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This invention pertains to the recovery of ethylene from light gases
at cryogenic temperatures, and in particular to an open loop mixed
refrigerant cycle to provide refrigeration for such recovery,

. BACKGROUND OF THE INVENTION

The recovery of ethylene from crude light hydrocarbon gas mixtures is
an economically important but high}y energy intensive process. Cryogenic
separation methods are commonly used which require large amounts of
refrigeration at low temperatures, and the development of methods to reduce
the power consumption for this refrigeration is of continuing importance in

- the petrochemical industry.

Ethylene is recovered from 1ight 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 Tower temperature levels by ambient cooling water, closed
cycle propylene and ethylene systems, and work expansion or Joule-Thomson
expansion of pressurized 1ight gases produced in the separation process.
Numerous designs have been déveloped 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 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, propylene,
and optionally other light components. Mixed refrigerants exhibit the
desirable property of condensing over a range of temperatures, which allows




s,
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 m xed
refrigerant systens can be integrated with one or nore of the
above-nentioned refrigeration nethods to inprove the overall energy
efficiency of ethylene recovery. Mxed refrigerants for such systens
typically conprise nethane, ethane, ethylene, propane, propylene, and
optionally other Iight conmponents. M xed yefrigerants exhibit the
desirabl e property of condensing over a range of tenperatures, which allows
-2- the design of heat exchange systens which are thernodynam cally nore
efficient than single refrigerant systens. U S. Patent 4,072,485 describes

a cl osed- ltaepded ixadof afealt gexahange ysis@emdWwhPED \Hrdi Bige imdWy A fiRla 11 £frfoirger at i on
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range of [err] to .[err].i.e.,. it |s confipned to the sane tenperature range
as the et|ﬁ$f§lﬂ§ﬁa€Fr1§y§LéfiQﬂ?dPFSEJ with cooling water or air at near ambient
' ' temperature and then totally condensed at +50°F and subcooled to about
-25°F with'several levels of propane or propylene refrigeration. In
ethylene plant service, the mixed refrigerant is then utilized to provide
refrigeration over the temperature range of -40°F to -148°F, i.e., it is
confined to the same temperature range as the ethylene refrigeration it
replacés. A more specific example of this cycle of 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
frem refinery off-gas which utilizes a closed-loop mixed refrigerant cycle.
In this process, the mixed refrigerant is utilized in a single heat
exchanger to provide refrigeration 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 refrigerétion
for feed cooling below -150°F which can be producéd from other process
streams in an ethylene plant is limited by operating constraints such as
the amount of high pressure hydfogen 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.
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replaces. A nore specific exanple of this cycle of ethylene plant service
I's described in an article by Victor Kaiser, et al., "Mxed Refrigerant for
Et hyl ene”, in the Cctober 1976 issue of Hydrocarbon Processing, pages
129-131. U. S. Patent 4,720,293 describes a process for recovering ethyl ene
fromrefinery off-gas which utilizes a closed-loop m xed refrigerant cycle.
In this process, the mxed refrigerant is utilized in a single heat
exchanger to provide refrigeration over a felatively warmtenperature range
of [err] to [err]. Refrigeration at |lower tenperature levels is supplied
by vaporization of separated ethane at |ow partial pressure and high total
pressure, and by work expansion of |ight gases which are typically rejected
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for further reduction of energy consumption in ethylene recovery. In
particular, it is desirable to improve the efficiency of refrigeration at
“the lowest temperature levels required for high ethylene recovery. The
invention described in the following specification and defined in the
appended claims provides a unique open loop mixed refrigeration cycle for
efficient ethylene recovery.

SUMMARY OF THE INVENTION
The present invention as illustrated in the accompanying drawings is

a reirigeration method for the recovery of ethylene in which an ethylene-
containing mixed gas stream comprising hydrogen, méthane, ethane, and
ethylene is cooled in a cold feed condensing zone (101) to yield at least
one cold feed condensate (5) and a light gas stream (3). The cold feed
condensate (5) is subcooled by indirect heat exchange in a mixed
refrigerant cooling zone (107) with one or more cold process streams to
yield a subcooled condensate (11). A first portion (13) of the subcooled
condensate (11) is flashed and the resulting flashed stream (15) provides
overhead condenser refrigeration for at Teast one of the demethanizer
columns by indirect heat exchange, which warms and at least partially
vaporizes the resulting flashed stream (15) to yield a demethanizer
overhead condenser refrigerant outlet stream (17). A second portion (19)
of the subcooled condensate (11) is flashed to provide at least a portion
of the refrigeration required to cool the ethylene-containing mixed gas
stream and to condense a portion thereof by indirect heat exchange in the
cold feed condensing zone (101), which warms and at least partially

- vaporizes the second portion (19) of subcooled condensate to yield a cold
feed condensing zone refrigerant outlet stream (9). |




:3- Pressures between 450 and 650 psia are required in the feed gas
chilling train and in the denethani zer columm 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 achieve | ow ethylene |oss in the denethani zer col um
over head vapor. The integration of inproved m xed refrigerant cycles wth
conventional internediate and | ow tenperat4ire refrigeration holds prom se
for further reduction of energy consunption in ethylene recovery. In
particular, it is desirable to inprove the efficiency of refrigeration at
the | onest tenpeBature | evel s required for high ethyl ene recovery. The
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indirect heafyi®%@ned3abteb1athd XR9d feed condensate (5) by indirect heat exchange
in the mixed refrigerant cooling zone (107), which warms and at least
partiaily vaporizes the resulting flashed subcooled condensate (23).
Cooling in the mixed refrigerant cooling zone (107) preferably is provided
by work expanding at least a portion of the light overhead product from the
one or more demethanizer columns. Further cooling optionally is provided
by a hydrogen-rich vapor stream and one or more methane-rich streams which
are obtained by further cooling and partially condensing at least a portion
of the light gas stream (3).

Open loop refrigeration is provided for the demethanizer overhead
condenser (111) and the feed cooling and condensing steps by compressing
cne or more mixed refrigerant vapor streams in a mixed refrigerant
compression zone (117) and cooling the resulting compressed stream to yield
a partially condensed mixed refrigerant stream (33), and further condensing
the stream by indirect heat exchange with one or more additional cold
process streams in the mixed refrigerant cooling zone (107). A first
portion (39) of the resulting further condensed mixed refrigerant (35) is
combined with the cold feed condensate (5) from the cold feed condensing
zone (101). A second portion (41) of the further condensed mixed
refrigerant (35) is flashed, warmed in mixed refrigerant cooling zone 107
to provide refrigeration, and is thereby vaporized to yield a mixed
refrigerant cooling zone second outlet vapor (43). A third portion (37) of
said further condensed mixed refrigerant (35) is withdrawn for ethylene
product recovery.

Low pressure inlet refrigerant for the mixed refrigerant compression
zone (117) is provided by the cold feed condensing zone refrigerant outlet
stream (9) and optionally by the mixed refrigerant cooling zone first
outlet vapor (18). Intermediate pressure inlet refrigerant for the mixed
refrigerant compression zone (117) is provided by the mixed refrigerant



refrigerant cooling zone (107) with one or nore cold process streans to
yield a subcool ed condensate (11). A first portion (13) of the subcool ed
condensate (11) is flashed and the resulting flashed stream (15) provides
over head condenser refrigeration for-at | east one of the denethanizer
colums by indirect heat exchange, which warns and at |east partially

vapori zes the resulting flashed stream (15) to yield a denethani zer

over head condenser refrigerant outlet st+&am (17). A second portion (19) of
t he subcool ed condensate (11) is flashed to provide at |east a portion of
the refrigeration required to cool the ethyl ene-containing m xed gas stream
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heat excru%gﬁg (125) comprises at least one dephlegmator, or at least one partial
condenser, or a combination thereof. The warm feed condensate (49) is
flashed to provide at least a portion of the refrigeration for the cooling
and condensing of the feed gas mixture (1) by indirect heat exchange with
the resulting flashed warm feed condensate (50), thereby vaporizing the
flashed feed condensate to yield a warm feed condensing zone refrigerant
vapor (53). Additional intermediate pressure inlet refrigerant is provided
to the mixed refrigerant compression zone (117) by the warm feed condensing
zone refrigerant vapor (53). :

Optionally, at least a portion (20) of the demethanizer overhead
condenser refrigerant outlet stream (17) is combined with the resulting
flashed warm feed condensate (50} to provide additional refrigeration to
the warm feed condensing zone (125).

A key feature of the present invention is that the feed chilling
train, open loop refrigeration cycle, and downstream equipment for
separation of the condensed feed liquids can be operated in the pressure
range of 150 to 400 psia, thereby achieving satisfactory ethylene recovery
with lower refrigeration requirements and lower capital costs in the
downstream separation equipment compared with operation at conventional
pressures in the range of 450 to 600 psia.

The present invention thus utilizes an efficient mixed refrigerant
system for ethylene feed condensation in which the system operates in an
open loop mode wherein the'mixed refrigerant is provided by components in
the ethylene-containing feed gas;



in the mxed refrigerant cooling zone (107), which warnms and at | east
partially vaporizes the resulting flashed subcool ed condensate (23).
Cooling in the mxed refrigerant cooling zone (107) preferably is provided
by work expanding at |east a portion of the |ight overhead product fromthe
one or nore denethani zer colums. Further cooling optionally is provided by
a hydrogen-rich vapor stream and one or nore nethane-rich streans which are
obtai ned by further cooling and partially condensing at |east a portion of
the light gas stream (3). Open loop refrideration is provided for the
denet hani zer overhead condenser (111) and the feed cooling and condensing
steps by conpressing one or nore mxed refrigerant vapor streans in a m xed
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streamto yield.a partially condensed m xed refrjgerant stream (33), and
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cooling zone 107 to provide refrigeration, and is thereby vaporized to
yield a niSo8gdersdtiic§efdS cool i ng zone second outlet vapor (43). A third

portion (37) of said further condensed m xed refrigerant (35) is wthdrawn

For ethyl ene product, recovgieyy LRhRLEISYG be'fk [ldigg e or the mxed

refrigerant conpression
Essentially all ethylene plants, and some ethylene recovery

processes, use an ethylene-propylene cascade refrigeration system to
provide the predominant amount 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 gas from ambient
temperature to about -35°F and to condense the ethylene refrigerant at
about -30°F. Similarly, the ethylene (low level) rafrigeration is utilizad
at several pressureftemperature levels in the cryogenic section of the
plant to cool the fead frem -35°F to about -145°F in order to condense the
bulk of the ethylene in the form of liquid feeds to one or more
demethanizer columns, and is used in at Teast one of the demethanizer
column overhead condenser(s) at about -100°F to -235°F to provide reflux
to the column(s). Ethylene is normally not used to provide refrigeration
below -150°F since that would result in sub-atmoSpheric pressure at the
suction of the ethylene compressor. Refrigeration below -150°F to condense
the remaining ethylene from the feed gas is provided primarily by work
expansion of hydrogen- and methane-containing light gas streams and/or by
vaporization of methane refrigerant which has been condensed by ethylene
refrigerant. " The work expanded gases are normally used as fuel and consist
primarily of the overhead vapor from the demethanizer column, mostly
methane, and any uncondensed feed gas, mostly Ho and methane, which is not
processed in a H, recovery section of the ethylene plant or ethylene
recovery process. Refrigeration also may be recoverad from one or more of
the hydrogen-rich and methane-rich streams produced in a hydrogen recovery
section.




zone (117) is provided by the cold feed condensing zone refrigerant outl et
stream (9) and optionally by the m xed refrigerant cooling zone first

outl et vapor (18). Internediate pressure inlet refrigerant for the m xed
refrigerant conpression zone (117) is provided by the m xed refrigerant

-5- cooling zone second outlet vapor (43) and optionally by the m xed
refrigerant cooling zone first outlet vapor (18). In an alternative

enbodi ment, the ethyl ene-containing m xed_gas feed stream (51) to the cold
feed condensing zone (101) is provided db(ibnally by cooling the feed gas
m xture (1) and condensing a portion thereof in a warm feed condensi ng zone
(125) to yield the ethyl ene-containing m xed gas feed stream (51) and a
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defined herein as a partial condenser, in which a feed gas is partially
condensed to yield a vapor-liquid mixture which is separated into vapor and
1iquid streams in a simple separator vessel. A single stage of separation
is realized in a partial condenser.

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
strzams 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 ethylene loss in the demethanizer column
overhead vapor. _ '

The present invention comprises an open-loop mixed refrigerant cycle
designed to provide the refrigeration required for cooling ethylene plant
or other ethylene recovery process feed gas in the range of about -20°F to
-220°F. Feed gas is cooled and condensed in part in one or more feed
cooling/condensing zones and preferably at least one of the
cooling/condensing zones is a dephlegmator. Alternatively, at least one of
the cooling/condensing zones is a partial condenser. Alternatively, a
combination of one or more dephlegmators and partial condensers can be used



tptidnally, at least a portion (20) of the demethani zer overhead condenser
refrigerant outlet stream (17) is conbined with the resulting flashed warm
feed condensate (50) to provide additional refrigeration to the warm feed
condensi ng zone (125). A key feature of the present invention is that the
feed chilling train, open |loop refrigeration cycle, and downstream

equi pnent for separation of the condensed feed |iquids can-be operated in
the pressure range of 150 to 400 psia, thereby achieving satisfactory

et hyl ene recovery with | ower refrigeratior® requirenents and | ower capital
costs in the downstream separati on equi pnment conpared with operation at
conventional pressures in the range of 450 to 600 psia. The present

nventi on §hueUbbdihgrcdRef higChatls M KPdnr SITIREAN hadHRl Gb T or ethyl ene
feed condensation In 1 ch the’system operates 1 n an open’ oop node wherein
the ni xed £e4TiNGEFUMENs NIpERRASdelii asy dcenfsenser Sni a war@ertaepll &ty cendrMii Ng ng
feed gas. zone,6e.BRl GFpAESERIFGRHEN &, THEPRMINGS [ cB01dd,l $1a5meahedmabLi C
fl ow di agram of the present inyepti whi ¢ch utilizes an open. | oop m xed
refriger ani”%rf“ﬁdb$te¢p95%§§uﬁ%odgl}sng" e?(r;fﬁ Eﬂﬁﬁen‘%iréﬁedz@ﬁg.”wsq w BEO%I‘de the
schemati ¢ #dmwldvegrafriferationpreqeiredi foredhé @rosich Liquid condensed in the
' cold cooling/condensing zone, e.g., a dephiegmator, is optionally
subcooled, flashed to Tow pressure (15 to 50 psia), vaporized and warmed to
provide the cold level refrigeration required for the process. One or more
intermediate level feed cooling/condensing zones can be added to produce
additional condensed feed liquid streams to be vaporized and warmed (at
additional pressure levels, if desirable) to provide intermediate level
refrigeration for the process. Any of these condensed feed 1iquid streams
can be supp]emented as necessary with additional mixed refrigerant from the
open-loop cycle to increase the amount of refrigeration available for any
feed or mixed refrigerant cooling/condensing zone or to increase the amount
of refrigeration available for a demethanizer condenser. Refrigeration for
one or more demethanizer column condensers may be supplied by any of the
condensad teed liquid streams in serias and/or in parallel with any of the
feed cooling/condensing zones or mixed refrigerant cooling/condensing
zones. All of the liquids condensed from the feed gas are ultimately
removed from the open-loop cycle to recover an ethylene product and are
normally separated in a fractionation unit, typical1y after first being
processed in one ar more demethanizer co]dmns to remove methane and other
light gases.

The cooling, condensation, and open loop refrigeration steps can be
operated advantageously in the range of 150 to 400 psia, and the feed. gas
mixture can be provided at a pressure of 150 .to 400 psia.' 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 partiall
condenser, in which a feed gas is partially condensed to yield a vapor-
'1iqUid mixture which is separated into vapor and 1iquid streams in a simple



utilizes an open |loop mxed refrigerant with two feed cooling and
condensati on zones. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Essentially al

et hyl ene plants, and sone et hyl ene recovery processes, use an

et hyl ene- propyl ene cascade refrigeration systemto provide the predom nant
amount of refrigeration required in the ethylene plant. Mst of the
propyl ene (high level) refrigeration is utilized at several
pressure/tenperature levels in the initial, feed precooling and
fractionation sections of the plant, to cool” the feed gas from anbi ent
tenperature to about [err] and to condense the ethylene refrigerant at
about [err]. Simlarly, the ethylene (low level) refrigeration is utilized
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refrlgerant anded ases are nor mal and consi st
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the hydrocarbon cracking feedstock and degree of pretreatment; typical
composition ranges are 5 to 40 mole% hydrogen, 5 to 40 mole% methane, 5 to
40% ethylene, 5 to 30 mo]e/ ethane, lower concentrations of propane,
propylene, and heavier hydrocarbons, and lower concentrations of nitrogen
and carbon monoxide. Feed gas mixture 1 is cooled and condensed in part in
cold feed condensing zone 101, preferably utilizing a dephlegmator, to

~ yield light gas 3 comprising chiefly hydrogen and methane and feed

condensate 5 enriched in Co and heavier hydrocarbons. Zone 101 is shown as
dephlegmatsor 103 and Tiquid accumuiator 105. Refrigerant stream 7,
described later, provides refrigeration at -180° to -235°F by indirect heat
exchange in dephlegmator 103 and is at least partially vaporized to yield
cold feed condensing zone refrigerant outlet stream 9. In cold feed
condensing zone 101, dephlegmator 103 rectifies feed gas mixture 1 in an
equivalent 5 to 15 stages of separation which reduces ethylene losses in
light gas stream 3 and reduces the 1ight component content (mostly methane)
of feed condensate 5, thereby increasing overall ethylene recovery and
purity. Feed condensate 5 at about -25°F to ~100°F is subcooled in mixed
refrigerant cooling zone 107 by indirect heat exchange with cold streams
defined later to yield subcooled condensate 11 at about -175° to -225°F.
Alternatively, cold feed condensing zone 101 is a single-stage partial
condenser.

A first portion 13 of subcooled condensate 11 is flashed to 15 to 250
psia across pressure reducing valve 109 to provide refrigerant as resulting
flashed stream 15 at about -100°F to -235°F to demethanizer column overhead
condenser 111, yielding at least partially vaporized demethanizer overhead
condenser refrigerant outlet stream 17. A second portion 19 of subcooled



met hane, and any uncondensed feed gas, nostly H2 and net hane, which is not
processed in a H2 recovery section of the ethylene plant or ethyl ene
recovery process. Refrigeration also may be recovered fromone or nore of
‘the hydrogen-rich and nmethane-rich streans produced in a hydrogen recovery
section. 7- Cooling and condensation of the feed gas preferably is
acconpl i shed by dephl egmation in a dephlegmator, which is a rectifying heat
exchanger which partially condenses and rgctifies the feed gas. Typically a
dephl egmat or yi el ds a degree of separation equivalent to nultiple
separation stages, typically 5 to 15 stages. Alternatively, cooling and
condensation of the feed gas is acconplished in a conventional condenser,
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chilling an
J refr1gerant coo\1ng zone 107 by cold process streams 25, 26, and 27,

typically available at -175° to -235°F, which supply the major portion of
the refrigeration to mixed refrigerant cooling zone 107. These cold
streams, which are produced in other sections of the ethylene plant (not
shown), may include work-expanded light gas overhead from a demethanizer
column, work-expanded light gas separated from the feed gas, as well as
cold methane and hydrogen streams from a hydrogen recovery section of the
plant. The flow rate of flashed subcooled condensate 23 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 25, 26, and 27. Additional cold procass
streams (not shcwn) can be used to supplement refrigeration from the
described cold process streams 25, 26, and 27. Typically about 60 to 100%
of the total refrigeration for mi xed refrigerant cooling zone 107 is
provided by cold process streams 25, 26, and 27; the remainder is provided
by flashed subeooled refrigerant 23 and supp]ementa] flashed refrigerant
stream 42.

Mixed refrigerant coo]ing zone 107 comprises one or more conventional
type cooling and condensing heat exchangers. _

The remainder of the refrigeration cycle in this embodiment of the
invention comprises an open-loop mixed refrigerant system driven by mixed
refrigerant compression zone 117 which compresses one or more refrigerant
vapor streams comprising methane, ethane, ethylene, and heavier
hydrocarbons condensed from the feed gas. Mixed refrigerant compression
zone 117 comprises a single-stage or preferably multi-stage compressor of
the axial or centrifugal type. Preferably the compressor is a multi-stage
type which operates with multiple inlet streams, typically with a low
pressure vapor stream introduced into the first stage and an intermediate
pressure vapor stream introduced at an interstage location. Low pkessure



denet hani zer col utm condenser refrigeration. The ampbunt of refrigeration
for feed cooling below -150 F which can be produced from ot her process
streans in an ethylene plant is limted by operating constraints such as
t he amount of high pressure hydrogen recovered and the fuel system
pressure(s). These constraints |imt the anount of expander refrigeration
whi ch can be produced, which in turn limts the ethylene recovery.
Pressures between 450 and 650 psia are required in the feed gas chilling
train and in the denethani zer columm so -t hat- nost of the ethylene can be
condensed above [err], and so that sufficient fuel gas expansion
‘refrigeration at colder tenperatures is avail able to condense nost of the
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zone 107 to yield mixed refrigerant 35 at about -50°F to -125°F.

Refrigeration for condensing mixed refrigerant stream 33 is provided
in part by warming partially vaporized demethanizer overhead condenser
refrigerant outlet stream 17 in mixed refrigérant cooling zone 107 to yield
mixed refrigerant cooling zone first outlet vapor 18. Additional
refrigeration is provided by cold process streams earlier defined.

A portion 37 of mixed refrigerant 35, equivalent in flow to feed
condensate 5, is withdrawn for recovery of ethylene product and further
purification in the fractionation section of the plant. Another portion 39
optionally is combined with feed condensate 5 to provide additional
refrigerant for cold feed condensing zone 101 and demethanizer overhead
condenser 111. A third portion 41'bptional1y is flashed to 50 to 250 psia

- across pressure reducing valve 125 to provide additional refrigeration to
mixed refrigerant cooling zone 107. Vaporization of flashed portion 42
yields mixed refrigerant cooling zone second outlet vapor 43 which provides
at least a portion of intermediate pressure mixed refrigerant vapor 31 to
mixed refrigerant compression zone 117.

Optionally, refrigerant 23 is warmed in mixed refrigerant cooling
zone 107 to provide additional refrigeration thereby yielding vaporized
mixed refrigerant 24. Vaporized mixed refrigerant 24 is combined with cold
feed condensing zone refrigerant outlet stream 9 to provide low pressure
mixed refrigerant vapor 29 to mixed refrigerant compression zone 117. When
subcooled condensate 13 is flashed across pressure reducing valve 109 to an
intermediate pressure of 50 to 250 psia, mixed refrigerant cooling zone
first outlet vapor 18 is combined with mixed refrigerant cooling zone
second outlet vapor 43 to provide intermediate pressure mixed refrigerant
vapor 31 to mixed refrigerant compression zone 117. When subcooled
condensate 13 is flashed across pressure reducing valve 109 to a low



cool i ng/ condensi ng zones, liquid condensed in a warner cooling/condensing
zone, e.g., a partial condenser, is optionally subcooled, flashed to an

i nternedi ate pressure (50 to 250 psia), vaporized and warnmed to provide the
warm |l evel refrigeration required for the process. Liquid condensed in the
col d cooling/condensing zone, e.g., a dephlegmator, is optionally
subcool ed, flashed to | ow pressure (15 to 50 psia), vaporized and warned to
provide the cold-level refrigeration required for the process. One or nore
i nternedi ate | evel feed cooling/condensing2zenes can be added to produce
addi ti onal condensed feed liquid streans to be vaporized and warnmed (at
additional pressure levels, if desirable) to provide internediate |evel
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can be An alternative embodiment of the invention is given in Fig. 2 in
which the cold feed condensing zone 101 is preceded by warm feed condensing
zone 125. Feed gas mixture 1 is typically at -20°F to -80°F and 200 to 550
psia,.but can be provided in the range of 150 to 400 psia. Feed gas
mixture 1 is initially cooled to -50°F to -125°F and is partially condensed
in warm feed condensing zone 125, which may be a partial condenser
consisting of cooling exchanger 127 and separator 129. Partially condensed
feed 47 is separated into warm feed condensate 49 and ethylene-containing
mixed gas stream S51. Stream 5! provides the feed to cold feed condensing
zone 101, which preferably is dephlegmator 103 as described in the first
embodiment of the invention given in Fig. 1. Warm feed condensate 49 is
flashed to 50 to 250 psia across pressure reducing valve 131 to yield
flashed warm feed condensate 50 which provides at least a'portiqn of the
refrigeration needed to cool feed gas mixture 1 by indirect heat exchange
in warm feed condensing zone 125. Vaporized refrigerant stream 53 providés
additional intermediate pressure mixed refrigerant vapor 31 to mixed
refrigerant compression zone 117.
Optionally, additional refrigeration for warm feed condensing zone
125 is provided by flashing another portion 55 of mixed refrigerant liquid
35 across pressure reducing valve 133 and cdmbining the flashed refrigerant
with flashed feed condensate 50 downstream of pressure reducing valve 131.
Optionally, additional refrigeration for warm feed condensing zone 125 is
provided by combining at least a portion 20 of partially vaporized
demethanizer overhead condenser refrigerant outlet stream 17 with flashed
feed condensate 50. The remaining portion of the mixed refrigerant cycle



oper at ed advantageously.in the range of 150 to 400 psia, and the feed gas

m xture can be provided at a pressure of 150 to 400 psia. Cooling and
condensation of the feed gas preferably is acconplished by dephl egmati on in
a dephl egmator, which is a rectifying heat exchanger which partially
condenses and rectifies the feed gas. Typically a dephlegmator yields a
degree of separation equivalent to nultiple separation stages, typically 5
to 15 stages. Alternatively, cooling and condensation of the feed gas is
acconplished in a conventional condenser, 1defined herein as a partial
condenser, in which a feed gas is partially condensed to yield a vapor-
liquid mxture which is separated into vapor and.liquid streans in a sinple
-9- separator_vessel. A single stage of separation is realized in a
partial cohtdriger? & ﬁ??%‘t“éﬁ'bbdhﬁre&ﬂmeois tinethencenrsspondsngi@sctidoedfi n
detail by ghg schematic flowsheet of Fig. 1. Feed gas m xture 1, obtained
for exanpl e by EnitiqL ogl%g&iand separation of cracked gases from a
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pretreat megieraliPif 9. 75+%) ethylene recovery. To attain these high athylene
recoveries, feed gas must typically be cooled to -190°F to -220°F in
ethylene plants utilizing conventional partial condensers, or -170°F to
-190°F in ethylene plants utilizing dephlegmators.

While the embodiment illustrated in Fig. 2 utilizes a combination of
a partial condenser and a dephlegmator for feed cooling and condensing, any
combination of these two types of condensing systems can be utilized.
Alternatively, combinations of one or more partial condensers and one or
more dephlegmators operated in series could be utilized. For example,
three partial condensers or dephlegmators could be used in series; in this
option, refrigeration for demethanizer column overhead condenser 111 could
be provided by a mixed refrigerant stream in paraliel with the
refrigeration for the intermediate partial condenser(s) or intermediate
dephlegmator(s) or in parallel with the cold partial condenser or cold
dephlegmator to best match the required refrigeration temperature levels.
In addition, demethanizer column overhead condenser 111 could be replaced
with a dephlegmator or could consist of a dephlegmator operating in series
with a partial condenser or other combinations. In any case, refrigeration
for these heat exchangers would be provided by the appropriate open-loop
mixed refrigerant streams to best match the temperature levels.

Optionally, one or more of the various liquid streams condensed from
the feed gas could be completely segregated in the open-loop mixed
refrigerant cycle and compressed in a separate compressor(s) in order to
produce two or more lTiquid streams of different composition for feeds to
different downstream processing units, such as two demethanizer columns or
a de-ethanizer column and a demethanizer column. Any of the warmed
refrigerant streams 9, 18, 29, 31, 43, and 53 which are not completely
vaporized can be further warmed to provide refrigeration in other parts of



conposition ranges are 5 to 40 nol e% hydrogen, 5 to 40 nol e% net hane, 5 to
40% et hyl ene, 5 to 30 nol e% et hane, | ower concentrations of propane,

propyl ene, and heavi er hydrocarbons, and | ower concentrations of nitrogen
and carbon nonoxi de. Feed gas m xture 1 is cooled and condensed in part in
cold feed condensing zone 101, preferably utilizing a dephlegmator, to
yield light gas 3 conprising chiefly hydrogen and net hane and feed
condensate 5 enriched in C2 and heavi er hydrocarbons. Zone 101 is shown as
dephl egmat or 103 and |iquid accunul at or 7108. - Refrigerant stream 7,
described | ater, provides refrigeration at [err] to [err] by indirect heat
exchange in dephlegnator 103 and is at | east partially vaporized to yield
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overhead refrigeration provided by the mixed refrigerant cycle also can 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
downstream demethanizer column(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 pressufes, senaration of methane and lighter gases
from ethylene and heavier hydrocarbons is =2asier, resulting in lower
refrigeration requirements and lower equipment costs in the demethanizer
column system. This low pressure feed gas chilling concept with propylene
refrigeration and the open-loop mixed refrigerant system can also be used
to recover ethylene, ethane, and/or heavier hydrocarbons from refinery or
petrochemical off-gases. Other refrigerants, such as propane, ammonia or
various freons, could be used to supply high-level refrigeration in place
of propylene for feed gas precooling and for condensing the mixed
refrigerant. An absorption refrigeration system could also be used to
supplement any of these high-level refrigerants.

This open-loop 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 cooling and for condensing the mixed refrigerant.



condenser refrigerant outlet stream17. A second portion 19 of subcool ed

- 10 - condensate 11 is flashed to 15 to 50 psia across pressure reducing
valve 113 to provide refrigerant stream 7 at [err] to [err] to dephl egmator
103. Optionally, a third portion 21 of subcool ed condensate 11 is flashed
to 15 to 50 psia across pressure reducing valve 115 to provide flashed
subcool ed condensate 23 as a refrigerant at [err] to [err] to m xed
refrigerant cooling zone 107. Additional refrigeration is provided to m xed
refrigerant cooling zone 107 by col d procebks -streans 25, 26, and 27,
typically available at [err] to [err] which supply the major portion of the
refrigeration to mxed refrigerant cooling zone 107. These cold streans,
whi ch are produced in other sections of,&pﬁ ﬁghylene pl ant (not shown), may
i ncl ude wor k- expanded |ight gas over head B a” deret hani zer col um,
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condensed feed stream 47 is separated into vapor stream 51 and liquid
stream 49. Vapor stream 51 containing 31.5 mole% hydrogen, 45.5 mole%
methane, 19 mole% ethylene, and 4 mole% ethane is further cooled to -172°F
in cold feed condensing zone 101 which is a dephlegmator to condense and
rectify most of the remaining ethylene, which is recovered in feed
condensate 5. Overall, more than 99.75% of the ethylene in the feed gas is
recovered in the two liquid streams 5 and 49. That is, less than 0.25% of
the ethylene in the feed gas stream 1 is lost in the dephlegmator overhead
11ght gas stream 3.

The liquid stream 49 condensed in feed heat exchanger 127 is flashed
to 180 psia to yield flashed stream 50 at -100°F, which is vaporized and
warmed to -35°F in feed heat exchanger 127 and sent as stream 53 to mixed
refrigerant compression zone 117 along with mixed refrigerant vapor stream
43 at -35°F as combined stream 31 at 178 psia. The feed condensate 5 from
dephlegmator 103 at -90°F is combined with additional mixed refrigerant 39
at -80°F, subcooled to -180°F in mixed refrigerant cooler 107 to yield
subcooled mixed refrigerant I1, which is used to provide the cold level
refrigeration required for déph]egmator 103 of cold feed condensing zone
101 and demethanizer overhead condenser 111. Vaporized mixed refrigerant
stream 9 at -93°F and streams 18 and 24 at -35°F are sent to mixed
refrigerant compression zone 117 as combined stream 29 at 28 psia.

Open-loop mixed refrigerant vapor stream 29 (3720 1b moles per hour)
at -69°F and 28 psia, and mixed refrigéerant vapor stream 31 (7435 1b moles
per hour at -35°F and 178 psia, are compressed to 503 psia and the
compressor outlet is cooled to 100°F by cooling water in heat exchanger
119. Cooled mixed refrigerant vapor stream 32, which contains 1 mole%
hydrogen, 24% methane, 57% ethylene and 18% ethane plus heavier
hydrocarbons, is further cooled to -32°F with multiple levels of propylene



of the total refrigeration for mxed refrigerant cooling zone 107 is

provi ded by cold process streanms 25, 26, and 27; the remainder is provided
by flashed subcool ed refrigerant 23 and suppl enmental flashed refrigerant
stream 42. M xed refrigerant cooling zone 107 conprises one or nore _
conventional type cooling and condensi ng heat exchangers. The renai nder of
the refrigeration cycle in this enbodi nrent of the invention conprises an
open-l oop m xed refrigerant systemdriven by m xed refrigerant conpression
zone 117 which conpresses one or nore refiégerant vapor streans conpri sing
met hane, et hane, ethyl ene, and heavi er hydrocarbons condensed fromthe feed
gas. M xed refrigerant conpression zone 117 conprises a single-stage or
preferably i-sta Qnpressor of the axial or centrifugal type.
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condensed 1h1propane or propylene refrigeration system 121.

About 74% of mixed refrigerant liquid stream 35, equal to the total
amount initially condensed from feed gas 1 in streams 5 and 49, is
withdrawn:and sent to a demethanizer éolumn'(not shown) as stream 37.
Stream 41, which is about 13% of mixed refrigerant liquid 35, is flashed to
180 psia, vaporized, and warmed to -35°F in mixed refrigerant cooler 107 to
yield vapor stream 43. The remaining 13% of mixed refrigerant liquid 35, |
as stream 39, is combined with feed condensate 5 from dephlegmator 103 of
cold feed condensing zone 101, and is subcooled to -180°F in mixed
refrigerant cooler 107 against warming Hy, methane, and expander streams
25, 26, and 27 to yield subcooled mixed refrigerant 11. About 59% of
subcooled mixed refrigerant 1iquid 11, as stream 19, is flashed to 30 psia
and -200°F, and is vaporized and warmed to -93°F in dephlegmator 103 of
cold feed condensing zone 101 to yield refrigerant outlet stream 9. The
remaining 41% of subcooled mixed refrigerant liquid 11, as stream 13, is
flashed to 32 psia, and is vaporized and warmed to -135°F in demethanizer
column overhead condenser 111 to provide reflux to that column. The
resulting Tow pressure mixed refrigerant vapor 17 is further warmed to
-35°F in mixed refrigerant cooler 107 to yield vapor 18, which is combined
with cold feed condensing zone refrigerant outlet stream 9, and the
combined stream 29 is sent to mixed refrigerant compression zone 117 at
-69°F and 28 psia. Supplemental mixed rgfrigerant stream 43, which is
vaporized and warmed te -35°F in mixed refrigerant cooling zone 107, and
stream 53, which is vaporized and warmed to -35°F in warm feed condensing
zone 125, are combined as stream 31 and sent to mixed refrigerant
compression zone 117 at -35°F and 178 psia. In this Example, low pressure
mixed refrigerant stream 23 and supplemental mixed refrigerant streams 20,
45, and 55 are not utilized.



The resulting partially condensed m xed refrigerant stream 33, now at about
[err] to [err], is further cool ed and condensed in m xed refrigerant
cooling zone 107 to yield mxed refrigerant 35 at about [err] to [err].
Refrigeration for condensing m xed refrigerant stream 33 is provided in
part by warm ng partially vaporized denet hani zer overhead condenser
refrigerant outlet stream 17 in m xed refrigerant cooling zone 107 to yield
m xed refrigerant cooling zone first outlet vapor 18. Additional
refrigeration is provided by cold process istreans earlier defined. A
portion 37 of mixed refrigerant 35, equivalent in flowto feed condensate
5 1is withdrawn for recovery of ethylene product and further purification
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The closed-loop mixed refrigerant cycle described in earlier-citaed
U.S. Patent 4,072,485 assigned to Technip is intended to provide low level
(below -40°F) refrigeration in a natural gas processing plant or in the
cryogenic section of a conventional (cracked gas) ethylene plant, which
empioys one or more partial condensation zones 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 temperaturs 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 -25°F with one or more levels of colder propane or propylene
refrigerant. In an ethylene plant application, this subcooled mixed
refrigerant liquid is then split into two portions. One portion is further
subcooled to -58°F in a "secondary" eor "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
combingd, 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 patent..

The more specific ethylene plant example of the '485 cycle described
in the earlier-cited article-by Kaiser, et al., indicates a power reduction
of 9% for the '485 closed-loop mixed refrigerant-propylene system as



subcool ed condensate 13 is flashed across pressure reducing valve 109 to an
I nternmedi ate pressure of 50 to 250 psia, m xed refrigerant cooling zone
first outlet vapor 18 is conmbined with m xed refrigerant cooling zone
second outl et vapor 43:to provide internediate pressure m xed refrigerant
vapor 31 to m xed refrigerant conpression zone 117. \Wen subcool ed
condensate 13 is flashed across pressure reducing valve 109 to a | ow -
12 - pressure of 15 to 50 psia, mxed refpggerant cooling zone first outlet
vapor 18 is conbi ned (not shown) with colé feed condensing zone refrigerant
outlet stream9 to provide | ow pressure m xed refrigerant feed 29 to m xed
refrigerant conpression zone 117. Optionally, at |least a portion 45 of cold
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refrigeration cycle, which is well below the 99+% ethylene recovery of most
modern ethylene plants, and far below the 99.75+% ethylene recovery
attainable with dephlegmator-type ethylene plants.

For high levels of ethylene recovery above 99%, it is necessary to
provide refrigeration at much lower temperatures than the -150°F level
attainable with a conventional ethylene refrigeration cycle or with the
'485 closed-loop mixed refrigerant cycle. The amount of refrigeration for
feed cooling below -145°F available from process streams in an ethylene
plant is limited by operating constraints such as the amount of high
pressure H, recovered and the fuel system pressure(s). Thase constraints
Timit the amount of expander refrigeration which can be produced, wiich, in
turn, limits the ethylene recovery. With the open-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 these
constraints, and high levels of ethylene recovery up to 99.9% can be
achieved economically. Additional and/or colder refrigeration can be
provided by the open-loop mixed refrigerant cycle by increasing the amount
of supplemental low or intermediate pressure mixed refrigerant which is
used to cool the high pressure mixed refrigerant streams. In addition, the
open-loop mixed refrigerant cycle can provide refrigeration colder than the
-150°F level normally supplied to a demethanizer column overhead condenser
by an ethylene refrigeration cytle. This colder refrigeration can reduce
the amount of ethylene lost in the overhead of the demethanizer column and
further increase ethylene recovery.

The open-loop mixed refrigerant cycle of the present invention
provides much colder refrigeration than the '485 tlosed—]oop mixed
refrigerant cycle for the cryogenic section of an ethylene plant or other
ethylene recovery process. The cryogenic feed cooling section (below



I n warm feed condensi ng zone 125, which may be a partial condenser

consi sting of cooling exchanger 127 and separator 129. Partially condensed
feed 47 is separated into warm feed condensate 49 and et hyl ene-cont ai ni ng
m xed gas stream 51. Stream 51 provides the feed to cold feed condensing
zone 101, which preferably is dephl egmator 103 as described in the first
enbodi nent of the invention given in Fig. 1. Wirmfeed condensate 49 is
flashed to 50 to 250 psia across pressure reducing valve 131 to yield

fl ashed warm f eed condensate 50 which proubdes at least a portion of the
refrigeration needed to cool feed gas m xture 1 by indirect heat exchange
in warm feed condensing zone 125. Vaporized refrigerant stream 53 provides
addi ti onal o ressure m xed refrigerant vapor 31 to m xed
refrigerant ,_5Lt prqggg%ﬁ]gdl S° 1357 1980t iTUR a3 9PRT 2 B GPREYIFANT r&gnesgattat i on f or
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condensed and/or subcooled to -50°F to -125°F with refrigeration provided
at least in part by ethylene plant cold process streams. A portion of the
mixed refrigerant liquid is preferably subcooled to about -175°F to
-225°F, with the predominant amount of this refrigeration provided by
ethylene plant process streams. Supplemental refrigeration for mixed
refrigerant cooling, condensing and subcooling may be provided by
vaporizing intermediate and/or low pressure mixed refrigerant streams, o
most efficiently balance the refrigeration loads in the cycle and/or to
increase the amount of refrigeration produced. The coldest mixed
refrigerant liquid (-175°F to -225°F) is used to provide refrigeration to
the cold ¥eed condensing zone(s) and to provide refrigeration to a
demethanizer column overhead condenser, if necessary. The warmer mixed
refrigerant (-20°F to -125°F) is used to provide refrigeration to the warm
feed condensing zone(s).

In the cycle of the present invention, the mixed refrigerant is not
totally condensed at +50°F as in the '485 cycle, since this results in
inefficient high preésure levels for the mixed refrigerant stream, e.g., up
to 725 psia in the '485 cycle. Instead, in the present invention a major
portion of the mixed refrigerant is condensed at -20°F to -50°F, at
pressures below 550 psia. This mixed refrigerant cycle also supplies
refrigeration to a demethanizer column overhead condenser, which requires a
significant amount of Jow level (e.g., -125°F to -150°F) refrigeration in
a typical ethylene plant. _

The earlier-cited closed-loop mixed refrfgerant cycle of U.S. Patent
4,720,293 assigned to Air Products and Chemicals, Inc. supplies relatively
high level refrigeration (+60°F to -85°F) to a single heat exchanger and
relies on vaporization of separated ethane at Tow partial pressure to
provide intermediate level refrigeration (-85°F to -170°F), primarily in
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essentially the sane as in the corresponding portion of Fig.
g of mxed refrigerant liquid 11 to about [err] F to [er] in
invention is highly advantageous in ethylene plants in order to
iciently cold refrigeration to cool the feed gas to [err] to

IS the tenperature range required for high [err] or ultra-high
ne recovery. To attain these high ethylene recoveries, feed
ically be cooled to [err] to [err] in ethylene plants utilizing
partial condensers, or [err]2@o [err] in ethylene plants
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er atn @ddition to the power savings and significantly higher ethylene
overy provided by the open-loop mixed refrigerant cycle of the present
ention, significant capital savings can be realized due to the
plification of equipment with the open-loop mixed refrigerant cycle, as
pared to a conventional ethylene refrigeration cycle. Compared to the
ventional ethylene cycle, the open-lToop cycle of the present invention
uires fewer pieces of equipment and less interconnecting piping, which
ults in Tower overall cost. In addition, with the open-loop mixed
rigerant cycle, no refrigerant make-up is required, as is necessary with
losed-1oop cycle. Also, there is no need to change the mixed

rigerant composition when the feed gas composition changes, as may be
uired with a closed-loop mixed refrigerant cycle. When the feed gas
position changes, the mixed refrigerant composition changes

omatically with the open-loop mixed refrigerant cycle. _

With the propylene refrigeration and the open-loop mixed refrigerant
le of the present invention, the feed gas chilling train of an ethylene
nt or other ethylene recovery unit can be operated in the range of 150
400 psia, eliminating one or two stages of feed gas compression and

eliminating the associated capital cost of these compression stages. An

equ

ivalent amount of compression 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

add

car
rec
- all

itional refrigeration compression stages are required.

Feed gas chilling, and optionally demethanizing as well, can be
ried out at these lower preséure levels while achieving high ethylene
overy because the propylene/mixed refrigerant cascade system can provide
of the necessary refrigeration at temperatures_coner than -150°F,



for these heat exchangers woul d be provided by the appropriate open-I|oop

m xed refrigerant streans to best match the tenperature levels. Optionally,
one or nore of the various liquid streams condensed fromthe feed gas coul d
be conpletely segregated in the open-1oop m xed refrigerant cycle and
conpressed in a separate conpressor(s) in order to produce two or nore
liquid streans of different conposition for feeds to different downstream
processing units, such as two denet hani zer columms or a de-ethani zer col umm
and a denet hani zer colum. Any of the wari8d-refrigerant streans 9, 18, 29,
31, 43, and 53 which are not conpletely vaporized can be further warnmed to
provide refrigeration in other parts of - 14 - the ethyl ene recovery
process, such as a squgd demet hani zer col unn over head condenser_or a warm
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al so can beefisiRdraft system of the present invention provides additional benefits
compared with conventional ethylene recovery processes. 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),

| 2) more separation of ethylene and ethane is obtained as the
feed gas is condensed, particularly where one or more deph]egmatoks
are used in the feed chilling train, resulting in further
refrigeration savings in the demethanizer column(s),

3) more hydrogen can be upgraded in purity to a higher value
product since it is not necessary to expand some of the hydrogen for
low-level refrigeration, producing a Tower value fuel,

4) where a multi-zone demethanizer column system is used, more
separation of ethylene and ethane in the feed gas chilling section
also results in a reduction in the amount of liquid which must be
processed ja the de-ethanizer column, resulting in a lTower flow rate
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



reduce the anount of ethylene lost in the overhead of the denethani zer
colum and further increase ethylene recovery. |In addition, the col der
refrigeration provided by the m xed refrigerant cycle also permts the
downst r eam denet hani zer colum(s) to be operated at pressures |ower than

t he conventional 400 to 500 psia level required for high ethylene recovery
when et hylene refrigeration is utilized as the overhead condenser
refrigerant. At |ower pressures, separation of nmethane and |ighter gases
from et hyl ene and heavi er hydrocarbons F s2%asi er, resulting in | ower
refrigeration requirenents and | ower equi pnent costs in the denethanizer
colum system This |ow pressure feed gas chilling concept with propyl ene
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-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
to the simplification of equipment. For example, the mixed refrigerant
compressor has only one or two suction streams, suction drum, and recycle
control loops. The typical'ethy1ene refrigerant compressor has at least
three suction streams, three suction drums and three recycle control loops,
a much more expensive arrangement. In addition, the mixed refrigerant
compressor, with suction temperatures of ~50°F or warmer, can utilizz a
cheaper metallurgy than the ethylene refrigerant compressor, which
typically has a suction temperature of -150°F at the first stage of
compression. Compared to the conventional refrigerant ethylene cycle,
there are fewer pieces of equipment and less interconnecting piping with
the mixed reffigerant cycle, resulting in lower overall cost. '

Thus the present invention replaces the multiple pressure and
temperature level ethylene refrigeration cycles conventionally used to
supply low level refrigeration in the cryogenic section of an ethylene
recovery system with an open loop mixed refrigerant cycle which is more
efficient in compressor power, allows higher ethylene recovery, and
requires Tess capital investment.

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



EXAMPLE A mass and energy bal ance was carried out to illustrate the
enbodi nent of the invention as described by Fig. 2. Ethylene plant feed
gas mxture 1 at a flowrate of 13,147 | b noles per hour and 500 psia
cont ai ni ng 18 nol e% hydrogen, 35 nol e% net hane, 36 moted%ethytene;—and 1
nol e% et hane pl us heavi er hydrocarbons is cool ed fr@mg&g& 19 ke r%kin
war m f eed condensi ng zone 125 which is a partial con : ¥+ lally
condensed feed stream 47 is 5eparated irltg vapor str EEE IHH, s d :
stream 49. Vapor stream 51 contai ni ng 31.% ol e% hy . | €%
met hane, 19 nol e% ethyl ene, and 4 nole% ethane is further cooled to [err]
in cold feed condensi ng zone 101 which is a dephl egnator to condense and
rectify moigtctfim:he remai ning ethylene, which is recovered in feed
condensate 5. Overall, nore than 99.75% of the ethylene in the feed gas is
recovered in the two liquid streans 5 and 49. That is, |less than 0.25% of
]t.hehet hyl ene inrl.t ge fmd@egagogbrﬁ&iﬂ étﬂd,)g eh@sfrmnaéf@dd mlj"g%qu@rccgﬁg{m%gd
i ght gas j [ styream 49 condensed in feed heat exchange
127 is fl 53&%?{% R’é%*b%s‘ﬁy‘aq&éi §1eﬁr°d%5|*ysdﬁ8aa%t°ynéan‘fr§0’eé? T3 TeGRYiEEH i s
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53 to mx | & 0S54 |0 it jxed refrigerant
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cool er 107 tO(er|H . _
more demeéthanizer columns to recover an ethylene product and streams

containing CZ and heavier hydrocarbons, refrigeration for said recovery of
ethylene is provided in a cycle which comprises:

(a) cooling an ethylene-containing mixed gas stream comprising
hydrogen, methane, ethane, and ethylene in a cold feed condensing
zone (101) to yield at least one feed condensate (5) and a light gas
stream (3);

(b) subcoo]ing said feed condensate (5) by indirect heat
exchange -in a mixed refrigerant cooling zone (107) with one or more
coid process strsams to yield a subcooled condensate (11);

(c) flashing a first portion (13) of said subcooled condensate
(11) and using the resulting stream (15) to provide overhead
condenser refrigeration for at least one of said demethanizer columns
by indirect heat exchange, which warms and at least partially
vaporizes said resulting stream (15) to yield a demethanizer overhead
condenser refrigerant outlet stream (17); and

(d) flashing a second portion (19) of said subcooled condensate
(11) and using the resulting refrigerant stream (7) to provide at
least a portion of the refrigeration required to cool said ethylene-
containing mixed gas stream and condense a portion thereof by
indirect heat exchange in said cold feed condensing zone (10l), which
warms and at least partially vaporizes said second portion (19) of
said subcooled condensate (11) to yield a cold feed condensing zone
refrigerant outlet stream (9). '
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subcool ed mixed refrigerant 11, which is used to provide the cold |evel
refrigeration required for dephl egmator 103 of col dfeed-condensing—zone
101 and denet hani zer overhead condenser 111. Vaporized mxed ref iggrant
stream 9 at [err] and streams 18 and 24 at [err] are % et ed
refrigerant conpression zone 117 as conbi ned stream 2 & i L
Open-1oop m xed refrigerant vapor stream 29 (3720 |b at
[err] F and 28 psia, and m xed refrigerant vapor stream 31 (7435 I b nol es
per hour at [err] and 178 psia, are conprédsed to 503 psia and the
conpressor outlet is cooled to [err] by cooling water in heat exchanger
119. Cool ed m xed refrigerant vapor stream 32, which contains 1 nol e%

hydr ogen, 24% net hane, 57% et hyl epne and 18% et hane pl ys heavier . )

hydr ocar bons, i% furf%’ér’“e&%@%éﬁ E e f NeRRE B SrﬁJHt?thgeF%‘\Fé’l@ab’fmﬁr 8p$Atne
- 16 - refgasgesardam ns refidi fesdagaomizomee 2] #ioichocarpmrs sesakaul18@p of the

m xed refry} ysel.d stre 3, Stream 33 is then further cooled to
TERRER, W90 F3 AR

[err] at a an Egﬁsﬁn m xed refrigerant cool er 107
agai nst warm ng H2 and net hane streans 25 and 26 available fromthe H2

recovery sectiof of the nf%ﬁhb!&'eorfecpiigf‘%’wrf%&B‘?‘ﬁ‘dsf‘arids%ée%‘;H%ﬁnix“L?‘@Oh& is
refri ger ant St_ ream 42, an m xed j_’e riger ant stream rom denjet hani zer
over head dURYéAsEAt131PTSaHTR 74450 tonik@si efandgetentt (B) dirqugh rldantss,

equal to tdperhédlin the range of 150 to 400 psia.

4. The method of Claim 2 wherein said cold feed condensing zone
(101) comprises at least one dephlegmator, or at least one partial
condenser, or a combination thereof.

5. The method of Claim 1 which further comprises flashing a third
portion (21) of said subcooled condensate (1l) and using the resulting
flashed subcooled condensate (23) to provide at least a portion of the
refrigeration required to subcool said feed condensate (5) by indirect heat
exchange in said mixed refrigerant cooling zone (107), which warms and at
Teast partially vaporizes said flashed subcooled condensate (23).

6. The method of Claim 1 wherein one of said cold process streams
in step (b) is provided by work expanding at least a portion of said light
overhead product from said one or more demethanizer columns.

7. The method of Claim 1 wherein one of said cold process streams
in step (b) is provided by work expanding at least a portion of said light
gas stream (3) from said cold feed condensing zone (101).

8. The method of Claim 1 wherein one of said cold process streams
in step (b) is selected from a hydrogen-rich vapor stream and one or more
methane-rich streams which are obtained by further cooling and partially
condensing at least a portion of said light gas'stream (3).
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anount initially condensed fromfeed gas 1 in streans 5 and 49, is

w t hdrawn and sent to a denet hani zer colum (not shown) as stream 37.

Stream 41, which is about 13%of mxed refrigerant liquid 35 is flashed to

180 psia, vaporized, and warnmed to [err] in mxed refrigerant cooler 107 to

yi el d vapor stream 43. The remaining 13% of mixed refrigerant | |qm as

stream 39, is conbined with feed condensate 5 from dé‘bhls rmkaéenkh
6,

feed condensing zone 101, and is subcooled to [err]: m r ant
u co

cool er 107 against warmng [err] methane, and expander and

27 to yield subcooled mixed refrigerant 11. About 59%of s

refrigerant liquid 11, as stream 19, is flashed to 30 psia and [err], an

is vaporized and warmed to [err] in deghggggator 103 of cold feed

condensi ng zone 101 to yield refrigerant“dutlet stream 9. The remai ning 41%
of subcooled m xed refrigerant liquid 11, as stream 13 is flashed to 32

psia, andgds Vamélzﬁéﬂhéadof’aéﬁ@do ! L Ovefh ad
condenser 1:111 I‘OVI de refl ux toft aat%'ngzgollunﬁ %The res %3‘ ]‘B’régé'(ér

mi xed ref rigRe aRP ‘33{56?‘ ¢7 (B3 £8r sHEFoRAedelot bekween abomtxed'hseﬁ‘r agdr ant
cool er 1022%°yj efdrvnger cofipriligg i s combined with cold feed condensing
zone refrigerant outlet stream9, and the conbined stream?29 is sent to

m xed refrigerant COfTPé)E‘E‘c%mﬁﬁeszsﬂﬁ &n3e7oﬁtmo[r@rrﬁﬂxedapélfr‘9ﬂ%ep§ﬁ@v YPPd GEBRS 8l

m xed refrigerant str orize war me err
i ied r ef r: ger ant "@58& t;]ed‘r‘igﬁréanfogomp:mas&nr éé’ﬂﬁ E@UW‘ﬂr@th%} gphe i@iﬁuhﬁd‘g

warmed to [err] comprassed stdegmtdeyisldga zamreidPy, candensedbhned asfsilgepam 31
and sent to mx girr%r rant conpression zone 117 at [err] and 178 psia.

In this Exanple, ™ Tow p sure
(f) further condensing said partially condensed mixed

refrigerant stream (33) by indirect heat exchange with one or more
additional cold process streams in said mixed refrigerant cooling
zone (107); a

(g) Combining a first portion (39) of the resulting further
condensed mixed refrigerant (35) of step (f) with said feed
condensate (5) from said cold feed condensing zone (101).

10.  The method of Claimg wherein said partially condensed mixed
refrigerant stream (33) comprises two or more components selected from the
group consisting of methane, ethane, ethylene, propane, propylene, Ca
hydrocarbons, nitrogen, and hydrogen.

11.  The method of Claim9 wherein one of said additional cold
process streams is at least a portion of said demethanizer overhead
condenser refrigerant outlet stream (17) which is warmed in said mixed
refrigerant cooling zone (107), and wherein a mixed refrigerant cooling
zone first outlet vapor (18) is withdrawn therefrom.

12.  The method of Claim 9 wherein one of said additional cold
process streams is provided by flashing a second portion (41) of said
further condensed mixed refrigerant (35), wherein said second portion (41)
is vaporized to yield a mixed refrigerant coohng 'zone second outlet vapor
(43).
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m xed refrigerant stream 23 and suppl enental m xed reJ—H—ger—am——st—ﬁeaﬂ%—ZO
45, and 55 are not utili zed. -17- In this Exarrple the enIoo
refricerant-propylene refrigeration systemrequires: a
conpressi on power at the sane ethylene recovery of 99

stem

conventional closed | oop ethyl ene- propyl-e¥e cascade r
to supply the sane anount of refrigeration for cooling the feed gas from

[err] to [err] . Wth a relatively snall increase in conpression power,
et hyl ene recovery coul d be increased from99.75%to 99. 9% using the

open- | oop ni xed fr| Lan refri era |Qn system This |evel of
et hyl ene recover)} woul Fth8€ g% @’hﬁﬁ% jtipeal gold process streams

et hyl ene- pr gpylegn®) ietdiédad g(dn?a hZHﬁ;a‘éﬁUrr@}x ggrgéan?aﬁa% £ HORSIEA) ggff

the ethylene plant’ of this m xe refrrgera
descri bed i stresamd whichcire ebtauxes byFaitthert codlifg ﬁndlﬂﬁtmﬂy comdzaising af teabtnd poman of

I nttended to ﬁrghge Iow e\@ (below [err]) refrigeration in a natural gas
processi ng ﬁﬁa ryogeni ¢ section of a conventional (cracked

gas) ethyl ene plant, Whl ch enpl oys one or nore partial condensation zones
to cool and cOndense cracked gas feed to the denethani zer colum. 1In the
' 485 cycle, the ditxed m@fmﬁéjl@ga}ftonbs?’frﬁ:lama%m 18 avliereinrad driskpomionn@7)y of said

~anbi ent t egﬁﬁ#%&% ﬁ%@é&ﬁ' II??&F ['exﬁrger%htr (3%5' (s wi émt Laldy etch fde rb%e uct re:!over}J

ewi th one

- 15.  The method of one of Claims 9 to 14 wherem optionally the pressure of said
pa.mally condensed mixed refrigerant stream (33) is between about 250 and 550 psia,
particularly

between about 150 and 400 psia, and
wherein said one or more mixed refrigerant vapor streams comprise said cold feed conden-
sing zone refrigerant outlet stream (9).

16.  The method of Claim 15 wherein said one or more mixed refrigerant vapor
streams comprise said mixed refrigerant cooling zone first outlet vapor (18) or said mixed
refrigerant cooling zone second outlet vapor (43).

17.  The method of one of Claims 9 to 16 which further comprises providing said
ethylene-containing mixed gas stream to said cold feed condensing zone (101) by cooling
said feed gas mixture (1) containing ethylene, hydrogen, and C, to C, hydrocarbons, and
condensing a portion thereof in a warm feed condensing zone (125) to yield said ethylene-
containing mixed gas feed stream (51) and a warm feed condensate (49).

18.  The method of Claim 17 wherein said warm feed condensing zone (125)
comprises at least one dephlegmator, or at least one partial condenser, or a combination

thereof.
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war m I)ropane or propylene refrigerant. The nmixed refrigerant liquidis
subcooled to -25 F with one or nore |l evels of col der propane or propylene

refrigerant. In an ethylene plant application, this sub@mh@gﬂgg%glg eplac
refrigerant liquid is then split |ntotvvo portlons - EIIIer
subcooled to -58 F in a "secondary” or "auxiliary" heat II! %ﬂw iﬁ

col d process streams and the remaining p@astion is furthe

[err] in the "main" exchanger against returning | ow pressure m xed
refrigerant. The two subcool ed m xed refrigerant streans are then conbi ned,
flashed to |l ow pressure, and utilized to provide refrigeration over the
tenperature range of [err] to %err] l.e., the mxed refrigerant is confined
to exactly the s&me tErepsethodo onem@@la'&ms ther &8 mhlichrfartherf campaisas flashing said

I : I h h I
Condonser PP ES RSBt F0 BrEMMRR gt PO ot JO A BTERON 1 SpRESooLing

‘patent . Th%r&‘?:bﬁdéﬁﬁﬁ' of &i@tréed @ﬁ%ﬁénﬁet(tﬁgm&cph&mchﬁ%é »ﬁmtre resulting

described in the earlier-cited article by Kaiser ., indicates a power

reduct i on cﬁlraslwt) warm feed condsnsate ¢85 themby vapomizing edid iflgshed feedeandpnsatestogyeidem
as - ared t.0 a conventional e- propyl ene cascade system
However , tﬁe aﬂ%@%%‘t“&ﬁ%%é?‘t?e I‘%eétf“d’&?‘y@s& ng only to a level of
[err], whi ch is not suff|C|ent for a nodern high- recovery et hyl ene pl ant,
and al so does not

20.  The method of Claim 19 wherein said one or more mixed refrigerant vapor

streams comprise said warm feed condensing zone refrigerént vapor (53), wherein optio-
nally |

at least one of said one or more mixed refrigerant vapor streams is at a pressure
between about 15 and 50 psia or

at a pressure of between about 50 and 250 psia.

21. The method of Claim 19 or 20 wherein at least a portion (20) of said
demethanizer overhead condenser refrigerant outlet stream (17) is combined with said
resulting flashed warm feed condensate (50) to provide additional refrigeration to said warm
feed condensing zone (125),

wherein optionally a fourth portion (55) of said further condensed mixed refrigerant
(35) is flashed and combined with the resulting flashed warm feed condensate (50) to

provide additional refrigeration to said warm feed condensing zone (125).
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1



addr ess. t he supply of refrigeration to the denethani zer col um over head
condenser, which would normally require refrigeration at the [err] |evel.
Wth the '485 cl osed-loop m xed refrigerant cycle, ethylene recovery is

limted to what coul d be obtained whﬁstshgehgasgaﬁf paeadi ng et hyl ene
refrigeration cycle, which is well et hyl ene recovery of nost
nodern et hyl ene plants, and far bel oﬂl BH!“E et hyl ene recovery
attainable with dephl egnator-type et For high | evel s of

et hyl ene recovery above 99% it is necessary to provi-de refrigeration at
much | ower tenperatures than the [err] level attainable with a conventi onal
ethylene refrigeration cycle or with the '485 cl osed-1oop m xbf2r ef ri ger ant
cycle. The anount of refrigeration for feed cooling below [err] available
from process streans in an ethylene plant is |limted by operating
constraints such as the anount of high pressure [err] recovered and the
fuel system pressure(s). These constraints Iimt the anmount of expander
refrigeration which gpggbe produced, which, in turn, limts the ethylene
recovery. th the :j)ZI | oop m xed refrigerant cycle of the present

i nvention, .ﬁ anoun ﬁ hefrigeration and tgge col dest tenperature |evel at
which it ca e prov ziare t linmited by «€H&se constraints, and high

| evel s of e{®lene r @y ulto 99. 9% cah ®dLachi eved econoni cal |l y.

Addi ti onal d/ or coﬁ efripgerat pon can rovi ded by the open-I|oop
m xed refri pgfant cyQ.© by y/creasi the h

et of supplenental | ow ox

NT

i nt er medi at gressur@ R xed’refri Es used ! Gl bol the highzw
pressure mkxef refrigerant strea I n addj ton, the open- oop mxed <&
refrigerant Lcycl el can providejr col der thanéhe 58
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“[err] level normally supplied to a demethani zef "col Gmm over head condenser
by an ethylene refrigeration cycle. This cgllhggﬁee{ﬁ;s@ggq{re hde®n can reduce

t he anount of ethylene lost in the overhea ni zer colum and
further increase ethylene recovery. The openﬂw Elm Efri gerant cycle
of the present invention provides nuch col de n than the ' 485
cl osed-1 oop m xed refrigerant cycle for the cryogenic section of an

et hyl ene plant or other ethylene recovery process. The cryogenic feed

cool ing section (bel ow - 19 - [err] ) preferably uses at |east two
separate condensing zones and preferably at | east one of these condensing
zones is a dephlegmator to prefractionate the condensed feed quuig fore
it enters a downstream fractionation unit, such as a denet hani zer é

In the cycle of the present invention, a mgjor portion of the open-Ioop

m xed refrigerant is condensed at [err] to [err] with refrigeration

provi ded by one or nore | evels of propane, propylene or simlar refrigerant
and preferably further condensed and/or subcooled to [err] to [err] ME?

refrigerati of proyy &Ed at least in part by ethyl pl ant cold pro esso
streans. A pp |omu the m xed refrigerant |i qu s preferably subc
to about [erf| L, Wwith the predom nant a f this refriger %E
provi ded by L_y ﬁ!anssprocess streans. Supple al refrigeratlohuﬁgr
m xed T QQN = 0 EQN
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~refsigerant cooling, condensing and subcooling nmay be provided by
vapori zing internmedi ate and/or | ow pressure m xed refrigerant streans, to
nost efficiently balance the refrigeration loads in the cycle and/or to
i ncrease the anount of refrigeration produced. The col dest m xed
refrigerant liquid [err] to [err] is used to provide refrigeration to the
cold feed condensing zone(s) and to provide refrigeration to a denethani zer
col um over head condenser, if necessary. The warner mxed refrigerant [err]

to [err] is used to provide refrigeration to the warm feed condensi ng
zone(s). ABRSTRAET (GFcTHE PISEIASURBEesent i nvention, the mixed refrigerant is

not totall¥ condensed: at [%%&] as in the 485 cvcle since this results in
i nef fici eBETLH SiNe |08 MIXED, ¥ Ferant stream e.g., up
to 725 psia in the ' 485 cyRfRFTHHIENE Rp he present invention a major

portion of the mxed refrigerant is condensed at [err] to [err] at

pressures bel ow 550 psia. This m xed refrigerant cycle al so supplies
refrigeration to a demethani zer col um over head condenser, which requires a
significant anmount of low level (e.g., [err] to [err] refrigeration in a '
typi cal ethylene plant. The earlier-cited closed-Ioop m xed refrigerant

suppl 1 65 16l at oL SELTO 18 FrFaRRP T ab sflvi ofd RUHGIGITBTaqT BT &F chen” "

heat exchapeemized nesirigeradihon 16l & 2Hriichbnutifl izepaompenendshpreseat {owhe

B?ir tr:a?: | Eéfﬁﬂ%@-é&m@ﬁ AVAG Febd L RSTRE heCmi St e f Sigel-apt 2t ROPrigRTaLidmoiEerr]
provided by subcooled mixed refrigerant at -175° to -225°F for the
demethanizer overhead condenser and for initial cooling and condensation of
the ethylene-containing feed gas. Overall ethylene recoveries of up to
99.9% can be achieved at reduced power consumption compared with
conventional ethylene recovery cycles. In addition, significant .capital
savings can be realized due to the simplification of equipment with the
open-loop mixed refrigerant cycle, which can be operated advantageously at

pressures between 150 and 400 psia.

Figure 2 of the drawings should accompany the abstract when published.



- 20 - the denethanizer colum o éﬂﬁ@éﬁﬁﬁa %%ﬁNi\This requires that the
separ at ed et hane be-corbined with the RBF PRA H2 and net hane (which
provi de the | owest |evel refrigeratton) and which are then typically is
sent to fuel after refrigeration recovery. Thi's may be hi ghly advant ageous
.in processing refinery off-gases when et hane has no val ue except as fuel,
but woul d not normal |y be practical -iin miphytaeatpdrats, mvaemm%heggsepar at ed
et hane has a higher val ue as feedstock an as truel, and nust be recycled
to the cracking furnaces in a relatively pure state. In addition to the
power savings and significantly higher ethylene recoy Tyicee—hy—the
open-loop m xed refrigerant cycle of the present invcgamJ«jﬁmﬂwhSHEEﬁ
capital savings can be realized due to the sinplificatijon of eqU|p tfwith

the open-loop mi xed refrigerant cycle, as conpared t¢ & CP?‘EH%
ethylene refrigeration cycle. ~Conpared to the conveptfonal et

ne cycl e,

t he open-1o0p cycle he present i-nvention requiref |
equi pnent agd | ess i connecti ng pi pi ng, ich resblts in | ower overjal
cost. In ad&tion, m@ he qQpen-1oop m xedengf ri gerant cycle, no
refrigerant @ﬁke-up i sudegui r€d, as is necexvdry with a cl osed-1oop cycle.
Al so, therefis no negﬁ aNchange t h& mi xed} r efPi gerant conposition when the
feed gas co sitiongs ngeir/gs maf be rel Rd with a closed-1oop nixgg
refrigerant cle. WOt he / eed conposiiign changegy, t he mi xed = u
refrigerant |[Cpnposi ti on changes L <:§§
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automatically with the open-loop m xed refrigerant
propyl ene Fefrigeration and the open-1oop m xed ref
present -invention,
ot her et hyl ene recovery unit can be o

cycle. Wth the
rigerant cycle of the

the feed gas chilling train of an ethyl ene plant or
perated in the range of 150 to 400

psia, elimnating one WO St ages d gas conpression and elimnating
the associ ated capital IcUé‘ts %’fEﬁTEﬁ E%E@M@éﬂleﬁt %@& A S }(?I@ k
amount of conpression @ner to the EE _anu-—
refrigerant conpressors, but these are increnental RE?Lﬁ@EEﬂQTFWJ{
conpressi on stages, with nuch smal | er ‘associ at ed cgpirte+—ees5ts-

additional refrigeration conpression stages are reQU|red Feed as
chilling, and optional |y demethanizing as well, caf He d5JANII%ut|af these
| ower pressure | evels while achieving high ethyl end necover C elthe
propyl ene/ m xed refrigerant cascade system can prowide all of the negessary
refrigeration at tenperatures colder than [err], —+egar-d-ess—of—t-he

refrigeration avail able. The
d with fuel gas expander r

anount of expgnder
system be sup
of expander rg
An et hyl ene r
in the range
system of the

’cbVQLW:
bF-lqgld pQ)a with the propyleneﬁg
tNnvénti on provides a

LGH

reepyl ene/ m xed refyi

rZger ati on,
BLion is no longer a constrad@p o ethylene rec
it _utilizing a |Om/preSS@FGZGEIIIIng train

@;Ioop m xed reffr
|t|mn enefits
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conpared with convéentional ethylene recovery processes. These benefits
I nclude: 1) | ess nethane and hydrogen are condensed with the ethyl ene and
heavi er hydrocarbons, resulting in |ower flow rates and | ower refrigeration
requirenents in the denethanizer colum(s), 2) nore separation of ethylene
and ethane is obtained as the feed gas is condensed, particularly where one
or nore dephlegmators are used in the fd¢d c re gin
further refrigeration savings in the demetha % idc@ﬁle £ 3h }Bt/b@
hydrogen can be upgraded in purity to a hlgher val ue product si nce |t IS
not necessary to expand sone of the hydrogen for Iom#level refrigeration,
producing a | ower value fuel, 4) where a nmulti-zone LR T
systemis used, nore separation of ethylene and et hal FDAGi ngeu* :
chilling section also results in a reduction in the mof [1qui i ch
must be processed in the de-ethanizer colum, result g ?%%? f1

1|z 2 um, B)

nor-e—separation| of

rate and a savings in separation energy in the de-et
where a nulti-zone dewgdhani zer col um systemis use

et hyl ene ang ethane WhZhe feed gas chillijpg section also provi des _nor
presepar at i Pgy of the“ﬂwolﬁeed streans to tpnenpet hyl enéfettrane splitter
colum, respkging i n"a&@thegzsavings in p tion energy, 6) nmuch of the
equi pnent i P he feegh ﬁgrea nt/ﬂ;ying 5 n, the feed gas chilling
train and, ,Jp_tlonallyo.:o / o Oi;
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denet hani zer colum(s), is operated at significantly | ower pressure,
resutting in reduced ‘capital cost, and - 22 - 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 open-I|oop
m xed refrigerant cycle utilized in the |low pressure chilling train

provi des low1|evel refrigeration (bel owpyaboutp 2hédment SheBE Y986 C
section of an ethyl ene plant which uses-ZgLLkéﬁé—ﬁa+++a+—tondensarfon_
stages or, preferably, dephl egmators or conbi nati ons of partial condensers
and dephl egmators in series, operating bel ow about [erJ.—L0 prefractionate
t he condensi ng cracked gas feed before it enters th RBE@@@ [y - mm
system Conpared to a conventional ethylene refrigefatron E%%J%faﬁﬂ%i
refrigerant cycle provides significant power savi ngg, hlgher et hyl ene
recovery and al so significant capital savings due tp |he gﬁ‘hﬁﬁ?ﬂ%cation of
equi pnent. For exanple, the m xed refrigerant conpfressar _has only fore,.or
t wo suctionsireans, suction drum and recycle contfol |oops. The tyq
i f

et hyl ene refrit ger onpressor has at |east thré&e Bl
suction drunsg d e recycle control |oops, a h nore expensive -
arrangenent . (l45 add¥gn, the nixed refrigerant g@ggssor, wth suctﬁ§u<
t enper at ures o}_[eﬁ"'r &2 \rgrmar, can utilize a wuo mg
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cheaper hetallurgy than the ethylene refrigerant conpressor, which
typically has a suction tenperature of [err at the first stage of

conpression. Conpared to the conventional refrigeran %th | ene cycl / é?ere
are fewer pieces of equipnent and | ess ing erconnect-i—éé—éﬂéﬁﬁg&ﬁ%ﬁi&é—ﬂ

m xed refrigerant cycle, resulting in -l ovwé? “overal | cost. Thus the pr esent

I nvention replaces the nultiple pressure and tenperature | evel ethylene
refrigeratWe ofgim:es conventionally used to supply |low | evel refrigeration

in the cryogenic section of an ethyl ene recovery systemw th an open | oop

m xed refriqgerang thecrecoventiofiethplene febdini ai foed gas anixtures sontaining rethpleheys
hi gher ethyl ene recovery, and requires |l ess capital investnent. The

essential chara b S j \ iR I
gqryglf%ggd Shd %, o't Hfdte€atbohd RhéreRisaid PedlRAERy inthitiesae sg%i y

in the foregoin osure and l'ustrated i n the appended draw ngs.

skilled in the ggt n | 40 ri .

nodi fi cati ons t%’ér%‘fgﬁﬁ(ﬁ%?’ ﬁ&?hge%aél$§nga¥?§%Ht ﬁ%éggs@%# rai ?%{ﬁg?go?‘,er%ogd

wi t hout departi from,the sco of .the clains which follow Substj tute

sheet - 413107 Irasjonatieg fhelsondensed feed finds o 808 6 mre Aty ptbaniZer Splumns

feed gas m xture containi I:l%' et hyl ene, hydrogen, and [err] to [err]

hydr ocar bons, wheretoves lightaysthead prasiugtieamprigingichigfly hydrogen and methane,
and fractionating the bottoms stream from said one or more demethanizer
columns to recover an ethylene product and streams containing C, and heavier
hydrocarbons, refrigeration for said recovery of ethylene is provided in a cycle

which comprises:

(a)  cooling an ethylene-containing mixed gas stream comprising hydrogen,
methane, ethane, and ethylene in a cold feed condensing zone (101) to

yield at least one feed condensate (5) and a light gas stream (3);

(b)  subcooling said feed condensate (5) by indirect heat exchange in a-
mixed refrigerant cooling zone (107) with one or more cold process

streams to yield a subcooled condensate (11);

REPEACEME%H?SHEETS SG
?egcnption ‘paged.... to paged.....
- Claim(s)  : paged2> to paged 3.
I Drawing(s) : paged ..... to paged .....

O Abstract  :paged ... to paged
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of conpressing and cooling said feed gas to condense a portion thereof,
fractionating the condensed feed liquids in one or nore denethani zer
colums to recover a |ight overhead product conpri si L Ir nd
‘met hane, and fractionating the bottons stﬁg@ﬂ]fron1sqﬂ”§'fgu{¥h€%?c2&9§7a
denet hani zer colums to recover an ethyl éf€’ product and streans contai ning
C2 and heavi er hydrocarbons, refrigeration for said recovery of ethylene is
provided in a cycle which conprises: (a) cooling an ethyl ene-containing

m xed gas stream conprising hydrogen, irethane, ethane, and ethylene in-a
col d feed condenf)ng ftashing adirst partioh ¢13) aftsalic agbcanied tondensate ¢ht)and Sing
and a light gas stream (3); (b) subcooling said feed condensate (5) by

i ndi rect heat exchangthe resaltifystréane(15) 96 provide ovtrhead zondeksér fefrigeratiomfor
or nore cold process streans to yield a subcool ed condensate (11);

Substitute sheet - 4/3{ Rast oRé of ddid deHé%ﬁQmQQr Bolubiris bP MdifeP hehf bxEharigd, d

subcool ed condensate (11) and using the resulting stream (15) to provide
col urme by i ndirect b &%&%ﬁﬁ%ﬁ%é%# éﬂﬁ%}fﬁ%ﬁ*ﬁe@%ﬂ%ﬁ@?ﬁ?@ "By (15)
vaporizes said resultjn re denet hani oV

condenser refrigerant?t Cbg@‘isla @?Wéﬁﬁfﬂ fo) h%ac?co enser re%rlgeranteout?& stream

(17); and

(d) flashing a second portion (19) of said subcooled condensate (11) and
using the resulting refrigerant stream.(7) to provide at least a portion of
the refrigeration required to cool said ethylene-containing mixe_d. gas
stream and condense a. portion thereof by indirect heat exchange in 'said
cold feed condensing zone (101), which warms and at least partially
vaporizes said second portion (19) of said subcooled condensate (11)
to yield a cold feed condensing zone refrigerant outlet stream (9)
wherein the said gas feed mixture (1) is provided at a pressure of 150
to 400 psia and steps (a) through (d) are operated in the range of 150

to 400 psia'.
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(d) . f I ashi ng a second portion (19) of said subcool ed condensate (11) and
using the resulting refrigerant stream (7) to provide at | east a portion of

the refrigeration required to cool .said ethyl ene-contai ni.ng m xeq g 7
stream and condense a portion thereof by ipdirect hegu—béﬂé&ﬁm
col d feed condensing zone (101), which wafHs and at |east partially

vapori zes said second portion (19) of said subcool ed condensate (11) to
yield a cold feed condensing zone refrigerant outlet stream (9) wherein
the said gas feed mxture (1) is provided at a pressure of 150 to 400 psia
and steps () t fheugtetiad oficlaimpt wheeeinisaid ethyleneycontaining mixed gassiream is
Substitute sheet - 4/3/97 - 25 - 2. The nethod of claim1 wherein said

et hyl ene- cont ai riaig fédd ges Faixturer(@pwWhich semprises @tiggena; hydrogen,Landvg,clo C,
conprises ethylene, hydrogen, and [err] to [err] hydrocarbons. 3. he

met hod of cl ai M dpbEsBbAsSai d col d feed condensi ng zone (101) conprises at
| east one dephl edmator, or at |east one partial condenser, or a conbination
t hereof . 4. The nethod of claim 3 which further conprises: (e)
conpressing one or nore mxed refrigerant vapor streans in a m xed

refri gerant&conp‘[hees srhg&ozdo%? él%n’%?)z avr\}ﬁelpe?r? lslarig écﬂg Feeesdmctohggnsing zone (101)
comprises at least one dephlegmator, or at least one partial condenser, or a

combination thereof.
4. The method of claim 3 which further comprises:

(e) corhpressing one or more mixed refrigerant vapor streams in a mixed
refrigerant compression zone (117) and cooling the resulting
compressed stream to yield a partially condensed mixed refrigerant

stream (33);

() - further condensing said partially condensed mixed refrigerant stream
(33) at a pressure between about 150 and 400 psié by indirect heat
exchange with one or more additional cold process streams in said

mixed refrigerant cooling zone (107); and
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conpressed streamto yield a partially condensed m xed refrigerant stream

- (33); (f) further condensing said partially condensed m xed refrigerant
stream (33) at a pressure between about 150 and 400 s'a.P I ndi rec
exchange with one or nore additional col d,process st% el - 4/
refrigerant cooling zone (107); and S’u%gt'itute sheet - 4/3/97 - 26 - (Q)
combining a first portion (39) of the resulting further condensed m xed
refrigerant (35) of step (f) with said feed condensate (5) fromsaid cold
feed condensing zone (101). 5. The nethod of claim4 wherein said
partially conderged moxtsiningfa figst rpomtiors (3%)cof théXesulling rfustber condensedomixed
conponents selected fromthe group consisting of nmethane, ethane, ethylene,

propane, propylene, Géfrigepatq@5PonStep(f] Witdaid fetd Cordersate (3) fromTsiid cold
met hod of claim4 wherein once(go sai g]g;dditional cold pr ocesgﬁstreams is at

| east a portion of _s%&@sg&éﬁgﬂgighe%quﬁead condenser refrigerant outl et
I'n sai d mxe

stream (17) which is warnme refrigerant cooling zone (107),
and wherein a mxed refrigerant cooling zone first outlet vapor (18) is
wi t hdrawn therefrom 7. The met hod of claim4 wherein one of said

addi tional col d_lprocess streans i s . . . . .
5. he method of claim 4 wherein said partially condensed mixed refrigerant

stream (33) comprises two or more components ‘'selected from the group
consisting of methane, ethane, ethylene, propane, propylene, C, hydrocarbons,

nitrogen, and hydrogen.

6. The method of claim 4 wherein one of said additional cold process streams is
at least a portion of said demethanizer overhead condenser refrigerant outlet
stream (17) which is warmed in said mixed refrigerant cooling zone (107), and
whe;’ein a mixed refrigerant cooling zone first outlet vapor (18) is withdrawn

fherefrom.

7. The method of claim 4 wherein one of said additional cold process streams is
provided by flashing a second portion (41') of said further condensed mixed
refrigerant (35), wherein said second portion (41) is vaporized to yield a mixed

refrigerant cooling zone second outlet vapor (43).
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provi ded by flashing a second portion (41) of said further condensed m xed
refrigerant (35), wherein said second portion (41) is vaporized to yield a

‘mi xed refrigerant cooling zone second outl et vapor (43). . Substitut?
sheet - 4/3/97 - 27 - 8. The nethod of claim4 \Ahe@gﬁ_&‘iéit' teed 5 4/3/97
addi tional cold process streans in step {8/ -is selected froma

hydr ogen-rich vapor stream and one or nore nethane-rich streans which are
obtained by further cooling and partially condensing at |east a portion of
said light gas stream (3). 9. The met hod of claim4 wherein a third

portion (38, of TiR shetittd BEEIaM® A0RRERSN Bhe & saRf addidonalicdld prodessvatidnsimn
for ethylene product recovery. 10. The nethod of claim4 erein the

Petween about ?E%&a@ﬁf@ Ei'c:%‘i‘?é‘?"jﬁbﬁﬁl. o REFCRERIGh DR SRR G o gmore
bot weon about . | SnAanRrcheEamEo Which, B -htafef; B fthel abiRal 47d Adival.

or nore m xed refrigerant vapor streans, conprjse said co{ feed condensi ng
zone ref ri ger antccopdensingatleash q pprtionzof sajg ightgas gtreaMi3)i m 12 wherein

said one or nore m xed refrigerant vapor streans conprise said m xed
refrigerant cooling zone first outlet vapor (18).

9. The method of claim 4 wherein a third portion (37) of said further condeﬁsed

mixed refrigerant (35) is withdrawn for ethylene product recovery.

10. The method of claim 4 wherein the pressure of said partially condensed mixed

refrigerant stream (33) is between about 250 and 550 psia.

11. The method of claim 4 wherein the temperature of said further condensed

mixed refrigerant stream (35) is between about -50°F and -125°F.

12. The method of claim 4 wherein said one or more mixed refrigerant vapor

streéms comprise said cold feed condensing zone refrigerant outlet stream (9).

13. The method of claim 12 wherein said one or more mixed refrigerant vapor

streams comprise said mixed refrigerant cooling zone first outlet vapor (18).
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Substitute sheet - 4/3/97 - 28 - 14. The nmethod of claim 12 wherein said
one or nore m xed refrigerant vapor streans conprise said m xed refrigerant
cool ing zone second outl et vapor (43). 15. The nethqd, of. clai,m '
further conprises providing said ethyl ene;_contai ni n&sﬁ e
said cold feed condensing zone (101) by ©88ri ng said feed gas m xture (1
cont ai ning ethyl ene, hydrogen, and [err] to [err] hydrocarbons, and
condensing a portion thereof in a warm feed condensing zone (125) to yield
sai d ethyl ene-containing m xed gas feed stream (51) and a warm f eed
condensat e 1449) ThSmetfiod ofedldint 12f wherginnsaid vheran moseindixed rnefrigarent vapor
condensi ng zone (125) conprises at |east one dephlegmator, or at |east one
partial condensetreafiis ébrﬁ?ﬂé& 8aitlirAied hefrigefant téoling Benereéduiill Gitietivapor (43).
whi ch further conprises flashing said warm feed condensate (49) to provide
at least a portion of the refrigeration for said cooling and condensi ng of
fsfii dhf ged gasfm’xture (1) by indirect heat exchange with the resulting
ashed war e condensat 50),, there vapari zi.ng. sal d. S

gogdensate o yﬁgTed r%&ﬁ& WE&M%%‘F@ R@Q%ﬁ&om'ﬁgﬁﬁgﬁ@@%\?&(‘%@?.gne'
ubstitute sheet - 4/3/97 - 29 -

containing mixed gas stream to said cold feed condensing zone (101) by

cooling said feed gas mixture (1) containing ethylene, hydrogen, and C, to C,
hydrocarbons, and condensing a portion thereof in a warm feed condensing
zone (125) to yield said ethylene-containing mixed gas feed stream (51) and

a warm feed condensate (49).

16. The method of claim 15 wherein said warm feed condensing zone (125)
comprises at least one dephlegmator, or at least one partial condenser, or a

combination thereof.

17. The method of claim 15 which further comprises flashing said warm feed
condensate (49) to provide at least a portion of the refrigeration for said cooling
and condensing of said feed gas mixture (1) by indirect heat exchange with the
resulting flashed warm feed ;:ondensate (50), thereby vaporizing said flashed

feed condensate to yield a warm feed condensing zone refrigerant vapor i53).
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18. The nethod of claim 18 wherein said one or nore mixed refrigerant-
vapor streans conprise said warm feed condensing zone refrigerant vapor

(53). 19. The method of claim 18 wherein at |east one of said one re
m xed refrigerant vapor streans is at a pressure bet.wglﬁg&%@#‘&é&
20. The method of claim 18 wherein at e84t one of said one or nore nixed
refrigerant vapor streans is at a pressure of between about 50 and 250
psia. 21. The nmethod of claim 17 wherein at |east a portion (20) of said

denet hani zer overhead condenser refrigerant outlet stream (17) is conbi ned

Wi th said ngsul Thegmietirod of claimm 8eghereimdaits ohe droMpre imiged vieftigezdnt vaporl
refrigeration to said warm feed condensi ng zone (125). 22. The nethod of

claim 17 wherei gt,_@g&ﬁlgarﬂg o %ﬁ%ﬁﬁﬁ)feéd cOAUENdING ZBRE reftiyérasorhpsr(sd)

refrigerant (35) | S ned with the resulting flashed warm
feed condensate(50) to provide additional refrigeration to said warm feed
condensi ng zone (125). Substitute sheet - 4/3/97 - 30 - 23. The nethod

3
of claim1 which further, c rises flashin third rtion (21) of said
subcool ed égndeﬁg‘&t methad 032@3% "‘fh‘?ée'PegtJFeﬁsEé’"lel Egﬁ@lf’o Qﬂgc%%me mixed
condensate (23) to provide at |east a portion of the refrigeration required
to subcool sai drefsigeratrapes streaps) istat a perssHEe bawaenc1s PEl&sai d mi xed

refrigerant cooling zone (107), which warns and at |east partially
vapori zes said '

20. The method of claim 18 wherein at least one of said one or more mixed

refrigerant vapor streams is at a pressure of between about 50 and 250 psia.

21. The method of claim 17 wherein at least a portion (20) of said demethanizer
overhead condenser refrigerant outlet stream (17) is combined with said
resulting flashed warm feed condensate (50) to provide additional refrigeration

to said warm feed condensing zone (125).

22. The method of claim 17 wherein a fourth portion (55) of said further condensed
mixed refrigerant (35) is flashed and combined with the resulting flashed warm
feed condensate(50) to provide additional refrigeration to said warm feed

condensing zone (125).
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flashed subcool ed condensate (23). 24. The nethod of claim1 wherein one
of said cold process streans in step (b) is provided by work expanding at

| east a portion of said |ight overhead product from said one s&{e m)rlﬁ
denet hani zer col ums. 25. The nethod of g¢laim1 stitte sheet 543497 q
process streanms in step (b) is provided byYWwork expanding at |east a
portion of said |ight gas stream (3) fromsaid cold feed condensi ng zone
(101). 26. The nethod of claim1 wherein one of said cold process streans
in step (b) is selected froma hydrogen-rich vapor stream and one or nore
met hane-ri @8. st Themmetttodcof claien dbwhichefdrthgr Eomplises flashing @ third portibh 421 )y of
condensing at |least a portion of said |ight gas stream (3). Substitute

sheet - 4/3/97 w3 suBdooled CBhdeRsERA(Pf) &hdiusing Yﬁ@rréélﬂtlﬁ@'fléshéﬁchubcooled

condensate (5) is subcooled to bet vveen about [err] and [erT]
condensate (23) to provide at least a portion of the refrlgeratlon required to

subcool said feed condensate (5) by indirect heat exchange in said mixed
refrigerant cooling zone (107), which warms and at least partially vaporizes said

flashed subcooled condensate (23).

24. The method of claim 1 wherein one of said cold process streams in step (b) is
provided by work expanding at least a portion of said light overhead product

from said one or more demethanizer columns.

25. The method of claim 1 wherein one of said cold process streams in step (b) is
provided by work expanding at least a portion of said light gas stream (3) from

said cold feed condensing zone (101).

26. The method of claim 1 wherein one of said cold process streams in step (b) is
selected from a hydrogen-rich vapor stream and one or more methane-rich -
streams which are obtained by further cooling and partially condensing at least

a portion of said light gas stream (3).

-

i



Substitute sheet - 4/3/97
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27. The method of claim 1 wherein said feed condensate (5) is subcooled to

between about -175°F and -225°F.
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