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(57) Claim

1. A process for cryogenically separating and recovering
a gaseous product stream consisting of at least about 50 
volume percent of helium, the balance being substantially 
nitrogen, from a helium-bearing natural gas received at an 
elevated temperature and pressure containing" helium, 
nitrogen, methane and condensable C2 and higher hydrocarbon 
compounds, said process comprising the steps of;

cooling said natural gas feed stream by means of consist­
ing of indirect heat exchange to condense at least a 
.portion of the methane and a substantial portion of 
the condensable C2 and higher hydrocarbon compounds 
present therein;

introducing said cooled natural gas feed stream into a
first fractionation zone and therein effecting a 
separaton of said cooled natural gas feed stream into 
a first liquid phase effluent stream comprised of a
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condensed portion of said methane and a condensed 
substantial portion of the condensable C2 and higher 
hydrocarbon compounds and a first vaporous phase 
comprised of helium, nitrogen, a remaining balance of 
the methane and the condensable C2 and higher 
hydrocarbon compounds;

withdrawing said first vaporous phase from the first 
fractionation zone;

subjecting said first vaporous phase withdrawn from the 
first fractionation zone to a further cooling by means 
selected from the group consisting of indirect heat 
exchange utilizing at least one process-derived stream 
as a heat exchange media and expansion to condense a 
■major portion of the remaining balance of said methane 
and the remaining balance of the condensable C2 and

• higher hydrocarbon compounds present therein; 
introducing said further cooled first vaporous phase into

a second fractionation zone and therein effecting 
separation of said further cooled first vaporous phase 
into a second liquid phase effluent stream comprised 
of the condensed major portion of the remaining 
balance of said methane and the condensed remaining 
balance of the condensable C2 and higher hydrocarbon 
compounds and a second vaporous phase comprised of 
helium, nitrogen and a remaining minor portion of the 
remaining balance of sai.d methane; ' '

withdrawing the second vaporous phase from the second 
fractionation zone;

subjecting said second vaporous phase withdrawn from the 
the second" ’fractionation zone to indirect heat

‘exchange utilizing at least one process-derived stream 
as a heat exchange media to further cool said second 
vaporous phase to condense the remaining minor portion 
of the remaining balance of said methane and a naajor 
portion of the nitrogen therein and then to expansion 
to reduce the pressure thereof;

Introducing said cooled and expanded second vapor­
ous phase into a third fractionation zone and therein
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effecting a separation of said cooled and expanded 
second vaporous phase into a third liquid phase 
effluent stream comprising a condensed residue gas 
stream consisting of the condensed remaining minor 
portion of the remaining balance of said methane and a 
major portion of the nitrogen and a third vaporous 
phase comprising said gaseous product stream 
consisting of at least about 50 volume ’percent of 
helium, the balance being substantially nitrogen; and

withdrawing and recovering individually from said third
fractionation zone said condensed residue gas stream 
and said gaseous product stream. .



' INTERNATIONAL APPLICATION PUBLISHED

(SI) International Patent Classification 4 :

F25J 3/02

AUSTRALIA (5U27. ot. s<? <«> 6.12.88 AU-A-17239/88
PATENTpcr WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau

ION TREATY (PCT)

WO 88/ 08948

17 November 1988 (17.11.88)

(21) International Application Number: PCT/US88/01370

(22) International Filing Date: 28 April 1988 (28.04.88)

(31) Priority Application Number:

(32) Priority Date:

(33) Priority Country:

046,315 

6 May 1987 (06.05.87) 

US

(71) Applicant: KERR-McGEE CORPORATION [US/US];
Kerr-McGee Center, Oklahoma City, OK 73125 (US).

(72) Inventors: MITCHELL, E., Keith ; 11733 Doyle Drive,
Shawnee, OK7480t (US). REED, Donald, N. ; 4145 
N.E. 122 Street, Edmond, OK 73013 (US). RODKEY, 
Thomas, L. ; 2712 Downing Court, Edmond, OK 
73034 (US). A.O.J.P. 2 7 JAN 1289

AUSTRALIAN F

-6 DEC 1988
PATENT OFFICE .tax

i
* ί t** 1

(74) Agents: ADDISON, William, G. et al.; Kerr-McGee 
Corporation, Kerr-McGee Center, Oklahoma City, 
OK 73125 (US).

(81) Designated States: AT, AT (European patent), AU, BB, 
BE (European patent), BG, BJ (OAPI patent), PR, 
CF (OAPI patent), CG (OAPI patent), CH, CH (Eu­
ropean patent), CM (OAPI patent), DE, DE (Euro­
pean patent), DK, FI, FR (European patent), GA 
(OAPI patent), GB, GB (European patent), HU, IT 
(European patent), JP, KP, KR, LK, LU, LU (Euro­
pean patent), MC, MG, ML. (OAPI patent), MR (OA­
PI patent), MW, NL, NL (European patent), NO, 
RO, SD, SE, SE (European patent), SN (OAPI pa­
tent), SU, TD (OAPI patent), TG (OAPI patent).

Published
With international search report.
With amended claims and statement.

.. ....... ; ‘Γ* ι,, --Li .. sr ft

(54) Title: PROCESS FOR RECOVERING HELIUM FROM A NATURAL GAS STREAM

(57) Abstract

An improved process for cryogenical­
ly separating helium from a helium-bearing 
natural gas (2) is disclosed. The process 
comprises the steps of cooling said natural 
gas (2) by indirect heat exchange (3) to con­
dense a portion of the methane and conden­
sable C2 and higher hydrocarbons contained 
therein. The partially condensed natural gas 
stream then is separated (5) to recover both 
a first liquid phase effluent stream (4) com­
prised of a condensed portion of the me­
thane and condensable Ci and higher hydro­
carbon compounds and a first vaporous 
phase (7) comprised of helium, nitrogen and 
the remaining balance of the methane and 
condensable C2 and higher hydrocarbon 
compounds. This first vaporous phase (7)
then is cooled (9) to condense a major portion of the remaining methane and substantially all of the remaining C2 and 
higher hydrocarbons. Separation (13) of this further cooled first vaporous phase provides a second liquid phase effluent 
stream (12) comprised Of a condensed major portion of the remaining methane and the remaining balance of the C2 and 
higher hydrocarbon compounds and a second vaporous phase (15) comprised of helium, nitrogen and a remaining minor 
portion of the methane. The second vaporous phase is further cooled by indirect heat exchange (17), its pressure reduced 
(19) and subjected to a final separation (23). In this final separation (23), a gaseous product stream (25) comprising at least 
50 volume percent of helium, the balance being substantially nitrogen, and a third liquid phase effluent stream (22) com­
prising the remaining minor portion of the methane and a major portion Of nitrogen indivicknlly are recovered. The pro­
cess further comprises the combining of the first (8) and second (12) liquid phase effluent stream And the subsequent separ­
ation (27) of said streams into a natural gas liquids stream (32) and a residue gas stream (29).
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Process for Recovering Helium from a Natural Gas Stream

Field of the Invention

The present invention relates to an improved process 

for cryogenically separating helium from helium-bearing 

natural gases. More particularly, the present invention

5 relates to an improved process for cryogenically separat­

ing a helium-bearing natural gas for the recovery there­

from of a gaseous product stream comprised of at least 50 

volume percent of helium with the balance of the product 

stream comprising nitrogen.

10

Background of the Invention

The recovery of helium from helium-bearing natural

gases by processes based upon the use of cryogenic 

techniques is known. Such processes basically consist of

15 subjecting a helium-bearing natural gas to successively 

lower temperatures to condense and thereby remove from 

the natural gas those components therein having boiling 

points higher than that of helium. These components 

generally include, in descending order of their boiling

20 points, hydrocarbons heavier than methane, methane itself 

and nitrogen.

In general, these known processes comprise at least 

three distinct operative steps or stages. These include 

(1) a preliminary gas treatment step for the removal of

25 water, carbon dioxide and hydrogen sulfide, (2) a natural 

gas liquids separation step using low but noncryogenic 

temperatures and (3) a crude helium product separation 

step employing cryogenic temperatures, said product 

containing at least 50 volume percent of helium. When a

30 pure helium product is desired a fourth step or stage
4
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will be integrated into the process to substantially 

reject nitrogen from the crude helium product. A general 

description of two known processes for cryogenically 

separating and recovering either crude or pure helium 

from helium-bearing natural gases is provided in Kirk- 

Othmer Encyclopedia of Chemical Technology. Vol. 10, pp 

872-873, 2ed (1966). More detailed descriptions of the 

two processes described in the Kirk-Othmer reference are 

provided in the article "Helium Production At the Bureau 

of Mines Keyes, Okla. Plant" by W. M. Deaton and R. D. 

Hayes, Bureau of Mines Information Circular, IC 8018 

(1966) and in the article "A New Approach to Helium 

Recovery" appearing in Kellogram, pp 4-5, Issue No. 3 (M. 

W. Kellogg Co., 1963).

As is clear from a review of the above references, 

some of the required refrigeration employed in the 

processes is obtained through the use of expansion, i.e., 

the Joule-Thomson cycle, and indirect heat exchange. 

However, it also is clear from a review of these refer­

ences that to attain the lowest temperatures (i.e., 

cryogenic temperatures) required in these processes, 

integrated but independent and separate liquefaction 

cycles (i.e., refrigeration) using e.g., methane or 

nitrogen as working fluids must be employed. The need 

for such auxiliary refrigeration contributes not only to 

an increase in the initial capital costs for helium 

extraction plants embodying these-processes but also to 

ah increase in both operating and maintenance costs for 

such facilities. Thus, a process for the separation and 

recovery of a crude helium product from a helium-bearing 

natural gas in which auxiliary refrigeration was not 

required to achieve the cryogenic temperatures necessary
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to the separation would represent an advancement over 

these known processes.

Summary of the Invention

5 It now has been discovered that helium-bearing

natural gases can be cryogenically separated to recover 

therefrom a crude helium product without the use of 

auxiliary cryogenic refrigeration. In accordance with 

this discovery the present invention provides a process

10 for the separation of helium-bearing natural gases into

at least four distinct process-derived streams including 

a natural gas liquids stream, a condensed residue gas 

stream, a vaporous residue gas stream and a crude helium 

stream. The process utilizes indirect heat exchange,

15 expansion or a combination thereof as the sole means to

provide the cryogenic operating temperatures required for 

the separation.

Broadly, the process of this invention consists of a 

series of manipulative steps or stages wherein the helium

20 contained in a helium-bearing natural gas is concentrated 

through the step-wise removal of those components in the 

natural gas having boiling points higher than that of 

helium. Specifically, the process of this invention 

consists of first cooling a helium-bearing natural gas

25 feed stream by means of indirect heat exchange with one 

or more of the above disclosed process-derived streams 

alone, or in combination with heat exchange media 

provided by auxiliary, noncryogenic refrigeration means. 

This cooling effects a condensation of at least a portion

30 of the methane and a substantial portion of the 

condensable C2 and higher hydrocarbon components 

contained in said natural gas. The cooled, partially
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condensed natural gas feed stream is introduced into a 

first fractionation zone wherein a first vaporous phase 

comprised of helium, nitrogen, and a remaining balance of 

both the methane and the condensable C2 and higher hydro­

carbon compounds contained in the original natural gas 

feed stream is separated therefrom. Also separated from 

the cooled, partially condensed natural gas feed is a 

first liquid phase effluent stream comprised of the 

condensed portion of said methane and the condensed 

substantial portion of the condensable C2 and higher 

hydrocarbon compounds.

The first vaporous phase separated from the cooled, 

partially condensed natural gas feed stream in the first 

fractionation zone is withdrawn therefrom and cooled by 

means selected from either indirect heat exchange with 

one or more of the above process streams or expansion, or 

a combination thereof, to temperatures in the cryogenic 

range (i.e., temperatures of minus 100’C and below). 

Cooling of this first vaporous phase to temperatures in 

the cryogenic range effects a further condensation of a 

major portion of the remaining balance of the methane and 

the remaining portion of the condensable C2 and higher 

hydrocarbon compounds contained in the first-vaporous 

phase. The cooled first vaporous phase then is

introduced into a second fractionation zone wherein a 

second vaporous phase comprised of helium, nitrogen and a 

remaining minor balance of the methane is separated 

therefrom providing a second liquid phase effluent 

stream.. This second liquid phase effluent stream is 

comprised of a condensed major portion of the remaining 

balance of the methane and the condensed remaining
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portion of the condensable C2 and higher hydrocarbon 

compounds. '
In a final step of the process of this invention, . 

the above second vaporous phase is withdrawn from said

5 second fractionation zone, further cooled by means of 

indirect heat exchange with one or more of the above 

disclosed process-derived streams to condense the remain­

ing minor portion of the remaining balance of the methane 

and a portion of the nitrogen in the second vaporous

10 phase. The cooled and condensed second vaporous phase

then is reduced in pressure and introduced into a third 

fractionation zone wherein a third vaporous phase, 

comprising a gaseous product' stream consisting essenti­

ally of at least 50 volume percent of helium, the balance

15 being substantially nitrogen, is separated and recovered 

therefrom. Separation of the second vaporous phase in
r

this third fractionation zone produces a third liquid 

phase effluent stream comprising a condensed residue gas 

product stream consisting of the condensed remaining

20 minor portion of the remaining balance of the methane and 

a major portion of the nitrogen contained in the second 

vaporous phase.

The process of the present invention also contem­

plates the processing of said first and second liquid

25 phase effluent streams produced in and recovered from the 

first and second fractionation zones to produce a natural 

gas liquids product stream and a vaporous residue gas 

product stream.

30 Description of the Drawing

The single FIGURE is a schematic view illustrating

the general flow of materials in the process of the
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present invention including the processing of the various 

liquid effluent streams produced in the process.

10

15

• · · ft I · ftft · ft 20

25

ft ft ft ft

30

Detailed Description of the Preferred Embodiment
With reference to the single FIGURE, the present 

invention consists of an improved process for cryogen­
ically separating and recovering from a helium-bearing 
natural gas a crude helium gaseous product stream 
comprising at least 50 volume percent of helium, the 
balance of said product stream being substantially 
nitrogen. Helium bearing natural gases to which the 
process of the present, invention is applicable are those 
natural gases which contain, for example, helium, 
nitrogen, methane and condensable C2 and higher hydro­
carbon compounds. The process of the present invention 
further provides for the separation and recovery of 
additional useful product streams including, for example, 
a natural gas liquids product stream and both condensed 
and vaporous residue gas product streams.

In accordance with the improved process of the 
present invention, an initial helium-bearing natural gas, 
received at an elevated temperature ranging from about 
10*C to about 50’C and at an elevated pressure ranging 
from about 400 pounds per square inch gauge (psig) to 
about 4000 psig and pretreated (by means not shown) to 
remove water, carbon dioxide and hydrogen sulfide, if 
any, is conveyed via a conduit 2 through an indirect heat 
exchange zone 3 to a first fractionation zone 5. Within 
indirect heat exchange zone 3, which can comprise one or 
more indirect heat exchange means such as, for example, 
fin and tube, shell and tube and plate-type heat 
exchangers and the like, the prefcreated helium-bearing
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natural gas is brought into indirect heat exchange 

contact with at least one process-derived product stream 

media. Heat exchange media which can be employed within 

indirect heat exchange zone 3 consist, in the main, of 

the above mentioned crude helium gaseous product stream 

and both of the condensed and vaporous residue gas 

product streams or combination of these streams with heat 

exchange media provided by auxiliary, noncryogenic 

refrigeration means (not shown). Other process-derived 

streams, disclosed and described hereinbelow, also may be 

employed as heat exchange media within indirect heat 

exchange zone 3.

As the pretreated helium-bearing natural gas is 

conveyed via conduit 2 through indirect heat exchange 

zone 3 to first fractionation zone 5 it is cooled to a 

temperature sufficient to effect a condensation of at 

least a portion of the methane and a substantial portion 

of the condensable C2 and higher hydrocarbon compounds 

contained in the natural gas. In particular, the helium­

bearing natural gas undergoing processing in accordance 

with the present invention will be cooled to a tempera­

ture in the range of from about minus 20*C to about minus 

120’C. Reduction of the temperature of the helium-bear­

ing natural gas to a temperature within this range 

results in condensation of at least a portion, i.e., from 

about 1.0 volume percent to about 75 volume percent, of 

the methane and a substantial portion, i.e., from about 

40 volume percent to about 99 volume percent, of the 

condensable C2 and higher hydrocarbon compounds present 

therein.

The cooled, helium-bearing natural gas, having 

condensed therein at least a portion of the methane and a
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substantial portion of the condensable C2 and higher 
hydrocarbon compounds, is introduced into first fractionation 
zone 5 which can comprise one or more conventional packed or 
plate towers, or simple flash towers or flash chambers. The 
cooled helium-bearing natural gas is subjected to separation 
within said first fractionation zone 5 to provide, a first 
liquid phase effluent stream comprising the condensed portion 
of the methane and the condensed substantial portion of the 
C2 and higher hydrocarbon compounds and a first vaporous 
phase stream comprising the helium, nitrogen, the remaining 
balance of the methane and the condensable C2 and higher 
hydrocarbon compounds. The portions or percentages of the 
condensed methane and C2 and higher hydrocarbon compounds 
in this first liquid phase effluent stream are, of course, 
the same portions or percentages disclosed above for the 
extent of condensation which occurs when cooling of the 
pretreated helium-bearing natural gas within indirect heat 
exchange zone 3. Thus, the first liquid phase effluent 
stream comprises from about 1.0 to about 75 volume percent of 
the methane and from about 40 to about 99 volume percent of 
the condensable C2 and higher hydrocarbon compounds.

By difference, the first vaporous phase stream 
separated within first fractionation zone 5 will comprise 
from about 25 to about 99 volume percent of the amount of 
methane present in the initial pretreated helium-bearing 
natural gas and from about 1 to about 60 volume percent of 
C2 and higher hydrocarbon compounds.

Each of said first liquid phase effluent stream and 
said first vaporous phase stream is withdrawn, individually, 
from said first fractionation zone 5 by a conduit 4 and a 
conduit 7, respectively. The first vaporous phase stream is 
conveyed through the conduit 7,

WDP

2256N
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an expansion zone 9 and a conduit 11 to a second frac­

tionation zone 13. The conveyance of the first vaporous 

phase stream through the expansion zone 9 effects a
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reduction in the pressure of this first 

vaporous phase stream to a value in the range of from 

about 120 psig to about 450 psig. This reduction in 

pressure also causes a concommitant reduction in the 

temperature of the first vaporous phase stream to a 

temperature in the range of from about minus 60°C to 

about minus 155*C. It is this reduction in temperature 

brought about by the reduction in pressure which is the 

primary purpose of the expansion zone 9.

In an alternative embodiment, cooling of the first 

vaporous.phase can be accomplished by using an indirect 

heat exchange means (not shown) such as described 

hereinabove in place of the expansion zone 9 illustrated 

in the FIGURE. In this alternative embodiment, various 

process-derived streams, and particularly the process- 

derived product streams such as the above mentioned crude 

helium gaseous product stream and the condensed and 

vaporous residue gas streams, will be employed as heat 

transfer media to cool the first vaporous phase stream to 

temperatures within the range specified above. However, 

the preferred means for accomplishing this cooling is by 

way of the expansion zone 9 as illustrated in the single 

FIGURE. In general, the expansion zone 9 can comprise a 

conventional expansion engine of either the piston or 

turbine-type as briefly described in Perry's Chemical 

Engineering Handbook. Section 12, pages 29-30, 4th Ed. 

(1963) or simple throttle valve.
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This reduction in temperature of the first vaporous ,

phase stream as a result of either reducing the pressure 

of said stream within the expansion zone 9 or by indirect , 

heat exchange of said stream with one or more of the

5 process-derived product streams causes condensation of a

major portion of the remaining balance of the condensable | 

C2 and higher hydrocarbon compounds. Specifically, said 

cooling leads to the condensation of from about 45 to 
about 85 volume percent of the remaining balance of the J

10 methane and from about 99 to 100 percent of the remaining >

balance of the condensable C2 and higher hydrocarbon 

compound contained in the first vaporous phase stream.

Subsequent to cooling and condensation of the first 

vaporous phase stream in the expansion zone 9 it is

15 conveyed via the conduit 11 to the second fractionation 

zone 13. Second fractionation zone 13 can comprise a 

single vessel or multiple vessels arranged and operated 

in series. Such vessel or vessels can all be of the same 

types as described for use in the first fractionation

20 zone 5, i.e., conventional packed or plate towers, or 

simple flash towers or chambers.

Within the second fractionation zone 13, the cooled 

and condensed first vaporous phase stream is separated to 

provide a second liquid phase effluent stream and a

25 second vaporous phase stream. This second liquid phase
I

effluent stream is comprised of a condensed major portion 

of the remaining balance of the methane and the condensed 

remaining balance of the condensable C2 and higher hydro­

carbon compounds. This second liquid phase effluent

30 stream is withdrawn via a conduit 12 from the second F
fractionation zone 13 and conveyed via said conduit 12 ί

to a fourth fractionation zone 27. The second vaporous

ί
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phase stream is comprised of helium, nitrogen and a 

remaining minor portion of the remaining balance of the 

methane and is withdrawn from the second fractionation 

zone 13 by way of a conduit 15 and conveyed thereby

5 through an indirect heat exchange zone 17, a valve 19 and 

a conduit 21 and to a third fractionation zone 23.

Within the indirect heat exchange zone 17, which utilizes 

both the process-derived gaseous product stream and the 

process derived condensed residue gas stream as heat

10 transfer media, the second vaporous phase stream is

cooled to a temperature ranging from about minus 170’C to 

about minus 205°C. This cooling effects a condensate ?n 

of the remaining minor portion of the remaining balance 

of the methane and a major portion of the nitrogen

15 present in this vaporous phase stream. In general, this 

cooling of the second vaporous phase stream results in 

the condensation of from about 99 to about 100 volume 

percent of the remaining balance of the methane and from 

about 50 to about 100 volume percent of the nitrogen

20 present therein.

The pressure of the cooled, second vaporous phase 

stream is reduced to a pressure ranging from about atmos­

pheric pressure to about 150 psig by means of the valve

19. The cooled and reduced pressure second vaporous

25 phase stream then is introduced into the third fractiona­

tion zone 23. Third fractionation zone 23 also can 

comprise a single vessel or multiple vessels arranged and 

operated in series* Such vessel or vessels also can be 

of the same types as described for use in the first

30 fractionation zone 5, i.e., conventional packed cr plate 

towers or simple flash towers or flash chambers.
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Within the third fractionation zone 23, the cooled 

and reduced pressure second vaporous phase stream is 

separated into a third vaporous phase stream and a third 

liquid phase effluent stream. This third vaporous phase

5 stream comprises the gaseous product stream and consists

essentially of at least about 50 volume percent of helium 

with the balance being substantially nitrogen. The third 

liquid phase effluent stream comprises the condensed 

residue gas stream consisting essentially of the remain-
i
10 ing minor portion of the remaining balance of the methane 

and a major portion of the nitrogen present in the second 

vaporous phase stream.

The third liquid phase effluent (or condensed 

residue gas) stream and the third vaporous phase or

15 gaseous product stream are withdrawn individually from

the third fractionation zone 23 by way of conduits 22 and 

25, respectively. Each of these process streams are 

employed in the process of the present invention as heat 

exchange (or refrigerant) media and are conveyed through

20 the conduits 22 and 25 respectively to both of the

indirect heat exchange zones 3 and 17 for use as refrig­

erants therein as well as in the indirect heat exchange 

means substituted for expansion zone 9 in accordance with 

the alternative embodiment described hereinabove. The

25 temperatures of these process-derived streams are suffi­

ciently low, i.e., between about minus 170*C and about 

minus 205*C, to provide at least a portion of the refrig­

eration needs of the process of this invention thereby 

eliminating the need for auxiliary refrigeration means to

30 achieve cryogenic temperatures.

Although the third liquid phase effluent stream (or

condensed residue gas) stream withdrawn from the third
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fractionation zone 23 by way of conduit 22 generally will 

be employed as heat exchange (or refrigerant) media 

within indirect heat exchange zones 3 and 17 .and finally 

recovered as a process-derived process stream as dis-

5 closed hereinabove, this third liquid phase effluent

stream can itself be further separated. Thus, in an 

additional embodiment of this invention, the third liquid 

phase effluent stream is withdrawn via conduit 22 from 

the third fractionation zone 23 and conveyed, or at least

10 a portion thereof conveyed, to a fifth fractionation zone 

(not shown).

Within the fifth fractionation zone the third liquid 

phase effluent stream is separated into a fifth liquid 

phase effluent stream and a fifth vaporous phase stream. 

15 The fifth liquid phase effluent stream will comprise from

about 90 to about 100 volume percent of methane and from 

about 0 to about 10 volume percent of nitrogen and is 

withdrawn, by way of a conduit (not shown), from a lower 

portion of the fifth fractionation zone. The fifth 

20 vaporous phase stream will comprise from about 0 to about

10 volume percent of methane and from about 90 to about 

100 volume percent of nitrogen and is withdrawn, by way 

of a conduit (not shown), from an upper portion of the 

fifth fractionation zone. The operating conditions for 

25 effecting the separation of the third liquid phase

effluent stream within the fifth fractionation zone 

include temperatures ranging from'about minus 120 *C to 

about minus 205’C and pressures ranging from about 

atmospheric pressure to about 150 psig.

30 The temperature of these process-derived streams are

sufficiently low to make them useful as heat exchange 

media and thereby provide a further portion of the
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refrigeration requirements of the process of this inven­

tion. For example, the fifth liquid phase effluent 

stream withdrawn from the lower portion of the fifth 

fractionation zone will have a temperature ranging from 

about minus 120’C to about 170*C while the temperature of 

the fifth vaporous phase stream withdrawn from the upper 

portion of said fifth fractionation zone will range from 

about minus 140*C to about minus 205*C. Thus, both of 

these process-derived streams can be conveyed directly to 

either or both indirect heat exchange zones 3 and 17 for 

use therein as heat exchange media.

In addition to its use as a heat exchange media in 

indirect heat exchange zones 3 and 17, the fifth vapor­

ous phase stream can also be employed to provide internal 

reflux for the third liquid phase effluent stream under­

going separation within the fifth fractionation zone.

When also used for this purpose, the fifth vaporous phase 

first will be further cooled to a temperature in the 

range of from about minus 190*C to about minus 205’C by 

reducing the pressure thereon to a value ranging from 

about atmospheric to about 20 psig. This pressure 

reduction can be carried out in a second expansion zone 

(not shown) in fluid communication with the fifth frac­

tionation zone. In the practice of this embodiment of 

the invention, the fifth vaporous phase stream will be 

withdrawn from the upper portion of the fifth fraction­

ation zone, cooled in the second expansion zone, conveyed 

to the upper portion of the fifth fractionation zone and 

through an indirect heat exchange means located therein. 

The fifth vaporous phase stream, which now is at a 

temperature ranging from about minus 150*C to about minus 

190*C, then is withdrawn from the heat exchange means
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located in the upper portion of the fifth fractionation 

zone by a conduit in fluid communication therewith and 

conveyed to heat exchange zones 3 and 17. The methane 

rich fifth liquid phase effluent stream then is recovered 

as a further process-derived product stream while the 

nitrogen rich fifth vaporous phase which is low in fuel 

value generally will be discarded.

Means suitable for use as the fifth fractionation 

zone and the second expansion zone will include those 

same means described hereinabove for the first 

fractionation zones 5, 13, 23 and 27 and the first expan­

sion zone 9. The heat exchange means located in the 

upper portion of the fifth fractionation zone for 

purposes of providing internal reflux for separating the 

third liquid phase effluent stream in this fractionation 

zone can include, for example, a simple coiled conduit, a 

fin and tube-type heat exchanger, and the like.

The process'of the present invention also is capable 

of producing further useful product streams including a 

natural gas liquids product stream and a vaporous residue 

gas stream. Referring once again to the single FIGURE, 

both the first and second liquid phase effluent streams 

withdrawn from the first fractionation zone 5l and the 

second fractionation zone 13 are introduced into the 

fourth fractionation zone 27. Fourth fractionation zone 

27 also can comprise one or more vessels in series, said 

vessel or vessels being of the conventional packed or 

plate tower-type, or simple flash towers or chambers as 

described hereinabove. The first liquid phase effluent 

stream is withdrawn from the first fractionation zone 5 

via the conduit 4 and is conveyed to the fourth fraction­

ation zone 27 through said conduit 4, a valve 6 and a

ι

I

I
I
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conduit 8. Conduit 8 is passed through indirect heat 

exchange zone 3 and in heat exchange proximity to the 

conduit 2 whereby a portion of the heat necessary for the 

separation to be carried out in the fourth fractionation 

zone 27 is transferred to the first liquid phase effluent 

stream. The second liquid phase effluent stream is with­

drawn from the second fractionation zone 13 via the 

conduit 12 and is conveyed through said conduit 12 

directly to the fourth fractionation zone 27. In the 

fourth fractionation zone 27 the components in the first 

and second liquid phase effluent streams are separated 

into a fourth liquid phase effluent streams and a fourth 

vaporous phase stream. This separation is conducted at 

temperatures ranging from about minus 120°C to about plus 

150°C and pressures ranging from about 12 0 psig to about 

450 psig.

As noted, hereinabove, a portion of the heat neces­

sary to provide the above separation temperatures is 

provided by conveying the first liquid phage effluent 

stream via the conduit 8 through the indirect heat 

exchange zone 3 and in indirect heat exchange relation­

ship with the incoming pretreated helium-bearing natural 

gas flowing through the conduit 2. The remainder of the 

heat necessary to provide the above temperatures within 

the fourth fractionation zone 27 is by the removal of a 

side stream of the fourth liquid phase effluent collected 

in the bottom portion of said four.th fractionation zone 

27·. This side stream is withdrawn from the fourth frac­

tionation zone 27 by way of a conduit 26 which is passed 

through indirect heat exchange zone 3 and in heat 

exchange proximity to the conduit 2 and back to the 

fourth fractionation zone 27. As the side stream of the
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fourth liquid phase effluent flows through the conduit 26 

it is heated by indirect heat exchange with the incoming 

pretreated helium-bearing natural gas flowing through 

conduit 2. The heat provided by the incoming helium-

5 bearing natural gas to this side stream as well as the 

heat provided to the first liquid phase effluent stream 

flowing in the conduit 8 is sufficient to give the 

temperatures disclosed above for use in the fourth frac­

tionation zone 27.

10 The fourth liquid phase effluent stream produced in

the fourth fractionation zone 27 comprises a natural gas 

liquids product stream. This stream consists of a con­

densed minor portion of the methane and a condensed 

substantial portion of the condensable C2 and higher

15 hydrocarbon compounds and is withdrawn and recovered from 

the fourth fractionation zone 27 via a conduit 28, a pump 

30 and a conduit 32. The fourth vaporous phase stream 

produced in the fourth separation zone 27 comprises a 

vaporous residue gas stream consisting of a remaining

20 balance of the total methane present in the first and 

second liquid phase effluent streams combined. This 

process stream is withdrawn and recovered from the fourth 

fractionation zone 27 via a conduit 29, which conduit 29 

in turn passes through the indirect heat exchange zone 3.

25 3y passing the conduit 29 through the indirect heat

exchange zone 3, the vaporous residue gas stream flowing 

therethrough provides additional cooling for the incoming 

pretreated helium-bearing natural gas stream.

While the process of the present invention has been

30 described with respect to that which at present is

believed to be the preferred embodiments, it is to be

understood that changes and modifications can be made to
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the process without departing from the spirit and scope 

thereof as described above and as defined in the 

following claims.
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The claims defining the invention are as follows:

• · · ·
• · ·
• · ·

• · · 
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• · · 
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• · · ·
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• · · ·
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1. A process for cryogenically separating and recovering

a gaseous product stream consisting of at least about 50 

volume percent of helium, the balance being substantially 

nitrogen, from a helium-bearing natural gas received at an 

elevated temperature and pressure containing helium, 

nitrogen, methane and condensable C2 and higher hydrocarbon 

compounds, said process comprising the steps of:

cooling said natural gas feed stream by means of consist­

ing of indirect heat exchange to condense at least a 

portion of the methane and a substantial portion of 

the condensable C2 and higher hydrocarbon compounds 

present therein;

introducing said cooled natural gas feed stream into a

first fractionation zone and therein effecting a 

sepa.raton of said cooled natural gas feed stream into 

a first liquid phase effluent stream comprised of a 

condensed portion of said methane and a condensed 

substantial portion of the condensable C2 and higher 

hydrocarbon compounds and a first vaporous phase 

comprised of helium, nitrogen, a remaining balance of 

the methane and the condensable C2 and higher 

hydrocarbon compounds;

withdrawing said first vaporous phase from the first 

fractionation zone;

subjecting said first vaporous phase withdrawn from the 

first fractionation zone to a further cooling by means 

selected from the group consisting of indirect heat 

exchange utilizing at least one process-derived stream 

as a heat exchange media and expansion to condense a 

major portion of the remaining balance of said methane 

and the remaining balance o£ the condensable C2 and

• higher hydrocarbon compounds present therein; 

introducing said further cooled first vaporous phase into

a second fractionation zone and therein effecting 

separation of said further cooled first vaporous phase
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into a second liquid phase effluent stream comprised 
of the condensed major portion of the remaining 
balance of said methane and the condensed remaining 
balance of the condensable and higher hydrocarbon
compounds and a second vaporous phase comprised of 
helium, nitrogen and a remaining minor portion of the 
remaining balance of said methane;

withdrawing the second vaporous phase from the second 
fractionation zone;

subjecting said second vaporous phase withdrawn from the 
the second fractionation zone to indirect heat 
exchange utilizing at least one process-derived stream 
as a heat exchange media to further cool said second 
vaporous phase to condense the remaining minor portion 
of the remaining balance of said methane and a major 
portion of the nitrogen therein and then to expansion 
to reduce the pressure thereof;

introducing said cooled and expanded second vapor­
ous phase into a third fractionation zone and therein 
effecting a separation of said cooled and expanded 
second vaporous phase into a third liquid phase 
effluent stream comprising a condensed residue gas 
stream consisting of the condensed remaining minor 
portion of the remaining balance of said methane and a 
major portion of the nitrogen and a third vaporous 
phase comprising said gaseous product stream 
consisting of at least about 50 volume “percent of 
helium, the balance being substantially nitrogen; and

withdrawing and recovering individually from said third 
fractionation zone said condensed residue gas stream 
and said gaseous product stream. .

2. A process for cryogenically separating and recovering 
a gaseous product stream consisting of at least about 50 
volume percent of helium, the balance being substantially 
nitrogen, from a helium-bearing natural gas received at an 
elevated temperature and pressure and containing helium, 
nitrogen, methane and condensable C2 and higher hydrocarbon 
compounds, said process comprising the steps of:
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cooling said natural gas feed stream by means consisting 
of indirect heat exchange to condense at least a 
portion of the methane and a substantial portion of 
the condensable C2 and higher hydrocarbon compounds 
present therein;

introducing said cooled natural gas feed stream into a
first fractionation zone and therein effecting a 
separation of said cooled natural gas feed stream into 
a first liquid phase effluent stream comprised of a 
condensed portion of said methane and a condensed 
substantial portion of the condensable C2 and higher 
hydrocarbon compounds and a first vaporous phase 
comprised of helium, nitrogen, a remaining balance of 
the methane and the condensable C2 and higher 
hydrocarbon compounds;

withdrawing said first liquid phase effluent stream from 
the first fractionation zone;

withdrawing said first vaporous phase from the first 
fractionation zone;

subjecting said first vaporous phase withdrawn from the 
first fractionation zone to further cooling by means 
selected from the group consisting of indirect heat 
exchange utilizing at least one process-derived stream 
as a heat exchange media and expansion to condense a 
major portion of the remaining balance of said methane 
and the remaining balance of the condensable C2 and 
higher hydrocarbon compounds present therein;

introducing said further cooled first vaporous phase into 
a second fractionation zone and therein effecting 
separation of said further cooled first vaporous phase 
into a second liquid phase effluent stream comprised 
of the condensed major portion of the remaining 
balance of said methane and the condensed remaining 
balance of the condensable C2 and higher hydrocarbon 
compounds and a second vaporous phase comprised of 
helium» nitrogen and a remaining minor portion of the

tU
 »
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remaining balance of said methane; 
withdrawing said second liquid phase effluent stream from

the second fractionation zone; 
withdrawing said second vaporous phase from the second

fractionation zone;
subjecting said second vaporous phase withdrawn from the 

second fractionation zone to indirect heat exchange 
utilizing at least one process-derived stream as a 
heat exchange media to further cool second vaporous 
phase to condense the remaining minor portion of the 
remaining balance of said methane and a major portion 
of the nitrogen therein and then to expansion to 
reduce the pressure thereof;

introducing said cooled and expanded second vaporous
phc.se into a third fractionation zone and therein 
effecting a separation of said cooled and expanded 
second vaporous phase into a third liquid phase 
effluent stream comprising a condensed residue gas 
stream consisting of the condensed remaining minor 
portion of the remaining balance of said methane and a 
major portion of the nitrogen and a third vaporous 
phase comprising said gaseous product stream 
consisting of at least about 50 volume percent of 
helium, the balance being substantially nitrogen;

withdrawing and recovering individually from said third 
fractionation zone said condensed residue gas stream 
an 1 said gaseous product stream;

introducing said first and second liquid phase effluent 
streams into a fourth fractionation zone and therein 
effecting a separation of said first and second liquid 
phase effluent streams into a* fourth liquid phase 
effluent streamcomprising a natural gas liquids 
product stream consisting of a condensed minor portion 
of said methane and a condensed substantially portion 
of said condensable C2 and higher hydrocarbon 
compounds and a fourth vaporous phase comprising a

"Ίί
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vaporous residue gas stream consisting of a remaining 
balance of said methane and a remaining minor portion 
of the condensable C2 and higher hydrocarbon 
compounds; and

withdrawing and recovering individually from the fourth 
fractionation zone said natural gas liquids product 
stream and said vaporous residue gas stream.

3. The process of claim 2 further comprising the steps of: 
separating said condensed residue gas stream into a fifth

liquid phase effluent stream consisting of from about 90 to 
about 100 volume percent of methane and from about 0 to about 
10 volume percent of nitrogen and a fifth vaporous phase 
stream consisting of from about 0 to about 10 volume percent 
of methane and from about 90 to about 100 volume percent of 
nitrogen; and

recovering individually said fifth liquid phase effluent 
stream and said fifth vaporous phase stream.

4. The process of claim 2 wherein said helium-bearing 
natural gas feed stream to be cooled by means of indirect 
heat exchange is at an initial elevated temperature ranging 
from about 10°C. to about 50°C. and an initial elevated 
pressure ranging from about 400 psig to about 4000 psig.
5. The process of claim 2 wherein said helium-bearing 
natural gas feed stream is cooled to a temperature ranging 
from about minus 20°C. to about minus 120°C.

yN
3.
Zp
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6. The process of claim 5 wherein the cooling of said 

helium-bearing natural gas feed stream by means of 

said indirect heat exchange causes condensation of 

from about 1.0 to about 75.0 volume percent of said

5 methane and from about 40.0 to about 99.0 volume

percent of the condensable Cz and higher hydro­

carbon compounds present in said natural gas feed 

stream, said condensed methane and condensable Cz 

and higher hydrocarbon compounds comprising said

10 first liquid phase effluent stream separated in and

withdrawn from the first fractionation zone.

7. The process of claim 2 wherein the firot vaporous 

phase separated in and withdrawn from the first 

fractionation zone comprises from about 25.0 to 

about 99.0 volume percent of the methane and from

5 about 1.0 to· about 60.0 volume percent of the con­

densable Cz and higher hydrocarbon compounds 

present in said natural gas feed stream.

• · ···* • ·

·· ·> · v• ··

- ϊ«fM-

8. The process of claim 7 wherein the first vaporous 

phase is further cooled to a temperature “ranging 

from about minus 60 *C to about minus 155*C by a 

reduction in pressure of said first vaporous phase

5 by expansion in an expansion zone to a pressure

ranging from about 150 to about 450 pounds per 

square inch gauge.

9. The process of claim 8 wherein said expanding and

further cooling of said first vaporous phase causes 

condensation of from about 45 to about 85 volume

Ay-jaiayaijaijwaiig'tmTH—'
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percent of the remaining balance of the methane and 

from about 99 to about 100 volume percent of the 

remaining balance of the condensable C2 and higher 

hydrocarbon compounds present in said first 

vaporous phase, said condensed methane and condens­

able C2 and higher hydrocarbon compounds comprising 

said second liquid phase separated in and withdrawn 

from the second fractionation zone.

• · · ·• · ·ft ft ·
• · ftft• · ·

• ·• ft

10. The process of claim 2 wherein said second vaporous 

stream is cooled to a temperature ranging from 

about minus 170’C to about minus 205’C by means of 

indirect heat exchange of said second vaporous 

stream with said condensed residue gas stream and 

said gaseous product stream withdrawn and recovered 

individually from the third fractionation zone.

• ft ft ·• I• 0 · ·
• · · ·• · « ft ft <

11. The process 'of claim 10 wherein said cooled second 

vaporous phase is expanded to a pressure ranging 

from about atmospheric pressure to about 150 psig.

• ft ft ft
ft ft

12. The process of claim 11 wherein said further

cooling and said expansion of said second vaporous 

stream causes condensation of from about 99 to 

about 100 volume percent of the remaining minor 

portion of the remaining balance of said methane 

and from about 50 to about 10,0 volume percent of 

the nitrogen present in said second vaporous phase.



i

> W
O

 88/08948
 

PC
T/U

S88/01370

I



INTERNATIONAL SEARCH REPORT
in,.rnatlonal Applicat.on No PCT/US 88/01370

k CLASSIFICATION OF SUBJECT MATTER (it several classification symbols apply, indicate all) *
According to International Patent Classification (IPC) or to both National Classification and IPC

IPC : F 25 J 3/02_____________________________
II. FIELDS SEARCHED

Minimum Documentation Searched 7
Claaaiflcatlon Syatem | Claaaiflcatlon Symbola

4 1
IPC 1

i F 25 J

Documentation Searched other than Minimum Documentation 
to the Extent that auch Documents are included in the Fields Searched *

III. DOCUMENTS CONSIDERED TO BE RELEVANT·
Category ’ Citation ol Document, ” with Indication, where appropriate, ol the relevant paaaagaa <> Relevant to Claim No. ”

X US, A, 3181307 (R.D. KUERSTON) 4 May 1965 
see abstract; column 4, line 25 - 
column 7, l.ine 17; column 5, table I; 
column 6, table II; column 7, table 
III; figures 1-3

A Chemical Engineering, volume 70, no. 20,
30 September 1963,
E. Guccione: "New approach to recovery 
of helium from natural gas", pages 76­
78
see the whole document

X

Y

US, A, 3740962 (SIN CHOU FAN) 26 June 1973 
see abstract; figures; column 3, line 
8 - column 6, line 42

2,4-12

1,4,5,7,
10,11

1

4-12

X Hydrocarbon Processing, volume 63, no. 4, 
April 1966,
"Ethane and helium recovery/N2 re­
jection", page 66 ,

1

• Spaelal catagoriaa ol cltad documante: ta 
“A" document defining the general etale ol the art which la not 

coneidered to ba ot particular ralavanca
"E" earlier document but publiehed on or alter the international 

filing data
“L" document which may throw double on priority elaim(a) or 

which la cited to aatabliah the publication date ot another 
citation or other apaeial raaaon (a· «pacified)

“O" document ralarring to an oral diacloaura, uaa, aihlbitlon or 
other mean·

“P“ document publiehed prior to tha International filing dale but 
later '"an the priority data claimed

“T” later document published attar tha Intarrtional filing data 
or priority data and not in conflict with tha application but 
cited to underelend tha principle or theory underlying tha 
invention

“X" document ol particular ralavanca; tha claimed invention 
cannot be coneidered novat or cannot bt conaidarad to 
Involve an Inventive atap

“Y" document of particular relevance;' tha claimed Invention 
cannot bt conaidarad to Involve an Inventive atap whan tha 
document it combined with ona or more other auch docu· 
manta, tush combination being obvioua to a parton «killed 
In the art,

“A” document member ol the aama patent tamily

IV. CERTIFICATION
Data ol tha Actual Completion ol tha International Search

5th August 1988

Data ol Mailing ol thia International Search Report

2 6. oa 88
International Searching Authority Slgnjfurp^ol Authinliad Officer ,

EUROPEAN PATENT OFFICE Q. wnEM

Form PCTIISA/210 teecond ahaat) {January IMS)



-2
International Application No. PCT/US 88/01370

III. DOCUMENT* CONSIDERED TO RE RELEVANT (CONTINUED FROM THE SECOND SHEET)

Category * Citation of Document, with indication, where appropriate, ol the relevant passages I Relevant to Claim No

see the whole article
2,4,5A

YrP US, A, 4701200 (T.F. FISHER et al.)
20 October 1987
see abstract; figure 1; column 2, 
line 43 - column 4, line 6; column 4, 
table I

2

i

i

i

1

Form PCT (antra ahaat) (January IMS)



» ANNEX TO THE INTERNATIONAL SEARCH REPORT
ON INTERNATIONAL PATENT APPLICATION NO. US 8801370

SA 22255
This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Patent Office EDP file on 18/08/88
The European Patent Office is in no way liable for these particulars which are merely given fnr the purpose of information.

Patent document 
cited in search report

Publication
date

Patent family 
member(s)

Publication
date

US-A- 3181307 None

US-A- 3740962 26-06-73 None

US-A- 4701200 20-10-87 None

UlflJ ISM
O

t 044 For more details about this annex ; see Official journal of the European Patent Office, No. 12/82


