TI TUE OF | NVENTI ON PRECOCOLI NG FOR ETHYLENE RECOVERY | N DUAL DEMETHANI ZER
FRACTI ONATI ON SYSTEMS FI ELD OF THE | NVENTI ON This invention pertains to the
~recovery of ethylene fromlight gases at |ow tenperature, and in particul ar
~to an inproved nethod for precooling the feed to a dual denethanizer

. cryogenic fractionation section of an ethyl ene recovery system BACKGROUND
OF THE | NVENTI ON - The recovery of ethylene fromcrude |ight hydrocarbon
gas mxtures is an economcally inportant hut highly energy intensive
process. Cryogeni c separation nethods aré‘&oﬁnnnly used which require |arge
anounts of refrigeration at low te S d .t he continuing

devel opnent of nethods to reduce ref.Fﬁggéfgggﬂ;égir i S_Inportant for

ol efin recovery in the pet PBERERFENE FOR|ETHYLENE RECONERYSs INecovered from
i ght gas m xtures such aspoaaCREMEDRANTZERN FRAUTIONATIONC SESTEMS Whi ch
contai n various concentrations of hydrogen, nethane, ethane, ethylene,
propane, propylene, and m nor anounts of "higher hydrocarbons, nitrogen, and
ot her trace conponents. Refrigeration for condensing and fractionating such

m xtures is commonly provided at suaeessituel wvker®i tenperature |evels by
anbi ent cooling water, closed cycle propane/propylene and et hane/ et hyl ene
systens, and work expansi on or Joul e-Thonmson expansi on of pressurized |ight
gases produced iMishénveapiomprotripsotedhe reoovargusf dewmilgms firawd igbengases
devel oped amen ol emperdtaresiand {heget iupas tefad @@wogsa Het Iy &r pecooling
characterlaﬁg |nc{§§r§sengg}|v§1uns. Patents 3,675, 435, 4§002,0 2,

4. 163, 652, ,6556,4 , 4{”5 legghanizar §;rbg_9§’n:7§2‘_’_ract1op§gmn ection of an

ethylene recovery system.

BACKQROUND.OF THE INVENTION -

The recovery of ethylene- from crdhé light hydrocarbon gas mixtures is
an economically important but highly energy intensive procesS. Cryogenic
separation methods are common]y‘uséd which require large amounts of
refrigefation at Tow temperatures,;éhd the continuing development of
methods to reduce refrigeratioh power is important for olefin recovery in
the petrochemical industry. : '

Ethylene is recovered from light gas mixtures such as cracked gas
from hydrocarbon crackers which contain various concentrations of hydrogen,
methane, ethane, ethylene, propane, propylene, and minor amounts of higher
hydrocarbons, nitrogen, and other trace components. Refrigeration for
condensing and fractionating such mixtures is commonly provided at
successively lower temperature levels by ambient cooling water, closed
cycle propane/propylene and ethane/ethylene systems, and work expansion or
Joule-Thomson expansion of pressurized light gases produced in the
separation process. Numerous designs have been developed over the years

" using these types of refrigeration as characterized in representative u.s.
"~ Ppatents 3,675,435, 4,002,042, 4,163,652, 4,629,484, 4,900,347, and
5,035,732. ‘ '
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An 1 nprovenent to the cryogenic separation methods described above is
disclosed in U S. Patent 4,002,042 wherein the final cooling and condensing
of the feed gas between about -75[err]F and -175[err]F is perfornmed in a
dephl egmat or type heat exchanger. This provides a nmuch hi gher degree of
prefractionation as the ethylene-containing |iquids are condensed fromthe
cold feed gas, since the dephl egmator can provide 5 to 15 or nore stages of
separation conpared to the single stage ok separation provided by a parti al
condenser type of heat exchanger. As a result, significantly |ess nethane

I s condensed fromthe feed gas and sent to the denethani zer col um and
refrigeration energy requirenments for both feed cooling and denet hani zer.
col um refl uxi it AParevegaeedo theicsypggivigverpapabitansBe twdbi driscrabed above is
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wher e t he Pd3ntind heavi er hydrocarbons ([err]) are recovered as a bottom
product. The [err] hydrocarbon overhead fromthe de-ethanizer colum is

sent to the
Further improvements to the cryogenic separation and cold

fractionation sections of the conventional prbcess are described in U.S.
Patent 4,900,347. In these improvements, all feed gas cooling for ethylene
recovery below about -30°F is carried out in a series of at least two
dephlegmators, for example, a warm dephlegmator and a cold dephlegmator,
and the demethanizer column is split into a first (warm) demethanizer
column and a second (cold) demethanizer column, both operating at high
pressure. Some feed cooling above -30°F may also be done in a
dephlegmator. The warm dephlegmator condenses and prefractionates
essentially all of the propylene and heavier hydrocarbons remaining in the
-30°F feed gas along with most of the ethane and this liquid is sent to the
warm demethanizer column. Reflux for the warm demethanizer column is
typically provided by condensing a portion of the overhead vapor using
propylene or propane refrigeration at -40°F or above. The bottom liquid
from the warm demethanizer column is sent to the de-ethanizer column where
the C3 and heavier hydrocarbons (C3+) are recovered as a bottom product.
The C, hydrocarbon overhead from the de-ethanizer column is sent to the
ethylene/ethane splitter column. The cold dephiegmator condenses and



et hyl ene/ et hane splitter colum. The cold dephl egmat or condenses and

.-3- prefractionates the remaining ethylene and ethane in the cold feed gas
and-this liquid is sent to the cold denethanizer colum. Reflux for the
"col d denet hani zer colum is typically provided by condensing a portion of
't he overhead vapor using ethylene refrigeration at about -150[err] F. The
"ethylene-rich bottomliquid fromthe cold denet hani zer col um cont ai ns
~essentially no propylene or propane and is sent directly to the
“ethyl ene/ ethane splitter colum as a secohd feed, thus bypassing the

- de-et hani zer colum. U. S. Patent 5,035,732 describes a variation of the
process descri bed above wherein the second (col d) denethani zer columm is
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' the cold fractionation section of the ethylen | gnt,., Conpared to,.the
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ener gy thajp-seHuépér @odlmmparti al condenser type heat exchangers because
'significantly |l ess nethane is condensed; 2) the nulti-zone denethani zer

~colum systemis cheaper than the conventional single-colum denethanizer
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~cold col urg,,¥hinePetS@Re ¥ @Rnd (cold) demethanizer column is operated at low
pressure conditions, 175 psia or less. Reflux for the low pressure cold
demethanizer column is provided by condensing a portion of the cold
demethanizer column overhead vapor or the cold dephlegmator overhead vapor,
using expander and/or other process stream refrigeration below -150°F.

The improved processes of U.S. Patents 4,900,347 and 5,035,732 _
combine multiple dephiegmators with a multi-zone demethanizer column system
to achieve energy savings in the cryogeﬁic separation section of the
ethylene plant, and to achieve both capital and energy savings in the cold
fractionation section of the ethylene plant. Compared to the conventional
process:

1) the dephlegmators require less refrigeration energy than
conventional partial condenser type heat exchangers because significantly
less methane is condensed; '

2) the muiti-zone demethanizer column system is cheaper than the
conventional sing]é-column demethanizer system because the warm column .
utilizes less expensive materials and the cold column, which uses more
expensive materials, is smaller than the conventional single-column (cold)
demethanizer; '



expensive materials, is smaller than the conventional single-colum (cold)
denet hani zer; -4- 3) the nulti-zone denethanizer columm systemrequires
Iess_refrigeration energy for refluxing because | ess nethane is condensed
and sent to the colums and al so because the warm colum utilizes warner,

| ow energy intensive refrigeration and the cold colum uses |ess cold, high
energy intensive refrigeration than the conventional single-columm (cold)
denet hani zer; 4) the de-ethanizer colum is snaller and requires |ess
separation energy due to the smaller quantity of |iquid which nust be
processed in the colum; and 5) the ethyl ene/ethane splitter colum is
smal l er and requires | ess separation energy due to the preseparation

provided by th f I rQcesses
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column; and

5) the ethylene/ethane splitter column is smailer and requires less
separation energy due to the preseparation provided by the two feed streams
" to the column.

The'improved processes described in U.S. Patents 4,002,042,
4,900,347 and 5,035,732 can be used to recover ethylene from feed gas
produced by cracking of ethane, ethane/propané. or heavier hydrocarbons
such as LPG, naphtha or gas oil.

Thus the use of a multi-zone demethanizer system is an efficient and
preferred mode of operation for recovering ethylene from ethylene-
containing feed gases. Further improvements to such a system are
desirable, and such improvements are realized for ethylene-containing feed
gases from ethane and ethane-propane cracking by the invention described in
the following specification and defined by the appended claims.

SUMMARY OF THE INVENTION

The present invention is an improved method for precooling and
condensing the pressurized feed gas to an ethylene recovery process. A
known process for the recovery of ethylene from a pressurized feed gas



known process for the recovery of ethylene froma pressurized feed gas

-5- containing ethylene, hydrogen, and Cl1 to C3 hydrocarbons includes the
steps of precooling and partially condensing the pressurized feed gas,
fractionating the condensed feed gas in a first denethanizer zone to yield
an internediate vapor and a first denethanizer liquid enriched in C2
hydrocarbons, fractionating the internedi ate vapor in a second denethani zer
zone to yield a light overhead product and a second denet hani zer |iquid
enriched in C hydrocarbons, and fractionating the first and second

denet hani zer liquids to recover an ethylene product and streans contai ning
et hane and [err] hydrocarbons. The i nproved nethod of the present
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utilizes rg”&% @%é?19@F%”€%ﬂBE¥é% %eanqhe par 15??& con&%nsed feed gas is separated
into a first vapor stream and a condensed liquid, and the first vapor
stream is cooled, partially condensed, and rectified by dephlegmation in a
second condensing zone which operates below the characteristic temperature
to yield a light gas product and a dephlegmator liquid. The condensed
liquid provides feed to the first demethanizer zone and the dephiegmator
liquid provides feed to the second demethanizer zone. The characteristic
temperature is between about -80°F and about -120°F. The pressurized feed
gas preferably contains less than about 1 mole% propane pius propylene and
less than about 25 mole% methane.

Equipment simplification and capital savings are realized by the feed
condensing method of the present invention while maihtaim’ng the energy
efficiency advantages and other capital savings provided by the prior art
system which utilizes multiple dephlegmators and two demethanizers.

BRIEF SUMMARY OF THE DRAWING

The single Figure is a schematic flowsheet showing the improved feed
precooling and condensing method of the present invention.



BRMrEF SUMVARY OF THE DRAW NG The single Figure is a schematic fl owsheet
showi ng the i nproved feed precooling and condensi ng nethod of the present

i nvention.  -6- DETAILED DESCRI PTION OF THE | NVENTION | n et hyl ene plants
based on propane or heavi er hydrocarbon cracking, the cracked gas feed to
the cryogenic separation section (or chilling train) is typically at about

-20[err]F to -40[err] F, about 350 to 550 psia and contains about 25 to 45
nol e% nmet hane, 25 to 45 nol e% et hyl ene/ et hane and 2 nol e% or nore of
propyl ene/ propane and heavi er hydrocarbon$, -al ong wi th hydrogen and ot her

i ght gases. In the inproved cryogeni c separation and cold fractionation
process described in earlier-cited U S. Patents 4,900, 347 and 5, 035,732, a
“warnt dephl egmator is necessary in the first condensing zone with this
type of cracked gas feed in order to n1n|n12e t he quantlty of nmet hane whi ch
i s condensed and sent to tH&T# : NeOF Clh Th al so to reduce

t he anount of propyl ene and propane enterlng the cold dephl egmator in the
second condensin ess. t han, about e% As a result,

et hyl ene and et ﬁgré?‘lgiﬁrb?@b%tsi af?f’e°809r(?pﬁré?)tﬂre i8F fygsecidonpagacking,
t hrough t heheleretkaihigaerfeed! tontheHowegenic sepaahydresecpian{er mhs i mn
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to 550 psi gowpn&aahoytc%‘iqttauﬁmehw methgnes 02hdioeds ﬁeﬂm@ha}@a/eséanmnd
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"war it dephTEPIEE A7 ﬂtﬁ*fe 1P #023Gdehdithy UBRAVET CrHessi g f@qration an
separ at i oncsbbtfrmm@ﬂcbmm pooqessedescirébed ¢nteadlieS.ciPed dnfs PRt@OOs 347 and
5, 035, 732 @agbob§4f %Haé?%s"wﬁé‘ sanewa%"naérpﬁ]@attbﬁhscme%@%ﬁfSmt en&OAlrsthe
feed to abolut - éerr 120[ err
condensing zone w1th th1s type of cracked gas feed in order to minimize the
quantity of methane which is condensed and sent to the two demethanizer
columns, and also to reduce the amount of propylene and propane entering
the “cold" dephiegmator in the second condensing zone to less than about
0.05 mole%. As a result, ethylene and ethane recovered in the cold

dephlegmator does not pass through the de-ethanizer column.

However, in ethylene plants based on ethane cracking, or in some
cases ethane/propane cracking, the cracked gas feed to the cryogenic
separation section at -20°F to -40°F and 35 to 550 psia typically contains
only 5 to 20 mole% methane and less than about 1 mole% of propylene/propane
and heavier hydrocarbons. With this type of cracked gas feed, it has been
found in the present invention that the "warm" dephlegmator in the first
condensing zone of the cryogenic separation section according to earlier-
cited U.S. Patents 4,900,347 and 5,035,732 can be replaced with one or more
partial condensers to cool the feed to about -80°F to -120°F. With this
type of cracked gas feed, the partial condenser(s) can reduce the
concentration of propylene plus propane entering the second condensing zone
(cold) dephlegmator to less than about 0.05 mole% without increasing the
quantity of condensed methane sufficiently to incur a significant penalty
in the demethanizer columns. Therefore, the ethylene and ethane recovered
in the cold dephlegmator does not have to pass through the de-ethanizer



type of cracked gas feed, the partial condenser(s) can reduce the
concentration of propylene plus propane entering the second condensi ng zone
(cal d) dephl egmator to | ess than about 0.05 nol e% w thout increasing the
quantity of condensed nethane sufficiently to incur a significant penalty
in the denet hani zer colums. Therefore, the ethyl ene and ethane recovered
in the cold dephl egnmat or -does not have to pass through the de-ethanizer
-7- colum. In ethane/propane cracking, the anount of methane in the
cracked gas feed depends in large part on }he fraction of propane which is
cracked relative to the ethane which is cracked. A dephlegmator is a
rectifying heat exchanger which partially condenses and rectifies the feed
gas. Typically a dephl egnator yields a degree of separation equivalent to
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realized in a partial condenser.

The concept of the present invention also can be used in some
ethylene plants which utilize a front-end de-ethanizer column (upstream of
the cryogenic separation section), since the cracked gas feed entering the
cryogenic separation section would then typically contain less than about
1 mole% propylene plus propane. In addition, the amount of methane in the
cracked gas feed entering the cryogenic separation section preferably
should be less than about 25 mole% and more preferably less tham about 15
mole% in order to minimize the quantity of methane which is condensed in

“the partial condenser(s) of the first condensing zone and sent to the warm
demethanizer column. (n this case, the amount of methane in the cracked
gas feed is dependent on the specific cracker feedstock.

The invention is described in detail with reference to the single
Figure, in which cracked gas 1 is compressed to about 350 to 550 psia (not
shown) and cooled to about -20° to -40°F in coolers 101 and 103 using
conventional propane or propylene refrigeration. Stream 3, now partially
condensed, passes into separator 105 from which condensate 5 and vapor 7
are withdrawn.



gas feed i s dependent on the specific cracker feedstock. The invention is
described in-detail with reference to the single Figure, in which cracked
gas-1 is conpressed to about 350 to 550 psia (not shown) and cooled to
about -20[err] to -40[err]F in coolers 101 and 103 using conventi onal
propane or propyl-ene refrigeration. Stream 3, now partially condensed,
passes into separator 105 from which condensate 5 and vapor 7 are

wi t hdr awn. -8- Vapor 7 is the pressurlzgd feed gas of the present

i nvention as defined in the appended clains, and typically contains 30 to
60 nol e% hydrogen, 5 to 30 nol e% net hane, 10 to 40 nole% ethylene, and 5 to
20 nmol e% et hane. Vapor 7 preferably contains | ess than about 1 nole% C3 and
heavi er hydr ocanepes,’ [isether abéssurdnediifiesd lgassof hae Resant a%mmn@s and
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ethyl ene, kementhamailBes®l¥ngideansr ahd shell and tube or brazed aluminum type.
Mixed vapor/condensate stream 11 at between about -80°F and -120°F passes
to separator 109 from which vapor 13 and liquid 15 are withdrawn. Heat
exchanger 107 and separator 109 of first condensing zone 106 operate as a
partial condenser system which provides the equivalent of a single stage of

separation in which vapor 13 and liquid 15 are in approximate thermodynamic
equilibrium. '

Vapor 13, which typically contains 50 to 80 mole% hydrogen, 10 to
35 mole% methane, 5 to 20 mole% ethylene, less than 10 mole% ethane and.
tess than 0.1 mole% propylene/propane, passes to accumuiator drum 111, and
is further cooled in dephlegmator 115 to simultaneously condense and
rectify vapor 13 in second condensing zone 113. Typically, dephlegmator
115 provides 5 to 15 stages of separation, in contrast with the partial
condenser system consisting of heat exchanger 107 and separator 109 which
provide only one stage of separation. Dephlegmator 115 is cooled by
refrigerant 17 supplied at between about -85°F and -235°F. Refrigerant 17
typically comprises one or more levels of ethylehe refrigerant along with
various cold streams produced in the ethylene plant, or a mixed
refrigerant. Light gas 19 comprising chiefly methane and hydrogen is
withdrawn from dephlegmator 115 and a portion thereof typically passes to
the hydrogen recovery section of the ethylene plant (not shown).



| ess than 0.1 nol e% propyl ene/ propane, passes to accunul ator drum 111, and
I's further cooled in dephlegmator 115 to sinmul taneously condense and
rectify vapor 13 in second condensing zone 113. Typically, dephl egmator
115 provides 5 to.15 stages of separation, in contrast with the parti al
condenser system consisting of heat exchanger 107 and separator 109 which
provi de only one stage of separation. Dephlegmator 115 is cool ed by
‘refrigerant 17 supplied at between about--85{err]F and -235[err]F.
Refrigerant 17 typically conprises one or nore |evels of ethylene
refrigerant along with various cold streans produced in t he et hyl ene pl ant,
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and typically contains 5 to nol e% rret hane, mol e% et hyl ene, 15
to 30 nol e% et hane and | ess than 0.5 nol e% propyl ene plus propane. Liquid
streans 5 and 15igwitt akreamssenaridal$ yconlchint Iaesmtxjpa‘r}e,alprmybemneand
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into de- et fieedsteeamsol5uamd 181 Bodtbmd t1ogHidsR6 eBgwdhdrawn therefrom and
contains essentially all the propane, propylene, and heavier hydrocarbons
and a large fraction of the ethane from the feedstreams 5 and 15. Bottoms
liquid 25 is introduced into de-ethanizer column 121 and bottoms stream 31
containing essentially all propane, propylene, and heavier hydrocarbons is
withdrawn therefrom. Withdrawn overhead vapor 33 contains essentially all
the ethane and ethylene in first demethanizer zone bottoms liquid 25.

Second demethanizer zone 119, which typically operates in the
temperature range of +25°F to -230°F, is fed at two locations by
dephiegmator liquid 21 and first demethanizer zone overhead vapor 23
respectively. Hydrogen-methane overhead vapor 27 and ethylene-fich bottoms
liquid 29 are withdrawn therefrom. Ffinal cold fractionation is
accomplished in ethane-ethylene splitter column 123 to yield high purity
ethylene product 35 and ethane bottom product 37.

EXAMPLE

Mass and energy balances were carried out to illustrate the invention
according to the single Figure. Cracked gas stream 1 is cooled to -26°F
utilizing several levels of C; refrigerant in coolers 101 and 103. This



confaining essentially all propane, propylene, and heavi er hydrocarbons is
w t hdrawn therefrom W thdrawn overhead vapor 33 contains essentially al

t he- ethane and ethylene in first denmethani zer zone bottons |iquid 25.
Second denet hani zer zone 119, which typically operates in the tenperature
range of +25[err]F to -230[err]F, is fed at two | ocations by dephl egnat or
liquid 21 and first denethani zer zone overhead vapor 23 respectively.

Hydr ogen- net hane over head vapor 27 and etMylene-rich bottonms liquid 29 are
wi thdrawn therefrom Final cold fractionation is acconplished in .

et hane-ethyl ene splitter colum 123 to yield high purity ethylene product

35 and et hane bott pr.oduct. . ss_and ener gy bal ances were
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stream 13 at -98Lerr] co talnln a out 5 _nol e dr ogen, nol e%

met hane, SEMELNABI 28K ZORG| ife, 3/aPORpitagam 13 3t g8 ntammg about

72.5 mole% hydrogen, 13. 5 mo]e9 methane 10.5 mole4 ethylene, 3.5 mole%
ethane and less than 0.02 mole% propylene plus propane, is cooled to -216°F
in dephlegmator 115 of second condensing zone 113 to condense and
prefractionate the remaining ethylene and ethane. Ethylene-rich liquid 21
at -105°F, recovered from dephlegmator drum 111, containing about

67.5 mole% ethylene, 22.5 mole% ethane and 8 mole% methane, provides feed
to the second (cold) demethanizer zone 119.

The two liquid streams 5 and 15, which contain essentially all of the
propylene, propane, and heavier hydrocarbons and more than 85% of the
ethane condensed from cracked gas 1, are processed in warm demethanizer
zone 117 to reject all of the hydrogen, methane and other light gases in
first demethanizer overhead 23 which also contains a portion of the
ethylene and ethane which entered the first demethanizer. The remaining
ethylene and.ethane, and all of the propylene, propane and heavier
hydrocarbons are removed in the bottom stream 25, and sent to de-ethanizer
column 121. The ethylene:rich liquid recovered from dephiegmator 115 as
stream 21, and the ethylene-enriched overhead vapor stream 23 from warm
demethanizer zone 117 are processed in second demethanizer zone 119 to

reject all of the hydrogen methane and other light gases in overhead
stream 27.



et hane and | ess than 0.02 nol e% propyl ene plus propane, is-cooled to
-216[err] F in dephl egmator 115 of second condensing zone 113 to condense
and*prefractionate the renaining ethylene and ethane. Ethylene-rich |iquid
21 at -105[err]F, recovered from dephl egnmator drum 111, contai ning about
67.5 nmol e% et hyl ene, 22.5 nol e% et hane and 8 nol e% net hane, provides feed
to the second (col d) denethani zer zone 119. The two liquid streans 5 and
15, which contain essentially-all of the opyl ene, propane, and heavi er
hydr ocar bons and nore than 85% of the efhgié'condensed from cracked gas 1,
are processed in warm denet hani zer zone 117 to reject all of the hydrogen,
met hane and other |ight gases in first demethani zer overhead 23 which al so
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heat exchangers as a matter of convenience. Alternatively, if a mixed
refrigerant were used, a single partial condenser would be preferable.
Similarly, two or more dephlegmators could be utilized in series in the
second condensing zone 113 to cool the feed gas below about -80°F to
-120°F to provide further increased prefractionation of the condensed

ethylene liquid or for convenience in utilizing various refrigerant
streams.

Other variations within the cryogenic separation section are also
possible in order to increase the energy efficiency of the process, such as
heat exchanging or contacting between dephlegmator liquid stream 21 and
first demethanizer zone overhead vapor stream 23, and/or refrigeration
recovery (rewarming) from the condensed liquid streams 5 and/or 15. Second
demethanizer zone overhead vapor stream 27 can also be cooled in a
dephlegmator to recover residual ethylene from that light gas.

Typically at least a portion of hydrogen-methane light gas stream 19
from the overhead of dephlegmator 115 is sent to a hydrogen recovery
section to produce a high purity hydrogen product and one or more
methane-rich fuel streams which are rewarmed in the cryogenic separation
section heat exchangers for refrigeration recovery. Also, at least a



pressurized feed gas to about -80[err]F to -120[err]F, for exanple, to
utilize several tenperature |evels of ethylene or other refrigerant in
separate heat exchangers as a matter of convenience. Alternatively, if a
m xed refrigerant were used, a single partial condenser would be"
preferable. Simlarly, two or nore dephlegmators could be utilized in
series in the second condensing zone 113 to cool the feed gas bel ow about
-80[err]F to -120[err]F to provide further _increased prefractionation of
t he condensed ethylene liquid or for corivéfii ence in utilizing various
refrigerant streans. Qther variations within the cryogenic separation
section are also possible in order to increase the energy efficiency of the
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section of p%\/eidegoac%stﬁniﬁcant equipment simplification and capital savings. The
"warm" dephlegmator required in the first condensing zone of these prior
art processes typically consists of 4 to 16 heat exchange units in parallel
in order to provide sufficient cross-sectional flow area for the
counter-current vapor/liquid feed flow in the dephlegmators. The partial
condenser used in the present invention in place of the prior art warm
dephlegmator typically requires less than half the cross-sectional flow
area, and therefore less than half of the number of parallel units, because
the co-current vapor/liquid feed flow in the partial condenser allows a
much higher feed gas flow velocity than in the counter-current flow
dephlegmator. A significant capital savings thus is realized in the
present invention by reducing the number of parallel heat exchange units
and associated piping compared with the warm dephlegmator of the prior art
process. Dephlegmator 115 in the second condensing zone 113 of the present
invention will be essentially the same as the "cold" dephlegmator in the
prior art ali-dephlegmator process. The reduced quantity of the lowest and
most energy intensive levels of refrigeration realized in the prior art
multi-dephlegmator process is maintained with the process of the present
invention. In the prior art process, the "cold" dephlegmator typically
consists of about half as many parallel heat exchange units as the “warm®
dephlegmator due to the much lower feed gas flow rate, and therefore
represents a much lTower capital cost than the warm dephlegmator.



The conbi nation partial condenser and dephl egnator process of the present

I nvention maintains essentially all of the energy and capital savings of
the~prior art all-dephlegmator, nulti-zone denethani zer inproved process
described in U S. Patents 4,900, 347 and 5,035,732, and in addition provides
a significant equipnent sinplification and capital savings. The "warnf
dephl egmator required in the first condensing zone of these prior art
processes typically consists of 4 to 16_hﬁ?[ exchange units in parallel in
order to provide sufficient cross-sectiondl flow area for the
counter-current vapor/liquid feed flow in the dephl egmators. The parti al
condenser used in the present invention in place of the prior art warm
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energy requirements for ethylene separation and fractionation between the
present invention and the prior art all-dephlegmator process is therefore
very small, and the difference in equipment cost in the cold fractionation
section (first and second demethanizers, de-ethanizer and ethane/ethylene
splitter columns) is insignificant. Therefore, the reduction in the number
of parallel heat exchange units required for feed gas cooling and
condensing using the partial condenser/dephlegmator process of the present
invention provides a significant capital savings over the prior art
all-dephlegmator process.

Critical requirements of the present invention include that (1) all

~ feed gas cooling and condensing which occur at or above a characteristic
temperature to provide liquids to the warm demethanizer zone should be
carried out in a condensing zone utilizing one or more partial condensers,
and (2) all feed gas cooling and condensing which occur below this
characteristic temperature to pfovide liquids to the cold demethanizer zone
should be done in a condensing zone utilizing one or more dephlegmators.
This characteristic temperature is in the range of about -80°F to about
-120°F and is determined by the pressure and concentrations of methane and
C3+ hydrocarbons in the pressurized feed gas defined as vapor 7.



of the present invention therefore offers a sinplified and nuch | ess
expensi ve feed cooling system In the Exanple described above, the total
anotint of net hane condensed fromthe cracked gas feed using the conbination
partial condenser/dephl egmator process of the present invention is

i ncreased by about 50% as conpared to the prior art all-dephl egmat or

i nproved process, but the total anmount of I|qU|ds condensed fromthe feed
is increased by only about 3% The total 4mount of | i quids processed in
the two denet hani zer zones is therefore increased by only about 3% and
there is essentially no change in the anount of |iquids processed in the
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gas define oﬁ%gxxfﬁess than about 25 mole% methane, and more preferably less than
about 15 mole% methane, in order to minimize the quantity of methane which
is condensed in the partial condenser(s) of first condensing zone 106 and
sent to the warm demethanizer zone as stream 15.

. These requirements are necessary to fully realize the additional
equipment simplification and capital savings provided by the present
invention without Tosing the energy efficiency advantages and other capital

savings provided by the prior art all-dephlegmator/multi-demethanizer
system.

The essential characteristics of the present invention are described
completely in the foregoing disclosure. One skilled in the art can
understand the invention and make various modifications thereto without
departing from the basic spirit thereof, and without departing from the
scope of the claims which follow. |



- 14 - Another critical requirenment of the present invention is that the
feed gas to the cryogeni c separation section of the ethylene plant, i.e.
the pressurized feed gas defined as vapor 7, should preferably contain |ess
t han about 1 nol e% propyl ene plus propane, and nore preferably | ess than
about 0.5 nol e% propyl ene plus propane, so that the partial condenser type
heat exchanger(s) in first condensing zone 106 can reduce the anount of
propyl ene and propane entering the second-conden5|ng zone 113

dephl egmator(s) to | ess than about 0.05 nole% This is desirable so that
the ethyl ene and ethane recovered in the dephl egmator(s) need not be
processed in the de-ethani zer colum. An additional critical requirenment of
the process of the present invention is that the pressurized feed gas

defi ned asWevapaim:7 to the cryogeni c separation section of the ethylene

pl ant should preferably contain | ess than about 25 nol e% net hane, and nore
preferably |ess than about_ 15
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whi ch fol sald first and second demethanizer Irqu1ds to recover an ethylene product
and streams containing ethane and C3 hydrocarbons, an improved method for
precooling and condensing said pressurized feed gas which comprises in

combination:

(a) cooling and partially condensing said pressurized feed gas in a
partial condenser in a first condensing zone which operates at or
above a characteristic temperature;

(b) separating the partially condensed feed gas of step (a) into a
first vapor stream and a condensed liquid; and

(c) cooling, partially condensing, and rectifying said first vapor
stream by dephlegmation in a second condensing zone which operates
below said characteristic temperature to yield a light gas product
and a dephlegmator liquid;

wherein said condensed liquid provides feed to said first demethanizer zone

and said dephlegmator liquid provides feed to said second demethanizer
zone. ’
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- I5 - W claim 1. In a process for the recovery of ethylene froma
pressuri zed feed gas containing ethylene, hydrogen, and Cl1 to C3

hydr ocar bons, wherein said recovery includes the steps of precooling and
partially condensing said pressurized feed gas, fractionating the condensed
feed gas in a first denethani zer zone to yield an internediate vapor and a
first demethanizer liquid enriched in [ernk _hydrocarbons, fractionating
said internmedi ate vapor in a second denethani zer zone to yield a |ight
over head product and a second denethanizer liquid enriched in [err]
hydrocarbons, and fractionating said first and second denethani zer |iquids
to recover an et e ereshed oduehaiBnt wBenadansid oshasagiients tdc hempetatdré drsr |
hydr ocar bong,e+@denl S5YueVest Manlabolior-1Reecool i ng and condensing said
pressurized feed gas which conprises in conbination: (a) cooling and
partially condensing said pressurized feed gas in a partial condenser in a
first condensing zone which operates at or above a characteristic

t enper a]'E ure;3.(b) raeprthadd og Cladm aambémdihysamr;dfegsﬁdz%dezfd?cg@& fli_‘on’e‘éﬁ@ {&9s
into a first I r uid; an c) cooling,
partially c&ﬁ%@%@?‘ﬁ%? ﬁﬁ??ﬁ%@??f%ﬁ??ﬁ%lkhgst vapor stream by

dephl egmation in a second condensing zone whi ch operates bel ow said
characteristic tenperature to yield a |light gas product and a dephl egnat or
i quid; whenein ] b g U Is i i .
denethanize#'zonzﬁ%ﬂﬁeggﬁ ?ggqﬁ+é§ﬁg?§$53¥ggi e%§§€F%£§§$£g5£f%§é%wﬁ %%%bnd
denet hani zeth3pgout 0.5 mole% pe‘opan plus propylene.

5. The method of Claim 1 wherein said pressurized feed gas contains less
.than about 25 mole% methane.

6. The method of Claim 1 wherein said pressurized feed gas contains less
than about 15 mole% methane.

7. The method of Claim 1 wherein said pressurized feed gas is obtained
by the thermal cracking of ethane.

8. The method of Claim 1 wherein said pressurized feed gas is obtained
by the thermal cracking of ethane and propane.

9. ‘The method of Claim 1 wherein said pressurized feed gas is obtained
from the overhead of a de-ethanizer column.
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- 6 - 2. The nethod of Claim1 wherein said characteristic tenperature
is between about -80[err]F and about -120[err]F. 3. The nmethod of C aim
1 wherein said pressurized feed gas contains | ess than about 1 nol e%
propane plus propyl ene. 4. The nethod of Claim1 wherein said
pressurized feed gas contains |ess than about 0.5 nol e% propane pl us

propyl ene. 5. The nmethod of Claim1l wherein said pressurized feed gas
contai ns | ess than about 25 nol e% net hartel’ 6 The met hod of Claim 1.
wherein said pressurized feed gas contains | ess than about 15 nol e%

nmet hane. 7. The nethod of Caim1 wherein said pressurized feed gas is

obtai ned by, therh Dl aRly %?a@f§1mglqjhe¢gﬂﬁes1d8nm vaer Rrbag €f Sl dbchng

wherei n sai % pressurlzed I'S obtal ned 8¥ ge t hermal crac

et hane andcprdspaied zgne CO"*TWé‘S EHodhar about f-95\iPdFE; RTogang r“ésgmﬂyﬂéﬂe
feed gas is obtained fromthe overhead of a de-ethanizer col um. - 17 -
10. The nmethod of Claiml wherein said first vapor streamto said second
condensi ng zone contains | ess than about 0.05 nol e% propane pl us propyl ene.
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