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ABSORBER DEMETHANIZER FOR FCC PROCESS

CROSS-REFERENCE TO RELATED APPLICATION

(0001]  This application, putsuant to 35 U.S.C. § 120, is a continuation~in-part of and
claims benefit to U.S. Patent Application Serial No, 12/260,751, filed October 29,
2008, That application is incorporated herein by reference in its entirety.
FIELD OF THE DISCLOSURE

[0002] Embodiments disclosed herein relate generally to processes for recovering.
ethylene from streams resulting in various p@tﬁbyﬁii&micﬁl’ processes.  More
specifically, embodiments disclosed herein relate to processes for récovering ethylene
from ethylene-containing stréams as may be result from ethylenesproduction or
ethylene-recovery processes, where the ethylene-containing stream may contain one
g‘rﬁmf%m?acfF‘zafbg,‘;;;ﬂ'iﬁﬁd@?f water, and nitrogen oxides. Even niore Sgeﬁiﬁéall}?,
ermbodiments disolosed heréin relate to the recovery of ethylene from. streams
containing methane and nitrogen oxides:at conditions to avoid substantial formation

0f NaOs. ‘

BACKGROUND

(0003] Ethylene is an extremely valuable commodity chemical for producing various
chemical and polyimer products used in-numerous commercial as well as consumer
products and applications. Ethylene may be produced in a number of petrochemical
processes,

including methanol-to-olefins (MTO) processes, fluid catalytic cracking
processes (FCC),as well as thermal and steam cracking processes. These processes
typically result in an effluent containing a mixture of hydracarbons, as well as one or-
more . of nitrogen, carbon dioxide, nitroxides, methane, ethane, and other
hydrocarbons.

(0004] Before the ethylene produced can be sold and used, it is necessary to employ a
by separating it from other components and impurities. Many tiimes this sepatation is:
integrated with existing olefins plants but in certain instances, such as where off:gas
flow rates are large enough, stand-alone units have also been operated. Because of

the high quantity of lighter components such as hydrogen; nitrogen, and methane, the.
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feed gases are typically compressed from pressure of about 1.17 to 1.38 MPa gauge
(170 to 200 psig) to pressures around 3.45 MPa gauge (500 psig) in multi-stage feed
gas compressors. The compression step allows for the recovery of 90% to 99% of the
ethylenc and heavier materials contained in the feed gases using a'combination of
mechanical refrigeration and expansion of the methane and lighter portions of the feed
gas afler demethanization, However, the capital aud operating costs for the feed gas
compressors are very high.

[0005] Further, the processing of refinery off-gases for olefin recovery has associated
safety concerns because niirqg_r:n ﬂx\‘fé@fisz_gisia present in trace amounts injth@ refinery
offgas streams. The nitrogen oxide easily oxidizes forming nitrogen dioxide,
Nitrogen oxides, for example NO and NOj, are commonly referred to as NOx.
Mixtuies of nitrogen oxide and nitrogen dioxide can form dinitrogen trioxide (N203)
at temiperatures below ~21°C. N;0jy and heavier diolefiris (Cy+) can react'at these low

temperatures forming nitrated gums which are unstable and can explode if thermally

or miechanically shocked.

[0006] A typical process for low pressure olefins fecovery from fluid catalytic cracker
(FCC) offgas is disclosed in U.S. Patent No. 5,502,971, which is hereby incorporated

in-its: entirety. U,

“Patent No. 5,502,971 describes 4 low pressure cryogenic

nigue: for recovering ‘Cz and heavier hydrocarbons fiom a refinery off-gas by
eliminating féed gas compression and high pressures while maintaining recovery of
'Cy and heavier hydrocarbons at temperatures above temperatures ‘at which nitrated
-gums can form,-
[0007] Ong process for the separating and recovering of elhylene from a process
effluent involves the use of flash stages and dijs_ti,llatiaﬁ at cryogenic temperatures, as
‘described in U.S. Patent Nos. 7,166,757 and 4,499,327 As described therein, the

current state of the art ethylene r:scovegymand‘sgparatiqn processes which dominate the

industry. involye cryogenic boiling point separation ‘of ethylene and methane at
temperatures that may be lower than -90°C  The cryogenio: separation can be.very
expensive due to both. the capital ‘cost of the specialized vessel metallurgy and
-refrigeration equipment, and ‘the: operating costs, including compression and cooling
for the energy-intensive chill train; |

Eﬂﬂ%} As discussed, the usenffmyogmﬁé temperatures during. the processes: for

treating refinery off-gas or process efflients can result in unstable and potentially



dangerous operating conditions. For example, the NOx present in the refinery off-gas
can react to form NyOs. Further, it has been found that the N,O; formation rate
significantly increases with decreasing temperature, thus making a cryogenic process
especially susceptible. N,Os is a highly oxidative compound, which can form highly
unstable and highly reactive gums upon contact with poly-unsaturated compounds,
such as butadiene. Even at cryogenic temperatures and at concentrations in the ppb
levels, such unstable gums can accumulate and cause dangerous runaway reactions
and even explosions.

[0009] Accordingly, there exists a need for an improved method of separating
methane to recover ethylene and other valuable products from refinery offgas that
reduces the capital and operating costs and improves the operation safety and
stability. '

SUMMARY OF THE DISCLOSURE

[0010] In one aspect, embodiments disclosed herein relate to a process for recovering
ethylene, the process including: recovering a ethylene-containing stream comprising
methane, ethylene, and nitrogen oxides from at least one of an ethylene production
process and an ethylene recovery process; separating the ethylene-containing stream
via extractive distillation using at least one Csy:+ hydrocarbon absofbent at non-
cryogenic temperatures and pressures sufficient for absorption of at least a portion of
ethylene into the absorbent to produce an overheads fraction comprising methane and
nitrogen oxides and a bottoms fraction comprising the at least one Cy: hydrocarbon
absorbent and ethylene, wherein the non-cryogenic temperatures refer to a
temperature of -90°C or greater; treating the overheads fraction in a vent condenser to
increase ethylene recovery; wherein the process prevents any substantial conversion

of nitrogen oxides to N,Os.

[0011] Other aspects and advantages will be apparent from the following description
and the appended claims,

BRIEF DESCRIPTION OF DRAWINGS

[0012] Figure 1 is a simplified flow diagram of a process for recovering ethylene

according to embodiments disclosed herein.
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DETAILED DESCRIPTION
[0013] Embodiments disclosed herein relate generally lo processes for recovering
ethylene from streams *fresu{tigg in warious: petiochemical processes. More
specifically, embodiments disclosed herein relate to processes for recovering ethylene
from ethylenc-containing streams as may be result from ethylene-production or
ethylene-recovery processes, where the ethylene-containing stream may contain one
or more of carbon dioxide, water, and nitrogen oxides (NOy). Even more specifically,
‘embodiments disclosed herein relate’ to the recovery of ethiylene from streams
containing methane and nitrogen oxides at conditions to avoid substantial conversion
of nitrogen oxides to NO3. As used in embodiments disclosed herein, the term
“substantial conversion™ in reference to nitrogen oxides refers to the formation’and/or
‘accumulation of N>Oj at levels greater than 10 ppb in some embodiments, greater
‘than 5 ppb in other embodiments, and greater than 1 ppb in yet other embadiments.
Conversely, “prevention of any substantial conversion™ or like terminology refers to

the prevention of the formation and/oraceu

mulation of N,Os at levels greater thai 10
ppb in some embodiments, greater than 5 ppb in other embodiments, and greater than
1 ppb in et other embodiments

[0014] Ethylene-containing  streams - containing. methane; nitrogen oxides, and
thyleng useful in embodiments disclosed herein thay be produced i any nuniber of
petrochemical processes, and may inchide effluents or off-gases from a fluid catalytic
cracking system, a thermal cracking system;-a thermal ot steam cracking systen, a
‘methanol-to-olefins process, coker processes, visbreaker processes,. or combinations
i{here(gf@; For example, :dilute e‘ti';}flena from a FCC unit may contain very large
quantities of hydrogen or methane, if they are not separated-at a FCC vapor tecovery
unit by compression and distillation of FCC off-gas.

[0015] ‘The various ethylene production and recovery processes noted above may
produce streams including one or more. o g streams. Tn ong embodiment, the stream is
‘comprised of €y to Cyo olefins and/or diolefins. In some embodiments; olefins in
these ethylene-containing streams may. include: one or more -of G310 Cg olefins. In
other embodiments, olefins in these ethylene-containing streams may include one or
more: L:’f‘ﬁg;'tn Cﬁ olefins. In A‘yétwothz‘«;r} en‘g_bedi'mentg g}eﬁns in %h;gg :et;lyleng.z

containing streams may inglude one or more of Gz to Cy olefing, for example, ethylene
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and propylene. In ;E;LEII other embodiments, olefins 'i‘rl t,hesev-,ethy{eue--cantaiiniiig
steeams may consist essentially of ethylene.

[6‘0161 Tn some embodiments, the concentration of &t}ljff&tlef" in the ethylene-
containing streams may be at least. approximately -5 mole percent. In other
smbodimcms; ‘the congentration caf ‘;eih}‘fie.;;e,in the gﬂ;ylene:comaini‘ng, streams may
be at least approximately. 10 mole: percent, In yet other embodiments, thel
‘concentration of ethylene in the ethylene-containing streams may be at least
‘approximately 20 mole percent. ‘In slill other embodiments, the concentration of
eth}fléa;e;fiii the ei}zyiaj;esgggtainingss‘treamst may be at least approxi mately 30 mole
percent.

[0017] In some embodiments, the concentration of methane in the ethylene-
containing streams may be less than approximately’ 90 mole percent, In other
em}}oﬁi}ngni’s; the: 'snnc@nmlﬁon of methm& ‘dn ither>eth§§{ene—centainil1gi streams may
be less than approximately §0 mole percent. In yet othier embodiments, the.
concentration of methane in the etliylene-containing. streams may be less than
‘approximately 70 ‘mole percent. Iﬁ!“Sﬁﬂ.Oﬂlef‘ émﬁodi'mentsvthe: muﬁel’ﬁfaﬁ(}n of
methane inthe ethylme—contammg streams Imy be leha than appremaiely 50, 40,

;tl:{e:etlaylenet—cmnammg; strsmn' 1 ;y’*bt; ;,lss_s:-th.ml appmxtmatelx;? nmlcfpgme,nt.

[0018]  Inorder o recover ethylene of sufficient purity, the reactor effluents and off-
-gases miy undetgo one or more separation stages. Forexample, it may be desired or
necessary to separate ethylene from various reactants and products, including but not
limited to, ethers and alcobols, earbon dioxide, water, methane, nitrogen oxides, and
other reactants; reaction products and by~ ~products, . and diluents.

[0019] Most hydrocarbon products, byproduets, diluents, and impurities may be
separated from the ethylens in the ,réac-tﬂr effluents and Ofl’igasésn via fract-ional
distillation-at non-cryogenic temperamre& For u\amplb, a de-propanizer may be used
to- separate Cy. and hemfler matenais and a de-etimmzer may" be used to separate
ethane and heavier materials from ¢thylene and lighter materials.  In some
Gmﬁﬂdﬂnemss the temperatures for-such non-cryogenic. separations may be higher
‘than approximately -90°C. In other embodiments, the temperatures tnay be higher
than approximately -60 °C. In yet other embodiments, the temperatures may be
‘higher than approximately -40 °C.
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[0020] A particularly challenging separation is that of ethylene: from methane and
other lights ’(hyidmgen, nitrogen, ete)) that may be contained within the reactor
offluents and tifﬂgases due to their low boiling points. Separating these components
using fractional distillation would potentially require cryogenic temperatures less than
-90°C or -100°C. For example, such temperatures may be achieved via-a closed-loop
refrigeration system using a specialized rafrigér”antﬁflﬁidg an additional reftigeration
compressor, and a refrigeration loop.

10021} However, olefin-containing streams produced via such refinery processes may

” inevitably contain trace amounts of nitrogen oxides, including NO and NO,.
Typically, nitrogen oxides are inert; however, under appropriate’conditions, such as
temperatures below about ‘-QVIA:‘?C,; these ccmpmmds« may further réact to form N;Os;
swhich is highly reactive. For exathple, ¢éven trace amountsof’Nan ma}fmmhmemﬂ
react with poly-unsaturated olefins, such as butadiene present in an olefin-containing
strean, 1o form highly unstable gum compounds. At temperatures greater than about
-50°C; the rate of N>0; formation may be negligible, However, it has been found by
the: present inventors that the conversion of nitrogen oxides, including NO and NOy,

to No03 increases with & decrease in temperature, and may become substantial at

traditional: methods for separating ethylene from nitroxidescontaining Streans sing
cryogenic flash stages and distillation may pose saféty and operability concerns.
Nitroxides and.

concertr in cryogenic recovery systems; which often operate at temperatures below

the potential formation of N2Oy are a major safely and operability

about -100°C, as they may cause runaway reactions and even explosions.

[0022] It has been found that a hydrocarbon absorbent, such as a C« hydrocarbon
absorbent, can be effectively used as an absorbent to separate and recover the ethylene
from the ethylenc-containing stréams al non-cryogenic temperatures. For exariple,
ethylene-containing streams: according to embodiments disclosed herein can be
contacted with a hydrocarbon absorbent in'an extuactive distillation systetn, whereby
at least a portion of the ethylene is absotbed by the hydrocarbon absorbent. The
methane and lighter materials may be recovered as an overheads’ fraction, and the
ethylene and the Cyx hydrocarbon absorbent may be recovered as & bottoms fraction.
In some embodiments, the hydrocarbon absorbent may be a Cy hydrocarbon, for
example, including at least ‘one of ethane, propane, propylene, one or more butanes
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(n-butane; isobutane, etc), one or more butenes, one or more pentenes, and one or
more psntiinﬁs. In other embodiments, the hydrocarbon absorbent may consist
:f:ésentiaﬂy» of propane.

[0023] ‘Using a Gy hydrocarbon absorbent to separate ethylene from nitrogen oxides-
containing streams at temperatures’ :<s;1ﬁ$i§ﬁt to prevent or reduce formation and
‘accumulation of N2O3 according to embodiments digclosed herein provides a viable
altemative to the traditional cryogenic- separation process. In particular, a Ca
“hydrocarbon absorbent may be used to separate an ethylene-containing stream
produced, for example, via a FCC process, a coker process; a methanol-to-olefins
process, or other processes that may produce an effluent or off-gas containing NOx,
methane and other light gases.

[0024] In some etbodinents, ethylene’ recovery systems useful in embodimients
disclosed herein may include one or more-absorber stages: Forexaniple; the ethylene-
containing: stream may be contacted with the hydrocatbon absorbent In one or more
“absorber fstages»arranga:d«rin,series within a single column-or in @ seties of multiple
columns.

[0025] In:some embodiments, the ethylene recovery systems may include one or more
extractive distillation and/or distillation stages. Forexample, the ethylene-containing
streams may ‘be contacted with the ‘};};%drcmarban ‘absorbent in oné or nore extractive
fiiﬁﬂl?ﬁi@ﬁ‘3&@@?df'S?iji:?!ﬁD'nf‘_’stagi‘fi;ﬁ\ avranged in series within a single column or in a
series of multiple cohimns.

[0026] The one or more extractive \tii‘st‘illaﬁt;ﬁ: andfﬁ:diistiﬁaﬁi;m,‘stfa‘gtgs tnay comprise
ttays andfor packing for providing a sufficient surface area for the contacting. In
somie embodiments, the ethylene-containing streams and the hydrocarbon absorbent
may be contacted counter-currently in the separation system. In other embodiments,
the ethylene-containing streams v‘agﬁg the -}iydrbcarbonﬁ absorbent may be contacted co-
currently in the separation system.

(0027} In some embodiments, at least 70 percent of the ethylene in the reactor
effluent or offigas may be absorbed and recovered from the extractive distillation
syst@m;‘as‘aaQl:gqnqmsg;frgctiangzjalgxlg with 1‘;11'3{‘h\.’}{dm;aﬂion;:’aj;smben;;atf least Sﬁypercent
of the ethylene may be absorbed and recovered in othier embodiments; and at'least 90

percent of the ethylene may bgiabsgrbedsandmcoveredain.yef other embodiments.-
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[0028] The bottoms fraction may be further separated to recover an sthylene-rich
fraction from the liyd;-a‘carbontabsmbeﬁg such as a Gy hydrocarbon absorbent. For
‘exampié\‘; the ethylene-tich fraction may be separated from the Ca. hiydrocarbon
absorbent using fractional distillation. The concentration of ethylene in the ethylene-
rich fraction may vary, depending upon the desired end use. In some embodimerits,
the bottoms fraction may bé'tsaﬁatﬁtﬁii to form an ethylene fraction and a hydrocarbon
fraction including at least one of Ca h}{él"ﬁ@afbmi heavier than ethylene. In other
embodiments,  the bat[:mqg frat.:tmn may be separated to form light hydrocarbon
fraction containing ethylene and ethane, and & hydrocarbon fraction containing at least
one Ca+ hydrocarbon.

100291 As used herein, “rich™ fraclions contain at least 30% by weight of the

indicated component. In some embodiments; the ethylene-rich fraction-may contain

‘ethylens; at least 95% ethylene in othet embodiments; at least 98%
‘ethylene in other embodiments; at least 99% ethylenc in other embodiments; at least
99.5% ethylenie in other. embodiments; and at least 99.8% ethylene in yet other
‘embodiments.. The targeted concentration of the indicated component i the streams
may depend upon downstream requirements; for example, where the ethylene is to be
‘used in a polymerization process, “polymier grade” ethylene, cotitaining greater than

99% by weight ethylene; may be required.

[0030] In some ethbodiments; the concentration of the canried over hydrocarbon
absorbent recovered in the overheads fraction along with methane from the extractive
distillation system is less than approximately 30 mole percent: Inother'embodiments,
the concentration of the cartied ﬂvarh}*dmcarbon absorbent recovered i the
overheads: fraction along with methane from the extractive distillation system is less
than approximately 15 mole percent. In yet other embodiments, the concentration of
the.carried over hirdrdcarbﬂnﬁbstirbémﬂr‘ésmgrﬁd‘in"ft\lifé?mféﬂiéad*sr*ffa’étiun*alsmg?wiih :
mz;ﬂgagmffmm the :a:{tré}ctii'e distillation system is less than aQIQIQREmatelyQ 10 mole
percent. In still other embodiments, the concenteation of the carried over hydrocarbon
absorbent recovered in the overheads fraction along with methane from the extractive
distillation system is less than approximately 5 ti‘lgi;%::pc;‘;ir;ent.

[0031] Embodiments disclosed herein maintain pressure and temperature inside the
absorber or ‘exiractive distillation system sufficient to' prevent ‘any - sighificant
formation of N;0; from nitrogen oxides, including NO and NOy, present in the:

8
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ethylene-containing streams. As discussed above, it has been found that the rate of
N0; formation becomes sigiiiﬁcant -at temperatures below approximately -90°C,
Thus, by avoiding eryogenie i}I‘OEE\SS temperatures of approximately -90°C and below,
for example, by using a hydrocarbon absorption process according to embodiments
disclosed herein, the ermétian of N;03 may be prevented or si’@iﬁéanﬂy reduced.

[0032] “Ih somie embodinents, the absotber or extractivé distillation system may be
“operated at an: derheaﬂg ‘emperature of -90°C or greater; at an overheads temperature
of -50°C or greater in other ‘embodiments; ~40°C or greater in other embodiments; -
20°C >'3;'I‘igﬁi33§:t’?-f in other embodiments; -10 °C or greatérin other embodiments; and at
-an overheads temperature of 0°C or greater in yet other embodiments.

[0033] In géneral, the overheads pressure inside the absorber or extractive distillation
system may be maintained.at a level required for the distillation and as required for
‘absorption of ethylene into the hydrocarbon absorbent. ‘In some: embodiments;: the
‘overheads pressure inside the absorber or exiractive distillation system may be in the
range from 0.01 MPag to 10 MPag; in the range from 0.1 MPag to 4 MPag in other
embodiments; ffom 0.5 MPag to 3 MPag ifl other embodinents; and the overheads
pressure inside the-absorber ot extractive distillation system may be in the range from
approxiniately 0.5 MPag to 1 MPag in'yet other embodiments,

[{)034] Référr‘ing} now: taFJ,gmfe 1, ani extractive distilldation process in accordance
with embodinients disclosed herein is illustrated, For simplicity purposes, awxiliary
equipment has been omitted: from the figure. One of ordinary skill in the art would
‘recognize that other equipment and devices; including but not limited to, pumps,
COMpressors; heat exchangers, drums; vessels, reaciors, flow lines, valves, and control
im}ﬁ}&, can also be used, For example, other features not illusirated in Figure 1,
including but not limited to, internal or external heat exchange loops on the extractive
distillation column and other features that may be used and could appear in a Process
& Instrumentation Diagram (P&ID) for embodiments, disclosed herein, although not
iilnsnﬁé;ted%mg@{ be used in accordance with embodiments disclosed herein.

[0035] An ethylene-containing steam may be supplied to aiy extractive: distillation
system 10 waﬂowlme 102 ijffg;;.;;;;aﬁtﬁre distillation system 10" may be an-
absorption column in some embodiments of the invention and the ethylene-containing.
S‘h;eamffﬁi may enter the extractive distillation system 10-ata :suﬁ'iitable,,p{}iht in the
system to'effect the desired contact with the Cau hydrocarbon solvent fed via flow line:

9
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104. For example, the solvent stream 104 may be fed to the extractive distillation
‘gystem 10 at a point above the inlet for streamy 102, such that the hydrocarbon solvent
flow i3 cgmﬁi«:murmnt;m the methane, i.e;, the solvent flows down the extraqti};*e
distillation system to contact the ethiylens-containing stream 102 countercutrently. As
the hydrocarbon absorbent traverses down the column; ethylene is absorbed by the
hydrocarbon absorbent. The hydrocarbon absorbent and the absotbed ethylene may
be recovered from the column 10 as a bottoms fraction via flow line 108. The
methane may be recovered from the column 10 as an ovetheads fraction via flow ling
106. ‘In some embodiments, at least a portion of the overheads fraction 106 may be
returned to the column 10-as reflux via flow line 112;

[0036] The bottoms fraction 108 ‘may be further ii‘eated":{not; shown: in TFigure 1) to
separate an ethylenc-rich fraction containing ethylene and a hydrocarbon fiaction
containing the hydrocatbon absorbent. At least a portion of the hydrocarbon fraction
raay be recycled to the column 10 as the hydrocarbon absorbent 104 or  hydrocarbon
absorbent make-up stream 114,

[0037] In sofne embodiments where the hydrocarbon. absorbent is propane and the
overheads faction 106 from the columt 10 cnnlprises pmpane at least a portion of '
the overheads ﬁractma IUS may be'used as mel For example; bﬁth the methane and
‘the propane in'the overheads fraction 106 may be. sent to a fuel header. In other
embadlmants at lenst-a p«::rmon of the pmpane in [he overheads fractmn 106 may be:
’wmpmssed and recovered. In yet other embodiments, the overhead fraction 106 may
be further treated in a-vent condenser (not ‘Jllnstrated) 1o increase pleﬁ;l;{eﬂiylsmc)
Tecovery.

[0038] In addition to methane and nitroxides, as mentioned above, the ethylene-
containing streams may contain one or riore additional comiponents, such as diluents’
and reaction \5;;#;5:‘0(11.1&:{31,in’cluding helium, -argon, nitrqggn,, carbon maonoxide, carbon:
dioxide; water pataffing such as methane; ethane, anc’lf‘:’pmpaiie, aromatic compounds,
and mixtures thereof. Additionally, air may be entraified into an ethylene production
or recovery I?m‘?ess%:féiﬁ&bkﬁiﬂlﬂési§11‘3 to operation under partial vacuum conditions ot
as:an impurity in one of the feedstock components. ‘Ethylene-containing streams may
also include non-olefin products, including but not limited to, paraffins, acetylenes,
ethers, aleohols, and esters: a

10



WO 2012/071120 POTIUS2011/057278

[0039] In some embodiments, at least 2 portion of the ethylene-containing streams-

may be fed to an extraction system for removing any oxygenates, such as methanol

and/or ethers contained therein, using an aqueous solvent, such as water or glycol. An

aqueous fraction having an increased concentration of méthanol and eéthers may be

r&ép?ét&gi}fmni the extiaction system, A \I:g}fdriocarbgn phase comprising methane and

ethylene, and lean in methanol and ethers, may be recovered from: the reactor effluent’

in the extraction system. The: hydrocarbon phase’ mgy“t?ﬁt:n,b@ sent for further

‘component. separation(s). In some embodiments, the ethylene-containitig streams

[0040]

may be compressed pi‘fic.r«mzany separauon{S)
‘Carbon ‘dioxide that may be present in the ethylene-containing streams may

also require removal, For ‘exampie, an ojieﬁil' produet speci}?‘i;:afién;mﬂ}* require

removal of carbon dioxide from the ethylene-containing streams. Further; exposure

of the carbon dioxide containing stream to below-sublimation temperatures may result

in equipmient dimage and frozen piping. Methods commonly knovat and used in the

industry, such as caustic. solution {reatment or amine absorption, may be used to

remove CO; from the ethylene-containing streamts. Insonie embodiments, ethylene-

.containing streams may be contacted with & caustic solution to- separate at least a

pottion of the carbon dioxide present in the ethylene-containing streams. If necessary,

the cthylene-containing streams may be comipressed prior to the carbon  dioxide

0041]

removal stage.
‘The presence of water in ethylene-cornitaining streams may lead to a number of

problems. For example, cooling.and/or compressing the ethylene-containing streams

may tesult in formation of water condensate that can damage equipment and freeze

plpBS Therafi;re‘,;iﬁéhydfatien ofﬁt}mﬁeﬁx}rieng‘-mﬁtaiﬁing streams to- remove water:

using one of a number of techniques commonly used in the {ndustry niay be required

ot may be npﬁ{m;ﬂl}{ perfbﬂned based on process schemes and temperatures

employed. In some émbodiments, a molecular sieve dryer may be'used for separating

at least a _portiﬁm -of the. wa{erx;dryinga the ethylenéwcumaining» streams, In other
embodiments, a chemical desiccant such as glycol may be used for drying the
ethylene-containing streams. In yet other embodiments; a portion of the water in the

ethylene-containing streams may be condensed and thie remaining ethylene-containing

streams may be dried. Other dehydration techniques commonly known and used in

11
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the industry may also be used. If necessary, the ethylene-containing streams may be
comptessed prior o the water removal stage. :
[0042] Advantages of processes according to ﬁglb@diinfe‘nisfdi;};‘:i;}sed herein may
include improved operational safety and stability ‘due to minimization of NaO3
formation from nitrogen oxides. As discussed above, trace amounts of nitrogen
oxides, includirig NO and NO,, presenit.in the ethylene-containing streams can react to
form M;03, a highly oxidative compound which can in turn react with heavy
unsaturated compounds, such as butadiene, present in the ethylene-containing streamis
to form uasmble and highly reactive gums. Such gums, even at cryogenic
temperatures and at ppb concentrations, can accumulate and cause dangerous runaway-
reactions and even explosions, As the rate of NoOj formation drastically increases:
with decreasing temperature, and thus the cryogenic processes'at temperatures lower

than approximately. -90 °C currently used for-separation of methane from ethylene-

containing streams aré a major safety concern. In contrast, Applicants have found
that using hydrocarbon absorption to separate miethane from ethylene-containing
‘streams at temperatures OF -90 °C or higher is sufficient to prevent formation of N>Os.

[0043) ‘Anothier advantage of processes: according to smbodiments disclosed herein

may include reduced capital equipment cost, For example; the traditional oryogenie

process, commonly referred to as the “chill train,” requites specialized metallutgies
‘and complicated Iﬁfﬂgﬁmﬂﬁﬂ systems. mcludmg vessels, compressors; heat
exchanigers, circulation piping, and refrigerant costs. In contrast, as.the present
PIQCES}S,}S“!‘@ “9“?1“@%‘%@5@"’?Q@S?ﬂiﬁf iﬁmpsréiture% }essexpensives me’tallurgycan be
used and @ number of equipment items associated with the chill train-may be
eliminated.

{0044] Processes according to embodiments disclosed herein may also

| advantageously reduce operating costs. For example, the encrgy costs of the
refrigeration compression associated with the traditional cryogenic ,sg;iaratian,systggg
may be considerably higher than those associated with a. non-cryogenic: extractive
distillation process,

[0045] Smi another RDS%.‘ibl%fadvauiggg ofvme{weﬁng ethylene and/or heavier olefins
from'ethylene-containing streams aceording to embodiments disclosed herein may be
that any portion of the Csx ii}séimcarhcnahsnr‘beﬁgy such as propane; entrained with the
distillate, does not require additional compression and recovery, and instead may be
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sent gﬁ‘re{:llg to the process plant fuel header or otherwise may be used as a fuel. For
example, in other demethanizer processes, the value of any vesidual Cs. hydrocarbons
may be too: high to be sent to fuel; requiring additional compression and ‘recovery
firther use in the present processes, and thus may economically be sent to fuel.

[0046] Recovery of ethylene and/or heavier olefins from ethylenc-containing streams
‘according to embodiments may also reduced capital and stmﬁing costs due to
-Teduced . sepatation requirernents for other non-olefin components present in an
ethylene-containing streams. - For example, limiting the process design to t::[:}rzz:rati'ngjj
‘temperatutes of -90°C and higher, and in some embodiments to temperatires of -40°C
-and higher, may eliminate the need for expensive methane refrigeration loops
commonly used in eryogenic separation schemes. I conttast, using propane and/or
propylené refrigeration to provide chilling for processes according to embodiments
disclosed herein may substantially reduce f;gpitaiinveﬁu;mntmsts; reduce operating
‘costs; and improve reliability. ]

[0047) Whilethe diselosure includes a limited number of embodiments; those skilled
ini the arf, having benefit of this disclosure, will appieciate that othier smbodiments
may- be dsv;sed wluchdonotdepart i‘ffcngtha scope of the present dig;lgsurgi.
Accordingly, the scope should be limited only by the attachied claims:
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CLAIMS
1. A process for recovering ethylene, the process comprising:

recovering a ethylene-containing stream comprising methane, ethylene, and
nitrogen oxides from at least one of an ethylene production process and an
ethylene recovery process;

separating the ethylene-containing stream via extractive distillation using at least
one Cy+ hydrocarbon absorbent at non-cryogenic temperatures and pressures
sufficient for absorption of at least a portion of ethylene into the absorbent to
produce an overheads fraction comprising methane and nitrogen oxides and a
bottoms fraction comprising the at least one Cy+ hydrocarbon absorbent and
ethylene, wherein the non-cryogenic temperatures refer to a temperature of -
90°C or greater; and treating the overheads fraction in a vent condenser to
increase ethylene recovery;

wherein the process prevents any conversion of nitrogen oxides to NoOs.

2. The process of claim 1, wherein the ethylene—éontaining stream comprises at least one
of an effluent from a fluid catalytic cracking system, an effluent from a thermal
cracking system; an effluent from a steam cracking system, an off-gas from a fluid
catalytic cracking system, an off-gas from a thermal cracking system, an off-gas from
a steam cracking system, an off-gas from a methanol to olefins conversion system, or
combinations thereof.

3. The process of claim 1, wherein the at least one Cy: hydrocarbon absorbent comprises
at least -one of ethane, propane, propylene, one or more butanes, one or more butenes,
one or more pentanes, one or more pentenes, and mixtures thereof.

4. The process of claim 3, wherein the at least one Cy: hydrocarbon absorbent consists
essentially of propane.

5. The process of claim 1, wherein the extractive distillation operates at an overheads
temperature of -90°C or greater.

6. The process of claim 2, wherein the extractive distillation operates at an overheads
temperature of -40°C or greater.

7. The process of claim 2, further comprising operating the extractive distillation at an

overheads pressure in the range from 1 to 4 MPag.

14



8. The process of claim 1, further comprising separating the bottoms fraction to form an
ethylene fraction and a hydrocarbon fraction comprising the at least one Cp+
hydrocarbon absorbent.

9. The process of claim 8, further comprising recycling at least a portion of the
hydrocarbon fraction to the extractive distillation.

10. The process of claim 1, further comprising separating the bottoms fraction to form a
light hydrocarbon fraction comprising ethylene and ethane, and a hydrocarbon
fraction comprising at least one Cs. hydrocarbon.

11. The process of claim 2, further comprising at least one of:

contacting the ethylene-containing stream-with a caustic solution.to. separate at
least a portion of any carbon dioxide contained in the ethylene-containing
stream prior to the separating;

contacting the ethylene-containing stream with a molecular sieve dryer to separate
at least a portion of any water contained in the ethylene-containing stream
prior to the separating;

recovering an ethylene-containing stream having a reduced concentration of at
least one of carbon dioxide and water; and

feeding the ethylene-containing stream having a reduced concentration of at least
one of carbon dioxide and water as the ethylene-containing stream fed to the
separating.

12. The process of claim 1, further comprising;:

condensing and recycling at least a portion of the overheads fraction to the
extractive distillation as a reflux.

13. The process of claim 1, wherein the at least one Cy+ hydrocarbon comprises propane,
and wherein the overheads fraction further comprises propane, the process further

comprising using at least a portion of the overheads fraction as a fuel.
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