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wherein 

method for recovering xenen-a desired component from a waste gas mixture, 

the method comprises 

(a) at an operating facility, introducing a waste gas comprising xenon 	the desired 

component and one or more undesired components into an adsorber vessel 

containing an adsorbent material selective for the  xenon desired component, 

adsorbing at least a portion of the xesen-desired component in the adsorbent 

vessel, and withdrawing therefrom an effluent gas depleted in the xenon the 

desired component; 

(b) terminating the flow of waste gas into the adsorber vessel; and 

(c) recovering and concentrating the xenon 	desired component by either 

(1) isolating the adsorber vessel, transporting the adsorber vessel to a 

central processing facility, withdrawing from the adsorber vessel an intermediate 

gas enriched in the  xenon desired component, and separating the xeaen-desired 

component from the intermediate gas to provide a concentrated product gas 

further enriched in the xenon desired component, or 

(2) withdrawing from the adsorber vessel an intermediate gas enriched in 

the desired component, compressing the intermediate gas and storing it in a 

pressure vessel, isolating the pressure vessel, transporting the pressure vessel to 

a central processing facility, withdrawing the intermediate gas from the pressure 

vessel, and separating the desired component from the intermediate gas to 

provide a concentrated product gas further enriched in the desired component; 

the operating facility is one of a plurality of operating facilities; 

and further comprising 

25 	adsorbing on the adsorbent material at least one other component prior to adsorbing the 

desired component in the adsorbent vessel in step (a), wherein the desired component is 

more strongly adsorbed by the adsorbent material than the other component, and 

wherein the adsorption of the other component is effected at the central processing 

facility to provide an adsorber vessel containing adsorbent material having the other 

30 	component adsorbed thereon, the adsorber vessel is transported to said one of the 

operating facilities, and the waste gas is introduced into the adsorber vessel in step (a). 
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CLAIMS

1. A method for recovering ¡<enen-a desired componenffrom a waste gas mixture,

wherein the method comprises

(a) at an operating facility, introducing a waste gas comprising xenen-lhe cles¡reçl

component and one or more undesired components into an adsorber vessel

containing an adsorbent material selective for the-xenen desired compo.¡eqt,

adsorbingatleastaportionofthe@intheadsorbent
vessel, and withdrawing therefrom an effluent gas depleted in the xenenl!þ

desired component;

(b) terminating the flow of waste gas into the adsorber vessel; and

(c) recovering and concentrating the @by either

isolating the adsorber vessel, transporting the adsorber vessel to a

central processing facility, withdrawing from the adsorber vessel an intermediate

gas enriched in the@, and separating the xe€€n-dested

component from the intermediate gas to provide a concentrated product gas

further enriched in the xenon desired component, or

12) withdrawino from the adso vessel an intermediate oas enriched in

the desired component, compressinq the intermediate,qas and sþtlngjljn a

nrnrrirla a ¡nn¡anfrafor{ nrnrlr rnf nac ft ônriched in the des irarl aamnnnanf
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and further comprisinq

facilitv to provide an adsorber vessel containinq adsorbent material havinq the other

30
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component. 

42. The method of Claim 31 wherein the other component is one of the undesired 

components. 

53. The method of Claim 31 wherein the adsorption of the other component is effected 

at or below a selected pressure and the adsorption of the xenon-desired component is 

effected at a pressure equal to or greater than the selected pressure. 

-24A- 
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fraeilit¡es,

5

wherein the xenen is mere strengly adserbed þy.the adserþent materialthan the ether

eemponen+

10

42. The method of Claim 31 wherein the other component is one of the undesired

components.

53. The method of Claim 31 wherein the adsorption of the other component is effected

atorbelowaselectedpreSsureandtheadsorptionofthe@is
effected at a pressure equal to or greater than the selected pressure.
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64. The method of Claim 31 wherein the adsorption of the other component is effected 

at a selected pressure and the adsorption of the xenon 	desired component is effected at 

a pressure less than the selected pressure. 

material having the 

	

	 adsorbed thereon, the adsorber vessel is other component 

- e . 

adsorber vessel in step (a). 

85. The method of Claim 1 wherein withdrawal of the intermediate gas enriched in the 

xenon 	desired component is effected by regenerating the adsorbent material using 

depressurization, evacuation, heating, purging, or any combination thereof. 

06. The method of Claim 1 wherein the flow of waste gas into the adsorber vessel is 

terminated at breakthrough of the  xenon desired component. 

407. The method of Claim 1 wherein during step (a) is the step of introducing the 

effluent gas depleted in the xenon-desired  component is introduced  into an additional 

adsorber vessel connected to the adsorber vessel in series, said additional adsorber 

vessel containing the adsorbent material selective for the 	nondesired component; and 

terminatingstgp (1) 	the flo 	- 	- = 	'• = 	=Fber vessel is wherein said 	 occurs 	 - - 	- 

terminated-at a time between from the breakthrough of the xenon-desired  component to 

and including saturation of the adsorbent material in the adsorber vessel with the 

xenondesired component, 	- - - 	-; 	e 	e 	 • - 	-- _e 	- e - 	- 

terminated;  and after step (b) is the further step of initiating a flow of waste gas into the 

additional adsorber vessel is 	and an effluent gas depleted in the xenon desired 

component is withdrawn-therefrom from said additional adsorber vessel. 

448. The method of Claim 407 further comprising the steps of (1) connecting a third 

adsorber vessel in series with the additional adsorber and (2) introducing the effluent gas 
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ê4. The method of Claim 31 wherein the adsorption of the other component is effected

ataselectedpressureandtheadsorptionofthe@iseffectedat
a pressure less than the selected pressure.

7, The methed ef Glairn-3 wherein the adse¡ptien ef the ether eempenent is effeeted at

material having the ether eempenent adserþed thereen; the adeerþer vessel is

transperted te ene ef the eperating faeilities, and the waste gas is intredueed inte the

@
10

85. The method of Claim 1 wherein withdrawal of the intermediate gas enriched in the

@iseffectedbyregeneratingtheadsorbentmaterialusing
depressurization, evacuation, heating, purging, or any combination thereof.

15 96. The method of Claim 1 wherein the flow of waste gas into the adsorber vessel is

terminated at breakthrough of the-¡<enen desired component.

20

{€2. The method of Claim 1 wherein durins step (a) is the step of introducinq the

effluentgasdepletedintheintoanadditional
adsorber vessel connected to the adsorber vessel in series. said additional adsorber

vesselcontainingtheadsorbentmaterialselectiveforthe@;and

terminated at a time between from the breakthrough of the @
and includino saturation of the adsorbent material in the adsorber vessel with the

xenendesired component

terminated; and after steo (b) is the further step of initiatinq a flow of waste gas into the

additional adsorber vesselis-initiated; and an effluent gas depleted in the x€n€n-des[ed

component is withdrawn@ additional adsorber vessel.

25

30 448. The method of Claim {€1 further comprisino the steps of (1) connectinq a third

adsorber vessel in serìes with the additional adsorber and 12) introducino the effluent oas
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depleted in the desired component withdrawn from the additional adsorber vessel into 

the third adsorber vessel -= 	- = 
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depleted in the desired component withdrawn from the additional adsorber vessel into

the third adsorber vessel

proeessi

5 eeneentrated preduet gas further enriehed ín the"xenen.
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429. The method of Claim 1 comprising one or more cooling steps selected from the 

group consisting of cooling the waste gas prior to introduction into the adsorber vessel, 

external cooling of the adsorber vessel, and internal cooling of the adsorber vessel. 

10. The method of Claim 1 wherein the desired component is selected from the group 

consisting of xenon, krypton argon, helium, hydrogen, deuterium, arsine, phosphine, 

germane, SF6 SiH4  H2Se, HF, NF3, CF4  C2F6  C3F8, and Fluothane® (C2HBrCIF3h 

4311. The method of Claim 1 wherein the one or more undesired components is 

selected or are selected from the group consisting of nitrogen, oxygen, hydrogen, 

helium, krypton, and argon. 

4412. The method of Claim 43-11 wherein a desired component is xenon and the one or 

more undesirable component is nitrogen. 

4513. The method of Claim 1 wherein the separating of the xenon 	desired component 

from the intermediate gas to provide the concentrated product gas further enriched in the 

xenon-desired component at the central processing facility is effected by cryogenic 

distillation. 

414. A method for recovering xenon a desired component from a waste gas mixture, 

wherein the method comprises 

.(a) providing an adsorption-based recovery system at an operating facility 

wherein the operating facility is one of a plurality of operating facilities wherein the 

system is adapted to recover the xenon-desired component from a waste gas 

comprising the xenon-desired component and one or more undesired 

components, wherein the xenon 	desired component is recovered and 

concentrated in a transportable vessel; 

.(b) providing a central processing facility adapted to receive the transportable 

vessel, to withdraw therefrom an intermediate gas enriched in the  xenon desired 

component, and to separate the xenoncomponent from the intermediate -desired 
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1¿9. The method of Claim 1 comprising one or more cooling steps selected from the

group consisting of cooling the waste gas prior to introduction into the adsorber vessel,

external cooling of the adsorber vessel, and internal cooling of the adsorber vessel.

10. The method of Claim 1 wherein the desired component is selected from the qroup

germane. SFo. SiH¿, HzSe, HF, NFs. CF¿, C2Jç, C3.E8, and FluothaneO (CzHBrClFeI

€11. The method of Claim 1 wherein the one or more undesired components is

selected or are selected from the group consisting of nitrogen, oxygen, hydrogen,

helium, krypton, and argon.

1412. The method of Claim {9!!_wherein a desired component is xenon and the one or

more undesirable component is nitrogen.

l513.ThemethodofClaim1whereintheseparatingofthe@
from the intermediate gas to provide the concentrated product gas further enriched in the

@atthecentralprocessingfacilityiseffectedbycryogenic
distillation.

1ê14. A method for recovering xenen-a desi,red cqmponenffrom a waste gas mixture,

wherein the method comprises

(a) providing an adsorption-based recovery system at an operating facility

wherein the ooeratino facilitv is one of e nlura litv of oneratino facilìties wherein the

system is adapted to recover the xenen-desired component from a waste gas

comprising the @t and one or more undesired

components, wherein the xenen-desired component is recovered and

concentrated in a transportable vessel;

(b) providing a central processing facility adapted to receive the transportable

vessel, to withdraw therefrom an intermediate gas enriched in the-xe++eÐ desìrecl

component, and to separate the xenen-desired component from the intermediate
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gas to provide a concentrated product gas further enriched in the xenon desired 

component; 

(c) introducing the waste gas into the adsorption-based recovery system at the 

operating facility and recovering and concentrating the xenon 	desired component 

in the transportable vessel; 

(d) transporting the transportable vessel to the central processing facility; and 

separating the xenen-desired component from the intermediate gas and .(e) 

providing the concentrated product gas further enriched in the xenon desired 

component; 

wherein during the introducing step and before the transporting step are the steps of: 

(1) introducing the waste gas into an adsorber vessel containing an adsorbent 

material selective for the desired component, adsorbing at least a portion of the 

desired component in the adsorbent vessel, and withdrawing from the adsorber 

vessel an effluent gas depleted in the desired component 

(2) terminating the flow of waste gas into the adsorber vessel; and 

(3) isolating the adsorber vessel; and 

after the transporting step and before the separating step, is the step of withdrawing the 

intermediate gas from the adsorber vessel; and following said withdrawing of the 

intermediate gas from the adsorber vessel, is the step of pressurizing the adsorber 

vessel with a gas containing at least one other component, wherein the desired 

component is more strongly adsorbed by the adsorbent material than the other 

component, and further comprising the steps of isolating the adsorber vessel and 

transporting said adsorber vessel to one of the operating facilities for use in step (11. 
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gas to provide a concentrated product gas fudher enriched in the xenon desired

component;

_(c) introducing the waste gas into the adsorption-based recovery system at the

operating facility and recovering and concentrating the xenen-d esired comoonent

in the transportable vessel;

_(d) transporting the transportable vessel to the central processing facility; and

.(e)separatingthe@romtheintermediategasand
providing the concentrated product gas further enriched in the xenen¡leslrecl

component;

10

(1) introducinq the waste qas into an rber vessel containino an adsorbent

material selective for the desired component, adsorbinq at least a portion of the

15

vessel an effluent qas depleted in the desired component;

(2) terminatinq the flow of waste qas into the adsorber vessel: and

(3) isolatinq the adsorber vessel; and

20

component is more stronolv adsorbed bv the adsorbent materialthan the other

component, and further comprisinq the steps of isolatinq the adsorber vessel and
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the 	 is isolated, the 	vessel is transported to the central (3) 	adsorber vessel 	 adsorber 

e-- 	- - 

vessel, 	the xenon is 	from the intermediate 	to 	the adsorber 	and 	 separated 	 gas 	provide 

the 	 the 	vessel is 	 with a 	containing at least adsorber vessel, 	adsorber 	pressurized 	gas 

to one of the operating facilities for use in step (1). 

15. The method of Claim 14 wherein the at least one other component is one of the 

undesired components. 

16. The method of Claim 14 wherein the concentrated product qas is introduced into a 

pressure vessel and transported to one of the plurality of operating facilities for reuse in a 

process that generates the waste gas. 

17. A method for recovering a desired component from a waste qas stream comprising 

the steps of 

(a) providing an adsorption-based recovery system at an operating facility 

wherein the system is adapted to recover the desired component from a waste 
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17, The rnethed ef Gleim 16 wherein at the eperating faeility

(1)thewastegas is intredueed inte arÈadeerþer vesseleentaining an adserþent material

vessel and an efflsent gas depleted in the xenen is withdrawn therefr€m;

(3) the adserber vessel is iselated, the adserber vessel is transperted te the eentral

preeessing faeility, the intermediate gas enriehed in the xenen is withdrawn frern the

18, The methed ef Claim 17 wherein fellewing withdrawal ef the intermediate gas frem

the adserþer vessel, the adserþer vessel is pressurized with a gas eentaining at least

material than the ether eempenent, and the adserþer vessel is iselated and transperted

te ene ef the eperating faeilities fer use in step (1),

10

15

15. The method of Claim 14 wherein the at least one other component is one of thq

undesired components.

20 16. The method of Claim 14 wherein the concentrated oroduct oas is introduced into a

process that qenerates the waste qas.

25 the steps of
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gas comprising the desired component and one or more undesired components, 

wherein the desired component is recovered and concentrated in a transportable 

vessel; 

(31_providing a central processing facility adapted to receive the transportable 

vessel, to withdraw therefrom an intermediate gas enriched in the desired 

component, and to separate the desired component from the intermediate gas to 

provide a concentrated product gas further enriched in the desired component; 

(c) introducing the waste gas into the adsorption-based recovery system at the 

operating facility and recovering and concentrating the desired component in the 

transportable vessel; 

(d) transporting the transportable vessel to the central processing facility; and 

(e) separating the desired component from the intermediate gas and providing 

the concentrated product gas further enriched in the desired component; 

wherein at the operating facility 

15 (1) the waste gas is introduced into an adsorber vessel containing an adsorbent 

material selective for the desired component, adsorbing at least a portion of the 

desired component in the adsorbent vessel, and withdrawing therefrom an 

effluent gas depleted in the desired component; 

(2) the flow of waste gas into the adsorber vessel is terminated; 

20 

25 

30 

(3) an intermediate gas enriched in the desired component is withdrawn from the 

adsorber vessel, the intermediate gas is compressed and stored in a pressure 

vessel, and the pressure vessel is isolated; and 

(4) the pressure vessel is transported to the central processing facility, the 

intermediate gas is withdrawn from the pressure vessel, and the desired 

component is separated from the intermediate gas to provide the concentrated 

product gas further enriched in the desired component. 

1-918. A system for recovering xenon 	a desired component from a waste gas mixture 

comprising 

(a) an adsorption-based recovery system at an-eperating-faGilitkba plurality 

of operating facilities wherein the adsorption-based recovery system is adapted to 
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as com fls the desired com onent

vessel:

vessel. to withdraw therefrom an inte rmediate oas enrìched in the desired

component, and to separate the desired comoonent from the intermediate oas to

s further enriched in the

(c) introducinq the waste qas into the rotion-based recoverv svstem at the

operatinq facilitv and recoverinq and concentratino the desired comoonent in the

10

15

transportable vessel;

the concentrated product qas further enriched in thelesued¡q¡openen[

wherein at the operatinq facilitv

(1) the waste qas is introduced into an adsorber vessel containino an adsorbent

material selectìve for the desired component, adsorbing at least a portion of the

effluent qas depleted in the desired component;

(2) the flow of waste qas into the adsorber vessel is terminated:

Lessel, and the pressure vessel is isolated: and

product qas further enriched in the desired component.

r9]gAsystemforrecoveringromawastegasmixture
comprising

(a) an adsorption-based recovery system at

of operatinq facilities wherein the adsorption-based recovery system is adapted to
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recover and concentrate xenenthe desired component from a waste gas 

comprising the xenen-desired component and one or more undesired 

components to provide a concentrated amount of the xenondesired component 

wherein said adsorption-based recovery system comprises an adsorption vessel 

containing an adsorbant material having at least one of the undesired 

components adsorbed thereon prior to introducing the desired component; 

(b) a transportable vessel adapted to contain and transport the 

concentrated amount of the xenon 	desired component from the operating facility 

to a central processing facility, wherein the transportable vessel comprises either 

(1) a pressure vessel adapted to receive and contain the 

concentrated amount of the desired component as a compressed gas, or 

(2) a pressure vessel packed with adsorbent material adapted to 

contain at least a portion of the X&ROR-desired component in an adsorbed state; 

and 

(c) a final recovery and concentration system adapted for the further 

recovery and concentration of the xenon-desired component at the central 

processing facility to provide a concentrated compressed product gas enriched in 

the xenendesired component. 
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recover and concentrate xenenthe desired component from a waste gas

comprising the @t and one or more undesired

components to provide a concentrated amount of the xenengþq[gd_ggmponen!

containinq an adsorbant material havino at least one of the undesired

;

(b) a transportable vessel adapted to contain and transport the

concentrated amount of the xenen-desired component from the operating facility

to a central processing facility, wherein the transportable vessel comprises either

(1) a pressure vessel adapted to receive and contain the

concentrated amount of the desired component as a compressed oas, or

(2\ a pressure vessel packed with adsorbent material adapted to

contain at least a portion of the xenen-desired componenlin an adsorbed state;

and

(c) a final recovery and concentration system adapted for the further

recoVeryandconcentrationofthe@atthecentral
processing facility to provide a concentrated compressed product gas enriched in

the )€nenQes! red ro m-æne n!.

10

15
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