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from a natural gas stream containing at least one freezable component.

10 BACKGROUND OF THE INVENTION

Because of its clean burning qualities and convenience, natural gas has
become widely used in recent years. Many sources of natural gas are located in
remote areas, great distances from any commercial markets for the gas. Sometimes a
pipeline is available for transporting produced natural gas to a commercial market.

15  ‘When pipeline transportation is not feasible, produced natural gas is often processed
into liquefied natural gas (which is called “LNG”) for transport to market.

One of the distinguishing features of a LNG plant is the large capital
investment required for the piant. The equipment used to liquefy natural gas is
generally quite expensive. The liquefaction plant is made up of several basic systems,

20  including gas treatment to remove impurities, liquefaction, refrigeration, power
facilities, and storage and ship loading facilities. While the cost of LNG plant can
vary widely depending upon plant location, a typical conventional LNG project can
cost from U.S. $5 billion to U.S. $10 billion, including field development costs. The
plant’s refrigeration systems can account for up to 30 percent of the cost.

25 LNG refrigeration systems are expensive because so much refrigeration is
needed to liquefy natural gas. A typical natural gas stream enters a LNG plant at
pressures from about 4,830 kPa (700 psia) to about 7,600 kPa (1,100 psia) and
temperatures from about 20°C to about 40°C. Natural gas, which is predominantly
methane, cannot be liquefied by simply increasing the pressure, as is the case with

30  heavier hydrocarbons used for energy purposes. The critical temperature of methane
is —82.5°C. This means that methane can only be liquefied below that temperature
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sequentially passing the gas at an elevated pressure through a plurality of cooling
stages whereupon the gas is cooled to successively lower temperatures until the gas

10 liguefies. Conventional liquefaction cools the gas to a temperature of about ~160°C at
or near atmospheric pressure. Cooling is generally accomplished by heat exchange
with one or more refrigerants such as propane, propylene, ethane, ethylene, and
methane. Although many refrigeration cycles have been used to liquefy natural gas,
the three types most commonly used in LNG plants today are; (1) “cascade cycle”

15  which uses multiple single component refrigerants in heat exchangers arranged
progressively to reduce the temperature of the gas to a liquefaction temperature,
(2) “expander cycle” which expands gas from a high pressure to a low pressure with a
corresponding reduction in temperature, and (3) “multi-component refrigeration
cycle” which uses a multi-component refrigerant in specially designed exchangers.

20  Most natural gas liquefaction cycles use variations or combinations of these three
basic types.

In conventional LNG plants water, carbon dioxide, sulfur-containing
compounds, such as hydrogen sulfide and other acid gases, n-pentane and heavier
hydrocarbons, including benzene, must be substantially removed from the natural gas

25  processing, down to parts-per-million (ppm) levels. Some of these compounds will
freeze, causing plugging problems in the process equipment. Other compounds, such
as those containing sulfur, are typically removed to meet sales specifications. Ina
conventional LNG plant, gas treating equipment is required to remove the carbon
dioxide and acid gases. The gas treating equipment typically uses a chemical and/or

30 physical solvent regenerative process and requires a significant capital investment.

Also, the operating expenses are high. Dry bed dehydrators, such as molecular sieves,
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SUMMARY

The invention relates generally to a process for producing pressurized
15  liquefied natural gas (PLNG) in which the natural gas feed stream contains a freezable
component. The freezable component, although typically CO,, H,S or another acid
gas, can be any component that has the potential for forming solids in the separation
system.
In the process of this invention, a multi-component feed stream containing
20  methane and a freezable component having a relative volatility less than that of
methane is introduced into a separation system having a freezing section operating at
a pressure above about 1,380 kPa (200 psia) and under solids forming conditions for
the freezable component and a distillation section positioned below the freezing
section, The separation system, which contains a controlled freezing zone ("CFZ"),
25  produces a vapor stream rich in methane and a liquid stream rich in the freezable
component. At least a portion of the vapor stream is cooled to produce a liquefied
stream rich in methane having a temperature above about ~112°C (-170°F) and a
pressure sufficient for the liquid product to be at or below its bubble point. A first
portion of the liquefied stream is withdrawn from the process as a pressurized
30 liquefied product stream (PLNG). A second portion of the liquefied stream is



30 physi cal solvent regenerative process and requires a significant

capi fal investnent. Also, the operating expenses are high. Dry bed
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equi pnent constructed of alum num In addition, a |large portion of the .
nitrogen that my be 5 present in natural gas is renoved after processing
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conventional LNG and having nitrogen vapors in LNG containers at the point
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Heerr]S or a&%ﬁé‘&fnarﬁfyi lﬁlluid stream. A first portion of the liquid stream is fed as a reflux
stream to the separation system, thereby providing open-loop refrigeration to the
separation system, and a second portion of the liquid stream is withdrawn as a product
stream having a temperature above about —112°C (-170°F) and a pressure sufficient
10  for the liquid product to be at or below its bubble point.

In another embodiment, a vapor stream is withdrawn from an upper region of
the separation system and cooled by a closed-loop refrigeration system to liquefy the
methane-rich vapor stream to produce a liquid having a temperature above about
—112°C (-170°F) and a pressure sufficient for the liquid product to be at or below its

15 bubble point.

The method of the present invention can be used both for the initial
liquefaction of a natural gas at the source of supply for storage or transportation, and
to re-liquefy natural gas vapors given off during storage and ship loading.
Accordingly, an object of this invention is to provide an improved, integrated

20 liquefaction and CO; removal system for the liquefaction or reliquefaction of natural
gas with high CO, concentrations (greater than about 5%). Another object of this
invention is to provide an improved liquefaction system wherein substantially less
compression power is required than in prior art systems. A still further object of the
invention is to provide a more efficient liquefaction process by keeping the process

25  temperature for the entire process above about —112°C, thereby enabling the process
equipment to be made of less expensive materials than would be required in a
conventional LNG process that have at least part of the process operating at
temperatures down to about —160°C. The very low temperature refrigeration of
conventional LNG process is very expensive compared to the relatively mild

30  refrigeration needed in the production of PLNG in accordance with the practice of this

invention.
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Figure 1 is a schematic representation of a cryogenic, CFZ process generally
illustrating a closed-loop refrigeration cycle for producing pressurized liquefied
natural gas in accordance with the process of this invention.

Figure 2 is a schematic representation of a cryogenic, CFZ process generally

10 illustrating an open-loop refrigeration cycle for producing pressurized liquefied
natural gas in accordance with the process of this invention.

Figure 3 is a schematic representation of still another embodiment of the
present invention in which carbon dioxide and methane are distillatively separated in
a distillation column having a CFZ in which one overhead product stream is

15 pressurized liquefied natural gas and another overhead product stream is product sales
gas.

The flow diagrams illustrated in the Figures present various embodiments of
practicing the process of this invention. The Figures are not intended to exclude from
the scope of the invention other embodiments that are the result of normal and

20  expected modifications of these specific embodiments. Various required subsystems
such as pumps, valves, flow stream mixers, control systems, and sensors have been

deleted from the Figures for the purposes of simplicity and clarity of presentation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 The process of this invention distillatively separates in a separation system a
multi-component feed stream containing methane and at least one freezable
component having a relative volatility less than that .of methane, wherein the
separation system contains a controlled freezing zone ("CFZ"). The separation
system produces an overhead vapor stream enriched with methane and a bottoms

30  product enriched with the freezable component. At least part of the overhead vapor
stream is then liquefied to produce liquefied natural gas product having a temperature



separation systemand is conpressed to a higher pressure and cooled. The
cool ed, 5 conpressed streamis then expanded by an expansion neans to
produce a predomnantly liquid stream A first portion of the liquid stream
is fed as a reflux streamto the separation system thereby providing

open-| oop rewoisger7ed i on to the separation system and a seqgfissefphis on of
the liquid streamis withdrawn as a product streamhaving a tenperature
above about -112[err]C (-170[err]F) and a pressure sufficient 10 for the
liquid product to be at or below its bubble point. In another enbodi nent, a
vapor streamis withdrawn from an upper-®egion of the separation system and
cooled by a a}Posed | oo orefrl eration systemto |iquefy the nethane-rich
vapor stream Qi’eﬁP?}Hcré & (+17 )@nﬁaprepﬁyreaiuﬁ'@;ﬂ@éfoath;dqu?m@h ca‘,b(bgat et
-112[err]C a e ui roduc o]
be aE or] befg&@?&@ﬁt&k@bl% T&sg%%wt?il%f e %‘Bv”(S%?Q[IWéellb?sepggsﬁ eﬁventlon
can be used biquid namral g&se(“FIrN(ﬁ’i)alAnbﬁhmﬁmtaf mh@ﬁuﬁ;ﬂ@b&hﬁdlsﬂaﬁn :}t th? I
source of su thed Ol or, trans ortatlon and to re-liquefy natura
gas vapors g?é\}e © edﬁP?[ Wg?%éﬁaﬁf" M | oadi ng. Accordingly, an

obj ect of 5this |nwmﬁem@rbubsletpemp’rl@med@mﬁfhturmweﬁureIaﬂm@m aligla 20

l'i quefaction and err val temfor the liquefaction or
reliquefacti 8 ‘Bsftgqg &P g@g °¥/\Fxlaﬂpf? éﬁcm\‘qh}m% iselddihs (great er

than about SUrstanpeiae, Bl Singeldts kANl Mgl SBHRED, | TP 0ved

| i quefaction st em wher ei n _subst ant i al | ess conpression power is
regw red thal‘?%ér? begin & fogmin the PLNGs ﬂlAbBQEJl? pomtursmémly;niﬁjasmaumolume i nventi on

I's to provi defpLNBihid &t Ghei temlpBdff bt HRDrBLNE RT8RY, HRGRLAGe h1e Process
10 which gas begins to form defines the bubble point. At the bubble point, PLNG is
saturated liquid. It is preferred that the PLNG is not just condensed to its bubble
point, but further cooled to subcool the liquid. Subcooling the PLNG reduces the
amount of boil-off vapors during its storage, transportation and handling.

—

Prior to this invention, it was well understood by those skilled in the art that
15 CFZ could remove unwanted CO;. It was not appreciated that the CFZ process could
be integrated with a liquefaction process to produce PLNG.

The process of the present invention is more economic to use since the process
requires Jess power for liquefying the natural gas than processes used in the past and
the equipment used in the process of this invention can be made of less expensive

20  materials. By contrast, prior art processes that produce LNG at atmospheric pressures
having temperatures as low as —160°C require process equipment made of expensive
materials for safe operation.

In the practice of this invention, the energy needed for liquefying natural gas
containing significant concentrations of a freezable component such as CO, is greatly

25  reduced over energy requirements of a conventional process for producing LNG from
such natural gas. The reduction in necessary refrigeration energy required for the
process of the present invention results in a large reduction in capital costs,
proportionately lower operating expenses, and increased efficiency and reliability,
thus greatly enhancing the economics of producing liquefied natural gas,

30 At the operating preséures and temperatures of the present invention, about 3%

weight percent nickel can be used in piping and facilities in the coldest operating
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contamination. The raw natural gas feed stock suitable for the process of this

invention may comprise natural gas obtained from a crude oil well (associated gas) or

from a gas well (non-associated gas). The raw natural gas often contains water,
carbon dioxide, hydrogen sulfide, nitrogen, butane, hydrocarbons of six or more

10 carbon atoms, dirt, iron sulfide, wax, and crude oil. The solubilities of these
contaminants vary with temperature, pressure, and composition, At cryogenic
temperatures, CO,, water, and other contaminants can form solids, which can plug
flow passages in cryogenic heat exchangers. These potential difficulties can be
avoided by removing such contaminants if conditions within their pure component,

13 solid phase temperature-pressure phase boundaries are anticipated. In the following
description of the invention, it is assumed that the natural gas stream contains CO;. If
the natural gas stream contains heavy hydrocarbons which could freeze out during
liquefaction, these heavy hydrocarbons will be removed with the CO,.

One advantage of the present invention is that the warmer operating

20  temperatures enables the natural gas to have higher concentration levels of freezable
components than would be possible in a conventional LNG process. For example, in
a conventional LNG plant that produces LNG at —160°C, the CO, must be below
about 50 ppm to avoid freezing problems. In contrast, by keeping the process
temperatures above about —112°C, the natural gas can contain CO, at levels as high as

25  about 1.4 mole % CO, at temperatures of —112°C and about 4.2% at —-95°C without
causing freezing problems in the liquefaction process of this invention,

Additionally, moderate amounts of nitrogen in the natural gas need not be
removed in the process of this invention because nitrogen will remain in the liquid
phase with the liquefied hydrocarbons at the operating pressures and temperatures of

30  the present invention. The ability to reduce, or in some cases omit, the equipment

required for gas treating and nitrogen rejection provides significant technical and
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be pressurized by a snitable compression means (not shown), which may comprise
one or more compressors. In this description of the process of this invention, it is

10 assumed that the natural gas stream 10 has been suitably treated to remove water
using conventional and well known processes (not shown in Fig. 1) to produce a
“dry” natural gas stream.

Feed stream 10 is passed through cooler 30. The cooler 30 may comprise one

or more conventional heat exchangers that cool the natural gas stream to cryogenic

15  temperatures, preferably down to about —50°C to —70°C and more preferably to
temperatures just above the solidification temperature of CO2. The cooler 30 may
comprise one or more heat exchange systems cooled by conventional refrigeration
systems, one or more expansion means such as Joule-Thomson valves or
turboexpanders, one or more heat exchangers which use liquid from the lower section

20  ofthe fractionation column 31 as coolant, one or more heat exchangers that use the
bottoms product stream of column 31 as coolant, or any other suitable source of
cooling. The preferred cooling system will depend on the availability of refrigeration
cooling, space limitation, if any, and environmental and safety considerations. Those
skilled in the art can select a suitable cooling system taking into account the operating

25  circumstance of the liquefaction process.

The cooled stream 11 exiting the feed cooler 30 is conveyed into a
fractionation column 31 having a controlled freeze zone (“CFZ”), which is a special
section to handle solidification and melting of CO,. The CFZ section, which handles
solidification and melting of CO,, does not contain packing or trays like conventional

30 distillation columns, instead it contains one or more spray nozzles and a melting tray.

Solid CO; forms in the vapor space in the distillation column and falls into the liquid



-6- above about -112[err]C (-170[err]F) and a pressure sufficient for the

| iquid product to be at or belowits bubble point. This product is
sonetines referred to herein as pressurized |iquid natural gas ("PLNG').
Anot her portion of such liquefied overhead streamis returned to the
separation syebvmemas a reflux stream 5 The term Powiubésaspei nt" is
the tenperature and pressure at which a liquid begins to convert to gas.
For exanple, if a certain volume of PLNG is held at constant pressure, but
its tenperature is increased, the tenperature at which bubbles of gas begin
to formin the PLNGis the bubble point-9Sinilarly, if a certain volune of
PLNG is held at constant tenperature but the pressure is reduced, the

pressure at 9Wthe mglingfrayaSubsiaghially all of the selids diat fem arsronfingsidp thefdiznt . At the
not ] ust _coniiEngb SisEntn TR 9 4 Fonttoriofa AsFBIch SLbARIOH T ool the
liquid. SubcEBEisertion hrel prefhiBblyadotberdlistileicarsedtion abdveltis CEZsektiaapor s duri ng
L2, %0129, pLABRALAEG IR Lty Rl i b7, 1
unwant ed £J ert.r ExanipleswACFAdesigparedtiusatated it USt paténe nbihberp4,63%37%2; coul d be
present. | nveterbi SYEPEE sudhafh BRI Bl 1 The process Tequires | ess
power for |iquefyAm,iries siednti1Pexite te bblie oPEGRFFIE STHeSigaidibBtéte past and
e SO TNt 5% ek 1 LGRS SE i G TSI S GaIM 8, T2p of T ess
expensi ve
column 31 as reboiled vapor, The remaining portion (stream 13) leaves the process as
10 COq-rich product. A methane-rich stream 14 exits the top of column 31 and passes
through a heat exchanger 32 which is cooled by stream 17 that is connected to a
conventional closed-loop refrigeration system 33. A single, multi-component, or
cascade refrigeration system may be used. A cascade refrigeration system would
comprise at least two closed-loop refrigeration cycles. The closed-loop refrigeration
15 system may use as refrigerants methane, ethane, propane, butane, pentane, carbon
dioxide, hydrogen sulfide, and nitrogen. Preferably, the closed-loop refrigeration
system uses propane as the predominant refrigerant. Although Fig. 1 shows only one
heat exchanger 32, in the practice of this invention multiple heat exchangers may be
used to cool the vapor stream 14 in multiple stages. Heat exchanger 32 preferably
20  condenses substantially all of vapor stream 14 to a liquid. Stream 19 exiting the heat
exchanger has a temperature above about —112°C and a pressure sufficient for the
liquid product to be at or below its bubble point. A first portion of the liquid stream
19 is passed as stream 20 to a suitable storage means 34 such as a stationary storage
tank or a carrier such as a PLNG ship, truck, or railcar for containing the PLNG at a
25  temperature above about —112°C and a pressure sufficient for the liquid product to be
at or below its bubble point. A second portion of the liquid stream 19 is returned as
stream 21 to the separation column 31 to provide refrigeration to the separation
column 31. The relative proportions of streams 20 and 21 will depend on the
composition of the feed gas 10, operating conditions of the separation column 31, and
30  desired product specifications.



20 materials. By contrast, prior art processes that produce LNG at

at nospheri c pressures having tenperatures as low as -160[err]C require
process equi pnent made of expensive materials for safe operation. In the
practice of this invention, the energy needed for |iquefying natural gas
cont ai ni ng Sw@pé/dtresant concentrations of a freezabl e conpecEWSIsAEZA as
CJerr] is greatly 25 reduced over energy requirenents of a conventional
process for producing LNG from such natural gas. The reduction in necessary
refrigeration energy required for the process of the present invention
results in a large reduction in capitarlgosts proportionately | ower
operati ng expenses,. and i ncreased efficiency and e|labl|lté§ thus greatly

enhanci ng the ecofdhs ¥ a%ﬁ“b‘ﬁﬁ%?ﬁ‘w@n‘w § fdianefiednature) g, theys can At

the operatinge 95&@@%&%aaaedntto?mr@f’ume%ams&mrﬁ@w ?bﬂaﬁﬁfﬁf on, about
3[err] weight percent nickel can be used’in pipin acilities in the

col dest oper Hayefigd naturalzgas. Fhaprocess oftthémvm@efcam@nt@nalbrrrséreg@fy bojlreffeas t he
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to which the boil-off vapor is introduced. Depending on the pressure of the boil-off
vapor, the boil-off vapor may need to be pressure adjusted by one or more
compressors or expanders (not shown in the Figures) to match the pressure at the

10 point the boil-off vapor enters the liquefaction process.

A minor portion of the vapor stream 14 may optionally be removed from the
process as fuel (stream 15) to supply a portion of the power needed to drive
compressors and pumps in the liquefaction process. This fuel may optionally be used
as a refrigeration source to assist in cooling the feed stream 10.

15 Fig. 2 illustrates in schematic form another embodiment of this invention in
which open-loop refrigeration is used to provide refrigeration to the separation
column 51 and to produce PLNG. Referring to Fig, 2, a multi-component gas stream
50 containing methane and carbon dioxide that has been dehydrated and cooled by
any suitable source of cooling (not shown in Fig. 2) is fed into a CFZ column 51

20  which has essentially the same design as separation column 31 of Fig 1. This
embodiment effectively manages the potential for the formation of solids in the
liguefaction process by feeding stream 64 directly into CFZ column 51.

The temperature of the gas fed into CFZ column 51 is preferably above the
CO; solidification temperature. A methane-enriched vapor stream 52 exits the

25  overhead of CFZ column 51 and a carbon dioxide-enriched stream 53 exits the bottom
of CFZ column 51. The liquid bottom product is héated in a reboiler 65 and a pottion
is returned to the lower section of the CFZ column 51 as reboiled vapor. The
remaining portion (stream 54) leaves the process as CO,-rich liquid product.

' A first portion of the overhead stream 52 is refluxed back to the CFZ column

30 51 as stream 64 to provide open-loop refrigeration to the CFZ column 51. A second
portion of the overhead stream 52 is withdrawn (stream 63) as a PLNG product



contam nation. The raw natural gas feed stock suitable for the process of
this invention may conprise natural gas obtained froma crude oil well
(associ ated gas) or froma gas well (non-associated gas). The raw natural
gas often contains water, carbon dioxide, hydrogen sulfide, nitrogen,

but ane, hydrWe&8%aes of six or nore 10 carbon atons, di rdcruss®sul fide,
wax, and crude oil. The solubilities of these contam nants vary with
tenperature, pressure, and conposition. At cryogenic tenperatures, CJerr],
wat er, and other contam nants can form solids, which can plug flom1passages
in cryogeni c heat exchangers. These potéhtial difficulties can be avoi ded
by rennving uch@gontan1 nts if coggltlons within their pure conmponent, 15

sol i d phase 1 & PFPure et dsat op nedn the opHatingParssure ofthe CEAcriamsslaad | n t he

fol I ow ng deﬁ%‘"arté araareqsmkfasoatu\rmlcorm Aﬁu@g SHOPSE thO6N, erﬁeﬁ& natural gas
stream cont ai ns err]. the natural ‘gas stream contalns heavy

hydr ocar bonsStgRmcR mmmonaﬂeézmtbimwm (strieany 59)i fornesk acdales igas ériferler heavy

hydr ocar bonsp % be renoved with the CJerr]. One advantage of the present
i nvention is the warner operating 20 tenperatures enables the natural
gas to have h| ghe'l’heqmmmpdtcompmntsIoﬁamhﬂoo}:frefrirgaﬁﬁ@ﬁh@m@aﬁmmﬂéﬁts t han woul d

be possible | a. conventional LNG process. F exa I n a canventi onal
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t he Ilquefactlon process of this invention.
64) of the cooled, expanded stream to the CFZ column 51. Refluxing part of the

overhead stream 52 by this process provides open-loop refrigeration to CFZ column
51. Stream 60 is preferably cooled by heat exchanger 55 which also warms the
overhead stream 52. The pressure of stream 64 is preferably controlled by regulating
the amount of compression produced by compressor 57 to ensure that the fluid
15  pressures of streams 60, 61, and 64 are high enough to prevent formation of solids.
Returning at least part of the overhead vapor stream 52 to the upper portion of columa
51 as liquid, condensed by open-loop refrigeration, also provides reflux to column 51.
CFZ column 51 has a conventional distillation section below the CFZ section
and potentially another distillation section above the CFZ section. The CFZ section
20 handles any formation and melting of CO; solids. During start-up, all of stream 64
may be diverted directly to the CFZ section. As stream 64 becomes leaner in the
solids formers, more of stream 64 can be fed to the distillation section of the column
above the CFZ section.
Fig. 3 illustrates in schematic form another embodiment of this invention in
25  which the process of this invention produces both PLNG and sales gas as product
streams. In this embodiment, the overhead product streams are 50% PLNG
(stream 126) and 50% sales gas (stream 110). However, additional PLNG, up to
100%, can be produced by providing additional cooling from either heat exchange
with colder fluids or additional pressure drop at the expander through the instatlation
30 ofadditional compression and after-coolers. Likewise, less PLNG can be produced

by providing less cooling.



Addi tionally, noderate amounts of nitrogen in the natural gas need not be
he process of this invention because nitrogen will remain in
the liquid phase with the |iquefied hydrocarbons at the operating pressures
ures of 30 the present invention. The ability to reduce, or
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required for gas treati ROT/H828/18338 r ogen

rejection provides significant technical and - 8- econom c advant ages.
These and ot her advantages of the invention will be better understood by
referring to the liquefaction process illustrated in the Figures. Referring

to Fig. 1, a natural gas feed stream 10 IZnters the system at- a pressure
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separates the feed into a methane-enriched vapor overhead product and a carbon

dioxide-enriched liquid bottoms product. Inthe practice of this invention, distillation
column 190 has at least two, and preferably three, distinct sections: a distillation
section 193, a controlled freeze zone (CFZ) 192 above the distillation section 193, and
optionally an upper distillation section 191.

In this example, the tower feed is introduced into the upper part of the
distillation section 193 through stream 105 where it undergoes typical distillation.
The distillation sections 191 and 193 contain trays and/or packing and provide the
necessary contact between liquids failing downward and vapors rising upward. The
lighter vapors leave distillation section 193 and enter the controlled freezing zone
192. Once in the controlled freezing zone 192, the vapors contact liquid (sprayed
freezing zone liquid reflux) emanating from nozzles or spray jet assemblies 194. The
vapors then continue up through the upper distillation section 191. For effective
separation of CO, from the natural gas stream in column 190, refrigeration is required
to provide liquid traffic in the upper sections of the column 190, In the practice of
this embodiment, the refrigeration to the upper portion of column 190 is supplied by
open-loop refrigeration.

In the embodiment of Fig, 3, the incoming feed gas is divided into two
streams: stream 102 and stream 103. Stream 102 is cooled in one or more heat
exchangers. In this example, three heat exchangers 130, 131, 132 are used to cool
stream 102 and to serve as reboilers to provide heat to the distillation section 193 of
column 190. Stream 103 is cooled by one or more heat exchangers that are in heat
exchange with one of the bottom product streams of column 190. Fig. 3 shows two
heat exchangers 133 and 141 which warm bottoms products leaving the column 190.

However, the number of heat exchangers for providing the feed stream cooling



Feed stream 10 is passed through cooler 30. The cooler 30 may conprise one
or nore conventional heat exchangers that cool the natural gas streamto
cryogenic 15 tenperatures, preferably down to about -50[err]Cto -70[err]C
and nore preferably to tenperatures just above the solidification
tenperat ure whos@ywsrr]. The cool er 30 nay conpri se one or paOUSSNERS
exchange systens cool ed by conventional refrigeration systens, one or nore
expansi on neans such as Joul e- Thonson val ves or turboexpanders, one or nore
heat exchangers which use liquid fromthe | ower section 20 of the
fractionation colum 31 as cool ant, oneldbr nore heat exchangers that use
the bottons product re m of colu 3l.a coogmant or .any other suitable
source of cdBTigeywil w@ﬁfeg%?f E‘Vglge t%qum‘EP@ﬁ%dﬂeﬁcﬁ?sthe
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approximately the operatmg pressure of the separation column 190. Alternatively, a

10 turboexpander can be used in place of the Joule-Thomson valve 150. The flash
expansion through valve 150 produces a cold-expanded stream 105 which is directed
to the upper part of the distillation section 193 at a point where the temperature is
preferably high enough to avoid freezing of CO;.

Overhead vapor stream 106 from the separation colurnn 190 passes through

15  heat exchanger 145 which warms vapor stream 106. The warmed vapor stream
(stream 107) is recompressed by single-stage compression or a multi-stage
compressor train. In this example, stream 107 passes successively through two
conventional compressors 160 and 161. After each compression step, stream 107 is
cooled by after-coolers 138 and 139, preferably using ambient air or water as the

20  cooling medium. The compression and cooling of stream 107 produces a gas which
can be used for sale to a natural gas pipeline or further processing. The compression
of vapor stream 107 will usually be to at least a pressure that meets pipeline
requirements.

A portion of stream 107 after passing through compressor 160 may optionally

25  be withdrawn (stream 128) for use as fuel for the gas processing plant. Another
portion of stream 107 after passing through after-cooler 139 is withdrawn
(stream 110) as sales gas. The remaining part of stream 107 is passed as stream 108
to heat exchangers 140, 136 and 137. Stream 108 is cooled in heat exchangers 136
and 137 with cold fluids from stream 124 exiting the bottom of column 190. Stream

30 108 is then cooled further in heat exchanger 145 by heat exchange with overhead

vapor stream 106, resulting in warming of stream 106. Stream 108 is then pressure



-9- on the nelting tray. Substantially all of the solids that formare
confined to the CFZ section. The distillation colum 31 has a conventi onal
distillation section below the CFZ section and preferably another
distillation section above the CFZ section. Design and operation of a
fractionati swwoomdiggn 31 are known to those skill'ed i n thepbruseris2sz Exanpl es
of CFZ designs are illustrated in U S. patent nunbers 4,533,372; 4,923, 493;
5,062, 270; 5,120,338; and 5,265,428. A CJerr]-rich stream 12 exits the.
bottom of colum 31. The liquid bottom product is heated in a reboiler 35
and a portion is returned to the | ower-8ettion of colum 31 as reboiled
vapor. The remaining portion (stream 13) | eaves the Process as 10
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and passes 45 ggiic phafire SAGHAODD, BReatl WinkiphAObRYoRIn T fiffad 7 that is -

connected to a conventional closed-loop refrigeration system 33. A single,
mul t i - conponANG penduetdsirsaid 26)4t miteseneratyre Abayy sbantr-hiyC ped apressureA cascade
refrigeratio ¥l | A : P .Lefrigeration
cycles. The écﬁogégﬂc??‘mdop ref(?l geragﬁqgﬁ}afég sygéc}é\%n%ﬁg’édegg&?é rigerants
met hane, %t histream pHo%) puters sepacatiam eolupe 190 riBhe disekdogaprelisareiofle, hydr ogen

Ul {1, a8 s SRITAER o PR B 0, S
heat exchangpressdr, droplackdss thieleRpantierd 5® brovidessulffivienn tooding b0 krishrp titat heat
oo S 3 Dstsams 40540 128 afe predomiantly iuid Snrlched i methane. Tn ordeFto °* 29°°- Fe!
exchanger 32 #dy1 p y 1q
produce additional PLNG (stream 126), additional compression can be installed after
10  compressor 160 and before heat exchanger 136. To start up the process, stream 109 is
preferably fed through stream 109A and sprayed directly into the CFZ section 192
through spray nozzle 194. After process start up, stream 109 may be fed (stream
109B) to the upper section 191 of the separation column 190.
A COq-enriched liquid product stream 115 exits the bottom of column 190.
15  Stream 115 is divided into two portions, stream 116 and stream 117. Stream 116
passes through an appropriate expansion device, such as Joule-Thomson valve 153, to
a lower pressure, Stream 124 that exits valve 153 is then warmed in heat exchanger
136 and stream 124 passes through another Joule-Thomson valve 154 and still another
heat exchanger 137, The resulting stream 125 is then merged with vapor stream 120
20  from separator 181.
Stream 117 is expanded by an appropriate expansion device such as expansion
valve 151 and passed through heat exchanger 133 thereby cooling feed stream 103.
Stream 117 is then directed to separator 180, a conventional gas-liquid separation
device. Vapor from separator 180 (stream 118) passes through one or more
25  compressors and high pressure pumps to boost the pressure. Fig. 3 shows a series of
two compressors 164 and 165 and pump 166 with conventional coolers 143 and 144.
Product stream 122 leaving pump 166 in the series has a pressure and temperature
suitable for injection into a subterranean formation.
Liquid products exiting separator 180 through stream 119 are passed through an
30 expansion device such as expansion valve 152 and then passed through heat
exchanger 141 which is in heat exchange relationship with feed stream 103, thereby



20 condenses substantially all of vapor stream 14 to a liquid. Stream 19
exiting the heat exchanger has a tenperature above about -112[err]C and a
pressure sufficient for the liquid product to be at or below its bubble
point. Afirst portion of the liquid stream 19 is passed as stream 20 to a
sui t abl e st wos@iT®eans 34 such as a stationary storage tap&T/OS98A4326AIT I er
such as a PLNG ship, truck, or railcar for containing the PLNG at a 25

t enperature above about -112[err]C and a pressure sufficient for the liguid
product to be at or below its bubble point. A second portion of the liquid
stream 19 is returned as stream?21 to tH%‘separation colum 31 to provide

refrigeration to the aratlon colum_31. The re] ative proportions of
streams 20 3220%“5 éﬁéﬂﬁ'ﬁ 103 Sﬁfﬁ@n&%@w@rrsﬂe%wwqréé fas 10,

operating C%ﬂirénh@ﬁﬁg&f-hqﬁﬁ&e RoF dviceNVasri i 3dparafs?d 8 Blre padddi r ed product
speci fications. In the storage,” transportation, and handl i ng of
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be |ntroduced 0 va d’i{(}\ééllbpri or to cooling by heat exchanger 32. The
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boi | - of f vap58 g}c}n e at or near the pressure of the vapor
stream 14 Although the separation systems illustrated in Figs. 1- 3 have only one

distillation column (column 31 of Fig. 1, column 51 of Fig. 2, and column 190 of

Fig. 3), the separation systems of this invention can comprise two or more distillation

10 columns. For example, to reduce the height of column 190 of Fig. 3, it may be
desirable to split column 190 into two or more columns (not shown in the figures).
The first column contains two sections, a distillation section and a controlled freeze
zone above the distillation section, and the second column contains one distillation
section, which performs the same function as section 191 in Fig. 3. A multi-

15 component feed stream is fed to the first distillation column. The liquid bottoms of
the second column is fed to the freezing zone of the first column. The vapor overhead
of the first column is fed to the lower region of the second column. The second
column has the same open-loop refrigeration cycle as that shown in Fig. 3 for
column 190. A vapor stream from the second distillation column is withdrawn,

20  cooled, and a portion thereof refluxed to the upper region of the second separation

column.

Examples
Simulated mass and energy balances were carried out to illustrate the
embodiments shown in Fig. 1 and Fig. 3, and the results are shown in Tables 1 and 2
25  below, respectively. For the data presented in Table 1, it was assumed that the
overhead product stream was 100% PLNG (stream 20 of Fig. 1) and the reftigeration
system was a cascaded propane-ethylene system. For the data presented in Table 2, it
was assumed that the overhead product streams were 50% PLNG (stream 126 of
Fig. 3) and 50% sales gas (stream 110 of Fig. 3).
30 The data were obtained using a2 commercially available process simulation
program called HYSYS™ (available from Hyprotech Ltd. of Calgary, Canada);



to which the boil-off vapor is introduced. Depending on the pressure of the
boi |l -of f vapor, the boil-off vapor may need to be pressure adjusted by one
or nore conpressors or expanders (not shown in the Figures) to match the
pressure at the 10 point the boil-off vapor enters the |iquefaction
process. A waegnipisrti on of the vapor stream 14 may opti okariugesiiazisenoved
fromthe process as fuel (stream 15) to supply a portion of the power
needed to drive conpressors and punps in the |iquefaction process. This.
fuel may optionally be used as a refrigeration source to assist in cooling
the feed stream 10. 15 Fig. 2 flfustrates in schematic form anot her

enbodi nent ofthis invention.in whi open-|loqp.refrigeration i.s used to
r ovi o ef ROyiE PO DA DA et Ao Progn Gn JF Beide  PLNG

Referring t_()dé%'bﬁgtl%daﬁ, Meulling ERRAAROHYSEAMSPROA™ A3 LSPHENI i ng net hane and
carbon di oxi de that has been dehydrated and cool ed by any suitable source

of cooling (PUS¥vwhigh arefamilépr tpthosef brdihaiyskdl ia tierRn. Qe data pieger@@lin whi ch has

essentially th ane dgsi as .separatign col.u 1 of Fig. 1. This
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The tenperatyre of the gas_fed into CFZ coluym 51 is preferably above the
Ccerr] soli ﬁf‘ﬂe@a?rﬁfaf?se RV FAies2Ee nohtq Rergensidered as ligptaton 4BeR thet r eam 52

exits the 25ipveiof WhRAta® havemtant Qribibnsid téhifidraturesiint ABwihteXindfeve s | Ched
stream 53 exits the bottom of Z colum 51I. The liquid bottom product is

heated in a Hepesehiags lBimnd a portion is returned to the |ower section of
the CFZ col um S1ARS44ERAH dr6sy @RPation MR done using the basic flow scheme shown

10 inFig. 1 (using the same feed stream composition and temperature as used to obtain
the data in Table 1) to produce conventional LNG at near atmospheric pressure and a
temperature of —161°C (-258°F). The CFZ/conventional LNG process requires
significantly more refrigeration than the CEZ/PLNG process depicted in Fig. 1. To
obtain the refrigeration required to produce LNG at a temperature of -161°C, the

15 refrigeration system must be expanded from a propane/ethylene cascade system to a
propane/ethylene/methane cascade system. Additionally, stream 20 would need to be
further cooled using the methane and the product pressure would need to be dropped
using a liquid expander or Joule-Thomson valve to produce a LNG product at or near
atmospheric pressure. Because of the lower temperatures, the CO; in the LNG must

20  beremoved to about 50 ppm to avoid operational problems associated with freezing
of CO, in the process instead of 2% CO, as in the CFZ/PLNG process depicted in
Fig. 1.

Table 3 shows a comparison of the refrigerant compression requirements for
. the conventional LNG process and the PLNG process described in simulation

25  example of the foregoing paragraph. As shown in Table 3, the total required
refrigerant compression power was 67% higher to produce conventional LNG than to
produce PLNG in accordance with the practice of this invention.

A person skilled in the art, particularly one having the benefit of the teachings
of this patent, will recognize many modifications and variations to the specific

30 processes disclosed above. For example, a variety of temperatures and pressures may

be used in accordance with the invention, depending on the overall design of the



remai ning portion (stream 54) |eaves the process as CJerr]-rich liquid
product. A first portion of the overhead stream 52 is refluxed back to the
CFZ colum 30 51 as stream 64 to provide open-loop refrigeration to the
CFZ colum 51. A second portion of the overhead stream 52 is w thdrawn
(stream 63) weemIsNG pr oduct - 11 - stream at a presseceUs#3AB238S at or
near the operating pressure of the CFZ colum 51 and at a tenperature above
about -112[err]C (-170[err]F). Athird portion of the overhead stream 52
may optionally be withdrawn (stream 59) for use as sales gas or further
processed. 5 The princi pal conpb?fems of open-loop refrigeration in

this enbodi nent conprise coQupressi b ne or re c ressors 57 the
over head st r¥# icPinH%S“E%é’%g*t‘}ﬂQ ga%{h‘glsﬁlgff_égﬂp ORPS RIS t he
conpr essed pleMe@BEordbconBiited QPR dnhe Hrfall dafigRteqhibd®dntstar t of the
cool ed gas (stream 61) to one or nore expansi on neans 62 to decrease the

pressure of 2chieveaptingim endhafficient bent exrbpogeirequigpments etiditipnally; getaion (st ream 10

64) of the 2 : | mﬁgg@g {ng part of
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21)?1 Crorl og L r?glgé%r'c N ?% g?stcés%id‘&b%@e, thedfechicaRy HiEdosel edbdiRtisdshd S Preferably
examples should not be used to limit or restrict the scope of the invention, which is to

be determined by the claims below and their equivalents.
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t he amount of conpression produced by conpressor 57 to ensure that the
fluid 15 pressures of streans 60, 61, and 64 are hi gh enough to prevent
formati on of solids. Returning at |east part of the overhead vapor stream
52 to the upper portion of colum 51 as |liquid, condensed by open-I|oop
refrigerati owO9%0Y06 provi des reflux to colum 51. CFZ col urorrisbsdmss a
conventional distillation section belowthe CFZ section and potentially
another distillation section above the CFZ section. The CFZ section 20 _
handl es any formation and nelting of err] solids. During start-up, al
of stream 64 may be diverted directly t'®the CFZ section. As stream 64
becones |l eaner in the solids forners, nore of stream 64 can be fed to the
distillation section of the colum above the CFZ section. Fig. 3
illustrates in schematic form another enbodinent of this invention in 25
which the process of thsdawentdensproduces both PLNG and sal es gas as
product streans. In th &{ouPRB S 5§ he over head product streans are 50%
PLNG (stream 126) and 50% sal es gas (stream 110). However, additional PLNG
up to 100% can be prpdyiced by providing additional cooling from either

heat exchange mﬁth(ugckr fluids or additional pressure drop at the
N o . . «
expander through the Tost ATHFP{/IRI of additional conpression and
after-cool ers. Likewisé’1 Fes<$ PLNG can be produced by providing | ess
cool i ng.
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-12- Referring to Fig. 3, it is assuned that natural gas feed stream 101
contains over 5 nmole % CJerr] and is virtually free of water to prevent
freeze-ups and hydrate formation fromoccurring in the process. After
dehydration, the feed streamis cool ed, depressurized, and fed to
distillati onwoebaors 190 operating at a pressure in the ranganixesnsass from
about 1,379 kPa (200 psia) to about 4,482 kPa (650 psia). The distillation
colum 190, which has a CFZ section simlar to separation colum 31 of Fig.
1, separates the feed into a nethane-enriched vapor overhead product and a
car bon di oxi de-enriched |iquid bottoms ¥roduct. In the practice of this

I nvention, distillation colum 190 has at | east two, and preferably three,
di stinct sections: ayi s idhd bWold o o6 bWwnlIR wd KA 8l I ed freeze
zone (CFZ) 192 abovedhe- distt +lab o eeehen-ap%galmdvouptdonally an upper
distillation section 191. In this exanple, the tower feed is introduced
into the upper part efl the disiigEIDR rSeokinog o Wstdraughest ream 105
where it undergoes t y@)i AP @isei g@g@&om @lPseid P& PoR BEctions 191 and
193 contain trays and/lor packi n and gpeovi de the 15 o necesdary contact
between liquids falligg downvvar q;ls vapors risi n%eupward The lighter

vapors | eave distill &ji Qg\&g@ Y| ggnd,_eﬁtf’e'gg °<§Jﬁt?_ ed freezing
zone 192. Once in the|cMYVIY &P AREPng zone 192, the v&p@rs cont act

liquid (sprayed freezing, o0& Ligy dd §d W) & ng f nozzl es or
spray jet assenblies?®94 cldies Baper< « Heb LERB %ggp“?%é%h t he upper
distillation sectl(ﬁ 191. For effective 20 separation of CJerr] fromthe
nat ural gas st reamgla cal unm 190, el LgRiRhidn b & HaIW &l

NO{O@OO
OO~

Cc
1.
1.
1.
1.
1.
0.
0.
0.
0.
0.
6.
6.
6.
6.
5.
7.
B.

7
7
7
7

400] 7

----------------------

Total Flow

----------------------

°F |g-moles/hr b-moles/hr
850
731
119
942
850
116
116
723
008
715
741
532
209
727
482

Temperature
°C

psia
981
981
981
971
400
400
370
440
400
440
400
400
400
270
270

Pressure

Vapor/Liquid

101{Vapor
102|Vapor
103{Vapor
104|Vapor/Liquid
105|Vapor/Liquid
106{Vapor
107{Vapor
108|Vapor
109|Liquid
110|Vapor
115]Liquid
116|Liquid
117|Liquid
118|Vapor
119|Liquid
120|Vapor
121|Liquid
122}Liquid
123{Vapor
124|Vapor/Liquid
125{Vapor
126]Liquid
128|Vapor

Table 2 - Integrated CFZ/PLNG with open-loop refrigeration
k
H
s

Stream|Phase



to provide liquid traffic in the upper sections of the colum 190. In the
practice of this enbodi nent, the refrigeration to the upper portion of
colum 190 is supplied by open-loop refrigeration. In the enbodi mnent of
Fig. 3, the incomng feed gas is divided into two 25 streans: stream 102
and stream h93g9dittdecam 102 i s cooled in one or nore heat exrwssspezs. In
this exanple, three heat exchangers 130, 131, 132 are used to cool stream
102 and to serve as reboilers to provide heat to the distillation sectian
193 of columm 190. Stream 103 is cooled by one or nore heat exchangers that
are in heat exchange with one of the bd&®tom product streams of col urm 190.
Fig. 3 shows two 30 heat exchangers 133 and 141 whi ch warm bott ons
products | eaving the colum 190. However, the nunmber of heat exchangers for
provi ding the feed m“n%§ — 13-xservices will depend on a nunber
of factors including, b notdIqim.techto, Hnlet gas flowrate, inlet gas
conposition, feed tenper@ture 2R h&t exchange requirenents. Optionally,
al t hough not shown in Fi 3, feed stream 101 may be cool ed by a process

streamexiting the top & colum 190. As another option, the feed stream
101 may be 5 cool ed at | easf, Q%ti@lly by conventional refrigeration
systens, such as cld§ed<$oop sigg e gonporgnt or nulti-conponent
refrigeration systeng: 05. o9 g =
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Streans 102 and 103 are reconbi ned and the conbined streamis passed

t hrough an appropri ate expansi on neans, such as Joul e-Thonson val ve 150, to
approxi mately the operating pressure of the separation colum 190.
Alternatively, a 10 turboexpander can be used in place of the

Joul e- Thonsowowabares 150. The fl ash expansi on through val veeckafopreaduces a
col d- expanded stream 105 which is directed to the upper part of the
distillation section 193 at a point where the tenperature is preferably.

hi gh enough to avoid freezing of CJerr]. Overhead vapor stream 106 from

t he separation colum 190 passes throu& -15 heat exchanger 145 which

war ns vapor r{aarrhloa. The warnmed vapor stream (stream 107) is
reconpressed% §9 fo‘@-%’t age conpression or a nulti-stage conpressor train.

In this exanple, stream 107 passes succgssively through two conventi onal
conpressors 160 a (?“fé?.f°wr?4g‘\m5£5°ﬁ5“5‘6ﬁ&%i‘@ﬁng‘F@ﬁ'?e PPEAMT07 i s cool ed

by after-cool ers dopponditd febd Strealtl hRIMY tethiine A8 AFRZEE céthfonlht a@ber as the
20 cool i ng nmedium The conpression and cooling of stream 107 produces a

gas whi ch can be H&ive wlatdity less thanthatof metheney sempsisingl i ne or furt her
pr ocessi ng. The conpression of vapor stream 107 wi|l usually be to at |east
a pressuré that ntbts irqseping themattirrompanautdeed Atrpam intonseparation ystem107 af t er

passi ng through conprqﬁ%g%ﬁh@&- ctiloneadl ”)‘Fﬁ?ﬁ“@ﬁ’%mﬁ{? (stream

128) for use as fuel for e gas processing p Anot her parti on of
stream 107 after passikig@0rpse)indamtersolidsdbraingl @aditionsAiot thel frmemablest r eam 110)

as sales gas. The remaping. Palls isid:SaMoh BsilishoR BASG et cam 108

section, said separation system producing a vapor stream rich in

10 methane and a liquid stream rich in the freezable component;

(b)  cooling at least a portion of said vapor stream to produce a liquefied
stream rich in methane having a temperature above about —112°C
(-170°F) and a pressure sufficient for the liquid product to be at or
below its bubble point;

15 (¢)  withdrawing a first portion of the liquefied stream of step (b) as a

liquefied product stream rich in methane; and

(d  introducing a second portion of the liquefied stream of step (b) to said

separation system to provide refrigeration to said separation system.

20 2. The process of claim 1 further comprising introducing the liquefied product

stream to a storage means for storage at a temperature above —112°C

(~170°F).

3. The process of claim 1 wherein the cooling step (b) further comprises the steps
25 of compressing said vapor stream to a high pressure stream, cooling at least a
portion of said compressed stream in a heat exchanger, and expanding the
cooled, compressed stream to a lower pressure whereby the compressed

stream is further cooled to produce a liquefied stream rich in methane having a

—_—
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to heat exchangers 140, 136 and 137. Stream 108 is cool ed in heat
exchangers 136 and 137 with cold fluids fromstream 124 exiting the bottom
of cotumm 190. Stream 30 108 is then cooled further in heat exchanger 145
by heat exchange wi th overhead vapor stream 106, resulting in warm ng of
stream 106. wbreemel08 is then pressure - 14- "expanded gesrsos/espgar opri at e
expansi on devi ce, such as expander 158 to approxi mately the operating
pressure of columm 190. Stream 108 then splits, one portion is passed as
PLNG product (stream 126) at a tenperature above about -112[err]C and a
pressure above about 1,380 kPa (200 psika&) for storage ortransportation. The
ot her portion 5 (stream 109) enters separation colum 190. The di scharge
pressure of conpriéspeatugesboyesabpuigl Gt {AFand @ peassuge pifdeientfar thhat i s hi gh

enough so that Fhﬁq@%ﬁrﬁﬁﬁ&%ﬁr grb%fb%§ssw§)ﬁ§8§i>ﬁpander 158 provi des

sufficient cooling ensure that streans and 126 are predom nantly
liquid enriched in nethane. In order to produce additional PLNG (stream

126), additignal ressipon.cgn.be.installed.after 10 conpressor 160 and
bef ore heat ><chaﬁ6e °T§%9f0°?“8"§t"é{ﬁe“&§e ﬁ{)él%%@%gg@p@%ﬁ%%@ s
preferably fed thieatigiehsigeinby HaRést hentl exchiriy Sthdhd Wpbe drehm bPstb@) CFZ
section 192 through spray nozzle 194. After process start up, stream 109

may be fed (stream 109B) to the upper section 191 of the separation col umm
190. 5. The process of claim 3 further comprises cooling the liquid stream produced

by said separation system by pressure expansion and using the expanded,
cooled liquid stream to cool by indirect heat exchange the compressed stream.

10

6. The process of claim 3 further comprises regulating the pressure of the

compressed stream and the pressure of the expanded stream to prevent
formation of solids in the second portion of the liquefied stream introduced to
the separation system.

15

7. The process of claim 1 wherein said separation system of step (a) comprises a

first distillation column and a second distillation column, said first distillation
column comprising a distillation section and a freezing zone above the
distillation section, said second distillation column comprising a distillation

20 section, further comprising the steps of introducing said multi-component feed
stream of step (a) into said first distillation column, feeding a vapor overhead
stream from said freezing zone to a lower region of the second distillation
column, withdrawing a vapor stream from the second distillation column and
cooling said vapor stream in accordance with step (b), feeding the second

25 portion of the liquefied stream of step (d) to the upper region of said second
separation column, withdrawing a liquid bottom stream from said second
distillation column, and feeding the liquid bottom stream to said freezing zone

of said first distillation column,

30 8. The process of claim 1 in which the separation system comprises a first

distillation section, a second distillation section below the first distillation

R, O R



A CO2-enriched liquid product stream 115 exits the bottom of colum 190. 15
Stream 115 is divided into two portions, stream 116 and stream 117. Stream
116 passes through an appropri ate expansi on device, such as Joul e- Thonmson
valve 153, to a |l ower pressure. Stream 124 that exits valve 153 is then

war med i n heghog@h@nger 136 and stream 124 passes thr oughrcansvéinnss
Joul e- Thonson val ve 154 and still another heat exchanger 137. The resulting

stream 125 is then nerged with vapor stream 120 20 fromseparator 181..
Stream 117 i s expanded by an appropriate expansi on device such as expansion
val ve 151 and passed through heat exch&@dger 133 thereby cooling feed stream
103. Stream 117 is then directed to separator 180, a conventional

gas- i qui d separ asectien, ded/s freezingzpee betwasathedisstand the sacgnd distillatigm 118) passes

t hrough one or noge,. elapy ' é*ééﬁ :0 boost the
pressure. Fig. 3 ée%%ég"ghegeri §§§%ﬁa?ﬁggg%?e?§§§§ 1 og#gpgdgt%@and punp 166
wi t h convent i onal introdiced © thelfirshdighillbtidn seBtimduct stream 122 | eavi ng punp 166

in the series has a pressure and tenperature suitable for injection into a
subt erranean formation. Liquid products exiting separator 180 through

stream 119 ame payheprotdds olgdimarwhbpein the xpsliagiod suidiesporareamddstas(bdispansi on
val ve 152 and then_passed_throygh hea xchan 141 .which is in heat
exchange rel ati ongﬁ?c&dd]‘?ﬁeqt@’é‘g‘g%ﬁef %‘%%Eﬁdi’@s‘,c?‘lsgfg'{o%v 1geration syster.

10.  The process of claim 9 wherein the closed-loop refrigeration system has
propane as the predominant refrigerant.
10
11.  The process of claim 9 wherein the closed-loop refrigeration system has a
refrigerant comprising methane, ethane, propane, butane, pentane, carbon

dioxide, hydrogen sulfide, and nitrogen.

15 12.  The process of claim 1 further comprises, prior to step (b), passing to said
process boil-off gas resulting from evaporation of liquefied gas rich in

methane,

13.  The process of claim 1 wherein the liquefaction of the gas stream is performed

20 using two closed-loop reftigeration cycles in cascade arrangement.

14,  The process of claim 1 wherein the multi-component gas stream of step (b)
has a pressure above 3,100 kPa (450 psia).

25 15.  The process of claim 1 wherein the freezable component is carbon dioxide.

16.  The process of claim 1 wherein the cooling step (b) further comprises the steps
of compressing said vapor stream to a compressed stream, cooling at least a
portion of said compressed stream in a heat exchanger, withdrawing a first
30 portion of the cooled compressed stream as a product gas stream, and

expanding a second portion of the cooled compressed stream to a lower

R A



- 15- further cooling feed stream 103. Stream 119 is then directed to
separator 181, a conventional gas-liquid separator device. Vapors from
separator 181 are passed (stream 120) to a conpressor 163 followed by a
conventional after-cooler 142. Stream 120 is then nerged with stream 118.
Any condensaivp 99)ires abl e in stream 121 5 may be recover eebiaysosnmassent i onal
flash or stabilization processes, and then may be sold, incinerated, or
used for fuel. Although the separation systens illustrated in Figs. 1-3.
have only one distillation colum (colum 31 of Fig. 1, colum 51 of Fig.
2, and colum 190 of Fig. 3), the separt-ion systens of this invention can
conprise two or nore distillation 10 colums. For exanple, to reduce the
hei ght of col unm possuesf wieirepy th campressed streangjisSurthebeasleddo sfadpee a0l urm 190

into two or nore 0 | f L [ ${r060] UM
contains two sect ﬁgéleg}@gn%‘?’sréﬁhﬁﬁgﬁﬁ%a?gggiaé%n%aé%agﬁga%oﬁtg?%‘tI thc% ?r eeze zone
above the distill at170%F) 34 pressureanfficiehtfos the digsld paiducto bodttonbelowase
distillation section, which perforns the sane function as section 191 in
Fig. 3. Anulti- Pabblepditiponent feed streamis fed to the first
distillatison colum. The liquid bottons of the second colum is fed to the
freezing zone of the first colum. The vapor overhead of the first colum
is fed to thel7 owdyproesss fonsepprating-a multionesnponsnt ferd stream comprsiae etdeasim has t he

- frl | ] | 190.
A vapor St roam fr G BHE Fd @RafXf: BrAil PR Hibs e Rohdly B84 T

cool ed, and a por tthanrthat bfmetbinerte plodweed liquidtpheductrpdched éyinothanef t he second

separation .
comprising:

10 () introducing the multi-component feed stream into a separation system,
said separation system operating under solids forming conditions for

said freezable component;

{b)  withdrawing a vapor stream from an upper region of said separation

system;
15 (c)  compressing said vapor stream to a higher pressure stream;

(d)  cooling at least a portion of said compressed stream using the cooling

available in vapor stream of step (b);

(¢) expanding said cooled compressed stream to further cool said

compressed stream, said expanded stream being predominantly liquid;

20 (®  feeding at least a portion of said expanded stream to an upper region of
the separation system to provide refrigeration to said separation
system; and .
(8 recovering from the expanded stream a liquid product stream enriched

in methane,

25

18.  The process of claim 17 further comprises recovering a portion of said
compressed vapor stream of step (c) and cooling the remaining portion of said

vapor stream in accordance with step (d).
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colum. Exanples Sinmul ated nass and energy bal ances were carried out to
Illustrate the enbodi nents shown in Fig. 1 and Fig. 3, and the results are
shown-in Tables 1 and 2 25 bel ow, respectively. For the data presented in
Table 1, it was assuned that the overhead product stream was 100% PLNG
(stream 20 ofyolb@i7egl) and the refrigeration systemwas a oaInBISIE233
propane- et hyl ene system For the data presented in Table 2, it was assuned
that the overhead product streans were 50% PLNG (stream 126 of Fig. 3) and
50% sal es gas (stream 110 of Fig. 3). 30 The data were obtai ned
using a commercial ly avail abl e process 28i-nul ati on program cal | ed HYSYS[err]
(avai l able fromHyprotech Ltd. of Calg , Canada) ; - 16- however, other
comer ci al | y 18vai Eg@precqﬂ oftalain 1§W¥m€§t-‘1 @%lvamrcsgpmf%@r{bb@mw arvr devel op

t he data, mcludqpno ﬁ kg( SIMerr], PROI[err], and ASPEN

PLUS[ err], which are hose of ordi nary skiII in the art. The
data presented in the Tabl es are offered to pI’OVI de a better understanding
of the enbodi shown

h
be construed s uih%@@@ﬁ?ﬁli}ml”ﬁ?%gﬁhg]ﬁé? “m ""1 ‘éﬁre'r'f}‘nveatﬁlj Onaln?i Pﬁt)wto

C

rates aresnot to Bitillion setfogd second distillatibh mﬁomwcsw tHadirst distillation

section, and a freezing zone between the first and second distillation sections,

I >

wherein the expanded liquid stream is introduced into the first distillation

section.

10 21.  The process of claim 20 wherein said multi-component feed stream is

introduced below the first distillation section.

22.  The process of claim 17 further comprising removing liquid from the
separation system, cooling said liquid by a pressure expansion means, and at
15 least partially vaporizing said liquid by heat exchange with the compressed
stream of step (c).

23.  The process of claim 17 further comprising removing liquid from the
separation system enriched with said freezable component, cooling said
20 freezable component-enriched liquid by a pressure expansion means, and
cooling the multi-component feed stream before it enters the separation system

by heat exchange with said expanded, freezable component-enriched tiquid.

24,  The process of claim 17 further comprising cooling the multi-component

25 stream by an expansion means before it enter the separation system.

25.  The process of claim 17 wherein the pressure of the higher pressure stream of
step (c) and the pressure of the expanded stream (e) are controlled to prevent

solids formation in the stream fed to the separation system in step (f).
30
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I nvention which can have many variations in tenperatures and flow rates in
vi ew of the teachings herein. An additional process sinmulation was done

usi ng: the basic flow schene shown 10 in Fig. 1 (using the sane feed stream
conposition and tenperature as used to obtain the data in Table 1) to
produce convyplbpad LNG at near atnospheric pressure and prTiusepesesst ur e

of -161[err] C (-258[err]F). The CFZ/ conventi onal LNG process requires
significantly nmore refrigerati on than the CFZ/ PLNG process depicted in Fig.
1. To obtain the refrigeration required to produce LNG at a tenperature of
-161[err]C, the 15 refrigeration syst@mnmust be expanded from a

propane/ et hyl ene cascade systemto a propane/ethyl ene/ met hane cascade
system Addi 26.onalheyprocsssy of lsim 7 wherein thaseepvessd liguid pradnetstreasopitebusi ng t he

met hane and the p (gg_ﬁ%cat 26 wvgtamgllgg(p ctaé(&q%e dropped using a liquid

expander or Joule on va r’oduce product at or near
at nospheric pressure Because of the | ower terrperatures the Cderr] in the

LNG nust 20 enove | d o ti on bl ens
associ at ed V\Hh P RESPH °ro¥fr° trhﬂ’]“% ﬁg‘?r?ﬂf@ %grgssﬁﬁ’ﬁ 8‘1lt %%cq err] as
in the CFE/ PLNG pﬂ!hf(ﬂs@psﬁh;lﬁloﬁiﬁdulh&oﬁpéhenﬂfeedr sihlm cantslhﬁm/snemaﬁeamﬂrl son of

the refrigerant ssion requi,renents Ihe convent i LNG process
and the PLNG proc §e§a e SUPRBEY Y{n%?WE*P& 'ﬁl%ess ?htﬁﬁl a’E“he f or egoi ng

par agr aph. As shomﬂrﬁmgabl e 3, the total required refrigerant conpression
power was 67% hi gher to produce conventional LNG than to produce PLNG in

accordance W th the Priggdducifg &He rhiMi-2ompoaBAtifbédbtream into a separation system,
said separation system operating under solids forming conditions for

10 said freezable component;

(b)  withdrawing a vapor stream from an upper region of said separation

system;
(¢)  compressing said vapor stream to a higher pressure stream;

(d)  cooling at least a portion of said compressed stream using the cooling

15 available in vapor stream of step (b);

{¢)  expanding said cooled compressed stream to further cool said
compressed stream, said expanded stream being predominantly liquid

at a pressure above about 1,380 kPa (200 psia);

()  feeding at least a portion of said expanded stream to an upper portion
20 of the separation system to provide refrigeration to said separation

system; and

(g) recovering from the expanded stream a liquid product stream enriched

in methane at a pressure above about 1,380 kPa (200 psia).

25 28, A process for liquefying a multi-component stream comprising methane and
at least one freezable component to produce a methane-rich liquid having a
temperature above about —112°C and a pressure sufficient for the liquid to be
at or below its bubble point, comprising the steps of:

ROy



A person skilled in the art, particularly one having the benefit of the
teachings of this patent, will recognize many nodifications and vari ations
to the specific 30 processes discl osed above. For exanple, a variety of
tenperatures and pressures may be used in accordance with the invention,
dependi ng onybbsooyer al | design of the -17- system and pciraysesm3masi t i on
of the feed gas. Also, the feed gas cooling train may be suppl enented or
reconfi gured depending on the overall design requirenents to achieve -
optimum and efficient heat exchange reauirenents. Additionally, certain
process steps may be acconplished by adding devices that are

I nterchangeable with 5 t he devices shown., For exanple, separating and

cool ing may be ac@bimppiugingdbe muli-compgnest feed ptecam hauing p pres@sbolibove, the
spec 11 L1, 1o, FRPTEN e €1yl P, 1 |1
cl ai ms bel ow and t h&irmingganditéns forsaid fpezable component to provide a methane-
rich vapor stream and a liquid stream rich in said component that
5 solidified in the separation system;
(b) liquefying the vapor stream by a closed loop refrigeration system to
produce a methane-rich liquid having a temperature above about —112°C
and a pressure sufficient for the liquid to be at or below its bubble point;
and
10 (c) introducing said methane-rich liquid to a storage vessel for storage at a

temperature above —112°C.

29.  The process of claim 28 wherein the liquefaction of the feed stream is
performed with a closed-loop refrigeration system.
15
30.  The process of claim 28 wherein prior to liquefaction of the feed stream
further comprises combining with the vapor stream from the separation system

a boil-off gas resulting from evaporation of liquefied natural gas.

A



