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GAS LIQUEFACTION METHOD USING NATURAL
GAS AND MIXED GAS REFRIGERATION

TECHNICAL FIELD

[0001] This invention relates generally to natural gas
processing and to mixed gas refrigeration systems.

BACKGROUND ART

[0002] Natural gas transmission pipelines are typically
operated under a very high pressure, which can range
between 200 to 1000 pounds per square inch gauge (psig).
At various locations all over the pipeline network, known as
let-down stations, this high pressure gas 1s throttled down to
a lower pressure which 1s more suitable for its end-use. This
low pressure will typically range between 40 to 80 psig. The
throttling action of the gas can actually reduce the gas
temperature to below 32° F. and hence pipe-freezing and
frost formation 1s a problem that has to be avoided. A
standard solution takes a small fraction of the natural gas and
burns 1t to produce hot gas which is then directed on to the
pipe surface to prevent freezing. As a result, the free pressure
energy available from letting down the gas pressure 1s
typically not utilized 1n any useful form.

[0003] Accordingly it is an object of this invention to
provide a method for gainfully employing pressure energy
found 1n natural gas processing systems.

SUMMARY OF THE INVENTION

[0004] The above and other objects, which will become
apparent to those skilled in the art upon a reading of this
disclosure, are attained by the present invention, one aspect
of which 1s:

[0005] A method for producing liquefied natural gas com-
prising:

[0006] (A) cooling a first natural gas stream to pro-
duce first cooled natural gas, and expanding the first
cooled natural gas to produce refrigeration bearing,
natural gas;

[0007] (B) cooling a second natural gas stream by
indirect heat exchange with the refrigeration bearing
natural gas to produce second cooled natural gas;

[0008] (C) compressing a mixed refrigerant fluid,
cooling the compressed mixed refrigerant fluid, and
expanding the cooled mixed refrigerant fluid to pro-
duce refrigeration bearing mixed refrigerant fluid;

[0009] (D) warming the refrigeration bearing mixed
refrigerant fluid by indirect heat exchange with the
cooling compressed mixed refrigerant fluid and by
indirect heat exchange with second cooled natural
gas to condense at least some of the second cooled
natural gas; and

[0010] (E) recovering resulting condensed natural
gas as product liquefied natural gas.

[0011] Another aspect of the invention is:

[0012] A method for producing liquefied industrial gas
comprising;

[0013] (A) cooling a natural gas stream to produce
cooled natural gas, and expanding the cooled natural
gas to produce refrigeration bearing natural gas;
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[0014] (B) cooling an industrial gas stream by indi-
rect heat exchange with the refrigeration bearing
natural gas to produce cooled industrial gas;

[0015] (C) compressing a mixed refrigerant fluid,
cooling the compressed mixed refrigerant fluid, and
expanding the cooled mixed refrigerant fluid to pro-
duce refrigeration bearing mixed refrigerant fluid;

[0016] (D) warming the refrigeration bearing mixed
refrigerant fluid by indirect heat exchange with the
cooling compressed mixed refrigerant fluid and by
indirect heat exchange with cooled industrial gas to
condense at least some of the cooled industrial gas;
and

[0017] (E) recovering resulting condensed industrial
gas as product liquefied industrial gas.

[0018] As used herein the term “subcooling” means cool-
ing a liquid to be at a temperature lower than the saturation
temperature of that liquid for the existing pressure.

[0019] As used herein the term “indirect heat exchange”
means the bringing of fluids into heat exchange relation
without any physical contact or intermixing of the fluids
with each other.

[0020] As used herein the terms “turboexpansion” and
“turboexpander” means respectively method and apparatus
for the flow of high pressure fluid through a turbine to reduce
the pressure and the temperature of the fluid thereby gen-
erating refrigeration.

[0021] As used herein the term “variable load refrigerant”
means a mixture of two or more components 1n proportions
such that the liquid phase of those components undergoes a
continuous and increasing temperature change between the
bubble point and the dew point of the mixture. The bubble
point of the mixture 1s the temperature, at a given pressure,
wherein the mixture 1s all in the liquid phase but addition of
heat will mitiate formation of a vapor phase 1 equilibrium
with the liquid phase. The dew pomnt of the mixture 1s the
temperature, at a given pressure, wherein the mixture 1s all
in the vapor phase but extraction of heat will 1nitiate
formation of a liquid phase 1n equilibrium with the vapor
phase. Hence, the temperature region between the bubble
point and the dew point of the mixture 1s the,region wherein
both liquid and vapor phases coexist in equilibrium. In the
practice of this invention the temperature differences
between the bubble point and the dew point for the variable
load refrigerant is at least 10° K, preferably at least 20° K
and most preferably at least 50° K.

[0022] As used herein the term “industrial gas” means a
fluid having a normal boiling point of 150° K or less.
Examples of industrial gases include nitrogen, oxygen,
argon, hydrogen, helium, neon and fluid mixtures containing,
one or more thereof.

[0023] As used herein the term “natural gas” means a fluid
comprised of at least 45 mole percent methane.

BRIEF DESCRIPTION OF THE DRAWINGS

10024] FIG. 1 is a schematic representation of one pre-
ferred embodiment of the invention wherein the product is
liquefied natural gas.
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10025] FIG. 2 1s a schematic representation of another
preferred embodiment of the invention wherein the product
1s liquefied natural gas.

10026] FIG. 3 is a schematic representation of a preferred
embodiment of the invention wherein the product is lique-
fied industrial gas.

DETAILED DESCRIPTION

[0027] In general the invention gainfully employs the
pressure energy of a natural gas processing system by using,
the pressure energy to generate refrigeration and using that
refrigeration to supply high temperature cooling to a gas,
and using a mixed refrigerant fluid to generate refrigeration
for low temperature cooling of the gas to condense the gas
and produce liquefied product.

[0028] The invention will be described in greater detail
with reference to the Drawings. Referring now to FIG. 1, a
natural gas stream 2 taken, for example from natural gas
pipeline stream 1, 1s passed to dryer 3 wherein water vapor
1s removed. Typically the pressure of natural gas stream 2 1s
within the range of from 200 to 1000 psig. If desired, natural
gas stream 2 can also undergo carbon dioxide removal 1n
addition to water vapor removal. The major fraction 4 of
resulting natural gas stream from dryer 3 1s passed as a first
natural gas stream to main or high temperature heat
exchanger 14 wherein 1t 1s cooled and partially condensed.
The resulting natural gas stream 35 1s passed from main heat
exchanger 14 to phase separator 39 wherein it 1s separated
into vapor and liquid fractions. Liquid natural gas stream 25
1s passed from phase separator 39 to heat exchanger 14
wherein 1t 1s warmed and vaporized, and then passed as
stream 24 through valve 23 and as stream 21 1s combined
with other streams to form stream 10 as will be more fully
described below. The remaining vapor of the cooled first
natural gas stream 1s passed 1n stream 6 from phase separator
39 to an expansion device, which 1n the embodiment of the
invention illustrated in FIG. 1 1s turboexpander 7, wherein
it 1s expanded to a pressure generally within the range of
from 40 to 80 pounds per square inch absolute (psia) thereby
generating refrigeration. Resulting refrigeration bearing
natural gas 1s passed out from turboexpander 7 1n stream 8
and 1s used for cooling purposes as will be described more
fully below.

10029] A munor fraction 11 of the dried natural gas from
dryer 3 1s passed as a second natural gas stream to carbon
dioxide removal system 12 wherein it 1s cleaned, or further
cleaned, of carbon dioxide. If desired, stream 11 may be
compressed to a higher pressure prior to passage to carbon
dioxide removal system 12. Typically both dryer 3 and
carbon dioxide removal system 12 employ molecular sieve
adsorbents to clean the natural gas of water vapor and/or
carbon dioxide. In the embodiment of the invention 1llus-
trated in F1G. 1, the second natural gas stream from carbon
dioxide removal unit 12 1s passed 1 stream 70 for cooling
in heat exchanger 14 and then passed i1n stream 71 to
compressor 72 for production of high pressure stream 73,
which 1s cooled 1n cooler 74 and then passed 1n stream 13 to
main heat exchanger 14. Within main heat exchanger 14 the
seccond natural gas stream 1n stream 13 1s cooled and
partially condensed by indirect heat exchange with the
aforesaid refrigeration bearing natural gas and 1s withdrawn
from main heat exchanger 14 in stream 15. Typically the
cooled natural gas 1n stream 15 has a temperature within the

range of from 150 to 260K.
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[0030] Stream 15 1s passed from main heat exchanger 14
to phase separator 27 wherein 1t 1s separated into vapor and
liquid fractions. Liquid natural gas stream 16 1s passed from
phase separator 27 to heat exchanger 14 wherein 1t 1s
warmed and vaporized, and then passed as stream 18
through valve 19 and as stream 20 i1s combined with other
streams to form stream 10. The remaining vapor from stream
15 1s withdrawn from phase separator 27 as stream 28 and
1s cooled, and may be partially condensed by passage
through intermediate heat exchanger 29 by indirect heat
exchange with the aforesaid warming refrigeration bearing
natural gas and also with warming refrigeration bearing
mixed refrigerant fluid which will be described more fully
below. The resulting second cooled natural gas 1n stream 30
1s passed to cold heat exchanger 31 wherein 1t 1s at last
partially condensed, preferably 1s fully condensed and, most
preferably, 1s subcooled, by indirect heat exchange with
warming mixed refrigerant fluid to produce at least partially
condensed natural gas stream 32. Typically the temperature
of natural gas 32 1s within the range of from 100 to 170K,
preferably within the range of from 110 to 140K.

[0031] The lower level cooling and liquefaction of the
natural gas 1s generated by a single circuit mixed refrigerant
fluid refrigeration system. The mixed refrigerant fluid useful
in the practice of this invention preferable comprises at least
two components from the group consisting of fluorocarbons,
hydrofluorocarbons, hydrochlorofluorocarbons, fluoroet-
hers, hydrofluoroethers, atmospheric gases and hydrocar-
bons. Preferably the mixed refrigerant fluid useful m the
practice of this mvention 1s a variable load refrigerant.

[0032] The mixed refrigerant useful with this invention
preferably comprises at least one component from the group
consisting of fluorocarbons, hydrofluorocarbons, fluoroet-
hers and hydrofluoroethers, and at least one component from
the group consisting of fluorocarbons, hydrotluorocarbons,
hydrochlorofluorocarbons, fluoroethers and hydrofluoroet-
hers, and atmospheric gases and hydrocarbons.

[0033] Another preferred mixed refrigerant useful with
this 1nvention comprises at least two hydrofluorocarbons,
hydrochlorofluorocarbons, fluoroethers, hydrofluoroethers,
hydrocarbons and/or atmospheric gases.

[0034] Another preferred mixed refrigerant useful with
this 1nvention comprises at least one fluorocarbon and at
least one component from the group consisting of hydrof-
luorocarbons and atmospheric gases.

[0035] Another preferred mixed refrigerant useful with
this mnvention comprises at least one hydrofluorocarbon and
at least one atmospheric gas.

[0036] Another preferred mixed refrigerant useful with
this 1nvention comprises at least three components from the
group consisting of fluorocarbons, hydrofluorocarbons, fluo-
rocthers and hydrofluoroethers, and at least one component
from the group consisting of fluorocarbons, hydrofluorocar-
bons, hydrochlorofluorocarbons, fluoroethers, hydrofluoro-
cthers, hydrocarbons and atmospheric gases.

[0037] Another preferred mixed refrigerant useful with
this mvention comprises at least two components from the
ogroup consisting of fluorocarbons, hydrofluorocarbons, fluo-
roethers and hydrofluoroethers, and at least one atmospheric
oas.
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[0038] Another preferred mixed refrigerant useful with
this mvention comprises two or more hydrocarbons.

[0039] Another preferred mixed refrigerant useful with
this 1nvention comprises two or more hydrocarbons and one
or more atmospheric gases.

10040] Another preferred mixed refrigerant useful with
this mvention comprises at least two components from the
group consisting of fluorocarbons, hydrofluorocarbons, fluo-
rocthers and hydrofluoroethers, at least one atmospheric gas,
and at least one component from the group consisting of
fluorocarbons, hydrofluorocarbons, hydrochlorofluorocar-
bons, fluoroethers, hydrofluoroethers, hydrocarbons and
atmospheric gases.

[0041] Another preferred mixed refrigerant useful with
this 1nvention comprises at least two components from the
group consisting of fluorocarbons, hydrofluorocarbons, fluo-
roethers and hydrofluoroethers, and at least two atmospheric
gases.

[0042] Another preferred mixed refrigerant useful with
this mnvention includes at least one fluoroether, 1.e. com-
prises at least one fluoroether, and at least one component
from the group consisting of fluorocarbons, hydrofluorocar-
bons, fluoroethers, hydrofluoroethers, hydrochlorofluorocar-
bons, hydrocarbons and atmospheric gases.

[0043] In one preferred embodiment of the invention the
mixed refrigerant consists solely of fluorocarbons. In
another preferred embodiment of the invention the mixed
refrigerant consists solely of fluorocarbons and hydrofluo-
rocarbons. In another preferred embodiment of the invention
the mixed refrigerant consists solely of fluoroethers. In
another preferred embodiment of the invention the mixed
refrigerant consists solely of fluoroethers and hydrofluoro-
cthers. In another preferred embodiment of the invention the
mixed refrigerant consists solely of fluorocarbons, hydrof-
luorocarbons, fluoroethers and hydrofluoroethers. In another
preferred embodiment of the invention the mixed refrigerant
consists solely of fluorocarbons, fluoroethers and atmo-
spheric gases. Most preferably every component of the
mixed relfrigerant 1s either a fluorocarbon, hydrofluorocar-
bon, fluoroether, hydrofluoroether or atmospheric gas.

10044] Referring back now to FIG. 1, mixed refrigerant
fluid 40, preferably at a pressure within the range of from 40
to 100 psia, most preferably at a pressure within the range
of from 60 to 90 psia, 1s compressed by passage through
compressor 41 to a pressure preferably within the range of
from 80 to 350 psia, most preferably within the range of
from 150 to 250 psia. Resulting refrigerant stream 42 from
compressor 41 1s cooled by passage through cooler 43,
typically by indirect heat exchange with cooling water or arr,
emerging therefrom as refrigerant stream 44, generally at
about ambient temperature.

10045] Multicomponent refrigerant stream 44 is passed
through main heat exchanger 14 wherein 1t 1s further cooled.
Resulting mixed refrigerant fluid withdrawn from heat
exchanger 14 1n stream 435 1s further cooled by passage
through heat exchanger 29 to form stream 46 which 1s then
passed to heat exchanger 31 wherein 1t 1s further cooled and
at least partially condensed emerging therefrom as refriger-
ant stream 47 having a temperature typically within the
range of from 100 to 170K, preferably within the range of
from 110 to 140K.
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[0046] Mixed refrigerant fluid in stream 47 1s expanded
through an expansion device such as Joule-Thomson valve
48 to generate refrigeration and resulting refrigeration bear-
ing mixed refrigerant fluid in stream 49 1s then warmed and
vaporized to provide refrigeration to effect the cooling and
liquefaction of the natural gas as well as the mixed refrig-
erant fluid in the cooling leg of the refrigeration circuit. In
the embodiment of the mvention illustrated in FIG. 1,
strcam 49, which typically contains a vapor portion, 1s
warmed and further vaporized by passage through heat
exchanger 31 to form stream 50 which 1s warmed and further
vaporized by passage through heat exchanger 29 to form
stream 51. Stream 51 1s passed through main heat exchanger
14 wherein 1t 1s warmed and any remaining liquid portion,
if any, 1s vaporized, emerging therefrom as mixed refrigerant
fluid vapor stream 40. Stream 40 1s passed to compressor 41,
the refrigeration circuit 1s completed and the cycle begins
anew.

[0047] As illustrated in FIG. 1 by the dotted line, prefer-
ably at least some and most preferably all of the power to
operate compressor 41 of the mixed gas refrigeration circuit
1s provided by work generated by the expansion of the first
cooled natural gas to produce the refrigeration bearing
natural gas. Alternatively to the Joule-Thomson expansion
48 of the embodiment illustrated in FIG. 1, the expansion of
the cooled mixed refrigerant fluid could be by turboexpan-
sion through a turboexpander to produce the refrigeration
bearing mixed refrigerant fluid.

[0048] Referring back now to FIG. 1, the at least partially
condensed second natural gas stream 32 1s passed through
valve 33 and as two phase stream 34 1s passed 1nto phase
separator 35. Liquid from phase separator 35 1s withdrawn
in stream 36 and recovered as product liquefied natural gas.
Vapor from phase separator 35 1s withdrawn 1n stream 37
and warmed by passage through cold heat exchanger 31,
emerging therefrom in stream 38. In the embodiment of the
mvention illustrated mn FIG. 1, stream 38 1s combined with
refrigeration bearing natural gas stream 8 to form stream 39
for passage together through mntermediate heat exchanger 29
and main or warm heat exchanger 14. Alternatively natural
gas stream 38 and refrigeration bearing natural gas stream 8
could pass separately through heat exchangers 29 and 14. In
the embodiment 1llustrated 1n FIG. 1, combined stream 39
1s warmed by indirect heat exchange 1n heat exchanger 29
emerging therefrom as stream 9 which 1s warmed by indirect
heat exchange in heat exchanger 14 thereby effecting the
higher level cooling of the second natural gas stream. The
resulting warmed natural gas 1s withdrawn from heat
exchanger 14 1n stream 26 which 1s combined with the
aforementioned streams 21 and 20 to form stream 10.
Natural gas stream 10, as illustrated in FIG. 1, may be
returned to the natural gas pipeline stream, downstream of
valve 37 to form natural gas pipeline stream 38.

10049] FIG. 2 illustrates another embodiment of the
invention wherein the product 1s liquefied natural gas. The
numerals 1n FIG. 2 are the same as those of FIG. 1 for the
common clements and these common elements will not be
described again 1n detail.

[0050] Referring now to FIG. 2 the second natural gas
stream from carbon dioxide removal unit 12 1s passed
directly as stream 13 to main heat exchanger 14, emerging
therefrom as cooled natural gas stream 15. A portion of the
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vapor from phase separator 27, identified as stream 91 1s
turboexpanded through turboexpander 92 to generate refrig-
eration and resulting refrigeration bearing natural gas stream
93 1s warmed by passage through heat exchangers 29 and 14
to provide refrigeration for some of the cooling of the first
natural gas stream, the second natural gas stream and/or the
compressed mixed refrigerant fluid. The resulting warmed
natural gas stream 94 1s used to clean unit 12 by uptaking
carbon dioxide which had been previously adsorbed therein,
and the resulting carbon dioxide containing natural gas

stream 935 1s returned to the natural gas pipeline stream. As
shown by the dotted line, some of the power to operate
compressor 41 of the mixed gas refrigeration circuit 1is
provided by work generated by the expansion of natural gas
portion 91 1n turboexpander 92.

10051] FIG. 3 illustrates another embodiment of the
invention wherein the product 1s liquefied industrial gas. The
numerals in FIG. 3 are the same as those of FIG. 1 for the
common e¢lements and these common elements will not be
described again 1n detail. In the embodiment illustrated in
FIG. 3 the entire amount of the dried natural gas 1s passed
out from drier 3 in stream 4 to ultimately form the refrig-
eration bearing natural gas 8 for passage through interme-
diate heat exchanger 29 and high level or warm heat
exchanger 14. Also 1n the embodiment illustrated 1n FIG. 3,
the expansion device used i1n the mixed gas refrigerant
circuit 1s a turboexpander 88 although, of course, a Joule-
Thomson valve may also be used. As represented by the
dotted line, at least some and preferably all of the power to
drive the compressor 83 of the industrial gas liquefaction
circuit 1s provided by the work generated by turboexpander

88.

[0052] Referring now to FIG. 3, industrial gas 71, e.g.
nitrogen, from an industrial gas source such as nitrogen
pipeline 90, 1s combined with stream 84 from compressor 83
to form stream 72. Industrial gas stream 72 1s cooled by
passage through high level or warm heat exchanger 14 and
as stream 73 1s passed to mtermediate heat exchanger 29
wherein 1t 1s cooled to produce cooled industrial gas 74. In
heat exchangers 14 and 29 the industrial gas 1s cooled by
indirect heat exchange with warming refrigeration bearing
natural gas and also with warming refrigeration bearing
mixed refrigerant fluid. Typically the temperature of the
cooled industrial gas 1n stream 74 1s within the range of from

140 to 180K.

[0053] Cooled industrial gas 74 is passed to cold heat
exchanger 31 wherein it 1s at least partially condensed and
may be totally condensed and even subcooled by indirect
heat exchange with warming refrigeration bearing mixed
refrigerant fluid. Resulting industrial gas 75 which 1s at least
partially and may be totally 1n the liquid phase, and gener-
ally has a temperature within the range of from 80 to 120K,
1s passed through valve 76 and as stream 77 into phase
separator 78 wherein it 1s separated mto vapor and liquid
fractions. Liquid 1s withdrawn in stream 79 from phase
separator 78 and recovered as product liquefied industrial
gas, €.g. liquid nitrogen. Vapor 1s withdrawn from phase
separator 78 in stream 80, warmed by passage through cold
heat exchanger 31, and as stream 81, warmed by passage
through intermediate heat exchanger 29, emerging there-
from as stream 82 for passage to compressor 83 for genera-
tion of aforesaid stream $4.
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[0054] Although the invention has been described in detail
with reference to certain preferred embodiments, those
skilled 1n the art will recognize that there are other embodi-
ments within the spirit and the scope of the claims. For
example, two or more of the heat exchangers used in the
practice of this invention could be combined into a single
unit 1 place of the separate heat exchangers 1llustrated 1n the
Drawings.

1. A method for producing liquefied natural gas compris-
Ing:

(A) cooling a first natural gas stream to produce first
cooled natural gas, and expanding the first cooled
natural gas to produce refrigeration bearing natural gas;

(B) cooling a second natural gas stream by indirect heat
exchange with the refrigeration bearing natural gas to
produce second cooled natural gas;

(C) compressing a mixed refrigerant fluid, cooling the
compressed mixed refrigerant fluid, and expanding the
cooled mixed refrigerant fluid to produce refrigeration
bearing mixed refrigerant fluid;

(D) warming the refrigeration bearing mixed refrigerant
fluid by indirect heat exchange with the cooling com-
pressed mixed refrigerant fluid and by indirect heat
exchange with second cooled natural gas to condense at
least some of the second cooled natural gas; and

(E) recovering resulting condensed natural gas as product

liquefied natural gas.

2. The method of claim 1 wherein both the first natural gas
stream and the second natural gas stream are taken from a
natural gas pipeline.

3. The method of claim 1 wherein the cooling of the first
natural gas stream produces a vapor and a liquid fraction,
and the vapor fraction 1s expanded to produce the refrigera-
tion bearing natural gas.

4. The method of claim 3 wherein the liquid fraction 1s
vaporized and then recovered.

5. The method of claim 1 wherein at least some of the
power for compressing the mixed refrigerant fluid 1s pro-
vided from expanding the first cooled natural gas to produce
the refrigeration bearing natural gas.

6. The method of claim 1 wherein the second natural gas
stream undergoes a carbon dioxide removal step prior to said
cooling.

7. The method of claim 1 wherein a portion of the second
cooled natural gas 1s turboexpanded and then warmed to
provide some cooling for at least one of the first natural gas
stream, the second natural gas stream and the compressed
mixed refrigerant fluid.

8. The method of claim 7 wherein some of the power for
compressing the mixed refrigerant fluid 1s provided by the
turboexpansion of the second cooled natural gas portion.

9. A method for producing liquefied 1industrial gas com-
prising:

(A) cooling a natural gas stream to produce cooled natural
gas, and expanding the cooled natural gas to produce
refrigeration bearing natural gas;

(B) cooling an industrial gas stream by indirect heat
exchange with the refrigeration bearing natural gas to
produce cooled industrial gas;
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(C) compressing a mixed refrigerant fluid, cooling the
compressed mixed refrigerant fluid, and expanding the
cooled mixed refrigerant fluid to produce refrigeration
bearing mixed refrigerant fluid;

(D) warming the refrigeration bearing mixed refrigerant
fluid by indirect heat exchange with the cooling com-
pressed mixed refrigerant fluid and by indirect heat

exchange with cooled industrial gas to condense at least
some of the cooled industrial gas; and

(E) recovering resulting condensed industrial gas as prod-
uct liquefied industrial gas.

10. The method of claim 9 wherein the cooling of the
natural gas stream produces a vapor and a liquid fraction, the
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vapor fraction 1s expanded to produce the refrigeration
bearing natural gas, and the liquid fraction 1s vaporized and
recovered.

11. The method of claim 9 wherein at least some of the
power for compressing the mixed refrigerant fluid 1s pro-
vided from expanding the cooled natural gas to produce the
refrigeration bearing natural gas.

12. The method of claim 9 wherein the industrial gas 1s
compressed prior to being cooled and at least some of the
power for compressing the mdustrial gas 1s provided by the
expansion of the cooled mixed refrigerant fluid to produce
refrigeration bearing mixed refrigerant tluid.

13. The method of claim 9 wherein the industrial gas
comprises nitrogen.
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