1) Family number: 61267601 (US2015377551A)

Title: PROCESS AND SYSTEM FOR REMOVING NITROGEN FROM LNG

Abstract: Processes and systems are provided for removing nitrogen from a hydrocarbon-containing gas to thereby recover
a liquid natural gas (LNG) stream. In particular, the processes and systems described herein can be used to efficiently
separate methane from nitrogen, which is an undesirable byproduct found in many hydrocarbon-containing gases used to
produce LNG. The processes and systems described herein can utilize various refrigerant systems to separate and produce

the LNG.
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2) Family number: 11208298 (US5505049A)
Title: Process for removing nitrogen from LNG

Abstract: A process for removing nitrogen from liquefied natural gas (LNG) using an enhanced surface, reflux heat
exchanger is disclosed. A relatively warm high pressure LNG stream is directed countercurrently in heat exchange with a cool
low pressure LNG stream to chill the high pressure stream and partially vaporize the low pressure LNG stream in the reflux
heat exchanger. Vapor produced thereby strips the low pressure LNG stream of nitrogen. The cool low pressure LNG stream
is produced by expansion of the chilled high pressure LNG stream. Vapor produced by the expansion is combined with the
vapor produced in the exchanger and withdrawn overhead. Product LNG which is lean in nitrogen is withdrawn from the
bottom of the exchanger.
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3) Family number: 1413808 (US4033735A)
Title: SINGLE MIXED REFRIGERANT, CLOSED LOOP PROCESS FOR LIQUEFYING NATURAL GAS

Abstract: A fluid material is cooled through a temperature range exceeding 200 DEG F. by heat exchange with a single
mixed refrigerant composition in a heat exchange zone forming a part of a closed loop refrigeration cycle thus assuring high
reliability and low investment by virtue of simplification of the equipment required and ease of control thereof. The process is
especially useful for liquefaction of natural gas. Refrigerant in the refrigeration loop containing constituents having
increasingly lower boiling points is successively directed from a compression zone to a condensation zone, thence to a heat
exchange zone, next expanded in an expansion zone, returned to the heat exchange zone for countercurrent flow against the
refrigerant flowing therethrough from the condensation zone to the expansion zone, and finally returned to the compression
zone. The natural gas is directed to the heat exchange zone and liquefied therein by countercurrent flow against the cold
refrigerant stream flowing from the expansion zone to the compression zone. The refrigerant is made up of C1 to C5
hydrocarbons plus nitrogen as an optional constituent with the relative proportions of the constituents being controlled so that
the combined cooling curve of the hot refrigerant stream and the feed gas closely matches the heating curve of the cold
refrigerant stream in a sense that the curves are in close proximity at the lowest temperature levels thereof and relatively
uniformly and slowly diverge as the highest temperature points on the curves are approached.
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4) Family number: 43213849 (US2011048067A)
Title: NATURAL GAS LIQUEFACTION METHOD WITH HIGH-PRESSURE FRACTIONATION

Abstract: The method provides liquefaction of a natural gas by carrying out the following stages: cooling the natural gas,
feeding the cooled natural gas into a fractionating column so as to separate a methane-rich gas phase and a liquid phase rich
in compounds heavier than ethane, and liquefying the methane-rich stream so as to obtain the liquid natural gas. According
to the invention, the operating conditions in the fractionating column are so selected that said liquid phase comprises a molar
proportion of methane ranging between 10 percent and 150 percent of the molar proportion of ethane.

Classifications: i )
International (zpc 8-9): F25]J1/00 F25]11/02 F2513/00

F2513/02 (Advanced/Invention); S 100 e
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Publication number Publication date Application number Application date
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Priority:
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Probable Assignee: IFP

Assignee(s): (std): FERSCHNEIDER GILLES ; FISCHER BEATRICE ; IFP ENERGIES NOUVELLES ; INST FRANCAIS DU
PETROLE ; LUCQUIN ANNE CLAIRE ; LAIR LIQUIDE POUR LETUDE ET LEXPLOITATION DES PROCEDES
GEORGES CLAUDE SA

Assignee(s): L AIR LIQUIDE SOC ANONYME POUR L ETUDE ET L EXPLOITATION DES PROCEDES GEORGES CLAUDE ;
IFP

Inventor(s): (std): FERSCHNEIDER GILLES ; FERSHNAJDER ZHILL ; FISCHER BEATRICE ; FISHER BEATRIS ; LJUKEN ANN
KLEHR ; LUCQUIN ANNE CLAIRE

Inventor(s): ANNE CLAIRE LUCQUIN ; BEATRICE FISCHER ; GILLES FERSCHNEIDER

Agent(s): GROUT DE BEAUFORT FRANCOIS XAVIER; IFP; IFP ENERGIES NOUVELLES; ANTHONY; JOHN; BRION;
ELMALEH ALFRED

Designated states: AE AG AL AM AO AT AU AZ BA BB BE BF BG BH B BR BW BY BZ CACFCGCHCICMCNCOCRCU
CY CZ DE DK DM DO DZ EC EE EG ES FI FR GA GB GD GE GH GM GN GQ GR GT GW HN HR HU ID IE IL
IN IS IT JP KE KG KM KN KP KR KZ LA LC LI LK LR LS LT LU LV LY MA MC MD ME MG MK ML MN MR MT
MW MX MY MZ NA NE NG NI NL NO NZ OM PG PH PL PT RO RS RU SC SD SE SG SI SK SL SM SN ST SV
SYSZTD TG TITMTN TR TT TZ UA UG US UZ VC VN ZA ZM ZW

5) Family number: 43632735 (US2009205367A)
Title: COMBINED SYNTHESIS GAS SEPARATION AND LNG PRODUCTION METHOD AND SYSTEM

Abstract: A method and system for the separation of a synthesis gas and methane mixture which contains carbon
monoxide, hydrogen and methane with the process producing synthesis gas and liquid natural gas (LNG).
Classifications: TIPS T

International (zpc 8-9): C10K1/00 C10L3/06 F25B9/00 F2533/00
F2513/02 (Advanced/Invention);
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R25J200/74 R253205/04 R251215/04 R251240/02 R253270/12
R25]270/42 R251270/66

US: 1/1 62/612 62/612P 62/623 62/623S
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Designated states: AE AG AL AM AO AT AU AZ BA BB BE BF BG BH B] BR BW BY BZ CACFCGCHCICMCNCOCRCU
CYCZ DEDK DM DO DZ EC EE EG ES FI FR GA GB GD GE GH GM GN GQ GR GT GW HN HR HU ID IE IL
IN IS IT JP KE KG KM KN KP KR KZ LA LC LK LR LS LT LU LV LY MA MC MD ME MG MK ML MN MR MT MW
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6) Family number: 43983348 (US2009277217A)
Title: ENHANCED NITROGEN REMOVAL IN AN LNG FACILITY

Abstract: An LNG facility employing an enhanced nitrogen removal system that concentrates the amount of nitrogen in the
feed stream to a nitrogen removal unit (NRU) to thereby increase the separation efficiency of the NRU. In one embodiment,
the nitrogen removal system comprises a multistage separation vessel operable to separate nitrogen from a cooled natural
gas stream. At least a portion of the resulting nitrogen-containing stream exiting the multistage separation vessel can be
used as a refrigerant, processed to a nitrogen removal unit, and/or utilized as fuel gas for the LNG facility.
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7) Family number: 44333238 (US2012285196A)

Title: PROCESS AND APPARATUS FOR SEPARATION OF NITROGEN FROM LNG

Abstract: The present application is concerned with processes and apparatuses for the separation of nitrogen from liquefied
natural gas feeds. The processes comprise the steps of: (i) cooling the feed and passing the feed to a fractionation column;
(ii) withdrawing from the fractionation column an overhead vapour stream having an enriched nitrogen content, and a liquid
stream having a reduced nitrogen content; (iii) dividing the overhead vapour stream from step (ii) into at least first and
second overhead streams; (iv) compressing, cooling and at least partially condensing at least the first overhead stream from
step (iii); and (v) expanding the stream from step (iv) and passing the expanded stream to the fractionation column as
reflux, and wherein cooling in step (iv) is provided, at least in part, by heat exchange with one or more streams from the
fractionation column.
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8) Family number: 45096524 (US2011239701A)

Title: METHOD OF REJECTING NITROGEN FROM A HYDROCARBON STREAM TO PROVIDE A FUEL GAS STREAM AND AN
APPARATUS THEREFOR

Abstract: Method of, and apparatus for, rejecting nitrogen from a hydrocarbon stream to provide a fuel gas stream. A
hydrocarbon stream is at least partially liquefied and subsequently expanded. The expanded hydrocarbon stream is
fractionated in a fractionation column to provide an nitrogen-rich hydrocarbon stream and a nitrogen-lean hydrocarbon
stream. The nitrogen-rich hydrocarbon stream is partially condensed in a condenser by cooling against a refrigerant
circulated in a dedicated first refrigerant circuit, and phase-separated to provide a nitrogen-rejection stream and a nitrogen-
lean reflux stream which is returned to the fractionation column. The nitrogen-lean hydrocarbon stream is partially vaporized
and phase-separated to provide a vapour stream that is returned to the fractionation column and a liquefied nitrogen-lean
hydrocarbon stream that is subjected to sub-cooling. The fuel gas stream is generated from the sub-cooled nitrogen-lean

hydrocarbon stream.
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9) Family number: 49812391 (US2011289963A)

Title: PROCESS FOR SEPARATING NITROGEN FROM A NATURAL GAS STREAM WITH NITROGEN STRIPPING IN THE
PRODUCTION OF LIQUEFIED NATURAL GAS

Abstract: A mixed single refrigerant process for separating a nitrogen gas stream from a natural gas stream containing
nitrogen to produce a nitrogen gas stream from a liquefied natural gas stream wherein the separated nitrogen gas stream is
used as a refrigerant for the natural gas stream and wherein the mixed refrigerant provides cooling for the process.
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Title: INTEGRATION OF A LIQUEFIED NATURAL GAS LIQUEFIER WITH THE PRODUCTION OF LIQUEFIED NATURAL GAS

Abstract: A method for integrating a liquefied natural gas liquefier system with production of liquefied natural gas from a
methane-containing gas stream. The liquefied natural gas is produced by feeding a methane-containing gas stream through a
heat exchanger to a distillation column and liquefying the natural gas while capturing the gaseous nitrogen. The liquefied
natural gas is captured and the nitrogen gas is recovered, fed through the heat exchanger to recover cold and purified.
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11) Family number: 657470 (US3596472A)
Title: PROCESS FOR LIQUEFYING NATURAL GAS CONTAINING NITROGEN

Abstract: 1,181,049. Natural gas liquefaction process. MESSER GRIESHEIM G.m.b.H. 5 Dec., 1968 [20 Dec., 1967]. No.
57848/68. Heading F4P. Cooling, followed by liquefaction and subcooling of compressed natural hydrocarbon gas in feed line
101 is effected in heat-exchangers 102, 103, respectively, and the sub-cooled liquid is then further cooled at 104 and
expanded at a valve 107 into a separator 105; exchanger 102 being cooled by passage therethrough of a first
multicomponent refrigerant, e.g. a mixture of C 1 to C 4 saturated hydrocarbons in a closed, cycle, exchanger 103 being
cooled by a second multicomponent refrigerant, e.g. a mixture of nitrogen, methane and ethane also in a closed cycle and in
cascade arrangement with the first refrigeration cycle and the refrigerant of each cycle undergoes only one compression
stage and is expanded to above atmospheric pressure. Exchanger 104 is cooled by flash gas from separator 105 which gas
also cools exchangers 102, 103. In operation, the first refrigerant is compressed at 109 to about 40 atmosphere liquefied in a
water-cooled exchanger 110, further cooled in exchanger 102 in countercurrent heat exchange with itself after expansion at
112 to about 3 atmosphere, and the refrigerant after leaving the warm end of exchanger 102 is returned to the compressor
inlet. The second refrigerant is compressed at 114, cooled by water at 115, liquefied in exchanger 102, further cooled in
exchanger 103, expanded at a valve 117 and returned through exchangers 103, 102 to the inlet of compressor 114.
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