1 AI R SEPARATI ON METHOD AND APPARATUS Ipos
FOR- PRCDUCI NG NI TROGEN BACKGROUND OF THE | NVENTI ON
The, present invention relates to a nmethod and apparatus for producing
nitrogen in which air is separated in a distillation colum into
nitrogen-rich vapor and oxygen- rich liquid. Mre particularly, the present
I nvention relates to such a nmethod and apparatus in which reflux for the
distillation colum is produced by condensing a streamof the nitrogen rich
vapor through indirect heat exchange wiXh a liquid streamextracted from
the distillation colum and thereby vaporized. Even nore particularly, the

present invention relat t ¢ ' I ch the
vaporized liquid st reanﬁig W@Qﬁ%ﬁ?@f%ﬂ%ﬁbaek into the
distillation colum to increasgOrRPRODYCIRGENITROGER!ticularly, the
present invention relates to such a nethod and apparatus in which the

li quid stream has a hi gher nitrogen content than the oxygen-rich |iquid.
Nitrogen is produced fromsingle colum air separation plants known in the
art as nitrogen generators. In one particularly efficient nitrogen
generator, filtered, conpresgaq o I I INVENFEINr ated within a
single colum to produce a n|trogen- rich vapor as tower overhead and
oxygen-rich liquid as col urm bottons. A.head condenser is provided to

condense a str eam.ﬁ_}‘e ;;[rgs%n Inventibn refa!te%% %3RGhod gnd’ Q&%Pa(i& for producing nitrogen

in which air is separated in a distillation column into nitrogen-rich vapor and oxygen-

rich liquid. More particularly, the present invention relates to such a method -and
apparatus in which reflux for the distillation column is produced by condensing a stream
of the nitrogen rich vapor through indirect heat exchange with a liquid stream extracted
from the distillation column and thereby vaporized. Even more particularly, the present
invention relates to such a method and apparatus in which the vaporized liquid stream
is compressed, cooled, and introduced back into the distillation column to increase
recovery. Even more particularly, the present invention relates to such a method and
apparatus in which the liquid stream has a higher nitrogen content than the oxygen-rich

liquid.

Nitrogen is produced from single column air separation plants known in the art
as nitrogen generators. In one particularly | efficient nitrogen generator, filtered,
compressed and purified air is separated within a single column to produce a nitrogen-
rich vapor as tower overhead and oxygen-rich liquid as column bottoms. A head
condenser is provided to condense a stream of the nitrogen-rich vapor to produce
column reflux. The coolant used for such condensation duty is supplied by a valve
expanded stream of the oxygen-rich liquid.  This coolant vaporizes and a portion of the
stream is re-compressed either at the temperature of the warm or cold end of a main
heat exchanger used in cooling the air to a temperature suitable for its dlstlllatlon The
re-compressed, vaporized coolant is then introduced into the column in order to increase

the overall recovery of the nitrogen. At the same time, part of the vaporized coolas%‘t_ .



col'um.,reflux. The cool ant used for such condensation duty is supplied by a
val ve expanded stream of the oxygen-rich liquid. This cool ant vaporizes and
a portion of the streamis re-conpressed either at the tenperature of the
warm or cold end of a main heat exchanger used in cooling the air to a
tenperature suitable for its distillatipon. The re-conpressed, vaporized
coolant is then introduced into the col'um in order to increase the overal

recovery of the nitrogen. At e sale .ti e ri nt -
2 can be pafth Bﬂﬁ%&@r@ﬁ@a?%ﬂﬁn&%qﬁ%%tﬁﬁﬁ%ﬁog"ﬁé% %fr/‘&gr%c eﬁ%](‘% "&9'?‘1?.8 The
expanded st r gadEnPadtS af8 réfripérhnht 9SUPPLY pladt sefiifdritiotl. Pdrt 6£the ivitsk af eRpansioar t

of the work of expansion is applied to the conpression in order to conserve

ener gy. is applied tquthe casepression ipgasder toIroNIgFYREnSILhr ocess, outlined above,
can be operated to further increase the recovery of nitrogen product.
SUMVARY OF THE | NVENTI ON The present invention provides a nethod

of produci ng nitr agewill be Micasded AHP tReSElpropsss, dutkifed septdn bé oparateddiot 0 a
tenperature suitable for its rectification. The conpressed, purified feed
air is introfiuthsrinonease shajresoyary of nisvogenPtadict o produce a nitrogen-rich
tower overhead and an oxygen-rich liquid as colum bottons. At |east part
of the nitrogen-rich stream conposed of the nitrogen-rich tower overhead,
i s condensed and at | east partSUNMMARY®ETHE INVENTIONsate i s i ntroduced
into the distillation colum as reflux. A nitrogen containing liquid is
extracted fromthe distillation colum. The nitrogen containing |iquid has

a nitrogen contentrygrealgt ihidtioh bvidks & metib496f producing nitrogen in which

compressed, purified feed air is cooled to a temperature suitable for its rectification.

The compressed, purified feed air is introduced into a distillation column to produce a
nitrogen-rich tower overhead and an oxygen-rich liquid as column bottoms. At least
part of the niﬁ'ogen-ﬁch stream, composed of the nitrogen-rich tower overhead, is
condensed and at least part of the resulting condensate is introduced into the distillation
column as reflux. A nitrogen containing liquid is extracted from the distillation column.
The nitrogen containing liquid has a nitrogen content greater than that of the oxygen-
rich liquid. First and second coolant streams composed of the oxygen-rich liquid and
the nitrogen containing liquid, respectfully, are exbanded. At least part of the nitrogen-
rich stream is condensed through indirect heat exchange with the first and second
coolant streams, thereby to form vaporized first and second coolant streams. A nitrogen
.product is extracted from another part of the nitrogen-rich stream. The first vaporized
coolant stream is partially warmed and expanded with the peffonnance of work to form
a refrigerant stream. Heat is indirectly éxchanged between the refrigerant stream and
the corhpressed and purified air. The second vaporized coolant stream is compressed
either warm or cold and thereafter cooled to the temperature suitable for the distillation
of the air. Thereafter, the second vaporized coolant stream is introduced into a bottom

region of the distillation column to increase recovery of the nitrogen product.

In another aspect, the present invention provides an apparatus for producing

nitrogen. In accordance with this aspect of the present invention, a main heat exchange



rich liquid. First and second cool ant streans conposed of the oxygen-rich
liguid and the nitrogen containing liquid, respectfully, are expanded. At

| east part of the nitrogen- rich streamis condensed through indirect heat
exchange with the first and second cool ant streans, thereby to form
vaporized first and second cool ant streans. A nitrogen product is extracted
from another part of the nitrogen-rich Stream The first vaporized cool ant
streamis papfd thgPeunsRessid, furifled fO&T AiPhoa ti® SHitdble
forma refri éﬁeéragéltwgﬁteﬁie%raﬁ*oﬁgg‘tﬂ I's 1 ndi rsg%’t | y exchanged bretflalre)gﬁ t he
refrigerant dorisrectifidatione Suohpmaindedt exchangermednsdlse functions to gagially warm

ool ed Lo nd FRAeHER EodRTRE: Rahly RO wtPid Koo fofl diefin i he"

Thereafter, A GauANSLIMBROfr iR reeffitaAdh oTitheaiahd tb MdiRUNF Bandft Rea? fldg t OM
region of the distillation colum to increase recovery of the nitrogen

product . the compressedophuifiech fgedcair to e refrigerant: streaunntA dlistidlation oluram is
appar atus (ot profucl N Ly QR o ASEOLRCE M B BofprBBE orfledt Bt

present it ! ed . . .

3 means is REOMeRDH th produed h nitEbgeANRh eeé Gvelhidid AridRih d:§8eh-fich lieidolumn
tenperature suitablé for its rectification. Such main heat exchange neans
al so functi ortettomspak condensingameansisiprovided, fgy sondenging b least past pimnitregeny| | y

cool a second. yaporized coola streamto .the t Latwr e syit. he
rectificati oﬁ‘céfs_g"?ﬂg’ %qt?pogﬁﬁ O?h'ei t&‘?%&ﬁ%&}" %a?‘nv%fqgegd‘hﬁf 8?’?‘% ,T{:} gtneeaﬁé)&ls&
conpressed pyphdtiops thei@ffodiide AtOledst! Sirt bf The RésuRting Cebidensatt fito |thé tdistillatioh urm
is connected to the main heat exchange nmeans to receive the conpresse

d
purified feedolimn as reflustapdite veper seeongbepolant istreams theselst toctoamahel an

oxygen-rich Idiquid colu bottons. A _condens ] S _ | vi.de

condensi ng attl“?teaé’gtseﬁ%ﬂ@ rg%cgc%qlﬂtgggﬂggrﬁ%g%@?%ﬁ% h’%%%];%sf’ ed %fé (ﬁ?ethe
ni t rogen- ri chyidtNiatibn eyt thatkhe fifsd Bstdaitistéari Brgdmptsédof the ekjégm&idlﬂiquid

i ntroduce at |east part. of the resulting condensate into the stillation

col um as r efandstheiserond cpglast streant isrepmpesed afthe mitregss| containing diguid having apy
to formthe '

nitrogen content greater than that of the oxygen-rich liquid. The condensing means is
also connected to the main heat exchange means so that the first .vaporized coolant
stream partially warms therewithin. First and second expansion valves are interposed
between the condensing means and the distillation column for valve expanding the first
and second coolant streams, respectfully. A means is provided for extracting a nitrogen
product from another part of the nitrogen-rich stream. An expansion means is
connected to the main heat exchange means for expanding the first vaporized coolant
stream with the performance of work and to thereby form the refrigerant stream. The
main heat exchange means is also connected to the expansion means so that the
compressed and purified air indirectly exchanges heat to the refrigerant stream. A ]
compressor is connected to the condensing means for re-compressing the second
vaporized coolant stream. The compressor is also connected to the main heat exchange
means so that the second vaporized coolant steam cools therewithin. The distillation
column is further connected to the main heat exchange means at a bottom region thereof
for receiving the second vaporized coolant stream into the distillation column, after

having been fully cooled to the temperature suitable for the rectification of the air.



first and second vaporized cool ant streans. The condensing neans is
connected to the distillation colum so that the first coolant streamis
conposed of the oxygen-rich liquid and the second cool ant streamis
conposed of the nitrogen containing liquid having a nitrogen content
greater than that of the oxygen-rich liquid. The condensing neans is also
connected to the main heat exchange neans so that the first vapori zed
coolant streampartially warnms therewithin. First and second expansion
val ves are interposed between the condensing neans and the distillation
colum for val ve FThpaedntngduction fofr the secdnd amporizedocdalant streapmiback into the
respectful ly.

A negans _ is provided for e acting a njtrogen proquct fram
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al so connected to t'he main heat exchange neans so that the second vaporized
cool ant st eabe conipsesséie farvihe rsame arheundjoftworkat This incdeasenini flowualtowesr for an

ted to,th ' heat h t bot t [ th f
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rectification’of the al . L .
The re-introMareswen, the stteams coropasiticnof ithecditrogen snntaining: diquidaiskcloser to thee

distillation cal.umm increases Lecayv of t ni t.roge roduct he second
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stream havi ngheacdhufii 86 opkrateombrt RGN tHahan thdgriepatgien-rich 1iquid. As
such, it has a higher dewpoint pressure for the sanme tenperature of

oxygen-rich Ijquid. Therefore, the supply pressure of the second vaporized
coolant streamt 0I’ct ig%o Rt th'e%errr]x'l %ﬁ&r \fliar}ldneﬁhxunseansmwarmr f éd £2"th& Warm end

of the main heat exchanger. The term "fully cooled” means cooled to the temperature

of the air prior to the introduction of the air into the distillation column. The term
"partially warmed" means warmed to an intermediate temperature, namely a temperature

between the warm and cold end temperatures of the main heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

‘While the specification concludes with claims distinctly pointing out the subject
matter that Applicant regards as his invention, it is believed that the invention will be
better understood when taken in connection with the accompanying drawing which is
a sole figure illustrating a method of separating air in an apparatus of the present

invention.



be ‘compressed for the sanme anobunt of work. This increase in flow allows for
an kncrease in heat punping action which boosts recovery over the. prior art
in which the vaporized, crude-liquid oxygen streamis recirculated and
returned to the colum. Mreover, the stream conposition of the nitrogen
containing liquid is close to the equild brium vapor conposition in the sunp
of the colum. This allows the bottomt# the columm to operate nore

reversibly than in the prior art, _ IE |s£gbe noted that the term
"fully warnmed" neans warnmed to t in heat exchanger. The
term"fully cool ed" neans cooled to the tenperature of the air prior to the

I ntroduction of the air into the distillation colum. The term"partially
war ned" means war With trefenence nfoe tiee Figitre, are raire sepamation plent|ly is illestrateda forr e

SR EF DESCR S’?#{r,"n?n”ad:a PIBERRRENES A compressed et el s 6 S Bipoduced
Cone) uaes % o oAl AR 1 RGBS okt ||
be better undgy &bdaﬂ- stdeasn ¥00is produced by li'ﬂlehng)mrwntﬂn filter maempadystrmmhim ng
\nggra{ 3Sa0fs g{lﬁ feb?%;&{%;s%qf,éﬁ taagrl)g%ﬁer nti-nee eat o? Lorﬁﬁx‘%?sﬁ?ﬁ is m%lvgd lby an after-
cooler, the air is purified %ﬁ'a@-ﬂaﬁﬁgﬁ&ﬂ@ﬁ normally containing beds of
molecular sieve operating out of phase to remove carbon dioxide, moisture and

hydrocarbons from the feed air.

Feed air stream 10 after having been cooled within main heat exchanger 12 to
a temperature suitable for its distillation, is then introduced into an intermediate region
of a distillation column 14 to produce a nitrogen-rich vapor tower overhead in a top
region 16 of distillation column 14 and an oxygen-rich liquid column bottoms in a
bottom region 18 of distillation column 14. Distillation column 14 can use trays,
random packing, or structured packing to produce intimate contact with an ascending
vapor phase and a descending liquid phase of the air to be separated in order to
fractionate the air into nitrogen-rich vapor and the oxygen-rich' liquid. Distillation
column 14 is designed such that the nitrogen-rich vépor is high-purity nitrogen, that is
nitrogen having a purity of less than 100 parts per billion of oxygen.

A nitrogen-rich SUemn 20 is extracted from distillation column 14. Nitrogen-

_ rich stream is composed of the nitrogen-rich vapor tower overhead. A part 22 of
nitrogen-rich stream 20 is condensed within a condenser 24. The resulting condensate
is introduced back into distillation column 14 as reflux. As can be appreciated, all of
the nitrogen-rich stream could be condensed. In such case, only part of the condensate
would serve as reflux while a remaining part of the condensate could be taken as a

product.



Wth reference to the Figure, an air separation plant 1 is illustrated for
generating a nitrogen product. A conpressed, purified feed air stream 10 is
i ntroduced into a main heat exchanger 12.° Although not illustrated, in a
manner well known in the art, feed air stream 10 is produced by filtering
air with a filter to renove dust particles and then conpressing the air.
After the heat of conpression is renoveél by an after- cooler, the air is
purified within a pre-purification unit, normally contaipin eds of

mol ecul ar si eve opefiest coejani stream 2heenapessd of ths eXygsp lmuafﬁgzmrhﬂf@mr e
and hydrocar ho . i | :
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top regi on 1eowpiningskquid 3y exfracted abewe datterdegian 48 yof distillation colymngl 4, 4
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phase of the air to be separated in qQrder tq fractionate the air_intg .
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A ni trogen-r itsthipesdtureact Afkt iand setondcéopiarnt rstraamis 26 iant &8 s thao theyncahdbe used
Nitrogen- rich streamis co sed of the ni.trqggen-rich_ vapor tower

overhead. A pathn E?%o‘f‘mﬁﬂsregggﬁ@ PPE‘;F@? P@é#?%%%%?&ﬂ?f@r%‘gamvéof hin a
condenser 24. The resulting condensate is introduced back into distillation
colum 14 as reflux. As can be appreciated, all of the nitrogen-rich stream
coul d be condensednother paxt B6of aitrogemirich stream 30 is initiatly whemed wathinsibdoaingy e

gf 035];![ 9)( wh Iulniec 39 tget.gglterr]rllgegatgraeréf tgé c})lgeen%Oo e lsnaa}neheca? %L&laggertlal‘fe'?hearesaf%r,

part 36 of nitrogen-rich stream 20 is fully warmed within main heat exchanger 12 to
be discharged as a product gas nitrogen stream labelled PGN, .

Vaporization within head condenser 24 causes first coolant stream 26 to become
a first vaporized coolant stream 38. Similarly, vaporization of second coolant stream
28 causes a second vaporized coolant stream 40 to be produced. First vaporized coolant
stream 38 is initially warmed within subcooler unit 30 to the temperature of the cold
end of main heat exchanger 12 and then is partially warmed within main heat exchanger
12. First vaporized coolant stream 38 is thereafter introduced into a turboexpander 42
to produce a refrigerant stream 44. Refrigerant stream 44 warms within subcooler unit
30 and then fully warms _within main heat exchanger 12 where it is discharged as a

waste nitrogen stream labelled WN, .

Second vaporized coolant stream 40 is compressed within a recycle compressor
46 and is then fully cooled. Recycle compressor 46 is coupled to turboexpander 42 so
that part of the work of expansion is applied to the compression. A remaining part of
the work of expansion is rejected as heat through an energy dissipative brake 47.

Subsequently, second vaporized coolant stream 40 is introduced into the bottom region



6 - . Afirst coolant stream 26 conposed of the oxygen-rich liquid
colum bottons is extracted fromdistillation colum 14. A second cool ant
stream 28 is produced by extracting a nitrogen containing liquid from
distillation colum 14. Since the nitrogen containing liquid is extracted
above bottomregion 18 of distillation colum 14, it has a nitrogen content
greater than that of the oxygen-rich | i?]ui d that collects within bottom

region 18 of _distjllation colunp.14. First and second cool ant stre 6
ind 28 are sdheb sttt ffifun ThiR Goter 1 Hare souna ofith e apodt
expanded Wi t i {3 H'RASIIhSt the Coinplededy Ahrif a3Pstrirh i3 ntrdReRERitd &4 inferméBRte
pressure reduction reduces the tenperature of first and second cool ant
streans 26 abdatafién ©f distiltatiohesolwom e Thisdintarmidiatenlogation igione dn which the
condense part_22.of nit en-rich stream 20, t her, part 36, of
ni trogen-ri clﬂ“%ﬁ}rz‘lf’ '?’g ﬁamet‘foé’m%“\%r% C VPt W?ﬁﬁ?&gﬁ’ iaﬁgbe@}ﬁ fepg@te;ao
the tenper at YiiRdistingtio® cdnend 19! The oBﬁi[pEbsgﬁ?tpuﬁﬁ%B%;&ﬁ lairlgirearth €0 dhilder ,
part 36 of nitrogen-rich stream?20 is fully warned within main heat -
exchanger 12howeyer bt sathbingd awiths secopd oiaperized nookant steam 49 anshimiroduced | into
PGNerr] . Vaporjzation. within h condenser 24 causes fi{st
cool ant st r eRAHOB (ERIH CBhe&ﬁbﬁ? % Qi Zed . coBt a ?w%x{ep'egi&u 'nogi 1 &1y,
vapori zat i on grmdegRisicslBoefidient b aRMIAS e @aBodimeAcond vapori zed cool ant
stream 40 to be produced. First vaporized coolant stream38 is initially
war med wi thin subcooler unit 30 to the tenperature of the cold end of main

15 Fi vt vapor i »dnueaiSv Lol et HBbuftd ol il 46ls praRer”
t ur boexpandeiat dsiehtinligrtheél téisperaturefat viedtomhe distillatch ¢fthe BRfis corluart. Theeam 44
warnms within subcooler unit 30 and then fully warms w_thin_main heat

exchanger 12 "essemtially' is ysedihezeinepdin the claimsheeause secogd yapenized eoplapkstream

WA2. . i N .S i ¢S 1 S i 1.hi

recycl e comp?9sSERAGhe AP SOIGEn U e “teb R dCaSETRIE Rl 144E o
coupl ed to t miteasedias @atry it @f cbmpresssd andf purifizd i streaf B padhems, ths cold
applied to the_conpression. A renmalning part, of the work of expansion is
rejected as kadeof maimhesk exchapgerrlgy Mﬂ!@élgg&ﬂ astgrtede dn %ﬂt%%‘@tﬁi‘g?ﬂdpwm’

second vapor igzed 4GagLAN blaaR Bk 4§ cbil b SRR el e Rah Lo S EMHrRE:

12, re-compressed, and then fully cooled.

While the present invention has been described with reference to a preferred
embodiment, as will occur to those skilled in the art, numerous changes, additions, and
omissions can be made to such embodiment without departing from the spirit and scope

of the present invention.



7 18 of distillation colum 14 in order to increase recovery of the
nitrogen product. It is to be noted that the conpressed, purified air
streamis introduced into an internediate | ocation of distillation columm

14. This interrredi ate locationis one in which the incomng air of the sane
conmposi tio e vaporrﬁhase of the r being separated within

distill at I Q m‘mnlmm onpressed,” purified feed air stream 10 could
however Hl

nd vapor i ml ant stream 40 and i ntroduced
into bottom *re§i oh of di stillation col Thi s however woul d not be

as thernmodynam cal ly efficient as the illustrated enbodi ment. In
the illustrated enbodi nent, second vaporl zed coolant stream40 is
conpressed al. os msthadaof groguing aifpegend ik mgthogditomprising: di sti | | ation of the
air is conducted. The term"essentially" is used herein and in the clains
because second vaporized cool ant stream 40 woul d be slightly col der than

the tenperature ogodling! icbinptdssed, Cplrified ¥dedalairt 16 & NeipeRMire! Suitible Wopdtsnt
of conpressed and purified air stream 10 and hence, the cold end of main

heat exchangeectification} t hough not illustrated, in an alternative enbodi nent,
second vapori zed cool ant stream 40 could be fully warmed wi thin mai n heat
exchanger 12, re-conpressed, and then fully cool ed. Wil e the
present inventi onidirdutiag rsattm;smbmgbdwimhﬁeeffew afreint® aadistiltition” eslumn to
enbodi nent, as will occur to those skill.ed in_ the art, nuperous changes,
addi tions, aRtwdyes asniffeger Jich) ¥appIdlOWeEs %@waérﬁaédpmw-%h ligwd #p g

fromthe spi Bbtrtoxﬁé]d scope of the present invention.

condensing at least part of a nitrogen-rich stream composed of said nitrogen-rich
vapor tower overhead and introducing at least part of the resulting condensate into said

distillation column as reflux;

extracting nitrogen containing liquid from said distillation column, said nitrogen

containing liquid having a nitrogen content greater than that of said oxygen-rich liquid;

expanding first and second coolant streams cofnposed of said oxygen-rich liquid

and said nitrogen containing liquid, respectively;

condensing said at least part of said nitrogen rich stream with said first and

second coolant streams, thereby to form vaporized first and second coolant streams;
extracting a nitrogen product from another part of said nitrogen rich stream;

partially warming and expénding said first vaporized coolant stream with

performance of work to form a refrigerant stream;

indirectly exchanging heat between said refrigerant stream and said compressed

and purified air; and



CLAIMS., 1. A nethod of producing nitrogen, said method conprising:
cooling com:)ressed purified-feed air to a tenperature suitable for its
rectification oduci ng said conpressed, purified feed air into

a distill at m H!!“Mlﬁmduce a nitrogen rich vapor tower overhead and
oxygen-ri ch bot t ons; condensi ng at |east part of

a nitrogen- rich stream conposed of sai 3 nitrogen rich vapor tower overhead
and introduci ng at | east, part  of th resy to sa

condensate i
di stillation col uffMRESHBE) $aid secon vapog;’&ffr ;939%% WF‘F‘OQ"@H 1pg n%aaé fesgnd
liquid from I [ '
havi ng a ni t%&%?ﬁ?ﬁ?%ﬁ%t@grﬁman teﬁg’trgo Eisalgdox gér%&rsegchdd] %Hl?l 5ed
expandi ng fi codlantndreamcinteda botvdramegien oE said dissitlatier doluinrstai idcreasegecovery bf
liquid and saﬂg ni trogen containing liquid, respectively;
condensi ng s&fid BTOgDRIPAULL, t of said nitrogen rich streamwith said first
and

2. The method of claim 1, wherein said nitrogen product is extracted as a gaseous

nitrogen product stream.

3. The method of claim 1, wherein said first compressed and purified feed air is

introduced into an intemiediate location of said distillation column.

4. The method of claim 1 or claim 3, wherein said second vaporiied coolant stream

is compressed at essentially said temperature.

5. The method of claim 4, wherein said first and second coolant streams are

subcooled prior to their being expanded.
6. The method of claim 5, wherein:
said nitrogen product is extracted as a gaseous nitrogen product stream; and

said gaseous nitrogen product stream, said refrigerant stream, and said first
vaporized coolant stream indirectly exchange heat with said first and second coolant

streams, thereby to subcool said first and second coolant streams.

7. The method of claim 6, wherein said gaseous product nitrogen stream and said
refrigerant stream fully warm, said first vaporized coolant stream partially warms
through indirect heat exchange with said compressed, purified feed air and said second

vaporized coolant stream.



second, cool ant streanms, thereby to form vaporized first and second cool ant
streans; exttacting a nitrogen product from another part of said

ni trogen r| . partially warm ng and expandi ng said first
vaporl zed c ﬂlm“‘wumm“h performance of work to forma refrigerant

st * Indiwect|y exchangi ng heat between said refrigerant stream
and sald conpressed and purified air; agd. conpr essi ng

said second aporl zed cogpl ant sIream cool.i sal d second vaporized cool ant
streamto sa ?&P@w‘:’é‘ﬁﬁ’ rofyicing: THEORRD, ﬁ‘ﬂdégP?IaE’é&SW“\?'é‘ﬁorl zed cool ant .

streaminto a bottomregion of said distillation colum to increase
recovery of said nitrogen product. = 2. The nmethod of claim 1, wherein
sai d nitrogen pronokain heat exchang:t metanss far gxﬂmgu@onmressngepupﬁuﬂlfettd g tam

Peed air i o RCERRIE GBIAR B TPHEISP o on R,V RBHng R st TRASHEH FFolffion

col um. stream, for fully cooling a second vaporized coolant stream to said temperature, and for

indirectly transferring heat from said compressed, purified feed air to a refrigerant

stream,;

a distillation column connected to said main heat exchange means to receive said
compressed, purified feed air, thereby to produce a nitrogen rich tower overhead and

an.oxygen-rich liquid as column bottoms;

condensing means for condensing at least part of a nitrogen-rich stream
composed of said nitrogen-rich tower overhead, for introducing at least part of the
resulting condensate into said distillation column as reflux, and for vaporizing first and

second coolant streams, thereby to form said first and second vaporized coolant streams;

said condensing means connected to said distillation column so that said first
coolant stream is composed of said oxygen-rich liquid and said second coolant stream
is composed of a nitrogen containing liquid having a nitrogen content greater than that

of said oxygen-rich liquid;

said condensing means also connected to said main heat exchange means so that

said first vaporized coolant stream partially warms therewithin;

first and second expansion valves interposed between said condensing means and
- said distillation column for valve expanding said first and second coolant streams,

respectively;

means for extracting a nitrogen product from another part of said nitrogen rich

stream;



4. - - The nethod of claim1 or claim3, wherein said second vaporized

coolant streamis conpressed at essentially said tenperature. 5. The

net_hod of ¢l aim4 b said first and second cool ant- streans are
subcool edMI\iMﬂ““mvﬁﬁ!Wmnel ng expanded. 6. The nmethod of claimb5,
wher ei n: FIRINEHEE I'trogen produgilj Is extracted as a gaseous nitrogen
product stream and . said gaseous nitrogen product stream said

refrigerant stream and said first va’gorl ed, cool ant, stream i Edi rect |i¥xg

exchange heat wi t FXRABSIANIsads cqppectsd 19rtaid BainahRat skehangs maans far,gXpapding
subcool sai dsiig ?ﬁhswgaggriféﬁc&%@aﬁ Qb wifl! péfiance of work tg%nﬁ%hipféﬁ‘ri]’%e tal m

6, wherein sald ga us product nitrogen streamand said refrigera stream
fully warm stagath;fi rst vapori zed cool ant stream partially warns through

i ndirect heat exchange with said conpressed, purified feed air and said
second vapori zed cool ant stream

10 8. An appar at ugsif %aiﬂhggl&bmge nleaRO6dhnedtad b SPe%inkion GREHRS 6 it said
mai n heat exchange neans tor cooll ng conpressed, purified feed air to a
compressed and purified air indirectly exchanges heat to said refrigerant stream; and

a compressor connected to said condensing means for compressing said second
. vaporized coolant stream;
said compressor also connected to said main heat exchange means so that said-

second vaporized coolant stream cools therewithin; and

said distillation column also connected to said main heat exchange means at said
bottom region thereof for receiving said second vaporized coolant stream into said
distillation column, after having been fully cooled to said temperature, thereby to

increase recovery of said nitrogen product.



terfperature suitable for its rectification, for partially warming a first
vapori zed cool ant stream for fully cooling a second vaporized cool ant
streamto said tenperature, and for indirectly transferring heat fromsaid
conpressed, purified feed air to a refrigerant stream a
distillation colum connected to said nmain heat exchange neans to receive
sai d conpressed, purified feed air, thd2eby to produce a nitrogen rich
tower overhead and an oxygen-rich liquid as colum bottons;

condensi ng neans for condensing at l|least part of a nitrogen-rich stream

conposed of said nitrogerr I'4EnROMRIN MIEFHSR AN QPPARATURICI ng at | east

part of the resulting CONUENS#DR PRODUCING NITROGEM | on col umm as refl ux,
and for vaporizing first and Second coolant streans, thereby to form said

first and second vaporized cool ant streans; sai d condensi ng nmeans
connected to said distillation colum so that said first coolant streamis
conposed of said oxygen-rich liquid agﬁgfgggciecond cool ant streamis
conposed of a nitrogen containing |iquUl aving a nitrogen content greater
than that of said oxygen-rich |iquid; sai d condensi ng neans al so
connected to said nai eat exchange neans so,that said first vaporize
cool ant stream paft F‘&aﬂ"g Q%é’l"?fé’c’t‘!&é‘&é%epﬂ? A-single column njtrqgep ggﬂta‘atgg %Wﬁ"‘%
expansi on va RIS Hhn SR e Both RATHAEEL HGRATIEAB e BUdthead to
distillationh%g%ﬂﬁﬁ ?%r vag§é expanding said first and second cool ant
streams, respenide/eeflyx for the distillatiemosluim @ne ofitheicoglant streamsgie composkdoef
from anot her 1i8§dt ha?rtmgsg.l lhgghrelzlr Enrt%%grri] ccrnlltgxrllt ti%ﬁ g%}péc:n-rich liquid produced in a bottom

region of the distillation column. This coolant stream is compressed, cooled and

recycled to the bottom of the distillation column in order to increase nitrogen recovery.

Fig. 1



expansion neans connected to said main heat exchange neans for expanding
said first vaporized coolant stream w-:th performance of work to form said

refrigerant stream ; sai d mai n heat exchange nmeans connected to
sai d expansi on neans so that said conpressed and purified air indirectly
exchanges heat to said refrigerant stream and a conpressor
connected to said conhdensi ng neans for conpressing said second vapori zed
cool ant stream sai d conpressdrlal so connected to said nmain heat
exchange neans so that said second vaporized cool ant stream cool s

therewi thin; and said distillati-on colum al so connected to said

mai n heat exchange neans at said bottomregion thereof for receiving said

second vapori zed coolant streaminto said distillation colum, after having
been fully cooled to said tenperature thereby to increase recovery of said
ni trogen product ' :
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