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ethylene bearing derivative products.

Background of the Invention

Ethylene is the leading petrochemical in terms of production volume,-

15 sales value and number of derivatives. Total worldwide ethylene production in

1985 was estimated at 76 million tonne per year, expectations are for a growth

rate of about 3% per year, and meeting this growth will require significant capital

investment in new production facilities. Sales prices average on the order

$440ftonne, translating to a worldwide cash volume for the ethylene business of

20 over $30 billion per year. End and intermediate uses of ethylene include
production of plastics, resins and fibers, and a host of other products.

Before ethylene can be sold or used, it is necessary to employ a process
which recovers the ethylene component in a desireable, ethylene rich product
stream by separating it from a myriad of other components, including methane,

25 ethane, hydrogen and carbon monoxide, among others, all of which components
are found together in a single stream obtained from another, different olefin
generation/preparation process. Currently, a desireable, ethylene rich product
stream is generally defined by those skilled in the art as one having greater than
about 95 wt.% ethylene, containing substantially inert components such as

30 methane and ethane in proportions less than about 2000 molar ppm each and
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97LKR178. Dgénherally the two largest cost elements, respectively, in the total cost of
ethylene manufacture. Thus, the process by which one effects recovery and
separation to produce a primary ethylene rich product stream is a substantial
factor in the economic feasibility of ethylene manufacture. .

20 Methods for the recovery and separation of ethylene found in multi-
component streams have been under consideration since the 1940's, when the
first practical, large scale olefin generation technique of hydrocarbon pyrolysis,
also called steam cracking, was developed and applied commercially. This
olefin generation technique, now a substantially mature art, currently dominates

25 the industry, utilizing a number of different hydrocarbon feedstocks. Also,
alternative processes of potential commercial significance for the generation of
olefins are emerging, such as the methanol to olefins process, taught in Kaiserf',
US -A- 4,499,327, and now being offered for commercial license by UOP. As
shown in Table 1, olefin generation techniques of commercial importance, in

30 general, create differing quantities of various byproduct components in a mixture
with the desired ethylene component.
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3 general, create differing quantities of various byproduct conponents in a
m xture wth the desired ethyl ene conponent. Table 1: Typical Conponent
Di stri butwoes®exsm Vari ous A efin Generation Techniques 5 PCT/USIPRIRTBSS

St eam Cr acki ng Met hanog (1) "To
A efins Feedstock Et hane Li ght Napht ha At nospheric Gas G|
Met hanol (excl udi ng (Cerr]lHerr]) (boiling range
(boiling ra‘ﬁgble 1{ Typical] Grinponest )Distribution From Various Olefin Gag®ratioherr] C
- 33’éJI’er C - 95-300F) 365 - 635F) Yields, wt. % 10
(excludlng err ] 3.93 1.00
0.63 Bhodess0 Steam CFacRAG TT a8 ethanol
trace 0.49 CJerr] 1 trace t r agero Olefins
trac 2.46 15 CH err] M 3.82 |@  18.jo0
11.2 HeediStoCker r | H erBtane Light Napfthal 3Atmospheric Gas © Methanoi
0.4 @exdgodigger r | H @2H) (boiling @i (boiling GugH0O (CHsOH)
26.5 watenN3 ClerrlHerr] 95 - 366:F10 365 - 635 K130
3. 40 1YieiBsOve s | H Err] 0. 06 1. 02
0.8 Olegeiuging Cerr]H grr] 0.89 14.110
13. 4 2‘6“3'? err]Herr] 0,1 Q.35
0.2 1N53 qerr]HErr] 3.9 1, 180 49%¢ 0.03
5.0 OCOO Cerr]H Err] trac Grat: ~ 3rak( 0.49
3.7 C[ err]H prr] trac Qrad Qrak( 2.46
0.1 ?L Jerr] 0.27 > 75
2.7 ‘3‘47 C[ err] -jderr] 3.8 388 113¢ 1.45
1.2 Ocz&}& benzene 0.4 008 60.3( 0.00
g- g tO: uene 53.0 %4.@ %s.%g 53.73
13 :%b xytene 35.0 33 33 1.67
CaHy 0.0 1.02 0.8 0.00
CaHg 0.8 14.10 134 26.37
CaHg 0.1 0.35 0.2 1.53
Cy4Hg 1.1 4.45 5.0 0.00
C4Hg 0.1 3.70 a7 6.64
C4H10 0.2 0.10 0.1 1.21
Cs 0.2 2.75 2.7 3.37
Cg-Cg 0.3 120 1.2 0.88
benzene 0.3 5.90 6.9 0.00
toluene 0.0 3.20 3.2 0.00
Xylene + 0.0 1.30 1.3 0.00
ethylbenzene
styrene 0.0 0.79 0.7 0.00
Cg - 400 °F 0.0 _ 2.96 2.9 0.00
fuel oil 0.0 15.45 . 15.4 0.00
carbon trac trace trac 0.17
Total 100.0 100.0 100.0 100.00
Note:

(1) per Howe-Grant, M. - Ed., Encyclopedia of Chemical Technology, fourth edition, Volume 9,
5 page 880 (1994)

(2) per Nirula, S.C., Ethylene from Methane, Stanford Research Institute International Process
Economics Program Report No. 208, page 4-2 (1994)

his Sheet Has Been Replacec

NI




30 thylbenzene styrene. 0. 00 0.79

© 0.7 0 00 j - 400F 0. 00 2. 96
2.9 ? his Shdet Has Been Rtéplaﬁec . 00 14;51-/[1597/23373
15. 4 0 00 car birl“‘ j“‘ mum 4t r ace t race
trac 0.17 35 100. 0 100. 0
100A. 100. 00 per we-Gant, M - Ed., Encyclopedia of

Chemi cal Technol ogy, fourth edition, Volune 9, page 880 (1994) (2) per
Nirula, S.C., Ethylene from Methane, Stanford Research Institute
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further prepare that stream for introduction to the subsequent recovery and

15 separation process. This may include, in various embadiments and sequences,
the actions of cooling the stream from conditions at which the olefin generation

reaction is effected to near ambient conditions, compressing the normally
gaseous mixed stream to pressures usually between 200 and 600 psia,
removing almost all of the water, carbon dioxide and sulfur compounds used or

20 produced in the olefin generation step, and removing various normally liquid
components at various pressures from the mixed stream. Hence the
combination of steps described above, namely those of olefin generation and

olefin preparation, embody what is referred to herein as the olefin generation/
preparation process. Those skilled in the art recognize the result of employing

25 an olefin generation/preparation process is production of a stream known as
"charge gas,"” so named because it is both the mixed component gaseous

charge to and from large and expensive compressors within the process, and

the mixed component gaseous charge to the subsequent recovery and
separation process. This latter stream will hereinafter be referred to as

30 pressurized mixed olefin bearing charge gas.

Though methods for the recovery and separation of ethylene from a
pressurized mixed olefin bearing charge gas are known, the low normal boiling
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ethylene rich product stream are deethanizer and Co spilitter fractional
distillation towers, and reactors to eradicate the presence of acetylenes and
20 dienes, along with heat exchangers, pumps and other supporting equipment

items.

A less frequently practiced alternative to recovery and separation of
ethylene from methane and lower boiling components using temperatures in the
range of -60 to -215 °F is comprised of employing a combined absorption and

25 fractional distillation technique in the demethanizer tower, known to those
familiar with the art as an absorber demethanizer. In this technique, a large
volume of substantially ethylene free material of higher boiling point than
ethylene, called lean oil, is introduced to the absorber demethanizer above the
feed tray(s), usually the condensor drum or top tray, in the liquid state at about -

30 20 to -50 °F. The dominant quantity of lean oil provides the bulk of the
molecules in the vapor phase of the resulting overall vapor liquid equilibrium

among all the components, and thus serves to force the bulk of the ethylene into
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ethylene and other byproduct components. For a representative example, see

US -A- 5,019,143 granted to Mehra, et. al.

An advancing technology in the field of ethylene recovery and separation

pracesses is that of non-distillative and non-cryogenic techniques, especially

20 those that serve to separate olefins from non-olefins. One practical example is
that of chemical absorption and desorption, such as the use of aqueous silver

nitrate solutions in the British Petroleum "Selective Olefin Recovery" technology,
described by Barchas in his conference presentation entitied Olefin Recovery

Via Chemical Absorption and currently being offered for license by Stone and

25 Webster, Inc., and which operates at ranges between about 600 psia/70 °F and
2 psia/400 for absorption and desorption, respectively. Another is the use of
membrane separators, such as described in US -A- 5,082,481 to Barchas, et. al.

to remove approximately 20% of the hydrogen from a pressurized mixed olefin

bearing charge gas prior to any refrigeration of the charge gas. These

30 technigues have the advantage of a low capital cost per unit of ethylene
processed, yet at present, they are incapable in and of themselves to transform

a sufficient quantity of ethylene in the pressurized mixed olefin bearing charge
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are, in the conventional wisdom, directed to producing a single, primary
ethylene rich product stream suitable for all possible end uses in the
subsequent manufacture of ethylene derivatives. The dominance of processes
producing a single, primary ethylene rich product stream is historically driven by

20 polyethylene manufacture, which comprises the majority of the overall use of
ethylene for derivative manufacture, and which has the most stringent
specifications of all derivatives, usually requiring an ethylene rich product
stream of high purity.

However, the prevailing conventional wisdom with respect to the

25 composition requirements of the resultant primary ethylene rich product stream
for derivative manufacture is just now being tested in the industry. In the Purvis
conference presentation entitted Cracker/Derivative Unit Integration, there is
discussed the recognition that many derivative processes do not require the
historically high levels of ethylene purity required by that of polyethylene to

30 function adequately. One such process is for ethylbenzene manufacture, as
disclosed in US -A- 5,476,978 to Smith, et. al., which states the ethylene rich

product stream used as feed may contain ethylene in concentrations as low as 5



.advant ageous results, such as described in US -A- 5,452,581 to Dinh, et.
al ., wherein nenbranes are used to renove hydrogen in the chill train, thus

savi ng erveogs29396 Movi ng refrigeration load fromthe subst ap&.&}sbqu%{j! cat ed
low tenperature refrigeration systemtog high tenperature refrigeration
system 15 However, they cannot entirely elinmnate the chill train, or
| ow tenperature refrigeration system or fractional or absorptive
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derivatives. The dom nance’ of processes proauci ng a single, primary

ethyl ene ridhapdotfuctt. § redayiens, andtwhicleahay contairerappyegiableetioghtiths of
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For dor | vatPolSHethafd FBtaol Mahiidr: Shrhad PR aURSLEN of Menguity ecomarey
97LKR178. D@fhylend richqstolllictasticis f&f usd th ﬁtﬁyéthg‘fgw%ﬁan&faﬁgr% ¥tséﬁ9§' beldyd an

ethyl ene rich product stream of higg purity. wever, the prevailing
conviéht i ondroaghash withi gancestrptiens obethilene@splowi 43 86% bejngrdiserssedofTHehe

' ' t for deriyative,
rant act ur eS8 tor AR RalhE beBddishiari aSiiRation of & ArimenLetylepegicn
conf er ence ppodusct rstataind fowastt int dtRgleRb ainesrt BRAA Wﬁéth@aN‘bﬁev‘a@rg% 3bidMow there

is discussed the recognition that many derivative processes do not require

the hi st or Feqipngithe Gapital andrenaray reidrasuents yassogiated withy pracacing the

ﬁg'r]ﬁfegg%/ Lreg)ﬁrﬁaagy TtRAEhE HAIGBUREE b eart End LilimBIERS BRsvilS rbQlictiinb{ognzene
15 cost of the ethylene bearing derivative product. :

Yet, in the face of the changing requirements for primary sthylene rich
product streams for the manufacture of various derivatives, almost all current
teachings in patents and open literature continue to direct one to make a single,
primary ethylene rich product stream from the recovery and separation process.

20 Those few items that refer to a different, secondary ethylene rich product stream
teach of the stream emanating from the deethanizer fractional distillation tower
to save additional load on the C» splitter tower. As far as applicant is aware, it
is heretofore unknown to use a demethanizer tower to su.pply as an overhead a
secondary ethylene rich product stream for potential use in certain derivative

25 processes, or for feed to advantageous applications of the advancing art in low
cost non-distillative and non-cryogenic separation techniques, while continuing
to supply a primary ethylene rich product stream with more stringent
composition requirements for other derivatives, and simultaneously redycing
capital costs and energy requirements for the overall separation and recovery

30 process, potentially eliminating the chill train and dedicated low temperature
refrigeration system, or alternatively potentially eliminating the circulation and

management of lean oil to the demethanizer tower.
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.10 di sclosediTiB § - 0,476,978 to Smth, et. al., which states the

et hyl ene rich progu A€ feed may contain ethylene in
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derivative process is that , ohol , or ester
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The overhead 28 from the denet hani zer i.s descri be S pri.nari conpri sed
o ot b EiaRratioRy oo Redh PXedangs. SRAIGMASh Nasdan Hheacriat Hnbescobny
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15 and fractional distillation load required to manage that material. In accordance

with the process of this invention, a secondary ethylene rich product stream may
be produced as the overhead of a distillation column at a rate and composition
suitable for subsequent generation of a primary ethylene rich product
substantially free of components with a boiling point at least as low as ethylene.

20 Further, the secondary ethylene rich product stream may be suitable as
feedstock in the production of ethylene derivatives, or be amenable to further
concentration of ethylene using bulk separation techniques or combinations
thereof. Accordingly, the capital and operating cost associated with the
manufacture of ethylene rich product streams from pressurized charge gas

25 - mixtures made by olefin generation processes is significantly reduced through
the method of this invention.

The process of this invention comprises introducing a pressurized mixed
olefin bearing charge gas to an olefin recovery/separation facility operating to
perform at least the function of demethanization, where within such facilities

30 bulk separation devices may or may not be inserted to modify process stream
compositions, operating the demethanizer column to produce a secondary

ethylene rich product stream as the overhead, and a bottoms stream balance;




_systemwi th a conpl ex heat interchange systeminterposed into a fairly
convent i onal et hylgvsShee n&eplagear i fi cation train. Adiabatic flashing
I's used W 98/293¢60 pr | norgani ¢ gaseous CoONPGRaMSH725848
resi dual anmounts of he bylgk of the hydrocarbon mixture before
feeding the charge gas to the denethanizer. In the face of the changing
requirements for primary ethylene rich product streans for the nmanufacture
of vari oussulesequantly esakirg aqstmazyletbylenemtchtmdbctngeea‘rﬁ from said pattemts and
openllterature contipue to. direct one to nmake a sin rlmar et hyl ene
#b e i el

rich produR?28eee RRSFIPYNPIGYidIPG eF?cm")éeﬁmY'ﬁF? NGt s %aﬁew
i tens that sogikRick! 9o GrvafVE Ninansfscitdaror fbpustid Mof hdRk ﬁ%@HFtorSt

teach of the stream enmanating fromthe deethanizer fractio di sti f‘ ation
tower to SQQ@eraﬂdnthM&fUl Ir‘@ad dm at prefetped; phibodimentp tee sedendarny atbyleppl i cant
i's awar e, s 20 of ore un denet hani zer tower to
Sopobs o it eladikt sireatt il RSl SEHSEANalY ellieF s RN Compahentsof &

pot enti al b'étﬁn? ol dtabast 4R lowlhd é&y%ﬁ@eﬁﬁéﬁoth@f pfetérré 8 b sdiR@nanhageous
applications of the advancing art in low cost non-distillative and

noE Icr yogedemethgniaestiowar opeiates with a osndensoo tamperatiyetaf ahayel gbeutpbbnar y
equi r emerPsECRESR e, O JR5R B 3ot it A SRS SoPSHtai B degari a

costs and ﬁ%ﬂh;@ﬁbé@ﬂw crsirerairs for the overall Separation and recovery
process potentially elimnating the chill train and dedicated | ow

rature refrigerati ) stem or
aI 1 ¢nat ively potenti al ﬁ&'éﬁmﬁ’%b@%gﬁ?%@ﬁ%d managenent of
| ean oil to the denethanizer tower. SUVMARY OF THE | NVENTI ON Thi s invention
conprises a nethigdrefl Apiscrischematic ilagram of te plebinsepamtion asdrresaveryr om a

byar ogen- riastiias G BRCeMyEhY’ Bl JRIie sl pearBisnd Sbbedmett i Bhdtad, °
t enper at urigvehtidr)eshbwing peotiuetion lof eegectntiBhynethpRnewidhaplodticeEirBam from
a demethanizer fractional distillation column which is the first column in the

15 overall series of columns, followed by a deethanizer, and a C5 splitter producing
as the overhead a primary ethylene rich product stream.

Figure 1B is a schematic diagram of the olefin separation and recovery
process of an ethylene plant using a preferred embodiment of the presént
invention showing production of a secondary ethyiene rich product stream from

20 a demethanizer fractional distillation column which is the first column in the
overall series of columns, followed by a deethanizer producing as the overhead
a primary ethylene rich product stream.

Figure 1C is a schematic diagram of the olefin separation and recovery

process of an ethylene plant using a preferred embodiment of the present

25 invention showing production of a secondary ethylene rich product stream from

a demethanizer fractional distillation column which is the first in the overall

series of columns, followed by a C» splitter producing as the overhead a primary
ethylene rich product stream.

Figure 1D is a schematic diagram of the olefin separation and recovery
30 process of an ethylene plant using a preferred embodiment of the present

invention showing production of a secondary ethylene rich product stream from



.recovery/separation facilities is increased over standard operating |evels
currently accepted as state of the art, nanely above about -95.6[err]C

(- 140[ er rVO)9829165 preferred enbodi nent, the nethod of tPEBUSINEA8WEI ON
elimnates the need for cryogenic fractiidnal distillation and other speci al
separation equi pnent operating at tenperatures bel ow about -48[err]C (-55
[err]F), and thus also elimnates the refrigeration and heat exchange

equi pnent n@elemethanizenfragiional sligtiliayon wcolyyanr athiek és the sesond in He ovenall
The need otoss B SAEHHS, Ptpebdén B 4 tesMartitercditmn and KRB bifp! EhNe o

el i m nat es gdipteheatuntr.change equi pnent and reduces the refrigeration and
fractional distillation load required to nanage that material. In

accordance w th gfr@rasesmotifichlibs of Figitei 10, wikereftt 8B8&d Yingt kirk 3edrtbch
product stream may be produced as the overhead of a distillation colum at

a rat® and demgesthe motential preseneedle veteus adpment itgereriat then psesent

Poi 1y poi Trefon g5 beRERst Ghpadi st Skiple fuow SRER JBRBHS stlieshdby cne
ri ch produciteras nebER)selawith tHeabériest fractitsiab elistillatibm eolunesiipt & ofder
et hyl ene derivatives, or be anenable to further concentration of ethylene

usi ng bul k @eFRAURNCEN t echni ques or conbi nations 25 t her eof .
Accordingly, the capital and operating cost associated with the manufacture

of ethylene rich produmdEFTANLEINDESCRIPTMONOF TIE INVENIROpRS mi xtures nade
by ol efin generation processes is significantly reduced through the nethod

of typs |nventi oRefeHiRQER/ FiglrbiH @nDeferin gBhErdtioRfstepatitionbfodedye)i on

conprises introducing pressurized m xed ol'efin bearing charge gas an
ol ef i n r ecosreatdss @ aragsudred avixkdt glefip dvesrringg chargee gasr(t) dhat énfedttioca

ooy SRS IR i s i
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ethyl ene rich product streamas the overhead, and a bottons stream bal ance;
subsequent | Sonugciastobe teneptimemameng:pracess (Pbbased Uper sapitalanRdanergy

bot tpgs requirements for compression and the eventual composition of the resultant
secondary ethylene rich product stream discussed below. In this embodiment,

the charge gas is cooled to a temperature of no lower than -55 °F, in heat
exchange equipment (3) prior to entering the feed tray of the demethanizer

column as stream (4). Within the demethanizer column fractional distillation

20 takes place among multiple trays, ultimately resulting in a vapor stream (5)
entering the overhead condensor (6). In the overhead dondensor, heat is
removed from the input vapor until material exiting the condensor (7) is partially
condensed against a refrigerant to a temperature of between about O and no

lower than -55 °F in the range of from about -20 to -50 °F, as an optimum among

25 condensor heat transfer area, refrigerant system energy requirements and the
resultant composition of secondary ethylene rich product discussed below.

Stream (7) is then introduced to a drum (8), or other such vapor-liquid
separation device. A liquid stream (9) is created and returned to the
demethanizer column as reflux to facilitate fractional distillation, and note that no

30 lean oil is introduced to the demethanizer column at this or any other point.

Further, a vapor stream (10) is manifested as a secondary ethylene rich product
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.bal ance; possibly providing the secondary ethylene rich product stream as
feedstock for derivative manufacture or conbusted for disposal or the
gener at i OWOB8/29366 of useful heat. In a preferred enbodi nentpcrtir8sggndary
ethylene rich product streamw || contaiqp substantially all of the input
conponents of a boiling point at |east as | ow as ethyl ene. In another
preferred enbodi nent, the denethani zer tower operates with a condensor

t enper at ur e Stfeaah coatainogmomly ethyere and virtuallytalkoftbedhputecomponents of a

b ti , ' | Dy l.ef | ti d 15 facilit t
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di agram of hiwthah&l BRdSenRgr Btieosr &l doRfponRhls TohCa | Highas peflird pRidty trake

pl ant using a preferred enbodi nent of the present invention, show ng
product i on 8th¥ien&condary ethyl ene rich product stream from 20

a
denet gani zer fraely .St .| af, i | WhI ch. i first col in
t he ogeral | seri g’?@?%&ﬁﬁ#&% cﬁ)“}'ﬁ@\?\/‘e‘s@ 'ﬂ@n‘égg&ﬁqféﬁ? %’gﬁ?min ref"(’:ﬁvg)gﬁ tter
produci ng apottion of ehivhad 23 ipintreducedttbythe elurha rebosHICI3) Sitigraln hEagisr e 1B
is a scherratictgé%%e%m of . the olefin separation and recovery process of an
|

ethyl ene pl g o ap'?"&e@r‘faé’tﬁ’r‘é'ﬁﬁﬂoﬁt (14) wiigh s eatefirecbts the column
i nvention shpWaREitaEOHaetiomd) efs(tjﬁat?&fonq'ﬁ%y rgh?}ﬁr%%ps\ﬁr Ivﬁ{hdgéf’ﬂg?'hﬁ;{h am

from a denet hani zer fractional stil'lation co i C
columm in t Hemetranizér swumasasé ligaldibottom$ produitd16) conteitihghe ®alance

rodygi ng as,t.he.over da prim thyl ene rich product stream 96B083/2
87LK I78.gDoEf the Mv‘ﬁi%ﬁﬁsnaé?\d'sﬂﬁhéeﬁe sicconanérm%aaﬂ Yifgaly &ong of the

separati on ggMpbREMSEIFA IBWRF BSiinafhoit HYih | ant using a preferred
enbodi ment of Phe pr esent inven!tle n sﬁ@évé]ﬁ{g proeguction of a secondary

ol 2 T oBSER T R B 0Bay SEOBHEA ot bt e
by a { err]redplive tter thatoducthey pressurizedv enikeddokefipr ibearingetchalgnegas ciz
product str Snaergominantly a function of the ratio of ethylene to hydrogen, ethylene to carbon
15 monoxid‘e and ethylene to methane in the charge gas, and the operating
pressure and temperature of the demethanizer condensor. The latter
parameters establish the vapor-liquid equilibrium composition set determined by
the laws of nature in drum (8), and the former component ratios establish the
material balance required achieve that equilibrium composition set and hence
20 the rate of stream (10). In a preferred embodiment of the present invention, an
olefin generation/preparation process (0) will be selected that inherently
creates, without the need for bulk separation devices, a pressurized mixed olefin
bearing charge gas with a very high ratio of ethylene to hydrogen, ethylene to
carbon monoxide and ethylene to methane, such as Methanol To Olefins, or
25 catalytic cracking of hydrocarbons as described in PCT WO 96/16004,
Application no. PCT/US95/15281 applicants Mohr, et. al., most preferably
Methanol To Olefins. Table 2 defines the compositions and rates of the
secondary ethylene rich product stream that will result from a given composition
"and rate of charge gas that may contain hydrogen, carbon monoxide or methane

30 in various ratios with ethylene.
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.Figure 1D is a schematic diagramof the olefin separation and recovery
process of an ethylene plant using a preferred enbodi nent of the present

I nvent i OMOSBBYR6Ag production of a secondary ethyl ene ri ch ROEUSST2I®MBr eam
from 10 a denet hani zer fractional disstillation colum which is the
second in the overall series of colums, preceded by a deethanizer colum
and followed by a (ferr] splitter colunn Figure 2 is a nodification of

Fi gure 1D, Tahle & qumnoe@mmmaJuhr&atagle Secoadsne Ethadqm éﬁFhanW'é@ence

f t
erbodi mont SHo4es arah BpEeRarahr DyRcReEd as Nariqur G SpBEEEs 8
wth the sgohdensbrCoiditiong! distillation colums in any order or
sequence. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to Figure 1A, an

equ | _ c 1
nived of of BASISE Cakls it %‘g&n‘ iaoWan b SoBPPRRITIG derharRaR o ]

fractiona um (2) at a pressure between about 1,379 Jand
5,516 kPa ??8%“ hcﬁlgwhpm and preferably in the range from about |2, 758

to 4,275 <B%r{d@\%dr@&?ditlaﬁsa) which 1's converted to be the optinum gnong
process (D) _based upon capital and energy requirenents for 25

conpr essi pRresn@sihe event ugl conposi #5bn of the |resul t ant 68&condary
et hyl ene FROUCT Streqm dpgcC OWgp T ( [HpS ENDES m;i Nt .53 Nq
char ge gahirlgtﬂ BnF?)Ipd to a t Hr _thanl rell C (-8
[err]F), |howextBeiliogange ¢qui prrenRaanermpqrﬁoamfeEW$ne1iafeed trlay of

he d 96BR3/ 2 78 DOC 13
gt(raea(ranm(ez |zer Coéwgpﬁeeitthan °'}9ﬂrﬁrﬁ$h¥lre§8tm(‘fﬁ‘a?r°ﬁglﬁlt Ton t dkes

pl ace arrmgt,rggnt,l ple trays,| ultimately resulting in a vapor stream( )
entering Lhe overhead condgnser (6). In the overhead condenser. heat lis
renoved f idvdrt!gee(lﬂziput vapqr untill materijal exitfing the condenser (7)}is

partially A 5 a refrijgerant fto a tenperature of Ketween
about -18|errdg fddne dnd _no llower than 48[ err] C ( 55[err]F) i n tihe
range of rom.@mmucr 9 to|-48ferq]C¥-20 t #8509 [&Pr]F), “ds an 3°

Ib. CoHy in

Secondary

Ethylene Rich Product

per Ib. Hy in Feed 39.2 214 13.0 211 13.3 8.8

Stream

Carbon Monoxide (CO)

mol % CoHg in
Secondary Ethylene

Rich Product 74 61 49 61 51 41
Ib. CoHy in
Secondary Ethylene
Rich Product per Ib.
CO in Feed Stream 27.9 156 9.8 1.6 1.0 0.7

Methane (CHy)

mol % CoHy in
Secondary Ethylene

Rich Product 69 55 43 €8 43 34
Ib. CoHy in
Secondary

Ethylene Rich Product
per Ib. CHy in Feed 3.8 21 1.3 1.9 1.1 0.9
Stream

Note: As compiled using the PRO/II chemical simulation program, by Simulation Sciences, Inc.
5 of California, utilizing the Soave-Redlich-Kwong equation of state, assuming at least five
theoretical plates above the topmost feed tray.

As long as the ratio of ethylene to the lower boiler component exceeds that

listed in Table 2, it is possible to create a secondary ethylene nch product
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~ opti mum anong condensor transfer area, refrigerant system energy
requirenments and't sr tion of secondary ethylene rich
pr oduct wip ssnmsed b is then introduced toparAisyiRiss . or

ot her such 10 ar atrupn device. Aliquid stream(9) is
created and returned to the derrethanr zer colum as reflux to facilitate
fractional distillation, and note that no lean oil is introduced to the
denet hani zseream)asrthe arzerhbiad ob theadgmethamizep@ndthaveiethylene ramainiog is theeam
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remai nder is withdrawn fromthe denet hani zer colum as a |iquid bot t ons

product ( Phpserdensfiest afepaeation msullingsinithe qvepuielsting PEpROTHAR alitgase
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est abl i sh propylenpdiad eqonamiequaile bini itsnovonpgist t iHowevet, td:eltrm reixterdt fhat t he
| aws of nature in r mer )ﬁ?rlrﬁ)onent ra establ sh t he

mater i al | GRS SAA Pl I BGP T R B Ry E AR PiESEAbLT 2
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15 proportrons in the feed to the demethanizer, the concentration of ethylene in the
stream and the proportion of ethylene relative {¢ lower boiling component will be
reduced from the figures shown in Table 2, without changing the nature of this
invention.
The impact of the level of low boiling components are approximately
20 additive. If hydrogen, carbon monoxide and methane are all present in the
demethanizer feed along with ethylene, the rate of ethylene in the secondary
ethylene rich product stream would be approximately the sum of the
independent proportions listed in Table 2. The composition of the stream would
be approximately the weight average of the independent compositions listed in

25 Table 2.

In one embodiment, given certain economic circumstances and a
relatively low rate of the secondary ethylene rich product stream, it may be
desireable to simply combust this stream for disposal or the generation of useful
heat.

30 Returning to Figure 1A, the demethanizer bottoms stream (15) is
introduced to a deethanizer fractional distillation column (16). In this column,

via techniques well known in the art, is produced an overhead stream (17)



.5 ol efin generation/preparation process (0) wll be selected that

I nherently creates, wthout the need for bulk separation devices, a
pressur i WExP8#93Gd ol ef i n bearing charge gas with a very hiptr/maeia3ss

et hyl ene to hydrogen, ethylene to carbots nonoxi de and et hyl ene to net hane,
such as Methanol To Oefins, or catalytic cracking of hydrocarbons as
described in PCT WO 96/ 16004, plication no. 10 PCT/ US95/ 15281
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Additional embodiments of the instant invention are shown in Figures 1B,
1C and 1D. In these figures the sequence of fractional distillation columns are
changed or certain columns are eliminated. Such permutations of column
sequence are common in the industry, known to those skilled in the art as

15 "deethanizer first," "depropanizer first" etc., referring to the initial distillation
operation performed in the overall sequence, and chosen based on energy and
capital optimizations associated with the specific type of charge gas produced in
the olefin generation/preparation step (0). Regardless of the column sequence,
the impact of the present invention is the same. In a preferred embodiment, the

20 demethanizer column is operated with a condensor temperature above about -
55 °F, and a secondary ethylene rich product is produced as the overhead,
allowing subsequent production of a primary ethylene rich product without the
use of a substantially dedicated refrigeration system, lean oil circulation, or a
chifl train.

25 Further additional embodiments of the present invention are shown in
Figure 2. This figure represents a modification of Figure 1A, wherein various
equipment items known to those skilled in the art are shown in dotted lines
interspersed in logical parts of the overall separation and recovery process
specified by this invention. An item of particular note is a non-cryogenic, non-

30 distillative bulk separation process (21) installed at some point in the process
prior to the demethanizer, which serves to remove a portion of the low boiling

components in the charge gas as stream (22), leaving a stream reduced in
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stream This is general
rich product stream to reduce the quantity of low boiling components contained
therein (24), potentially increasing its economic value to a derivative unit, and
15 providing a stream rich in components of a lower boiling point than ethylene,

which may have economic value in its own right.

Further, in Figure 2, there may be present a host of equipment items to
serve a variety of purposes. One such item (25) performs a reactive conversion
of acetylene to ethylene and ethane in the presence of hydrogen, known to

20 those skilled in the art as an acetylene converter. Such a technique will
eliminate the presence of acetylene in either the secondary or primary ethylene
rich product stream, or both, depending on where in the overall recovery and

separation process it is located.

in accordance with the method of this invention, such ancillary equipment

25 items of the type and purpose noted in the description of Figure 2 can be
located in any logical place in the overall recovery and separation process, for

any sequence of fractional distillation columns, and still achieve the benefits of

utilizing the instant invention, and hence are included within the scope of the

instant invention. This includes the use of stages of compression usually found

30 in the olefin generation/preparation process, but sometimes piaced in between
columns on various overhead streams to optimize between compression energy

requirements and piping required to move the streams around among the
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Retyrning to Figure 1A, the depethanizer bottons stream (15) is 20

i nt ﬁggucedtf?rotﬁﬁ%ﬂg@?ﬁ){a%hygpef'Fgetﬁr?@‘fﬂlsg&Fgl‘i |lation colum (16). In this

colum, via tecl:‘_ni gues wel | ,ﬁnovvn in the art, is produced an overhead

stream (17) cont/&eniNgntQmhis H?V%FPF@“%IWO* dmitededy ﬁﬁ?xﬁmﬁﬂﬁse\'{@'c@n@"%'ry

little of NHOfHR | 1 | n
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t he i nput etwlemetontained in the charge gas from an olefin generation/preparation
process (0) is assumed. The quantity of other components is thus defined by

15 the overall stream composition listed in each example.

EXAMPLE 1 - DEMETHANIZER FIRST ON UNADULTERATED CHARGE GAS

Referring to Figure 1, A Methanol To Olefins olefin generation/

preparation process (0) creates a mixed olefin bearing charge gas (1) with a
composition reflected by that given in Table 1 upon having all of the carbon

20 dioxide and carbon removed, as shown in Table 3, and a pressure of 610 psia

and a temperature of 90 °F:
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with a temperature in drum (8) of -50 °F and a pressure of 600 psia, with a

reboiler and condensor duty sufficient to provide a quantity of propylene in the

secondary ethylene rich product stream (10) of 10 mol ppm. As derived from

10

Table 2, the quantity and composition of the secondary ethylene rich product

stream will be approximately as shown in Table 4, containing all of the

hydrogen, carbon monoxide and methane in the charge gas:
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_conponents in the charge gas as stream (22), leaving a streamreduced in 25
conponents of a lower boiling point than ethylene as feed (23) to the
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MEDAL Limted Partnership as described by Flem ng and Duputs-+a—ther+— -
article Hydrogen Menbrane Recovery Estimates, or the chem cal lz_%bsorgtion

t echni que 48 M/ CoMpbbiioiBoPSecondas cal | ed "Sel ectivel™ ﬁi’ﬁ& ﬁﬂﬁ‘m‘
not ed above. Another technique is a reactive renoval of a H lbon
nonoxi de Ethytensa RighiProdust Stseami(18ppl i cati on Attorney
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et hyl ene %ﬁroﬁ“@r?%@d“to t he denet hani zgr inthe 5 i nstant i nvention,
one can 1 onent’ at 7d CORIH 0 of NG ndary et hyl ene rich

pr oduct Sm% I N gccclyr%ance %B?ﬁéi’ﬁ*e mr/srrati%'ﬁﬁ'g'ro ided in Table 2. In
addi ti on, Hhle may use sugez Bchni q@gs0 pn t pgsslecondly et hyl ene rich
product qtreamto reduce thefquantity of |ow boilin onponent s cont ai ned
therein (X9, potentilal | P-1htreasi #f-4{s d8&%ni c W e to a derivative
unit, and proyi di stre g €h i np of a | ower boiling
poi nt than e‘["hyl ene, \/\hi@%}h:ﬁay haaergg(:a%)no%?b vial ggﬁﬁﬁ] its own right.
Further, liChHjgure 2, ti3s27 ray bi250@$enud86H410sB,500 pqui pment itenms to
serve a \ari ety of pyrposes,| One such {tem (25)~ perfofns a reactive

conver si crpﬂT'SacetyI ene locﬁdethyl ene 1a¥1;| etfl in t3%e presence of hydrogen,
known to ©a+ those skilled in the aft as an aqug ne converter. Such a
techniqud_wWll elininate thel presence of acetvl ene inf either the secondary
or primarly eTohal ene 1i ciog®puct A54ehm 100. h7,18&5endi ng on where in the

overal | recovery.andlseparatlion processitl.slloc . In accordance with
the method of e defiARhnioth bBHBMSIPRIdUCRISIreB(PSPIY 168 to deeltaffBorOf {he
type and purpostH noted in 'tﬁre gescrsi ﬁ (l)'ln os}/reFﬁgLSrgFZ can 0e F%ca?‘e‘%ri n any

| ogifcal plcaieminig16))evhiorisasuppliedovith guffictent énaxs ateboilepdulyeary] condersmoy
duty to effect a fractional distillation separation between ethane and propylene,
wherein there is contained in the overhead product (17) only 100 wtppm
propylene and virtually all of the input ethylene, and there is contained in the
bottoms product (18) about 100 wippm ethane and all of the input components
10 of a higher boiling point.
The deethanizer overhead (17) is sent to a C, splitter column (19), which
is supplied with sufficient trays, reboiler duty and condensor duty to effect a
fractional distillation separation between ethylene and ethane, wherein there is
contained in the overhead product (20) virtually all of the input ethylene and
15 only 500 molppm ethane and virtually no hydrogen, carbon monoxide or
methane originally present in the charge gas. Stream (20) constitutes the
primary ethylene rich product stream currently established by industry as the .
standard for merchant markets.

EXAMPLE 2 - DEETHANIZER FIRST UTILIZING BULK SEPARATION
20 BEFORE DEMETHANIZATION
Please refer to Figure 2. A Ethane Steam Cracking olefin generation/
preparation process (0) creates a mixed olefin bearing charge gas (1) with a

composition reflected by that given in Table 1 upon having all of the carbon




_sequence of fractional distillation colums, and still achieve the benefits
of utilizing the instant invention, and hence are included within the scope
of the iwstamnbigsnvention. This includes the use of stages P(ET/BQM? SI on
usual |y found 25 in the olefin gqujatlon/preparatlon process,
sonetinmes placed in between columms on ‘Vari ous overhead streans to opt|n1ze
bet ween conpression energy requirenents and piping required to nove the

streans ar @ixdeB2flort BAd Gt BFIhE CF-PIBRculdSrBmoif] d3Usmswr $¢ ¢ abf EDVG
streans anong the vari ous equi pment itens or nodify f he pressure of the

streans to3hAPresirehdo8 PSERanY A2eUPRIIIESOROC F: ~ 19 equi pment it ens.
Further, in less preferred but still useful enbodinents, a chill train,

lean oi | oabpTBECRMpSSIBAlSPMBRLOIefBLer 11 C. (-55 [err]F.) may be
enpl oyed, but at tenperatures above those currently used in the

convent|onaeamrlgdﬁhargﬁGaBdmﬁmEmmeez may be operated to retain
appr eci abl g—geptit--esr-af conponents of a boiling point at |east as
| ow as eth PZ%?O%M ngv‘(fa/‘yl ng anounts of energy and capital while

provi di ng *'Err-h'a ex =y tylin controlling the rate of the secondary
et hyl ene p duct strearr# F’f cfordance with the desired requirenents for the

primary et hgiene rich pgraehict] stream The invention is illustrated but not
limted by|the exanpl es_which} follow 10 In each of the follow ng
exanpl es a %bad rate of 388 36p kg./hr. (100,000:1b./hr.) of ethylene

cont ai ned H&e chargeoggs ffoman ol efin generation/preparation process
(0) is asspm&d“< The qunantlty pf ot her conponents is thus defined by the
overal | stf€aksconpositbanglipted in each exanple. EXAMPLE 1 - DEMETHANI ZER

FIRST ON U DHLTERATED %ﬁARGE 15 GAS
Ref erring Bgure 1 RBt hbinol To QO efins ol efin generation/ preparation
process (0)cqreates a ngxed orefi n bearing charge gas (1) with a

conposi tiop_efl ected by that| given in Table 1 upon having all of the

car bon di oki d§otald car bwo,oenr)ved, as shown in Table 3, and a pressure of
4,205 kPa '

5 The charge is introduced to deethanizer column (16), which is supplied
with sufficient trays, reboiler duty and condensor duty to effect a fractional
distiliation separation between ethane and propylene, wherein there is
contained in the overhead product (17) only 100 wtppm propylene and virtually
all of the input ethylene, and there is contained in the bottoms product (18)

10 about 100 wtppm ethane and all of the input components of a higher boiling
point. The deethanizer column step has introduced a pressure drop of 10 psia,
and the pressure of stream (17) is now 390 psia.

The deethanizer overhead (17) is taken through a compressor (22) where
the pressure is increased to 620 psia at point (23), and introduced to a

15 commercial MEDAL hollow fiber membrane (24) designed and operated to effect
a removal of 60% of the hydrogen to create retentate stream (25), whose
composition is shown in Table 6, and whose pressure is now 470 psi. Also
created is stream (26) as the permeate, comprised of the targeted hydrogen
plus some bypass methane, acetylene and ethylene removed from stream (23).
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.20 (610 psia) and a tenperature of 32[err]C (90 [err]F): Table 3:
Conposition of Mxed Oefin Bearing Charge Gas (1) for Exanple 1 Conponent

W . % H »iQ98/29366 0.03 25 CO 0. SQCﬁdsg-f,j3h78
1.49 (Jerr]Herr] 55.18 Cerr] H errgy 1.72 (Jerr]+ 1.08 30
Tot al 100. 00 96B083/2 97LKR178. DOC 20 The charge gas |s t aken

t hrough heat exchanger (3), where heat is renpved to provide feed to the
denet hani zZ€able2§: Gompdasitipe ofiiStream{25)8payr ]| C (0 [err] F) and a pressure
IS, gurred The denet hani zer, 5 with the

drop of 55_1 Pa
equi val entBUﬁ‘ gepPé@Uﬁbb&H’le(ﬁl“ inExanwpleRe feed on the eighth tray from

t he bottgﬂné.i.s_o.pﬂt.a.r.e.d_wfk a.tenperature in drum (8) of 46[err]C (-50
[err] F) omponas (WL &% 4 Lighr.kPh (600 psia), with a reboiler and
condenser] duty sufficient tjo provifde a quantity of propylene in the
secondaryj et hyl ene rich prqduct stfeam (10) of 10 nol ppm As derived from
Tabl e 2, § quant t Y ggrd T it on of 10 t he secondary ethyl ene
rich prOdkEC stream w bg "approx| mately as shown in Table 4, containing
all of t Bydr ogenj - car bor} trameoxi e and nethane in the charge gas: Table
4: Conpos} tjon of Sa%%dary E ha/l ehe Rich Product Stream (10) 15 for
Exanpl e 1] €o¥ponent % q{éﬂ Lp.)-mol/hr W. % Kg. (Lb.)/hr.
Herr] Csz?. 62 | g.45l2. 3 437 0) 0.75 24.5 (54)

CoHy 56.45 99,000

CoHg 37.46 65,703

Ca+ - trace

Total 100.00 | 175,38
1

Stream (25) is introduced to an acetylene converter reactor (27),
5 designed and operated to destroy all of the acetylene with 70% converted to
ethylene and 30% converted to ethane via stoichiometric reaction with the
hydrogen in the stream. The result is stream (28), which is taken through heat
exchanger (3), where heat is removed to provide feed to the demethanizer (2) at
a temperature of 0 °F, whose composition and rate are given in Table 7.

10 Through items (27) and
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car bon and nost of the C7+ nol ecul es

in

Total

100.00

175,38
1

(3), a pressure drop of 18 psi is incurred. The demethanizer, with the equivalent
of 20 theoretical plates and the feed on the eighth tray from the bottom is
operated with a condenser temperature in drum (8) of -35 °F and a pressure of
450 psia, with a reboiler and condensor duty sufficient to provide a quantity of
methane in the demethanizer bottoms product stream (15) of 135 mol ppm. In
this instance, due to the relatively high ratio of ethane to ethylene in the

10 demethanizer feed, ethane is allowed in secondary ethylene rich product stream
(10) as a potential optimum between refrigeration requirements on condensor
(6) and recovery of ethylene in the bottoms product stream (15) for subsequent
manufacture of the primary ethylene rich product stream. Thus, as discussed
above, the rate and proportion of ethylene in the secondary ethylene rich

15 product stream (10) will be somewhat lower than predicted by Table 2, while still
containing all of the hydrogen, carbon monoxide and methane in the charge

gas, as shown in Table 8:
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(90[err]F):
Exanpl e WOX829346ent
trace CH err]
Cerr]Herr]
100. 00 The charge is introduced to deethani zer colum (16),

suppl i ed Wi'l‘tdblesf CompositioregtSecendartycEthyiene Rich Poodacter duty to effect
a fractional

wher ej n th&@ﬂ@(égm"&wg

at a pressure of 2,758 kPa (400 psia) and a tenperature of 32[err]C
Tabl e 5: Conposition of Mxed Oefin Bearing Charge Gas (1) for

W. %Herr] 3.94 20 PCTS97/23878
3.83 (err]Herp3 0.43 Cerr]Herr]
35.09 25 Cerr]+ 3.57 Tot al

which is

distillation separation between ethane and propyl ene,

9383/ 2 97LKRL7. DOC 22 in the overhead

product (]
et hyl ene,
wt ppm et h3
deet hani z

R BREeD

ige and al |
L columm dtep has

\MWQ%J; Ialr"n Py 'b/btt all of the input

din 6?0 uct (18) about 100
of the |imeWhrcofponents of a hijgher boiling point.
introduced a preassure difop of 68.95 kPa (10

psia), 5
The deet ha
pressure i

to a commgrgy

effect a n
whose 10
3241 kPa
of the tar

ini zer over

§3Q ncr easdd@G® 4, 253

enoval

EaHE"y orlh

renoved @R+

.45sur
head (17

Ho and t he e1443.5t r ¢ 3B4 17)| 2,88viow| 2, 689 kPa (390 psia).

t ak th h
i s aa( gr E;?g)% a co

gofgrne

%ydro en to c¢reate r¢tentate stream (25),
CoHpnposi|t4H85i s 521,6@[5(] n|748%* 6, 5&Ad0whose pressure is now

R T b O U e

3% poifnt (23),
MEDALy g} | ow 4
of 60% of th

b

Total 100.00 |4,189.9 |100.00 | 75,222

10

15

The demethanizer bottoms product stream (15) is sent to a Co splitter
column (19), which is supplied with sufficient trays, reboiler duty and condensor
duty to effect a fractional distillation separation between ethylene and ethane,
wherein there is contained in the overhead product (20) virtually all of the input
ethylene and only 500 molppm ethane and virtually no hydrogen, carbon
Stream (20)
constitutes the primary ethylene rich product stream currently established by

monoxide or methane originally present in the charge gas.

industry as the standard for merchant markets.

As one can see from these examples, the advantages of the present
invention include being able to achieve the same results, with substantially less
capital equipment.

The invention has been described with reference to its preferred
embodiments. In view of this description, one skilled in the art will appreciate
changes and modifications which may be made that do not depart from the

scope and spirit of the invention as described above and claimed hereafter.
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ressor (22) where the
and i ntroduced
(ggmzde i gned and operated to

conpri sed
cetyl ene and ethyl ene



.stream (23). Table 6: Conposition of Stream (25) from 15 Bul k
Separation Device (24) in Exanple 2 Conpone W. % Kg. (Lb.) /hr. nt

Herr] WO98/29366 69 1,345 (2,966) CO - PCTIGS99238%8

CH err] 3.95 3138.5 (6,919 err]Herr] 0. 45 359. 7 (793)
Cerr]Herr] 56. 45 44,906.4 (99,000) Cerr]Herr] 37. 46 29, 802.9
(65,703) Cerr]+ trace 25 Tot al 100. 00

79,442.8 (175,381) Stream (25) is introduced to an acetyl ene converter ~
reactor (27), designed and operated to destroy all of Um,'mlﬂ"“lnznmm
70% convert\& éo et hyl ene and 30% converted to et hane

R

reaction Igimzo hydrogen in the stream The result i& streams+

whi ch is taken through heat 96B083/2 97LKR178. DOC 23 exchanger (3),

where heat is renoved to provide feed to the denethanizer (2) at a

t enperat ur d.of -AlpfeceskGof Pfaducirig a ssbosearywtagientirith protiuckiseeah given in
Table 7. Through itens %F?L é Table 7: Conposition of Stream (4) Feed to
5 Denet hani 2&iM B| / Fzed ampred plefihRarsing \whargs gag. asLthe / hr .

CH:I[-l[e;ér] o%veglgead oﬂé@%f@c%@%%@%ﬂ” on tower coatained in_an ]overél[ ace 0
olefin recovery and separation facility, under conditions on said
distillation tower sufficient to produce a remaining bottoms stream
containing some ethylene present in said charge gas and
eventually recovering a primary ethylene rich product stream from

10 said bottoms stream.

2. The process of claim 1 where said overall olefin recovery and
separation facility contains non-distillative separation or reaction
transformation techniques to modify the content of acetylenes,
dienes, or components of a lower boiling point than ethylene on

15 any stream, potentially including the secondary rich ethylene
product stream.

3. The process of claim 1 wherein:
said secondary ethylene rich product stream consists mostly of
ethylene and substantially all of the components in the feed to said

20 fractional distillation tower having a boiling point at least as low
ethylene; and,
said bottoms stream consists of ethylene and components in the
feed to said fractional distillation tower having a boiling point at
least as high as ethylene.

25 4. The process of claim 2 wherein:
said secondary ethylene rich product stream consists mostly of
ethylene and substantially all of the components in the feed to said
fractional distillation tower having a boiling point at least as low

ethylene; and,
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.CJerr]Herr] 56. 79 45, 177.7 (99,598) (err]Herr] 37.61 29,927.2
(65, 977) %err - trace Tot al 100.00 79,552.8
(175, 381)W 38/29356(3) a pressure drop of 124.11 kPa (18 psiPCH/usemasasr ed.
The denet hani zer;- wrth the equival ent 26f 20 theoretical plates and the feed

on the ei ghth tr ottom I's operated with a condenser tenperature
i n drum (8) mr\l} 5(err]F) and a pressure of 3,102.75 kPa (450

psi a), vvith «£ondenser duty sufficient to provide a quantity
of methane in the 20 denet hani zer bottons product stream (15) of 135

nol m In this_i. etoth Il ve h ratio,of ethane to

et hylogne in the m@ﬁ‘&m%ﬁf F0TPNSA ﬁéﬁe&f‘lﬁlegﬁ ?ﬂé&% F}Pmd&rt?eet hyl ene
rich product st rigaf tol8didaadtiopal %rstirrahoﬁ%wsvfnaﬁﬁd’tﬁeeoztnﬁg b&@ i on
requi renents on condenser (6) and recovery of et ne 1n th ottons

product stream (1285t aohigh@ssethulene. 25 manuf acture of the prinary

et hyl ene righ pr | scussed the rate and
proportion %f tﬂ%’?roé&és ﬁf\e ég(ﬂﬁnaaﬁgg@%yf%’ﬁ c?nngﬁorb.? otlt[BPEE rBam (10)
will pe sorrev\hatcdrrmeasortmrpa@éﬁﬁe@f g IGWerTBhaabbut W66 P, still contai ning
all of the hydraogen, carbon nonoxide and nethane in the charge gas, as

shown in Tdbl e StNe3ProeeBYf 2 ORAIMRRE 78hersin said4canditiens: caopfissi ai on of

Scoondery S| Al Bty FER P B 2 Sorent ol

(1443.5) B. 84 The paAftesb of %la?ﬁﬂﬂ Wﬁerem san@@thglene rich product dtredrRs trace
trace trace CH err] 3135 3

(6,912) ( err] Haergroducediin §w ab@Qm:%ot abmtlom bwleaeaoll am 463hd (56, 140)
10 absence of a chill train.

8. The process of claim 6 wherein said ethylene rich product streams
are produced in the absence of absorption by lean oil, and in the
absence of a chill train.

S. The process of claim 7 where the pressurized mixed olefin bearing

15 charge gas is obtained from the methanol! to olefins reaction.

10.  The process of claim 8 where the pressurized mixed olefin bearing
charge gas is obtained from the methanol to olefins reaction.

11.  The process of claim 7 where the pressurized mixed olefin bearing
charge gas is obtained from the pyrolysis or catalytic cracking of

20 hydrocarbon feedstocks.

12.  The process of claim 8 where the pressurized mixed olefin bearing
charge gas is obtained from the pyrolysis or catalytic cracking of
hydrocarbon feedstocks.

13. The process of clairn 9 wherein all or part of said secondary

25 ethylene rich product stream is eventually combusted for disposal
or the generation of useful heat.

14.  The process of claim 10 wherein all or part of said secondary
ethylene rich product stream or said modified secondary ethylene
rich product stream is eventually combusted for disposal or the

30 generation of useful heat.
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~Jerr]lHerr] - 7.39 140. 3 (309.4) 12. 34 4,210.8 (9,283) (err]+
10 Tot al 100.00 1900.5 (4,189.9) 100.00 34,120.7

(75, 222)waohgsget hani zer bottonms product stream (15) is sgppkeasis?
splitter colum (19),.which is suppligd with sufficient trays, reboiler

duty and condensor duty to effect a ffactional distillation separation
bet ween et , 15 wherein there is contained in the
over head AmnnmﬂlHM)"mnmﬁal ly all of the input ethylene and only 500
mol ppm et hane ‘and vPrtually no hydrogen, carbon nonoxi de or met hane
originally present in the charge gas. Stream (20) constitutes the primary
et hyl ene ri8h pThdyrbceds efachaimririewhéneireall ablpashetisdid sevbnskary rieh t he
standard for nmerchant markets. 20, As one can see fromht hese
exanpl es, the afi ?ﬁﬂfg%@dHFt strRap isewentualiveambysted fe digeosal orthgbl e to

achi eve the sangeh&adbhor uskfingdpbstantially I ess capital equipnent. The
I nvention has been described wth reference to its preferred enbodi nents.

I n vi ew of 16hi sThesprocpss @i, claime <k mhieeeini all tdrepant tofwsaid sppordaryt e 25
changes and nodi ficatiaqns whic be made th 0 _not, depgrt, fromthe
scop@ and spi riF{erGQ%@&i‘ W%ﬂ‘f?qcﬁg'?%" 8&?@@5\9@?%129%%%93&%8%&eafter.
96B083/ 2 97LKRlfigh Keduct streai€isCb@éritually combusted for disposal or the

1 1. A process for producing a secondary ethylene rich product stream

conprising 5  generation of useful heabduci ng a pressurized nixed ol efin bearing
hi'gh 't enpel &t ur SPEURGERER e P ad: WEREAT I | R S SnBPERGRY, ned n an
overal | ol efin gpgim picipeodeR3trebhdiz hietltdd to HPother process that
operating the denmet hani zer under conditions effective to produce
10 serves to transform the olefins in that stream to other products
through a reaction.

18. The process of claim 10 wherein all or part of said secondary
ethylene rich product stream or said modified secondary ethylene
rich product stream is introduced to another process that serves to

15 transform the olefins in that stream to other products through a
reaction.

- 19.  The process of claim 11 wherein all or part of said secondary
ethylene rich product stream is introduced to another process that
serves to transform the olefins in that stream to other products

20 through a reaction.

20. The process of claim 12 wherein all or part of said secondary
ethylene rich product stream or said modified ethylene rich product
stream is introduced to another process that serves to transforrﬁ
the olefins in that stream to other products through a reaction.

25 21. The process of claim 17 where said reaction is hydroformylation
and said other products are aldehydes or alcohols.

22, The process of claim 18 where said reaction is hydroformylation
and said other products are aldehydes or alcohols.

23. The process of claim 19 where said reaction is hydroformylation

30 and said other products are aldehydes or alcohols. L
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.a remai ni ng bottons stream contai ning sone ethylene present in the charge
gas and eventually recovering a primary ethylene rich product streamfrom
t he bott 8¥R%83%Bemm wherein the conditions conprise a cond®¢F&IS733878

t enper ature -suffi-ciently "high to elinfate the need for a chill train; and

recoverln from hani zer an overhead conprising a secondary
et hyl ene @ \wmﬁﬁ‘gﬁi‘eam 2. The process of claim1 where the overall
olefinr separation facility contains

non-di stil'l a |ve separatl on or reaction transformation techni ques to nodify

t he content S r e : g poi nt
than et hyl cR% on BRPERFEAft TR MNeTS Taie aaciel (§ o EUEEnBSleyo? ;

et hyl ene productaﬁd s8Rdth@bproducts are al8ehyde'5m'r gleolesiss of claim1l vvherel n:
t he secondar ethXIene rich product _stream consists nostly of ethylene and

subst anti al 2§ al Thef Pragese odfp Sl 4 7i where s@aidd anetheRc PFRCESE

distillation to I t Iene and,
96B083/ 2 97LKRL7 Bg@e‘mzdg *’%@ 25, @%Q'ts @hgﬁ%@rﬁ%&e\&&?ﬁ%ﬁx{i e and
conpogents in thacétatﬁimomotrm Vingt thloride rdosomet, aethanol ceﬂaylbéaxemrg a

boi li ng point at Ieast F hi gh as ethylene. 4. The process of claim?2
wher ei n: 5 or polye hyenet he secondary ethyl ene rich product stream

consi sts l Y %he é{wgl S oo %&Ub@ WPHerd! Eé(ldalahog'[)er Pﬁa&%‘%p@é‘ ks in the

feed to the raction I on tower havi I ng point at | east
as | ow as et hyl emanutactire of acetic acid, linear alpha oleﬂns acetaldehyde, vinyl

acetate monomer, vinyl chloride monomer, ethanol, ethylbenzene,

10 or polyethylene.

27. The process of claim 19 where said another process is the
manufacture of acetic acid, linear alpha olefins, acetaldehyde, vinyl
acetate monomer, vinyl chloride monomer, ethanol, ethylbenzene,
or polyethylene.

15 28. The process of claim 20 where said another process is the
manufacture of acetic acid, linear alpha olefins, acetaldehyde, vinyl
acetate monomer, vinyl chloride monomer, ethanol, ethylbenzene,
or polyethylene.

29. A method for producing a secondary ethylene rich product stream

20 from a mixed charge gas comprising separating said mixed charge
gas into a bottoms and an overhead under conditions sufficient -to
produce a first ethylene rich product stream as said overhead.

30. The method of claim 29 further comprising recovering a primary
ethylene rich product stream from said bottoms.

25 31. The method of claim 28 wherein said conditions comprise a
temperature of about -55 °F (-48°C) or higher,

32. The method of claim 29 wherein:
said overhead consists essentially of ethylene and components of
said mixed charge gas having a boiling point at least as low as

30 ethylene; and, e
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.the bottons stream consists of ethylene and conponents in the 10
feed to the fractional distillation tower having a boiling point at |east

as hi gh &¥oes/taskene. 5. The process of claim3 wherein th% ? @
conpri se a condenser tenperature of n%é ower than-about -48[err 5 F).
6. The process of claim4 wherein the condltlons conprise a 15
condenser tenperature of no |ower than about ﬁ'ﬁuLMHLI"EWEHWF .
The process of claimb5 wherein the ethylene ric I are
produced in the absence of absorption by |ean oi [ . The prdcess of

claim6 wherein the ethylene rich product streams are produced in the
absence of absormuddpptggmqs gansisty esgentially of ethyle@se andfeompaoreads off claim7

where the pressu e efin bearin i s obtained fromthe
met hanol tg ol ef%%fa rﬂé@&’t&%ﬁ& £5s haying 5 gB@ ‘ngﬁgll?ﬁsé Fhetd ehe
pressuri zed mxeetm}eﬁ‘ei n bear| ng charge gas is obtained fromthe nethanol

to ol efins reactjion. process of claim7 where the pressurized
ni xed ol ef i $5- beaTh?ng‘eéBOd °f clalm 30 wherein:char ge gas is obtained fromthe

pyrolygsis or cat t f eedst cks 12. . The process
of CI%| m 8 wher ?%ﬁed\%}r@éségoﬁr@@% J%g’"gﬁ)gf)?ﬁ é%ﬂq AG c‘f?&?%‘énedg§ Q
obt ai ned from t hemigyFirey Thargs gast né\uhgca @bfw@ péinefat NEEs0E3 BANas
f eedst ocks. 96B08 / 97LKR178. DOC he process of claim9 wherein

all or part of t$BYE5€oABGry et hyl ene r| ch product streamis eventually

conbust ed f or d's%?@%%t ofis EBﬁs@angé?%] tﬁﬂgcgf é&ﬁ?lfeHE A ‘compbnenld! o Pr 0CesS

of claim 10 wherein all or part o et hyl ene
rich product st rmmhmwxedma\ng&ilgfalsduh\emg:mﬂaxmgmd‘iryﬂ anfedst &y Aigbdast stream
S eygnt ual l'y cormu'st ed for disposal or the

34.  The method of claim 31 wherein:
said overhead consists essentially of ethylene and components of
said mixed charge gas having a boiling point at least as low as
ethylene- and,

15 said bottoms consists essentially of ethylene and components of
said mix
charge gas having a boiling point at least high as ethylene.

35. The method of claim 29 wherein said first ethylene rich product

stream is produced in the absence of absorption by lean oil, and in
20 the absence of a chill train.

36. The method of claim 30 wherein said first ethylene rich product
stream is produced in the absence of absorption by lean oil, and in
the absence of a chill train. '

37. The method of claim 32 wherein said first ethylene rich product

25 stream is produced in the absence of absorption by lean oil, and in
the absence of a chill train.

38. The method of claim 33 wherein said first ethylene rich product
stream is produced in the absence of absorption by lean oil, and in

the absence of a chill train.
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.generation of useful heat. 15. The process of claim 1l wherein all or part
of the secondary rich ethylene product streamis eventually conbusted for
di sposalW@98/29p66 the generation of useful heaPCTA897/238Me
process of claim 12 wherein all or p2et of the-secondary-ethylene rich

product streamor the nodified secondary eth | ch product streamis
eventual |y conbusted for disposal or the gen§ iﬁ ﬂﬂ ”E tu)u heat. 15
x ¥Wary ethyl ene

17. The process of claim9 wherein all or p
rich product streamis introduced to another process that serves to

t ransf or m4he fi | . r.ea o_ot her.. products through,a.reaction.
18. The ﬁslrd(;ceglsheeoﬁ%ﬁ’gﬁ?r%tfrl]cgéws;ér‘te]”ﬁ]eéﬁ"l‘ 35&5? e&fy(fem% "eo:B 20
ethyl ene rich mtedatis slodacsd o tHeabsBibel dfeabserstiiiBy Yesn BY) aAg iki ch

product streamjs introduced to another process that serves to transform '
the ol efins inth@absenceahachilidfaier products through a reaction. 19. The

o ocess olack] R halWs] 6] Qafh Lol Bal o8 hieEHBE RS Binerins serves
to t& ansform t ket avhedmtnsf ethyldne| =hid Sith $stopdhsy efyIshE richt Pradigh a
reaction. 20. The process of claim12 wherein all or part of the secondary
et hyl ene rich ﬁﬁtr@@ﬂgtcoﬂ"tﬂ”éﬁﬁn Retwera aRRutt 1-68%1hyaaid dotal @mprBti®ét 968083/ 2
97LKR178. DOC ett%? géreamis introduced to anot_her process that serves to
transformthe olefins in that streamto other products through a reaction.
21. The proceddheometiicd of didimi3erwherein saidcmixed dcrarhy dyasf complisgés on and t he
other prOdUCtSaartgta?léjn%ggrﬂegf Oerth)?lleﬁg,hoaln%' said secondary ethylene rich
10 product stream comprises between about 1-50% of said total
amount of ethylene.
42. The method of claim 31 wherein said mixed charge gas comprises
a total amount amount of ethylene, and said secondary ethylene
rich product stream comprises between about 1-50% of said total
15 amount of ethylene.
43. A method for producing a secondary ethylene rich product stream
from a mixed charge gas comprising:
introducing a mixed charge gas into a demethanizer;
separating said mixed charge gas into a bottoms and an overhead
20 under
conditions sufficient that said overhead comprises a secondary
ethylene rich product stream.
44.  The method of claim 43 further comprising the step of recovering a
primary ethylene rich product stream from said bottoms.
25 45. The method of claim 43 wherein said conditions comprise a
temperature of about-55°F(-48°C) or higher.
46. The method of claim 44 wherein said conditions comprise a
temperature of about -55° {(-48°C) or higher.
47.  The method of claim 43 wherein:

30 ’ PP EE Rt
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5 22. The process of claim 18 where the reaction is

hydr of ornmyl ati on and the other products are al dehydes or al cohols. 23. The
process wbogheieg) 19 where the reaction is hydrofornyl ati onpaggishfesed her
products are al dehydes or al cohol s. 2§0 The process of cl.aim20 whéere the .
reaction is hydrofornylation 10 and the other products are
al dehydes or al cohols. 25. The process of claim 17 where

process is the manufacture of acetic acid, linear al pha o“mﬂuﬂﬂm"ﬁm”“m
acet al dehyde, vinyl acetate nmonomer, vinyl chloride nononef, ®tHandl,s *
et hyl benzene, or polyethylene. 15 26. The process of claim 18
wher € t he anot hesaigovederd sondists ressantiatyuokethyleneand comphndntsieér al pha
ol efins, acetal dehyde, yinyl acetate.nonoper., vin | ori de nonomer,
othanor . ot hy boakbixed Rbed B, haial S Bolingpot A degst S IR B T0 wher o
the anot her prochspehs; amg 20 manuf acture of acetic acid,

| i near al pha ol efins, acefaldehyde, vinyl acetate nononer, vinyl chloride
mononer, et hanolsai@tofiomsneensistsoessentiaky of |athdengsand Thoparents of of claim

Al phab of of i s S RERperesgas Haiy 8 BSIAG Ty, B sk ACh R Bher - vi ny!

chl ori de nononergthgehanol , et hyl benzene, or polyethylene. 29. A process
for producing a _secondary ethylene rich product stream conprising 96B083/2
97LKR178. DA8:  Tree methastielcslaign 44 wheseilk i zed nixed ol efin bearing charge
gas directly froman ol efins generation/preparation process to a high
t enper at ure denet hani zer fractional distillation tower

said overhead consists essentially of ethylene and Components of

10 said mixed charge gas having a boiling point at least as low as
ethylene and,
said bottoms consists essentially of ethylene and components of

said mixed charge gas having a boiling point at least as high as

ethylene.
15 _
49. The method of claim 45 wherein-
said overhead consists essentially of ethylene and components of
said mixed charge gas having a boiling point at least as low as
20 ethylene- and,
said bottoms consists essentially of ethylene and components of
said mixed charge gas having a boiling point at least as high as
ethylene.
80. The method of claim 46 wherein:
25
said overhead consists essentially of ethylene and components of
said mixed charge gas having a boiling point at least as low as
ethylene and,
said bottoms consists essentially of ethylene and components of
30 said mixed charge gas having a boiling point at least as high as

ethylene. R
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.contained in an overall olefin recovery and separation 5

facility; operating the denethani zer under conditions effective to produce
a renai IWQgsRMW66ons stream cont ai ni ng sone et hyl ene presenpcTmsyissehar ge

gas, wherein-the-condi-tions conprise3 condenser tenperature of -48[err]C

(-55[err]F) or_gar : 10 recovering fromthe
denet hani ze“m Miﬁﬁ&wﬁ !‘pri sing a secondary ethylene rich product
stream 30. 1'% «Cl aim 29 further conprising the step of

recovering a primary ethylene rich product streamfromthe bottons. 31.
The met hod.pf claim 2 ecein: 1 . . t he overhead consists
essenti al I.@‘P'of tﬁﬁyﬁ"&ﬁ'@\{gﬁé %@Wp(ﬁ%’em}"?@f‘ $#id ﬁ?%ﬁ%a‘?@ﬂe@% rﬁg'vi ng a
boi I'i ng poi nt abrddede ktraam! RVHrREUBEH Yh TRE abRBFce T RHRIHRIF byORENS! S
essentially of ‘ethylene and conponents of the m xed charge gas having a
boi | i ng poi nt a®il,|anssin the aisghceiof acghill train. ethylene. 32. The

nmet hod of ai 0 r ej he overhead consists essentially of , ethyl ene
and conpon ts"‘tﬁetﬁgﬁm@(% ciﬂg} 5"@ &5‘?’?{8\/??{ ﬁe%qsq%g?tbéd# 5‘t°hl east as
| ow gs et hyl enepdilict 8ream is produced in thE&pRehES T dbBBRHIRIrS _b?fsﬁz%ht ially of
et hyl ene and con“?onents of the m xed charge gas having a boiling point at

| east as hi gh agil.@nsyindhe abseresof a chill tkan7s. DOC 30 33. The nethod of
e 22 5L Tk PRGN ot e P S AEH A BOBHS BEPY°EY
product stream is produced in the absence of absorption by lean
oil, and in the absence of a chill train.

10 54. The method of claim 50 wherein said secondary ethylene rich
product stream is produced in the absence of absorption by lean
oil, and in the absence of a chill train.

55. In a process for producing a primary ethylene rich product stream
from a pressurized mixed olefin bearing charge gas comprised of a

15 mixture of olefins, inclusive of ethylene, aliphatics, inclusive of
methane, and hydrogen and carbon monoxide by fractionation in a
distillation column provided with multiple distillation trays, heat is
input during the operation to a reboiler located at the bottom of the
column., and a portion of the effluent vapor from the overhead of

20 the column containing methane and products lower boiling than
methane is cooled, liquified, and reintroduced to the top of the
column as reflux, the combination of steps comprising:

(a) introducing the charge gas at a temperature above about -
55°F, to the feed tray of a high temperature demethanizer fractional

25 distillation tower whose condenser temperature is above about -55°
sufficient to produce from the overhead of the column a vapor
containing methane and products lower boiling than methane,

(b) introducing the charge gas at a temperature above about -
55°F, to the feed tray of a high temperature demethanizer fractional

30 distillation tower whose condenser temperature is above about -55°
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34. The method of claim30 wherein the secondary ethylene rich 5

" product streamis produced in the absence of absorption by lean oil, and in
the abseysesmiee chill train. 35. In a process for produGdgysyrpssgary

et hyl ene rich product streamfroma gEessuri zed m xed ol efin bearing charge

gas conprised of a mixture of ol efin&%inclusive of ethylene, aliphatics,

I ncl usive of 10 net hane, and hydrogen' mm | de by
fractionation in a distillation colum provided vvith, mm mum”mation
trays, heat is input during the operation to a reboil&r tocated at the

bottom of the columm, and a portion of the effluent vapor fromthe overhead
of the col um csuffieient hg pretiheendramahpr overbead| ofvihie lmoillkmngatveporl5

met hane i s cool ed, Ji,&ified, and rej ntroduc%d,to t}‘he top of the colum as
am B

reflux, the conBi™ mgthary tsstower boiling thapBei@niy t he char ge
gas at a tggper@t i PosdaVRr dpedlc i arte ridhcreblit § an ol efins
gener ati on/ pr epar atﬂi?%n pr qé?gs _t%"?%&'?@??%m/ d(?f nghhq?ghb%errtgééﬁfﬂgt ure

denet hani zer f rfaemi 2 pegsse0dzed mixed olefin bearifigseharpatdasncarprseddae

d ' b -4 C (.- 55]. F d
condb 1 ons. suf rngRla: of colBiat .t iRt aliaReres HbcksNRrfa vapor
contai ni ng met hethzted aPEAdrbSern anBcaPson hitthoxitRNbyiideadRatié®in awher ei n

t he overhead conprises a secondavfrﬁ/ ethylene rich 25 . product
stream whi ch cofistiiation, Felumn providied wdth: meitipje cbgitiatioparayh MeatoRi de and
met hane in the : WLt ' t Is |ess
t han 50% and gr-@gg gg%ﬁg?p{‘h%@@%h@ %E%%ﬂghgéc\égn gf%%bgﬁ%h@bﬁarge gas,
and a demnet hani gslumnpahd EEp@tios ot 8MBaHPvAYdriRin ShéOlerheatiloftthst ai ni ng

t he bal ance of the material in the charge gas,stream and,,
10 column containing methane and products lower boiling than

methane is cooled, liquified, and reintroduced to the top of the
column as reflux, the combination of steps comprising:
(a) introducing the charge gas at a temperature above about -
85'F, to the feed tray of a high temperature demethanizer fractional
15 distillation tower whose condenser temperature is above about -55'
sufficient to produce from the overhead of the column a vapor
containing methane and products lower boiling than methane,
(b) producing also by operation of said demethanizer a
secondary ethylene rich product stream which contains virtually all
20 of the hydrogen, carbon monoxide and methane in he charge gas
along with a quantity of ethylene that is less than 50% and greater
than 1% of the ethylene contained in the charge gas, and a
demethanizer bottoms stream containing the balance of the
material in the charge gas stream, and
25 (c) introducing said demethanizer bottoms stream to a
deethanizer fractional distillafion tower to produce a deethanizer
overhead stream containing propylene and higher boiling materials
that is less than 50% of those higher boiling materials contained in
the demethanizer bottoms stream, and a dethanized bottoms
30 stream containing the balance the balance of the material in the
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.(c) introducing the denethanizer bottons streamto a deethani zer
fractional distillation tower to produce a deethani zer overhead 5

st ream ¥¢he8agMéag propyl ene and hi gher boiling material s tietusesgas than
50% of those higher boiling material ggcontained in the denethanizer bottoms
stream and a deethani zed bottons stream containing the bal ance of the

material in the denethani zer bottons stream 10 'mm ”m
of claim35 wherein in step (c) a primary ethylene rich pr ! amgm(ﬂ;m
produced directly as the deethani zer overhead stream 37 Thé pr-ocksss of»

claim 35 further conprising a step (d) which conprises;
i ntroduci ®d-t hd NERAASERS ?faF‘aHVeﬁ%é’Héf%l'ﬂ iR SHARF (<) 1A RABEMY ét)thQﬂQaﬂdz splitter

fractional di stdblaly GPedif¥EorbBuBSPUlREN? Y IHEPGYeRLRICF 1 drhEly Pr oduct

stream as the or si rea ray co arning over
50% of the et hysltmenl n t he deet hani zer over head stream aI ong with a
quantity aqf et e and ot her ling material s
that i1 88"t TP BOkAsE OhGMLPGHIETE) i iRpWiech: 8 AUBPED RGP 1ER | n t he
chagge gas, ancjvrgdq:go gipkisks.er bottons stream containing the balance of the
material in the deethanizer overhead stream 38. The process of claim35
where all or pamtrod;icumgueasiedgﬁtbam;ezéverhead stream from stepy(cktearC2h product

streamin step to nme ane, devi ce.whi ch, produces a
stream ri cher H)é? ?raﬁﬁ %?%ﬁ%fn?%/ PERYHACAPTIMER ﬂ’%ﬂﬁ@? st ream
produced in st ?i&h(ﬁ%’)aduétgstreérﬁ =23 ﬂ?t"e%ﬁeé@ror%rw@aﬂg aBolé tABT¥eg! NYI ene

rich product streamfroma pressurized m xed ol efin bearing charge gas
conpri sed of 96msgogta‘)mnngygr % of 3be ethylene in the deethanizer

10 overhead stream along with a quantity of ethane and other higher
boiling materials that is less than 50% of those higher boiling
materials contained in the charge gas, and a C2 splitter bottoms
stream containing the balance of the material in the deethanizer
overhead stream.

15 59. The process of claim 56 where all or part of the secondary ethylene
rich product stream in step 2(b) is introduced to a membrane
device which produces a stream richer in olefins than the
secondary ethylene rich product stream produced in step 2(b).

60. In a process for producing a primary ethylene rich product stream

20 from a pressurized mixed olefin bearing charge gas comprised of a
mixture of olefins, inclusive of ethylene, aliphatics, inclusive of
methane, and hydrogen and carbon monoxide by fractionation in a
distillation column provided with multiple distillation trays, heat is
input during the operation to a reboiler located at the bottom of the

25 column, and a portion of the effluent vapor from the overhead of the
column containing methane and products lower boiling than
methane is cooled, liquified, and reintroduced to the top of the
column as reflux, the combination of steps comprising:

(a) introducing the charge gas at a temperature above about -

30 85'F, to a deethanizer fractional distillation tower to produce a

deethanizer overhead stream containing over 50% of the ethane in
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a mxture of olefins, inclusive of ethylene, aliphatics, inclusive of

" nmet hane, and hydrogen and carbon nonoxi de by fractionation in a ,

di still ayb@B.264kum provided with nultiple distillation trgysms 74 S

i nput during the operation to a reboié‘pr | ocated at the bottomo )
the columm, and a portion of the effluent vapor fromthe overhead of the

col umm cont ai ni ng net hane and products | ower boijip eis
cooled, liquified, and reintroduced to the top “"ﬂﬁ#ﬂgmﬂmiggﬂr eflux, the
conbi nati on of steps conprising: (a) introducing the chavg at a
tenperature of about -48C 10 (-55 F) or greater, to a

deet hani zer frathe @hargealigasi blongi witht awguantity pofo poapyleneleandadigher over head
stream cont ai ni pg.,.over 50%.of . the etha in e rge s alo wWth a
quantity of pr ogg!"@ﬂemﬁiﬂ'ﬂ? g‘ﬁé{] '?)g?ﬁ 359%5@% gfgﬁ?%tfﬁsgeq ?9[5] han 50% of
those higher bopidiggalsRiontdiAés irf HYE Bha@d das, and a deethanized bottoms) the
charge gas, and a deet hani zed bottons stream containing the bal ance of the

mat eri al i n t hestgamgoniaising(thp balangexefitbermatenial nciberenarge gasyer head

of  aoni g 1 cmpol ur INEHE G APbRRERE dveniend sffeat 87 lemblralfe Tee ray

distillation togBpyvahaBEULCOSERISE theMRUAIFAE 6 ADGIEh terfiBéRitideC (- 55 F)
or greater, (c) operating the demethanizer to produce a secondary ethyl ene

rich product stdemétranizere Haetionshd digtiltationi nigwerr twhose gondensehe

hydr ogen, carbop nonoxi de and meth in the charge
gas along with geraaedrﬁgtilrws O&? ngﬂ%ﬁgﬁat is | ess than 50% and greater
than 1 % of thg)et hybpaatinghtsdidiedemattidifizérhabdpreédsce agd sacdagafhani zer
bottons stream cont ai nl.gg the bal ance of the material in the deethanizer
oveiBead st reanethivienessdarpdudcstream 25 thgcoverhead containing virtually

all of the hydrogen, carbon monoxide and methane in the charge
gas along with a quantity of ethylene that is less than 50 % and
greater than 1% of the ethylene contained in the deethanizer
overhead stream, and a demethanized bottoms stream containing
15 the balance of the material in the deethanizer overhead stream,
(d) introducing said demethanizer bottoms stream to a C2
splitter fractional distillation tower to produce a primary ethylene
rich product stream as the overhead or sidestream above the feed
tray containing over 50% of the ethylene in the demethanizer

20 bottoms stream along with a quantity of ethane and other higher
boiling materials that is less than 50% of those higher boiling
materials contained in the demethanizer bottoms stream, and a C2
splitter bottoms stream containing the balance of the material in the
demethanizer bottoms stream.

25 61. The process of Claim 60 where all or part of the secondary
ethylene rich product stream produced in step (c) is introduced to a
membrane device which produces a stream richer in olefins than
the secondary ethylene rich product stream produced in step 60(c).

62. In a process for producing a primary ethylene rich product stream
30 from a Pressurized mixed olefin bearing charge gas comprised of a
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33 (d) introducing the denethanizer bottons streamto a C2 splitter
fractional distillation tower to produce a primary ethylene rich product
st ream aWwa $82936&r head or si destream above the feed tray cardmussRIs@ver
50% of the ethylene.in-b 35 t he denet hani zer bottons

'ong with a quantity of ethane and other higher boiling materials
that is | “ﬂ“}ﬂﬂ%ﬁ!ﬁt hose hi gher boiling materials contained in the
dernet hanﬂm\m : am and a C2 splitter bottons stream contai ning
the bal anee of thd material in the 10 deret hani zer
bottons stream 40. Th rocess of claim39 wherejn all or part of the
secondary et hyl e‘i‘?e‘t\‘riecl‘??pfﬁﬁ%‘u%t' %‘éﬁn%r?ﬁgﬁ@a& ﬁi'pg‘fgﬁsv( H)Cl"i’%"? R oduced
to a menbrane depeftanid)igha @rd?%sﬁina Hrb&R Mdn bgera@nehénénm%n the
secondary ethylene rich product™stream produced In step 15

39(c). 41. |In edigtihators coloimmpoaidedgvith pwiltiple ydistillaticantsays, cheatr isduct

stream from a pressur,i zed m xed ol efin bearing char a onprjsed of a
mixture of ol ef i BBt HHATGHTS PGratieN D % FRPOIlsr Tosed 2L t Reftoat o

net haje, and hydgsigRih. aasd @apEEionnemee! shubt Vaser fremaiheobverhedd of _
a distillation colum provided with nultiple distillation trays, heat is

i nput during t hethepeelmrogontriningemethane podpredusts lawerbeeliog bant he

colum, and a pogti,on of t f t, V. r; vgeIh f,.the col um
cont ai ni ng et ha'h%krb%lf E)sr 8§§a%fs llag‘@&rd’ b%?qoirﬁ'bir?’ﬁ]dkgﬁre@hgﬁe%@ ogog‘ﬁed,
liquified, and redloinnossiestilixt the dembipation of BepdTomprising: colum as
reflux, the conbination of steps conprising: (a) introducing the charge

gas at a tenperatgyre pirodbeing théStreirhb @ds abhabhiperatufs abaveadtiut di rectly
from an ol efins generation/preparation process to a high tenperature
96B0BA/ 2 97LKR178. DOCB5°F, to a high temperature demethanizer fractional

distillation tower whose condenser temperature is above
about -55°F,

(b) operating said demethanizer to produce a secondary

ethylene rich product stream as the overhead containing

15 virtually all of the hydrogen, carbon monoxide and methane
in the charge gas along with a quantity of ethylene that is

less than 50% and greater than 1% of the ethylene

contained in the charge gas, and a demethanizer bottoms

stream containing the balance of the material in the charge

20 gas stream,

(c) introducing said demethanizer bottoms stream to a C,
splitter fractional distillation tower to produce a primary
ethylene rich product stream as the overhead containing
over 50% of the ethylene in the deethanizer overhead

25 stream along with a quantity of ethane and other higher
boiling materials that is less than 50% of those higher boiling
materials contained in the demethanizer bottoms stream,
and a C, splitter bottoms stream containing the balance of

the material in the demethanizer bottoms stream.

This Sheet Has Been Replacec

(L




~denet hani zer fractional distillation tower whose condenser tenperature is

about -48[err]C (-55[err]F) or greater, (b) operating the denethani zer to

produce wodsRotgdary et hylene rich product stream as the oveefegshe# ai ni ng
virtually all g& the hydrogen, carbon nonoxide and

nethane in the charge gas along with a quantity of ethylene that is |ess

than 50% and greater than 1 % of the ethylene contained in the charge gas,

and a denet hani zer bottons stream containing the balance of the material in

t he charge 10 gas stream (c) introducing the

denet hani zer bottons streamto a C2 splitter fractional distillation tower

to produce &. pr iThe prosesy bkelaim E2hwheredalioar part obitheaseadnsiany ethiytans

cont ai ni ng over 50% of .t he | ene,in the deethani.zer. overhead 15

ctream al ong i (1% FEQARRYs sHegh BRanaaL s S8R e PS8Rl Bt erial s

that is |ess thanemBlary déh@éeuﬁlblgfb?bd@t%é b NdirdEMh lchel Sn efiid igh L n the

denet hani zer bottons stream and litter bottons stream containing

t he bal ance of tthe Sﬁﬁ@atﬂarwetmyieméch urdstreem prodused ingtep (b).

stream 42. The process of claim41l where all or part of the secondary

et hyl ene rich product stream produced in step (b) is introduced to a

menbr ane devi ce which produces a streamricher in olefins than the

secondary ethylene rich product stream produced in step (b). 96B083/2
97LKR178. DOC
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