"~ TI ¥LE 'OF 1 NVENTI ON M XED REFRI GERANT CYCLE FOR ETHYLENE RECOVERY FI ELD OF
THE I NVENTI ON This invention pertains to the recovery of ethylene from

i ght gases at |ow tenperature, and in particular to an inproved m xed
refrigerant cycle to provide nore efficient refrigeration for such
recovery. BACKGROUND OF THE | NVENTI ON The recovery of ethylene from crude
| i ght hydrocarbon gas m xtures is an econonically inportant but highly
energy intensive process. Cryogenic separation nmethods are commonly used
which require |l arge amounts of refrigeration-at | ow tenperatures, and the
continui ng devel opnent of net hodSITLE €k JMWENTION power to provide this
refrigeration is inportant in the petrochem cal industry. Ethylene is
recovered fromlight gas m xtures such as cracked gas from hydrocarbon
crackers which contain various concentrations of hydrogen, nethane, ethane,
et hyl ene, propane, propylene, and m nor anounts of higher hydrocarbons,
“nitrogen, and ot her tWIXER REFRIBERANTSCYCLERFOR gﬁﬁé‘tﬁ"tﬁn“g@r‘/%ndensi ng and
fractionating such m xtures is comonly provided at successively | ower
tenperature | evels by anbient cooling water, closed cycle propyl ene and
et hyl ene systens, and work expansi on or Joul e- Thonson expansi on of
pressuri zed |ight gases produced in the separation process. Nunmerous

desi gns have been devel oped over the years using these types of
refrigeration as characterized in representative U S. Patents 3,675, 435,
4,002, 042, 4,163,652, 4,629,484, 4,900,347, and 5,035, 732. The use of

cl osed cycle m xed refrigerant F4gEd @Fs TRRNNNENTIONegrated with one or nore

f the above- i . ef 1 ' ' ! |
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efficiency of ethylene r ve \ erants’ for such
typi cal |at dewpemgerafarrarand &8 RansicuaRytens, Tproyadanixed refrigesyt ene,

and opt iRkt rberde hoFd eFeIPRACNESHrightatadnr & bG&T Faksvapyhi bit the
desirabl € property of condensing over a range of tenperatures, which allows
t he design of heat exchange systens which are

BACKGROUND OF THE INVENTION
, The recovery of ethylene from crude light hydrocarbon gas mixtures is
an economically important but highly energy intensive process. Cryogenic
separation methods are commonly used which require large amounts of
refrigeration at low temperatures, and the continuing development of
methods to reduce net power to provide this refrigeration is important 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
hydrocafbons, 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 propylene and 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. Patents 3,675,435,
4,002,042, 4,163,652, 4,629,484, 4,900,347, and 5,035,732.

The use of closed cycle mixed refrigerant systems can be integrated
with one or more of the above-mentioned refrigeration methods to improve
the overall energy efficiency of ethylene recovery. Mixed refrigerants for
such systems typically comprise methane, ethane, ethylene, propane,



* thernodynami cally nore efficient than single refrigerant systenms. U S
Patent 4,072,485 describes a m xed refrigerant cycle for providing | ow

| evel refrigeration in a natural gas processing plant, or in the cryogenic
section of an ethylene plant which utilizes one or nore parti al
condensati on stages to cool the feed gas. In this cycle, the m xed
refrigerant is partially condensed with cooling water or air at near

anbi ent tenperature and then totally condensed at [err] and subcooled with

several |evels of propane or propylene refrigeration. 1Iin ethylene plant
service, the mxed refrigerant is then utilized to provide refrigeration
over the tenperature range of [err] to-[gerr] i.e., it is confined to the

sanme tenperature range as the ethylene refrigeration it replaces. A nore
specific exanple of this cycle for ethylene pl ant service is described in
an article by Victor Kaiser al "M xed Refrigerant for Ethylene," in
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same temperature range as the ethy1ene refr1gerat1on it replaces. A more
specific example of this cycle for ethylene plant service is described in
an article by Victor Kaiser, et al., "Mixed Refrigerant for Ethylene," in
‘the October 1976 issue of Hydrocarbon Processing, pages 129-131.

U.S. Patent 4,720,293 describes a process for recovering ethylene
from refinery off-gas which utilizes a mixed refrigerant cycle. In this
process, the mixed refrigerant is utilized in a single heat exchanger over
a relatively warm temperature range of +60°F to -85°F. Refrigeration at
Tower temperature levels is supplied by vaporization of separated ethane at
low partial pressure and high total pressure, and by work expansion of
light gases which are typically rejected to fuel along with the ethane.

With the conventional process technology described above, the feed
gas chilling and demethanizing must be carried out at pressures in the
range of 450 to 650 psia in order to achieve high ethylene recovery (99% or
more) because the propylene/ethylene cascade system can provide
refrigeration no colder than -150°F for feed gas chilling and for
demethanizer column condenser refrigeration. The amount of refrigeration
for feed cooling below -150°F which can be produced from other process
streams in an ethylene plant is limited by operating constraints such as
the amount of high pressure hydrogen recovered and the fuel system



 whi:ch can be produced, which in turn limts the ethyl ene recovery.
Pressures between 450 and 650 psia are required in the feed gas chilling
train and in the denethanizer colum so that nost of the ethyl ene can be
condensed above [err] and so that sufficient fuel gas expansion
refrigeration at colder tenperatures is available to condense nost of the
remai ni ng et hyl ene and achi eve | ow ethylene |oss in the denethanizer colum
over head vapor. The integration of inproved m xed refrigerant cycles with
conventional internmediate and | ow tenperature refrigeration holds prom se
for further reduction of energy consunptlon in ethylene recovery. In
particular, it is desirable to inprove” the efficiency of refrigeration at
the lowest tenperature levels required for high ethylene recovery. The
i nvention described in the foll ow ng specification and defined in the
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the Towest temperature levels required for high ethylene recovery. The
invention described in the following specification and defined in the
appended claims provides an improved mixed refrigeration cycle which is

particularly advantageous for ethylene recoveries of greater than 99%.

SUMMARY OF THE INVENTION

The recovery of ethylene from a feed gas containing ethylene,
hydrogen, and C, to Cs hydrocarbons includes the steps of compressing the
feed gas, cooling the compressed feed gas to condense a portion thereof,
fractionating the condensed feed gas liquids in one or more demethanizer
columns to recover a light overhead product comprising chiefly hydrogen and
methane, and fractionating the demethanizer column bottoms stream to
recover an ethylene product and streams containing Cz and heavier
hydrocarbons. Typically at least a portion of the hydrogen-methane vapor
stream from the final ethylene recovery heat exchanger is sent to a
hydrogen recovery section to produce a high-purity hydrogen product and one
or more methane-rich streams.

Refrigeration for ethylene recovery is provided in an improved cycle
of the present invention which compriﬁes compressing a mixed refrigerant
vapor containing two or more components selected from the group consisting
of methane, ethane, ethylene, propane, and propylene, and cooling the



“ resulting conpressed vapor to yield a condensed mixed refrigerant stream
The condensed m xed refrigerant streamis subcool ed by indirect heat
exchange with one or nore cold process streans to yield a subcool ed m xed
refrigerant. A first portion of the subcooled m xed refrigerant is flashed
and used to provide overhead condenser refrigeration by indirect heat
exchange for at |east one of the denethanizer columms, which warnms and at
| east partially vaporizes the first portion of subcooled m xed refrigerant.
A second portion of the subcooled mxed refrigerant is flashed and the
resulting refrigerant provides at |least a portion of the refrigeration
required for the cooling and partial condensing of the feed gas by indirect
heat exchange, which warns and at |east partially vaporizes the second
portion of subcooled mxed refrigerant. Preferably the feed gas cooling and
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resulting warmed vapors of the first and second portions of mixed

refrigerant are combined and compressed to complete the refrigeration

cycle.

One of the cold process streams for mixed refrigerant subcooling may
be provided by flashing and vaporizing a third portion of the subcooled
mixed refrigerant, and the warmed vapor is combined with the first and
second portions of mixed refrigerant to provide mixed refrigerant vapor for
compression to complete the refrigeration cycle. Another one or more of
the cold process streams can be provided by work expanding the light
overhead product from the one or more demethanizer columns and/or any
hydrogen and methane which is not processed in the hydrogen recovery
section. Additional cold process streams such as the hydrogen and methane-
rich streams from the hydrogen recovery section also can be used for mixed
refrigerant subcooling.

In an alternative embodiment of the invention, subcooled mixed
refrigerant is provided for two feed condensing zones in series in which
partially vaporized mixed refrigerant from a cold feed condensing zone
provides a portion of the refrigeration to a warm feed condensing zone to
provide two condensed feed liquid streams for further separation.



i -5: Preferably, the two condensing zones utilize dephl egmators, but
alternatively can utilize partial condensers. Conbinations of parti al
condensers and dephl egmators may be used; nore than two feed condensing
zones in series can be used if desired. A key feature of the present
invention is that the feed chilling train and the downstream separati on
equi pnent can be operated advantageously in the pressure range of 150 to
400 psia, thereby achieving satisfactory ethylene recovery with | ower
refrigeration requirenments and | ower capital costs in the downstream
separation equi pment. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schematic fl ow di agram of one enbodi nert %of the closed | oop m xed
refrigerant cycle of the present invention. Fig. 2 is a schematic fl ow
di agram of an alternative enbodi nent of the closed | oop m xed refrigerant
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refrigeration is utilized ?B_IE?V@QMWI@QSW aicesmpeasyre levels in the
initial feed qpeco?ljn a rac Hona,lon se$ lons _of the plant t cogl t he
feed from ig.. 1 is a schematic flow diagram of one embodiment of the closed
loop mixed refrigerant cycle of the present invention.
Fig. 2 is a schematic flow diagram of an alternative embodiment of
the closed loop mixed refrigerant cycle of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In a typical ethylene recovery process, a feed gas comprising
hydrogen, methane,'ethane. ethylene, propane, propylene, and minor amounts
of other 1ight components is compressed, cooled, and partially condensed in
single stage condensers or alternatively in one or more dephlegmators which
impart several stages of separation during the condensation step. The
condensate is separated from lighter gases and is passed to one or more
demethanizer columns which recover a light gas overhead comprising chiefly
methane add hydrogen, and a bottoms stream rich in c2 and C3 hydrocarbons.
This hydrocarbon stream is further fractionated to yield a high purity
ethylene product, an ethane-rich byproduct, and a stream of C3 and heavier
hydrocarbons.

Essentially all ethylene plants use an ethylene-propylene cascade
refrigeration system to provide the major portion of refrigeration required
in the ethylene plant. Most of the propylene (high level) refrigeration is
utilized at several pressure/temperature levels in the initial feed
precooling and fractionation sections of the plant to cool the feed from



* -6-+anbient tenperature to about [err] F and to condense the ethyl ene
refrigerant at about [err]. Simlarly, the ethylene (low |evel)
refrigeration is utilized at several pressure/tenperature levels in the
cryogeni c section of the plant to cool the feed from[err] to about [err]
in order to condense the bulk of the ethylene in the formof liquid feeds
to a denet hani zer colum, and in the denethanizer col um overhead condenser
at about [err] F to provide reflux to that colum. Ethylene is normally
not used to provide refrigeration below [err] since.that would result in
sub- at nospheric pressure at the suction of the ethyl ene conpressor.
Refrigeration below [err] F, to condensebSt-he renmnining ethylene fromthe
feed, is provided primarily by work expansion of rejected |ight gases, H2
and met hane, and/or by vaporization of methane refrigerant which has been
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processed in the H, recovery section of the ethylene plant.

With the conventional process technology described above, the feed

gas chilling and demethanizing must be carried out at pressures in the

range of 450 to 650 psia in order to achieve high ethylene recovery (99% or

more) because the propylene/ethylene cascade system can provide

refrigeration no colder than -150°F for feed gas chilling and for

demethanizer column condenser refrigeration. The amount of refrigeration

for feed cooling below -150°F which can be produced from other process

streams in an ethylene plant is limited by operating constraints such as

the amount of high pressure hydrogen recovered and the fuel system

pressure(s). These constraints limit the amount of expander refrigeration

which can be produced, which in turn limits the ethylene recovery.

Pressures between 450 and 650 psia are required in the feed gas chilling

train and in the demethanizer column so that most of the ethylene can be

condensed above -150°F, and so that sufficient fuel gas expansion

refrigeration at colder temperatures is available to condense most of the

remaining ethylene and achieve low et_hylene loss in the demethanizer column

overhead vapor.



' -7-* The present invention utilizes an inproved cl osed-1oop m xed
refrigerant cycle which provides efficient lowlevel refrigeration by using
the refrigerant in a subcool ed state for the denethani zer overhead
condenser duty and for feed cooling and condensation. The m xed
refrigerant, consisting predom nantly of nethane, ethane or ethyl ene and
propane or propylene, at a tenperature of about [err] to [err] and 15 to
50 psia (preferably 20 to 35 psia), is conpressed to 250 to 500 psia
(preferably 300 to 450 psia) and cooled to anbient tenperature with cooling
water or air with essentially no condensation. The m xed refrigerant vapor
is then cooled to about [err] to [err] uding nultiple |evels of propane or
propyl ene refrigerant to condense at |east 80% and preferably all, of the
m xed refrigerant stream The m xed refrigerant |iquid, and vapor if any,
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recovery section of the ethylene plant and by expanded light gases from the
overhead of the demethanizer column and/or uncondensed feed gas which is
not processed in the HZ recovery section. These streams will typically be
in the range of -175°F to -235°F entering the mixed refrigerant subcooler
and will be warmed as much as possible for maximum refrigeration recovery.
A portion of the subcooled mixed refrigerant liquid may be flashed to Tow
pressure, e.g., 15 to 50 psia, and rewarmed in the mixed refrigerant
subcooler, if necessary, to efficiently balance the refrigeration load in
the subcooler or to increase the amount of refrigeration produced.

The cooling, condensation, and separation of the feed gas can be
operated advantageously in the range of 150 to 400 psia, and the feed gas
can be provided in this pressure range as well. Cooling and condensation
of the feed gas preferably is accomplished by dephlegmation in a
dephlegmator, which is a rectifying heat exchanger which partially
condenses and rectifies the feed gas. Typically a dephlegmator yields a
degree of separation equivalent to multiple separation stages, typically 5
to 15 stages. ‘Alternatively, cooling and condensation of the feed gas is
accomplished in a conventional condenser, defined herein as a partial

condenser, in which a feed gas is partially condensed to yield a vapor-
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acconplished in a conventional condenser, defined herein as a parti al
condenser, in which a feed gas is partially condensed to yield a vapor-
liquid m xture which is separated into vapor and liquid streanms in a sinple
separator vessel. A single stage of separation is realized in a parti al
condenser. Subcooling of the mxed refrigerant liquid to [err] to [err] F

i s advantageous in ethylene plants in order to provide sufficiently cold
efrigeration to cool the feed gas to [err] to [err] which is the
tenperature range required for high (99+% or ultra-high (99.75+% ethylene
recovery. To attain these high ethylene recoveries, feed gas typically nust
be cooled to [err] to [err] in ethylene glants utilizing conventional
partial condensation-type heat exchangers or -170 F to [err] F in ethylene
plants utilizing dephl egmator-type heat exchangers for final feed cooling.
The bul k of the subcooled m xed refrigerant liquidis split into two
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nuch Iomegaiea@eﬂﬁgures t han the [err] level attainable with a conventional

et hyl ene refr%ﬁ aHkon cycle, ce the amunt of
bu e subcoo ed mixed refrigerant liquid is split into two

portions. In one embodiment of the invention, one portion of this
refrigerant is flashed to 15 to 50 psia and at least partially vaporized in
a cold partial condenser or cold dephlegmator to provide the coldest level
of refrigeration, -180°F to -230°F, for cooling and condensing the feed
gas. The remainder of the subcooled mixed refrigerant liquid is flashed to
15 to 50 psia and at least partially vaporized in the demethanizer column
overhead condenser to provide reflux to that column. These two mixed
refrigerant streams, at about -100°F to -150°F, are combined and further
warmed and totally vaporized in the warm partial condenser or warm
dephlegmator to provide a warmer level of refrigeration for cooling and
condensing the feed gas. This warmed mixed refrigerant vapor stream,
typically at -30°F to -60°F, is mixed with the stream of mixed refrigerant
vaporized in the mixed refrigerant subcooler, if any, and returned to the
mixed refrigerant compressor at 15 to 50 psia (preferably 20 to 35 psia).
[t is critical to provide refrigeration with the mixed refrigerant
cycle at much lower temperatures than the -150°F level attainable with a
conventional ethylene refrigeration cycle, since the amount of
refrigeration below -150°F available from other process streams in the
ethylene plant for feed cooling is limited by operating constraints such as
the amount of high pressure H, recovered and the fuel system pressure(s).



"refrigeration below [err] available fromother process streans in the
ethylene plant for feed cooling is limted by operating constraints such as
t he amount of high pressure H2 recovered and the fuel system pressure(s)
-9- These constraints |limt the anount of expander refrigeration which can
be produced, which in turn limts the ethylene recovery. Wth the m xed
refrigerant cycle of the present invention, however, the anount of
refrigeration and the col dest tenperature |evel at which it can be provi ded
are not limted by these constraints, and higher |evels of ethylene
recovery can be attained. Additional and/or colder refrigeration can be
provided by the m xed refrigerant cycle-by increasing the anount of | ow
pressure m xed refrigerant which is used to subcool the high pressure m xed
refrigerant liquid. In addition, the mxed refrigerant cycle can provide
refrigerat,i on cqhﬁﬁf,thaﬁ,the err] level normally supplied to the
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closed-loop mixed refrigerant cycle of the present invention, the amount of
refrigeration and the coldest temperature level at which it can be provided
are not limited by the amount of high pressure H, recovered or by the fuel |
system pressure(s). Therefore, high levels of ethylene recovery in the
present invention can be achieved with much lower feed gas pressures in the
range of 150 to 400 psia. The colder refrigeration brovided by the mixed
refrigerant cycle can also be used to reduce the amount of ethylene lost in
the overhead of the demethanizer column and further increase ethylene
recovery. In addition, the colder refrigeration provided by the mixed
refrigerant cycle also permits the demethanizer c'olumn(s) to be operated at
pressures lower than the conventional 400 to 500 psia level required for
high ethylene recovery when ethylene refrigeration is utilized as the
overhead condenser refrigerant. At lower pressures, for example in the
range of 150 to 400 psia, separation of methane and lighter gases from
ethylene and heavier hydrocarbons is easier, resulting in lower
refrigeration requirements and lower equipment costs in the demethanizer
column system.

‘This low pressure feed gas chillihg concept with a propylene/mixed

refrigerant system of the present invention can also be used to recover



et hyl ene and heavi er hydrocarbons is easier, resulting in | ower
refrigeration requirenents and | ower equi pnent costs in the denethanizer

colum system This | ow pressure feed gas chilling concept with a
propyl ene/ m xed refrigerant systemof the present invention can also be
used to recover - 10 - ethylene, ethane and/or heavi er hydrocarbons from

refinery or petrochem cal off-gases. Other refrigerants, such as propane,
-ammoni a or various freons, could be used to supply high-level refrigeration
“in place of propylene for feed gas precooling and for condensing the m xed
refrigerant. An absorption refrigeration systemcould also be used to
suppl enent any of these high-level refrijgecrants. If three or nore partia
condensers or dephlegnmators are used in series rather than two, the
refrigeration for the demethani zer colum overhead condenser could be
provi ded bg a m xed refrugerant streamin garallel with the refrigeration
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speci fic temperature levels are more closely matched with such an arrangement.
Obviously, combinations of one or more partial condensers and one or more
dephlegmators operated in series also could be used. In addition, the
demethanizer column overhead condenser could be replaced with a
dephlegmator or could consist of a dephlegmator operating in series with a
partial condenser. In either case, refrigeration for these heat exchangers
would be provided by the appropriate mixed refrigerant streams of the
present invention to best match the temperature levels.

The mixed refrigerant cycle also can be used to recover ethylene,
ethane or heavier hydrocarbons from a refinery or petrochemical off-gas.
Other refrigerants, such as ammonia or various freons, could be used in
place of propane or propylene to supply high level refrigeration for feed
gas precooling and for condensing the mixed refrigerant.

The preferred refrigerant composition will depend upon the specific
temperature levels at which the refrigeration is provided, the system
pressure, and the feed gas composition. Representative refrigerant
composition ranges include 5 to 30 mole% methane, 20 to 35 mole% ethylene
and/or ethane and 20 to 50 mole% propylene and/or propane. Lower
concentrations of light gases, such as hydrogen or nitrogen and heavier
hydrocarbons, such as butane, also may be included.



" tenmperature |evels at which the refrigeration is provided, the system
pressure, and the feed gas conposition. Representative refrigerant
conposition ranges include 5 to 30 nol e% net hane, 20 to 55 nol e% et hyl ene
and/ or ethane and 20 to 50 nol €% propyl ene and/ or propane. Lower
concentrations of |ight gases, such as hydrogen or nitrogen and heavier
hydr ocar bons, such as butane, also may be incl uded. A first enbodi nent
of the invention can be described in detail with reference to Fig. 1. Warm
m xed refrigerant vapor 1 is conpressed to 250- 500 psia, preferably
300-450 psia, in conpressor 101 and cool ed against air or cooling water in
heat exchanger 103 to anbient tenperaturid - The conpressed refrigerant is
cool ed and condensed, preferably fully condensed, using nultiple | evels of
propane or propylene refrigeration in conventional refrigeration system
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flashed sebronl edldineesardechid qgrda&;enl@tre%mseﬂéamd tROMHydPBgdr rekosecool ed
m xed refri eran s, fl.ashed acr 0ss, expansi on lve 111 to
provi de S&FF %ﬂe?gtfhﬁnpbinﬁ:er q ag§1 on a porg1on 11 of thg subcooleg mixed
refrigerant 5 may be flashed to 15-50 psia across expansion valve 109 and
passed through mixed refrigerant subcooler 107 to provide additional
refrigeration. The flow of refrigerant portion 11 is controlled to balance
the total amount of refrigeration required to subcool the high pressure
mixed refrigerant, and to compensate for variations in the properties of
cold process streams 7, 8 and 9. Additional cold process streams (not
shown) can be used to supplement refrigeration from the described cold
process streams 7, 8 and 9. Typically about 80 to 100% of the total.
refrigeration for heat exchanger 107 is provided by cold process streams
and the remainder by flashed subcooled mixed refrigerant 13.
A second portion 15 of subcooled mixed refrigerant 5 is flashed to
15-50 psia across expansion valve ll1l to provide refrigeration at -180°F to
-230°F for demethanizer column overhead condenser 113 to yield mixed
refrigerant 17 which is at least partially vaporized. A third portion 19.
of subcooled mixed refrigerant 5 is flashed to 15-50 psia across expansion
valve 115 to provide refrigeration at -180°F to -230°F as stream 2l for
cooling and partially condensing feed gas 23 at pressures as low as 150
psia. This is accomplished in cold feed condensing zone 117 to yield light
gas stream 25 and 1iquid'condensate 27 which provides feed to a



" [err] for denethanizer columm overhead condenser 113 to yield m xed
refrigerant 17 which is at |east partially vaporized. A third portion 19
of subcool ed m xed refrigerant 5 is flashed to 15-50 psia across expansi on
val ve 115 to provide refrigeration at [err] to [err] as stream 21 for
cooling and partially condensing feed gas 23 at pressures as |low as 150
‘psia. This is acconplished in cold feed condensing zone 117 to yield |ight
gas stream 25 and |liquid condensate 27 which provides feed to a - 12 -
denet hani zer colum (not shown). Preferably cold dephl egmator 118 is
utilized for feed condensation, which yields several stages of
rectification and thereby reduces the separati on duty of the denethani zer
colum. Alternatively, a conventional partial condenser can be used i nstead
of cold dephl egmat or 118. Refrigerant streans 17 and 29 are conbined to
fornrrefrrgerant stream 31 at abouS err% g ; In turn
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embodiment described above for Fig. 1. In this alternative embodiment,
refrigeration is provided to demethanizer column condenser 113 and cold
feed condensing zone 117 such that combined mixed refrigerant stream 31 is
at about -100°F to -150°F and is partially vaporized. Feed gas 23 is
initially cooled and condensed, at pressures as low as 150 psia, by
utilizing mixed refrigerant stream 31 in warm feed condensing zone 119 to
yield warm condensed feed 1iquid 35 and intermediate vapor stream 37 which
provides the feed to cold feed condensing zone 117. Preferably, condensing
in warm feed condensing zone 119 is accomplished by warm dephlegmator 120.
Vaporized mixed refrigerant streams 33 and 39 are combined to yield mixed
refrigerant vapor 1 to compressor 101. The two-step feed gas cooling and
condensing by dephlegmators 118 and 120 therefore provide significant
prefractionation of the feed into light gas 25, cold condensed feed liquid
27, and warm condensed feed liquid 35. The two condensed feed liquids 27
and 35 can be further fractionated in Single or multiple demethanizer
columns of reduced size, since significant prefractionation is provided by
the two-step dephlegmator system. Alternatively, feed condensing zones 117
and 119 can utilize conventional partial condensers instead of




‘refrigerant vapor 1 to conpressor 101. The two-step feed gas cooling and
condensi ng by dephl egmators 118 and 120 therefore provide significant
prefractionation of the feed into light gas 25, cold condensed feed liquid
27, and warm condensed feed liquid 35. The two condensed feed |iquids 27
and 35 can be further fractionated in single or nultiple denethanizer
colums of reduced size, since significant prefractionation is provided by
the two-step dephl egmator system Alternatively, feed condensing zones 117
and 119 can utilize conventional partial condensers instead of - 13 -
dephl egmat ors 118 and 120, or a conbination of a dephl egmator and a parti al
condenser can be used. It is possible.tpsutilize the refrigeration system
of the present invention with nore than two dephl egmators or parti al
condensers in series as earlier described. In such an alternative,
refrigeration at an intermedi ate tenperature |evel could be provided in

par al | el derb1egmatonsel Hedndtl@0sdephlaegrXioptson 6f HaephlgImasateinsen( p3rtind
denet hani #RlensOMdQASEE yidgd. Ot her arrangenments are p055|ble to utilize the
subcool ed ﬂiXﬁg refrl rant of t e reseﬁ .inv ntiaon. gP E Ener and
material bal ahbdd RRFHBAAGQ BT bize Fof TERE %S b‘?"néﬁft%ﬂ of; ghe Presdthi ch

m xed refmiegéiemiwithprorestiranatwd deBiUymkbormloespareri ahotondeosertsaiini agrizd
Vol % met fange g \ae%c/ﬁ%feey' Eiﬂes@éhdlaﬁgal\é@'oaﬁqr\/%Pyxle%’F?gé LyeigPEesRed from

[err] 24 psia, Sla an i.ng water. M xed
refri gerH?ﬁerWQ‘ﬂ)kﬁteZt?’@et"ﬂEWecﬂ)BY@dCP‘b]d[ Berarovided 8i garalileh HuIthepl e | evel s

of propyi reueemédefartlegeémmegmatow& todr pattahllycmadsme(e)tm ratemed:arnefzérgerant

o e B s 8 b ik S oSBT R LB W ofbiie

streans mixed, refn goratapl atheepresenieinvenyiahe pl ant. About 1% of t he
subcool ed m xed refrigerant liquid 5 is flashed to 27 psia across expansi on
valve 109 to yield refrigerant 13 which is_rewarned to [err] in m xed
refrigerant subcooler 107 to efficien?‘vwbélance the refrigeration |oad for
the system Abeertgy32fid ofateriadobdiatices wede carried out for the embodiment of

Fig. 2 in which mixed refrigerant vapor stream 1 (3102 1b moles per hour)
containing 22 vol% methane, 42 vol% ethylene and 36 vol% propylene is
compressed from -50°F, 24 psia, to 465 psia and cooled to 100°F with
cooling water. Mixed refrigerant vapor 2 is then cooled to -35°F,

455 psia, with multiple levels of propylene refrigerant in 105 to totally
condense the mixed refrigerant stream. The mixed refrigerant liquid 3 is
subcooled to -200°F in mixed refrigerant subcooler 107 against the cold H,
methane, and expander streams 7, 8, and 9 available in the ethylene plant.
About 1% of the subcooled mixed refrigerant liquid 5 is flashed to 27 psia
across expansion valve 109 to yield refrigerant 13 which is rewarmed to
-38°F in mixed refrigerant subcooler 107 to efficiently balance the
refrigeration load for the system. About 32% of subcooled mixed
refrigerant liquid 5 is flashed to 30 psia across expansion valve 111, and
is partially vaporized and warmed to -125°F in demethanizer column overhead
condenser 113 to provide reflux to that column. The remaining 67% of
subcooled mixed refrigerant liquid 5 is flashed to 30 psia across expansion
valve 115, and is partially vaporized and warmed to -133°F in cold
dephlegmator 118 to provide refrigeration for cooling and condensing
intermediate feed vapor stream 37 from -112°F to -174°F, corresponding to
99.8% ethylene recovery. That is, 99.8% of the ethylene in feed gas stream



refrigerant liquid 5 is flashed to 30 psia across expansion valve 111, and
Is partially vaporized and warned to -125 F in denet hani zer col um over head
condenser 113 to provide reflux to that colum. The renai ning 67% of
subcool ed m xed refrigerant liquid 5 is flashed to 30 psia across expansi on
val ve 115, and is partially vaporized and warnmed to [err] in cold

dephl egmator 118 to provide refrigeration for cooling and condensi ng

i ntermedi ate feed vapor stream 37 from[err] to [err], corresponding to

99. 8% et hyl ene recovery. That is, 99.8% of the ethylene in feed gas stream
- 14 - 23 is condensed and recovered in the two condensed feed |iquid
streans 35 and 27, and only 0.2%is |lostldnr the light gas stream 25. M xed
- refrigerant streans 17 and 29 are then conbined into stream 31 which is
totally vaporized and warnmed to [err] in warm dephl egmator 120 to provide

refrigerati far, cooling and condensing feed gas 23 .fro err] to [err].
Feed gas%§39€§f§8eﬁ%e% f sreﬁgYerﬁguV) tagntl PN ”iﬂgnﬁegw Fo%”e’r‘ﬁam§83§ml e%
met hane, a8d bl @l eartiy| @d% 14 Toslte¥ ehbhahighangas3 stiméaP@E3 and heavier
hydrocar bons NaseBeRstrPi&%AR! §chcafls [197 bdd 299rPShen Wompi ﬁ&i“éﬁ?& ! fﬂ%lam

propyl ene refrjgeration %égpen1an other refrigerant streans (no shom%}.
Var ned mifReEN rist FPEIN K nYarar geinagd wasmesl &y -8R Th Inheadydeph kegmasaT of20ritred
refriger ambv8fe freérigeratibm €br i@el oy asdboondersingOfeaingas 23 €romi NS3°tFO to

el 11 ger o Lan cycFel B Fhi e Len el pbr ek CoREr kB B8 Bk ThlslGoen.

ref ri ger 38i B ey BeEANLe o meke’ats@ngxlem%‘} d@9deg @thars andnd males @ ande same

et hyl ene hegenarehydffcaPlorf’mb S akep HARYETEd @8al3zet hywhgnasiRr s?yd RRBAVEASRAASG
refrlgeratlon]f sae, anoun refrlgera i,on %@r cool i ng

the feedP§RY er%%ﬁltﬁfe@r"tp?résﬁgﬁleglyr%tgglw ( AENETe RS 'I?’f@‘,”a FtEFEMSh&NPHovdovahvi ngs
i s achi eWedmed miked prefpigerant cxtrparsiSoi s mised wigButite shathisttreany afumhxed
| ntenal vi o] SlATANE L ACEAN QRN TRT Nibrdnl YoubEpiRce [Fo7 WELs BRI, gner ¥
refriger ghred giedehgaran tcoppEeFRPrel ler?ﬁeT%Qfd"r and Afepsia i 6%{'!91?tfe‘ifh€] or
[err], mh@chi$§ﬁ@e@{k9§ﬁ§ the condensing refrigeration |oad in the | owest
pressure | eve . . . . .
In this example, the mixed refrigerant-propylene refrigeration system
requires about 20% less compression power at the same ethylene recovery of
99.8% than a conventional ethylene-propylene cascade refrigeration system
to supply the same amount of refrigeration for cooling the feed gas from
-33°F to -174°F. In this example, all of the power savings is achieved in
the propylene compressor, as a result of shifting much of the low level
refrigerant condensing duty from the lowest and most energy intensive level
of propylene refrigerant to higher levels. Ethylene refrigerant condenses
at a single temperature level, typically -30°F or -35°F, which
concentrates the condensing refrigeration load in the lowest pressure level
of propylene refrigerant.' The mixed refrigerant condenses over a range of
temperature, +75°F to -35°F in this example, which spreads the condensing
refrigeration load over several pressure levels of propylene refrigerant
and significantly reduces the propylene compression power. _
With less than a 5% increase in compression power, ethylene recovery
could be increased from 99.8% to 99.9% using the mixed refrigerant-
propylene refrigeration system. This level of ethylene recovery would not
be possible with the ethylene-propylene refrigeration system within the

operating constraints of the ethylene plant in this example.



of -propyl ene refrigerant. The m xed refrigerant condenses over a range of
tenperature, +75 Fto [err] in this exanple, which spreads the condensing
refrigeration | oad over several pressure |evels of propylene refrigerant
and significantly reduces the propyl ene conpression power. Wth | ess than a
5% i ncrease in conpression power, ethylene recovery could be increased from
99.8%to 99.9% using the m xed refrigerant- propylene refrigeration system
This | evel of ethylene recovery would not be possible with the

et hyl ene-propyl ene refrigeration systemw thin the operating constraints of
the ethylene plant in this exanple. - 15 - Thus the refrigeration cycle
of the present invention uses a subcoolq? mxed refrigerant to provide
refrigeration at tenperatures as low as [err] to [err] for the recovery of
et hyl ene at high efficiency and reduced power consunption as conpared with
prior art technology. The distinguishing feature of the invention is that
col d process dhvedie eefdigptitonaldyyle qfothe mreséntf liasérdd ogubsesohed ni xed

refriger f t f
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processing plant or in the cryogenic section of a conventional (cracked
gas) ethylene plant, which empioys one or more partial condensation stages
to cool and condense cracked gas feed to the demethanizer column. In the
'485 cycle, the mixed refrigerant is more than half condensed at near
ambient temperature with water or air and is totally condensed at +50°F
with one or more levels of warm propane or propylene refrigerant. The
mixed refrigerant liquid is subcooled to -26°F with one -or more levels of
colder propane or propylene refrigerant. In an ethylene plant application,
this subcooled mixed refrigerant 1iquid is then split into two portions.
One portion is further subcooled to -58°F in a "secondary" or “auxiliary"
heat exchanger against cold process streams and the remaining portion is
further subcooled to -148°F in the "main" exchanger against returning low
pressure mixed refrigerant. The two subcooled mixed refrigerant streams
are then combined, flashed to low pressure, and utilized to provide
refrigeration over the temperature range of -40°F to -148°F; i.e., the
mixed refrigerant is confined to exactly the same temperature range as the
ethylene refrigeration it replaces. The supply of refrigeration to the
demethanizer column overhead condenser in the ethylene plant is not
specifically addressed in the '485 patent.



“ One' portion is further subcooled to [err] in a "secondary” or "auxiliary"
heat exchanger agai nst cold process streans and the renaining portion is
further subcooled to [err] in the "main" exchanger against returning | ow
pressure m xed refrigerant. The two subcool ed m xed refrigerant streans are
t hen conbined, flashed to | ow pressure, and utilized to provide
refrigeration over the tenperature range of [err] to [err]; i1.e., the m xed
refrigerant is confined to exactly the same tenperature range as the
ethylene refrigeration it replaces. The supply of refrigeration to the
denet hani zer col utmm over head condenser in the ethylene plant is not

specifically addressed in the '485 patent. - - 16 - A nore specific
et hyl ene plant exanple of the '485 cycle is described in the earlier-cited
article by Kaiser, et al., and indicates a power reduction of 9% for the

'485 m xed refrlgerant propyl ene system as conpared to a convent i onal
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99.75+% ethylene recovery attainable with dephlegmator-type ethylene
plants. -

The mixed refrigerant cycle of the present invention is particularly
well-suited to provide low level refrigeration (below -40°F) specifically
in the cryogenic section of an ethylene plant which uses two or more
partial condensation stages, or preferably two or more dephlegmators or
combinations of partial condensers and dephlegmators in series, operating
below -20°F, to prefractionate the condensing cracked gas feed before it
enters the demethanizer column. In this cycle, the mixed refrigerant is at
least 80% condensed and preferably totally condensed at -20°F to -50°F
using one or more levels of propane or propylene refrigerant. The mixed
refrigerant liquid is then subcooled to about -200°F with the major portion
of refrigeration provided by cold process streams. None of the mi xed
refrigerant is subcooled in the feed gas partial condensers or
dephlegmators. The low pressure mixed refrigerant streams from the cold
dephlegmator and the demethanizer column overhead condenser are then
combined and used to provide refrigeration to the intermediate (if any) and
warm dephlegmators or partial condensers. Refrigeration for the
demethanizer column overhead condenser could alternatively be supplied in
parallel with an intermediate dephlegmator or partial condenser.



“enters the denethanizer colum. In this cycle, the mixed refrigerant is at
| east 80% condensed and preferably totally condensed at [err] to [err] F
using one or nore |evels of propane or propylene refrigerant. The m xed
refrigerant liquid is then subcooled to about -200 F with the major portion
of refrigeration provided by cold process streans. None of the m xed
refrigerant is subcooled in the feed gas partial condensers or

dephl egmat ors. The | ow pressure m xed refrigerant streans fromthe cold
dephl egmat or and the denet hani zer col unmm overhead condenser are then

conbi ned and used to provide refrigeration to the internediate (if any) and
war m dephl egmators or partial condensers,, Refrigeration for the

dernet hani zer col um over head condenser could alternatively be supplied in
parallel with an internedi ate dephl egmator or partial condenser. - 17 -
In the cycle of the present invention, the mxed refrigerant is not totally
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assigned to Air Products and Chemicals, Inc. supplies relatively high level
refrigeration (+60 to -85°F) to a single heat exchanger and relies on
vaporization of separated ethane at low partial pressure to provide
intermediate Jevel refrigeration (-85°F to -170°F), primarily in the
demethanizer column overhead condenser. This requires that the separated
ethane be combined with the work-expanded Hy and methane (which provide the
Towest level refrigeration) and which are then typically sent to fuel after
refrigeration recovery. This is highly advantageous in processing refinery
off-gases when ethane has no value except as fuel, but would not normally
be practical in ethylene plants, where the separated ethane has a higher
value as feedstock than as fuel, and must be recycled to the cracking
furnaces in a relatively pure state. |

In addition to the greater power savings and significantly higher
ethylene recovery provided by the mixed refrigerant cycle of the present
invention, there are significant capital savings due to the simplification
of equipment with the mixed refrigerant cycle, as compared to a
conventional ethylene refrigeration cycle. For example, the mixed
refrigerant compressor of the present invention has only one suction
stream, one suction drum and one recycle control loop. The typical
ethylene refrigerant compressor has at least three suction streams, three



"l owest level refrigeration) and which are then typically sent to fuel after
refrigeration recovery. This is highly advantageous in processing refinery
of f - gases when et hane has no val ue except as fuel, but would not normally
be practical in ethylene plants, where the separated ethane has a higher
val ue as feedstock than as fuel, and nust be recycled to the cracking
furnaces in a relatively pure state. In addition to the greater power

savi ngs and significantly higher ethylene recovery provided by the m xed
refrigerant cycle of the present invention, there are significant capital
savings due to the sinplification of equipnment with the m xed refrigerant
cycle, as conpared to a conventional ethyd ene refrigeration cycle. For
exanple, the m xed refrigerant conpressor of the present invention has only

.. one suction stream one suction drum and one recycle control |oop. The

typical eth Ienﬁ refr| erant conpressor has at |east three suction streans,
three  SYECONAT atrFJef-‘h'FeéécF%c,CWF@ lcdRPRDI 2| BiFts MOBe rAXGRN DY
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whi ch t yprRensiye metadlungy than t ﬁpetmtlamea réf rigerapt axompnessqmswhmrage of
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pi eces o nt and |ess erconnegctin Xe
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feasi bl eréfrigReamt @yENE, frasth 19% 'Frh'l'ohéu“%v%?é‘i ncpie an ethyl ene plant or
ot her ethylene rec% uni t 6 psia, elimnating one or

two stages of NfEbd Sa%‘y PIRR §§P‘6 r&ﬁa*%qraﬁﬁn%&spﬁge {PFECRSS & thedrespnt al
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wel I, Canftg%mpress1on energy must be added to the propylene and mixed refrigerant
_ compressors, but these are incremental increases in the compression stages,
with much smaller associated capital costs. No additional refrigeration
compression stages are required.

Feed gas chilling, and optionally demethanizing as well, can be
carried out at these lower pressure levels while achieving high ethylene
recovery because the propylene/mixed refrigerant cascade system can provide
all of the necessary refrigeration at temperatures colder than -150°F
regardless of the amount of expander refrigeration available. The
propylene/mixed refrigerant system be supplemented with fuel gas expander
refrigeration, but the amount of expander refrigeration is no longer a
constraint to ethylene recovery. :

An ethylene recovery unit with a low pressure chilling train
operating in the range of 150 to 400 psia as described in the present
invention provides additional operating benefits compared with conventional

~operation at higher pressures. These benefits include:
1) less methane and hydrogen are condensed with the ethylene
and heavier hydrocarbons, resulting in lower flow rates and lower
refrigeration requirements in the demethanizer column(s),



“carried out at these |ower pressure |evels while achieving high ethyl ene
recovery because the propyl ene/ m xed refrigerant cascade system can provide
all of the necessary refrigeration at tenperatures colder than [err] F
regardl ess of the anmount of expander refrigeration available. The
propyl ene/ m xed refrigerant system be supplenmented with fuel gas expander
refrigeration, but the anbunt of expander refrigeration is no | onger a
constraint to ethylene recovery. An ethylene recovery unit with a | ow
pressure chilling train operating in the range of 150 to 400 psia as
described in the present invention provjdes additional operating benefits
conpared wi th conventional operation ét“%ther pressures. These benefits

i nclude: 1) |less nmethane and hydrogen are condensed with the ethyl ene and
heavi er hydrocarbons, resulting in |ower flow rates and |ower refrigeration

requirements in the fdepetdesnkEionCOl WERETne and ethlne i2) oﬂpéi‘ﬁe&e&aftﬁgi on of

et hyl ene and Ftpane I.S obtalnqg as.ghe f%ed ﬁas I s condensed, particalarly

where one or WSFeItephl CUNER ST BIRFIGULY Wn IR PREPTCAPTE d6gh] eemators

resul ting in dnerusest inethe Jeeditchohl ivgvirags,i nesui¢idemet fiantieer col umm(s),
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splitter col ymocessexsiulinithg de-ethbnizerecolasmi, nopsuil bisepar at loerefibowgyate
and a savings in separation energy in the de-ethanizer column,

5) where a multi-zone demethanizer column system is used, more
separation of ethylene and ethane in the feed gas chilling section
also provides more preseparation of the two feed streams to the
ethylene/ethane splitter column, resulting in a further savings in
separation energy,

6) much of the equipment in the feed pretreatment/drying
section, the feed gas chilling train and, optionally, the
demethanizer column(s), is operated at significantly lower pressure,
resulting in reduced capital cost, and

7) due to the lower pressure ratio between the feed gas and
fuel gas, one or more fuel gas expanders are eliminated, further
reducing capital cost.

The closed-loop mixed refrigerant cycle utilized in the low pressure
chilling train provides low-level refrigeration (below about -40°F) in the
cryogenic section of an ethylene plant which uses multiple partial
condensation stages or, preferably, dephlegmators or combinations of
partial condensers and dephlegmators in series, operating below about
-30°F, to prefractionate the condensing cracked gas feed before it enters
the demethanizer column system. Compared to a conventional ethylene
refrigeration cycle, the mixed refrigerant cycle provides significant power
savings, higher ethylene'recovery and also significant capital savings due



6) ‘nmuch of the equipnent in the feed pretreatnent/drying section, the feed
gas chilling train and, optionally, the denethanizer colum(s), is operated
at significantly lower pressure, resulting in reduced capital cost, and 7)
due to the | ower pressure ratio between the feed gas and fuel gas, one or
nore fuel gas expanders are elimnated, further reducing capital cost. The
cl osed-1 oop m xed refrigerant cycle utllized in the | ow pressure chilling
train provides |low | evel refrigeration (below about [err]) in the cryogenic
section of an ethylene plant which uses nmultiple partial condensation
stages or, preferably, dephlegmators or conbi nations of partial condensers
and dephl egmators in series, operating BE@lew about [err], to prefractionate
t he condensing cracked gas feed before it enters the denethani zer col um
system Cbnpared to a conventional'ethylene refrigeration cycle, the m xed
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nodi fications thereto wt epart ronlt e basic Splrlt t her eof , (?nd
Wi t hout depar ﬂ'hglges,fspbmq]hgharactemst1cs f ‘the present invention are describe

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.



scope, of ‘the clai ms which fol l ow. 21 W claim 1. In the recovery
of ethylene flii Eﬂ Ivlﬁm contai ning ethyl ene, hydr ogen, and
[err]. to C3 hU':lﬂI"tnﬁ | ein said recovery includes the steps of

conpressing and todiirtg fai d féed gas to condense rdi th :
fractionating the condensed feed liquids in one O_'_I_m_r_e_tée%gl_lm_z_w__@bsﬁﬁx t189 b7

colums to recover a light overheadl product conprising chi ef | _
hydrogen and nethane, and fractionating the onwhmﬁsnbﬁéaﬂéﬁﬂﬂﬁﬁhéﬂgn
colum bottons to recover an ethyl ene product and streans containing C2

and heaviwgé clabmelrocarbons, refrigeration for Ld r | s provided
In a cycle which conprises: (a) conpressing a ﬁ%:d g'%(ri\eéf/rei‘ggr ant

vapor conprising two or nore conponents selected fromthe group consisting
of nethane, ®fhanen ethygl epecopeepanef ardhyleme erfroranch cofdedg Ghe

resul ting conpressed, vapor to yield a condensed m xed fri t
(b) subcooling sa?ﬂnEﬁhgbﬂged%%@&ﬁfqﬁﬁriggaﬁﬁgegfﬁgéﬁ$ yrF S{ﬁ%%ts é:?m

exchange with oneh?araaaebmé f piEestn St9Eahs rieeoyeelyd snslihdes| ethei xed

refrigerant; (c) flashing a first porti f i.d b | ed i xed
refrigerant and sE%Pﬁgo%t H"eonl“? : f’{%égag?r‘:io%g:;&?tsus%gg %FS@? g;gas o%8r head

condenser refrigegshtiéfisef 0 aortimst theeeoff Falattdemethiany zethe

col ums b i ndirect heat
y condensed %eed liquids in one or more demethanizer

columns to recover a light overhead product
comprising chiefly hydrogen and methane, and
fractionating the one or more demethanizer column
bottoms to recover an ethylene product and streams
containing Cz and heavier hydrocarbons,
refrigeration for said recovery is provided in a

cycle which comprises:

(a) compressing . a nmixed refrigerant vapor
comprising two or more components selected
from the group cbnsisting of methane, ethane,
ethylene, propane, and propylene, and cooling
the resulting compressed vapor to yield a

condensed mixed refrigerant stream;

(b) subcooling said <condensed mixed refrigerant
stream by indirect heat exchange with one or
more cold process streams to yield a subcooled

mixed refrigerant;

(c¢) flashing a first portion of said subcooled
mixed refrigerant and wusing the resulting
refrigerant to provide overhead condenser
refrigeration for at least one of said

demethanizer columns by indirect: heat



22 exchange, whi ch war s and at | east partial |y vdhis izthe replatefriant sheet
portion of subco wmmﬂjn’yﬁmw ﬂEr ant; (d) flashing a sec portion of
sai d subcool ed m nd using the re Itlrupaﬁg dFerant to
provide at |east a portlon ofStHe refrigeration r EOO /cfed
gas by indirect heat exchange and condense a porti ol u /

and at |east partially vaporizes said Seédnd portion of subcool ed n1xed
refrigerant; and (e) conbining the resulting warned vapor streanms fromsaid
first and second portions of the subcooled m xed refrigerants of steps (c)
and (d) to provi ((Jle) athlma?@ormgﬁhgha&&isg fahdgd;tr efeager partdanay and
repeating steps (a) throu ; er eby_sai eed _gas i s _separate to a
vapor stream cont ai ni nd’ %gsf ‘f EtspaﬁHQBHe 8f mAHP Q4¥ﬁ4;
condensate streans enrlmhaa |ﬁ7eﬂ1ei.ag\elzerntf ;eed conponents. 2. The met hod of
claim1 wherein one of said cold process streans in step (b) is provided by
flashing a third portion of sai d subcool ed m xed refrigerant,
and wherein the resyl tigigsinEdaansedind epdlrtiant | 8Fl ysapporsutrddiikd d
portion of m xed refrlgnera is conbined wth the first gnd secorld Jportions
of mixed refrigerant o eép ecf)crlagr?&'a( and o4sing e resulting

refrigerant to provide at least a portion of

the refrigeration required to cool said feed
gas by indirect heat exchange and condense a
portion thereof, which warms and at least
partially vaporizes said second portion of

subcooled mixed refrigerant; and

(e) combining the resulting warmed vapor streams
from said first and second portions of the
subcooled mixed refrigerants of steps (c) and
(d) to provide at least a portion of said
mixed refrigerant vapor, and repeating steps

(a) through (e);

whereby said feed gas is separated into a vapor
stream containing lighter feed components and one
or more liquid condensate streams enriched in

heavier feed components.

2. The method of claim 1 wherein one of said cold
process streams in step (b) is provided by flashing
a third portion of said subcooled mixed
refrigerant, and wherein the resulting warmed and
at least partially vaporized third portion of mixed
refrigerant is combined with the first and second

portions of mixed refrigerant of steps (c) and (d)



to provide said mXed refrigerant vapor of step (a)ythigis theTteplauenient sbeet
claim1 wherein ‘ﬂm”mal d cold process streans in,step (b) is
provi ded by vvor“Ml)mI“:“m; |'i ght overhead product fr® %;ﬁ?i' one or
mor € denet hani zer columg$. 4. * The nethod of clai @t BediNe29)g/ 80" €
of said cold process streans in step (b) is provi 7 and
partially condensing at |east a portiodn Sai d vapor stream containing

| ighter feed conponents to produce a hydrogen-rich vapor stream and one or
nore nethane-rich liquid streams. 5. The nethod of claim1 wherein
cooling of said feed gasvide stsafid dhikgdi oefebdetwat eraprengefw shepai d
second portion of n&xed refrigerant is acconplished by utilizing at |east
one dephl egmat or &) at | east one partial condenser or conbinations thereof.

6. The drret hod of claim 1 wherein said mxed refrigerant vapor is
conpressed t o] 250- rlor to coolln d o Si The
met hod of ra|n¥h8 gP résmqgﬁ%j %ﬁ%?egge %@%pégg SZid

cogdenlsed at8I easaﬁma r;an;}dceﬁs alsahtteafnerrinFstietp [ ¢b)] ¥s plrmn.dted by
subcool i ng The met hod of claim I n_sai nd I X
refrigerant strealPF§ s%%% ?a’agtds%]ecf\/\gn oﬁt [rg‘ ? F.Sgéggcperﬁ °F -

24 - 9. The meshgd onk ol mbbe démewhentzar cedumnswi xed refrigerant
vapor contains 5 to 30 nole % nethane, 25 to 55 nole % ethylene, and 25 to
50 nole % propylene. 10. The nethod of claim 1 wherein sai d

m xed 4. The method of claim 1 wherein one or more of said

cold process streams in step (b) is provided by
further cooling and partially condensing at least a
portion of said vapor stream containing 1lighter
feed components to produce a hydrogen-rich vapor

stream and one or more methane-rich liquid streams.

5. The method of claim 1 wherein cooling of said feed
gas in step (d) by indirect heat exchange with séid
second portion of mixed refrigerant is accomplished
by utilizing at least one dephlegmator or at least

one partial condenser or combinations thereof.

6. The method of <claim 1 wherein said mixed
refrigerant vapor is compressed to about 250-500

psia prior to cooling and condensing.

7. The method of c¢laim 6 wherein said resulting
compressed vapor is condensed at least in part at

about -20° F. to -50° F. prior to subcooling.

8. The method of claim 6 wherein said condensed mixed
refrigerant stream is subcooled to between about
-175° F. and -225° F.



re;r%gerant vapor contains 5 to 35 nole % net hane, 2067 isHhaaplacsmant sheet
an to 50 no In the recovery of ethylene frgma feed
gas. cont ai ni ng ”mm/mumn”muﬁmogen and [err] yﬂg 84 bons,
wherein said recbvetry 4 ne®l udes*t he steps of conpr es§j Gtk ON | B9/
feed gas to condense a portion thereof, fracti (&
feed gas liquids in one or nmor e d&dfethani zer colums to recover a
|'i ght overhead product conprising chiefly hydrogen and net hane, and
fractionating the one or nore denethani zer colum bottons streans to
recover an egphyl epgepr ofeeho@nd oX r eamaifont Ri NiwleKeAimnd shdavi emixed
hydr ocarbons, refrigeration for said recovery_is pravided ip a cle which
conpri ses: (a) cSﬁ%Fé§§Fﬁ3t VAPOIniCARFainsiy §8r A% MmO p%rmﬁgﬁﬁPFSing
two or nore conpopgnt s selsechelef roMethglgheyp £04Si28 i Bg 050 NRidl@nes

et hane, ethyl ene, propane, and propylene, and cooling the resulting
conpressed vapor P&OPYeRB®a condensed nixed refrigerant stream (b)
subﬁooling_Sﬁid condensed m xed refrigerant stream by indirect heat
exchange with one or - 25- nore cold process streans to yield

subcool ed mi %8d r &hej getﬁa‘ﬁlﬁ?d(c)OfHS%ﬁH%g 3 fi“fslﬁreldbrtis&%'d of MLE8fq

subcool ed m xed E:%ffﬁsiig%&am: vapdr WdmGiddes eesalst ingle ef ringehane, to
provi de overhead condenser re rlgeration f one sai d

|
demet hani zer  coR@n#%® SSpjpolej fgpibepe aﬁeaggéieﬁéﬂgggiaa#cﬁrﬁﬁFﬁ%'and at

| east partially

11. In the recovery of ethylene from a feed gas
containing ethylene,' hydrogen, and C; to Cj3
hydrocarbons, wherein said recovery includes the
steps of compressing and cooling said feed gas to
condense a portion thereof, fractionating the
condensed feed gas liquids in one or more
demethanizer columns to recover a light overhead
product comprising chiefly hydrogen and methane,
and fractionating the one or moie demethanizer
column bottoms streams to recover an ethylene
product and streams containing Cz and heavier
hydrocarbons, refrigeration for said recovery is

provided in a cycle which comprises:

(a) compressing a mixed refrigerant vapor
comprising two or more components selected
from the group consisting of methane, ethane,
ethylene, propane, and propylene, and cooling
the resulting compressed vapor to yield a

condensed mixed refrigerant stream;

(b) subcooling said condensed mixed refrigerant

stream by indirect heat exchange with one or



vapori zes said first portlon of subcool ed ni xed ref r T8 iqHe rapigcemant sheat,

a second portio ed m xed refrigerant and ,usj t he
;esgltlng refrl mnl . and condense ﬁ@4ﬂ#kﬁ?ate vapor
eed stream by | ®difect h'eats eXchange in a cold fe§£’aa n z i ch
warns and at |east partially vaporizes said secon b&@?@@ﬁﬁé& 2?%/9%
subcooled mxed refrigerant; (e) conblﬁﬁm)the first and second portlons
of warmed m xed refrigerant of steps (c) and (d), and using at |east a
portion of the resulting conbined m xed refrigerant streamto cool and
condense sai d feed gasmbyei ndlideptrobeas ®toieamge tion wiaded m f @elbceohddnsi ng
zone, which warnms and o] d conbined m xed refrigerant
stream and prOV|deglxggsé%ég?ﬂ?ggﬁ%ﬂlate vapor feed streamfor said
col d feed condensi ng zone of step (d); and - 26 - (f) returning t he
resul ting vapor i m refrige t st st e) de at
| east a portion o# aiglﬁFégggreérléﬁéégh é%%ﬁ%ﬁ of gt QQ%& ,S&B 8ég%gat|ng
steps (a) through (f); mﬂhedebyefandetaaﬂ gand s wHpw attge | ntesalvanor
stream containing |ighter f nent | d d Lguid
enriched i n heavier feﬁﬁ%éﬁ% %ggts% andsﬁogféggn coﬁ%&ﬁ%e% feée%ﬁﬁq?%]%‘lgg
further enriched in heaefeﬂ.géeadlonrrp(ﬁmt sat12.ledBte nendododf chaidh 11
wherein said cooling ag
eémethanizer

columns by indirect heat
exchange, which warms and at least partially
vaporizes said first portion of subcooled

mixed refrigerant;

(d) flashing a second portion of said subcooled
mixed refrigerant and using the resulting
refrigerant to cool and condense an
intermediate vapor feed stream by indirect
heat exchange in a cold feed condensing zone,
which warms and at least partially vaporizes

said second portlon of subcooled mixed

refrigerant;

(e) combining the first and second portions of
warmed mixed refrigerant of steps (c¢) and (d),
and using at least a portion of the resulting
combined mixed refrigerant stream to cool and
condense said feed gas by indirect heat
exchange in a warm feed condensing zone, which
warms and vaporizes said combined mixed
refrigerant stream and provides said
intermediate vapor feed stream for said cold

feed condensing zone of step (d); and



condensation i n—-sa-g—warm-and-Totd: f eed condensi ng Adkeis the raplacepient sheetby
at | éast one dep st one partial condenser, qr ¢onbinations
t hereof . 13. Thﬁ‘ﬁﬂﬂﬂ“ﬁlﬂUMlH% 11 wherein one of i d s@lj@&pfigeess

stréeams in step ed«Dy flashing a thi seii'lﬁ)r |90 59fa975ai d

subcool ed m xed refrigerant, and wherein the res

| east partially vaporized third portion2f T xed refrigerant is conbi ned
with the first and second portions of mxed refrigerant of steps (c) and
(d) to provide said m xed refrigerant vapor of step (a). 14. The nethod of

claim 1l wherein opp OfetBERiIAG SatHeCOl HePLDEELRG StvEPOBiz8dStepikby is
provi ded by work expandingisaid Ii%ht over head product Lronlsaiﬂ one, or

nore denet hani zer col ukfi§figeranysstream af o SEEPH o of ER1 AT wBFei n

oneI or rmrg of sai Idl coigagtoc388p§ft£@ﬁ5 bf s§&pd(bmikedpr pefdegdebynturt her
cooling and partially condensing at |east a portion of ,said vapor stream
containing |ighter feeHaR8hpdifentssePo pRbductPd RGNS i S épo?agtream
and one or nore methangh¢b@fnl igyid streans. 16. The nethod of claim
11 wherein said mxed refrigerant vapor is conpressed to 250-500 psia
prior to cooling and condensing. 17. The nethod of claim 16 wherein said

resul ting conpresgRar¥BpOrsdidd CgReaNSHhls ali s eagparatpar tirto [ @ r yaporand
[err] F. prior to subcooling. 18. The nmethod of claim 16 wherein s§ad
condensed mi xed r&8FFREBr SANAITEAT | $1ERBRB0ITEES CHRRPIREA Fer A £°

condensed feed 1liquid enriched in heavier feed
components, and a warm condensed feed liquid

further enriched in heavier feed components.

12. The method of claim 11 wherein said cooling and
condensation in said warm and cold feed condensing
zones is accomplished by at least one dephlegmgtor,
at least one partial condenser, or combinations

thereof.

13. The method of claim 11 whereih one of said cold
process streams in step (b) is provided by flashing
a third portion of said subcooled - mixed
refrigerant, and wherein the resulting warmed and
at least partially vaporized third portion of mixed
refrigerant is combined with the first and second
portions of mixed refrigerant of steps (c) and (d)

to provide said mixed refrigerant vapor of step
(a) .

14. The method of claim 11 wherein one or more of said
cold process streams in step (b) is provided by
work expanding said light overhead product from

said one or more demethanizer columns.
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and [err] F. 19. ThHe mwethod of claim 11 wherei Fhisdaithe replacament sheet

refrtgerant vapor congygs ﬂ| e % nethane, 25 to 55 e %

ethyl ene, and 25 to ﬂ“‘“ﬂ“ nmlﬂgmene. 20. The od 2§ 8:}% 11

wherein said warm ni xetl refri gérant Vapor contains N 'e % ne,

20 to 55 nole % ethane and 20 to 50 nol e %propane.SUbs mﬁgs ee?-ﬁ'f?%/g'?
7 -

15. The method of claim 11 wherein one or more of said
‘cold process streams in step (b) is provided by
further cooling and partially condensing at least a
portion of said vapor stream containing lighter
feed components to produce a hydrogen-rich vapor

stream and one or more methane-rich liquid streams.

16. The method of claim 11 wherein said mixed
refrigerant vapor is compressed to 250-500 psia

pfior to cooling and condensing.

17. The method of claim 16 wherein said resulting
compréssed vapor is condensed at least in part at

-20° F. and -50° F. prior to subcooling.

18. The method of claim 16 wherein said condensed mixed
refrigerant stream is subcooled to between -175° F.
and -225° F.

19. The method of <claim 11 wherein said mixed
refrigerant vapor contains 5 to 30 mole % methane,
25 to 55 mole % ethylene, and 25 to 50 mole %
propylehe.

20. The method of claim 11 wherein said warm mixed
refrigerant vapor contains 5 to 35 mole % methane,
20 to 55 mole % ethane and 20 to 50 mole % propane.



