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ABSTRACT OF THE DISCLOSURE 
Natural gas liquefaction and transportation from a 

field site to a market site is accomplished by transporting 
liquid nitrogen or liquid air by ship from the market 
place to the field site where it is used to liquefy the natural 
gas. The availability of the cold or refrigeration in the 
liquid nitrogen or air reduces the equipment required at 
the field site. Liquid natural gas is pumped into the holds 
of the same cryogenic tanker ship used to transport the 
liquid nitrogen or air and the liquefied natural gas is re 
turned to the market site. Regasification of the liquid 
natural gas is carried out to use the cold or refrigerant 
effect therein to liquefy nitrogen or air, which is then 
charged to the returning tanker to the field site. The proc 
ess is a repetition of liquid nitrogen or liquid air from 
the market site to the field site and there used to liquefy 
natural gas, which is then shipped from the field to the 
market where the liquid natural gas is gasified and in the 
process liquefies nitrogen or air for return to the field. 
The cycle employs about 1.0 to 2.1 pounds of nitrogen 
to 1.05 pounds of methane. In the process of both the 
field site and the market site, various cycles employing 
expansion of the various high pressure streams for cooling 
is employed and the work is matched against compression 
of other streams and subsequent expansion for efficiency 
in the system and minimization of power requirement. 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of our appli 

cation Ser. No. 591,496, filed Nov. 2, 1966 and now aban 
doned. 

BACKGROUND OF THE INVENTION 
There is an economic use for the great quantities of 

unused natural gas in areas remote from the world's 
markets. There are two classes of natural gas: (a) gas 
produced from gas wells and (b) natural gas produced 
in association with crude oil. Much of this gas production 
occurs in vast fields in the developing countries and can 
not be transported economically by pipepline to these 
world markets. Because of this, only a fraction of the 
world's natural gas resources are at present usefully con 
Sumed. 

It is one thing to flare or release natural gas at great 
pressure, it is another to reduce it to manageable propor 
tions, transport it, store it, and sell it in competition with 
other fuels. 
One way to deal with a large volume of gas is to liquefy 

it. However, natural gas, which is largely methane, can 
not be liquefied by simply increasing the pressure, as has 
been the case with heavier hydrocarbons used for energy 
purposes. The critical temperature of methane is -116.5° 
F., which is the temperature above which it is impossible 
to liquefy methane regardless of the pressure applied. At 
atmospheric pressure, the liquefied methane will be at its 
normal boiling point of -258 F. Hence, the techniques 
of liquefying and handling natural gas are within the 
scope of the field of cryogenic technology. 
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The liquefaction of natural gas requires the removal 

of energy in the form of sensible and latent heat. This 
process can be accomplished by mechanical refrigeration 
where heat is transferred by a series of refrigerants to a 
reject ambient temperature-level heat sink. This method 
uses what is referred to as a cascade cycle or process. 

Another method is that of compressing and expanding 
the gas, using turbine-expanders. This is known as an ex 
pander cycle. 
The most widely used cycle is the cascaded vapor com 

pression system. This cycle, based on refrigeration princi 
ples, uses commercially available refrigerants whose 
thermodynamic and physical properties are fairly well 
known. Storage of large volumes of natural gas is most 
economical in its liquefied form. As a liquid, natural gas 
will occupy approximately 600 of its gaseous volume 
under standard conditions (625 cu. ft. of gas at standard 
temperature and pressure=1 cu. ft. liquid at normal boil 
ing point). Two areas of interests show need for storage 
of liquefied natural gas. 
The first area of interest lies in transporting gas from 

energy-rich to energy-poor areas in insulated tankers, 
whereby storage depots at both the field site and the 
market site are required. In such base-load operations, 
the storage facility is essentially a surge tank Smoothing 
out the nonuniform base-load demand and fuel delivery 
operations. In this case, it is not necessary to preserve the 
liquefied natural gas in the tank for long periods, since it 
is passed on to distribution within a short period of time. 
The second area of interest is in the continued growth 

and expansion of the natural gas industry which has re 
sulted in the need for storage of large volumes of gas near 
metropolitan areas to meet winter peak-loads. In this 
case, liquefied natural gas is stored for relatively long 
periods of time and used during only a few days of the 
winter. Consequently, heat influx must be held to a mini 
A great deal of research is at present being devoted to 

finding and refining industrial processes which will make 
continuous use of the very large amounts of cold avail 
able. The main possibilities here lie in the development 
of major industrial applications such as the production by 
air rectification of liquid oxygen, nitrogen, etc. 

Ideally, to make the maximum use of cold potential, it 
is necessary that such use should show a considerable re 
duction in capital investment and operating costs com 
pared with conventional processes for making some sale 
able commodity. 
The cold should replace low-temperature refrigeration 

which is very expensive compared to mild refrigeration 
(e.g. the low temperatures needed in the production of 
cryogenic liquids). The overall cost of refrigeration in the 
liquefaction of the natural gas is a major part of the final 
sales price. 
There is, however, another manner of approaching the 

use of the available “cold.” This would be to consider 
the “cold' as an inherent part of the process thus making 
it the commodity; not selling it or something derived from 
it, but building its use into the process technology to re 
duce the investment and operating costs and thus to in 
crease the profitability of a natural gas distribution ven 
ture. 

SUMMARY OF THE INVENTION 

By means of this invention, a process has been devised 
for liquefaction of nitrogen at the market site against 
the evaporating liquefied natural gas and returning the 
liquid nitrogen in the insulated transport tanks in the 
marine vessel to the field site where it is employed in 
liquefaction of the natural gas, which is then loaded on 
the marine vessel for shipment to the market. The avail 
ability of the cold in the liquid nitrogen reduces greatly 
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the equipment required at the field site. The cycle is a 
constant repetition of these two factors, namely, shipping 
liquid gas to the market and returning liquid nitrogen 
back to the field, and using the refrigeration effect at 
both the field and the market sites of the liquefied gas 
shipped to the site to liquefy the gas shipped from the 
site. Nitrogen may be separated from air at the market 
site by air rectification, thus producing oxygen gas, which 
at the market, is of great use in the chemical and metal 
lurgical industries. No auxiliary liquefaction means are 
needed at the field site and all of the energy necessary 
for liquefaction of the natural gas is provided through the 
liquid nitrogen shipped from the market site to the field 
site. 

It is also possible to employ liquid air because of its 
major proportion of nitrogen instead of liquid nitrogen 
in this cycle for shipment to the field site. Air, because 
of its high percentage of nitrogen, has substantially sim 
ilar thermal characteristics to nitrogen. In this case the 
liquid storage tanks would require purging with nitrogen 
to remove the oxygen containing atmosphere to avoid 
possible explosive mixtures of natural gas and air. This 
purged nitrogen is obtainable from an auxiliary supply 
or from fractionation of the liquid air either at the field 
site or the market site. 
The large refrigeration complexes required to liquefy 

the natural gas at the field site are thus obviated, and 
economy-wise the capital equipment located in the foreign 
field site is reduced to a very minimum. The process is 
initiated for each ship by sending outbound from market 
site to field site one cargo of liquid nitrogen which can 
be accumulated by any economical means in the market 
site. 
The above features are objects of this invention and 

further objects will appear in the detailed description 
which follows, and will be otherwise apparent to those 
skilled in the art. 

For the purpose of illustration, there are shown in the 
accompanying drawings examples of the process of this 
invention. It is to be understood that these drawings are 
for the purpose of example only and that the invention 
is not limited thereto. 

In the drawings: 
FIGURE 1 is a flow sheet showing a typical field site 

process for liquefaction of natural gas; 
FIGURE 2 is a flow sheet showing a typical market site 

process for the liquefaction of nitrogen; 
FIGURE 3 is a graph showing the heat transfer in the 

field site exchanger; 
FIGURE 4 is a graph showing the heat transfer in the 

market site heat exchanger; 
FIGURE 5 is a graph showing a typical pressure rela 

tionship at the field site for the proportion of nitrogen to 
methane needed for liquefaction; 
FIGURE 6 is a graph showing the vapor pressure : 

curves for nitrogen and methane; 
FIGURE 7 is a flow sheet of a modified process em 

ploying higher pressures and showing a typical field site 
process for liquefaction of natural gas; 
FIGURE 8 is a block diagram showing the arrange 

ment of the equipment employed in the flow sheet of 
FIGURE 7; 
FIGURE 9 is a graph illustrating the flow of heat in 

the field site exchangers; 
FIGURE 10 is a flow sheet of the modified example 

employing higher pressures and showing a typical market 
site process; 
FIGURE 11 is a block diagram showing the arrange 

ment of the equipment for the market site process of 
FIGURE 10; 
FIGURE 12 is a graph showing the flow of heat in 

the market site heat exchangers of FIGURE 10; and 
FIGURE 13 is a schematic view of the tankers em 

ployed in the transfer of liquid nitrogen from the market 
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4. 
site to the field site and the return tanker shipment trans 
ferring liquefied natural gas from the field site to the 
market site. 

DISCLOSURE 
Natural gas, which is comprised principally of methane 

with small percentages of ethane, propane, butane, and 
minimal percentages of carbon dioxide and nitrogen, is 
available in many places in the world, but in most cases 
the markets for this gas are in industrial countries re 
mote from the field sites. In many situations pipe lines 
are used to transport the gas from the source to the 
market. However, there are circumstances where pipe line 
transportation is technically and economically unfeasible. 
Such cases are, for example, the transportation of Arabian 
or Algerian gas to England or Germany, and Venezuelan 
or Mexican gas to Florida or the each coast of the United 
States, or the North Sea area. It has been proposed to 
liquefy natural gas at the field site and take it by barge 
or ship to the market site. At the market site it would 
be re-gasified and pumped into the distribution system. 

In the instant invention the great refrigeration available 
in the liquid natural gas is employed to liquefy nitrogen 
at the market site by evaporating the natural gas in heat 
exchange relation with the nitrogen. The liquid nitrogen 
is then returned to the transport tanks in insulated marine 
vessels, although it will be understood that other insulated 
carriers, such as trucks, railroad tank cars and the like, 
may be employed, for transport to the field site. At the 
field site the liquefied nitrogen returned in the tanker, or 
other vessel, is employed in liquefying the natural gas, 
which is then returned in the tanker to the market. By 
this invention the marine vessel is not deadheaded when 
it is returned from the market site back to the field site, 
and the cycle is a constant repetition of taking the liquid 
natural gas to market and then the liquid nitrogen back 
to the field. 

Nitrogen is separated from air at the market site, such 
as by air rectification, and oxygen gas is produced as a by 
product, which is of great use in the chemical and metal 
lurgical industries. The oxygen then becomes a valuable 
by-product and a premium factor for the cycle of this 
invention. 

In considering the illustration of the invention, it will 
be assumed that an insulated marine tanker is employed, 
although as above stated other insulated carriers, such as 
Espad tank cars, truck carriers, and the like, may be 
SCC. 

Example 1 
The unit basis chosen for illustration of this invention 

is the receipt at the market site of one pound of methane, 
which is the major constituent of natural gas and for 
practical purposes is considered in calculations demon 
strating this process and the two terms may be used inter 
changeably. In the air rectification at the market site the 
input may be, as an example, 2.775 pounds of air, which 
Will produce 2.1 pounds of nitrogen and 0.675 pound of 
95% purity oxygen. The market site process for nitrogen 
liquefaction obtained through heat exchange relation with 
the methane by evaporation from the liquefied gas is 
carried out on the basis of the use of one pound of 
methane to 1.0-2.1 pounds of nitrogen. The methane 
vaporizes and moves or is compressed into the market 
pipe lines for distribution. The liquid nitrogen produced 
is put into the insulated storage tanks of the tanker and 
is taken back to the field site. In this transportation about 
five percent of the nitrogen is lost by evaporation, there 
by delivering about 95% of the nitrogen liquefied at the 
market site to the field site. 
The field site cycle evaporates the liquefied nitrogen 

against condensing methane and the liquid methane is then 
put into the insulated storage tanks of the tanker. This 
cycle uses about 1.0 to 2.1 pounds of nitrogen to 1.05 
pounds of methane. The lower ratio, i.e., 1 pound of 
nitrogen to 1 pound of methane represents the optimum 
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for ship construction but requires a greater pressure of 
methane employed at the field site. In the limit for tank 
filling storage capacity on the shipping vessel, about 2 
pounds of nitrogen can be carried per 1.0 pound of meth 
ane. As the pressure is reduced at the field site, represent 
ing economies in compression, the ratio of nitrogen to 
methane is increased which deviates from optimum values 
for ship construction. FIGURE 5 shows a typical curve 
for the cycles shown in FIGURES 1 and 2 for the effect 
of pressure on the nitrogen:methane relationship. The 
methane on being returned to the market in the tanker 
loses about 5% by evaporation, so 1.0 pound is delivered 
to the market site where it is evaporated in heat exchange 
relation with nitrogen to produce liquid nitrogen for ship 
ment of the liquefied nitrogen in the same tanker, back 
to the field. The program and process consists of repeti 
tion of these basic cycles. Some intermediate storage may 
be employed at both the market and the field sites for 
transfer purposes through insulated tanks employed to 
prevent loss of refrigeration. 

In the field site flow sheet of FIGURE 1 and the market 
site flow sheet of FIGURE 2, the cycles employed at these 
two sites are disclosed. In the field site it will be noted 
that the features employed use liquefied nitrogen in heat 
exchange relationship with the natural gas, followed by 
expansion and consequent cooling of the nitrogen, after 
which the nitrogen is again used in heat exchange relation 
with the natural gas to obtain the fullest possible effect of 
refrigeration available. The nitrogen may be vented to 
the atmosphere upon the completion of the field site 
process or used in any other fashion desired. In the market 
site process the fullest possible effect of refrigeration 
from the liquefied natural gas is employed by sending 
compressed nitrogen in heat exchange relation with the 
liquefied natural gas and then expanding a major portion 
of this to reduce the pressure and cool the nitrogen to 
liquefaction. A portion of the nitrogen stream is drawn 
off and used in heat exchange relation with the nitrogen 
stream before expansion and then compressed and fed 
back into the introduction line for the nitrogen before 
it is passed into heat exchange relation with the lique 
fied natural gas. In this manner a highly efficient use of 
refrigeration is made available to liquefy the nitrogen. 
At the field site, the liquid nitrogen is pumped out of 

the storage tanks of the tanker, or other carrier, and is 
replaced with liquid methane. It is a significant phenom 
enon of the two substances, nitrogen and methane, in the 
process of this invention, that the quantities demanded 
for flow in the heat exchange stages on a mass basis for 
heat balance are also in acceptable balance on a liquid 
volume basis. 
The design of the various elements in the cycles of 

this invention is in accordance with the thermodynamic 
properties of the individual materials. The data given in 
the examples are dealt with graphically to satisfy the re 
quirements of the first and second laws of thermodynam 
ics and also to have real significant temperature differ 
ences that permit of economic design of the heat ex 
changers. 

FIELD SITE PROCESS 

The field site process of Example 1 is shown in FIG 
URE 1 and graphically shown for the field site exchanger 
heat flow values in FIGURE 3. In the field site process, 
liquefied nitrogen at atmospheric pressure is returned by 
the insulated tanker from the market site to the field site, 
and is pumped to working pressure by a liquid pump. The 
cold nitrogen heat exchanges countercurrently against 
warm methane gas, which thus is brought to a condensed 
liquid state at atmospheric pressure. This liquid methane 
is then put into the tanker for shipping to the market site. 
To make one pound of methane available at the market 
site, 1.05 pounds is shipped from the field and 0.05 pound 
is lost through vaporization or may be vented or used 
as fuel in an engine or other purposes while in transit. 

In the process of FIGURE 1, liquid nitrogen is charged 
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6 
to an intermediate insulated storage tank 10. From the 
insulated tank 10, 1.7 pounds of liquefied nitrogen is 
charged at -320 F. and atmospheric pressure, i.e., 
14.7 p.s.i.a. to pump 18 where it is compressed to 800 
p.s.i.a., for purpose of example, to -310 F. The still 
liquid nitrogen is then charged through line 20 to heat 
exchanger 22, where it passes in countercurrent relation 
ship to natural gas. The nitrogen passes through the heat 
exchanger in pass 24 and leaves at 55 F. and about 800 
p.s.i.a. where it is expanded through a turbine expander 
26 to 50 p.s.i.a. and -180° F. The nitrogen under these 
conditions is charged through line 28 to pass 29 in the 
heat exchanger, and in the process is heated at --55 at 
50 p.s.i.a. and is vented in line 30. The natural gas from 
the field site in the amount of 1.05 pounds at 80° F. and 
at 800 p.s.i.a. is charged into the heat exchanger in line 
32. It goes through the heat exchanger in pass 34 and 
leaves as liquefied natural gas at atmospheric pressure 
at -260 F. The thus liquefied natural gas is charged in 
line 36 to insulated storage tank 12 and from it can be 
charged to the carrier such as a marine tanker or the 
like. In the process, the turbine expander delivers 99 B.t.u. 
of work, which must be absorbed and the heat exchanger 
transfers 385 B.t.u. In many cases the field site natural 
gas pressure is below 800 p.s.i.a. and the turbine work 
may be conveniently used in a compressor to raise the 
natural gas pressure to 800 p.s.i.a. As an example of alter 
nate pressures and quantities of nitrogen employed in the 
process, 1.4 pounds of nitrogen may be employed at 
1500 p.s.i.a., in which case the turbine expanders will de 
liver 89 B.t.u. of work and the heat exchanger will trans 
fer 375 B.t.u. 

MARKET SITE PROCESS 
The market site process of Example 1 is shown sche 

matically in FIGURE 2, while FIGURE 4 shows the heat 
transfer between the methane and the nitrogen by way 
of a graph. In the market site process, 1 pound of lique 
fied natural gas is taken from the carrier in line 40 and 
charged to the intermediate tank 14. One pound of lique 
fied natural gas is taken from the storage tank through 
line 42 and charged to the heat exchanger 44 at -260 F. 
and atmospheric pressure. The liquefied natural gas passes 
through pass 46 in the heat exchanger and in heat ex 
change relation with the nitrogen leaves in line 47 at 
60 F. where it can be passed to distribution systems or 
Storage tanks or the like for ultimate use and sale at the 
market site. The nitrogen employed in this system can 
be obtained from air rectification, as will be well under 
stood in the art, and this process leaves available oxygen 
for industrial purposes. Nitrogen in the amount of 1.78 
pounds is employed, since this provides 1.7 pounds at the 
field site since there is 5% loss of nitrogen in shipping 
back to the field through evaporation or the like. This 
nitrogen is charged through the line 48 at 80° F. and at 
250 p.s.i.a. through pass 50 in the heat exchanger, where 
it is cooled to -255 F. To this is added .725 pound of a 
compressed flash stream of nitrogen, so that in line 52, 
2.505 pounds of nitrogen are obtained. The nitrogen is 
cooled and condensed to liquid at -255 F. while the 
methane vaporizes at -260 F. and superheats to --60 
F. at 15 p.s.i.a. 
The liquid nitrogen in line 52 is subcooled from -255 

F. to -310 F. against 0.725 pound of flash gas which 
warms from -320 F. to -260° F. in line 54. This 
process is effected in heat exchanger 56. The flash gas 
slip stream is then compressed from 15 p.s.i.a. at-260 
F. in compressor 58 to 250 p.s.i.a. at 80° F., and is added 
in line 60 to the feed stream of 1.78 pounds of nitrogen, 
which originally enters the process through line 48. The 
pull off from the separator bottle 62 in line 64 provides 
1.78 pounds of liquid nitrogen at atmospheric pressure 
and at temperature of -320 F. The liquefied nitrogen 
is charged from line 64 to the intermediate storage tank 
16 or directly to the insulated marine tanker or other 
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insulated carrier as provided in this process. The com 
pression work for the slip stream gas is 58 B.t.u. 
FIGURE 6 is a vapor pressure curve listing the vapor 

pressures for methane and nitrogen. 
To Summarize the example process, and to provide for 

the 5% loss in transit, 1.05 pounds of liquefied natural 
gas is charged at the field site to the tanker to provide 
1.0 pound of liquefied natural gas at the market site. 
At the market site 1.78 pounds of nitrogen is provided 
for shipment in the tanker to provide 1.70 pounds of 
liquefied nitrogen at the field site. 

Example 2 
In this example a high pressure system is employed for 

the field site process and market site process initially 
described in Example 1. Utilization is made in the full 
of work provided for the expansion of the various gases 
to be used in compressing other streams to utilize full 
efficiency and economies in the process. The field site 
process is disclosed in FIGURES 7, 8 and 9, while the 
market site process is disclosed in FIGURES 10, 11 and 
12. 

FIELD SITE PROCESS 
The field site process of Example 2 is shown sche 

matically in FIGURE 7 and in block diagram in FIG 
URE 8. The graph of FIGURE 9 shows the heat transfer 
between the methane and nitrogen. In this process one 
pound of liquid nitrogen is charged at -320 F. and 
atmospheric pressure, which, for purpose of illustration, 
is taken at 15 p.s.i.a. in line 100 to a pump 102. In the 
pump the liquid nitrogen is pressured to 2000 p.s.i.a. at 
-300 F. The shaft work is provided through a turbine 
eXpander (impulse or reaction type) 104 in the methane 
stream as will be further described. From the pump, the 
nitrogen is charged through heat exchanger 106 in 
counter-current relation with methane stream heat ex 
changer 108. The nitrogen refrigerant is then charged 
through heat exchanger 110, which along with heat ex 
changer 112, 114 and 116, all used in the nitrogen re 
frigerant stream as will be later described, are in heat 
eXchange relationship with the methane heat exchanger 
118. From the heat exchanger 110 the nitrogen at a 
temperature of 0 F. passes through a turbine expander 
120 to a reduced pressure of 300 p.s.i.a. and a reduced 
temperature of -190 F. The turbine expander 120 is 
matched with a compressor 122 which is employed to 
compress the methane in the feed stream as will be later 
described. The nitrogen refrigerant from the turbine ex 
pander 120 then is passed through heat exchanger 112 
in further heat exchange relation with the methane heat 
exchanger 118 from which it is then introduced to another 
turbine expander 124 where the pressure is reduced to 
30 p.s.i.a and the temperature is reduced to about -190 
F. The turbo expander 124 is matched with a compressor 
126 in the nitrogen stream, which later compresses the 
downstream nitrogen as will be further described. 
From the turbine expander 124, the nitrogen stream 

is introduced into heat exchanger 114 in heat exchange 
relation with the methane heat exchanger 118 in the same 
fashion as the previous streams. From the heat exchanger 
114, the nitrogen refrigerant is introduced to the con 
pressor 126 where it is compressed and then cooled in 
aftercooler 128. An additional compressor 130 is also 
employed to further increase the pressure and work is 
provided through turbine expander 132, which will be 
further described in the nitrogen stream. From the com 
pressor 130, further cooling is effected in cooling unit 
133 after which the nitrogen stream is passed through 
heat exchanger 134 to obtain a temperature of 10 F. 
The nitrogen is then introduced at 200 p.s.i.a. to the 
turbine expander 132 where it is expanded to 18 p.S.i.a. 
and -190 F. This nitrogen is then passed through the 
last heat exchanger 116 in heat exchange relation with 
the methane heat exchanger 118. The nitrogen refrigerant 
leaving heat eXchanger 116 then passes through heat 
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8 
exchanger 136, and is exhausted through line 138 for 
any eventual desired usage at 18 p.s.i.a. and 75 F. 
The incoming methane stream is introduced into the 

field site process through line 140 at 800 p.s.i.a. and in 
an amount for the process shown of 1.05 pounds meth 
ane. The methane is further compressed in the compres 
sor 122 with work being provided through the nitrogen 
turbine expander 120, as previously described. Auxiliary 
refrigeration is provided through cooler 142 and the meth 
ane is then introduced at 10 F. and at a pressure of 
1500 p.s.i.a. into the methane heat exchanger 118. After 
leaving the heat exchanger 118, with the consequent 
cooling by the four nitrogen refrigerant heat eXchange 
units 110, 112, 114 and 116, the methane is passed 
through heat exchanger 108 for a final phase of heat 
exchanger cooling in heat exchange relation with the 
methane heat exchanger 106. The methane is then passed 
through the turbine expander 104 for further reduction 
in pressure to 15 p.s.i.a. and a temperature of -258 F. 
to provide the 1.05 pounds of methane in liquefied form. 
The work provided in the turbine expander 104 is used 
to drive the pump 102, as previously described. 
FIGURE 8 shows the field site process in block diagram 

with a matching of the compressors and turbine ex 
panders in simplified form. It further shows the heat 
transfer in the various heat exchange units and the work 
provided in the matched turbine expanders and com 
pressor pairs. The graph of FIGURE 9 illustrates the 
following of the second law of thermodynamics in the 
field site process by having real temperature differences 
with the refrigerant nitrogen stream always at a lower 
temperature than the methane stream from which the 
nitrogen is abstracting heat . 
The compressors employed may be diaphragm cooled 

machines with a ratio of isothermal to isentropic ideal 
works of 0.748 but corrected to actual work by the multi 
plier 1.175. The isentropic work is calculated at 83% 
efficiency. 

MARKET SITE PROCESS 

The market site process of Example 2 is shown in 
FIGURES 10, 11 and 12. FIGURE 10 is a schematic 
diagram and flow sheet of the nitrogen refrigerant and 
methane streams, while FIGURE 11 is a block diagram 
illustrating the work output and input matching of the 
turbine expanders and compressors to provide for effi 
ciency and economy in the process. FIGURE 12 is a 
graph showing the heat transfer between the nitrogen 
and methane to provide a real temperature difference be 
tween these streams and illustrates the colder temperature 
of the methane for abstraction of heat from the nirogen 
stream. The figures in the market site process are based 
on 1.05 of nitrogen feed at 1 atmosphere pressure and 
85 F. against 1.0 pound of methane in liquefied form, 
which is being vaporized and processed. 
At the market site the liquid methane is vaporized 

and delivered into the pipe line grid at 600 p.s.i.a. The 
heat required for this vaporization is used to condense 
nitrogen gas or (liquid air) which is then returned to the 
field as a source of refrigeration to liquefy the natural 
gas. Of the two cycles, the field site and the market site, 
the latter is the more difficult to analyze. There are sev 
eral Workable cycles, among them being mixed gas (nitro 
gen and methane) heat pumping, straight heat pumping 
(as shown in this example), nitrogen heat pumping, all 
of which are novel in the invention as described herein. 
With air employed there is also the possibility for frac 
tionation within the cycle to deliver liquid nitrogen and 
oxygen gas for an added economic benefit. The amount 
of oxygen in a plant size installation would be quite 
considerable and could support a satellite chemical or 
metallurgical enterprise. 

In the process as shown in FIGURES 10 and 11, 1.05 
pound of methane in Saturated liquid form at 15 p.s. i. 
and -258 F. is introduced in the process through line 
150 where it is split into a first stream in line 152 and 
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a second stream in line 154. The first stream in the 
amount of 0.385 pound methane is passed through heat 
exchanger 156, which is in heat exchange relation with 
nitrogen heat exchangers 158 and 160, as will be later 
described. The methane stream, after passing through 
heat exchanger 156, is at a temperature of -245° 
F. when it is introduced into compressor 162 where it is 
compressed to 600 p.s.i.a. and a temperature of 110 F. 
in stream 164. The compressor 162 is matched with a 
turbine expander 165, which is provided in the second 
stream of methane as will be more clearly described be 
low. This matching provides that the work output from 
the turbo expander 166 is supplied to the compressor 162 
for part of the power required. Stream 164 is combined 
in final output stream 166 with a second stream output 
to provide 1.0 pound methane at 600 p.s. i. and 120 F. 
The second liquid methane stream in an amount of 

0.615 pound methane is pressured by pump 168 to 1500 
p.s.i.a. and a temperature of -245 F. Part of the work 
required for the pump is provided through turbine ex 
pander 170 in the nitrogen stream, as will be more clearly 
described below. The liquid methane pumped by the 
pump 168 is introduced through line 172 to methane heat 
exchanger 174, which is in heat exchange relation with 
nitrogen heat exchangers 176 and 178, as will more clear 
ly be described below in the discussion of the nitrogen 
stream flow. The methane from heat exchanger 174 is 
introduced at a temperature of 60 F. to superheater ex 
changer 176 where it is heated to a temperature of 260 
F. The exhaust gas from a makeup power source, which 
may be used for the compressor 180 in the nitrogen 
stream, to be later described, may be used as a source 
of heat in the Superheater exchanger. The methane from 
the Superheater exchanger is introduced to the turbine 
expander 165, previously described, for exhaust to 600 
p.s.i.a. at a temperature of 120° F. where it is then in 
troduced to the final output stream 166 for distribution 
to the natural gas system and the ultimate pipeline grid 
at 600 p.s.i.a. 
The nitrogen is introduced into the process through 

line 179 in the amount of 1.05 pounds nitrogen at 15 
p.s.i.a. and 85 F. This stream is passed through heat ex 
changer 176 where with recycled nitrogen it is introduced 
in line 182 to compressor 180. The nitrogen in line 182 
is at 15 p.s.i.a and -240° F. and is compressed by the 
compressor to 265 p.s.i.a. and a temperature of 85 F. 
The total stream of the nitrogen introduced into the sys 
tem and the recycled nitrogen is in the amount of 1.316 
pounds nitrogen. This combined stream in line 184 is 
passed to the heat exchanger 178, and is then passed 
through heat exchangers 160 and 186 for further cool 
ing. The nitrogen is then passed through the turbine (im 
pulse or reaction) 170 for reduction in pressure and fur 
ther cooling and introduced into separator 188. From the 
Separator liquefied nitrogen in the amount of 1.05 pounds 
is withdrawn in stream 190 at a pressure of 15 p.s.i.a. 
and -320 F. for delivery to the tanker bound for the 
field site. 
A recycle nitrogen stream is taken from the separator 

188 in line 192 and passed through recycle heat ex 
changers 194 and 158 for combination with the initial 
feed nitrogen in line 182, as previously described. This 
provides further cooling for the process. 
FIGURE 12 graphically shows the real temperature 

differences in the system with the refrigerant nitrogen and 
methane streams employed in the process always being 
colder than the nitrogen stream from which the heat is 
being abstracted. 

In the process the compressors utilized in the cycle 
may be cold suction high gas density centrifugal machines. 
Efficiencies are high in this equipment, particularly for 
the axial flow machines and can be taken as 0.85 (isen 
tropic). The net power supply to the market site process 
may be in the form of a makeup machine which may be 
a gas turbine for the compressor 180 with, as previously 
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10 
mentioned, the exhaust gas being used as a heat Source 
in the superheater exchanger 176. The heat exchanger 
unit 156, 158 and 160 may be a multipass condenser evap 
orator. The maximum pressure of 265 p.s.i.a. used in 
these units allow the use of so-called low pressure type 
exchangers. The heat exchangers 186 and 194 used for 
subcooling the nitrogen may also be of this type, while 
the higher pressure heat exchangers 174, 176 and 178 may 
be of the wound mandrel type. 

Heat exchanger 176, the low pressure gaseous nitrogen 
(or air) heat exchanger may be installed in duplicate 
form with the matching amount of heat transfer surface 
from heat exchanger 174 to act as a water and carbon 
dioxide knockout surface for the incoming low pressure 
nitrogen or air. Thus, when one of the duplicate surfaces 
is rimed the heat exchanger surface is "switched' to the 
other duplicate in the method called “switch heat ex 
changers' in the cryogenic industry, while the rimed sur 
face is heated and derimed preparatory to the next switch 
ing. By this means an expensive drying system on the 
feed nitrogen (or air) is obviated. 

SHIPPING STAGE 
The shipment of the nitrogen refrigerant and natural 

gas is on a 1:1 mass basis. For analysis on the basis of 
1 pound of methane and nitrogen there would be shipped 
from the market site to the field 1.05 pounds liquid nitro 
gen (or liquid air) in the outbound vessel, which would 
provide 0.021 cubic foot of liquid. The receipt at the 
field site, allowing for some evaporation, is considered 
as 1.00 pound of liquid nitrogen. In the reverse ship 
ment from the field site to the market site, 1.05 pounds 
of liquid methane would be provided on the outbound 
vessel, which would constitute 0.040 cubic foot of liquid 
since the density of liquid methane is about one-half of 
the liquid nitrogen. At the market site there would be re 
ceived, after allowing for evaporation, about 1.00 pound 
of liquid methane or natural gas. 

In FIGURE 13 there is shown a schematic diagram il 
lustrating the aforementioned shipment considerations 
which may be used in both Examples 1 and 2. The out 
bound vessel from the market site to the field site carry 
ing the liquid nitrogen is indicated by the reference nu 
meral 200, while the return vessel from the field site 
to the market site carrying the liquefied methane is in 
dicated by the reference numeral 202. 

After arrival from the market site at the field site with 
all four hold tanks only one-half full in the vessel 200, 
hold tank No. 1, containing 0.25 pound liquid nitrogen, 
would be pump transferred to a field site land storage 
tank. Hold tank No. 2 liquid nitrogen would be pumped 
into methane liquifier process and 0.262 pound of liquid 
methane, representing one-fourth of the total charge of 
1.05 pounds, would be put into empty hold tank No. 
No. 1. This process would be repeated for each hold tank 
in turn and then finally the 0.25 pound of liquid nitrogen 
in the field site land storage tank would go into the 
methane liquefier process to deliver the 0.262 pound 
liquid methane representing the last quarter charge of 
liquefied methane to hold tank No. 4. The ship is then 
filled with the 1.05 pound liquid methane, used as a base 
for purpose of example, for its trip from the field site to 
the market site. 

It is to be noted that the minimal land storage require. 
ment, which assumes no field site turn around lost time 
for the liquid nitrogen, is 0.005 cubic foot (0.00525/1.05). 
This is one-eighth the volumetric equivalent of the full 
liquid methane ship load of four hold tanks at 0.01 cubic 
foot each or 0.04 cubic foot total. If desired, double 
strength tanks could be built for the No. 2 and No. 3 hold 
tanks in the middle of the vessel and they could then be 
filled with liquid nitrogen for the trip to the field site, 
while tanks No. 1 and No. 4 would ride empty or dead 
head on this trip. 
The purging of the vessel or hold storage tanks at both 
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the field site and the marked site deserves consideration. 
At the field site a tank which contained liquid air over 
which the equilibrium vapor associated with that liquid 
air is maintained will, when empty of all of that liquid 
air, have a vapor of 95% nitrogen content at one atmos 
phere pressure. According to known flammability limits, 
this 95% nitrogen, which would have 5% oxygen vapor 
admixed, would with any amount of methane be non 
flammable. Thus, for the field site, no special purging con 
ditions are required on refilling the tanks with liquid 
methane when they are emptied of liquid air providing 
the above conditions are satisfied. 
At the market site, the liquid methane after removal 

from the vessel tanks will leave a hold full of methane 
vapor. Since the hold is relatively warm (minus 258 F.) 
compared to the charge of liquid air (minus 318 F.), 
the cool down of the hold tank would initially vaporize 
Some of the liquid air charge and this path would direct 
itself across the tip of the flammable region. Accordingly, 
it would be necessary to perform the tank cool down 
with liquid nitrogen at the market site. 

Alternatively, as the liquid methane is pumped from the 
ship tanks at the market, the overlaying methane vapor 
can be displaced with nitrogen vapor to maintain an es 
sentially nitrogen vapor space. So long as the pumped 
out tank has a methane content of less than 12% in the 
methane-nitrogen vapor mixture, liquid air can be pumped 
in directly and have the tank space in the non-flammable 
region, 
Various changes and modifications may be made within 

this process as will be readily apparent to those skilled 
in the art. As an example, air, which, of course, is prin 
cipally composed of nitrogen, can be used in this process 
instead of nitrogen, and when speaking of nitrogen it is 
to be understood that other gases such as air in which 
the major constituent is nitrogen can be employed where 
the thermal characteristics of the gas are similar to nitro 
gen. Such changes and modifications are within the scope 
and teaching of this invention as defined by the claims 
appended hereto, 
What is claimed is: 
1. A method for transportation of natural gas from 

a field site to a market site which comprises liquefying 
natural gas at the field site by heat exchange with a liquid 
refrigerant which is evaporated to obtain available refrig 
eration effect, said refrigerant being composed principally 
of nitrogen, transferring the liquefied natural gas to an 
insulated transport carrier for shipment to the market 
site, transferring liquefied refrigerant from an insulated 
transport carrier which is also used as a carrier for 
liquefied natural gas to the field site for use in said afore 
mentioned step of liquefying natural gas at the field site, 
said liquefied refrigerant being obtained by evaporating 
liquefied natural gas in heat exchange relation with refrig 
erant gas to liquefy the refrigerant, said liquid refrigerant 
being compressed before it is passed in heat exchange rela 
tion with the natural gas and after said heat exchange be 
ing expanded to a lower pressure and lower temperature 
and passing the So-cooled refrigerant in a second heat ex 
change stage into heat eXchange relation with the natural 
gaS. 

2. The method of claim 1 in which the liquid refrig 
erant transported from the market site to the field site 
is in the ratio of about 1.0 pound to 2.1 pounds for 1.05 
pounds of liquefied natural gas transferred from the field 
site to the market site. 

3. A method for transportation of natural gas from a 
field site to a market site which comprises liquefying 
natural gas at the field site by heat exchange with a liquid 
refrigerant composed principally of nitrogen, transferring 
the liquefied natural gas to an insulated transport car 
rier for shipment to the market site, transferring liquefied 
refrigerant from an insulated transport carrier, which is 
also used as a carrier for liquefied natural gas to the field 
site, for use in said aforementioned step of liquefying 
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12 
natural gas at the field site, said liquid refrigerant being 
compressed before it is passed in heat exchange relation 
with the natural gas and after said heat exchange being 
expanded to a lower pressure and lower temperature and 
passing the so-cooled refrigerant in a second heat ex 
change stage into heat exchange relation with the natural 
gaS. 

4. The method of claim 3 in which the expansion of 
the refrigerant is carried out in a turbine expander. 

5. A method for transportation of natural gas from a 
field site to a market site which comprises liquefying 
natural gas at the field site by heat exchange with a liquid 
refrigerant composed principally of nitrogen, transferring 
the liquefied natural gas to an insulated transport carrier 
for shipment to the market site, transferring liquefied 
refrigerant from an insulated transport carrier, which is 
also used as a carrier for liquefied natural gas, to the field 
site for use in said aforementioned step of liquefying 
natural gas at the field site, said refrigerant being com 
pressed at the market site and then being passed into heat 
exchange relation with liquefied natural gas, said refrig 
erant being further cooled in a main stream by reducing 
its pressure and being split into a liquefied product stream 
and a recycle stream. 

6. The method of claim 5 in which the recycle stream 
is passed in heat exchange relation with the main stream 
of refrigerant before the pressure is reduced and is then 
compressed and added to the refrigerant gas passed in 
heat exchange relation with the liquefied natural gas to 
form the main stream of refrigerant. 

7. A method for transportation of natural gas from a 
field site to a market site which comprises liquifying 
compressed natural gas at the field site by heat exchange 
with a liquid refrigerant which is evaporated to obtain 
available refrigeration effect, said refrigerant being com 
posed principally of nitrogen, transferring the liquefied 
natural gas to an insulated transport carrier for shipment 
to the market site, using the liquefied natural gas to lique 
fy refrigerant and returning the liquefied refrigerant to the 
field site in an insulated transport carrier for use in said 
aforementioned step of liquefying natural gas at the field 
site, said liquid refrigerant being compressed before it is 
passed in heat exchange relation with the natural gas and 
after said heat exchange being expanded to a lower pres 
Sure and lower temperature and passing the so-cooled 
refrigerant in a second heat exchange stage into heat ex 
change relation with the natural gas. 

8. The method of claim 7 in which the liquefied refrig 
erant is charged to the carrier at the market site in the 
ratio of about 1.0 pound to 2.1 pounds for 1.05 pounds 
of liquefied natural gas charged to the carrier at the field 
site to provide about 1 pound of natural gas at the market 
site and to compensate for loss by evaporation of natural 
gas in the transportation stage, said refrigerant being 
compressed at the market site and then being passed into 
heat eXchange relation with liquefied natural gas, said 
refrigerant being further cooled in a main stream by re 
ducing its pressure and being split into a product stream 
and a recycle stream. 

9. A method for transportation of natural gas from a 
field site to a market site which comprises liquefying nat 
ural gas at the field site by heat exchange with a liquid 
refrigerant composed principally of nitrogen, transferring 
the liquefied natural gas to an insulated transport carrier 
for shipment to the market site, transferring liquefied 
refrigerant from an insulated transport carrier which is 
also used as a carrier for liquefied natural gas to the 
field site for use in said aforementioned step of liquefying 
natural gas at the field site, said liquid refrigerant being 
compressed before it is passed in heat exchange relation 
with the natural gas and after said heat exchange being ex 
panded to a lower pressure and lower temperature, said 
natural gas being compressed at the field site before it is 
passed in heat exchange relation with the refrigerant and 
after said heat exchange being expanded to a lower pres 
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sure, the work provided in the expansion of the natural 
gas being used in the compression of the refrigerant and 
the work provided in the expansion of the refrigerant being 
used in the compression of the natural gas. 

10. The method of claim 9 in which the refrigerant is 
passed in heat exchange relation with the natural gas in 
a multiplicity of passes from substantially the same tem 
perature. 

11. The method of claim 9 in which the refrigerant 
after initial expansion is passed in heat exchange rela 
tion with the natural gas in at least one additional pass 
at a reduced temperature obtained by additional expan 
sion of the gas to a lower pressure. 

12. The method of claim 10 in which the refrigerant 
after initial expansion is passed in heat exchange relation 
with the natural gas in at least one additional pass at a re 
duced temperature obtained by additional expansion of 
the gas to a lower pressure. 

13. A method for transportation of natural gas from 
a field site to a market site which comprises liquefying nat 
ural gas at the field site by heat exchange with a liquid 
refrigerant composed principally of nitrogen, transferring 
the liquefied natural gas to an insulated transport car 
rier for shipment to the market site, transferring lique 
fied refrigerant from an insulated transport carrier which 
is also used as a carrier for liquefied natural gas to the 
field site for use in said aforementioned step of liquefy 
ing natural gas at the field site, said refrigerant being 
passed at the market site in heat exchange with cold 
natural gas, compressed and cooled by passing in heat 
exchange with liquefied natural gas, said refrigerant being 
further cooled in a main stream, by expansion to a lower 
pressure and splitting it into a liquefied product stream 
and a recycle stream. 

14. A method for transportation of natural gas from 
a field site to a market site which comprises liquefying 
natural gas at the field site by heat exchange with a 
liquid refrigerant composed principally of nitrogen, trans 
ferring the liquefied natural gas to an insulated transport 
carrier for shipment to the market site, transferring lique 
fied refrigerant from an insulated transport carrier which 
is also used as a carrier for liquefied natural gas to the 
field site for use in said aforementioned step of lique 
fying natural gas at the field site, said liquefied natural 
gas being split at the market site into first and second 
streams, said first stream being passed in heat exchange 
relation with the refrigerant and subsequently compressed 
for discharge in a natural gas product stream, said sec 
ond stream being compressed and passed in heat exchange 
relation with the refrigerant, said second stream being 
subsequently expanded to a lower pressure and combined 
in the natural gas product stream. 

15. The method of claim 14 in which the work pro 
vided in the expansion of the second stream of natural 
gas is used in the compression of the first stream. 

16. A method for transportation of natural gas from a 
field site to a market site which comprises liquefying nat 
ural gas at the field site by heat exchange with a liquid 
refrigerant composed principally of nitrogen, transferring 
the liquefied natural gas to an insulated transport carrier 
for shipment to the market site, transferring liquefied 
refrigerant from an insulated transport carrier, which is 
also used as a carrier for liquefied natural gas to the 
field site, for use in said aforementioned step of liquefying 
natural gas at the field site, said refrigeratint being passed 
at the market site in heat exchange with cold natural gas, 
compressed and cooled by passing in heat exchange with 
liquefied natural gas, said refrigerant being further cooled 
in a main stream by expansion to a lower pressure and 
splitting it into a liquefied product stream and a recycle 
stream, said liquefied natural gas being split at the market 
site into first and second streams, said first stream being 
passed in heat exchange relation with the refrigerant and 
subsequently compressed for discharge in a natural gas 
product stream, said second stream being compressed and 
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14 
passed in heat exchange relation with the refrigerant, 
said Second stream being subsequently expanded to a 
lower pressure and combined in the natural gas product 
Stream. 

17. The method of claim 16 in which the work pro 
vided in the expansion of the refrigerant is used in the 
compression of the second stream. 

18. The method of claim 16 in which the work pro 
vided in the expansion of the refrigerant is used in the 
compression of the second stream and the work provided 
in the expansion of the second stream of natural gas is 
used in the compression of the first stream. 

19. A method for transportation of natural gas from 
a field site to a market site which comprises liquefying nat 
ural gas at the field site by heat exchange with a liquid 
refrigerant composed principally of nitrogen, transferring 
the liquefied natural gas to an insulated transport car 
rier for shipment to the market site, transferring lique 
fied refrigerant from an insulated transport carrier which 
is also used as a carrier for liquefied natural gas to the 
field site for use in said aforementioned step of lique 
fying natural gas at the field site, said liquid refrigerant 
being compressed before it is passed in heat exchange re 
lation with the natural gas and after said heat exchange 
being expanded to a lower pressure and lower tempera 
ture, said natural gas being compressed at the field site be 
fore it is passed in heat exchange relation with the re 
frigerant and after said heat exchange being expanded 
to a lower pressure, the work provided in the expansion 
of the natural gas being used in the compression of the 
refrigerant and the work provided in the expansion of 
the refrigerant being used in the compression of the 
natural gas, said refrigerant being passed at the market 
site in heat exchange with cold natural gas, compressed 
and cooled by passing in heat exchange with liquefied 
natural gas, said refrigerant being further cooled in a 
main stream by expansion to a lower pressure and split 
ting it into a liquefied product stream and a recycle 
Stream. 

20. A method for transportation of natural gas from 
a field site to a market site which comprises liquefying 
natural gas at the field site by heat exchange with a 
liquid refrigerant composed principally of nitrogen, trans 
ferring the liquefied natural gas to an insulated transport 
carrier for shipment to the market site, transferring lique 
fied refrigerant from an insulated transport carrier which 
is also used as a carrier for liquefied natural gas to the 
field site for use in said aforementioned step of liquefy 
ing natural gas at the field site, said liquid refrigerant 
being compressed before it is passed in heat exchange 
relation with the natural gas and after said heat eX 
change being expanded to a lower pressure and lower 
temperature, said natural gas being compressed at the 
field site before it is passed in heat exchange relation 
with the refrigerant and after said heat exchange being ex 
panded to a lower pressure, the work provided in the 
expansion of the natural gas being used in the compres 
sion of the refrigerant and the work provided in the 
expansion of the refrigerant being used in the compres 
sion of the natural gas, said liquefied natural gas being 
split at the market site into first and second streams, said 
first stream being passed in heat exchange relation with 
the refrigerant and subsequently compressed for dis 
charge in a natural gas product stream, said second stream 
being compressed and passed in heat exchange relation 
with the refrigerant, said second stream being subsequent 
ly expanded to a lower pressure and combined in the nat 
ural gas product stream. 

21. A method for transportation of natural gas from 
a field site to a market site which comprises liquefying 
natural gas at the field site by heat exchange with a 
liquid refrigerant composed principally of nitrogen, 
transferring the liquefied natural gas to an insulated 
transport carrier for shipment to the market site, trans 
ferring liquefied refrigerant from an insulated transport 
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carrier which is also used as a carrier for liquefied nat 
ural gas to the field site for use in said aforementioned step 
of liquefying natural gas at the field site, said liquid re 
frigerant being compressed before it is passed in heat 
exchange relation with the natural gas and after said heat 
exchange being expanded to a lower pressure and lower 
temperature, said natural gas being compressed at the 
field site before it is passed in heat exchange relation with 
the refrigerant and after said heat exchange being ex 
panded to a lower pressure, the work provided in the 
expansion of the natural gas being used in the compres 
sion of the refrigerant and the work provided in the 
expansion of the refrigerant being used in the compres 
sion of the natural gas, said refrigerant being passed at 
the market site in heat exchange with cold natural gas, 
compressed and cooled by passing in heat exchange with 
liquefied natural gas, said refrigerant being further cooled 
in a main stream by expansion to a lower pressure and 
splitting it into a liquefied product stream and a recycle 
stream, said liquefied natural gas being split at the mar 
ket site into first and second streams, said first stream 
being passed in heat exchange relation with the refrig 
erant and subsequently compressed for discharge in a 
natural gas product stream, said second stream being 
compressed and passed in heat exchange relation with 
the refrigerant, said second stream being subsequently 
expanded to a lower pressure and combined in the natural 
gas product stream. 

22. A method for transportation of natural gas from 
a field site to a market site which comprises liquefying 
natural gas at the field site by heat exchange with a liquid 
refrigerant composed principally of nitrogen, transferring 
the liquefied natural gas to an insulated transport car 
rier for shipment to the market site, transferring lique 
fied refrigerant from an insulated transport carrier which 
is also used as a carrier for liquefied natural gas to the 
field site for use in said aforementioned step of liquefy 
ing natural gas at the field site, said liquid refrigerant 
being compressed before it is passed in heat exchange re 
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lation with the natural gas and after said heat exchange 
being expanded to a lower pressure and lower tempera 
ture, said natural gas at the field site being passed in 
heat exchange relation with the refrigerant and after said 
heat exchange being expanded to a lower pressure, the 
work provided in the expansion of the natural gas being 
used in the compression of the refrigerant and the work 
provided in the expansion of the refrigerant being used 
in part for the compression of the natural gas, said refrig 
erant being passed at the market site in heat exchange 
with cold natural gas, compressed and cooled by passing 
in heat exchange with liquefied natural gas, said refrig 
erant being further cooled in a main stream by expansion 
to a lower pressure and splitting it into a liquefied product 
stream and a recycle stream, said liquefied natural gas 
being split at the market site into one or more streams, 
which are passed in heat exchange relation with the 
refrigerant, one of said streams being compressed and 
passed in heat exchange relation with the refrigerant, 
and subsequently expanded to a lower pressure and com 
bined in the natural gas product stream. 

23. The method of claim 7 in which said refrigerant 
is compressed at the market site and is passed into heat 
exchange relation with liquefied natural gas, said re 
frigerant being further cooled in a main stream by re 
ducing its pressure and being split into a product stream 
and a recycle stream, said recycle refrigerant stream 
being compressed and recombined in the refrigerant 
stream passed into heat exchange relation with the lique 
fied natural gas. 
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