PROCESS AND SYSTEM FOR SEPARATI NG HEAVY AND LI GHT COVPONENTS CONTAINED I N A
VAPOR M XTURE FI ELD OF THE | NVENTI ON [ 0001] The present invention generally
rel at es twoepanaioson of heavy and |ight conmponents contairfusSdotil04@&9I%apor

m xture. More particularly, the present invention relates to separation of
heavy and |ight conponents contained in a vapor m xture according to the
boiling point difference of such conponents utilizing the internal energy

of the vapor mpﬁd{F ﬁw apor product
stream containing I g% an eav ﬁ&ﬂgﬁgﬁ%@%ﬁéﬁgﬁgilﬁfch conponent s
need to be recover &IOMP%%T&CMWINED éNAY‘éPOIRrMXHiUBE the M xAl coTM
process produces internedi ate carboxylate salts fornmed from carboxylic
acids from carbon nunbers of C2 up to C8 and hi gher. These salts include,
for exanple, salts of cal ci UMEIGdOFUFHE pNYENTIQN, or ot her ionic species.
These car I I o nt o

S| urr | es [p@ﬁ]g gtahF P?esegl},t Zl’l t?on %eXergl?y reia%e%(:[io gengliagon gfdhe an%q%gﬁp% Og‘?natﬁ es at

t enper at woeminkd o ‘aaboumxﬁﬂé) CMbm mh@utarlﬁ&ﬂ@mndt I}DIV(BBISI]I radgesfto @epaaimombf 15

i nches of_nmercur acuum up to about 2 th a salt resjdence tjme of
bbout 5. 5t Hegd iRl SRatE dh acuBEh Potlsschefr s o (FEbEEPEBabl Bt e
sal t s dechfipone of aicket@petapolifngthe Gierhd) eheky chd@ponmidpat. and bypr oduct
solid carbonate of the ionic spe&bgﬁgﬁggﬁﬁhged in the salts. Process yield
to ketones is favored with | onge i i dence tinme and shorter vapor
product riegdens thahy pecsB, d VABHpro@st (ko R8in g dichORA he G cBibSIARM OF
carbon di oxi de) can be introduced |nto the reactor to_sweep .the product

or gani ¢ ERBHEd othiclosonpneaetaaeeddp be rerey el ohieRraicd PR ol pradhce ti me.

[0003] | nviixnaQi™ ipRReds REARES ﬁl?e?me(ilg't@ RRSRVAL Ya B TRACH GORSERBXylid acids
i mredi atel y condensi ng the product vapor to liquid. Such operation resul ts

in the hetm eFbaupmehtsnel ohubé qY aﬁde}ﬂ@b@reahqse) tsi inglude. Egorpmplewaite pf

Fur t her mgRiun, @ocﬁhﬁluﬁ&bs%ﬂﬁl Wheme: 1@m§‘éﬁé’cﬁ)esg%eéesca%‘iﬂaﬁe‘%al?s' e 'cf}rsttaﬁi‘%ecf enoval
of the vapor fromthe reaction zone, sone of I ght condensabl e products
are carriad drin¢ ongpncereatesontesivmaics. orheasalis al@sthen umute@@ ¢ kgtopke riagtor that

t enper at r b b to
R L e R L e
an ext er nadhey efoérbey viawman tadoekiut Bmglwndam@akyyesslomem)e qfsbmeéd@daomw(separ ate
the Condenﬁgtgs h}kgﬁeq%c%? %1% tlo\%ltgpgaréwatea&ﬂs dg %’M troqg% %@)&WS and
therefore 1Ncreases tn neede A on process.

| n order tb€l5eddos niinber m;lsbypfodh@WOM/\ba:rbgam of tho lrmmmrpdslps amhmadanahe

equi pnent_and, ener ften i de ow,.t e rature or even
Farr gor a0 RERSLAtT KNS R FHh T B R P S B BN B
schemat i gabduyt ichilleist nmbesxnamﬂu garse{mclmas ﬂﬁykh‘mgenpﬁv@t@ﬂﬁﬁarﬂ or caslmmaﬁ@hdd) gaiket ones
and ot herb 0%9 ni ¢ .mat }tl g uct m xture. 'lilgf? roduct

m xture 0§ HFEFCIIRN etr(?acéork%t*?fﬁ“é” %B&F‘éctt PERAME SRS PY T BiSrFse OéatP The
vapor st rgiaiigngd vipopresidegeckigteone reactor is condensed at a tenper ature of
100 to 250C in _quench condenser Q 2 and becones stream S-2. Stream S-2 i s

further d8¥Pkd ¥ fradifeng] rl?r%ﬁaseﬁ%f‘ewcwezy p5thed S 4y pngdiatels CRCSIBg |t he
heat of g DSRAVARR 1 RJuRE t REh LPerSRR rbRils Hathe heat GPOAGARRHNI Ueidirfisctb) St ream
S-3 are collected in vessel D2 and then punped as stream S-4 to downstream
pr ocesses? SHliyeegitenaials Birthearars-is sitigiebic g onaemstss mod tagidjndhehi ng
liquid. [000R1 oYaROVot Rek tﬁé Qcadln SARASHSEHT IR 1gh? cHdckallc Fr&1ueQNke tO the
vent systemas stream 512. (In Figure 1B, vapors that are not condensed in
Q 2 or E-arrigd éhrgeghtthe epndprsatjerind 495 tualereyaaenie aemisraurys fe waplyepidhe in D-2
o wpepar bk AR PURE GG bRUELE Hefr bl AN E (PLARNRIBuATERELL, Lo
downst r eam conver si on I'nert gases are sonetinmes I ntroduced i nto the
ket one r ebstilemont wwei miithi anecxpapdrrebaki denaeadditrmabenterdyascarcehes desded hent al

ef fect of S

condensed e%ﬂ%ﬁ%l égg&ngéael% gl% f&ul@ W&gﬂtg@[ ;gﬁéiogval\s@ggﬁ ot Qgﬁlxt}gl[ngﬁ chllgr?ciacover y
syst em ( sharefarmifSsrdR}s thémyownt gﬁmergyvr&pftﬁdsn the ssnaraelan‘p&:m arefdsnatmredluoe a flare

system a t herefore | ost suc oces process
o711 o endlt iyt erEY A Gabephag S U oFHEP e PR BT B Ron Hhursf e

i nt er est providtelvelt@pparaiii odsvea nelrigyrsted oandtawdif doadieods y and ef fectively
separate |ight and heavy conponents contained in a vapor m xture. SUWARY
[0007] Herein disclosed is a nmethod of separating heavy and |ight
conponents from a vapor mixture. The nethod conprises a. distilling the
vapor m xture into a first vapor phase and a first liquid phase; and b.
condensing at |east a portion of the first vapor phase into a second |iquid
phase and a second vapor phase; wherein the distilling utilizes the
|nternal energy. of the vapor nlxture In an enbodlnent the nethod further

o o, . - Y 1 o, o v



[0008] In an enbodi ment, distilling the vapor m xture takes place in a
distillation colum. In an enbodi nent, the nethod further conprises
control | iwg 20ten1g0e6unt of the first vapor phase bei ng ce®cdarssedosesv® a
reflux liquid to control the tenperature of the | ower portion of the
distillation colum. [0009] In an enbodi nent, the vapor m xture conprises
nore than one type of ketone. In an enbodi nent, the vapor m xture conprises

mor et han)gae tP%P%xQﬁplE}’FiQ&rléSli§‘s&f%ﬁﬁﬁ@aﬁl?chl%%tegOanptﬁfb‘ﬁﬁ%knd% BRcarbgdi ment,
the vapor mxture conprises nore than one type of Fisc erTropsché?enerated
gas conponiaiating katoaes aatothel regaric nakers viapsrpompiaduetenisonpr Theegparareduchan one
type of Ga%.FORRARANLNISNEANRchRaRnObRERRS hARLLONT SneIBYFTFLAR SPF OCESS.
In an enbodi ment, the vapor m xture conprlseg nore than one type of gas
conponentfrage therkatogel rdaptoniscoadensal- 4t iadempkraomadrl §9 en2 Pr G sregeench pordrnser

embodi mend o £,06,4ARRI LIS © ORI 65 1/TRLEINAN OREC (Y BE, B PS> GpTPOnent
generated in a gas-%o-l|qU|d conversion proceéss. 1I'n an enbodi ment, T he
vapor m xtretuee stogapr §-8egitlaalh Gr-heaetact dondensatiee pejgasd tol evoingreacadamdentstie

non-reacti ng, swe conpri.ses. nitrogen,, hydrogen, steam. or on

G oxt de. BB of RS 3BT HoERR ™ MESHERR N PR EYeR el S REC i ng
the firstdolwingittagh pbeses drire@yeleenddasiciB-5 tdigatichl doagens@qDH2r &squractaaieli t i ona
heat inpqt..[OOll] Al so disclosed herein is a nethod of separating
conponent U¥ontained in a vapor m xture having conmponents of different

boi | i ng Qei0BE S, VapORPliat SicMPt Gond€lissd inl Q-2 RYEINGe VPRI thdoht tfsRn Adts@edin Bl r St
vapor phase and a first liquid phase; b.. coqling at |east a portion of the
first vapor (PHASEe{ B: FPed s 2k "ObeUHErsPY Hildd 9 haseeant taths Se8 A Srapor
phase; andefin SUsH NA Rhted pRSE 10 DNONE kParaRld ddaepdrhfedtto | Giicd SPIaSAd tiRe absor b
at | east a%BPrtlon of the second vapor phase; wherein the distillin

utili zes DEPRICE RepGRAL0 doMESHGD LORVEE IaRSor D) mlBarugascsatia sPagiingseigtrodice

addi ti onghiohakerd RPhctor] 9 digimitdvapbr REREHE TR but hiG MBIRREhchil ELARE of
conprises cooling the at |east a portion of the first Iiquid phase prior to
usi ng it pgieasivgdhhameunt of lipltzasganic ypetsi Bt ¢ netreondasghwhigh fesive pitidee |1 n an
enmbodi e _ fur | {9 N :

portion g%nfh%ﬁ?¥§%?%'ﬁ&gf%p%ﬁggggg%%igﬁﬁglg%?%%%it?héhgﬁmggggﬁﬁgﬁB%rtion
of the setreanm Svidpuoe squhaseflare sydtem dind tiiclthdrefgredossp Thenefoan sedhodivnmngess t he

met hod fyr [-S i ng anot her portion of the first vapor
phase inﬁ%ggs{%ﬁ%%géﬁﬁgﬁWﬁﬂggggg recycled to the distilling step. [0013] In
sonme casdsioct heswaapot, thesctisicantiovinp neslesd noerest ttdrdevelbpendtlygde awf sykeetmeme. | n
sone cases, .the v r..mxture conpri.ses nore than one e of

oyt ol yer sty al SRRt ot AR Do b o PREeL U B mixte
conprises nore than one type of FischerTropsch-generated gas conponent. In
sone cases, the vapor mxture conp%h@@iéﬁgre t han one type of gas conponent
generated in a biomass-to-liquid c n process. In sonme cases, the
vapor m Xboere GREpiidseRsdibikan dtidd viacpypmgafeagasnd UpREPongeNeo@t£d in a
coalto-liquid conversi on process. Ig,s-ne cases, the yapoarnixture

conpr i ses*RrBXtfan srBCthsARoMBrisg s ’éiﬁ‘i‘ﬁ%ﬂ’@ﬁ’@‘ﬁéﬁé‘ﬂl&% B 7 Hrehvagashae | i qui d
conversi Qid RrisesRid PRt 4hd bR 16BN portibie oF P Afrst VagdrphescCigidRd | ses a
non-reacting sweep gas. In sone cases, the non-reacting sweep gas conprises
ni t r ogen,Seipdrigyinbhiass anht serong yppRIrPhaico RThgEsIn [I’G(ﬂl%ﬂ”“}gnut&ﬁe%ﬁ’ﬁda'ie%ht , the
met hod f uhtBeLr BOVRFdrIRiRuEO! h @k thBOdike:, fhkMmdthddl fakhd c@tlﬂﬁi%%s c |l Hilidfg at

enbodi ment, distilling requires no additional heat input. [0016] Further

di scl osededies perHon of the &ips g phase sephaehtat Kgstharvend dhel seetid vererpbeent s from
a vapor m T ng@ I Sl i ‘el n the
disti||a??éﬁﬂégsﬁ%ﬁﬁ?§&§%ﬁ F%Ure I?§§6%8%&cebg!%%*g?mgg%gﬂﬂ%%gggﬁ %@ean1and
a first IphegirdiopwagBizegietarborly thetah bast aportion of thersecandivieparipheset hesémg er nal
ener gy of - Vano ] re. ser ip.n.t I

confi gur e b'lta glmreglg’efh\?erﬂl 8{;{1&&] @gg% ‘gﬁg’g{?%i %nre%%ﬁ?é;]g{eﬁtsl %ggglgl %E%Zs%é gttStr eam
from t he lduslt phascatficon absirbmthe anidast @ pportodwd ¢heasesd onrporviaper to piadigtiling eam and
a second liquid ase _stream. a vessel, wherein the vessel.is

cont 1 gur Pt g PLIRRII R f R GBSO URP U PERITRETH TR at on
col um. [v@pdrphaderintan refiadduitdanbe recirdedsty shcadBtillietshepr conpri ses a parti al
condenser, wherein the partial condenser is configured to condense anot her
portion of the first vapor phase streaminto a reflux liquid stream and
recycle the reflux liquid streamto the distillation colum. In an

enbodi nent, the system further conprises an absorption tower configured to
recei ve the second vapor phase stream fromthe condenser; receive the first
i quid phase streamfromthe distillation colum; and allow the first

i quid phase streamto interact with the second vapor phase streamto
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[0018] In an enbodi ment, the system further conprises a heat exchanger
configured to receive and cool at |east a portion of the first liquid phase
stream awo20ed9G0ke cool ed first |iquid phase stream t @CThS2@boes5ps i on
tower. In an enbodi nent, the system further conprises another vessel
configured to receive the second |liquid phase stream fromthe condenser. In
an enbodi nent, the distillation tower requires no additional heat input

[ 0019] " | fodag equﬁl'el'ﬁﬁm1meﬂth<%stﬂﬁﬂ%@ig V%ortntﬁkt%rréjﬂa}%e%lp%g'irﬁa uRAARS chRifnener gy
expended to separate high ecular weight) products or organic
conpoundgnfap smbodimentir Bethed surther mmﬁptcmﬁﬂmeﬁmamrwt &h thenfysidyapent , t he
met hod of hlérge'b%m% c%ﬁ’(!leﬂ rlﬁtoaalrg )fiflchf? (%Qﬁolstﬁtpf% Eﬁ%r@bﬂtﬂew B Hff%? or
organi ¢ conpounds to be cool e used as an sorptron | ui recovery
of Irght1@&@dﬂbﬂen@ﬂmnmganrc conpounds fromthe non- condensable gas
stream t e St: r e d u be
used as AP0 i ShEGIMR R iand Shishe KRR BRI St il

cont ai nedlniembbhrmmﬁﬁmr\&permmdmgommeesmeteehan c[r(é()ﬁ&] oflpryrcaymsegﬂneldiedgms t he
met hod of this g fclos ﬁ élde di s % t g? hI\/Wfrom
the | ower MV E8hpddhds™d nre. 2| r?gvaP?{em‘ﬁ at Coé’rprlsﬁsemPrﬁc arlﬁoﬁla Yapor §7 Y hus
nrnrnrzrmgq@mygaﬁdn&igmabn@nﬁmgylﬁemumbeﬂmem heahp@h@mhomeampﬁﬁﬂzﬁieIf t he

f eed reac ener tln the multi-c ent vapors, requi.res an inert gas
barge + o i st ftkore eSO AP PO Mbro AR BSkvt brochs Do « Con of
the iner terrﬁwleangae \rap@rrrma@leesco&rhﬁs@merhaﬁfoné tygblbf s gapencaOrROWRA S t hat
are carried out_ W th non-condensable g P@P%ﬂwln t he condensers (stream S-12

in Fi gur & PAFOAUhCIREHPR ETCRSHP By B's 1CafBOHMBLUS SOPRTF M ency. | n
an enbodiRNéne fPE ofBhd @@inpctneﬁthgesleﬂteaclhoas Bdsero Uil Rscrtib® phRicak. MY gonpounds
that are separated in the previously nentioned distillation tower as an
absor pt i sibpfigeat. ths VAR ERIBIU HROMIBHES MO EAEHNE SHSIEBU NE SOME BEL: e non-

non- condgpgahd §m£ﬁ%%§xﬁﬁ9mé%@hﬂm£Q§&%§m1@Qﬁnﬂ§%9%§ﬁ§@xh9“/NWVCO”DOUHdS as
wel |l as the hi ounds are then returned back to the previously

ment i oned'dPkt ilp rla@mbmhm@wethe mgthod Egthoiegopprinescebseting e diy liguid pheseeds yi el d
and effi 0] nmet hod of this disclosure
reqU|redQ#%g%X?F%gf%%&%ﬂgﬁﬂgﬁ§?#%'lﬁﬁ%ﬁﬁ§%&£§tmnth a |larger external energy
source/rdwbﬂ]ewﬂﬁndsegedémenthe&m@h@bnﬁemmhhghmamwnmumpwwwmnbmnzwmor

fgggganZFé%ggﬁ% ﬁ%e% O%&né%?ﬁ?%ﬂ%?%oﬁméﬁgﬁm9¥89@ﬁ % [o] w%¢! anDu t of | ow
MW or ganimgisturomto afitsh vaﬂw ph@n -a0d rad'eﬂslalluidephasqa(br sodalieg @i feed aanbdndnl dribd

equi prent,. and _ener qy, co to ut| |ze very lowte nperatyre re erat ed
candbnsaan st BRkeS i FROMRLY i bR Bt AELmRRREL o
vaIueblelﬁmgmpmﬂo@ammeﬁmommﬁmpﬁsehrﬂmmmhmbagm1mﬁndemﬂ&hkﬁnﬁampn$hmmuId have

requi red selectjo le |lo volatl sol ubl e hydr ocar bon t hat
Lo bel DR Ffling sl A0t b B S bt e eeh e M SER B 1 e
absor bed adaipoti=3 heaachpaf | ow enough volatility so the recovered organic

conmpounds coul d be vaporized fr nrth sol vent. This process wqul d have
requi r ed [4HZhddp #7 R lee&ég% compripg ot ottt patel ?ﬁt{%

addi ti onairstaRRidt fHascCRr td antl%:e t@ﬁ&@ﬂﬁtﬁe afl 10832 8] o#tidn AN t1RMBEMAU VRS, phhfee rret hod
of this disclosure reduces the anount of energy that woul d have to be added

to separ dfén FNBPIRAY. the@eihpd SpgshsenRiBeib a%rshrtgﬁa% atdeast Lpnftion ofehe finst a

super heatigdidBHald afeP ROASH thY aPRAst atpofRRMof kile s’é&fﬂd%?& prdeSto BiYe &r&mimgzl ng the
| evel of superheat and the heat of condensation of hi gh MW or gani c
conpoundsitephat anpgrebogancst, ah@@etb?fkfuﬁéerrﬁpmpﬁsqa GpndspengInether myoe@@hg brat ed
in the kekg&gm&gq&ggq%hmgﬁgquF éﬁd&ﬁ%&héi ure uses that heat for
the drivin nergy in a disti ation tower erea this energy would

nor mal | y 3] ode sime ¢ thagapwmtnektubrecmprisjsaeaeri gran opO 26 pf katonen I@ﬁfimfdi rrent
the nmeth fqth [ u S e n I

organi c 3%“§03%6§ qaﬁﬁﬁﬁéléﬁ%ﬁgébggﬁggﬁﬁl P@‘%ﬁ%ﬁﬂ @“8%“ ﬁg?%%éﬁ gas purge
stream kbnmcmmevéssmmaS%bytMSvn@rmhguse@mmmEeﬁmhmgmmhwmnbgamfEucmnpounds
as an abslora[g)scfl Oe erat ucf dastcO aQr?eo{ bIn some c'a st MNI():Or Ir]quom r?sgs] rthe t'hnert gas
purge stre urh CREM T or recovery ckPt'o cess. rnally
this sepajnattymmfvgamlcdmp@mm ga@cxdansi b,iemsztas il1qledabn‘&rs1mpkoeaser Gy soh®027] I n
an enbodi ment, the nmethod of this disclosure al so reduces process capital
costs in that a separate absorbent qgrd and separate absorbent recovery
tower are avoi ded since the high b0|I| g product is used as an absorbent.
In addition no high boiling product is lost in the process of using it as
an absorption fluid.



[ 0028] The foregoing has outlined rather broadly the features and technical
advant ages of the invention in order that the detail ed description of the

i nvent i orwohat2/fielobows rmay be better understood. Additi eealUSE@awsses and
advant ages of the invention will be described hereinafter that formthe
subject of the clains of the invention. It should be appreciated by those
skilled in the art that the conception and the specific enbodi nents

di scl oseqaw@,%h%pfuea@!&&rx c&%ﬂisiezﬁlgreatﬁa@onfaaﬁae%ffg%rcomb@hény'Fagra_@erd if§8b4Ni ng

other structures for carrying out the sane purposes of tThe invention. It
shoul d altediqiid coraglsionguodsss. tihewae edees, thedapar mikgresgompribestmoseithhn eepiiynal ent

constructje L Raditin § oM tRG i SR dr & ope of the invention as
sot fortf %%Sﬁoﬂ@og%pé%ge?dé?arg%sf) %&id%g %éééoc%?‘g‘ﬁg%\l OF THE DRAW NGS

[ 0029] Forl0"H4horle agenbidimentdbs ganop mivdwe ghbmphsss pmefi-eqartat serebpdisnemsond  t he
present in Lon, fer e w1l . tQ t acc i dr awi ngs,
wher ei n: cf%g%% | grﬁécglngﬂ‘%ge%ﬁg%%n?pé g%"@@? eﬁﬂl&ﬁlrpgt@ %ssggmtﬁrrc(rag}éﬁ @)yé_x El%'own
process ([prispr Impt cipb@iiess,)thd methseé fathat dongriketcolesingthd foit hignidphganic
matters in a,vapor. m xt.ure. [0031]FEi.qu Bis a variation of the prior art
process §§e§ﬁ8&ﬁwP%H%¢“ﬁﬁgﬂﬂl@If6%§5?¥$§%%gmﬁA is a schematic process flow
di agr am ifbd16pt Fatthdr@lisalopddieesisisfaGkstse parsaparatthg heanana fightlcogbbnedgfip@nent s

froma k%kgne vapor 'xt%re i n_accordance with an enbodi nf.of hi s

di scl osur aPYOBA i Hlirasto PRy &f PSR i man VbR el daic st

process, i BordigtRldapauid 4 ArsetapeipRale Sidin &fd 4 hissliglii® phBs Wi@m from the
vapor mixture utilizing the internal energy of the vapor mixture; a condenser, wherein the
condenser is configured to receive at least a portion of the fist vapor phase stream from the
distillation column and to produce a second vapor phase stream and a second liquid phase
stream; and a vessel, wherein the vessel is configured to receive the first liquid phase stream
from the distillation column.
[0017] In an embodiment, the system further comprises a partial condenser, wherein the
partial condenser is configured to condense another portion of the first vapor phase stream
into a reflux liquid stream and recycle the reflux liquid stream to the distillation column. In
an embodiment, the system further comprises an absorption tower configured to receive the
second vapor phase stream from the condenser; receive the first liquid phase stream from the
distillation column; and allow the first liquid phase stream to interact with the second vapor
phase stream to produce a third liquid phase stream and a third vapor phase stream. In some
cases, the absorption tower is further configured to recycle the third liquid phase stream to the
distillation column.
[0018] In an embodiment, the system further comprises a heat exchanger configured to
receive and cool at least a portion of the first liquid phase stream; and send the cooled first
liquid phase stream to the absorption tower. In an embodiment, the system further comprises
another vessel configured to receive the second liquid phase stream from the condenser. In
an embodiment, the distillation tower requires no additional heat input
[0019] In an embodiment, the method of this disclosure reduces the energy expended to
separate high MW (molecular weight) products or organic compounds from low MW
products or organic compounds. In an embodiment, the method of this disclosure also allows
the separated high MW products or organic compounds to be cooled and used as an

absorption fluid for recovery of light products or organic compounds from the non-



NOTATI ON AND NOVENCLATURE [0034] In a general sense, the internal energy of
a thernodynam c system or a body with well-defined boundaries, denoted by
U, or sorwOi2oed1doei s the total of the kinetic energy dRETIUS2011®46508 | on of
particles (translational, rotational, vibrational) and the potential energy
associated with the vibrational and electric energy of atonms wthin

nol ecul es or crystals. It includes the energy in all of the chem cal bonds,
and the %ﬁa&yab@ %Jsfx?reatrﬁ B WOARCYGLL RO LRIBEHE Morl Lol Al @&o%w@é ener gy
does not include the translational or rotational kinetic ener a body
as a wholuged s fusken butesl mra flgret Bethi of|thesnatiige the lsoddgy aeryainedia ecf@m& of its
Iocatlonfhﬁlﬁ%hgr mdravitational or electrostatic field. Internal energy
is also call rifsi ¢ energy. In this disclosure, the internal energy of
a vapor riheour én pefearbedinent Hee methad Odethm Id@cllosmetall@wssﬁerogn}dediisilladon h& notion
of parti gl i I t t .t h tential

ener gy agléq%’f g{\{]gﬂﬂ ﬁ% lé)h% h\/}y\{a&a I onal tﬂmcﬁl % ?lro]%tlh)éﬁ%r leg %pg{goﬁsg W thin
nDIeculesnmmmzmgamduMnmhhenmgpumumMMbmmﬂﬂmﬁ@@@S]|n this dlsclosure | i ght

and heavy nt re gategori zel in i.ve sense .according to their
o 11 g JBPATE TP B, Rof hGrb oSG ol Ml sty FophR REHAS BT Sher al 1y
refer to mtdesbawe@stht lpi:‘ddu&taﬂ@nloomms lFaint the Geqetuir Nths addideh by heatampENENt s.

At a given pressur her | ecul ar wei ght subst ances enerally have
i gher o NIRGEREY s SpRAR SToTR W LbSradS T BE Rty Snar Th ny gher

:WV _alnd I Q‘Pﬂdeﬁﬁdime?ghbésltlﬁmﬁ‘eﬁ&gg%ig&ﬁcgstie@mtﬂﬂm BEFiBure h@mmlaih et |11yhb<§tﬁ‘ ygald ket one
amly, CcO am rtraln terns are us ugno t t
fol l owin Osdé%‘g rp.rdeHefﬁﬁlan%ﬂ I ﬁ%elpé 4@?@ ﬂ%ne&aomfctﬁwﬂ%@ nent s.

Thi s docus@antivl egspdialis 1h5}tta@@§ie ﬁﬁte@' i eGSR PEEMREN GMTRABE iwer amx di ffer
in name but not function, 1 ! nthefollowng description and in the
OW: p

clai ns, tHEPENFNId foRbserlit OEEBHP CPBPIGYs Hpe hseen-sardematipsncended
fashi on, aﬁ@qv&@%%se%hqqﬂeqeé%@erww M\@tc@ﬁilp&ﬁldgf%%eu L YdnGw Bthpflis | 1 m ted

to...". DETAILED DESCRI PTI ON [ 0038] Overview. Sonme enbodi nents of this

di scl osuree then |r¢tz@e<i hecknigathe pwatoumlm%tlwdl Gyillation st &isaedveny therckhe heat
source fqf, paratd.on of the light and heavy conponents into
hi gh noleéﬁ%gr% %% aﬁﬁIFgM/NMVconponent streans. Sone

[0022] The problem before the method of this disclosure required installation of a
distillation tower with a larger external energy source/reboiler to separate the condensed high
and low MW organic compounds. This increased the amount of energy needed in the process.
[0023] Before the method of this disclosure reduction of the amount of low MW organics
lost with the non-condensable vapors required additional equipment and energy cost to utilize
very low temperature refrigerated condensation.

[0024] Before the method of this disclosure absorption of valuable light organic
compounds from the non-condensable vapors would have required sclection of a suitable low
volatility soluble hydrocarbon that absorbs ketones. This solvent would have to be chemically
inert with the absorbed vapors and of low enough volatility so the recovered organic
compounds could be vaporized from the solvent. This process would have required an
additional separation tower to recover solvent resulting in additional capital cost to the
process.

[0025] In an embodiment, the method of this disclosure reduces the amount of energy that
would have to be added to separate high and low MW organic compounds that are contained
in a superheated multi-component vapor stream. It achieves this by utilizing the level of
superheat and the heat of condensation of the high MW organic compounds that are

generated upstream (in our example, they are generated in the ketone reactor). The method of



enbodi nents of this disclosure utilize the high MNconponent streamas a

| ean absorption liquid in a |ight conponent recovery absorption tower to

i nprove pvocerdiefobi ci ency. I n sonme enbodinents, the PCT/US2011/046598

l'i ght - conponent -ri ch- hi gh- MM conponent streamis returned back to the

| i ght s/ heavi es separation distillation tower. The benefits of the disclosed
process are inproved energy utilization and inproved product recovery. Note
that al t NeYaRcbfe RORRSRal ok HRIEALEdnIE! & HAGRIHDLIREPAHGES il 0y

ket oni zati on process that enploys tRermal conversion of a m xture of

car boxy| araldedrmslly beips ih gooling en@ehpabmeytles a exanple and it should not be
i miting.df VARRL glbtttﬂtmcma R QORI @sﬂth@%?ta%f ifgperi bed
herein are generated 1 n nman rocesses throughout 1n dust ry I onmass
pyr ol yt i dlooenMWs deasic CFmBQ‘lhléﬁ thit wpsldtbedmwewidowhqn e ot et 2B presSs-
gﬁgl);ll ?T;n?rgﬁn tIﬁaclh eggsl tﬂlstbh %% q? he &9 55(? fng ?%aﬁgcﬁc%o I*nggg ln %bg?(rzf grﬂa

sonme enbdtiidrenibsqrb ttmmg\haw canp(dtmdsefrmo mtmrma'egasmurg strb:am am:hetunytiEmdbr
pyronS|s enerated as ¢ m xture
o sedoard tiHatt BhEroFSRaCaRT P HTRARRen bONE: Soab A B iGhent 1 n
sone enbaﬂdamﬂgﬁ t he vapor m xture conprlses nore than one type of gas
conmponent _generated |n.a bigmass-to- onver si on process

oo o8 R 55 Sshieifeds (F e b e IpRee H R O TR i ae®
conponentin @&lﬂers%a@de bssobefORfuid rd deflathid dBUIRE SdcOVErPIRGe afe: avbllled Gifite

enbodi nmen e _vapor mxture conpr %ges n&Le t han oge type. o

conponentﬁeg@ﬁlép%t l%phﬂuelsgeed 0 AeATRerE IR ¢ &G R sl beiling prPﬁu%ﬂe@t in

enbodi menhSprobdl€oMARGit AiaX bbofHtHRMAId Ses a non-reacting (inert) sweep gas.
In some cases, the non-reacting (inert) sweep gas conprises nitrogen,

hydr ogen, [0028 2 rhhe dregosedion owlivsyirater bF‘B‘éh’G]le fepturh anshiseicaladyantages ofthqist r at ed

in Fi gur enlAvioRinPs@&edis the rdet'éﬂ‘éaadieﬁéripﬁgn Reayinddoh 'ttﬁhtfolﬁ%ﬁﬂi}etﬁbt Setfef OM a
ket one vapor m xture, as an exanple, conprises distilling thé vapor m xture

into a fiunderstoethohddipaslefoatigs and advaitages gliihg inyeatios: Wl@&ftdjét??@b?f’gheéftmqf@ast a
portion Qe i d &Blec ARV 1BRRSENL M Chun S REANAY bd HdlShaROBS BoANdiRa gpCONd
vapor phase; an |2|ng at least a portion o e firs _I'rquid phase to
absor b atthd ahthat the portrtion agf the NeecEie cobddinape disglpred enay Phecadidy wiillzed afa t hi s
process af S e 41] e r eam
(Stream %-3%5 (Eoef I%drl&glg A? Je?lgﬂpg &%X\{'C?Lé‘(g@eet% g%lé§av r&é@;@ﬁ% IRer g%soefég'gf rom a
ket one reauehunn |Itssheldctalsd)benehi¢zeébby thosm skiflledlingbhd alrt thausmh dqoiwelent Torktrwdione it 1S
cool ed aqgrp eng&gt%t i € qg $ 486 Q%mk8r§“¥¥ tlons ﬁn h both Iiquid
and vapor pP ]tﬁg % w@? R COVEIE K one s M Tower T-2

al so enters the bottontof Tower T-1 (Stream S-15). Vapor fromthe top of
T-1 (Stream S-2) enter pors are condensed
and collected in Accu @ﬁﬁ%g@ﬁS&éﬁtﬁ@#@@#ﬁ n the ketone reactor
in suffiqoeot qéanihiokd @failed 0dsbriaigh@Ohs pasfiche c@Bodidehtiof ticrbas@sntigay be

present in the c ndensed | i gui ds. Condensed organj c phase |iquids are sent
back vi a "PRiTRCePYiS npy be ads g esaP%Pél&)a@fmgrdriW%S gF‘letﬁ‘x (Stream S-4) with the
bal ance gguab; t @1@?@I@%eﬁﬁt1&ﬁ%ﬂﬁis{rﬁm RFRAEBE RS prbERAPriST drl procdsPOBL]
Aqueous phase liquid (Stream 5-10) with sonme dissolved |ight ketones are
sent to a°PFging kglehesmad pleprgmc 1&3‘?"8‘6%@& VaRfiEBffdensed vapors consi sting of
inert gag@sipndiddrdht iseel.Aneh AN &fogat@b&c@s@ap%@qsn fehfeqam S-12) are sent
to the bottom of Absorber Tower T-2. Hi gh boiling ketones and high

mol ecul arl00&& ghiguraRe ibp gelivmetic pippest Hley digesans dsirang d RIPRESY Bav@arrber T- 1
as bott ong,) a@l&'h%% Qé%ﬁcﬁl% §orﬁ)ak9{ n&va erﬁfx%? AW drd AL Jich & SfSHITHLRLPT D 1.

[ 0043] The tto Tower T-1 fstr S is sent via punp P-3 to high
MW ket onghistliselagpee.( St ream S-6) or to TrlntReb0|Ier E-3. E-3 supplies

suppl ene ontain
sufficieﬂ@g?eatg¥b g?%%Qgﬁgﬁggggﬁgw%%ﬁ%ﬁEQﬂgﬁ%’r§%§?ml%x%%mg%hgﬁgfgedraw
hi gh MWV leetbodieenicd]thie disddsuire Accunulator D-1 are punped via P-1 to Cool er
E-2 before they are sent to Absorber Tower T-2 (Stream S-13). [0044] To
summari ze, as a result of the above-nentioned design, Tower T-1 is used as
a rectifying distillation tower that separates incom ng vapors fromthe

ket one reaction (the upstream process) and recovery tower (Tower T-2) into
four streans: 1) A bottons streant(S—%? consi sting of high boiling ketones
and organi ¢ conpounds.



2) A sidedraw stream (S-7) of md boiling ketones and organi ¢ conpounds. 3)
A condensed distillate product ketone and organic conpound |iquid stream
(S-11). 4ayoAoizghios stream (S-12) of ketones and or gani eCans20mam4@pgani c
conpounds that are not condensed in E-1. [0045] Heat for the rectification
is supplied by the desuperheating of the incom ng vapors fromthe upstream
process as well as the heat of the subsequent condensation of the high MV
organi ¢ conpounds that ar gcYEROREAND YAtOrEhe tower. Reboiler E-3
supplies additional heating duty if require [0046]) Tower T-2 (Figure 2A)
is used tl}P3dbsdn s sandtalrserseyvidie intprgdltenpigy @iﬁeéh@mddmlgarﬁys:temowp@DWSWﬂhat wer e
not Condmeééﬁhefa Boutd n;me@{eﬂ%gir{ﬁg h Sl BAMN ﬁ%s YRR dicks dicped as a
| ean absoption i'd to stri recover etones and. gani c
conpoundshd motmntdf eantlolns @@mﬂ@nsdbb@tlgats @i)rdtnomh EdchaprgatialEendrgy E@@dmd The

hi gh-boi | | | un re. cool ed
in EXChangglgﬂlE%b%lttle%[lg%] el%%?@%?e? %sastge hy IE)H oleP Pl%s grsérgs%ﬁén Ifln Csl%rt 50 Tower
T-2. Vapensgnot alb@fnhifdsm(tba] onks, hnd ﬁreremagy & tlh@)“reeend)rellucttolnelebml’rsomtauge of
Tower T- r in r r. Ki ng to us he cool ed

i g v RBEGRecTerey e PR, B Bl 6 risP el chpbihab B B he
non- congaﬂ@&bf Imem&es a@nlbc&énunlgenfefgym tamymmyL}av@beoaasz ofﬁi@ﬂboﬁﬁmﬂlﬁnﬁ?biae gases
stripped of . nost or anic co ave the to tower T-2 and are sent
o vant el HORL Todemerite FROnRIR B Gan ol Gt IS £3abod S8 1§ ght
or gani c Qmamguadﬁe metrtal éﬂ@%ybﬁhtvﬁ{mrﬂflxthl@\ﬁ&brs-fo the (dtal bB)hcandtiatRr Stk td o the
bottom of tower T- be recovered %%K%a}product Tower T-2 also has a

bot t ons rBCPEQH Oépﬁlaﬁle%%fl%arﬂot@r&)aﬂ?% #4 thepgtengpl REEHASPFIER £ r om

t he recougethe KeSrRRRalVAHAOKISoiric Snefy’ §Sbihs Hithiht mble@l1QTcoh@NRY if i &pdr USI N
hi gh- nol ecul ar - wei ght ketones as a |low volatility absorption liquid, |ight

ket one vAPSHE- in Stream S-12, that would nornally be |ost or used for fuel
val ue, é@bsg]ecql‘{ Qi€ iseSsuld, Qfélﬂhc!md ﬁ&@}ﬁ%mﬁ&eﬁﬁ‘ 2RDRALARAtn 2R 1kild Uskd ated in
Figure 2 rocess for separatin eavy and |ight conponents froma

ket one vé@ﬁ‘éﬂfdlm sot theie b@lbﬁgapwafés Fer %ﬂ)PﬂtlFﬂlﬁgVaPWemvi&m rlight sompoaenisngegerally i r st
vapor phg nkdshish nd nch€ast 4 of the
first vapgt?“%@g%sen‘lgéﬁtto adggd&%(?gpﬂggmg& asgﬁ}gr}gmgé seetgond glavgrgélteés IIa%se and
uti i zi ndhigher melagdar avegaht (NTON subbtandee g¢nm§¥ hinjechighdr phlzngepoings thislowtr MW | east a
portion L\$w O e I

descri be?f{llﬁsga:ﬂgﬁshgség Qly ?868‘4@? rﬂ@ graleﬁg)% g(?rpt‘&lr a V%B%tgﬂcg f%elg %&1 (?gagiﬁ% 5-1,
conpri si ngemicy fami&{e@lﬁetk@tfmméy,wapmﬁ@na]yd | nert gases) from a ketone
reactor i ent.to the botto it cool ed
and conddg8q SR QT Ba s P%@P{ % it %Sﬁrsp“on aHdB b o786 P and
vapor pr gagitlai rs’nysttdme cbmpments[ 0([5@] dd%arn'entoﬂods heot viafead t@hﬁﬁﬁgﬁlﬂﬂfhﬁbfﬁ)&hﬁl top of
T-1 (Stream S- ‘) i sen lgarttlﬁgal .condenser E-1 as Stream S-3 and part of
St r eam S-2MRYNTT Ht? d 8rnm3§m?/ WEpt i m s 8 to condenser E-2. Condensed

l'i qui d f rieoavE- ln the f1ReNH ®etriptod 4 1ﬁm|@c&tnaegﬂle@5nni“ﬂacla@ng el ton{pbsihgam S- 4)
via, for exa a tenperature contr lve ( . Condensed ]iquid from
E-2 is cdfWe éaaq R SR SHdoIB H oo Be Hft%rstf torfpgan, & %}dﬂﬁh@m n D2
conpri si Nghitch@ht>.(nmore vol atil e) corrponents (e.g., inert gases, |ight

ket ones and organi ¢ and non-conpounds) is sent as Stream S-12 to the bottom
of Absorber Tower T-3. The liquid phase in D-2 conprising heavy (less

vol atile) conponents (e.g., qangeRgespkSERMEIGAND Or gani ¢ conpounds) is
punped as Stream 5-10 via Punp P-2 and via a |level control valve ﬂLCV)

St ream S-18088k o eyiereSone e enineh this giselosrs ublizeltbe besethet welde g lost 0052]
Heavy conpong {8 & thd RSH %%c%t for Edi flaOOESp AL LIARE GichO | eave
Tower T-1 as E&ﬁ%tom; |’tqeu;ﬁ (Stream S—1 ? and 8r aln too E }?ﬁ rapecu ar - wei ght
(MY ket m@pa@wnmloahlgh nplacular aveaght OULW L ingle lopv- MWspoal_ppn@s sugagnseqbné zi ng
line, ens ngneh‘g%tf tﬂlé ﬂ{gélg u?é ﬁtﬁ%@fﬁ: hr’lglll @[\9[%'051@196 ggt?e'aﬁll afsraol@nTébJs%r&aﬁorp' 1
Alternatlvel SI tte ancI}apurrpls used to punp
liquid stquaaImnSe Egﬁtrcmmp%ébt trgoBry .abJmetion tqwbldtophras@ei mo@®sd effsiesent Ivi a Punp
E;/ér gZeﬁta{D?gnr%n%g)ﬁ?lmgrétﬁ’ttlhgs —colr(net On? Sl% glggo r n%%‘é@n S rga%ln}sprlét(ljl(r:neea% csk (e.g.,
to the lights/heavies separat10n d1st111at10n tower. The beneﬁts of the disclosed process are



[ 0053] The anount of vapor condensed in E-1 is used to control the
tenperature of the | ower portion of Tower T-1. As a result of this design,
Tower T-IwD=01e88800as a rectifying distillation tower thaCTaSpanasess hi gher
nol ecul ar wei ght organi ¢ conpounds fromthe | ower nol ecul ar wei ght organic
conpounds that are not condensed in E-1. Heat for such rectification is
supplied by the desuperheating of the incom ng vapor as well as heat of
condensatijngn,of cldhs hﬁéytyon%m&%ot@ &@uogrecoterghﬁttewt&ﬁt f $hcAftdecly gani ¢
conpoundsh that are quenched upon en?erlng t he” t ower. Liquid Stream
S-7, conpHistiated ltrﬁé%myeSchp@wéntts ffam g ketonightean- btﬂcﬁﬁsmjlatp@tnn oypriherniat
conpound Iy St ream
513 and 2%%%§$%]§%§H?§Hégf%ﬁ%& %ﬁg%?hgﬁq#g§§§Qg&%gvﬁgmaﬂ%?gaﬁgontro

val ve (F@v)be H‘Ihlemgaﬁotrvapha:;l@t tandrmpp2ss¢¢ nyimg the m@gwd@in@odv@m@dﬂlham asg e not
condense e h t1 To T- Str

Tower T- e%%ﬁ%ﬁ5éfﬁ§5bpﬁﬁ%?&t?%$§£&h %g%%'n%é%t¥$%%%s§F§§“§oo %%QUId
Stream S- P]s’.ehere]’rppsch icougyels@ay,yand oo eorhss-t ooa&b@ogabtct—h@idrdmunalpha%smﬁrr omD 2
conpri5|qg ght conponents. (Gases/vapors that are not condensed or

absor bed &4Vt he top of Tower T-3 as Stream S-14 and are sent to, for
exanpl e, [eosv]entln s()tﬁet efbodifasits, @licgaipbc meOITP QbiMpidsc aRAPIhius bgtyhd ghiesterlvV
organi c %onpoun %nd abs rbed Ii ht organi c conp unds% are ond nsed or
absor bed T8t HEPABT Y Phaderi | ﬁ‘B\%éFP RS dRgce 'i“t of éypﬁo? BW‘P P5T-3 as
Stream S-ghforat&l @agOnpohéntl In HAH cHWOAimbtts ! e VE{QIrtrﬁhHﬁuQ’f cobpREs thoke it a LCV.

[ 0055] In Flgure ZA and 2B the location of all_the |nstrunent tion and
control <3St ¥ 9lstighey ToRMRrEcAaty &5 FURRISRG oM WA TROENGEY Tienv@Ated t o

be I'im tifgurclBSnHRRE Mele WBE BRASPaRE chNSINPORBAtRndrhOd ifa BiomdsEMPR{AL Ur es,
pressures, flows and |levels) are know to one skilled in the art and the
Iocat|on<mav¥%ﬂb@ﬁ§ﬁt h@ﬁﬂwﬁﬁ$ﬁ@§@m§ﬂh%ﬂ%hré@hWF@Pmﬁﬁ$haﬂ%qih%?hﬁ%ﬁ%ts are
not i ntengeds t@nRfeht JThirh@ id 2 c&1Yo WqMd ca_lﬁlﬁ%fs‘f‘on%gceg@n}ﬁ Sidef &{RBImARL | ONs on
how to control tenperatures, pressures, flows and |evels in chem cal
processi Hbe Epar PrEhe sumprissssmedban onsrianq af ers| qpmppaass igplceated inuas Besapi ve
scenari O-1ighfl oSt ARGRocc! Th GUE Aoahlifis! ATPEAS! %ﬁuhoggn%pqtsesvg'w%ﬁ (TCV)

for T-1 i s connecte or coupl to a tenpe ature ele

ful fill ircastifigifioeitoswesp gontln obing regses.hide tnenpescang figerdf sk ghsomnprpgﬁrtl on of
T-1. The | ol | v or T-1, T-3, D1, and D-2 are
connectedmﬁ¥§hlggﬁ% S?Mg g%ré%gxig%ntrollers (LO to fulfill the function

of contr dbt4ong b he efandjmdntl wéllustraltb‘d'ﬁn]F 1guTe 3A, Dpﬂgcesarfdr @pﬁr,atmgabqaey:and/ ely.

The flom1c tro onneg; a
f1 ow contf pOPTﬂ% %? %t’ b Pﬁ’g‘“rfet %Sv*v‘“reétmp lé%t r%o il entf*‘é)’orrower
T- 3. [OoaﬁkmﬁdmaniﬁgeSqmtphgaamieﬁhmuqmﬂ@hgepﬁmﬂhmsgdhkﬂhoamﬁmnl&h@her MV

h t e t ai ned
PR R e P e e e

ener gy i poreadgahd ikt idigd pepataibsem @icakieapuyrti@nsf thé gltbnd appopeRé. SThdr a
vapor mxture. |n sone enbodinents, the separated heavy conponents are
cool ed aﬁ@mﬂ%@ah§§“§ﬁ%éﬁ§3?ﬁ#$gHQFWHQPW for recovery of the |ight

conponent§o4q £ 0 MR dnSkiBple,f O¥apSX AR €S trQAOSN GnpPNRLURIT a0 Rk vagRses)

whi ch in conventional processes are often | ost or recovered bY u5|n%
expensi ven @Wﬂtgéﬁﬁabfram&r@t%ﬁ reagioF isgentd ithsrbottemanfdisgHyionrdaksmly ! tHsrei thst ant
met hod mog eo@fd akd byRlcARd a@fhﬁtlﬁl%WequdﬂShtﬁ&%Encﬁt'iﬂh@diuﬂ?ﬂ&th 1ing SrPapt i on of
heavy and |ight conponents and e nore efficient recovery of I|ight
conponentPsesgittan st tawaie c Aigroveyhdé Ketonastiga feous Tewsrolt? rsateaters; the beépapht i on of
heavy andrdy.g 'i*t RETH) SV%J%Q Iflrol:hethgw Cofef-f i &t&gqt ?&ﬁ&?@é&t&f Cila@iler
conponents utilize the inte energ contained in the vapor mxture

ent ering k- h@fhsl@p’apoIE prgrrordested mndcellectad inpcduimuiater rddifivwaseras presear gythe [ 0057]

I n sone '
conponenﬁ%nhgﬁggﬁhé’ ﬁ%ﬁg @E&&¥$ntxtdﬂ€&$§i§§%%1 %g&ﬁéﬁ%e gttgﬁg&?he heat
of condens &teicondenfedtlfy@idai @Elmdh‘/mb(b p@‘mc @h:cso hpednas sem bt1¢i<evwapmp PAA totthe €. For
exanpl e, tgu%tg eh%?tf f e%xfj(g][r w1 enb lagl\ée se tato s osr;[1 Ie olra olxxpgtréa(gnmer

wher eas suUCh her g s con ?lona Y ost ineedolin er heat Fejection.
[ 0058] Inn&mmﬁsémhmﬂﬁmﬂhts t he nethod descri bed hereln all ows the crude
distillation/separation of higher MNcompounds fromthe | ower MV conpounds
utilizing the heat of the incom ng vapors, thus requiring little additional
energy. [0059] In some enbodi nents, |f8the reacti on generating the

mul ti-conponent vapor (e.g., ketonizatlon of carboxylate salts) requires an
inert gas purge to sweep the organic products in the vapor phase fromthe
reactor, the process disclosed herein reduces the loss of |ight conponents
conpared to conventlonal processes (such as the one shomn |n Flgure IA and

F A/ SAT o I - v o o o - o o,



vaporized fromthe solvent. This process would have required an additional
separation tower to recover solvent resulting in additional capital cost to
t he proces®.20{2008®p The net hod of this disclosure al so PERISRE1O4ESLSS
capital costs in that a separate absorbent |iquid and separate absorbent
recovery tower are avoided since the high boiling product is used as an
absorbent. In addition no high-boiling product is lost in the process of

USing_itJ@ﬁz N AR PhhRMiqlidUsHeant 896Bkith Sor¥@dil @S d AORAJABNYS sent REa Met hod
of this disclosure utilizes the internal energy of the vapor phase.

Fur t her ndigbt ketpee yeeeusoid proess-hiNond¢ond¢rsedivapoi fdmsisterg ohmert| ggeds chng Hiede

pr oduced i r SO T, f I H.qulids I N

Cer tai Ol SR o TG Lo BOR R PR o B D
ener gy ofHighboiliagkatonsh amkhiginholerulhi waghttNMeV] ¢rganidcqpimes edsprogneedd dut i ng t he
process I L i.qui | n: fur )

Erbod: menrtss TopS Tbenad ook 1EuRISarAL S 3Tal s TkBurb TgBRIR ASHEIEE Rt o
drive thdodskt iTht dbitans pf tevesSL-1 [(0R64]S-Thie sent steporem 8-3nethgdMag kaescr i bed

above may_ be utilized for, recovery., of an ondensabl nul ti,-.conponent

Sanor ( o P slrsard B0 Grio (BT KRESID Grft oot SIS FoR cpr Bk des MR st o
and ][ret EQﬁboaﬁng'Efeledl\J/gapogi Sleann IsFli) dumet gaéhtzallir euf}fileilbnti l?‘ate?ct&?ﬁ ttie foel kdgired ng i n
an asnl on. e (O3 | ust,rate e_ener an

o et ORI IE - HSTRR el VD Ra T apited R b PE R Do BaPE ocesses
shown i n ki Bur@sodlertind b2fordiiiéydde HanRYARbLIbeINbwdrm-B(IMeh@ts ). package, is
performed in the follow ng three cases: [0066] se 1 (conparative): Fully
condensed®ddt orf® %lflmé%}ﬁwﬁamuﬁr?f theqbrre-mantoncq (gsigy, Fegvge - s psehtvih i n

Fi gure 2Acordile RRHARRArBREr Haedparhted - indoBRRY Vafers Bod he XBBAE Ak @) ¢thd~ul 1y

condensed ketone stream shown in Figure |Ais fed to Tower T-1 shown in
Fi gure 2ADPHIA MPgHY 2pbrceneyy oreohferedl Phinghess Bepmyower T-2. [0068] Case

3. A ful lyy ARGRRARRSEH KO BREBRPhigE bEifREk b8 hd 5%9{?8_ {polsfdsone reactor
upstreamis fed to Tower T-1 shown in Figure 2A wth |ight ketones

r ecover ed) idsidgssdy HramESwe pf midboiling ketones and organic compounds.
3) A condensed distillate product ketone and organic compound liquid stream (S-11).

4) A lights stream (S-12) of ketones and organic and non-organic compounds that are not
condensed in E-1.

[0045] Heat for the rectification is supplied by the desuperheating of the incoming vapors
from the upstream process as well as the heat of the subsequent condensation of the high MW
organic compounds that are quenched upon entry to the tower. Reboiler E-3 supplies
additional heating duty if required.

[0046] Tower T-2 (Figure 2A) is used to absorb and recover light ketones and organic
compounds that were not condensed in E-1. The sidedraw stream (S-7) from Tower T-1 is
used as a lean absoption liquid to strip and recover light ketones and organic compounds
from the non-condensable gases from Exchanger E-1.

[0047] The high-boiling-point organic compounds from pump P-1 (Stream S-7) are cooled
in Exchanger E- 2 (Stream S-13) and sent to the top stage of Absorber Tower T-2. Vapors not
condensed in E-1 (stream S-12) enter the bottom stage of Tower T-2. Tower T-2 contains
either trays or packing to use the cooled high-MW ketone stream (S-13) to absorb light
organic compounds from the non-condensable gases entering from accumulator D-2. Non-
condensable gases stripped of most organic compounds leave the top of tower T-2 and are
sent to vented vapor treatment. Higher-MW organic compounds with absorbed light organic

compounds exit the bottom of tower T-2 (S-15) and are sent to the bottom of tower T-1 to be



[0069] Table 1 shows the results of the above sinulations, which
denonstrate the inprovenents of the nmethod of this disclosure. Table 1
Ket one DiwoOi2b124tip@ns Separ ati on Scenari 0s Case 1 CasePRTA®3@ 1844568 ones
fed to tower T-1 | b/hr 5,000 5, 000

recovered as liquid product. Tower T-2 also has a bottoms recirculation cooler (E-4) to
remove the heat of absorption from the recovered ketone vapors. As a result of utilizing
Tower T-2 and using high-molecular-weight ketones as a low volatility absorption liquid,
light ketone vapors in Stream S-12, that would normally be lost or used for fuel value, are
recovered as product.

[0048] In an embodiment, as illustrated in Figure 2B, a process for separating heavy and
light components from a ketone vapor mixture comprises distilling the vapor mixture into a
first vapor phase and a first liquid phase; condensing at least a portion of the first vapor phase
into a second liquid phase and a second vapor phase; and utilizing at least a portion of the
first liquid phase to absorb at least a portion of the second vapor phase. The details of this
process are described hereinbelow.

[0049] As an example, a vapor stream (Stream S-1, comprising e.g., C3-C15 ketone vapors
and inert gases) from a ketone reactor is sent to the bottom of distillation tower T-1 where it
is cooled and condensed at liquid-gas equilibrium conditions with both liquid and vapor
present in the tower.

[0050] Part of the vapor phase from the top of T-1 (Stream S-2) is sent to partial condenser
E-1 as Stream S-3 and part of Stream S-2 continues on as vapor stream S-8 to condenser E-2.
Condensed liquid from E-1 is recycled to the top stage of T-1 as reflux (Stream S-4) via, for
example, a temperature control valve (TCV). Condensed liquid from E-2 is collected in
ketone accumulator D-2.

[0051] The vapor phase in D-2 comprising light (more volatile) components (e.g., inert
gases, light ketones and organic and non-compounds) is sent as Stream S-12 to the bottom of
Absorber Tower T-3. The liquid phase in D-2 comprising heavy (less volatile) components
(e.g., condensed ketones and organic compounds) is pumped as Stream S-10 via Pump P-2
and via a level control valve (LCV) as Stream S-11 to storage or downstream processes as
ketone products.

[0052] Heavy components (e.g., less volatile ketones and organic compounds) leave Tower
T-1 as bottoms liquid (Stream S-5) and drain to high molecular-weight (MW) ketone
accumulator D-1 via a LCV. Line L-1 is a pressure equalizing line, ensuring that liquid
stream S-5 is able to drain from T-1 to D-1. Alternatively, equalizing line L-1 is omitted and
a pump is used to pump liquid stream S-5 from T-1 to D-1. The liquid phase in D-1 is sent
via Pump P-1 as Stream S-6 to high-MW ketone storage or downstream processes (e.g.,

hydrogenation) or sent as Stream S-7 to Cooler E-3.
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5,000 Tower T-1 Reboiler Duty E-3 BTU hr 2,040,000 2,690,000 677,000 Tower
T-1 Condenser Duty E-1 BTU hr 1,970,000 2,470,000 2,660,000 Ketone | osses
to vent syererwdioar 97. 61 0. 05 PCT/US2011/046598

[0053] The amount of vapor condensed in E-1 is used to control the temperature of the
lower portion of Tower T-1. As a result of this design, Tower T-1 is used as a rectifying
distillation tower that separates higher molecular weight organic compounds from the lower
molecular weight organic compounds that are not condensed in E-1. Heat for such
rectification is supplied by the desuperheating of the incoming vapor as well as heat of
condensation of the heavy components (e.g., higher MW ketones and organic compounds)
that are quenched upon entering the tower.

[0054] Liquid Stream S-7, comprising heavy components (e.g., higher-boiling-point
organic compounds) from Pump P-1, is cooled in Heat Exchanger E-3 to become Stream S-
13 and sent to the top stage of Absorber Tower T-3 via a flow control valve (FCV). The
vapor phase from D-2 (comprising components that are not condensed in E-2) enters the
bottom stage of Tower T-3 as Stream S-12. Tower T-3 comprising either trays or packing
utilizes the cooled Liquid Stream S-13 comprising heavy components to absorb the vapor
phase from D-2 comprising light components. Gases/vapors that are not condensed or
absorbed leave the top of Tower T-3 as Stream S-14 and are sent to, for example, a vent
system. Most organic compounds (comprising higher-MW organic compounds and absorbed
light organic compounds) are condensed or absorbed into the liquid phase in Tower T-3 and
exit the bottom of T-3 as Stream S-15. Stream S-15 is then sent to the bottom of Tower T-1
viaa LCV.

[0055] In Figure 2A and 2B the location of all the instrumentation and control system is
only shown as an illustration and it is not intended to be limiting. The control methods and
instruments (for e.g., temperatures, pressures, flows and levels) are know to one skilled in the
art and the location, arrangement, and purpose of such control methods/instruments are not
intended to be limiting in any way. There are many different options on how to control
temperatures, pressures, flows and levels in chemical processing equipment what is shown
here is only plausible illustrative scenario. For instance, in Figure 2B, the temperature control
valve (TCV) for T-1 is connected with or coupled to a temperature element (TE) to fulfill its
function of controlling the temperature of the lower portion of T-1. The level control valves
(LCV) for T-1, T-3, D-1, and D-2 are connected with or coupled to level controllers (LC) to
fulfill the function of controlling the liquid level in T-1, T-3, D-1, and D-2, respectively. The
flow control valve (FCV) for S-13 is connected with or coupled to a flow controller (FC) to
regulate the flow rate of stream S-13 into Tower T-3.

[0056] Advantages. In some embodiments of this disclosure, higher MW (heavy)

components are separated from lower MW (light) components contained in a vapor mixture.
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In some embodiments, no or very little additional energy is needed for the separation of
heavy and light components in a vapor mixture. In some embodiments, the separated heavy
components are cooled and used as an absorption liquid for recovery of the light components
(comprising, for example, organic compounds and inert gases), which in conventional
processes are often lost or recovered by using expensive low temperature or refrigeration
conditions, making the instant method more effective and efficient. In some embodiment, the
separation of heavy and light components and the more efficient recovery of light
components are both accomplished. In various embodiments, the separation of heavy and
light components and the more efficient recovery of light components utilize the internal
energy contained in the vapor mixture entering the separation system with no or little
additional energy.

[0057] In some embodiments, the energy needed to separate heavy and light components
contained in a vapor mixture is from the superheat and the heat of condensation of the high
MW organic compounds in the vapor mixture. For example, such heat is the driving
force/energy in a distillation tower; whereas such energy is conventionally lost in cooling
water heat rejection.

[0058] In some embodiments, the method described herein allows the crude
distillation/separation of higher MW compounds from the lower MW compounds utilizing
the heat of the incoming vapors, thus requiring little additional energy.

[0059] In some embodiments, if the reaction generating the multi-component vapor (e.g.,
ketonization of carboxylate salts) requires an inert gas purge to sweep the organic products in
the vapor phase from the reactor, the process disclosed herein reduces the loss of light
components compared to conventional processes (such as the one shown in Figure 1A and
1B).

[0060] In some embodiments, the higher-MW compounds are separated from lower MW
compounds in a distillation tower as liquids and then used to absorb the lower MW
compounds. In some embodiments, the recovered lower MW compounds as well as the
higher MW compounds are recycled to the distillation tower for further separation and
recovery, thereby increasing process yield and efficiency.

[0061] Before what is disclosed herein, absorption of valuable light organic compounds
from the non-condensable vapors would have required selection a suitable low volatility
soluble hydrocarbon that could absorb the low-boiling-point compounds (illustrated here as
low molecular-weight ketones). This solvent would have to be chemically inert with the

absorbed vapors and of low enough volatility so the recovered organic compounds could be
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690, 000 Ketones recovered conpared to case 1 97.56 97.56 [0070] As it can
be seen, the inprovenent of ketones being fed as vapors (Case 3) reduced
total enewgpordnswapti on of the system by 1.363 MM BTU RCTIUS201108&9BTUs per
pound of ketone fed (-67% reduction in energy consunption) when conpared
with Case 1. The addition of Tower T-2 absorption systemreduced product
ket one | osses from-2%of the feed to basically 0. In addition, using the
product magéhzwhemﬁy gl&na%hﬁs%oépé%ﬂa QR rupﬁfeq ah QUFEGAY EhatliGMiow@F 9ani c
vapors elimnates the need for a separate absorption fluid that could be
i nt r oducee reggves sglvad crsulting tadditinas capia bR thpirpeespr ef erred enbodi nents of
the inve SRR RS G GRS thi g GRlgan be
made by gﬁgggkll |EQ%hegg?fgaﬁ?hgﬁt&gg&gﬂO&gg&%ﬁoﬁ$% e é Prf%ﬁéﬁg
teach|ngsmsﬂb$m®qmdvmdmmnmm6ihﬁﬂemb@dnwenwgwd@®0nwh@@Shmﬁémdnar@nbmne only,
and are r] ons of
t he |nveﬁ%§%ﬁ£g g%?%%ngg%efg %H%?%ﬁ%%25|%¥g¥§n%%%pg§ ﬁhmeE%@%g%gég of the
|nventlonmm@hemenMannmnﬁhMranges or limtations are expressly stated, such
express r S Limtat erstood.to iterative
anges. orthRE B twishS eBRis TR Gl FEARFRYTM IR RS sheBePl oF at e
ranges Ol’thé Ivﬁpdrqihams F(lﬁhcgmpref rynetodt oflthisOdla&lﬁsmTre ﬁﬁlme@ahmdﬁﬁm 1&1356’3 4,
etc.; great ﬁg 0.10 includes 0.1 0.12, ﬁ ? EP of
the termP* ? 1“%3}]“6 W?eﬁs Pelpadtct ¥ Bh SBWPB% quight ‘bceétf‘”&uer‘ﬂtio n?eﬁttsended to
mean t hatthd fethsdlbf et dislleoRNttiliz& th@ﬁiﬂérﬁaa@nelgy ofiticanpatphvel and utifizeQhe
required. Both alternatives are intended to be thin the_ scope of the
clai m ué@u@rglﬁ?%ar&évceéépﬁ%g HsaHosss o SPYEs of mﬁaba%%w PP&\H?

shoul d beyuig @mbb@RENt, Ahd hRMod & f PP 1bsubOtised BlelONRIs 15% gy H)Cd[h\,@&he
consi sting of, consisting essentially of, conprised substantially of, and
the |ike. istillation process.

[0064] The system and method as described above may be utilized for recovery of any
condensable multi-component vapor(s), for example, in the MixAlco™ ketonization process.
The system and method as illustrated in Figure 2A are not intended to be limiting in any

fashion.
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[0072] Accordingly, the scope of protection is not limted by the
description set out above but is only limted by the clainms which foll ow,

t hat scopeoi2atyugiong al | equi val ents of the subject natPEM/USROLIINE6508 ai NB.
Each and every claimis incorporated into the specification as an

enbodi mrent of the present invention. Thus, the clains are a further
description and are an addition to the preferred enbodi nents of the present
i nvention. The disclosures of all patents, patent applications, and
publications cited herein are hereby incorporated by reference, to the
extent they provide sone, procedurlaXAMPLdther details supplenentary to
those set forth herein. CLAIM MH@&aEEIQLAINED IS: 1. A nethod of
separating heavy and |ight conponents froma vapor m xture, conprising

a. distilPeeagy tloe illvapae the xemenge andt produdti ms@vemarb@nefmqﬁethandmdos‘uren st |iquid
phase; n S S phase
nto a Sgglélhl%flqn onhe 51% (%geg s:,lilﬁ\gnzﬁ F é%l%gé a%d&o Elh% @Io%yv&mﬂe[ﬂlélﬁl stlm PHQI{
dlstlII|quu@ehsm@ﬁnmhbmnmabﬂmaMgﬂm&ngymof sald vapor m xture. 2 The met hod

i rst 1ol piaSe! FEMRBeDi ) s contod ik Fhi Momd 2l BUBLBER phase:
3. The neﬂhﬁ&r@ﬂwﬁbﬁhﬁHﬁg&ﬁQBh@ﬂnﬁﬂN@%ﬂﬁtn@N@GDIIng the at least a portion
of the fi I[5067] Case 2 (comparative): Fully condensed ketone stream shown in Figure 1A is fed to
Tower T-1 shown in Figure 2A with light ketones recovered in Absorber Tower T-2.

[0068] Case 3: A fully uncondensed ketone vapor stream direct from the ketone reactor
upstream is fed to Tower T-1 shown in Figure 2A with light ketones recovered in Absorber
Tower T-2.

[0069] Table 1 shows the results of the above simulations, which demonstrate the

improvements of the method of this disclosure.

Table 1
Ketone Distillation Separation Scenarios . _
VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV Case 1l Case 2 Case 3
Ketones fed to tower T-1 Ib/hr 5,000 5,000 5,000
Tower T-1 Reboiler Duty E-3 BTU/hr 2,040,000 2,690,000 677,000
Tower T-1 Condenser Duty E-1 BTU/hr 1,970,000 2,470,000 2,660,000
Ketone losses to vent system Ib/hr 97.61 0.05) 0.05
Ketone lasses to vent system % of total feed 1.95 0.001 0.001
Reboiler energy reduction from case 1 650,000 -1,363,000
Coundenser energy reduction fromcase 1 500,000 690,000
Ketones recovered compared to.case 1 97.56, 97.56

[0070] As it can be seen, the improvement of ketones being fed as vapors (Case 3) reduced
total energy consumption of the system by 1.363 MM BTU/hr to ~ 135 BTUs per pound of
ketone fed (~67% reduction in energy consumption) when compared with Case 1. The
addition of Tower T-2 absorption system reduced product ketone losses from ~2% of the feed
to basically 0. In addition, using the product high-MW products as the absorption fluid to
recover light organic vapors eliminates the need for a separate absorption fluid that could be
introduced as a product contaminant.

[0071] While preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit

and teachings of the invention. The embodiments described herein are some only, and are
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l'iquid phase prior to utilizing it to absorb the at |east a portion of the
second vapor phase. 4. The nethod of Caim1 further conprising d.
recycl i ngwohe12tivdoeast a portion of the first |iquid phRee/Uspeiaf4dsps absor bs
the at | east a portion of the second vapor phase to the distilling step.

5. The nethod of Caim21 further conprising condensi ng anot her portion of
the first vapor phase into a reflux liquid to be recycled to the distilling
step. 6. Teihief 6f rithflMataWhehfliths SRl dhoRRAliolll UM G EQRIdigERedO! €
than one type of ketone. The 'met hod of Claim 1l wherein said vapor m xture
conpr i sedierppr aretpessible aed mp@ﬂ@m theyscopeyefi the guiveticn eW hgasuasngdnerees 08, The

met hod o, (, 3640 o \é%kﬂ Iy tat Fes{MThb i lﬁﬁﬂi’i h r@Pﬁf& he type
of Fischer-Tr (b)ﬁpgsc% Elsglynstte%i as c rﬁgg}ne ¢ ét 1e5ng;§ﬁ01§0%% I'm 1 wherein
sai d vaponcludexitanatoe carges s bmltmtmne of i rr@g@mxdy Ff@lh@g within the expressly stated

ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10

includes 0.11, 0.12, 0.13, and so forth). Use of the term "optionally" with respect to any
element of a claim is intended to mean that the subject element is required, or alternatively, is
not required. Both alternatives are intended to be within the scope of the claim. Use of
broader terms such as comprises, includes, having, etc. should be understood to provide
support for narrower terms such as consisting of, consisting essentially of, comprised
substantially of, and the like.

[0072] Accordingly, the scope of protection is not limited by the description set out above
but is only limited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present invention. Thus, the claims are a further description and are an
addition to the preferred embodiments of the present invention. The disclosures of all
patents, patent applications, and publications cited herein are hereby incorporated by
reference, to the extent they provide some, procedural or other details supplementary to those

set forth herein.
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gas conponent generated in a biomass-to-liquid conversion process. WO

2012/ 019006PCT/ US2011/ 046598 10. The nethod of Claim 1l wherein said vapor
m xt ure cwoppizEsosore than one type of gas conponent geaESREA/UGEFIR

coal -to-liquid conversion process. 11. The nethod of Claim1l wherein said
vapor m xture conprises nore than one type of gas conponent generated in a
gas-to-liquid conversion process. 12. The nmethod of Claim1l wherein said
vapor m xture conprises a non-reactgngwi¢eep gas. 13. The nmethod of C aim
12 wherein said non-reacting sweep gas conprises nitrogen, hydrogen, steam
or car bonVHAINP GAAIMER ISThe met hod of Claim 1 further conprising collecting

said Tirst 11 QuitaRASe. sohpatICndiRl Nl BlnhahBntnd RS £ AL nftkedfel |11 9
requi res no additional heat I nput.
comprising
a. distilling the vapor mixture into a first vapor phase and a first liquid phase; and
b. condensing at least a portion of the first vapor phase into a second liquid phase and

a second vapor phase;

wherein said distilling utilizes the internal energy of said vapor mixture.

2. The method of Claim 1 further comprising
c. utilizing at least a portion of the first liquid phase to absorb at least a portion of the

second vapor phase.

3. The method of Claim 2 further comprising cooling the at least a portion of the first

liquid phase prior to utilizing it to absorb the at least a portion of the second vapor phase.

4. The method of Claim 1 further comprising
d. recycling the at least a portion of the first liquid phase after it absorbs the at least a
portion of the second vapor phase to the distilling step.

5. The method of Claim 1 further comprising condensing another portion of the first

vapor phase into a reflux liquid to be recycled to the distilling step.

6. The method of Claim 1 wherein said vapor mixture comprises more than one type of
ketone.
7. The method of Claim 1 wherein said vapor mixture comprises more than one type of

pyrolysis-generated gas component.

8. The method of Claim 1 wherein said vapor mixture comprises more than one type of

Fischer-Tropsch-generated gas component.

9. The method of Claim 1 wherein said vapor mixture comprises more than one type of

gas component generated in a biomass-to-liquid conversion process.
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10. The method of Claim 1 wherein said vapor mixture comprises more than one type of

gas component generated in a coal-to-liquid conversion process.

11. The method of Claim 1 wherein said vapor mixture comprises more than one type of

gas component generated in a gas-to-liquid conversion process.

12. The method of Claim 1 wherein said vapor mixture comprises a non-reacting sweep
gas.
13. The method of Claim 12 wherein said non-reacting sweep gas comprises nitrogen,

hydrogen, steam, or carbon dioxide.

14. The method of Claim 1 further comprising collecting said first liquid phase.

15. The method of Claim 1 wherein said distilling requires no additional heat input.

17



