, wherein the ICM stream is a liquid that
is not vaporized after providing refrigeration to the air compression.

7. A process of claim 6, wherein the ICM stream comprises a mixture of ethylene glycol
and water.

35
8. A process of any one of the preceding claims, wherein the liquefier unit liquefies at
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5. A process of any one of the preceding clainms, wherein the | CM stream
conprises a refrigerant that is non-conbustible in the presence of oxygen.
306. A process of any one of the preceding clains, wherein the ICMstreamis
aliquid that is not vaporized after providing refrigeration to the air
conpr esd§ashone pitrogenpivgeestrepmal herpissendiatiasi n t he | CM stream conpri ses a
m xture of ethylene glycol and water. 35 8. A process of any one of the
preceding clains, wherein the liquefier unit liquefies at |east one

ni t r oger®- pr oduRiecessid laim B wirieh eerpprésesar at i on. 9. A process of claim8

whi ch conpri £88ling an intermediateQ@bli m@&i_uH"(i‘l@fM‘Feré’érﬁ b?ﬁﬂsrb&%e@?gké% gl M)
stream by indirect heat exchange Sagainst a refrigerant stream conprising
nat ural dgaEst & ijgesad sHgamreMpripingaBEAYas: nul ti pl e conpressi on st ages:

cool i ng the @bpistRGMd Sir Strsdh IPRBITBRcohRIRRIA igesdet ween at | east two of

the nultiple conpressjon stages by indirect heat exchange against the | CM

stream sepaf8@lingdhe i skerin éoja stbmpthians éemparatuss betwren phleastdwasiithe nt o at

| east OnIfd 6&@@@35&9@5@68§byﬁ?dfr@élﬂe%f‘é’x&@n&é‘MQé?ﬁ'stQﬁé)@f\%tréérﬁ,eam after the
cool ing and conpressing Ssteps; cooling the at Teast one nitrogen product

streamin a PERAfa¥NGNe GpolRdagonyNesadFr Sigam it theSU. ditpiagieaaienestiregan  and
dr apd ng pefduct stREnPEnd &t Sf@ﬂ'p%cﬁ;c?@l?é%n@ﬁﬂéﬁ thé HSO”{I 8&‘8@‘;:'8 pré’ssf?'grété;%1 of the

refrigerant streamat a tenperature of -20C to -120C using said portion
for the stepCefingdos pigastpae niragen Predughstreem insmliqushar it teat fyehanige process

of cl ai BYBinSIAAP FfBddIEnt stream: an@ CONPressor that conpresses an air streamin
mul tiple stages, the nultiple stages conprising an initial stage, at |east

one i nterned wggf&&gm%n@rmeqﬁaﬁa secheyrof the liquefier a portion of the refrigerant
stream at a temperature of -20°C to -120°C and using said portion for the step of cooling the

15 iCM stream:.

10. An apparatus for the process of claim 9 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:
20 a first heat exchanger that cools the air stream between the initial stage and the at
least one intermediate stage against a cooling medium stream,
a second heat exchanger that cools the air stream between the at least one
intermediate stage and the final stage against the cooling medium stream;
an air separation unit ("ASU") that separates the air stream into at least one nitrogen
25  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;
characterized in that the apparatus includes a third heat exchanger that cools an
intermediate cooling medium ("ICM") stream by heat exchange against a portion of the
30  natural gas stream withdrawn from an intermediate section of the liquefier and the cooled
IBM stream provides the coofing medium streams for said first and second heat exchangers.

11. An apparatus of claim 10, wherein there is more than one intermediate stage and the
apparatus comprises respective heat exchangers that cool the air stream between each of
35 the intermediate stages against the intermediate cooling medium ("ICM") stream.

12. An apparatus of claim 10 or claim 11, further comprising a heat exchanger that cools
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20a first heat exchanger that cools the air stream between the initial
stage and the at |east one internedi ate stage agai nst a cooling nedium
stream a second heat exchanger that cools the air stream between
the at | east one internedjate stage and the final stage against the cooling
medi um 4% @&#{ream prior to the initighstage agaipaiites inteimediate ¢ooligmediuma("IG¥par at es
the air ggbpgaminto at | east one nitrogen 25 product stream and at | east
one oxygen product stream and a liquefier that liquefies the at

| east one nitrogen product stream by heat exchange agai nst a natural gas

stream 4@har a6f fipaztds biaryhive df Q%lrﬁ':f’ﬁ’@f@ﬁijsfuﬂtﬂé? |cHﬂ§ﬁS|ﬁ‘g Emeg‘p?]eat é}anger

that cools an internediaté cooling nmedium' ("I CM") Stream by ange
agai nst °Q°l§éNe AbRTeAM afier terfielstage g%ngtﬂa%@mrweﬂﬁéﬁ eaafing eiuam ("iCM"

i nt er medyak@, section of the |liquefier and the cool ed | BM stream provi des
the cooling nmediumstreans for said first and second heat exchangers.

11. An apparatus of claim 10, wherein there is nore than one internedi ate
stage and the apparatus conprises respective heat exchangers that cool the
air stream between each of 35the internedi ate stages agai nst the

i nternedi ate cooling nmedium ("I CM') stream 12. An apparatus of claim
10 or claim 11, further conprising a heat exchanger that cools the air
streamprior to the initial stage against the internedi ate cooling nedium
("1CM') stream 13. An apparatus of any one of clains 10 to 12, further
conprising a heat exchanger that 5cools the air streamafter the final
stage against the internediate cooling nmedium ("ICM) stream
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