LOW ENERGY DI STI LLATI ON SYSTEM AND METHOD FI ELD [0001] The presently

di scl osed subject matter relates to energy efficient distillation systens
and net hoate,20imabesdi ng energy efficient distillation sygrems:@ands4sst hods
for use in petrochem cal refining operations or the |ike. BACKGROUND [ 0002]
Refining and chem cal plants consune |arge anounts of energy. In a typical
refinery about 10% of the energy content of crude oil is spent in refining
the crude to various finished products. Large anmounts of energy are
directed to bringing liquid and sem -liquid feeds to near their boiling
point in order to N‘i!fl?@ [ pﬁ,\q IR S E9nep Distillation
t echnol ogy t hat re%%??gs es{é{-ltbainerggi/L wou %S?{ng i%@%tlﬁy i rrplr)ove t he
overall energy efficiency of refineries and chemi cal plants. [0003] In
conventional distillation, the waste EH@adtDat the condenser at the top of
the distillation tower is not recovered. This results in a very | ow energy
e f i i enghodi§ e prEXRIIRLERE! LibficPREMCOLIHESS hbiay A% driafuribnlRaGAl ed
Distillation Colums (H D C) have been disclosed pfeviously, but have not
been commed cingthodedincliddegt encriy t ¢féricat sistilllhtiamdystaie andpenctlortii fpur asei on, or
distillation.col.u with t congentric trays, with the rectifier section
i nsi de tﬁ@ggﬁFﬁﬁﬁﬂ?gﬁﬁ%&?%ﬂ%ﬁ%¥8fﬁgﬂ&Fa||y described. Since H D C
configurations proposed in academic |literature generally use |ateral

pl acenent of the rectifier and st BAPEGROUNDONS, hurdl es include conpl ex
heat transfer arrangenents and the need tor dual, side-byside columms that
voul d be | eI e .0 RaL L TAESL LA LSRR AR drIRelOOIRL ke Lo 0.
operatioA. uc ar@éngenenfs %ay not> be practica FSreBeero |$%|ng exF%ting
col ums. ap@R0A)%, Fifothe Ecnbrgdepiél f Gamy ofltisopaht i sdfinfidg@ticotruapeas atations
1000. A condenser 1010, |ocated on top of the column 1020, renpves heat
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is not recovered, but is. . ,
energy e?f(ljcwncy of refineries and chemical plants.

[0003] In conventional distillation, the waste heat at the condenser at the top of the
distillation tower is not recovered. This results in a very low energy efficiency (e.g.,
exergetic efficiency of less than 10%). Heat Integrated Distillation Columns (HIDiC) have
been disclosed previously, but have not been commercialized to date. Either a shell and tube
type configuration, or distillation columns with two concentric trays, with the rectifier
section inside the stripper section, are generally described. Since HIDIC configurations
proposed in academic literature generally use lateral placement of the rectifier and stripper
sections, hurdles include complex heat transfer arrangements and the need for dual, side-by-
side columns that would be required for heat integration increasing the footprint of the

operation. Such arrangements may not be practical for retrofitting existing columns.

[0004] Figure 1 depicts a conventional distillation operation 1000. A condenser 1010,
located on top of the column 1020, removes heat from the vapor-rich process stream 1030 to
produce a liquid product stream 1040 rich in a higher volatile (“lighter”) product. The
condenser also produces a reflux stream 1050 employed to improve the quality of the vapor-

liquid staged separation process. The heat removed at the condenser is not recovered, but is



di scharged to the cooling water or air, thereby resulting in a | ow energy
efficiency of distillation. The Second Law Thernodynam c¢ Efficiency, also
referred wo 20e/E®3gy efficiency, in a distillation col eem/tssoigesssal |y

| ess than 10% The Exergy efficiency defines how efficient the systemis
relative to a thernodynam cally perfect system perform ng the sane
operation starting with sane input feeds and produci ng the sane product
streans [0005] As can be seen in Figure 1, the rectifier section 1060 is

| ocated, in vertical proximty, above the stripping section 1070 in a
conventi Qf L3t | NS : m .S g, H 1.fS
N A S H e i S A Sl

| ess- vol alistilleti¢r. heBwdi Setdndc bapolbatmdynamichEtfividnest alse efigptadly &ed as Exeagyor i ze
nore vol at.Ll.e conponents.. Heavi er liquid, products r ining after..the input
of heat ATREIGIDnA) dwiRRLien AB) kit neeYs, e Wi MsabreeyapsrIoed
product HifRed SolveeHdianl &@C%?s%e_@n tiberef@h e N raO;Heﬁﬁémnﬁmngalfé&ysy@{en{ he
separation. [0007] Figure 2 depicts a HHD C unit operati on 2000 descri bed
in J. of peferminZebp . samgdoiBirastoacsarting gwizly samg SnpoGRYls anghipgpdicengh dreegame
incorporagqﬂmgﬁﬁgeference inits entirety. Unlike the distillation colum
of Figur@‘i erd the rectifier section 1060 is | ocated above the stripper
section 1070, the rectifier and the stripper sections 2060 and 2030,
respect i V@005] Ascapibguyeen 2 Eigwre|lothgtreetifion sectiont! @pQis lpessed: iioreriipal prexdaityi onal
provi sion, for..heat transfer omthe r i,fder 1.0 e stripper sections. A
onpr essdPoBus Sl REiah 4 T e oBhH A Falith {41 he e v eam 2020
exiting the stripping section 2030, which is the section defined by area
bel ow t hd0§dd hegabimmievwaonpigse il dhalpepigvidsdivithea rabgiherr] 088 rechatcofiecs n t he
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close proximty to the feed. The upper portion of the second colum 2080

yi el ds a Wil frem ercelimn 199, wntiensome brayvise vaprrizsd predis d A4 s mevaied hat
Vo002 ek el ol Ate A AR e RO MoR! T eam 2100, whieh 1S

returned to the rectifrer secti Upon transfer of heat from
the rectifier section 2060 to the stripper_section 2030, the stream 2100

provi di nd90 7 Fignre & depicts aldiiGranif eRerpEan 2 doseribesein §iafdchean Tach. and
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by val ve 209Q. [0009 t her pr.opos H Di C oper atj 3000..is depicted in
2 oS R aprecti ATT0; S BIHRRAST fhe' doitngr SRTRRLAGD S A565:-5084 05 006)
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illustrates a concentric tray design with the stripping section |ocated
out si de dlic rchbfiercotthd stapperesettiann, Anbarhprhagsat 20 Fanshegloysdrte lcempade thsvaped i n

DeLveen ST b Db DR, SSEHD g AT BRORH Pl e
rectifyi nglosegibifen RAH0 Tou oMYA ByuRNInQURiSherSérmp@RiuRGinSBE tdcBficrdR@on
2060, which is generally the column 2080 shown on the right of Figure 2. A valve 2090 is
provided to control the flow of the stream 2100 exiting the bottom of the rectifying section
to a location in close proximity to the feed. The upper portion of the second column 2080
yields a vapor-rich stream 2110 which is directed to a condenser 2120 that yield a low
volatile product 2130 and a reflux stream 2140, which is returned to the rectifier section

2060.



[0011] Figure 4, fromU. S. Patent No. 4,234,391, hereby incorporated by
reference in its entirety, depicts a conceptual design 4000 in which heat
pi pes 40MMotnevmefes heat froma rectifier section 4040 POTAISSMINIOPEBENY
section 4030, which are separated by a partition 4020. The heat pipes are
in a lateral position, as shown in Figure 4. Such H D C designs have not
been commercialized to date. [0012] Thus, there remains a need and desire
to inprove energy efficiency of distillation operations, particularly
within refineries and chem cal plants. There also remains a need for H D C
desi gns tbhgis) AdnRENSRS b Yedt FlohPine it &ick Qec‘?i?h 060 % e ShridpeAtdcAln 630!
infrastructure.” SUMVARY [ 0013] One aspect of the presently disclosed

subj ect matdrer2190 quoddmgaligliid treflicafurmtosalsy drtwaen the pactdidangn and Isegwgting wo
conponents of a multi-co nent .fluid feed, The sy m i ncl.udes a, stti pper
section PREND REPFS | Hcet o M8t ¢E the flcamor "o it e

| east t Wy cQPRANG NS Sot byl thd cAuRATREESARcelWAtH prakfnAO BBMRI] GaiddWh W ¢1NndhdTor €
volatile portion of thée fluid within the stripper section to provide an
out put f eedificateh factipr bettarehley Yadve 2P0 ecei ve a heating fluid and in fluid
communi cation with a less volatile portion of fluid within the stripper
section. [(60®] Hrdtidr lpRSpoR BVSICEFPRdtRM 3000 hHaidictdd MG kki3evhi@Gh taken &ohgned
vertically with and disposed below the stripper sectron, the rectifier
section tZo Qlageit al.t Heergud bdd83-86% (300 tand hevrhyriaserppragaddby taferdeee in its
includin% &&% a condenser to receive a cooling fluid and in fluid
comuni cat o with a nore vol atil e portion of the output feed fromthe
conpressor, the condenser including an exit to renove at |east one
conponent09¥0d figuie Imblustraiey aeqncentpe tray dpsigh Withéhoitipping fecign legadrd(quitsidan
outlet to.recycl s vel.atj rtian t eed fr e
corpr essdf o e erEHE i B biRQinkhs 2P0 hF i b sf s b e
of the presedt bycuil Behvose tve phjakelt ornht&@itrip tolvindeswhichicai bt Ipadvidsl betfbod
for separating at. |least two conponents of a nulti-conponent fluid feed. The
met hod i KErMBEsan WgiggetiyHg ssctianetf 19msurpyided by o Huiar %lp@tngl s66i4qn 3458-
conponents to a stripper section, the stripper section including (i) an
inl et to[o@agifigurt bie ffoaed . ©f Pdthe Wb.ud 034,891, )heacbganpurpsiaad bynrditriohet in its
comuni cation with a nore volatile portion of the fluid within the stripper
section t8lsHocarSah cotgepiel dedgn 45% iy whigh heat s | 4901 0¢tenglss bpstefrgm a

heating fluj 1 i Tni |0 i LR i i of
Fruid i Cheet Retch ot d ERFRTSCQIOMI M SRTarEhy aPaBfloh RR0C,

di r ect i ng heheatopipgsudre free thtéralopositha, eoshomasie diigure 4a Suels HIDI @ des gt hagn not

al i gned ertically}ﬁjtg and di sposed bel ow the stripper section, the
rectifi erSLEYMIRGHEPYLIN 4 (i) a condenser to receive a cooling fluid and
in fluid communi cation with a nore volatile portion of the output feed from
t he conpr@&kRdr Thushéeheco nabemsen nead hudlidegreatio iemprovet energneifieicaty lo€ dsstillaten

t f t he | til ti f th t feed, d (ii
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SUMMARY

[0013] One aspect of the presently disclosed subject matter provides a distillation system for
separating at least two components of a multi-component fluid feed. The system includes a
stripper section including (i) an inlet to receive a feed of fluid containing at least two
components, (ii) a compressor in fluid communication with a more volatile portion of the
fluid within the stripper section to provide an output feed, and (iii) a reboiler to receive a

heating fluid and in fluid communication with a less volatile portion of fluid within the



[ 0015] The invention wll now be described in conjunction with the
acconpanyi ng drawi ngs in which: [0016] FIG 1 is a schematic view of a
convent i omal20tiaresBl ati on colum with a rectifying sectipom/useciasessabove
the stripping section, in which energy renoved at the condenser is not
recovered. [0017] FIG 2 is a schematic view of a conventional H D C
concept. [0018] FIG 3 is a schematic view of a concentric H D C design
with heat transfer fromthe inner rectifier to outer stripper section.
[0019] FIG 4 is a schematic view of a H DI C design with heat pipes for

heat tr a@ﬁf br Eéc@ight r’ﬁler(ﬁﬁ{llaﬁbﬁ %ﬁgrﬁtdlﬁ)nmtcﬁldE@Q réétfﬂep Q@crtloﬁeaq%gh&{lvéﬂﬁcélgﬁ eral

positions. [0020 is a schematic view of a representative enbodi nent
of the divath dtﬂdadhspme@izslbwnﬂle{strtpmer proeerihé yecdﬁsmeosetdtqswbgzlectthermttplarfeed

00211 FI G iIs a schema c vi ew, of ot her resentative. e t of
Lho dr st T hefordyeranies e Reuding fht riehSRus PRt foogen brd Brd

fluid communication with a more volatile portion of the output feed from the compressor,
the condenser including an exit to remove at least one component from the more volatile
portion of the output feed, and (ii) an outlet to recycle a less volatile portion of the output

feed from the compressor for recycle back to the stripper section.

[0014] Another aspect of the presently disclosed subject matter provides a distillation
method for separating at least two components of a multi-component fluid feed. The
method includes introducing a feed of fluid containing at least two components to a stripper
section, the stripper section including (i) an inlet to receive the feed of the fluid, (ii) a
compressor in fluid communication with a more volatile portion of the fluid within the
stripper section to provide an output feed, and (iii) a reboiler to receive a heating fluid and in
fluid communication with a less volatile portion of fluid within the stripper section. The
distillation method also includes directing the output feed from the compressor to a rectifier
section aligned vertically with and disposed below the stripper section, the rectifier section
including (i) a condenser to receive a cooling fluid and in fluid communication with a more
volatile portion of the output feed from the compressor, the condenser including an exit to
remove at least one component from the more volatile portion of the output feed, and (ii) an
outlet to recycle a less volatile portion of the output feed from the compressor to the stripper

section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention will now be described in conjunction with the accompanying drawings

in which:

[0016] FIG. 1 is a schematic view of a conventional distillation column with a rectifying
section located above the stripping section, in which energy removed at the condenser is not

recovered.

[0017] FIG. 2 is a schematic view of a conventional HIDiC concept.



DETAI LED DESCRI PTI ON [ 0022] The followi ng definitions are provided for
purpose of illustration and not limtation. [0023] The Exergy efficiency
defi nes hwar2efAfdscesent the separation is relative to a tRrermsdynasssal |y
perfect system The Exergy of each streamis the theoretical maxi num anount
of work it can produce, determ ned by taking it through a series of
reversible steps to bring it into equilibriumwth anbi ent surroundi ng. The
i ncrease in Exergy content of the products versus the feed inputs
represents the m ni rum anmount of work needed. The Exergy efficiency is

def i ned ago{ge16a81i0a Olhchfalis Wbﬁy%&@ﬂﬁ%mﬁicv&afign%m Sed o B¥sfteorh G
Exer gy expended 1 n actually gm ng the separation 024] As used herein, the
t er m " pr oghee echtifier @routerdtrgtper sdctisgal e” refers to a production schene in

whi ch end products are produced on a continuous basis (with the exception
of neces3) ¢:a9%a fdfonflidMowTBl READROAENEO WS 1R FXLCRAGL.ARRLRA figf LI e
(e.g., over at least a week, or a nonth, or a year) th the expectation of
gener at i rige reetrersestidnrtoriha $tepsalsecton inlila¢ml gnsitioms. of t he end product .
Production at an industrial scale is distinguished fromlaboratory or pil ot
pl ant  sefhogF1vhs ¢ha JRlaVPLEA! bYa PR QEALREIAB kR oft AE dlstiMhdiddsRRH 0d
of the experinent or investigation, and are conducted for research  “purposes
and not wifthe firbentdy dscloatd omjasf mgterer at i ng revenue fromthe sale or

di stribution of end products. [0025] In accordance with the presently

di scl oseqoguhirgct 6 Toh lsehomaicdl s idflaBbiheNrPYIERMIVSe b N MEeRDf BE JRERMG | N9
at | east two conponents of a nulti-conponent fluid feed. The distillation
syst em i ng$teed the esenfpdscloset subject meiterdi ng (i) an inlet to receive a feed
of fluid containing at |east two conponents, (ii) a conpressor in fluid
comuni cation with a nore vol t]zhl quﬁﬂ Ript fluid within the stripper
section to provide an out put %—M oiler to receive a
heating fluid and in fluid conmunication with a | ess volatile portion of
fluid wi tlP932]{The fellowipp definisions ara provideddios puppsa ofdHusgspsion andinetdinititiondes a
rectifier section aligned vertically with and di sposed bel ow the stripper
section, [péB]rEet Eke@l SATidneP H&FinesCROW ecffildRnPUhPUdeph@Ben fisOrBI4tRR to a
conpressor and further includ ng 1(i) a condenser to receive a cooling fluid
and in fIthgrenodpramiedlbapiréast wistam.al roEecrgp pheadhestisant is ke Breorchealguepmmunt eed
fromthe . tnelhudi 4. tor one
component Bt Ratk bl rary 1 partl o e A Rteh o PGBty FRRL
out | et t ao begy &ligtokquiidsiumolalh kndicposiricanddk. tThe it in Feady tomenttdiehe
conpressor for recycle back to the stripper section. [0026] |In accordance
with anotPhfucspaeys dre fosd BpwsarpIcyend b upimusy smopt phtwk negded. The
distillatg ;ﬂ&*}‘ I i .S (W t of a
mul ti -cor]répng? nt IP %ﬂf%ﬁf &gée@.%h%ﬁgh%%ltoi Ia’gsf%inﬂ?%%t %rh&lﬁlr?iéolfu elé(h?ﬂtagd]oggtél?eng a
feed of ftotal Exagntgiendabinaictuabpdbinpwc spapanents to a stripper section, the
stripper section including (i) an inlet to receive the feed of the fluid,
(11) & CQUPIGSROUemdrbitl thoCRITUBIERELLTh h iRl La¥OLEbls] 8 PBFdduer P!
the fluid wthin the stripper section to provide an output feed, and (1ii)
a reboi | echdnee mewbicheend predudtngref produtedroh a nortinmods bansr(mitlc dlid exvepligrhof

| ess volatile portion.of fluid within the stripper .secti.on. The

i sti | | at e HEOHEE Ao H AT BN ED T FhEXtEHEs @ﬁﬁgﬁpﬂl@sée-&em%é@aﬁ
CoNpr essQrwédk, 8r b adntif, i®% REOHW AN IR dxgeQstionestt dhdlatidg Wvlchu&neh A itsPaser

bel ow the stripper section, the rectifier section including (i) a condenser
t o recei vestabwiwol ¢inthef ¢ngi prodnet. | Rrodugiien eboammindustrial sralgiis isingoisked, loat i | e
portion of the out eed f.romthe conpressor,. the copdenser..inclkuding an
Bt o rdmanat” P ol T et ETLBRE 4f PRIHY fvinsBe SEPLETRE aley BEP The
out put f efthe &pdrifncht) ordfivadtibatiin, bt 40 CYBHR A fof S cMoh BlitpbsesR@t bdWithfthd he
output feed fromthe conpressor to the stripper section. [0027] The net hod
and syst ErPeitE NS @andeting gveuel frase thesglerqridesdribrion phjcohetadsetswi t h each

ot her for understandi ng and enabl enent .



[ 0028] For purposes of illustration and not limtation, reference is nmade
to the enbodi nent of Figure 5, in which the stripper section 5250 and the
rectifi erweeotm@ms3500 are contained within a single, arCiramsgeiiossssially
encl osed, structure 5010. A nmulti-conponent liquid feed 5100 is introduced
above the feed tray or stage 5120 of the distillation colum 5010 at a
tenperature near the boiling point of the feed conposition. In a preferred
enbodi ment, the feed to the distillation systemis primarily hydrocarbons,
al t hough any nulti-conponent feed can be separated using the presently

di scl ose Y, : e 1.5l

cor urm. 1 g R Pl G e it & P e Aoty The

col um, anevidak éousppetitg ahdeast oo icnmponenty of at mb ki-conporentlsidofect heTlieed

flow up toward a gas conpyessor 5150.. A.parf.iti.on 5200 i s provided.to.
r ovent CHTRRHIFE oA BAS o STWST FreHEA IR ShaNE S0 GTobYfeh FBRdt Filish
travel i ngohtdlrik}eht daWIwb %u@@hm (1iNh Qohipeess@Ghiflui@ CodBfmi@AoP AP 2 TR
section between the feed and the partition constitute the stripping or

stri pper voktild pertise 50 thsf fluidevidiie the stappes nedwintamproVidodoputput Ehdi 4ndr(iiB300,
which is supplied wth,a source of .stieam or ot.her heati fluid, 1nput
nont to tRITELICRRAE A P EAO] o8 if BRI onERt A Pts hoR ne P

vol ati | e fluiheathiehe) stippetutBordandha ddtiRash sp4ea dlfainciles atidttied deptidhe
stripping section 5250. [0031] Conpressed vapors 5450 exiting the

. ) L ) .
conpr ess @Hgseds gersied vt prd disposadebdot bm BPRKescptéqn  the dpctd s tseefiPns 800
The conpr. i r i j t | .
oot i ereabietle Sl ARRES i BHiptSadntd (AR ERBTDR e &ociye
consi st s acfootihg flaetandin iid tdoenaolicanion bettownidee vphatitd poroon 52 Q. oufputseed n

one enbo&li rrerht?, the rectifier secti oa_ 5500 j s operat eFI at a hi gher average
t enper at dFE RERMPRES S Fhep?ﬁéﬁiené%rdml&} INg A8 X1t () ieEave ah st ogie GamPPRGRt dom

embodi mente ol %Qtﬁ-‘é)ﬁ&%Bﬁ‘ YrSthe QAR e TaBUNi) aR BulIRE 1P ?écf"le'%‘ Hlcst %la@i@éh g m

and introduced into the stripper section 5250°in the feed”5100 or to t
f eed traypoBiddilhe oeputsfeat fromdhe exapnpéser fax redyclt iack tosdleweipper getpn.5650. A
condenser 5700 is provided at the top of the rectifying section, which

recei ves 180 RR! 3cOidakQOWitRGa b &' as?]@& ¥f %eﬂ%ré@eﬁ[}pq%que(ﬁ%ﬁgjectr hfalted, ™
i ghter products and a reflux stream 5800 ich iI's redirected to the
col umm i mlistillehen methodfiy prayideddot separafihg atlony ded cbmporsaits hgmuhecaopaenser

Can | R0 SRSl AR B ¢ R BT SRS
two components to a stripper section, the stripper section including (i) an inlet to receive the
feed of the fluid, (ii) a compressor in fluid communication with a more volatile portion of
the fluid within the stripper section to provide an output feed, and (iii) a reboiler to receive a
heating fluid and in fluid communication with a less volatile portion of fluid within the
stripper section. The distillation method also includes directing the output feed from the
compressor to a rectifier section aligned vertically with and disposed below the stripper
section, the rectifier section including (i) a condenser to receive a cooling fluid and in fluid
communication with a more volatile portion of the output feed from the compressor, the
condenser including an exit to remove at least one component from the more volatile portion
of the output feed, and (ii) an outlet to recycle a less volatile portion of the output feed from

the compressor to the stripper section.

[0027] The method and system disclosed herein will be described in conjunction with each

other for understanding and enablement.



[0033] I n one enbodi ment, end products derived fromthe nethods and systens
of the presently disclosed subject matter are produced in an industrial
scal e. [ 08B84p12A879%6t ed above, the rectifier section 5500Cirsepenatsed at a
hi gher tenperature than the stripping section 5250. Having the stripper
section 5250 | ocated, in vertical proximty, above the rectifier section
5500 all ows the use of one or nore heat pipes 5850 to transfer heat from
the rectifier section 5500 to the stripper section 5250 and reduce the heat
load on the reboiler. Thus, in one embodi ment of the presently disclosed
subj ect  nB§As For hliHoshSIFEMUAGLHARS ndt 1ihRAKIn, 28erheals Mhdeotth&¥AbSdiRRnt
between at |east "a portion of the rectifier section and at |east a portion
of the stofifppee Ssecwhoh thostrippersfeetiorh£2t0 dndothre trémifice statibn 508 @ot ¢amainal t he
stripper section. [0035] The heat duty of th ndenser 5700 as .well. as the
Febor | o "BA5H * Ciekgh TP M Fudereb it SO Gniy PEGRETyPHIG R Erery

ef ficiengyophss aRIIGYRIabIFE I8N el thay ort iiﬁ‘%e' S50 6 hefdidiflation thRnes61of e 1S
generated not only by any heat renpval at condenser but by transfer of heat
f r om t he terapartiuiencas gt hashng poinhefl e feqspmppeisionodn a[roeBaTd Tmeoticwnt, phpe
5850 can JDe, ori ent ed substant.ial.l y .perpendi.cul ar.to.a base..of the rectjfier
cection, o hER TR g5haRG: Pk PALARRE R Alb e T Ko iBat S5 e

5800 to tche bk espatdtéEisiseit ipeicilyadigéladedinyethddiand ¥gétemy 5000 can be furt her
provided with at | east one hollow distillation tray 5900, 5950 | ocated at

| east on of .th eat . pi pe, terpatively, as shown i.n, Fi_gure t he
by ot e AR A e Tl R ifteBficod i SR Il N RS, HPp ShIHES sBrecld,

that are chapabats fowhih ®Bdsiuain, bhe gheats pobiens fbtteihmbteovsigtils tebinpahdna
trays 5900, 5950 can be further provided wth fins (not shown) to enhance
the heat of tised flozr entgraadas cORPIRErRdal. HiRELtiongT89]is erviedsamecvcnsi de
the heal pl RGuil TG h HMRMEY odilnd it e Fedd S dih o SLAPRIRP 45 et
t he bottom avity driven heat plp%s ave a larger carryihg capacity, as
conpar ed colunwi @ko dh¢ venifle atctjpinp®s00s udhe asctidnebdteatn phop &edsdnawhei parfiiigur e
4. [0038] It should.be noted that the feature mmari zed in Figure 5 are
accor di nGeRgityhIthe Sé’ﬂ%l?m%%@qlpmrts?ﬁtjmesnzéﬁ&&ﬁ\?rﬁﬁs.tﬁ&}?n EXUMBt e, solely for
pur poses of clarity, only one heat

[0030] A reboiler 5300, which is supplied with a source of steam or other heating fluid,

inputs heat to the column and yields a bottoms product, 5350, rich in less volatile

(“heavier”) products and a stream, 5400 that is returned to the stripping section 5250.

[0031] Compressed vapors 5450 exiting the compressor 5150 are directed to the bottom of
the rectifier section 5500. The compression of the gases results in a higher temperature in
the rectifier section 5500 as compared to the stripper section 5250, which consists of the
section of the column below the partition 5200. Thus, in one embodiment, the rectifier

section 5500 is operated at a higher average temperature than the stripper section 5250.

[0032] In this particular embodiment, liquid components 5600 are drawn from the bottom of
the column and introduced into the stripper section 5250 in the feed 5100 or to the feed tray
5120 by means of, for example, a throttle valve or pump 5650. A condenser 5700 is
provided at the top of the rectifying section, which receives a supply of cooling water and
yields a product, 5750, rich in lighter products and a reflux stream, 5800 which is redirected
to the column into the rectifying section. The composition exiting the condenser can

include, or consist of primarily the light, low boiling components of the feed 5100.



pipe is shown in Figure 5. In other enbodinents, nultiple heat pipes are
provided from several or all of the stages (e.g., trays) of the

di still atworroparesi on, nore particularly, from stages @®CTiUseomas48541 er
section to corresponding trays of the stripper section. Furthernore,

mul tiple heat pipes can be used even between a single set of trays. The use
of one or nore heat pipes is well wthin the scope of the present

i nvention. [0039] The conpression provided by the conpressor 5150 results
in a higher tenperature in the rectifier section 5500. Heat is transferred
fromthe hei f i ff oRCGhbABRO%d Brodles Sofil AP 1B HE Thd:fls ALy Mibfhs AT

nor e heat pi pes. I's heat tran reduces and/or elimnates’the heat

di schar gedesantly fisclosnddehsetr matFrrtdypodured, in tmendustaial shatey of t he reboil er
5300 at the bottom of the stripping section 5250 is reduced, thus resulting
in an quﬁ J ARSOY GBI tHenregt)ﬁ“r’Jr%Eﬂl(ﬁl &{do & cgﬁ‘}'a)fec{ g Jhi hE'Iptetaﬂ)e?é?&e than
exceedi ng 50% . [0040] The heat pipe In the rectificati on section 5950 acts
as an i nttkes stoppidens&ron 350h Hdvenghthatstymipese s¢ation 58 fedamdi mgvaBedl ippoxi BP0

acting as,an ter eboi | er he, working fluid inside the e 5
CondensedbP ISRt SR Lol TN uSo6 %Ak b pboss Eodt Ao ae RERdE 1 on
section 33a0oMhhCRctifi@NERsss51eb the Smphaiesct@st 53308 dseideqRe h&at USRI on
stripper selection. Wen this heat transter occurs rocess liquid (the

mat er i al thetohgilei skhusl iadpcicmbodenat pf i mgsegéﬁﬁisgk@wcgsubmbmaﬁerd thensysignocess
‘r’gg‘r’;s;g tulé{hilc\ileg i n%as£ S flefat ?P%Ct%v%951ll}§sbe Weglg Q?Feg% gﬁsr?g%% tl%?hreecfﬁesrl Qo Qf the
provi di n@gnd iag)léast & gdrtivix of ﬂf&@tﬂlﬂfbmsbdtﬂ)nlts tfaf§foEhead SrohhticheatfidpiseRionas kha g
fluid condenses in going fromthe warmer rectifier section to the cooler
stri pper SYHWET $6tiomnd the working fluid flows back to the rectifier section
via gravity. The anmpbunt of heat pipe heat transfer is set by the design of
the heat [p#3F Theclodtding éfhre cdail@Beob70akivrl dsl e debdilkee stse(mmeslghiﬂ?cenﬂy
differential, the working fluid pressure_l evel, the physical |ayou

i ncl udi ngedised sad aa?léalﬁéan%mhﬁrea@ergy ﬁﬁ%@@www@hl@ﬁ%d ar]?dsetnﬁéﬂﬁgrt&%ltqyld
driving f%’ﬁlﬁcem thE GecBBBE is eH faﬁﬁ%%%@%:ﬁ 2B MenQlr ut b transfer

i nt er-condenser generate ux an oIl er generate ori zation.
[ 0041] Woaif heattfiven ﬂreescﬁrﬁdryecuinosctd) ﬂﬁ:@dlmmbﬁ@ubn.ﬁat ter has been descrl bed,
merely for pur poses of convenience, in terns of a trayed distillation

col um, :

PO R ol G B e S I T R T AL

i nvol vi ngedého‘setdtleneatskshng/noﬁ Fuigwre i51 toadirawn comichsate Asslo thabée ¢hificadidOo rtiey

of fer nore acity to co tefor | ost t heat |pe|s
i nstall ecﬁe‘?tﬁ‘g%grsﬂ‘é‘lont‘ﬂatgﬁ yco ys@(“p@@ﬁé@“%c%%ﬁ’fqv&ﬁﬁs‘@% aB Casl P a
| over pr ggauh&lidiRRoNhY 580605930 10%t@ 4tQVRE oROBRY 8§ﬁfe%atr Fibk 0 AllRatibaly,
conpressi on of the stripper 'section overhead to feed the rectification

secti on. asshowpiipdsguward, bke ggseem Cfa@rm@u@qﬁbleexwlﬁ,rmh@liomémtﬂlfan@mrays

St pper SOR0curPoRpbs: WG GEEb bl by of Bs ESCRIEY P AR TRt B,

same del 5800 e59501cah bé eurbrt pRRMH REtH R4 (nbi Shating fo &BahiOMRe hbdtefanSonslenser
and the stripping section inter-reboiler. This neans that an upper

i nt er - corfe foar thadgdtdips ansf er heat to an upper inter-reboiler and a | ower
i nter-condenser would transfer heat to a lower inter reboiler as shown in

the syst ¢o0B0@@nidenskicgsi@e the hEbe@ﬁe heains By Res/igan tiah®ier astdedisgol 6500ne
non-limting enbodi nent, heat exchangers with radially extending fins on
bot h end<t #fc lqu@nhe;ﬁra‘ﬁfypérlven heat pipes have a larger carrying ‘capacity, as compared to

wick driven heat pipes such as the heat pipes shown in Figure 4.

[0038] It should be noted that the features summarized in Figure 5 are according to only
one, non-limiting embodiment. For example, solely for purposes of clarity, only one heat

pipe is shown in Figure 5. In other embodiments, multiple heat pipes are provided from



[0042] The presently disclosed subject matter, such as the enbodi nent shown
in Figure 5 or Figure 6, provides a nore practical columm configuration
wher e, urwOkel2amsanti onal distillation, the rectifier ®ETUSOIL1i054854
vertically below the stripper section. Heat transport fromthe rectifier
section 6500 to the stripper section 6250 can be achi eved using one or nore
heat pipes, and the heat is transferred nostly in the axial direction. The
vertical configuration allows gravitational force to return the condensate
in the heat pipe fromthe stripper section to the rectifier section bel ow
Heat i nt i i j ' ' : J! i '

B R B i S S G
for a sectigds obthenmectiffiirguectgonbtol ¢driesporakies trays enthe ditnipet sedtionh eFystheseore,

i nvention ysing external heat pipes in a therno siphon grientation with a
vapor i SBHIBEIEACRIERS Sy eI FEEU s 2 AREEr <L) GRS (s et OBF Be™8E ki ng
fluid toRayisgat fcandtHielR syl ¢t th REUMShvedtién.r 1 ser 6851 and the return
6852 are operatively coupled to internal heat transfer surfaces 6853. The

i nt er nal ransfer surfaces, 6853 can be |low distillation tray, a
st r oot ar PR HeRE TR PR aTel B B sy s retiadt & e Sl

sui t abl e theRktitiéReAE! 5300V IHEQt IshadnsRHRATERS tHGadti ik 3885500 td'@Utstrippin
restricting columm capacity. The sane concept can al so be achi eved wi t%1
ext er nal shemn PiSPevipiond on myiradrat ipesneEhip dpatviransics geduces end/preeliminaiss thand
liquid fl rqvi ded the heat pi LS..sized adequajely..to _avoi 00di ng.
10043] oSl ER i BF sRERhslt PRubByRbarhafiG™ dBbrak e B R Syhh S
di scl osetotbi) Hahe SEppRAE scadnB2 5068 Riditde thulycultRy BoM Verl dipievemenkid | i n
the art. Further _insight can be obtained from for exanple, Internal heat
i nt egr at icArEeti¢ pldicieagy too2-ap Oriddgyceedigey Vg distillation col um. Z.
Qujic, F. Fakhri, A de R jke, F de Graauw and PJ Jansens, J of Chem cal
Technol oggo40pdrhBi iRbepipsdh Ay rechificatipagrcishl 52Badro A anent2B0shdendcht with @he
versus External Heat Integration. Operational and Econom c Analysis. .J. P.
Schmal , Heatpips/anthpestringéng seciion R0 ggtinggs az.mtex-tﬁbpéeran“éhepzvorjqngﬁlﬁéélﬁ%eie
Trans | t ChemL s IQg; r . j . 84,
page 37% ggg?at ﬁﬂ%esv%égg pr oacisai'%1 é@%}e@@gé isg%m??s) ?ﬁtaieﬁrI| n g[ﬁqilz% giat?l@ F%‘%@%?%Otlgd
tray di stsedtloat3o60, ehichimmasfetyl hé@adiainl the rZetifler w¢dtion td\thedrifficy keeativn. Whén

Jansens, European osi um on Co er Aided Proce Engi neeri ng, 15:
805-810; MS{R rt%{-S%_a %ﬁff’iPEOC&EPpP‘B&nEKﬁlf Mfﬂ?@ gﬁ’tn& i) @ntIhEnStr%Pﬁ_H} S ERY
heat -i nt ‘?Q{I%Jo?i?edj{l]tﬁf bbb &b 'v%erQ{HérF@ct(ﬂc‘aﬁu)lpk&}ion M cozagdabl aBaded 0%1'(}%% B&Fen Z-

AQujic and ansens, nputers and Chem cal Engi neering ( ),

doi : 10. 1@f81q reprsapidteicengod 0061t $10v00 61 Figngd Conldgptelfa thedwshgrprovidang liquid
i nt | | y.heat j.ntegratgd | - pr .sphitter, Z. dujic,.L,. ,
de i | ke o BincliiaRh B BBl SORERG BRDRA Bk Sinfis o7 thmgiom T

ref er encegaringr RRFABYsdchle® id Headodter Ritippef SdcEbE Canldntht Rerking Thiid Bb¥s balK to

[ 0044] The present invention is not to be limted in scope by the specific
enbodi neberedelerrsceiean Heagevity. Thdem@uniefticatRiperbent tiaasfer onet fthe design of

i nvention | it . h ri: i i -t 0
hace sttt B A= A0P R BE QNS L bl D RIGARERY SOhit
acconpanyluidpifcsgui¢ &Scl, Bucphyriedi fay e@tihclndingserfadetaeadetbdto htalttanvict bichiohde
scope of the appended clains. [Q045] It is further to be understoaqd that

al | val ud8ddpe sipphodriieelorgnd Tdcengt WP 85180 rdetrsaiss pihf grnoyng 4 epter-

Patents, BAI&QL: %%ggja{eﬂ%ﬁlgﬁald iﬂéégﬁlrétfo%i gé?l%rat&f %Hfi%aetﬂ) scriptions, and

protocol s are ci t hroughout this appfication, I scl osures of each is
| ncor por ?})(()34(11] %Li?ei {Ille%)%esl’egtfl}sa giies'glgsedi STIin etctS mgt?gri hra(sagt))e/en]c c?erscr%leld, r%léll;e 39 o?rsp'urposes
of convenience, in terms of a trayed distillation column, it is equally applicable to a packed
tower. For example, packed towers can be preferred due to pressure drop considerations in
situations involving debottlenecking of distillation units. Also packed towers may offer

more capacity to compensate for the lost area if the heat pipe is installed internal to the



* k% *

CLAIMS 1. Adistillation systemfor separating at

of a nmulti- conponent fluid feed conprising: (a) a stripper section
i ncl udi NgWO 2012/047953 (i) an inlet to receive a fPegdsod11fob4ss4
containing at |east tw conponents, (1i) a conpressor

fluid conmunication with a nore volatile portion of the fluid within the

stripper section to provide an output feed, and

column. A packed rectification section with a lower pressure drop will also allow a lower
compression ratio for the compression of the stripper section overhead to feed the
rectification section. Heat pipes can be used, for example, to transfer heat from different
sections of the rectifier to corresponding sections of the stripper. A corresponding section
would be a section that maintains the same delta temperature between the rectification
section inter-condenser and the stripping section inter-reboiler. This means that an upper
inter-condenser would transfer heat to an upper inter-reboiler and a lower inter-condenser
would transfer heat to a lower inter reboiler as shown in the system 6000 in Figure 6. These
heat pipes can have, according to one non-limiting embodiment, heat exchangers with

radially extending fins on both ends of the heat pipe.

[0042] The presently disclosed subject matter, such as the embodiment shown in Figure 5 or
Figure 6, provides a more practical column configuration where, unlike conventional
distillation, the rectifier section is vertically below the stripper section. Heat transport from
the rectifier section 6500 to the stripper section 6250 can be achieved using one or more heat
pipes, and the heat is transferred mostly in the axial direction. The vertical configuration
allows gravitational force to return the condensate in the heat pipe from the stripper section
to the rectifier section below. Heat integration is achieved in a single column, making it
casier to retrofit existing columns and reducing the plot area that would be needed for a
second column. Figure 6 illustrates an embodiment of the present invention using external
heat pipes in a thermo siphon orientation with a vapor riser 6851 and liquid return 6852,
which allows the heat pipe working fluid to segregate and help avoid flooding. The riser
6851 and the return 6852 are operatively coupled to internal heat transfer surfaces 6853.
The internal heat transfer surfaces 6853 can be a hollow distillation tray, a structural packing
in a plate or frame type configuration or any other suitable heat transfer device that promotes
heat transfer without restricting column capacity. The same concept can also be achieved
with external heat pipe with a single connection with countercurrent vapor and liquid flow

provided the heat pipe is sized adequately to avoid flooding.

[0043] Operating conditions for the systems and methods of the presently disclosed subject

matter can be determined by a person of ordinary skill in the art. Further insight can be
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| east two conponents

in



(iti) areboiler to receive a heating fluid and in fluid comunication with
a less volatile portion of fluid within the stripper section; and

(b) a recwOf20ev043%86t i on al i gned vertically with and di sposas2teloswss he
stripper section, the rectifier section to receive the output feed fromthe
conpressor and further including (i) a condenser to
receive a cooling fluid and in fluid conmunication with a nore volatile
portion of the output feed fromthe conpressor, the condenser including an
exit to renove at |east one conmponent fromthe nore volatile portion of the

out put f%%gafine_%lnﬁom for exarnlﬁle, Internal hdat idte@RtiOWL L k%g tBeﬁlygﬁe@%ﬁcét‘l?séﬁdng

vol atile portion of the output feed fromthe conpressor for récycle back to
t he stri pipillageccolomn. Z. Tlejidi Kt Fakhat iAode Rigeeemn d¢f Gedawradd PhHensens k bie

stri pper secti nd.the rectifier sectjon a ai ne 'tﬁ#n a single at
east | parioaly eRmiesgd PRt IpUoRs hanes of I Prals e oplt b deBbieriy o
anyone OofEdigal Q€ BctbDation. D pBBatiophedR FeonbBid RaklEik & pSSeihaANH §. waeDat ed
at a higher average pressure and tenperature than the stripper section.
Kooi, A. De. Rijke, Z. Olujic and P. J. Jansens, Trans IChemE, Part A, Chemical
Engineering Research and Design, 2006, 84, page 374-380; A new approach to the design of
internally heat integrated tray distillation columns. M. Gadalla, Z. Olujic, A. de Rijke and J.
P. Jansens, European Symposium on Computer Aided Process Engineering, 15: 805-810; A
thermo-hydraulic approach to conceptual design of an internally heat-integrated distillation
column (i-HIDiC), M. Gadalla, L. Jimenez, Z. Olujic and P. J. Jansens, Computers and
Chemical Engineering (2006), doi:10.1016/j.compchemeng.2006.11.006; and Conceptual
design of an internally heat integrated propylene-propane splitter, Z. Olujic, L.Sun, A. de
Rijke, P. J. Jansens, Energy 31 (2006) 3083-3096. Each of these references is hereby

incorporated by reference in their entirety.

* * *

[0044] The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those
described herein will become apparent to those skilled in the art from the foregoing
description and the accompanying figures. Such modifications are intended to fall within

the scope of the appended claims.

[0045] It is further to be understood that all values are approximate, and are provided for

description.

[0046] Patents, patent applications, publications, product descriptions, and protocols are
cited throughout this application, the disclosures of each is incorporated herein by reference

in its entirety for all purposes.
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WO 2012/ 047953PCT/ US2011/ 054854 4. The distillation system of claim
3, further conprising at | east one heat pipe traversing between at |east a
porti on oVothe/werssi fier section and at | east a porti onPofi/ush@185485pper
section to transfer heat fromthe rectifier section to the stripper

section. 5. The distillation systemof claim4, wherein the heat
pipe is oriented substantially perpendicular to a base of the rectifier
section. 6. The distillation systemof claim4, wherein the heat

pi pe directs condensate inside the heat pipe to the rectifier section via
gravity. CLAIMS

1. A distillation system for separating at least two components of a multi-

component fluid feed comprising;:
(a) a stripper section including

(1) an inlet to receive a feed of fluid containing at least two

components,

(i1) a compressor in fluid communication with a more volatile portion

of the fluid within the stripper section to provide an output feed, and

(iii) a reboiler to receive a heating fluid and in fluid communication

with a less volatile portion of fluid within the stripper section; and

(b) a rectifier section aligned vertically with and disposed below the stripper
section, the rectifier section to receive the output feed from the compressor and further

including

(1) a condenser to receive a cooling fluid and in fluid communication
with a more volatile portion of the output feed from the compressor, the condenser including
an exit to remove at least one component from the more volatile portion of the output feed,

and

(i1) an outlet to recycle a less volatile portion of the output feed from

the compressor for recycle back to the stripper section.

2. The distillation system of claim 1, wherein the stripper section and the

rectifier section are contained within a single at least partially enclosed structure.

3. The distillation system according to anyone of the preceding claims, wherein
the rectifier section is operated at a higher average pressure and temperature than the

stripper section.
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7. The distillation systemof claim4, wherein at |east one holl ow
distillation tray is located at at |east one end of the heat pipe to

i ncr ease wbeotwvamsBer surface area for heat transfer. PCT/US2@.1/034384
distillation systemaccording to anyone of the preceding clainms, wherein
the feed is primarily hydrocarbons. 9. Adistillation nethod for
separating at |east two conponents of a multi- conponent fluid feed
utilizing a distillation system according to any one of the preceding

cl ai ms conpri si ng: (a) introducing a feed of fluid containing

at |east two qorrpor'l%@td%tltllgtl&b%s%ﬁ bPA&m §%ﬁh&%nﬁa’n’1‘§in at lea t one hea Cﬂl@
directing the output feed he conpressor to the ?ectl I er on
al i gned vewtismglbeywasintah lcasich mhirgposEitic beitider sdogors amd epmerst&pcﬁtuoorwf the

stripper section to transfer heat from the rectifier section to the stripper section.

5. The distillation system of claim 4, wherein the heat pipe is oriented

substantially perpendicular to a base of the rectifier section.

6. The distillation system of claim 4, wherein the heat pipe directs condensate

inside the heat pipe to the rectifier section via gravity.

7. The distillation system of claim 4, wherein at least one hollow distillation
tray is located at at least one end of the heat pipe to increase the transfer surface area for heat

transfer.

8. The distillation system according to anyone of the preceding claims, wherein

the feed is primarily hydrocarbons.

9. A distillation method for separating at least two components of a multi-
component fluid feed utilizing a distillation system according to any one of the preceding

claims comprising;:

(a) introducing a feed of fluid containing at least two components to the

stripper section; and

(b) directing the output feed from the compressor to the rectifier section

aligned vertically with and disposed below the stripper section.
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