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(57) Abstract : The invention relates to a facility for producing liquid helium from a source gas mixture (5) substantially comprising 
0 nitrogen and helium. The facility includes a cryogenic purifier (2) including a system (9) for separating the nitrogen from the source 

gas mixture with a view to producing helium at a temperature lower than the temperature of the source gas. The facility (1) also in 
cludes a helium liquefier (3) that subjects the helium to a work cycle including, in series: compressing the helium, cooling and de 

C compressing the compressed helium, and reheating the cooled, decompressed helium. The facility includes a helium transfer pipe (4) 
connecting an outlet of the purifier (2) to an inlet of the liquefier in order to transfer helium produced by the purifier (2) into the 

C work cycle of the liquefier (3). The facility is characterized in that the cryogenic purifier (2) includes a decompression system (8) 
that includes an inlet to be connected to a source (6) of pressurized nitrogen gas. Said system (8) for decompressing (7) the nitrogen 
gas exchanges heat with the separation system (9) in order to transfer cold from the decompressed nitrogen gas to said separation 
system (9).  
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- avec revendications modifides (art. 19.1)) 

Installation de production d'h6lium liquide A partir d'un melange de gaz source (5) comprenant essentiellement de lazote et de 
l'h6lium, installation comprenant un 6purateur (2) cryog6nique comprenant un circuit (9) de separation de lazote du melange de 
gaz source en vue de produire de helium A une temperature inf6rieure A la temperature du gaz source, installation (1 ) comprenant 
en outre un liqubfacteur (3) d'h6lium soumettant l'h6lium A un cycle de travail comprenant en s6rie : une compression de l'h6lium, 
un refroidissement et une detente de l'h6lium comprim6 et un r6chauffement de l'h6lium refroidi et d&tendu, installation compre 
nant une conduite (4) de transfert d'h6lium reliant une sortie de l'6purateur (2) A une entr6e du liqubfacteur pour transf6rer de h6
lium produit par l'6purateur (2) dans le cycle de travail du liqubfacteur (3), installation &tant caract6ris6e en ce que l'6purateur (2) 
cryog6nique comprend un circuit (8) de detente comprenant une entr6e destine A dtre raccord6e A une source (6) d'azote gazeux 
sous pression, ledit circuit (8) de detente (7) de lazote gazeux 6tant en change thermique avec le circuit (9) de separation pour 
transf6rer des frigories de lazote gazeux d6tendu vers ledit circuit (9) de separation.
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FACILITY AND METHOD FOR PRODUCING LIQUID HELIUM 

The present invention relates to a facility and a process for producing 

helium.  

5 The invention relates to helium purification and liquefaction.  

The invention relates more particularly to a facility for producing liquid 

helium from a source gas mixture essentially comprising nitrogen and helium, the 

facility comprising a cryogenic purifier comprising a circuit for separating nitrogen 

from the source gas mixture with a view to producing helium at a temperature 

10 below the temperature of the source gas, the facility additionally comprising a 

helium liquefier that subjects the helium to a work cycle comprising in series: a 

compression of the helium, a cooling and an expansion of the compressed helium 

and a reheating of the cooled and expanded helium, the facility comprising a 

helium transfer line that connects an outlet of the purifier to an inlet of the liquefier 

15 in order to transfer helium produced by the purifier to the work cycle of the 

liquefier.  

The invention relates in particular to the production of liquid helium in 

facilities that generate a mixture of helium and nitrogen and optionally other 

residues.  

20 This gas source, substantially formed of nitrogen and helium in equal parts, 

may in particular be available in a natural gas production plant.  

In this type of facility, nitrogen, which has been separated from the natural 

gas upstream, is generally available.  

Liquid nitrogen may be used in helium liquefaction units. This makes it 

25 possible to reduce the size of the helium work cycle since, in this case, the helium 

from the liquefaction cycle may be cooled only between 80 K and 4 K 

approximately (rather than from ambient temperature to 4 K). Nevertheless, this 

solution requires adding an additional exchanger to the facility and a vessel for 

vaporizing the liquid nitrogen in a vacuum box in order to recover the cold from the 

30 liquid nitrogen.  

The vacuum cold box of the liquefier also typically comprises adsorbers in 

order to strip the helium of the traces of atmospheric gas in order to prevent these 

traces from freezing in the downstream part of the process. These traces of 

atmospheric gas may decide the dimensions of the vacuum box.
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One objective of the present invention is to overcome all or some of the 

drawbacks of the prior art raised above.  

To this end, the facility according to the invention, furthermore in 

accordance with the generic definition given in the preamble above, is essentially 

5 characterized in that the cryogenic purifier comprises an expansion circuit 

comprising an inlet intended to be connected to a source of pressurized gaseous 

nitrogen, said circuit for expanding the gaseous nitrogen being in heat exchange 

with the separation circuit in order to transfer frigories from the expanded gaseous 

nitrogen to said separation circuit.  

10 Furthermore, embodiments of the invention may comprise one or more of 

the following features: 

- the separation circuit of the purifier comprises at least one heat exchanger 

in heat exchange with the source gas mixture with a view to the cooling thereof 

and at least one separator vessel, the circuit (8) for expanding the pressurized 

15 gaseous nitrogen is in heat exchange with the at least one heat exchanger of the 

separation circuit, 

- the circuit (8) for expanding the pressurized gaseous nitrogen comprises 

at least two turbines for expanding the gaseous nitrogen and two separate 

portions in heat exchange with the at least one heat exchanger of the separation 

20 circuit, the two separate portions being located respectively downstream of the two 

expansion turbines, 

- the separation circuit comprises at least one adsorption-type purification 

device for separating the nitrogen from the mixture, 

- the helium liquefier comprises a compression station intended to carry out 

25 the compression of the helium in the work cycle and a cold box intended to carry 

out a cooling and an expansion of the helium compressed in the work cycle, the 

device for cooling the cycle helium originating from the compression station being 

incorporated in the cryogenic purifier in a thermally insulated common housing, the 

cold box of the liquefier is located in a thermally insulated separate housing that 

30 comprises vacuum insulation, 

- at least one part of the compression station is incorporated in the 

cryogenic purifier (3) in a thermally insulated common housing that is separate 

from the housing incorporating the cold box of the liquefier,
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- the cold box of the helium liquefier contains four turbines for expanding 

helium gas in the work cycle and the compression station contains a compressor 

stage of the work gas in the work cycle.  

The invention also relates to a process for producing liquid helium from a 

5 source gas mixture essentially comprising nitrogen and helium using a facility in 

accordance with any one of the features above or below, wherein the source gas 

mixture comprising nitrogen and helium in molar concentrations respectively 

between 50% and 65% (for example between 55% and 60%, in particular 57%) 

and 35% and 50% (for example between 40% and 45%, in particular 42%), the 

10 source gas mixture optionally residually comprising at least one of the elements 

below: argon, oxygen, neon in proportions for example between 0.15% and 0.5%, 

in particular 0.22%, this source gas mixture having a pressure between 15 and 35 

bar and a temperature between 273 and 323 K, and for example 300 K.  

According to other possible distinctive features: 

15 - the gaseous nitrogen inlet of the purifier is supplied with pressurized 

gaseous nitrogen at a pressure between 15 and 50 bar, for example 40 bar and a 

temperature between 273 and 323 K, 

- the helium produced by the purifier at its outlet has a pressure between 15 

and 35 bar and a temperature for example between 77 and 90 K and for example 

20 80 to 85 K, in particular 82 K, 

- the helium liquefier is configured to only cool the helium in the work cycle 

from the value of the temperature at the outlet of the purifier to the temperature of 

4 K.  

The invention may also relate to any alternative device or process 

25 comprising any combination of the features above or below.  

Other distinctive features and advantages will become apparent on reading 

the description below, given with reference to the figures in which: 

- figure 1 represents a schematic and partial figure illustrating the structure 

and the operation of the facility according to the invention, 

30 - figures 2 and 3 illustrate, schematically and partially, the structure and 

operation of two examples of possible implementation of the invention.  

The facility 1 for producing liquid helium represented schematically in figure 

1 comprises a cryogenic purifier 2 (cryogenic upgrader). This purifier 2 is supplied 

with a source gas mixture 5 (helium and nitrogen) in order to produce, after
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purification (cryogenic separation), pure or virtually pure helium, that is to say 

helium capable of supplying a helium liquefier 3.  

For example, the nitrogen and helium are present in this source gas mixture 

in molar concentrations respectively between 50% and 65% (for example between 

5 55% and 60%, in particular 57%) and 35% and 50% (for example between 40% 

and 45%, in particular 42%). The source gas mixture optionally residually 

comprises at least one of the elements below (argon, oxygen, neon) in proportions 

for example between 0.15% and 0.5% (in particular 0.22%). This source gas 

mixture may have a pressure between 15 and 35 bar and a temperature between 

10 273 and 323 K and for example 300 K.  

The purifier 2 conventionally comprises a circuit 9 for separating nitrogen 

from the source gas mixture with a view to producing helium at a temperature 

below the temperature of the source gas. The separation circuit 9 conventionally 

comprises steps of cooling (in particular by heat exchange with a cooling 

15 exchanger 10) and one or more passes through a separator vessel 11, 12, and an 

expansion (valve 20). Furthermore, the mixture may undergo one or more steps of 

purification via adsorption (via one or more devices 14, 15 of "PSA" pressure 

swing adsorption type in particular) in order to strip the mixture of its nitrogen.  

As seen in figure 2, the separation circuit 9 of the purifier 2 may comprise at 

20 least one heat exchanger 10 in heat exchange with the source gas mixture with a 

view to the cooling thereof and two separator vessels 11, 12. The nitrogen 

recovered, in particular the liquefied nitrogen 21 obtained may be recovered in a 

recovery tank (not represented in the figures).  

The circuit 8 for expanding the pressurized gaseous nitrogen may be in 

25 heat exchange with the at least one heat exchanger 10 of the separation circuit 9.  

The purifier may in particular have no distillation column.  

The facility 1 additionally comprises a helium liquefier 3 that conventionally 

subjects helium to a work cycle comprising in series: a compression of the helium 

(in a compression station), a cooling and an expansion of the compressed helium 

30 (in a cold box) and a reheating of the cooled and expanded helium with a view to 

returning it to the compression station to restart a cycle.  

The facility 1 comprises a helium transfer line 4 that connects an outlet of 

the purifier 2 to an inlet of the liquefier 3. This transfer line 4 is provided to transfer 

helium produced by the purifier 2 to the work cycle of the liquefier 3.
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According to one advantageous distinctive feature, the cryogenic purifier 2 

comprises a gaseous nitrogen inlet intended to be connected to a source 6 of 

pressurized gaseous nitrogen available in the facility.  

As illustrated in figure 2, the purifier 2 comprises to this effect a circuit 8 for 

5 expanding 7 the pressurized gaseous nitrogen. This expansion circuit 8 is in heat 

exchange with the separation circuit 9 to enable the transfer of frigories from the 

expanded gaseous nitrogen to said separation circuit 9. That is to say that energy 

from the gaseous nitrogen is transferred in the process for purifying and cooling 

the source mixture.  

10 More specifically, the circuit 8 for expanding 7 the pressurized gaseous 

nitrogen may be in heat exchange with the heat exchanger 10 of the separation 

circuit 9, in order to supply frigories used in the cryogenic separation of the 

nitrogen from the source mixture.  

The circuit 8 for expanding 7 the pressurized gaseous nitrogen may 

15 comprise one or preferably at least two turbines 13 for expanding the gaseous 

nitrogen and two separate portions in heat exchange with the heat exchanger 10 

of the separation circuit 9. The two separate portions in heat exchange with the 

exchanger 10 are located for example respectively downstream of the two turbines 

13 for expanding the nitrogen.  

20 This pressurized gaseous nitrogen is for example available at a pressure 

between 15 and 50 bar (for example 40 bar) and a temperature between 273 and 

323 K.  

The helium produced by the purifier 3 at its outlet has a pressure for 

example between 15 and 35 bar and a temperature for example between 77 and 

25 90 K and for example 80 to 85 K. (82 K typically).  

According to this configuration, the helium produced by the purifier 2 is 

returned cold directly to the work cycle of the liquefier 3. This makes it possible to 

reduce the cooling capacity of the liquefier 3 since it only needs to cool the helium 

between 80 K (temperature of the helium provided by the purifier 2) and 4 K (the 

30 target low liquefaction temperature).  

According to the known processes, this helium had to be cooled from 

ambient temperature (300 K approximately) down to 4 K.  

The invention makes it possible to reduce the size and capacity of the 

liquefier 3 of the facility 1.
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Thus, the liquefier 3 may operate in "refrigerator" mode in the part of the 

cycle between 300 K and 80 K (that is to say that in this part of the work cycle 

there is as much helium that is cooled/expanded at the outlet of the compression 

station as there is helium that is reheated and returns to the compression station).  

5 On the other hand, between 80 K and 4 K the liquefier may operate in "liquefier" 

mode (that is to say that there is more helium which is in the expansion/cooling 

phase than in the phase of reheating and returning to the compression station).  

This "refrigerator" operating mode in the part of the cycle between 300 K 

and 80 K is much more energy-efficient than the "liquefier" operating mode since 

10 the fluid flow rates are balanced in the work cycle (in both directions).  

Specifically, this solution makes it possible to "transfer" refrigerating 

capacity from 300 K to 80 K from the compression station of the liquefier 3 to the 

nitrogen compressor of the purifier 2.  

The compression of nitrogen (in particular by centrifugal compressor(s)) is 

15 much more energy-efficient than the compression of helium (in particular by oil

injected screw compressor(s)). Furthermore, the efficiency of the motor of a 

nitrogen compressor (which is much more powerful) will be better than that of a 

screw compressor. Specifically, the efficiency of a compressor motor increases 

with its size.  

20 The energy efficiency of the facility 1 will therefore be improved by this 

change.  

Obtaining cold (80 K) helium at the outlet of the purifier 2 also makes it 

possible to eliminate the two hot expansion turbines in the liquefier 3. These two 

turbines may be replaced by two nitrogen turbines on the purifier 2 side.  

25 These two turbines 13 for nitrogen (typically oil-bearing turbines) are more 

efficient and less complex to produce than gas-bearing turbines for helium in the 

liquefier 3.  

By eliminating two first turbines 18 in the liquefier 3, it is possible to 

considerably reduce the rate of return to medium pressure in the helium work 

30 cycle of the liquefier 3.  

Another optimization of the liquefier 3 may make it possible to eliminate the 

return of helium to intermediate pressure in the work cycle of the liquefier 3. This 

may enable the liquefier 3 to operate with a single cycle compressor that will work
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for example between 1 bar and 15 bar. This cycle compressor 19 may also consist 

of only a single oil-injected screw.  

These improvements therefore make it possible to considerably reduce the 

cycle compressor requirements in the liquefier 3. The pressure of the cycle is thus 

5 also divorced from the feed pressure. This makes it possible to have an additional 

freedom parameter in order to optimize the overall plant incorporating this facility.  

The adsorbers 15 of the purifier 2 (for example at a temperature of 80 K) 

may be incorporated into a thermally insulated cold box (conventionally insulated 

with perlite, the casing will preferably be insulated with rock wool in practice in 

10 order to retain the option of intervening for maintenance). This makes it possible to 

reduce the size of the vacuum cold box.  

The regeneration of these adsorbers may be carried out with gas at the 

outlet of the PSA(s) 14 at ambient temperature. The (re)cooling of the purification 

cylinder containing the adsorber after the regeneration could be carried out by 

15 helium at the outlet (or at the inlet) of said in-line cylinder.  

A portion of liquid nitrogen 21 produced may be drawn off from the facility 1.  

This liquid nitrogen may be consumed for other requirements in the plant (trucks, 

etc.).  

Figure 3 represents a variant embodiment which differs from that of figure 2 

20 only in that the initial cooling of the cycle helium originating from the compression 

station 16 of the liquefier 3 is incorporated into the cryogenic purifier 2 in a 

thermally insulated common housing whilst the cold box 17 of the liquefier 3 is 

located in a thermally insulated separate housing that comprises vacuum 

insulation.  

25 That is to say that all the fluids having a temperature above 80 K are 

incorporated into one or more perlite-filled (insulated) cold boxes whereas the 

fluids having a temperature below 80 K are incorporated into a vacuum insulated 

cold box. This also makes it possible to reduce the size of the vacuum insulated 

cold box of the facility.  

30 The cold box containing all the pieces of equipment may be insulated with 

perlite whereas the cold box containing the cryogenic adsorbers may be insulated 

with rock wool.  

According to one distinctive feature, it is possible to share the pieces of 

equipment that enable the regeneration of the cold adsorbers between the liquefier
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and the purifier. It is possible to recool the adsorber after regeneration with the gas 

at the inlet and not only with the gas at the outlet.
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CLAIMS 

1. A facility for producing liquid helium from a source gas mixture (5) 

essentially comprising nitrogen and helium, the facility comprising a cryogenic 

5 purifier (2) comprising a circuit (9) for separating nitrogen from the source gas 

mixture with a view to producing helium at a temperature below the 

temperature of the source gas, the facility (1) additionally comprising a helium 

liquefier (3) that subjects the helium to a work cycle comprising in series: a 

compression of the helium, a cooling and an expansion of the compressed 

10 helium and a reheating of the cooled and expanded helium, the facility 

comprising a helium transfer line (4) that connects an outlet of the purifier (2) 

to an inlet of the liquefier in order to transfer helium produced by the purifier 

(2) to the work cycle of the liquefier (3), the cryogenic purifier (2) comprising 

an expansion circuit (8) comprising an inlet intended to be connected to a 

15 source (6) of pressurized gaseous nitrogen, said circuit (8) for expanding (7) 

the gaseous nitrogen being in heat exchange with the separation circuit (9) in 

order to transfer frigories from the expanded gaseous nitrogen to said 

separation circuit (9), wherein the helium produced by the purifier (3) at its 

outlet has a pressure between 15 and 35 bar and a temperature for example 

20 between 77 and 90 K and for example 80 to 85 K, in particular 82 K.  

2. The facility as claimed in claim 1, characterized in that the separation 

circuit (9) of the purifier (2) comprises at least one heat exchanger (10) in 

heat exchange with the source gas mixture with a view to the cooling thereof 

and at least one separator vessel (11, 12) and in that the circuit (8) for 

25 expanding (7) the pressurized gaseous nitrogen is in heat exchange with the 

at least one heat exchanger (10) of the separation circuit (9).  

3. The facility as claimed in claim 1 or 2, characterized in that the circuit 

(8) for expanding (7) the pressurized gaseous nitrogen comprises at least two 

turbines (13) for expanding the gaseous nitrogen and two separate portions 

30 in heat exchange with the at least one heat exchanger (10) of the separation 

circuit (9), the two separate portions being located respectively downstream 

of the two expansion turbines (13).
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4. The facility as claimed in any one of claims 1 to 3, characterized in 

that the separation circuit (9) comprises at least one adsorption-type 

purification device (14, 15) for separating the nitrogen from the mixture.  

5. The facility as claimed in any one of claims 1 to 4, wherein the helium 

5 liquefier (3) comprises a compression station (16) intended to carry out the 

compression of the helium in the work cycle, a device for cooling the cycle 

helium originating from the compression station and a cold box (17) intended 

to carry out a cooling and an expansion of the helium compressed in the work 

cycle, characterized in that the device for cooling the cycle helium originating 

10 from the compression station (16) is incorporated in the cryogenic purifier (3) 

in a thermally insulated common housing and in that the cold box (17) of the 

liquefier (3) is located in a thermally insulated separate housing that 

comprises vacuum insulation.  

6. The facility as claimed in claim 5, wherein the cold box (17) of the 

15 helium liquefier (3) contains four turbines (18) for expanding helium gas in the 

work cycle and the compression station contains a compressor stage (19) of 

the work gas in the work cycle.  

7. A process for producing liquid helium from a source gas mixture (5) 

essentially comprising nitrogen and helium using a facility (1) in accordance 

20 with any one of claims 1 to 6, characterized in that the source gas mixture (5) 

comprising nitrogen and helium in molar concentrations respectively between 

50% and 65% and 35% and 50%, the source gas mixture optionally residually 

comprising at least one of the elements below: argon, oxygen, neon in 

proportions for example between 0.15% and 0.5%, in particular 0.22%, this 

25 source gas mixture having a pressure between 15 and 35 bar and a 

temperature between 273 and 323 K, and for example 300 K, and in that the 

helium produced by the purifier (3) at its outlet has a pressure between 15 

and 35 bar and a temperature for example between 77 and 90 K and for 

example 80 to 85 K, in particular 82 K.  

30 8. The process as claimed in claim 7, characterized in that the source 

gas mixture (5) comprises nitrogen and helium in molar concentrations 

respectively between 55% and 60%, in particular 57%, and 40% and 45%, in 

particular 42%.
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9. The process as claimed in claim 6 or 7, characterized in that the 

gaseous nitrogen inlet of the purifier (2) is supplied with pressurized gaseous 

nitrogen at a pressure between 15 and 50 bar, for example 40 bar and a 

temperature between 273 and 323 K.  

5 10.The process as claimed in any one of claims 7 to 9, characterized in 

that the helium liquefier (3) is configured to only cool the helium in the work 

cycle from the value of the temperature at the outlet of the purifier (2) to the 

temperature of 4 K.
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