
TITLE OF THE INVENTION:

System to lncrease Capacity of LNG-based Liquefier in Air Separation Process

BACKGROUND OF THE INVENTION

[0001] The present invention concerns the well known process (hereafter "Process')

for the cryogenic separation of an air feed wherein:

(a) the air feed is compressed, cleaned of impurities that willfreeze out at

cryogenic temperatures such as water and carbon dioxide, and subsequently fed into an

cryogenic air separation unit (hereafter "ASU') comprising a main heat exchanger and a

distillation column system;

(b) the air feed is cooled (and optionally at least a portion condensed) In the main

heat exchanger by indirectly heat exchanging the air feed against at least a portion of the

etfluent streams from the distillation column system;

(c) the cooled air feed is separated in the distillation column system into etfluent

streams including a stream enriched in nitrogen and a stream enriched in orygen (and,

optionally, respective streams enriched in the remaining components of the air feed

including argon, krypton and xenon); and

(d) the distillation column system comprises a higher pressure column and a

lower pressure column;

(e) the higher pressure column separates the air feed into etfluent streams

including a high pressure nitrogen stream withdrawn from the top of the higher pressure

column, and a crude liquid orygen stream withdrawn from the bottom of the higher

pressure column and fed to the lower pressure column for further processing;

(f) the lower pressure column separates the crude liquid oxygen stream into

effluent streams including an oxygen product stream withdrawn from the bottom of the

lower pressure column, and a low pressure nitrogen stream withdrawn from the top of

the lower pressure (and often a waste nitrogen stream which is withdrawn from an upper

location of the lower pressure column); and
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TITLE OF THE INVENTION: System to Increase Capacity of LNG-based Liquefier in Air
Separation Process BACKGROUND OF THE INVENTION 100011 The present invention
concerns the well known process (hereafter "Process") for the cryogenic separation of an air
teed wherein:        (a) the air feed is compressed, cleaned of impurities that will freeze out at
cryogenic temperatures such as water and carton dioxide, and subsequently fed into an
cryogenic air separation unit (hereafter "ASV) comprising a main heat exchanger and a
distillation column system;          (b) the air feed is cooled (and optionally at least a portion
condensed) In the main heat exchanger by indirectly heat exchanging the air feed against at
least a portion of the 10effluent streams from the distillation column system;        (c) the
cooled air feed is separated in the distillation column system into effluent streams including a
stream enriched in nitrogen and a stream enriched in oxygen (and, optionally, respective
streams enriched in the remaining components of the air feed including argon, krypton and
xenon); and 15(d) the distillation column system comprises a higher pressure column and a
lower pressure column; (e) the higher pressure column separates the air feed into effluent
streams including a high pressure nitrogen stream withdrawn from the top of the higher
pressure       column, and a crude liquid oxygen stream withdrawn from the bottom of the
higher 20 pressure column and fed to the lower pressure column for further processing;
(1) the lower pressure column separates the crude liquid oxygen stream into effluent streams
including an oxygen product stream withdrawn from the bottom of the lower pressure column,
and a low pressure nitrogen stream withdrawn from the top of the lower pressure (and often a
waste nitrogen stream which is withdrawn from an upper 25location of the lower pressure
column); and         (g) the higher pressure column and lower pressure column are thermally
linked such that at least a portion of the high pressure nitrogen is condensed in a
reboilericondenser against boiling oxygen-rich liquid that collects in the bottom (or sump) of
the lower pressure column and used as reflux for the distillation column system. [0002] More
specifically, the present invention concerns the known embodiment of the above-described
Process wherein, in order to provide the refrigeration necessary when at least a portion of the
product is desired as liquid, refrigeration is extracted from liquefied natural gas (hereafter
"LNG) by feeding nitrogen from the distillation column system to an insulated liquefier unit
(hereafter "LNG-based liquefie() where it is 10liquefied. If at least a portion of the liquid
product desired is liquid oxygen, at least a portion of the liquefied nitrogen is returned to the
distillation column system (or optionally the main heat exchanger). Otherwise, the liquefied
nitrogen is withdrawn as product. [0003] Typical of LNG-based liquefiers, the nitrogen is
compressed in stages and cooled between stages by indirect heat exchange against LNG. If
the compression is 15performed with a cold-inlet temperature, the LNG will also be used to
cool the feed to the compressor as well as the discharge by indirect heat exchange. Examples
of LNG-Based liquefiers can be found in GB patent application 1,376,678 and US Patent
5,137,558, 5,189,547 and 5,141,543, all further discussed below, 



(g) the higher pressure column and lower pressure column are thermally linked

such that at least a portion of the high pressure nitrogen is condensed in a

reboiler/condenser against boiling oxygen-rich liquid that collects in the bottom (or sump)

of the lower pressure column and used as reflux for the distillation column system.

lOO02] More specifically, the present invention concerns the known embodiment of the

above-described Process wherein, in order to provide the refrigeration necessary when

at least a portion of the product is desired as liquid, refrigeration is extracted from

liquefied natural gas (hereafter "LNG") by feeding nitrogen from the distillation column

system to an insulated liquefier unit (hereafter "LNG-based liquefie/') where it is

liquefied. lf at least a portion of the liquid product desired is liquid oxygen, at least a

portion of the liquefied nitrogen is returned to the distillation column system (or optionally

the main heat exchangefl. Otherwise, the liquefied nitrogen is withdrawn as product.

[0003] Typical of LNG-based liquefiers, the nitrogen is compressed in stages and

cooled between stages by indirect heat exchange against LNG. lf the compression is

performed with a cold-inlet temperature, the LNG will also be used to coolthe feed to the

compressor as well as the discharge by indirect heat exchange. Examples of LNG-

Based liquefiers can be found in GB patent application 1,376,678 and US Patent

5,137,558, 5,139,547 and 5,141,543, allfurther discussed below.

[0004] The skilled practitioner will appreciate the contrast between an LNG-based

liquefier and the more conventional liquefier where the refrigeration necessary to make

liquid product is derived from turbo-expanding either nitrogen or air feed.

[0005] An LNG-based liquefier is typ¡cally oversized to accommodate a projected

increase in demand of liquid products after the initial years of operation. This is

particularly true for liquid nitrogen since the demand for liquid nitrogen out of any

particularly ASU often grows faster than the demand for liquid oxygen above the base

load of liquid orygen for which the plant is designed. A problem with this oversizing

approach however is the incremental capitalcost incurred does not begin to pay off until

the projected demand increase is actually realized (if at all). Furthermore, capital costs

are particularly sensitive for LNG-based liquefiers since, as opposed to conventional

liquefiers which are typically located near the customers of the liquid products, LNG-

based liquefiers must be located near an LNG receiving terminal and thus incur a

product transportation cost penalty.
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[0004] The skilled practitioner will appreciate the contrast between an LNG-based 20liquefier
and the more conventional liquefier where the refrigeration necessary to make liquid product
is derived from turbo-expanding either nitrogen or air feed.  [0005] An LNG-based liquefier is
typically oversized to accommodate a projected increase in demand of liquid products after
the initial years of operation. This is particularly true for liquid nitrogen since the demand for
liquid nitrogen out of any 25 particularly ABU often grows faster than the demand for liquid
oxygen above the base load of liquid oxygen for which the plant is designed. A problem with
this oversizing approach however is the incremental capital cost incurred does not begin to
pay oft until the projected demand increase is actually realized (if at all). Furthermore, capital
costs are particularly sensitive for LNG-based liquefiers since, as opposed to conventional
30liquefiers which are typically located near the customers of the liquid products, LNG- based
liquefiers must be located near an LNG receiving terminal and thus incur a product
transportation cost penalty.  [0006] To address this problem, the present invention is a system
to increase the capacity of the LNG-based liquefier comprising a supplemental compressor
that is separate and distinct from the auxiliary compressor(s) contained in the LNG-based
liquefier. This allows the supplemental compressor and the associated heat exchange
equipment to be purchased and instailed when the projected demand increase is actually
realized, if at all. in this fashion, the incremental capital that would have otherwise been spent
on oversizing the LNG-based liquefier from the start does not get spent until it is actually
needed. Another benefit of the present invention is that the capacity increase is primarily
directly toward the ability to produce liquid nitrogen which, as noted above, will 10often have a
demand that grows faster than the demand for the liquid oxygen from the plant. [0007] The
skilled practitioner will appreciate that, as an alternative to the present invention, the capacity
of an LNG-based liquefier can be increased by adding a dense fluid expander. However, only
modest capacity increases can be achieved in this 16 manner. [0006] GB patent application
1,376,678 (hereafter 'GB 678") teaches the very basic concept of how LNG refrigeration may
be used to liquefy a nitrogen stream. The LNG is first pumped to the desired delivery pressure
then directed to a heat exchanger. The warm nitrogen gas is cooled in said heat exchanger
then compressed in several stages. 20 After each stage of compression, the now warmer
nitrogen is returned to the heat exchanger and cooled again. After the final stage of
compression the nitrogen is cooled then reduced in pressure across a valve and liquid is
produced. When the stream is reduced in pressure, some vapor is generated which is
recycled to the appropriate stage of compression. 25[0009] GB '678 teaches many important
fundamental principles, First, the LNG is not  sufficiently cold to liquefy a iow-pressure
nitrogen gas. In fact, If the LNG were to be vaporized at atmospheric pressure, the boiling
temperature would be typically above - 260F, and the nitrogen would need to be compressed
to at least 15.5 bara in order to condense. If the LNG vaporization pressure is increased, so
too wili the required 30nitrogen pressure be increased. Therefore, multiple stages of nitrogen
compression are required, and LNG can be used to provide cooling for the compressor
intercooler and aftercooler. Second, because the LNG temperature is relatively warm
compared to the normal boiling point of nitrogen (which is approximately -320F), flash gas is
generated  when the liquefied nitrogen is reduced in pressure. This flash gas must be
recycled and recompressed. 



t0o06l To address this problem, the present invention is a system to increase the

capac¡ty of the LNG-based liquefier comprising a supplemental compressor that is

separate and distinct from the auxiliary compressor(s) contained in the LNG-based

liquefier. This allows the supp¡ementalcompressor and the associated heat exchange

equipment to be purchased and installed when the projected demand increase is actually

realized, if at all. ln this fashion, the incremental capital that would have otherwise been

spent on oversizing the LNG-based liquefier from the start does not get spent until it is

actually needed. Another benefit of the present invention is that the capacity increase is

primarily directly toward the ability to produce liquid nitrogen which, as noted above, will

often have a demand that grows faster than the demand for the liquid o)rygen from the

plant.

[00071 The skilled practitioner will appreciate that, as an alternative to the present

invention, the capacity of an LNG-based liquefier can be increased by adding a dense

fluid expander. However, only modest capacity increases can be achieved in this

manner.

[0008] GB patent application 1,376,678 (hereafter'GB '678") teaches the very basic

concept of how LNG refrigeration may be used to liquefy a nitrogen stream. The LNG is

first pumped to the desired delivery pressure then directed to a heat exchanger. The

warm nitrogen gas is cooled in said heat exchanger then compressed in several stages.

After each stage of compression, the now warmer nitrogen is returned to the heat

exchanger and cooled again. After the final stage of compression the nitrogen is cooled

then reduced in pressure across a valve and liquid is produced. When the stream is

reduced in pressure, some vapor is generated which is recycled to the appropriate stage

of compression.

[0009] GB '678 teaches many important fundamental principles. First, the LNG is not

sufficiently cold to liquefy a low-pressure nitrogen gas. ln fact, if the LNG were to be

vaporized at atmospheric pressure, the boiling temperature would be typically above -
260oF, and the nitrogen would need to be compressed to at least 15.5 bara in order to

condense. lf the LNG vaporization pressure is increased, so too willthe required

nitrogen pressure be increased. Therefore, multiple stages of nitrogen compression are

required, and LNG can be used to provide cooling for the compressor intercooler and

aftercooler. Second, because the LNG temperature is relatively warm compared to the

normal boiling point of nitrogen (which is approximately -320'F), flash gas is generated
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[0010] U.S. Pat. No 3,886,758 (hereafter "US '758P) discloses a method wherein a nitrogen
gas stream is compressed to a pressure of about 15 bara then cooled and condensed by heat
exchange against vaporizing LNG. The nitrogen gas stream originates from the top of the
lower pressure column of a double-column cycle or from the top of the sole column of a
single-column cycle. Some of the condensed liquid nitrogen, which was produced by heat
exchange with vaporizing LNG, is returned to the top of the distillation column that produced
the gaseous nitrogen. The refrigeration that 10 is supplied by the liquid nitrogen is
transformed in the distillation column to produce the oxygen product as a liquid. The portion of
condensed liquid nitrogen that is not returned to the distillation column is directed to storage
as product liquid nitrogen. [0011] EP 0,304,355 (hereafter "EP '355") teaches the use of an
inert gas recycle such as nitrogen or argon to act as a medium to transfer refrigeration from
the LNG to the air 15separation plant. In this scheme, the high pressure inert gas stream is
liquefied against vaporizing LNG then used to cool medium pressure streams from the air
separation unit (ASU). One of the ASU streams, after cooling, is cold compressed, liquefied
and returned to the ASU as refrigerant. The motivation here is to maintain the streams in the
same heat exchanger as the LNG at a higher pressure than the LNG. This is done to assure
that LNG cannot leak into the nitrogen streams, i.e. to ensure that methane cannot be
transported into the ASU with the liquefied return nitrogen. The authors also assert that the
bulk of the refrigeration needed for the ASU is blown as reflux liquid into a rectifying column.
[0012] U.S. Patents 5,137,558, 5,139,547, and 6,141,643 (hereafter "US "558", "US 25'547",
and "US '543" respectively) provide a good survey of the prior art up to 1990. These three
documents also teach the state-of-the-art at that time. In all three of these documents, the
nitrogen feed to the liquefier is made up of lower pressure and higher pressure nitrogen
streams from the ASU. The lower pressure nitrogen stream originates from the lower pressure
column; the higher pressure nitrogen stream originates from the 30higher pressure column No
direction is given as to the ratio of the lower pressure to higher pressure nitrogen streams.
[0013] There is littie new art in the literature since the early 90's because the majority of
applications for recovery of refrigeration from LNG (LNG receiving terminals) were  filled and
new terminals were not commonly being built, Recently, there has been resurgence in interest
in new LNG receiving terminals and therefore the potential to recover refrigeration from LNG,
BRIEF SUMMARY OF THE INVENTION [0014] The present invention relates to a cryogenic
air separation unit which utilizes an LNG-based liquefier to provide the refrigeration necessary
when at least a portion of the product is desired as liquid. The present invention is a system to
increase the capacity of the LNG-based liquefier wherein, in a low production mode, the
nitrogen that is fed to 10the LNG-based liquefier consists only of at least a portion of the high
pressure nitrogen from the distillation column system while in a high production mode, a
supplemental compressor is used to boost the pressure of at least a portion of the low
pressure nitrogen from the distillation column system to create additional (or replacement)
feed to the LNG-based liquefier. A key to the present invention is the supplemental
compressor 15is separate and distinct from the LNG-based liquefier. This allows its purchase
to be delayed until a capacity increase is actually needed and thus avoid building an
oversized liquefier based on a speculative increase in liquid product demand. BRIEF
DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 20[0015] Figure la is a schematic
diagram showing one embodiment of the prior art to 



when the liquefied nitrogen is reduced in pressure. This flash gas must be recycled and

recompressed.

[oo1ol u.s. pat. No 3,886,758 (hereafter "us'758') disCloses a method wherein a

nitrogen gas stream is compressed to a pressure of about 15 bara then cooled and

condensed by heat exchange against vaporizing LNG. The nitrogen gas stream

originates from the top of the lower pressure column of a double-column cycle or from

the top of the sole column of a single-column cycle. Some of the condensed liquid

nitrogen, which was produced by heat exchange with vaporizing LNG, is returned to the

top of the distillation column that produced the gaseous nitrogen. The refrigeration that

is supplied by the liquid nitrogen is transformed in the distillation column to produce the

oxygen product as a liquid. The portion of condensed liquid nitrogen that is not returned

to the distillation column is directed to storage as product liquid nitrogen.

10011] EP 0,304,355 (hereatter "EP '355') teaches the use of an inert gas recycle such

as nitrogen or argon to act as a medium to transfer refrigeration from the LNG to the air

separation plant. ln this scheme, the high pressure inert gas stream is liquefied against

vaporizing LNG then used to cool medium pressure streams from the air separation unit

(ASU). One of the ASU streams, after cooling, is cold compressed, liquefied and

returned to the ASU as refrigerant. The motivation here is to maintain the streams in the

same heat exchanger as the LNG at a higher pressure than the LNG. This is done to

assure that LNG cannot leak into the nitrogen streams, i.e. to ensure that methane

cannot be transported into the ASU with the liquefied return nitrogen. The authors also

assert that the bulk of the refrigeration needed for the ASU is blown as reflux liquid into a

rectifying column.

[0012] U.S. Patents 5,137,558, 5,139,547, and 5,141,54Í] (hereafter "US'558', UUS

'547', and "US '541" respectively) provide a good survey of the prior art up to 1990.

These three documents also teach the state-of-the-art at that time. ln all three of these

documents, the nitrogen feed to the liquefier is made up of lower pressure and higher

pressure nitrogen streams from the ASU. The lower pressure nitrogen stream originates

from the lower pressure column; the higher pressure nitrogen stream originates from the

higher pressure column. No direction is given as to the ratio of the lower pressure to

higher pressure nitrogen streams.

[0013] There is little new art in the literature since the early 90's because the majority

of applications for recovery of refrigeration from LNG (LNG receiving terminals) were
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which the system of the present invention pertains. [0016] Figure lb is a schematic diagram
showing the basic concept of the present invention in relation to Figure la,    [0017] Figure 2 is
a schematic diagram identical to Figure lb in terms of showing the 25basic concept of the
present invention, but differs slightly with respect to the configuration between the LNG-based
liquefier (2) and the ASU (1). [0018] Figure 3a is a schematic diagram showing the detail for
one example of an LNG-based liquefier for the flowsheet of Figure 2,    [0019] Figure 3b is a
schematic diagram showing one embodiment of the present 30invention, particularly as it
relates to the integration between the supplemental processing unit and the LNG-based
liquefier of Figure 3a,  [0020] Figure Sc is a schematic diagram of a second embodiment of
the present invention, particularly as it relates to the integration between the supplemental
processing unit and the LNG-based liquefier of Figure 3a. [0021] Figure 4frs schematic
diagram of the flowsheet that served as the basis for the worked example and includes a
more detailed air separation unit. DETAILED DESCRIPTION OF THE INVENTION [0022] The
present invention is best understood when read in connection with the drawings. 10 [0023]
Figure la is a schematic diagram showing one embodiment of the prior art to which the system
of the present invention pertains. Referring now to Figure la, the facility includes an
LNG-based liquefier (2) and a cryogenic ASU (1). In this example, the cryogenic ASU includes
a higher pressure column (114), lower pressure column (116), and main exchanger (110).
Feed air 100 is compressed in 102 and dried in 104 to 15produce stream 108. Stream 108 is
cooled in main exchanger 110 against returning gaseous product streams, to produce cooled
air feed 112. Stream 112 is distilled in the double column system to produce liquid oxygen
158, high pressure nitrogen gas (stream 174) and /ow pressure nitrogen gas (stream 180).
The nitrogen gases 174 and 180 are warmed in main exchanger 110 to produce streams 176
and 182. Stream 182 is 20 ultimately rejected to the atmosphere. Stream 176 is processed in
the LNG-based liquefier (2) to create liquefied nitrogen product stream 188 and liquid nitrogen
refrigerant stream 186. Liquid nitrogen refrigerant stream 186 is introduced into the distillation
columns through valves 136 and 140. Refrigeration tor LNG-based liquefier is provided from
LNG stream 194, which is vaporized and heated to produce stream 198. In Figure 25la, the
only nitrogen feed to the LNG-based liquefier is stream 176, which originates from the higher
pressure column 114,  [0024] Figure lb is a schematic diagram showing the basic concept of
the present invention in relation to Figure la. Referring now to Figure lb, feed air 100 is
compressed in 102 and dried in 104 to produce stream 108. Stream 108 is cooled in 30 main
exchanger 110 against returning gaseous product streams, to produce cooled air feed 112.
Stream 112 is distilled in the double column system to produce liquid oxygen 158, high
pressure nitrogen gas (stream 174) and low pressure nitrogen gas (stream 



filled and new terminals were not commonly being built. Recently, there has been

resurgence in interest in new LNG receiving terminals and therefore the potentialto

recover refrigeration from LNG.

BRIEF SUMMARY OF THE INVENTION

[00141 The present invention relates to a cryogenic air separation unit which utilizes an

LNG-based liquefier to provide the refrigeration necessary when at least a portion of the

product is desired as liquid. The present invention is a system to increase the capacity

of the LNG-based liquefier wherein, in a low production mode, the nitrogen that is fed to

the LNG-based liquefier consists only of at least a portion of the high pressure nitrogen

from the distillation column system while in a high production mode, a supplemental

compressor is used to boost the pressure of at least a portion of the low pressure

nitrogen from the distillation column system to create additional (or replacement) feed to

the LNG-based liquefier. A key to the present invention is the supplemental compressor

is separate and distinct from the LNG-based liquefier. This allows its purchase to be

delayed until a capacity increase is actually needed and thus avoid building an oversized

liquefier based on a specuiative increase in liquid product demand.

BRIEF DESCRIPTION OF SEVERAL VIE\A/S OF THE DRAWINGS

[0015] Figure 1a is a schematic diagram showing one embodiment of the prior art to

which the system of the present invention pertains.

[0016] Figure 1b is a schematic diagram showing the basic concept of the present

invention in relation to Figure 1a.

[0014 Figure 2is a schematic diagram identicalto Figure 1b in terms of showing the

basic concept of the present invention, but differs stightly with respect to the

configuration between the LNG-based liquefier (2) and the ASU (1).

[0018] Figure 3a is a schematic diagram showing the detailfor one example of an

LNG-based liquefier for the flowsheet of Figure 2.

[0019J Figure 3b is a schematic diagram showing one embodiment of the present

invention, particularly as it relates to the integration between the supplemental

processing unit and the LNG-based liquefier of Figure 3a.
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180). The nitrogen gases 174 and 180 are warmed in main exchanger 11010 produce
streams 176 and 152. Stream 182 is transformed utilizing a supplemental compressor and the
associated heat exchange equipment (referred to hereunder as the 'supplemental processing
unit' which is depicted as unit 3 in Figure la) to become stream 184, then mixed with stream
176, to form a feed to the LNG-based liquefier (2). Liquefied nitrogen product stream 188 and
liquid nitrogen refrigerant stream 186 are produced within the LNG-based liquefier, Liquid
nitrogen refrigerant stream 186 is introduced into the distillation columns through valves 136
and 140. In contrast to Figure la, the source of the nitrogen feed to the LNG-based liquefier
leaves the ASU as two 10 streams, 182 and 176. [0025] As noted above, the term
supplemental processing unit as used hereunder means the present invention's supplemental
compressor and the associated heat exchange equipment. It should be noted however that
the term does not necessarily mean the supplemental compressor and the associated heat
exchange equipment are 15contained in a single physical unit. The exact nature of the
supplemental processing unit (3) is described in detail with reference to the embodiments of
the invention depicted in Figures 3b and 3c. [0025] Operation of Figure lb where, similar as
shown in Figure la, stream 182 is vented and not fed the supplemental processing unit (3), is
preferred when the ratio of 20liquid nitrogen product to liquid oxygen product (stream
188/stream 158) is relatively low and hereafter is referred to as "low production mode". When
operating in this mode, it is appropriate to extract all of the nitrogen to be liquefied from the
higher pressure column. Operation as shown in Figure lb. hereafter referred to as "high
production mode" is preferred when the ratio of liquid nitrogen product to liquid oxygen
product (stream 25188/stream 168) is relatively high. In such a case, so much nitrogen needs
to be liquefied that it is appropriate to extract the nitrogen to be liquefied from both the higher
pressure column and lower pressure column. [0027] in Figure lb, the supplemental processing
unit (3) is inserted to transform the state of stream 184 relative to stream 182 so that it may be
mixed with stream 176 prior 30to introduction to the LNG-based liquefier. By doing so, the
design and operation of the LNG-based liquefier may be similar in both high and low
production modes. In fact, the design of the LNG-based liquefier can be exactly the same and
the equipment simply operated at "turn-down" in the low production mode.  [0028] Figure 21s
a schematic diagram identical to Figure lb in terms of showing the basic concept of the
present invention, but differs slightly with respect to the configuration between the LNG-based
liquefier (2) and the ASU (1). In particular, whereas liquefied nitrogen stream 186 is fed to the
distillation column system in Figure  5 lb, stream 186 is fed to the main heat exchanger in
Figure 2. Referring now to Figure 2, feed air 100 is compressed in 102 and dried in 104 to
produce stream 108. Stream 108 is split into a first portion (208) and a second portion (230).
Stream 208 is cooled in 110 against returning gaseous product streams, to produce cooled air
teed 212. Stream 230 is first cooled in 110 against returning gaseous product streams then
liquefied to produce 10stream 232. Liquid air stream 232 is split and is introduced into the
distillation columns through valves 236 and 240. Streams 212 and 232 are distilled in the
double column system to produce liquid oxygen 158, high pressure nitrogen gas (stream 174)
and low pressure nitrogen gas (stream 180). The nitrogen gases 174 and 180 are warmed in
the main exchanger 110 to produce streams 176 and 18Z Liquid nitrogen refrigerant 15stream
186 is directed to the main exchanger where it is vaporized by indirect heat 



t00201 Figure 3c is a schematic diagram of a second embodiment of the present

invention, particularly as it relates to the integration between the supplemental

processing unit and the LNG-based liquefier of Figure 3a.

[0021] Figure 4's schematic diagram of the flowsheet that served as the basis for the

worked example and includes a more detailed air separation unit.

DETAILED DESCRTPTION OF THE INVENTION

Í00221 The present invention is best understood when read in connection with the

drawings.

[00231 Figure 1a is a schematic diagram showing one embodiment of the prior art to

which the system of the present invention pertains. Referring now to Figure 1a, the

facility includes an LNG-based liquefier (2) and a cryogenic ASU (1). In this example,

the cryogenic ASU includes a higher pressure column (114), lower pressure column

(116), and main exchanger (110). Feed air 100 is compressed in 102 and dried in 104 to

produce stream 108. Stream 108 is cooled in main exchanger 110 against returning

gaseous product streams, to produce cooled air feed 112. Stream 112 is distilled in the

double column system to produce liquid orygen 158, high pressure nitrogen gas (stream

174) and low pressure nitrogen gas (stream 180). The nitrogen gases 174 and 180 are

warmed in main exchanger 110 to produce streams 176 and 182. Stream 182 is

ultimately rejected to the atmosphere. Stream 176 is processed in the LNG-based

liquefier (2) to create liquefied nitrogen product stream 188 and liquid nitrogen refrigerant

stream 186. Liquid nitrogen refrigerant stream 186 is introduced into the distillation

columns through valves 136 and 140. Refrigeration for LNG-based liquefier is provided

from LNG stream 194, which is vaporized and heated to produce stream 198. ln Figure

1a, the only nitrogen feed to the LNG-based liquefier is stream 176, which originates

from the higher pressure column 114.

100241 Figure 1b is a schematic diagram showing the basic concept of the present

invention in relation to Figure 1a. Referring now to Figure 1b, feed air 100 is

compressed in 102 and dried in 104 to produce stream 108. Stream 108 is cooled in

main exchanger 110 against returning gaseous product streams, to produce cooled air

feed 112. Stream 112 is distilled in the double column system to produce liquid orygen

158, high pressure nitrogen gas (stream 174) and low pressure nitrogen gas (stream
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exchange with condensing stream 230 to form vapor nitrogen return stream 288. In low
production mode, stream 182 is vented and streams 288 and 176 are processed in the
LNG-based liquefier to create liquefied nitrogen product stream 188 and liquid nitrogen
refrigerant stream 186. In high production mode, stream 182 is transformed in the 20
supplemental processing unit (3) to become stream 184, then mixed with stream 176. The
mixed stream, plus stream 288, are processed in the LNG-based liquefier to create liquefied
nitrogen product stream 188 and liquid nitrogen refrigerant stream 186. (0029] The exact
nature of the LNG-based liquefier is not the focus of the present invention, however, how the
liquefier integrates with the supplemental processing unit (3)  25 is important to understand so
an example of an LNG-based liquefier (unit 2 in Figure 2) is described in Figure 3a. Figure 3b
and 3c will give examples of the same LNG-based liquefier with inclusion of different
embodiments of the supplemental processing unit (3). [0030] Referring to Figure 3a, high
pressure nitrogen vapor stream 176 is mixed with vapor nitrogen return stream 288 to form
stream 330, which is subsequently cooled in 30liquefier exchanger 304 to form stream 332.
Stream 334 is compressed in a first auxiliary compressor (HP cold compressor 308) to form
stream 336. Stream 336 is cooled in liquefier exchanger 304 to make stream 338, then is
compressed in a second auxiliary compressor (VHP cold compressor 310) to form stream
346. Stream 346 undergoes cooling and liquefaction in liquefier exchanger 304 to make
stream 348.  [0031] Liquefied stream 348 is further cooled in cooler 312 to form stream 350.
Stream 350 is reduced in pressure across valve 314 and introduced to vessel 316 where the
two phase fluid is separated to vapor stream 352 and liquid stream 356. Liquid stream 356 is
split into two streams: stream 360 and stream 186, which constitutes the liquid nitrogen
refrigerant stream that is directed to the cryogenic ASU. Stream 360 is reduced in pressure
across valve 318 and introduced to vessel 320 where the two phase fluid is separated to
vapor stream 362 and liquid nitrogen product stream 188. Vapor streams 362 and 352 are
warmed in cooler 312 to form streams 364 and 354, respectively. Stream 364 is further
warmed in exchanger 304 to form gaseous nitrogen vent stream 10366 from the LNG-based
liquefier. [0032] Refrigeration for the LNG-based liquefier Is supplied by LNG stream 194,
which is vaporized and or warmed in liquefier exchanger 304 to form stream 198. [0033] In the
strictest sense, the terms "vaporized" and "condensed" applies to streams that are below their
critical pressure. Often, the streams 346 (the highest pressure 15nitrogen stream) and 194
(the LNG supply) are at pressures greater than critical, it is  understood that these streams do
not actually condense or vaporize. Rather they undergo a change of state characterized by a
high degree heat capacity. One of normal skill in the art will appreciate the similarities
between possessing a high degree of heat capacity (at supercritical conditions) and
possessing a latent heat (at subcritical 20conditions). [0034] Referring now to Figure 3b, in
high production mode of operation, lower pressure nitrogen stream 182 is an additional
source of nitrogen that ultimately needs to be liquefied. Per the present invention, the
supplemental processing unit (3) has been added to transform low pressure nitrogen stream
182 into a higher pressure nitrogen 25 stream 184. Stream 182 is combined with warm, low
pressure gaseous nitrogen vent stream 366 to form stream 379. Stream 370 is cooled in
pre-cooling heat exchanger 322 to produce cooled nitrogen stream 372. Stream 372 is mixed
with cold, low pressure gaseous nitrogen vent stream 386 from the LNG-biased liquefier to
form stream 374. Stream 374 is compressed cold in the supplemental compressor (LP
compressor 306) to 30form stream 184, then mixed with high pressure liquefier feed streams
288 and 176 to form stream 330. The refrigeration for cooling stream 370 is provided by LNG
stream 394, which is vaporized and/or warmed in precooling heat exchanger 322 to form
stream 396. 



1g0). The nitrogen gases 174 and 180 are warmed in main exchanger 110 to produce

streams 176 and 182. Stream 182 is transformed utilizing a supplementalcompressor

and the associated heat exchange equipment (referred to hereunder as the

"supplemental processing unif'which is depicted as unit 3 in Figure 1a)to become

stream 184, then mixed with stream 176, to form a feed to the LNG-based liquefier (2).

Liquefied nitrogen product stream 188 and liquid nitrogen refrigerant stream 186 are

produced within the LNG-based liquefier. Liquid nitrogen refrigerant stream 186 is

introduced into the distillation columns through valves 136 and 140. ln contrast to Figure

1a, the source of the nitrogen feed to the LNG-based liquefier leaves the ASU as two

streams, 182 and 176.

[00251 As noted above, the term supplemental processing unit as used hereunder

means the present invention's supplementalcompressor and the associated heat

exchange equipment. lt should be noted however that the term does not necessarily

mean the supplementalcompressor and the associated heat exchange equipment are

contained in a single physical unit. The exact nature of the supplemental processing unit

(3) is described in detailwith reference to the embodiments of the invention depicted in

Figures 3b and 3c.

[0026] Operation of Figure 1b where, similar as shown in Figure 1a, stream 182 is

vented and not fed the supplemental processing unit (3), is preferred when the ratio of

liquid nitrogen product to liquid orygen product (stream 188/stream 158) is relatively low

and hereafter is referred to as "low production mode". When operating in this mode, it is

appropriate to extract all of the nitrogen to be liquefied from the higher pressure column.

Operation as shown in Figure 1b, hereafter referred to as "high production mode" is

preferred when the ratio of liquid nitrogen product to liquid oxygen product (stream

188/stream 158) is relatively high. ln such a case, so much nitrogen needs to be

liquefied that it is appropriate to extract the nitrogen to be liquefied from both the higher

pressure column and lower pressure column.

[0027] ln Figure 1b, the supplemental processing unit (3) is inserted to transform the

state of stream 184 relative to stream 182 so that ¡t may be mixed with stream 176 prior

to introduction to the LNG-based liquefier. By doing so, the design and operation of the

LNG-based liquefier may be similar in both high and low production modes. ln fact, the

design of the LNG-based liquefier can be exactly the same and the equipment simply

operated at'turn-down" in the low production mode.
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[0035] Operation of LNG-based liquefier (2) in Figure 3b is very similar to that described in
Figure 3a with some exceptions. As in Figure 3a, stream 330 is cooled in liquefier exchanger
304 to form stream 332. Stream 334 is compressed in HP cold compressor 308 to form
stream 336. Stream 336 is cooled in liquefier exchanger 304 to make stream 338, is
compressed in VHP cold compressor 310 to form stream 346. Stream 346 undergoes cooling
and liquefaction in liquefier exchanger 304 to make stream 348. [0030] As in Figure 3a,
liquefied stream 348 is further cooled in cooler 312 to form stream 350. Stream 350 is
reduced in pressure across valve 314 and introduced to 10 vessel 316 where the MO phase
fluid is separated to vapor stream 352 and liquid stream 356. Liquid stream 356 is split into
two streams: stream 360 and stream 186, which constitutes the liquid nitrogen refrigerant
stream that is directed to the cryogenic ASU. Stream 360 is reduced in pressure across valve
318 and introduced to vessel 320 where the two phase fluid is separated to vapor stream 362
and liquid nitrogen product stream 15188. Vapor streams 362 and 352 are warmed in cooler
312 to form streams 364 and 354, respectively. [0037] Figure 3b is different from Figure 3a in
that stream 364, which is a low pressure nitrogen stream, need not be warmed and vented
because the supplemental compressor (LP cold compressor 306) exists. There are two
possible ways to combine stream 364 20with stream 182. In the more thermodynamically
preferred case, valve 380 is closed and valve 382 is open. In this event stream 364 flows
through valve 382 to become gaseous nitrogen vent stream 386 from the LNG-based
liquefier, which is then blended with cold nitrogen feed stream 372. In the less
thermodynamically preferred case, valve 380 is open and valve 382 is closed. In this event
stream 364 flows through valve 380 to 25 become stream 384, is warmed in heat exchanger
304 to become gaseous nitrogen vent stream 366 from the LNG-based liquefier, then blended
with warm nitrogen feed stream 182. The more thermodynamically preferred option (valve 380
closed) would be employed if the cold valves 380 and 382 were incorporated into the liquefier
at the design point; the less thermodynamically preferred option (valve 382 closed) would be
30 employed if the inclusion of the supplemental processing unit (3) was executed as a
retrofit. In the latter event, valves 380 and 382 might not exist and line 382 would not be
present.  [0038] Finally hi Figure 3b, and as in Figure 3a, refrigeration for the LNG-based
liquefier is supplied by LNG stream 194, which is vaporized and or warmed in liquefier
exchanger 304 to form stream 198. [0039] As indicated above, the refrigeration to cool the
lower pressure nitrogen in precooling heat exchanger 322 is by vaporizing and/or warming
LNG stream 394. As an alternative, it is possible to extract a cold nitrogen stream from the
cold or intermediate location of the liquefier heat exchanger 304, warm that stream in
exchanger 322, then re-cool that stream in exchanger 304. This might be done to eliminate
the need to pipe LNG to precooling heat exchanger 322 as shown by stream 394 in Figure 3b.
Any 10 suitable stream may be used as the source of the cold nitrogen gas, such as streams
332, 338, or 348. [0040] Referring now to Figure 3c, a simpler supplemental processing unit
might be employed. Once again, in high production mode of operation lower pressure nitrogen
stream 182 is an additional source of nitrogen that ultimately needs to be liquefied. Per 15the
present invention, the supplemental processing unit (3) has been added to transform low
pressure nitrogen stream 182 into a higher pressure nitrogen stream 184. Stream 182 is
combined with warm, low pressure nitrogen gaseous nitrogen vent stream 366 from the
LNG-based liquefier to form stream 370. Stream 370 is compressed in the supplemental
compressor (warm LP compressor 324), then cooled in aftercooler heat 20exchanger 326
(typically using cooling water or glycol as the cooling medium) to form  stream 184. Stream
184 is subsequently mixed with high pressure liquefier feed streams 288 and 176 to form
stream 330. The operation of the LNG-Based liquefier is similar to that described in Figure 3e,
except stream 366 is not vented. 



t002S] Figure 2 is a schematic diagram identicalto Figure lb in terms of showing the

basic concept of the present invention, but differs slightly with respect to the

configuration between the LNG-based liquefier (2) and the ASU (1). ln particular,

whereas liquefied nitrogen stream 186 is fed to the distillation column system in Figure

1b, stream 186 is fed to the main heat exchanger in Figure 2. Referring now to Figure 2,

feed air 100 is compressed in 102 and dried in 104 to produce stream 108. Stream 108

is split into a first portion (208) and a second portion (230). Stream 208 is cooled in 110

against returning gaseous product streams, to produce cooled air feed 212. Stream 230

is first cooled in 110 against returning gaseous product streams then liquefied to produce

stream 232. Liquid air stream 232 is split and is introduced into the distillation columns

through valves 236 and 240. Streams 212 and 232 are distilled in the double column

system to produce liquid oxygen 158, high pressure nitrogen gas (stream 174) and low

pressure nitrogen gas (stream 180). The nitrogen gases 174 and 180 are warmed in the

main exchanger 110 to produce streams 176 and 182. Liquid nitrogen refrigerant

stream 186 is directed to the main exchanger where it is vaporized by indirect heat

exchange with condensing stream 230 to form vapor nitrogen return stream 288. ln low

production mode, stream 182 is vented and streams 288 and 176 are processed in the

LNG-based liquefier to create liquefied nitrogen product stream 188 and liquid nitrogen

refrigerant stream 186. ln high production mode, stream 182 is transformed in the

supplemental processing unit (3) to become stream 184, then mixed with stream 176.

The mixed stream, plus stream 288, are processed in the LNG-based liquefier to create

liquefied nitrogen product stream 188 and liquid nitrogen refrigerant stream 186.

[0029] The exact nature of the LNG-based liquefier is not the focus of the present

invention, however, how the liquefier integrates with the supplemental processing unit (3)

is important to understand so an example of an LNG-based liquefier (unit 2 in Figure 2)

is described in Figure 3a. Figure 3b and 3c will give examples of the same LNG-based

liquefier with inclusion of different embodiments of the supplemental processing unit (3).

[0030] Referring to Figure 3a, high pressure nitrogen vapor stream 176 is mixed with

vapor nitrogen return stream 288 to form stream 330, which is subsequently cooled in

liquefier exchanger 304 to form stream 332. Stream 334 is compressed in a first auxiliary

compressor (HP cold compressor 308) to form stream 336. Stream 336 is cooled in

liquefier exchanger 304 to make stream 338, then is compressed in a second auxiliary

compressor (VHP cold compressor 310) to form stream 346. Stream 346 undergoes

cooling and liquefaction in liquefier exchanger 304 to make stream 348.
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[0041] As noted previously, the supplemental processing unit as depicted as unit (3) in
25Figures 3b and 3c does not necessarily refer to single physical unit. For example, the
supplemental compressor can be contained in a housing with other compressors while the
supplemental heat exchanger can be contained in a housing with other heat exchangers. It
should also be noted that while the supplemental compressor and heat exchanger operate at
above ambient temperature in Figure 3c's embodiment of the 30present invention, this
equipment operates at below ambient temperatures in Figure 3b's embodiment and therefore
must be insulated.  EXAMPLE [0042] A worked example has been prepared to demonstrate
possible operating conditions associated with the present invention and clarify what is
different and common between operating modes. Three cases will be given; Case 1
corresponds to low production mode operation without the supplemental processing unit (3)
while Cases 2 and 3 correspond to high production mode operation with the supplemental
processing unit (3) in place. For this example. Case 1 is depicted by the LNG-based liquefier
(2) of Figure 3a; Cases 2 and 3 are depicted by the LNG-based liquefier (2) and the
supplemental processing unit (3) of Figure 3b, For Cases 2 and 3, referring to Figure 3b,
10valve 380 is closed and valve 382 is open. The cryogenic ASU in shown in greater detail in
Figure 4 and described below,  [0043] Referring to Figure 4, atmospheric air 100 is
compressed in the main air compressor 102, purified in adsorbent bed 104 to remove
impurities such as carbon dioxide and water, then divided into two fractions: stream 230 and
stream 208. Stream 15 208 is cooled in main heat exchanger 110 to become stream 212, the
vapor feed air to the higher pressure column 114. Stream 230 is cooled to a temperature near
that of stream 212 then at least partially condensed to form stream 232, then eventually
reduced in pressure across valves 236 and 240 and introduced to the higher pressure column
114 and lower pressure column 116. The higher pressure column produces a 20
nitrogen-enriched vapor from the top, stream 462, and an oxygen-enriched stream, 450, from
the bottom. Stream 462 is split into stream 174 and stream 464. Stream 174 is warmed in the
main heat exchanger then passed, as stream 176 to the LNG-based liquefier (2). Stream 464
is condensed in reboiler-condenser 418 to form stream 466. A portion of stream 466 is
returned to the higher pressure column as ref lux (stream 468); 25the remainder, stream 470,
is eventually introduced to the lower pressure column as the top feed to that column through
valve 472. Oxygen-enriched stream 450 is passed to  the argon column's reboiler-condenser
484 through valve 452, and at least partially vaporized to form stream 456, which is directed
to the lower pressure column. [0044] The lower pressure column produces the oxygen from
the bottom, which is 30withdrawn as liquid stream 158, and a nitrogen-rich stream, 180, from
the top. Nitrogen rich stream 180 is warmed in main heat exchanger 110 to form stream 182.
A waste stream may be removed from the lower pressure column, as stream 490, warmed in
the main exchanger and ultimately discharged as stream 492. Boilup for the bottom of the - 



[0031] Liquefied stream 348 is further cooled in cooler 312 to form stream 350. Stream

350 is reduced in pressure across valve 314 and introduced to vessel316 where the two

phase fluid is separated to vapor stream 352 and liquid stream 356. Liquid stream 356 is

split into two streams: stream 360 and stream 186, which constitutes the liquid nitrogen

refrigerant stream that is directed to the cryogenic ASU. Stream 360 is reduced in

pressure across valve 318 and introduced to vessel320 where the two phase fluid is

separated to vapor stream 362 and liquid nitrogen product stream 188. Vapor streams

362 and 352 are warmed in cooler 312 to form streams 364 and 354, respectively.

Stream 3&1 is further warmed in exchanger 304 to form gaseous nitrogen vent stream

366 from the LNG-based liquefier.

[0032] Refrigeration for the LNG-based liquefier is supplied by LNG stream 194, which

is vaporized and or warmed in liquefier exchanger 304 to form stream 198.

[0033] ln the strictest sense, the terms'Vaporized" and "condensed'applies to streams

that are below their critical pressure. Often, the streams 346 (the highest pressure

nitrogen stream) and 194 (the LNG supply) are at pressures greater than critical. lt is

understood that these streams do not actually condense or vaporize. Rather they

undergo a change of state characterized by a high degree heat capacity. One of normal

skill in the art willappreciate the similarities between possessing a high degree of heat

capacity (at supercritical conditions) and possessing a latent heat (at subcritical

conditions).

[0034] Referring now to Figure 3b, in high production mode of operation, lower

pressure nitrogen stream 182 is an additionalsource of nitrogen that ultimately needs to

be liquefied. Per the present invention, the supplemental processing unit (3) has been

added to transform low pressure nitrogen stream 182 into a higher pressure nitrogen

stream 184. Stream 182 is combined with warm, low pressure gaseous nitrogen vent

stream 366 to form stream 370. Stream 370 is cooled in pre-cooling heat exchanger 322

to produce cooled nitrogen stream 372. Stream372 is mixed with cold, low pressure

gaseous nitrogen vent stream 386 from the LNG-based liquefier to form stream 374.

Stream 374 is compressed cold in the supplementalcompressor (LP compressor 306) to

form stream 184, then mixed with high pressure liquefier feed streams 288 and 176 to

form stream 330. The refrigeration for cooling stream 370 is provided by LNG stream

394, which is vaporized and/or warmed in precooling heat exchanger 322loform stream

396.
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lower pressure column is provided by reboiler-condenser 418. A vapor flow is extracted from
the lower pressure column as stream 478 and fed to argon column 482. Argon product is
withdrawn from the top of this column as liquid stream 486. Bottom liquid stream 480 is
returned to the lower pressure column. The ref lux for the argon column is provided by indirect
heat exchange with the vaporizing oxygen-enriched stream, which originates from the higher
pressure column as stream 450. [0045] Liquid nitrogen refrigerant stream 186 is directed to
the main exchanger where it is vaporized by indirect heat exchange with condensing stream
230 to form vapor nitrogen return stream 288. 10In low production mode of operation (Case 1)
stream 182 is vented to atmosphere from the ASU (as stream 486), stream 366 is vented to
atmosphere from the LNG-Based liquefier, and the flow of streams 184 and 386 are zero. In
high production mode (Cases 2 and 3) streams 182 (as stream 488) and 386 are passed to
the supplemental processing unit, and the flow of stream 366 is zero. For these particular
Case 2 and 3 15examples, the flow of stream 176 (originating from the higher pressure
column) is also zero. That is, in Cases 2 and 3, the entire portion of the high pressure nitrogen
462 from the high pressure column is condensed in rebollericondenser [418] and used as
reflux for the distillation column system such that, as between the boosted pressure nitrogen
and the high pressure nitrogen, only the boosted pressure nitrogen is fed to the LNG-based
liquefier in high production mode. Although this is not mandatory, it is a typical scenario in
high production mode. The distinction between Case 2 and 3 is the liquid nitrogen production
in Case 3 is higher.    [0046] Cases 14 are intended to illustrate how liquid production can be
increased. Several balance points can he gleaned from the Table as indicated by Notes 1-5
therein 25which are explained below; Note 1: The liquid oxygen production increases by 33%
in going from Case 1 to Case 2; liquid oxygen production is the same in Case 2 and 3.  Note
2: The liquid nitrogen production increases 60% in going from Case 1 to Case 2; liquid
nitrogen production increases 140% in going from Case Ito Case 3. 30Note 3; The high
pressure nitrogen flow is sufficient to meet the liquid nitrogen production requirement in Case
1, but is zero in Cases 2 and 3.  Note 4: Even though the liquid oxygen production is
significantly less in Case 1, the air flow to the ASU is roughly the same for all three cases.
This is an important feature. When one elects to produce nitrogen from the ASU as high
pressure nitrogen then the oxygen recovery cleanest As a result, the use of the present
invention allows one to use the same air compressor and same Cryogenic MU for ali three
cases. Note 5: Case I operates with no LP Compressor (the supplemental processing unit (3)
is not needed) TABLE   Case 1 Case 2 Case 3 Notes 



[0035] Operation of LNG-based liquefier (2) in Figure 3b is very similar to that

described in Figure 3a with some exceptions. As in Figure 3a, stream 330 is cooled in

liquefier exchanger 304 to form stream 332. Stream 334 is compressed in HP cold

compressor 308 to form stream 336. Stream 336 is cooled in liquefier exchanger 304 to

make stream 338, is compressed in VHP cold compressor 310 to form stream 346.

Stream 346 undergoes cooling and liquefaction in liquefier exchanger 304 to make

stream 348.

[0036] As in Figure 3a, liquefied stream 348 is further cooled in cooler 312 to form

stream 350. Stream 350 is reduced in pressure across valve 314 and introduced to

vessel316 where the two phase fluid is separated to vapor stream 352 and liquid stream

356. Liquid stream 356 is split into two streams: stream 360 and stream 186, which

constitutes the liquid nitrogen refrigerant stream that ¡s directed to the cryogenic ASU.

Stream 360 is reduced in pressure across valve 318 and introduced to vessel320 where

the two phase fluid is separated to vapor stream 362 and liquid nitrogen product stream

188. Vapor streams 362 and 352 are warmed in cooler 312 to form streams 36¿t and

354, respectively.

[0034 Figure 3b is ditferent from Figure 3a in that stream 364, which is a low pressure

nitrogen stream, need not be warmed and vented because the supplemental compressor
(LP cold compressor 306) exists. There are two possible ways to combine stream 364

with stream 182. ln the more thermodynamically preferred case, valve 380 is closed and
valve 382 is open. ln this event stream 3&l flows through valve 382 to become gaseous

nitrogen vent stream 386 from the LNG-based liquefier, which is then blended with cold

nitrogen feed stream 372. ln the less thermodynamically preferred case, valve 380 is

open and valve 382 is closed. ln this event stream 36,1flows through valve 380 to

become stream 384, is warmed in heat exchanger 304 to become gaseous nitrogen vent

stream 366 from the LNG-based liquefier, then blended with warm nitrogen feed stream

182. The more thermodynamically preferred option (valve 380 closed) would be

employed if the cold valves 380 and 382 were incorporated into the liquefier at the

design point;the less thermodynamically preferred option (valve 382 closed) would be

employed if the inclusion of the supplemental processing unit (3) was executed as a

retrofit. ln the latter event, valves 380 and 382 might not exist and line 382 would not be
present.
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Liquid Oxygen Flow (158) Nmatir 4,399 5,848 5,859 1 Liquid Nitrogen Product Flow (188)
Nmalhr 8340 13344 20016 2 Liquid Argon Flow (486) Nrit3/hr 121 265 265  LP N2 Flow exit
ASU (182) Nm3/hr 7,469  20,438  



[0038] Finally in Figure 3b, and as in Figure 3a, refrigeration for the LNG-based

liquefier is supplied by LNG stream 194, which is vaporized and or warmed in liquefier
exchanger 304 to form stream 1gg.

[00391 As indicated above, the refrigeration to coolthe lower pressure nitrogen in
precooling heat exchanger 322 is by vaporizing and/or warming LNG stream 394. As an
alternative, it is possible to extract a cold nitrogen stream from the cold or intermediate
focation of the liquefier heat exchanger 304, warm that stream in exchang er S22,then re-
coolthat stream in exchanger 304. This might be done to eliminate the need to pipe

LNG to precooling heat exchanger 322as shown by stream 394 in Figure 3b. Any
suitable stream may be used as the source of the cold nitrogen gas, such as streams
332, 338, or 348.

[00401 Referring now to Figure 3c, a simpler supplemental processing unit might be
employed. Once again, in high production mode of operation lower pressure nitrogen
stream 182 is an additional source of nitrogen that ultimately needs to be liquefied. per

the present invention, the supplemental processing unit (3) has been added to transform
low pressure nitrogen stream 182 into a higher pressure nitrogen stream lB4. Stream
182 is combined with warm, low pressure nitrogen gaseous nitrogen vent stream 366
from the LNG-based liquefier to form stream 370. Stream 370 is compressed in the
supplemental compressor (warm LP compressor 324), then cooled in aftercooler heat
exchanger 326 (typically using cooling water or glycolas the cooling medium) to form
stream 184. Stream 184 is subsequently mixed with high pressure liquefier feed
streams 288 and 176 to form stream 330. The operation of the LNG-Based liquefier is
similar to that described in Figure 3a, except stream 366 is not vented.

[00411 As noted previously, the supplemental processing unit as depicted as unit (3) in
Figures 3b and 3c does not necessarily refer to single physical unit. For example, the
supplementalcompressor can be contained in a housing with other compressors while
the supplemental heat exchanger can be contained in a housing with other heat

exchangers. lt should also be noted that while the supplemental compressor and heat
exchanger operate at above ambient temperature in Figure 3c's embodiment of the
present invention, this equipment operates at below ambient temperatures in Figure 3b's
embodiment and therefore must be insulated.
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18,956   Pressure bora 1.2 12 12   Nm3/tir 7,469 5,400 104  LP N2 to vent (486)      



EXAMPLE

[00421 A worked example has been prepared to demonstrate possible operating

conditions associated with the present invention and clarify what is ditferent and common

between operating modes. Three cases will be given: Case 1 corresponds to low

production mode operation without the supplemental processing unit (3) wtrile Cases 2

and 3 correspond to high production mode operation with the supplemental processing

unit (3) in place. For this example, Case 1 is depicted by the LNG-based liquefier (2) of

Figure 3a; cases 2 and 3 are depicted by the LNc-based liquefier (2) and the

supplemental processing unit (3) of Figure 3b. For Cases 2 and 3, referring to Figure 3b,

valve 380 is closed and valve 382 is open. The cryogenic ASU in shown in greater detail
in Figure 4 and described below.

[00431 Referring to Figure 4, atmospheric air 100 is compressed in the main air

compressor 102, purified in adsorbent bed 104 to remove impurities such as carbon

dioxide and water, then divided into two fractions: stream 230 and stream 208. Stream
208 is cooled in main heat exchanger 110 to become stream 212,lhe vapor feed air to
the higher pressure column 114. Stream 230 is cooled to a temperature near that of
stream 212then at least partially condensed to form stream 232,then eventually

reduced in pressure across valves 236 and 240 and introduced to the higher pressure

column 114 and lower pressure column 116. The higher pressure column produces a
nitrogen-enriched vapor from the top, stream 462, and an oxygen-enriched stream, 4S0,

from the bottom. Stream 462 is split into stream 174 andstream 464. Stream 174 is

warmed in the main heat exchanger then passed, as stream 176 to the LNG-based

liquefier (2). Stream 464 is condensed in reboiler-condenser 418 to form stream 466. A
portion of stream 466 is returned to the higher pressure column as reflux (stream 46g);
the remainder, stream 470, is eventually introduced to the lower pressure column as the
top feed to that column through valve 472. Orygen-enriched stream 4S0 is passed to
the argon column's reboiler-condenser 484 through valve 452, andat least partially

vaporized to form stream 456, which is directed to the lower pressure column.

[00441 The lower pressure column produces the orygen from the bottom, which is
withdrawn as liquid stream 158, and a nitrogen-rich stream, 1BO, from the top. Nitrogen-
rich stream 180 is warmed in main heat exchanger 110 to form stream 182. A waste
stream may be removed from the lower pressure column, as stream 490, warmed in the
main exchanger and ultimately discharged as stream 492. Boilup for the bottom of the

-12-

10

15

20

25

30

LP P42 to Unit 3 (488) Nmatr 0 13556 20334 5 HP N2 Flow exit ASU (176) Nm3/Pir 9,184 0 0
Pressure bare 5.2 We n/a  yap. N2 refrigerant exit ASU (288) Nm3/hr 6,298 8354 8,445  



lower pressure column is provided by reboiler-condenser 418. A vapor flow is extracted

from the lower pressure column as stream 478 and fed to argon column 482. Argon

product is withdrawn from the top of this column as liquid stream 486. Bottom liquid

stream 480 is returned to the lower pressure column. The reflux for the argon column is

provided by indirect heat exchange with the vaporizing orygen-enriched stream, which

originates from the higher pressure column as stream 450.

[00451 Liquid nitrogen refrigerant stream 186 is directed to the main exchanger where it

is vaporized by indirect heat exchange with condensing stream 230 to form vapor

nitrogen return stream 288.

ln low production mode of operation (Case 1) stream 182 is vented to atmosphere from

the ASU (as stream 486), stream 366 is vented to atmosphere from the LNG-Based

liquefier, and the flow of streams 184 and 386 are zero. ln high production mode (Cases

2and 3) streams 182 (as stream 488) and 386 are passed to the supplemental

processing unit, and the flow of stream 366 is zero. For these particular Case 2 and 3

examples, the flow of stream 176 (originating from the higher pressure column) is also

zero. That is, in Cases 2 and 3, the entire portion of the high pressure nitrogen 462 from

the high pressure column is condensed in reboiler/condenser [418] and used as reflux

for the distillation column system such that, as between the boosted pressure nitrogen

and the high pressure nitrogen, only the boosted pressure nitrogen is fed to the LNG-

based liquefier in high production mode. Although this is not mandatory, it is a typical

scenario in high production mode. The distinction between Case 2 and 3 is the liquid

nitrogen production in Case 3 is higher.

[0046] Cases 1-3 are intended to illustrate how liquid production can be increased.

Several balance points can be gleaned from the Table as indicated by Notes 1-S therein

which are explained below:

Note 1: The liquid orygen production increases by 33o/o in going from Case 1 to Case 2;

liquid oxygen production is the same in Case 2 and O.

Note 2: The liquid nitrogen production increases 60o/o in going from Case 1 to Case 2;

liquid nitrogen production increases 14o"/o in going from Case 1 to case 3.

Note 3: The high pressure nitrogen flow is sutficient to meet the liquid nitrogen
production requirement in Case 1, but is zero in Cases 2 and O.
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Pressure bare 5.2 5.2 5.2  LP N2 from Unit 2 to Vent (366) Nm3/hr 1562 0 0  LP N2 to Unit 3
(386) Nmalhr &a 2499 3666  Pressure bare ri/a 1.1 1,1  



Note 4: Even though the liquid orygen production is significantly less in Case 1, the air

flow to the ASU is roughly the same for allthree cases. This is an important feature.

When one elects to produce nitrogen from the ASU as high pressure nitrogen then the

oxygen recovery declines. As a result, the use of the present invention allows one to use

the same air compressor and same Cryogenic ASU for allthree cases.

Note 5: Case 1 operates with no LP Compressor (the supplemental processing unit (3) is

not needed)

TABLE 1

Casel Case2 CaseS Notes

Liquid Oxygen Flow (158) Nm3/hr 4,999 S,B4g S,gS9 1

Liquid Nitrogen Product Flow (188) Nm3/hr 8g4o 1g3d'4 20016 2
Liquid Argon Flow (486) Nm3/hr 121 255 2Ss

LP N2 Flow exit ASU (182) Nm3/hr 7,469 19,956 2O,4gB
Pressure bara 1.2 1.2 1.2

LP N2 to vent (486) Nm3/hr 2,469 S,4OO 104
LP N2 to Unit 3 (488) Nm3/hr O 1g5s6 21gg4 s

HP N2 Flow exit ASU (176) Nm3/hr 9,184 O O
Pressure bara s.2 nla nla

Vap. N2 refrigerant exit ASU (288) Nm3/hr 6,298 B,gS4 9,445
Pressure bara s.2 s.2 s.z

LP N2 from Unit 2 to Vent (366) Nm3/hr 1562 0 O
LP N2 to Unit 3 (386) Nm3/trr nla 2499 9666

Pressure bara nla 1.1 1..|
Temperature c nla -179.6 -179.6

N2 from Unit 3 (184) Nm3/hr nla 16055 24OOOPressure bara nla s.o s.oTemperature c nla -49.7 -49.s

Air Flow (108) Nm3/hr 29,991 go,sgg 91,929Pressure bara s.T s.g s.z
Liq. N2 refrigerant from Unit 2 (196) Nm3/hr 6,299 g,g54 9,445Pressure bara s.3 s.g s.g

LNG Supply Ftow to unit 2 (194) Nm3/trr 45142 64190 82291
LNG Suppty Ftow to Unit 3 (894) Nm3/hr o sg29 zgg4Pressure bara 76.s9 zs.g4 ts.g4Temperature C -159.9 -1sg.g -1s9.9

10
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Temperature C We -179.6 -179.6  N2 from Unit 3 (184) Nrn3/hr We 16055 24000  Pressure
bare Mt 5.0 5.0  Temperature C n/a -49.7 -49.5  



[0047] ln the description of Figure 4, gaseous niüogen stream 174ftom the high

pressure column that is warmed in the main heat exchanger and fed as stream 176 to

the liquefier could alternatively be condensed in reboiler-condenser [418]. ln this

scenario, after being condensed in reboiler-condenser [418], the liquid nitrogen stream

174 would be vaporized and warmed in the main heat exchanger.

[00481 Finally, as can be appreciated by one skilled in the art, even though the

supplemental compressor of the present invention is separate and distinct from the

auxiliary compresso(s) for the LNG-based liquefier, a common machine could drive both

in high production mode. ln this scenario, the machine installed for driving the auxiliary

compressor(s) when the plant is built could contain a vacant pinion for eventually adding

the supplemental compressor. Alternately, the auxiliary compressor(s) and the

supplementalcompressor are driven by separate machines in high production mode.

10

15
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Air Flow (108) Nrn3/Pir 29,831 30,598 31,923  Pressure bare 5.7 5.8 5.7  Liq. N2 refrigerant
from Unit 2 (186) Nm3/hr 6,298 8,354 8,445  Pressure hare 6,3 5.3 5.3  



TÎ¡e inventiorl clcrnred is:
I' Tn e prûüess far srJ¡ogpnic teparntion of cn air feed

wherein:
(u! the*ir feúd $trËätm ìmpurities

thflt will f¡wne ou[ * ar*d sub-

$e$tcm!Y fnd i
prhine a msin

fgod:i¡¡cluding nqgon, kryptûn* s*d xsnsni
(d) the dístillarion column tyrtÊÉl e*ffipns$$ e highur prcs-

sure ËolurÌlg nnd a lawerprewlrre cülumft¡

fEr fr¡r&or
(t ttrc tnwcr umü $ðPüretcs thë clnde liquid

fur $rc distiHatlofl ttlurnn sJístßm; nad
(hl in orderfgpro$ide rafrigrtañ+nlT$cs.q$ar¡ wl¡en af letat

$ po.rtiwr
ref;rigerali
(herecfìcr
*heåm frCIm thc distitlatisncolurnn syst€m to a liqueftÉr
unit {lrere*fter'"LNç-bssd ltqueflor'*) wlætt rhe ftret

henteircharyer¡ ãrid
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LNG Supply Flow to Unit 2 (194) Nm3/hr 45142 64190 82291  LNG Supply Flow to Unit 3
(394) Nmarhr 0 5329 7994  Pressure bara 76.53 75.84 75.84  Temperature C -153,9 -153,9
-163.9  



ft¡rther Snoviding Ê. Êysl$rr m increffic the eapaeity of thç
LN G -h a.çcd I i g uefi er eam-p ri ri n g u cu pgle mËntal p ro ea* i ng

unit, Ëhe sugplenren sflg unit c qle-
nrontal pre+ooling anger that di*'
tinct frorn the auxili¡uy heal erchanger sf the ¡¡ççiå*sed
Iiquefier *nd a supplernentnl æmprernor that is separ*æ nnd

distinct fiûr* the tuxillnry ecxnpu.tsor{s} of ßhe LNG-åwxcd
Iiq$aßcr whereía:

{i} in tfcw producticnr¡ade"3he fi.rstnitr,ogon *îrearfi fed to
the l"ltlG-hased liçrefier *oylsi*ls *f nt lea*ü,a portion nf
thu h*gù pressure nitr,ogpn xtresml arrd

tü) in a hþh praductiun modq th* fir$ nitmgen *ueam fed
pùftiom
xupple-
ing tmit

ic ¡¡sed ts boorf ürc prewure of at lsast * portíon uf tÎrc
low preesure nítrogpnstúëËtttt totltupr#$urË nf thc high
pærsurc nitrognn ¡tf€årñ tÕ ËfÈåle ths bmstcd particn of
lhe lpw prsõ$urF rrÍtr*rçn $ttrÊ{rn, and n¡hefgirt Frisr to

cf the *t I of rhs lorv
rm"'*p nt sfrfteluw

ËËeseufe nlmgen stfttm is csoled ta sïcek ecooled lou'

txestxrê flitragßt strÈ*m þy itdfutct hæt extftnngn
ugaln*tthe LNö ctr*m that is fed lnto fte srpplanæctal
pre-æoliag heut *rehangur ro pmwide rufrigsiutÍa*q
whemin o¡lly lmv,pre*sure nirrcSof, i* analrd by irdftçE+
tËnt çxcharrgõ ugainst tl¡E LÎ*ft Êtrttrlt in the ffüpple"
ments"l pe-coaling hent exchangw.

ã. ?hç prÕÇe$s ofsl*inr I" whemtn, in tlle higft prodttctiolt
modo, ilr* firrn nim*gÉn $Ëë8m fËd to the tr{õ-baæd liqueller
Srrthereompri$€E åÈ IGaðf * purtion of the high FñÞs*urc nittu
gÉn rtrËÉnn.

3.. Tht proaeanofctaim I, wtrcmin, fur hut* lhelow and high
productlon mucie*, üt lca$t ä frortion of n liqueûed aftd cqçled
nitr*gen stßâfit üri$rg the L¡{Gùnred liqtru$nr ís væporieæd

àentexchshgË*S* aínhcat
nnd{hen is racycte d Tiç*-

fien
4. Tlrc $mßsss of chirn I, wherefur prior ßo boostiqg thc

cooled low prassurc nìtrogpn Ft¡Esm, lhc cpoled low prnxnuæ
nÍtragen sìrÊaf¡ ig combind witl¡ s grsëure- aitrogen vent
rtrëåm from tk til$t&rcd liqneficr,

5. Theproce*s of claim l, wåsËin p*ior to cooling llæ.law
prcssure:n prcrsurc *itr.ogÉn rt¡eum is
conrbinçd yËntstrÉûmfiumlh'*LNG-
hå$$d lique$cr,
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[0047] In the description of Figure 4, gaseous nitrogen stream 174 from the high pressure
column that is warmed in the main heat exchanger and fed as stream 176 to the liquefier
could alternatively be condensed in reboiler-condenser (414 in this scenario, after being
condensed in reboller-condenser14181, the liquid nitrogen stream 5174 would be vaporized
and warmed in the main heat exchanger. [0048] Finally, as can be appreciated by one skilled
in the art, even though the supplemental compressor of the present invention is separate and
distinct from the auxiliary compressor(s) for the LNG-based liquefier, a common machine
could drive both in high production mode. In this scenario, the machine installed for driving the
auxiliary 10compressor(s) when the plant is built could contain a vacant pinion for eventually
adding the supplemental compressor. Alternately, the auxiliary compressor(s) and the
supplemental compressor are driven by separate machines in high production mode, 15  The
itheiroitin claimed ini   I, In a firmest. for mogniiin sop:Makin of an air friati wthtrein: (a) the ai r
fted stream is contheritited, cireined of mutat ties. that will Imam ma at cryOrenit kenn:ririinner
and: cid> een:endy fed ink? a Cryogenic Mt setaration unit thaw pdsing ri main beat
eXellanger end a dieffliannrin :Aaron system:, (Witt, air ltat mtam i martian th ilte math
heatentehanges the Maw* heat extdanging the triritted amain ktiduat   irai a pen ion of tlitt
anent ammo Loan the Mani-Sion oakum, aystattu (a) the nobledai r leen strewn is ati panted
in the di:ailWan othothe ayitterti into a stotere curio:that in nifettgen and a Seam tiatelattt th
oxygen mut optimally, rexpeetian attains ettrielath the that& ning gornpononr.k. Of the ar leen
imiriding ArgOn, krypton, and xettom (d) Pat &tit Mien Ardnom AysWin CAnnpOree n higher
lawsuit:: trilitiiM :aid a lower preseure tatidetta (a)th'higher thataxam colauttthopanthia the at
feed idlAnnn    n high prnamo nitrogen attuttim sank:dean Indio the top of he higher piegertire
Mama, anti a nada liquid oxygen thrum withtitawii item the bottom of the higher pawn paitiron
end fed to the Iowa prestathe attain ror nether pthicesainz (f) the leen.; pthethap erfluma
annerafee the auk liquid own stew; into an wxygeu product atmitou witintithito from the bothim
of t he liffietrpitthattre COhnian, no a low groom unragentstratim withdrawn froth Pm top of the
lower inseurth and (g) thabigher pimento tioltimh and lower pressure: uttithr ant thentatly
linked autth Mat m than: a portion of the: high pi:MUM nritiven swath la coutierimil th A
whither/ cominattir against hoilitig ayori-nth laindcei- (mks iatia batont etwmp &the lower
piess)ne edema ithd thabigh pinata: nitrogen atatant nand ar rennA for the dial:WOO Ottani
SAM11; and tatin tithin rit beide't' "'\\\% 'wit:that Lat   taarithi of product obtain is tatthenti 'z tjid
the refrigeration ix extracted bato O Liquefied timbre/ gilt Chenettar ksiNG'I abeam by feetting
tirat nithogifin mieam Not the dtsthtt a thnmn syateirt to a liquefier unit (thireartur "ING-ttawin
liquefier) ;Medi the first nitteigtin sintem k oolial by comprething the that tatimata dream in Avis
ming one or mere attailitay otitopramorth            and tionilup betwrien tiara by Militant hem
exatange math/ the LNG thniale in an auxiliary heat mph:Anger; and 



ü. Thc prucees ofclaim l- w*nrelo during tha [ûw p¡oduc.
t*un rnodç- the tuxiliary sCImpresrudr) sre drfven lry a
r,ûnclrlns cünfiaining a vrmnt ginion forewnfinlly drtving tlm
$ sor.

cim f, r*,furdn du¡inS tlæ high prdoc-
tÍon mnrls. the rupglçmuntnl wmp:iersm i,e in$frUed on lhe
vucnnt:plníon.
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runiwr to:wading asystem to increase the eatuadta et the LNG :butt lthatitther compasing
dipplementet wed dna  the supplettlentat pax :ends* aiedt comprising a supple- mental
ordeooling heat estamager Mad separthe and tinct from the attathory hdtt exotedger of the
ING-ttesed lithiebtu and a suenthistal nompressor that is neparahl and distinct from the
nualliaty ciatopressor(s) of the ING-tatned tied:Mier wherein: (OM a low gnat:idiomfitas kk
Olen stream fed te the ING-hast: Noe der cm-mitts tif m Iowa a portioa of the hte.th pmaente
niteogen stream, wad till in %'k1' prod :Aden Vwde, tta first nitrogen stream fed to the :(.+n
anises landed paniera al the tow prassom Maven sued% whensin the stapOssmenial
compressor a atipplea.MULd prOMUllig   t:SeLl lasast the pregame of cs least a Ration ofthe
C%' plasm Mutts* stream to the pressure el the high pm &sore attingettshatum ha eitate the
"a '0' of C' thaw premix thaludgen strewn, and adman, prior to boosting the pi:atone cif the at
Mast a portion a at tow moo:um nitaugentatheans, the al lead t portion et :below presort
is:Men 'stadia is waded ma (imam a dialed tow dentat harogtat stream by \t 't heat exchange
ING :mean thai M fee:into the supplatual pmeeeling than exchanger to mow natigntion,
wheminaly itthromaaarenthogen it tastikal by lisiliyirxit twat excidage agd nst the L.N0 gream
t,Ns ,supolemental prawanding heal exchanger,    2. The procesa of claim wherein, in the high
prealactian awdea the flmll nll1l.gatlitream fed to the 1,Na-tatteed awake :Author cianorines
atiwata nottion Of the high press= ninm. gen streattl,   3, Tito pro:vasof Mat m salauthin, in
las:itthe law add high productkm nut, at least a atraitat a a liquefied and cooled ni vegan
strewn exiting the 1:NO-based Need is aapmiated by Mahan heat mintage against &ear
thistliti the main twat exchanger and Ora getycks$ NetLahe L.NG-Ims'ed ti ea   :', The
;tmeatteas at taidin I. wherein ptiat w taxa:dug the cooked low pregnant nitrogen n tram , the
cooled law Kean aitedgen mans al txmthitxxl with a gautaxte nithsgen ktM a:tarn frOM Cie
LNo-bued iiquaka s,prttheas of claim stiwat Kan to cuallog the IOW pits,5.mt .thtrogruntrawn,
tim low pressans caned ,thd am is ' C' \k'1 With an:woos ad anvil aunt thetust ham tise
LA:GM:sad Nader,          Pfuatu 'Oci.im I. `.C'.ek.;:t1 during th kwpfttiOn
ZIWCIOaiginaryTApflteties by a mactacvwn piblob ti).ree,..me.elly 6:thing dw.: eutkplememal
compren 7. The prooms Sim wkwthi dmii1;* high ;Int:- ndttthe ;Uppkaientel.
COMPMSirsNWed or the VaCrilt PthiOrt, 


