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by reference herei n [ 0002 WINETUERAGTIGRATORE 85 1 o penaing U'S. Pat.
(8. par. publC PRETNSOBBEIE385 FOR ERRG ArBnON o R T ElEs. 21 6

Cx2, N2, and H25 from Gas M xtures Contai ning Sane," and is incorporated
herein by reference in its entirety. That application, in turn, clained the

benefit of U S. Prov.cRgss BPRERENCE TOREBA 1849 AbPLACAMRYNGS, 2007.
BACKGROUND 15[ 0003] This section is intended to introduce various aspects of

the ast, [ppdgh naEisbepianet adlsichsWiHeh bexgpbany.Semmedkiorilt Paht tAyplipitasent
di sclosure. This discussion is believed to assist in providi ngl‘ a framework
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of fluid separation. Mre specifically, the present invention relates to
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stream maybe pel s e ioNASc) SR ARy diHEd By, the 2, H2S, and

mer capt ans conponent’s sour gas-may be referred 30to, separately
or together, as "acid gas." [0006] gt d&GRE$INEDPI € to separate out the acid
gas conponents at a gas processing facility. This can be acconplished by

firstisrenoye3)g arTsidbstasd iint@@ed it Nntedduch & aViBh £ hspet@noftthe aktawhidMOmay be
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associated with exemplary embodiments of the present disclosure. This discussion is
believed to assist in providing a framework to facilitate a better understanding of particular
aspects of the present disclosure. Accordingly, it should be understood that this section

should be read in this light, and not necessarily as admissions of prior art.
20 FIELD OF THE INVENTION

[0004] The present invention relates to the field of fluid separation. More specifically,
the present invention relates to the separation of carbon dioxide and other acid gases from a

hydrocarbon fluid stream.
DISCUSSION OF TECHNOLOGY

25 [0005] The production of hydrocarbons from a reservoir oftentimes carries with it the
incidental production of non-hydrocarbon gases. Such gases include contaminants such as
carbon dioxide (CO;), hydrogen sulfide (H,S), and mercaptans. When such contaminants are
produced as part of a hydrocarbon gas stream, the gas stream may be referred to as “sour
gas.” Further, the CO,, H,S, and mercaptans components within the sour gas may be referred

30  to, separately or together, as “acid gas.”

[0006] It is desirable to separate out the acid gas components at a gas processing facility.

This can be accomplished by first removing a substantial portion of the water from the raw
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gas stream Water is typically renmoved by chemically m xing glycol into the
raw gas streamto cause the water to break out of solution. The water and
gl ycol arwotzhewnecapt ured t hrough a bottom aqueous streaRCTASS@EpASRTE
dehydrated gas streamis rel eased. [0007] The dehydrated gas streamis a
sour gas stream w th the sour gas conponents 5 remaining after

dehydr atiQnq. r / i . r J n
e e e O e L
sour gas toeyusaltsowber takeak birdfisghutian.] Gt e-aldranmd gbrolak Yieenf @ptuirtdathiough a

cooling, .and then carried into a rhég eni ¢ di stillafio tower or bul k
fracti ondtotgm AMFRUSHY AN & $RARHTC as SERERISITRICB¥¥er i nst ances,

i cul wh h S : h hydr oc. 10
Prgher . MEYGn: TR CERR R OB s faa R uuE R BRDhy e RS Poant

beds gperatneindy L@ @hiyafitiphe Thwaéforl, @@ nias RpAGHELE procastch ave aghifcher Bnt
affinities for adsorption. This provides a nechanismfor the adsorbent to
di scri mi raMe ipEeRgss vhere ther ptong@iexids coppougrt s prigicelatly thighe sho sousdims mrnt
beds ar e o0 AhERkn AIFRNOTROAplACLHLE (dOnaGH LRET 2 bR RS k62
gel s, alummnas, an zegl it es.  In sBne cases, a polyneric nmaterial can be
used as tdipogrdiatibihtiomaivesrioabulklfracatyationsinérfoethe téreoadisdChent bed
preferentially adsorbs a nore readily adsorbed conponent (known as the
"heavy" d8808]r el &t bther irstaacése psrircelady | wheid shor He¥dl comppaomée ot h¢dkryohyrdrasirbdre
"l'ight" gas) of the gas m xture. [0010]In order to effectuate th

sepanllt i SRTNRRTES ERHTEGs sy B ARG JUBoPoUl AFGrDaDy HEPTFE! beds
nol ecul esa heaRiebadstaehedoh thel fithciHE e Qiffi R nsleictedn Ha0o diftdént ROiEges The
gas adsorbed on the interior surfaces of the mcro-porous material may
consi st dpr adsapeen. onfliis grievider aameehgsismg fdrethic adrodsnt de disvrinnath dvgevyesn
surface ar. 0 veral hundred square neters per gram enabl e the

adsorpt i %ﬁ%f%maéagi?eghi ficant portion of the adsorbent's weight in gas. Thus,
adsor bent;oh@sls MYrReORRRL I S alilofndh Ohdl OfreCRRRANEN Ty SERALA MRS includ

25[ 0011] I[n@%di tnlmc{)n £0 t EIEI’ a??% n]ftyel%or di'tferent ggéles, zeolites and
sone 1y pestivdtecdcarborat sitice gelbomsnineslahédedachdn somk eeseh 2o paiymees matoainl can

utilize their nolecuyl ar sieve.characterjstics t xcl.ude or sl.ow the

i 1 Ust orPegtA TGRS T GRTUd Thits Erinve. O HeBre bovreeppyghedos o
mechani s §Qr readilye aldoybed@SfpdichP (kRaeds o t‘llih%w%*_’ 28s)0fcldthe 104 ¢Gul8&dily! N
this instance, the adsorbent bed restricts the ability of |arger nolecules
to be adsdstrbed carhpeneat (kogivngs thee light’ gas) Fohe gl reituroel y fill the

m cro-porous structure of an adsaorbent nmaterial with one or nore species

from a ml0®1Qconporeter tgaaffastuataihe. sqramdion) adsoshent ibedy srply, athighlyaroreysy eam
isn d r I r :

adsorbent TbAIEuAT <RafoR R RAaR R GRS I A LS B B AR s
2012/ 067 TIH2R{33 /s Bl 6103 2itbrion dunfaotshefrthe onicramonantisatedal dnal domsishef Hager and
i nert gas conponents such as rydr ogg&gglgd nitrogen to pgss.ré\s-ﬁv\eve , the
presence _Y F AHAS RRY: %10_68?]@? _WFY?JnSlg 456 erekH %‘1’{6. undred square
"regener %ét@r@";)er R4 RAGIS |t1?e“9ds'89ptiohrbffahki nfRENErtioR8f Eﬂéead%l%ﬁt*sp%l%ﬁt gf an
adsor bent bed becone filled wth nol ecul ar contam nants, the bed nust be

t aken outgasf They, uispebam Hedbenaypbpbasiarlly estd fdhermpdnenescparatiosi gni f i cant
presence of water, renoval of water may require heating. [0013]Different
adsor2dt i dA0tdchnimedsdtignote theisatéiaps fer diberear gaskhaomlitesang saasdypasiog getivated

t echni que_j r r i oFRLILo PP N S t he
fact t hatc,ah%ﬁl g’ecr%&%éril égrsbﬁ’ﬁ”é‘? ga%g%o%%e%’olﬂ? }éﬁm{lﬁé{ﬁ@'rtné@gép%r %g\%a%gar%eggﬁwsoﬁhi n
t he por e &thide toursévo theadifadivardiesinclghsnmbleculad int@thaid sthicturt heTHis emwdds e

of a polymeric material, to different extents. The hjgher the pressure in
t he adsorPEshamisieles s¢lectivgadpriplonyhased 9n4he siep 8F the Molegwes o lethyy instgpess e

gas, the a’&%rﬂ&ﬂ'beﬁ?ﬁsﬁ]ﬂg&%‘iﬂéra%ilg?%tf Eaggéggﬁ/’l@&llé&g% a8§cﬁﬁ§df"clﬁlstaﬁ‘16€vg%s‘th@ as to

adsor ption vessel. ores neric or m cro-porous or bent
becod® fiscleetivaly il thy dricgeporsud ftrudtirantlac addvobend nexdrché with @egrendrerspevi¢sent

t han withf met haqe. Thus, nost .or even all of the H2S and CO2
rom a multi-component gas mixture.

[0012] In some instances, the gas stream is not dehydrated before being passed across an

adsorbent bed. Some adsorbent beds will preferentially bond with water molecules along

.



15 will stay in the sorbent bed, while the gas com ng out of the vessel

w Il be enriched in nethane. Any renmaini ng water and any heavy hydrocarbons
(such as wohama)7mwl | al so be retained. In addition, anpChasze@nes320l uene,

or other volatile organic compounds will be retained. [0014] When the

adsor bent bed reaches the end of its capacity to adsorb contam nants, it 20
can be r

can e " SRANEHE S LALEBA RRLESR e T\ SoRURER SRV FRIBLet g

rel eased rﬁ‘eqn@natb gaby. oo vbecrmiit pacsen st sfeaarer ¢tam mhlkesa Vgt desdrption smg@(krm)mnbed

may be regenerated for sub uent re-use. 015] 1 n .nost PSA. cas redu0| ng
t he presﬁg EegeRCTRHRN P&Eﬁﬁ?ﬁ Bagh AP T‘EFB%\?{ #oths PHFORROTRY ¥} 0’0&6 use

a maj ori tpschihe tIRINYVAE Qg usH! dohBignialids, hHBEd GRRE BBIARNML Sutldt REvidPalElgased
fromthe adsorbent bed. In some cases, the pressure sw ng adsorption system
may bé aipdedubzedt hWhgseéhot ia avaguieane Immblme efowatpp | rymevd] - mvitenmap rregigter e
to the cqncentrated contam nant stream In the presence of |ower pressure,

sul furou E%I?ﬁ)onents carbon di oxi de, and heavy hydrocarbons will nore
| et b
COEL L W BT LR A ASh SR oA, O RhE: ARSEEhe W88 o,

or "TSA te&ﬁmlﬁrlop&sms s‘aingmdsc&byomrmrt‘hSAf”aeSAtma&esmsels dnethél fdco tHae under
adsorbed within the pore structure %f géﬁcé {1 E adsor bent (gtﬁ erjals or
withint ngﬁsP@egi‘ﬁSPWn&ffm&alﬁﬁF%? a ‘éﬂt Int8C PPRCFSEMENTe x%“e?fisgr befiren
the tignpepatyfieoChithitana@dze Biie Hed 618m%ﬂ€ rﬁ’a%e?ﬁa‘?'to'oﬁffér@ﬁtr Tﬁ@ﬁlghé/%o
2012/ 067719PCT7 US2011/ 053275 adsorb eg as nol ecul’es are rel eas or

de- sor bedhe Byesaye in thalabsorptramygissad, ﬂlhmowgapiels adw‘eedoflnakﬂscnsbeﬁnatb@tﬂgasgvithdﬁi n
a vessel rocesses c n be r at s inam re. [0017]A
onb nat BTG HARHEl MR G ReS RGO AU g ELSOPE A ATeT bt Fon
may be enpé ?M%erﬂcrbreﬂnw?@-'bofdﬂ@ ta@&%enﬂﬂ'&%oﬁl@'fﬂﬁeﬂe@ltﬁ%&ﬁﬁ%@n ]0ridehsd G@sonmmY
be taken 5 through a subsequent refrigeration unit, If necessary, to bring

t he CO2 dbwpd@ iq p @readwwtand tfpmp\@itln methgne | Nthus,p@eﬂfqrcﬁa@n eHof thihHgS antl d¥k any
r emallg:, nC s %Pté’ci)n ltl'lﬁ?é@%%tﬁ‘.a‘t')’] qu{e tlﬁmég%g );:%?m%g ogﬂut egg%sg?l il %ter %%ﬂledsfnl H

furth ene e op i On Ye' Pt i ed

natural gasha® ANGreh&aihd] Wicadisd bbe Rtaviyetl dsy@ms Machr Bl dthai) iblaodd ty
of beds in paralle These beds 10 may be packed, for exanple, with

act i vat ede@ticHonk aiditingl. eay| benzeice felyenea of jofher vodile oraaisacarapouads g¥iithoon.
This is Eﬁ 4qas a service bed. A second bed undergoes regeneration, such
as through pressure reduction while the first bed is in service. Yet a

third bedoppg al Mﬂ?eﬂ%hé’@@s‘arﬁe%%&?fe%&&@ tﬁ@gnd St il dadity troea%i‘%r‘t’)%ohf%lﬁ'aﬁﬁs iin
the adsorption systemwhen the first bed becones substantially saturated.

Thus,20a manibeungakratdtr eerddedsg r‘rhﬁ/plt@ssw@e&hlsmapmsahet gtssélap raleemrﬂw @dsorbed

efficient operatio The ress svmn ion s

AR s R o Pnd SRR BB e
cycle” prs%@fﬁsqe@thlwg& &hd hd&ﬁ)tféﬁ%e@‘ﬁla@fbeﬁggénbra@&i fdr 5@%@%@@%@ A rapid
cycle PSA( RCPSA") unit can be particul arTy advantageous, as such units

are quit g0etitpacin nelsaPBXecdses, roduvidg BSAprdevite @s theFpretdneized BERGAT comnatt or s

can 20enab|e a significant increase in process intensification (e.
hi gher opé} bignt REESPYIE fAPessa gRgprity of the hydrogen sulfide and other contaminan s fo be

25  released from the adsorbent bed. In some cases, the pressure swing adsorption system may
be aided by the use of a vacuum chamber to apply sub-ambient pressure to the concentrated
contaminant stream. In the presence of lower pressure, sulfurous components, carbon
dioxide, and heavy hydrocarbons will more completely desorb from the solid matrix making

up the adsorbent bed.

30 [0016] A related gas separation technique is temperature swing adsorption, or “TSA.”
TSA processes also rely on the fact that gases tend to be adsorbed within the pore structure of
micro-porous adsorbent materials or within the free volume of a polymeric material, to

different extents. When the temperature of the adsorbent bed in the vessel is increased, the
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gas flow velocities) when conpared to conventional PSA. [0020] Exi sting PSA
and RCPSA processes rely heavily on equilibriumseparation or on thernal
SW ng opeweatnme7ibese operations |ead to | arger cycl e tPrrmas2@andsi2as ger
equi pnment footprints. Therefore, a need exists for a process that enploys
pressure swi ng adsorption to 25obtain high purity production separation

wi t hout t f ' t I - '

oper at 1 ortCUBEE Ry A0 GO0 5P i Boch W BSELE, L NESAE i Bl TR ity

gas m xt wdeorbe bedowithmch Vusscd) TSA Phcipe o caslsessce mphapyraps @ssuine miMturg.
adsorption in one or nore vessels. Each vessel has an 30 adsorbent nmateri al
havi ng a [ROHHL i c Asedrebinptiint 9f thermeloswimgi iegertesationeandnpitchaune swingt regaseratianal ue
greater than,5. In this way, contam nants wthin.the natural gas mxture
Becone. odbie bRismutivedl 4 St BRAN.CRF R R BRI e R bt
cont agi nahtough@ysubqee®, refridratiod Qunith EFaikcINEr RCBROMS . CYEorBposatfon down to
conbi nations thereof. WD 2012/067719PCT/ US2011/ 053275 [0022] Each vessel

has a gaipHineor &M sperificationgashavialjosts any eaiaing ©F; todituriaside remayedas

| east t [.or £l nel.: . i : '
{1 ow channiue ap B A SR AheL o En AEs FRERL of BRI TppiicH G, el
conmuni cdtquefied hAM2ABEdsnovcGr dance with the process, the process al so
includes directing the natural gas 5 mixture into a gas separation unit.
The procd8818|ur t heradserbbntded gybtawi mgy tde oata plewasity ohlecdses petallaindBrespbedsur e
to cause contam nants in the natural gas .m xture to, be. adsorhed ont.o th
adsonbent AP CPIFE. (FRE B aRh A PSS GhaRI L Sietre TrTPHE s Fdces
and m cr GopadRsptRh. tes AdgehheRta JEes b&l. - AlLERA Tt Rees fgbh@Rtidn) shdrdes
rel easing a product stream conprised at | east 95% by 10 vol une of nethane.

The produstthsugkamssyeredustigeavifileghe dirstitedtis imscraige! efctianthitddoddws elreadphe
pr oduct _ S&ﬂr%@ ?ép%eﬁ&%te%”a{ khe heft iV ?&fdl{sggﬁ ghet gdgk@gﬁﬁ%H]stgan\gﬁélp{h%aﬁr}st"@esd

t her eof ocess al'so 1'nc es desor gases fromthe
adsor bentbeogrhey dudbtabiyallyedtigatod Thes, phEsHuie oMHred beds htayirSSed in Jdigllel for a
desorbing step_i.s done without applying heat to the vessel. A waste gas

st redm i SnPRSFiRUGtQBPIaigR-ed t hat conprises at | east 95% by vol ume of 15t he

cont am na[h ase [0025]]§Pre.f eraply,. the rel easi g and.desor bi ng steps take
ol ace i n 0K ST Hhe REgRIE BYNERBONian ST B 4 GOMIIRE HASHE gabe
stream f raRdhhsn GR%M PINthesbaRERYrapR delc RER %k NyRMmEN@INARSs small as a

few seconds. A rapid cycle PSA (“RCPSA”) unit can be particularly advantageous, as such
units are quite compact relative to normal PSA devices. Further, RCPSA contactors can
20  enable a significant increase in process intensification (e.g., higher operating frequencies and

gas flow velocities) when compared to conventional PSA.

[0020] Existing PSA and RCPSA processes rely heavily on equilibrium separation or on
thermal swing operation. These operations lead to larger cycle times and larger equipment
footprints. Therefore, a need exists for a process that employs pressure swing adsorption to
25  obtain high purity production separation without the need for heating of the adsorption vessel

or thermal swing operation.
SUMMARY

[0021] Processes for separating methane from a natural gas mixture are provided herein.
The processes employ pressure swing adsorption in one or more vessels. Each vessel has an
30  adsorbent material having a kinetic selectivity for contaminants over methane that has a value
greater than 5. In this way, contaminants within the natural gas mixture become gases
kinetically adsorbed within the adsorbent material. The contaminants may be CO,, H,S,

H,0, heavy hydrocarbons, VOC'’s, or combinations thereof.

-4 -



inlet. Alternatively, valving may be arranged so that the waste gas stream
is delivered 20 through the gas outlet. In one aspect, the at |east one
adsor bentwoeswals7fiart her conpri ses a second gas outl et iporarseedioad2est he gas
inlet and the first gas outlet. In this instance, desorbing the contam nant
gases releases a first portion of the waste gas streamfromthe first gas
outl et, se ty] f. : e I t

outl ot | (00 Adbiey saarh e £k HSFuhF? Hiy AR oBhE A B B8 IFEe
step of desotvn mgjor lew2dhaonsis dmbupdnthc gdsoelsenc matriak €Bha mbjeafowghanifaly Hhce
portion OF t he SHE Zs streamduring a first. tinme period, and a second
portion JfC BHenighat ﬂ% Sts QUERT MY OPIERGE i e period. The first

Phe. socontVbllr s BReGe e WAETE BRLS PR RRRap et AR Pied S e 80 MRy Bt en

met hane, hiz@ire @ito @ @AbLdpatdtion sinft NFhe pfocdUBsthdrheclhidslla hs acRAd onastRelnas
stream portions nmay have 30different conpositions. [0028] Fractionation

vessel s fuBdcis pipayae it Ganst ratninaymin thanatuell ggasnirue dp dcazdsorbed onit dd ded

herein. |ns80% rﬁﬂpﬁ?ﬁ: ;@%tc%ntahﬂﬁan\{ﬁe%gﬂet 'ng&' n@ié?s'ﬁr iU Shf%es TRE Iﬁllgg)%ﬁl%‘és

al so include a gas in for recelvin ural gas mxture in

housi ng, «fnitt @lsbibest mag@dalout | et WO 2012/ 067719PCT/ US2011/ 053275 for

rel easing at |east a portion of the natural gas m xture fromthe housing.
The gas i[A024] i sThapaiskcss bEn medeleyirclgasinea pasducabtragas comprisgd et ileas93 %y

h t t | 100 psig., 00291 T | th
oot U9 Mok B eE R aEh bR aERT s P IO ob s S BB SRl
has a Ki nebiifet SBLAATMYY A cop@isa Mydadtes, AURIgeAEON BRbREEGHsCIhetddBN Phe | N
5 this way, the contam nants becone Kinetically adsorbed within the

adsor bentpragsseralsl nchidgagleperhing. theooauyminenty gasse| fremsibe grspibgais mapterjab dut
t j I h | s t.hr h fal .. T } f
Wo ey Orre{lua&:% @ﬁ%?&gur%.w1p1é1? ek \é?ts%i.e q‘?g %E{jo%%al s‘be t % géﬁe?‘vr&{it]??ug ?188R15n%rheajt v

channel s p gas in an rest g

comuni cahé OksclThe waes 384 stfdant Rekerthcldbetdahatl @apiiseng 1esn93% bly aolhasmnel
t hrough the 10 adsorbent naterial. The m nor channel is in fluid
conmuRi cdh¢ eMNtHNtIANk 39ECSmj or channel s. [0031] I n one aspect, the

|t or oo 02, hePgaers k) e aS PRanf el DA GDLHER PIoeh i 8GO G il ot
i

rel ease ge.fRQrdd S Rt Waste gas stream when the vessel is desorbed.
[0032]In sone inplenentations, the at |l east two ngjor flow channels is

formed frioo2@nd The alagtegzak Recir)fym ai @es@fbi@% pepl iyl Bey d@fvefeddsiroubh rhd 84s,
the plurality of rods are spaced substantially equi-distantly apart,
provi di nghkche Altsnnteshnneldngingy be sipataneq at yhenyepisr sasveraames fdossyd n

one %pe%roggfsﬁ‘gl}efgas' &RI%F T[H"Bn(ﬂ‘aéb%t fh oW ichane 'aﬁsqrﬁenft%%%f‘f&%eﬁc%ﬂﬁféﬁieé é’lt

of st eppe ces al'ong the 'respective rods. I n another aspect,
| east t weeonmigras bty i20rmdraatn el esgais $nlttcanatetble Hist fhsowtiehalnrtbissndtdret, dasdbipect

the at |least two. major flow channel s and ich place th as inlet and the
second gd8° BRRBIANEAP e _a%f‘ér?ﬁgfﬁ'i RPB A gl B SR ROONN OB e mfaw NGS
[0034] So ffatsetdi hESESN the WGBIhORRaAPRoREDELLRY gaiAiRESt 00d, certain

drawi ngs, charts,
[0027] Additionally or alternatively, in some implementations, the step of desorbing the

25  contaminant gases comprises releasing a first portion of the waste gas stream during a first
time period, and a second portion of the waste gas stream during a second time period. The
first portion of the waste gas stream may comprise at least 98% by volume CO,; the second
portion of the waste gas stream may comprise nitrogen, hydrogen, methane, H,O, or
combinations thereof. Thus, the first and second waste gas stream portions may have

30  different compositions.

[0028] Fractionation vessels for separating methane from a natural gas mixture are also
provided herein. In some embodiments, the vessel includes a housing. The vessels also

include a gas inlet for receiving the natural gas mixture into the housing, and a first gas outlet
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graphs and/or flow charts are appended hereto. It is to be noted, however,
that the drawings 25 illustrate only sel ected enbodi nents of the inventions
and are twenefawerinot to be considered limting of scopecTfuseoiilss27s
inventions may admit to other equally effective enbodi nents and
applications. [0035]Figure 1 is a perspective view of a pressure sw ng

adsor pti 90r }/QT_%§§1| ﬁsfeal'gpé( ngﬁlon of théjﬁe?[?rall g iﬂl?xtﬁllregﬁ(grgﬁﬁeg h ré;t Orer %%%eiﬂket 18

i nventions. esse SO represents I ne frac

pr esent umpﬁﬂéobn&mvm@aﬂﬁhﬁugUganﬁﬁnnsnﬁoﬂ@amanQMVepmmameofmﬂhstam$pm@ent
bed and fl ow channels for the pressure sw ng adsorption vessel of Figure 1.
Maj or fldﬁﬂtﬂannEhs\aﬂwlﬁééhmbémhm@ﬁammmﬂmhﬂnOﬁmaingmhmBzalmm®53275ﬂw
adsor bent maj, or _ .axi or t he sorbent bed. .[0037] Fi gure. 2

o ovi des dhraeyTeRE SR e i Raunt BEPAEREMER e REfeuk SR e A S
provi ges Al vexpaxeshnyingiat bedenOlhtaal agdesbatwitm @bl Qirbenf nidt@ns e §se
flow channel i's shown extending into the vessel, serving as a mnor f

channel . I%PSUSS]Flgure 2C is a longitudinal cross-sectional view of the
adsor bent gure The view i s taken across |line C Fj e 2A.
Her e, 481936‘13 off E% @Sﬁﬁleés% e st ey woemalr Sty tiHenaadben fher%dég i ch
serve as HABR41. firaw rﬁei}éin Agls cha{nggﬁgﬂlgé&%ﬁee 3 InfetBarRefhgPE&L U8 o‘ﬁ{l@tv"inohuﬁin
adsorbent bed and flow channels for the pressure sw ng agéorptlon vessel

of _Fi gur gommvhgasionf | Bive etracinkitbcramelsieent bestweenmigaddor wominct dasugh tieg a
Transy, e flow chann are s

t. b
T o ey A TBE Mindr el bselﬂtff%iaomwweﬁﬂ%wﬁé%nm SPtpeiS,
h | 40 d
el oh PO G Barden SRR ARRIGE LA M Rbpf D EHRRI O, RESAT
flow c hargae Ioatlarlem@aiema&etﬁe gheinteand &&sthﬁtb@stouﬂad Sflﬁls@dftgldéga%h@eft rab¢ass aof

t he adsorbent bed. Here, the major axis .is curvilinear. 15[0041]Figure 5 is
a fIowchéﬁpmﬂéﬂﬁh§?$%g?ﬁ§f§@éﬁ§n6heﬁ@%@é&@%@ﬂFér separatlng nethane froma

nat ur al re. [00 ure ortlo r

ndsor pt | GRS seft Sendyp geen @it e el BauatSy fyBehstifed Horend

i nventi ?rh?fong"ﬂ{eemaj&t Ay ofal \pmmuysoﬂof&w dedrthQr tﬁ@@llﬁwtycaﬂ:kddaga@ dpatddr al
as m xture

J substantially equi-distantly apart, providing the flow channels with a substantially uniform

volume.

[0033] In one aspect, the at least two minor flow channels is formed by a plurality of
stepped surfaces along the respective rods. In another aspect, the at least two minor flow
20  channels is formed by flow channels that intersect the at least two major flow channels and

which place the gas inlet and the second gas outlet in fluid communication.
BRIEF DESCRIPTION OF THE DRAWINGS

[0034] So that the present inventions can be better understood, certain drawings, charts,
graphs and/or flow charts are appended hereto. It is to be noted, however, that the drawings
25  illustrate only selected embodiments of the inventions and are therefore not to be considered
limiting of scope, for the inventions may admit to other equally effective embodiments and

applications.

[0035] Figure 1 is a perspective view of a pressure swing adsorption vessel as may be
used in the processes of the present inventions. The vessel also represents a kinetic

30  fractionator of the present inventions.

[0036] Figure 2A is a perspective view of the adsorbent bed and flow channels for the

pressure swing adsorption vessel of Figure 1. Major flow channels are seen between
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20[ 0043] Figure 6B shows a portion of a pressure swing adsorption vessel as
may be used in the processes of the present inventions. Here, non-rotary
val vi ng iwoponwiédad i n addition to rotary val ving for rapirdisgoiaypsizrhg a
natural gas m xture. DETAILED DESCRI PTI ON OF CERTAI N EMBCDI MENTS
Definitions 25[0044] As used herein, the term "hydrocarbon” refers to an

organi c QQ%QB&RqB%ﬂﬁ5$%dro mQﬁhﬂﬂﬁE&%F?ﬁ&?DOt exclusively, the el ements

hydrogen and car ons genera all into two cl asses:

al i phati qoo®7) St rFalyghtB %l@@SW@‘F&fGQQ@@V oﬁﬂf({t KNEML £ be‘&rofqh%tﬁ‘@@ﬁf I Pidure
hydrocarbons ‘i ncl udi ng cyclic terpenes. Exanples of hydrocarbon-containing

mat er i al B pwovidge aaﬁypdsed me(wf ofrtht wpadnad agrondighs owttsal A mandverise loerchatmed iscan
be used a%Va fu%l gg% 30into a fuel %pq%Pﬁqs used herein, the term
"hydr ocarB8RFFGPH ng 9%3?%E§“ﬁ?%? o IS Al fures of hydrocarbons

"0 30128897 obieti b0t 1) BRGTERT AP SRR R0 oG RY b PO MR

t hat ar e yas@he oicw isqultagisacadss flioe Ui afiFigmodiA. | Hos, aabri@r@fmeahgurfaces are
conditions, or at anbr nt conditions (15 C and 1 at pressure) Hydr ocar bon

f1 ui ds rra%ﬁelrﬂe%r;reaw Y rvéuchoﬁerveaﬁaea? owskennglsa| ped net hane, shal e

ryar ocar DDITnaberEs; R < PySadle BrPbf ARhouRhr b bub e Shannd thEbarT,

the ter mprédsitedswingf &1srption 0Rse8, ofl Fiputds, Mo aroki @ﬁéﬂnemaref scgASRswedd
Irqurds as wel |l as to conbinations of ses and solids, conbinations of
| quilds adeorsentirgds alangia e@rﬁslaﬁatqféh%a@pq@as@ Tregsyews Toanehasegls age scen in

[ 0047] As ‘iﬁ%‘aicg%{xﬁ%pomtotl?of fETY 099%%?&5%@1 ith gb\rf]gé é’scrﬁfn%f 8w LTS t hose

hydrocarb condense ‘a one at nosphere absol ute
pressur e.pfaf)dengahley hé’ d rcPd‘s@%@&ﬂy%al”@%w' STGhUARorbbAY b MIPASY cRarlfel! F EncOf

hydr ocar bons "havi ng carbon nunbers greater than 4. [0048] As used herein,
t he t er mprsuwhswwWiag edsorgsicer sess@d of dogwgilc Mtaroatfbmochmmclsrage b@lmwsemr@t\ea&mt h's

U ace, JRLOI ARt e LSh I BACTRYL 5D s eL RO shal
B O, LR g TR TR PO T
subsur f aceormaaatuyl gas mixture.
[0042] Figure 6A is a portion of a pressure swing adsorption vessel as may be used in the
processes of the present inventions. Here, rotary valving is provided for rapidly cycling a

natural gas mixture.

20 [0043] Figure 6B shows a portion of a pressure swing adsorption vessel as may be used
in the processes of the present inventions. Here, non-rotary valving is provided in addition to
rotary valving for rapidly cycling a natural gas mixture.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
Definitions

25 [0044] As used herein, the term “hydrocarbon” refers to an organic compound that
includes primarily, if not exclusively, the elements hydrogen and carbon. Hydrocarbons
generally fall into two classes: aliphatic, or straight chain hydrocarbons, and cyclic, or closed
ring, hydrocarbons including cyclic terpenes. Examples of hydrocarbon-containing materials
include any form of natural gas, oil, coal, and bitumen that can be used as a fuel or upgraded

30 into a fuel.

[0045] As used herein, the term “hydrocarbon fluids” refers to a hydrocarbon or mixtures

of hydrocarbons that are gases or liquids. For example, hydrocarbon fluids may include a
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drilling or insertion of a conduit into the subsurface. A wellbore may have
a substantially 20 circular cross section, or other cross-sectional shapes.
As used hwoenryosthe term "well,"” when referring to an opemiusgoiinsizhe
formati on, may be used interchangeably with the term"wellbore."
Description of Sel ected Specific Enbodi ments [0051] The inventions are
descri be Mo W : ctd i I if i .

Hovever . DACRRn o oERRRRS Rt BnC Bl Bl SRR hfis a2 FAARGH Willifons
to a par tiroedssing enbhdidome ot aoknbigaconditibay (158 €, asl ¢ atmspresstiend dilydrocabieon

illustratjive only and is not to be construed imting, the scope of the
i nvent i orfél%l&[ 6‘63521]‘%‘1‘23’ 59re@@mpth,r%1e AU ﬁaar@aﬁﬁ?clew@&n?,oshﬁ@v%ﬁ ppr?tﬁg% Pl&.’

swi ng ad &&&9%a£ﬁ9ﬁﬁ%ﬁ@%1no&ﬂﬁo?Q@dT§ﬂ@8ﬁkr9§¢%@8ﬁ§ﬁ§ﬁ@i%ﬁQﬁ%lg&ﬁ@&ﬁ@ﬁts
froma hydrocarbon gas stream Such 30 conponents include, for exanple,

CO2, BI25,ligdRbstateeavy hydrocar bons, VOC s, nercaptans, or conbinations
t hereof The conponents represent contami nants in a natural gas m xture.

[ 0053] ThdO#tdces deaisest harpia, e seyniflyidivisiirs imgasen liguids emdisembingéipat Sorpsei t h
ref erence,lioiqfic s WRIPALZ QBHETARG! HSR04L/ 083378, LG K KD HIRRER and

First, Figure 1l s a perspective view of a pressuré sw ng adsorption vesse
100. The sotigsahd t&fbinatiensadghss] liquide asebolider "contactor,” that operates
for the purpose of receiving a natural gas m xture, and separating the

m xture il@047]at Neastd hewins thesteemt candepsgbly ky drorgploorsi necanOHwsohydrioombons

conpgnents i s or t e. 5[0 5%¥The conmposi.tion of natur S

ctr ol FPYmERe sl UL T RCar VO APt Ra el SGRER T iar S PHGRbISI o
to field hyiitattont afdnEXadEbe sx2fip 6 ITRRAERL S KydddcalfRis GAMREicafod dudWers
natural gas stream i nclude water, condensates (higher nolecul ar wei ght

or gani cs)gregigttthah®, et hane, propane, butane, CO2, N2, He, H2S, Hg, and
mer capt ans, \ter and condensates are tyg!cally renoved before the natural
gas is dilPB#8led Aamscd pracipelds dgrmy GYbsUARRAC 115 ocotrersHiads o ingdhploy gheg
petrol eungpetisngsy. [0055] The vessel 100 defines an el ongat ed,
pressure-contal ni ng body. The vessel 100 includes a housing 105.

Pr ef gsabl|ggo4gihe NQuSEBerdi@dth SerhertBatcahihg &olptdA” ShalShe@ken toNnélhi& any
arrangement of Figure 1, the vessel 100 is illustrated in a substantially

hor i zont aincerinegie & itempropksags/ibat cmpley vesherge MOUessHie X Rarung ¢xedd (2.5ePSA,
oper at ed ddn 2 v | cal E%Qtation. In either 15instance, the vessel 100
may incIJ;eﬁvggﬁ%%%E%ﬂgggttlHg | egs or pads 115. [0056] The vessel 100 is

able to qggg%t tehg{s L@ Be&hﬁ%ﬁé){e‘?&f %el@%r&?re?&&?d@‘?ﬁé fn fh'%esubéﬂrf‘atc%ﬁl,lﬁaﬁ]]%:déf es

experience he processing of natural gas. For exanple, suc
pr essur edrilling or insertion of a conduit into the subsurface. A wellbore may have a substantially

20  circular cross section, or other cross-sectional shapes. As used herein, the term “well,” when
referring to an opening in the formation, may be used interchangeably with the term

“wellbore.”
Description of Selected Specific Embodiments

[0051] The inventions are described herein in connection with certain specific
25  embodiments. However, to the extent that the following detailed description is specific to a
particular embodiment or a particular use, such is intended to be illustrative only and is not to

be construed as limiting the scope of the inventions.

[0052] The present inventions are directed to novel pressure swing adsorption processes
for the removal of undesirable gas components from a hydrocarbon gas stream. Such
30  components include, for example, CO,, H,S, H,0, heavy hydrocarbons, VOC’s, mercaptans,

or combinations thereof. The components represent contaminants in a natural gas mixture.

[0053] The processes of the present invention can better be understood with reference to
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may exceed 200 psig, and nore frequently may be greater than about 1,000
psig, or even 3,000 psig. To nonitor internal pressure, the vessel 100

i ncl udes waurgeeoTivot her pressure- 20 nonitoring devi cePCTAS2@EpPNERENt ati ve
gauge is shown at 150 in Figure 1. O course, it is understood that nodern
pressure-nonitoring devices operate primarily as digital systens that

L er 2! ght HRuahyese, BLeqkEw e SRELAL ALy PR R LRk Gonk BRSLLTIS
gas i nl et10010Thesvesdvitded aatontdveorf vessd, @n'ttoh2tor Ahthdteopardtdsr ot tigapurpuid ef

130 is provided at the 25second end 104. Optionally, second, gas. qutl et
120 is pri6SAIHEE 2 nANEH #ag MuYtEre, AR JSpprfing the T@éurﬁhﬁoﬁh@agé%ﬁab%ﬁﬁla PR or

i nt er medi @hohfifts 98fc biHhBke dohihdnBfks ieHS, idr fetiiipe. outl et 130. [0058]In
operation, the vessel 100 serves as a kinetic fractionator, or adsorbent

cont agt or[po#4]nat rhako®pssifidX bfh&urad %af@t@&lnﬁt fr @AM subSurfdk resbuesl (raWt atirhie
vessel 100 through the gas inlet 110. Arrow "/" indicates the flow of fluid

i nto t he 8pak¥al varpdronrhieldrie fighda| NejaEmitingaxampins 2 co@PORank that IRay GeBRI&e 2100
by an ad b ( S i o] T S LRetic
adsor pti gr%&lt gﬁé%gf%% P eﬁ%%rﬁlt {ah?nmr%ign %@’A{:Hnt%ﬁ%gagegngﬁ%@?re%?&? ﬁggrag‘g %hgeoﬁga‘ﬁ&eég’

r el eases racthaiel retlangapropand unitarst M NN ride)gH, S, g f nids imegaptanyt | Blaték3ghd | n
the present arrangenent, the Produgt Stream conprises at |east 95% by

vol une népﬁéwatetﬁwywalﬂmée%egéfgyreéimaétﬁérg%@éﬁ?te(?glz@rﬁh%‘éﬁsmléﬂﬂg@@

Produgt $h& & eMa‘E’éEa%‘?enYﬁFé@étrql&Qn ;e%nie@gi cated at arrow 01. [0059]It is

understood that the vessel 100 is part of a |larger gas separation unit (not

shown) . gbesgas FROIEAEL] P00 H¥¥irtesWn! dlod ACddU GRsYiab bMEini MEBSS). SThAREssSIAHIES
as needed to carry out regeneration of the adsorbent bed and the capture of

t he separia¢ledesgaboustgptifentrsfergikaghabpesing b0 & fabreatessirong ipmeersiiead. dnithvg
adsorptio I r t.1,0n.. 1L S .carri Qut I rapl d.cycl e
psa LoodbiebSheuRERIGE L, he VeHPRES Ry ohrl B LSG Ay OB ARLABYC,

600A as miywder, thuseskel 100 heawypilaeesises B opdietcPlie Sendrtital\veithia€ios., Th @ithém@pi d
cycle PSA. Here, rot ari/ valving is provided for rapidly cycling a natural
gas rioxt updancs, hsveissl 1¢amaninetude variqusspppritiag iegs ohgadsol Idhe vessel 600A at

arrow I. [0056] The vessel 100 is able to operate at high pressures so as to accommodate the inlet
pressures experienced with the processing of natural gas. For example, such inlet pressures

may exceed 200 psig, and more frequently may be greater than about 1,000 psig, or even

3,000 psig. To monitor internal pressure, the vessel 100 includes gauges or other pressure-

20  monitoring devices. A representative gauge is shown at 150 in Figure 1. Of course, it is
understood that modern pressure-monitoring devices operate primarily as digital systems that

interact with valves, clocks, and operational control software.

[0057] The vessel 100 has a first end shown at 102, and a second end shown at 104. A
gas inlet 110 is provided at the first end 102, while a first gas outlet 130 is provided at the

25 second end 104. Optionally, a second gas outlet 120 is provided intermediate the first end
102 and the second end 104, or intermediate the gas inlet 110 and the first gas outlet 130.

[0058] In operation, the vessel 100 serves as a kinetic fractionator, or adsorbent
contactor. A natural gas mixture, or Feed Stream, is introduced into the vessel 100 through
the gas inlet 110. Arrow “I”’ indicates the flow of fluid into the vessel 100. The natural gas is
30  contacted within the vessel 100 by an adsorbent bed (not shown in Figure 1). The adsorbent
bed uses kinetic adsorption to capture contaminants. At the same time, the adsorbent bed
releases a natural gas Product Stream through the first gas outlet 130. In the present

arrangement, the Product Stream comprises at least 95% by volume methane. Flow of the
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[ 0061] The valving first includes a rotating manifold 610. The nmanifold
rotates proximate a first end 602 of the vessel 600A. The valving al so
i ncl udes wol2et2/defawy channel s 620. Here, the inlet flow ebanrsediz/06205r ot at e
relative to the manifold 610. [0062] Figure 6B shows a portion of a second
pressure sw ng adsorption vessel 600B as 15may be used in the processes of

e PSSk IAE RS LOF GEARLEGXE! MOTShgidRien gt ary Vel ving [

provi ded "al on ary val ving rapl y cycling of a natural gas

m xture. [peSH3] TheisUipdvistddaga thei ReSHA98 i@ part@td NEedreRdsl RbekaBdP unithBot
mani f ol d rotates proximate a first end 602 of the vess 600B. The val vi ng

al so i nclshdes). |ﬁh@ga8fsep&van¢mnmevvsll ezbldeH@beng,tVIwelsnwgt gafugew\ﬂ&:mdqtt@cmo

reci procat relative t ni.f.o 006 he va interfaces
onn o ghsBla® diomgatsBty Rend e, Eede o sl ulenghs: HefPbBiSous
conbi Bat i n&@htisrDiRtbMg usifg preRucOdvdihy NEsHipHes. aﬂdrdTFd’efér%IQSrdgéﬂer@%n is
errpl oyed. Further, the valvi ngémay be extended to apply to nmultiple vessel

nani f ol dscafféﬁdp?élttflﬁiﬁ%f@l‘é:wg cycle. [0065] The vessel 100 and the vessels

600A, 600 tilize an orbent bed to capture 25 contan nant n the
surface d50§01m ch‘;%ﬁ O¥§ L1050 OfrAPIERSUET SYHRY aQ?%H‘@OQYFéS%@@Rsaﬁé’&aéfs

therein. Kb@W feqfodelscd dPRESHEGE Yr?vei{h@ﬁ’g R rAdRYSRTERN HRRD 109 BEARE N NY

to sone inplementations. Here, the illustrative adsorbent béd 200 has an
annul ar gueadékfur rapidy @obng Ihletlmdsgas tmanturfr i AgnaP@8l gas mlixtmenss shoed ¢nderfrig

al ong.an jnner di r of the housing 105 of the vessel 100 of Figure 1.
30[0886] ﬁ?ﬁ?sﬁelﬁqu‘z}ﬁggf)g nt ring 205 is a plurality of adsorbent rods 215.

The adsor@ﬁ% ro‘fﬁezxgah fé‘“ﬁ%{”}ﬁ dﬁ%flgl Lo¥atRl Oﬁﬁnﬁl i k%‘gt H‘hgtlﬁgﬁfol 1[%%?9“

bed 200. means ero run €ssen y from end
102 to throsienend ﬁmdnd%z ef tﬁeh&sy@mejx l‘lﬂﬁ vaRlingvalkb amghedes i22Oflaw ehpimes ded
bet ween t he adsorbent rod 2012/ 067719PCT/ US2011/ 053275
[0067] Th2AdSbrhdhs inf qt.ﬂewzfé@n%ﬁ%wﬂz%@taée%%tty@ﬁ@ thegganitold6l8.e fabricated from

e ey SRS, BRSSP R0 A B 00 A SRR 5 ©
combijrat i RRsHA ﬁs%a@mhe[&g&%iem@t&dp%@geheﬁberﬁﬁinerfo%aphcscﬁneelﬁ%a!pieye $6h-26thed

fromthe 8-ring zeolites having a 5 Al ratio fromabout 1:1 to about
1000: 1, onrlpreBarebisd alﬁwab@w@mwlmng @rabmdty Qy@bﬂ&of phatpigt gasgnisfweabl y
from about 50:1 to about 300;1. The term rati Q" as_used herein means

the rol arl0Pe3li o $he sialyipg againafmehidss %Fot@wég szlf% 6dP; ydhgr wanifpld iofates
preferre §§X1¥ﬂa h £881chl 862 fof'ﬂh J N8 G BOB" errdfvahl a@é‘%ndlﬁtfe's‘#@%t BRR chah - 1

and ZSM Zeoli1te material having appropriate pore sizes for the renoval
of heavy Xdtxcarthomst ifloed ahdendf-620 feaiprasict relativCM the Gnahifpldti®. Beta. 1t is
preferred that the Si: Al ratio of zeolites utilized for heavy hydrocarbon
renovdl H8064lom Fboutaling Inﬁetfa@ﬁt&oihow oodrigyreant pindf 6Batskyillustorivabolit is

200:1 to aho ler .t o nt ecssw f qul
adsor bent Mo otsdi ok sBhf Rt B MR BUERk R ERT o Rh IR BlsaltoBarvae,
it may bebe ernployed Further, the valving may be extended to apply to multiple vessel manifolds to

perform a complete cycle.

[0065] The vessel 100 and the vessels 600A, 600B utilize an adsorbent bed to capture
25  contaminants on the surface of a micro-porous adsorbent material and along the pore spaces
therein. Figure 2A is a perspective view of an adsorbent bed 200 according to some
implementations. Here, the illustrative adsorbent bed 200 has an annular adsorbent ring 205.
The adsorbent ring 205 is dimensioned to fit along an inner diameter of the housing 105 of

the vessel 100 of Figure 1.

30 [0066] Within the adsorbent ring 205 is a plurality of adsorbent rods 215. The adsorbent
rods 215 run substantially along the length of the adsorbent bed 200. This means that the
rods 215 run essentially from the first end 102 to the second end 104 of the vessel 100. Flow

channels 210 are provided between the adsorbent rods 215.
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advant ageous to fornul ate the adsorbent with stannosilicates. Specifically,
8-ring zeolites 15 nmay be fabricated with stannosilicates. The kinetic

sel ecti viwg 20f2/a6hi1is cl ass of 8-ring materials allows HPcrasbhainagprsl y
transmtted into zeolite crystals while hindering the transport of nethane.
Thi s enhances the sel ective separation of H25 froma m xture of H25 and

met hane.  [KGPA0] Thc 26Qid 8% 08 GnPHESERbiLL HIC2285RI BB AYnZDRaRAG L e
adsor bent’ rods 2 I'n any surtable form For exanple, zeolite material nmay
be i n t hehitopmfoénthiadsisoibatananedpackeda?0 The fundesihble gdsmabdnrt Coat ehBal .
Adsor bent beads, Er ag}gregg{l?es,. for sw gg adsor pti on processes are known in
the art dRgfCELspReayY Ty PRSI & SEA pEaSC At %loggm?r?o al or irregular.

e OBl A B PR AR FRL e v

cryst gl | igialshfio Elot £oat 111N apeal 1008:1,i0n [piréfér‘éb@aﬁi&n apo@f B Bl Yoot 50MY, or
zeolites. The binder material is typically a dense 25 material that does

not have B ferably fsorp pbeuti sl tombpuiloch The tggadSto! mitiad as wed heesin pgans
fole p . ! . : .
crystal s.gl ogr(??t!]o J;fosu]f%ég}SFalu?ﬁlnfB{ ﬁ%%éﬁgk ¥rr%ét£&% A Sa b p@fé}ge%i;%-g.ﬁé LLdili&S

must be sma an t Size o e 1 ndrvidual zeolite cr

[ 0071] Durfonghet beptyre ef'ssoue gasmnethdadIDRP Si@ma-praadeBSM-38. FEedlitStrmetamnial " Having | |
be injected into the ,con%actor 100 and w || be gass,ed cross .t he adsorbent
mat er i al .2PPFOBFIICANTG Sizeior s egwypheintcaiygdioggoprs wpluge My fangasite.s MCM-

mat erjpal .41Theq §efd g i€ ?Péf’é&&?th%{ {&%i%a(iﬁrof%&%s R d9Rs _h%&lw&éa}bc}no
| n

access the’internal pore structure through 8-ring w ndows in ner such
that the rembvd lof freimeghait QOnpamebautdi,00Wsi anl peédriblyifeorh sabofit TR 1 andabout

nmet hane (li (ﬁ)‘-I'DCgZ /[ DcH4) is ?Vrister (#‘}ﬁn , preferably greater than
about 10, LA HoYdCidp SrYeRbINreTEdoRng HAfC 2 %2/ 067719PCT/ US2011/ 053275
about 50, ev re pre bl r 0. r Feed St,ream
cont ai ns [p@?j 8- Whr?gg Zeo eth' Ie]llglli%l I%\?v(g I—St%éat%(q) ‘éoglgag%%q}yﬁéo\g%ﬁt glrﬂ?;lgg’ 6§rrgay e

st ruct ur exdi/hteet@is 8o Forag vt NEkOWSsorend withnstedinosikiehtes hd@petikicaltyats-on@beditergl e
conponent diffusion coefficients of H25 and net hane gtl1 e., DH2s / DCHﬂ IS
gr eatlér tREhbsfabysdedvibsirngeligasss. (The kinghe selegttityidhisiaes of &riag Awtgyials
S5greater { . 3 r t .

[8072] & rPER 380K o Pani 0 An AR PRI ARARURIACHRE g Mlnsport of

di f f usi omethafef i Thienthancmasuscbattiosepargpionef 4BS fiom & hmexthensyH,S dndwnateagiere of

the adsorption isotherm The |oading of nolecules in the zeolite is lowin
t he Henry[0870law Thgizerditamdy ba prdserf in digi adsorbhet riFigcd0iSand drgadsphghtiedsBkval |

di f fusi on _coeffici.ents.are nearly.equal .. The th tics.10su rting the
anal ysi s 7 SHTHGETEL FS srpPRRsraelt 0 igkial ity B 6 B0l Deada Rl iremsgke |,
sone 20npltg Nk athle OxtBoMkent Rtitcfis or ReHrbdit bedd8), ordagBeneds FofMBivid alisofftionbe

incorporated into the adsorbent rods 215. For exanple, each rod 215 may
have an imp@ssaore kngwa @ hagieend cantbsr ofapnynsyitable phapeethchidgieg sphisaicilngrer

00, g R S SO RS Pl st s
together with binder materials. The micro-pores exist due to the crystalline structure of the
zeolite, in this case, preferably 8-ring zeolites. The binder material is typically a dense

25  material that does not have adsorptive properties, but which is used to bind the zeolite
crystals. In order to function effectively, the size of binder particles must be smaller than the

size of the individual zeolite crystals.

[0071] During the pressure swing adsorption process, a Feed Stream “I” will be injected
into the contactor 100 and will be passed across the adsorbent material. Preferably, the
30  adsorbent material is an 8-ring zeolite material. The 8-ring zeolites allow CO; (or other sour
gas component) to access the internal pore structure through 8-ring windows in a manner
such that the ratio of single component diffusion coefficients of CO, and methane (i.e., Dcoa /

Dcna) is greater than 5, preferably greater than about 10, and more preferably greater than
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15 causes the rods 215 to repel one another, thereby assuring uniform
spaci ng between the rods 215. Uniform packing of rods 215 is particularly

i mpor t antwbanizhiemadi ¢ and fast cycl ed adsorption proces®e3/iseottloai27gas
conponents are not preferentially driven through one flow channel 210 over
anot her. [0074]In one aspect a magnetic or electromagnetic field is
applied dy C i : tion
of the.r ol DS TG S B RERE Ry WA P EUR. P B PLAES I PEERELS; oy
a hormgerﬁennlg zeolitentladw 6hS ctt) at s zlmoimtatrealrmrfestnajture(tmdugh&ﬂuyg wileowseignet i ¢

field may be appli rin the cles the Ives Q75 ring again to
Fi gure 2Ananfet gich ﬁlﬂbg@rifﬁt} P‘Ef@h‘tneflt U’Et?@ %’?&S‘O %%“tt%/v@gifleé ?tnaemet anc
adsorbent(léo%lﬁc ) gpéattrrathaﬁs g'flférttq g%@étneh@ab&hezof laﬁavn%tew&teb e

seen at 210 The | ow channel s 0 de ine major flow channels that flow
al ongla rmgaser thai sbowf 56,hed zdsombaprefeed 2 @@atef 007A6DThe flow channel s 210
Create a t&?e of structured adsorbent contactor referred to as a "parall el
channel Hct oPinglepgprappegnt cdffipien eshicientdyrae dpkenn e Uiss diangorta d¥8skant

cont act or t )

substantf% ﬂ%%%éﬁF£¥&#fgg1@%g%hanneegggﬁ g&ﬁ%ﬁ?%oré?gﬁeaagﬁg%ﬁgmgtgg?bent
structurerl he'llbedlflg @Wmdk&ml&llﬁ tl?elfboﬂlivejlshewflﬁ rthe Hichiy'salawadc @icy arelf innBANSgInROTe
of whi ch re escri bed Pat .. Publ . 2008/ 0282887 titled "Renova
of C2, nH?tf.i 3 PP%H@A@XWJ( ﬁtﬁﬁe fNQ IEfth gredigsely edpilev] hsu@pihematics

| ncoryor ashgg-ggg%ﬂierhn s1s%ffﬁ (RS coeiﬂff&%@é@’d@&%&@%ﬁ hﬁé%y\)@53275

[0077]The ent terla ormng the annular ring 205 and the rods 215

has a "kij0g13]C SEl §sthé hp¥meh@riof\SF Mt aARGrBeidaskd MDA HnStC Afitd#REehadyesei N,
the term"kinetic selectivity" is defined as the ratio of single conponent

di f f usi onnewpdiicdiintatthe actso(hent ipRp géﬁ:) Forfexamplge c&iibfrpg 2dHmay ﬂ’@&@ @ innghkore,
single COEIIH ﬁtqgneq fltngt% 1glnmf?1§%f f}%lgée%n&l ahR 1%' gr P(ﬁnovﬂearsodrs %5 rne(tjy Fhoep bae

St ef an- ranspor usion coe cren at are neasure

gi ven ad%@bjeeteti tbal nig@étieeor pmraﬁecgaﬁlagmmoﬁeatdun“ﬁlgepaemrge Themaxatiplield t he
kinetic selectivity for a particul ar adsorbent for _a conponent A wth
r espdét tC@u%@Sé%‘msiﬁ ehp terensLire ywthagsulprepy aparing ppifomp snasirenletypeiythe rods

conmponent, o b ts
cnown n 2. yEbAAFEEhL i FAL Ok, ARlAL BopGRl, 6 SRREE MO E
ki netic Jaﬂsattpfuﬁm ercm:nsses)edi that |gemomporwntshara nbt popfienatyallyedpengkrouglc bne dloe

described b in "Frequency Nbdulatlon Met hods for Diffusion

R )
and Adsoﬁﬁ?’5h3X€8§%V@' t's in Porous Solids," J. Phys. Chem B. 101, pages

. , h d h b f
R T R R S S ST P e

ki netapc Saeh@et:mvlbtdtn icy€le, s laidoBh 1@é sblheat&ﬁll 8CR0rods 205 bempplicatiod be tHd r st
conmponent (e.qg. 15with respect to the second conponent (e.g

net hane) rb@ngtleé“tetét mapifhrther proyirg]fpne hosmpageneqass exteniatioy of ghe @gelae testeiah. | s
based on %tmnﬂﬁ\? P]%&[%g&ft e1<i1 Rfcaﬁkg%pﬂ?ejfdac{ur ’ﬂ?eg Ee%gféegﬁ'sewes.conponent sin

the feed rea
[0075] Referring again to Figure 2A, within the annular adsorbent ring 205 and between

the adsorbent rods 215 is a plurality of flow channels. The flow channels are seen at 210.
25  The flow channels 210 define major flow channels that flow along a major axis of the

adsorbent bed 200.

[0076] The flow channels 210 create a type of structured adsorbent contactor referred to
as a “parallel channel contactor.” Parallel channel contactors are a subset of adsorbent
contactors comprising structured (engineered) adsorbents in which substantially parallel flow
30  channels are incorporated into the adsorbent structure. The flow channels 210 may be
formed by a variety of means, some of which are described in U.S. Pat. Publ. No.
2008/0282887 titled “Removal of CO;, N;, and H,S from Gas Mixtures Containing Same,”

previously incorporated herein by reference.
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conponents adsorbed by the particul ar adsorbent during the adsorption step
of the process cycle under the specific system operating conditions and
feed stresmmeporpti on. For a feed 20 contai ning a conpomarskoidosz7s
corrponent B, and optionally additional conponents, an adsorbent that has a
greater "selectivity" for corrponent A than conponent B will have at the end

of the ﬁg@@fﬂt 10 étﬁag%gém fl?m?rpg? ﬁ{epﬁﬂn%'i‘arpﬁ 955 i Cthe rﬂ%r ?Trl]S ?ﬁlg WA=

(total es of nol ar conc tratron of
feed) thdikiresic g;bbatle'[y ’t fmartwbh@r mater gas GhjRmeftsot Ak used asrcof, tBe itarmt Hanetic

adsorbent ) ar ration_aof B in the d UA t he
" Adsor pt .s)slrcuérfyaklé da f%lﬁérﬂo af mn%}ﬁeomeorleﬁtdﬁfgug%e%f CiE @&nareé/sw

conmponentByo dftRt&Hh %é%iesf Whe%&g@@@&ﬁ&ﬁﬁh a8 BeRl Akt drY bisY kho¥n as the
conponent A over conponent B that is greater than one: 30Selectivity = UA /

UB (wher éStefan-MasByell frOB801 Aifbrsgst coaffummaﬁlasmn nofasdicfl fier egitver odydrahfe 4 n a

Rgf g;alpl %lxz%lf ﬁlﬂe)rglgsﬁlts rcﬁg'l?)]g ¢ heé@ﬁ{ ?qr é’)%ﬁ%ﬂ){lﬁe qgv%me 1|c %gltectlrvz% y Por Oaf pa} 1gul;[1r0t al
2012/ 067 H9REI A US2HIIh AT R vﬁﬂﬂfég(wcf ftd @Mmpohcht® wolRIbSdquerid D,/ hhe
SO

| i ght est conponent in the swing a rption pr ocess. The |1 ght conponent is
taken to [De78]he Sheecingk, comipoidhtediffusion cosfifioirant for thraiteris cantbepleafrmiredttyal | y
taken up by the adsorbent in the adsorptr on process. This nmeans that. the
mol ar corE¥NtPAVIOR BE 1heTiivgHPEsHe wﬁpor”rélﬁtprﬁf?rrteﬁewef R ARSI Wi aiaa%tlc

during therRGSPCRLRRNE Estetﬁ d ﬁ?%{f%@}t' %sgBH&ntletr:]lﬂﬁﬂe gfsgrslg%qﬁg Irﬁs 8/@§ el Ofn

that |ightest conponent In str | osure,
adsor bent“Feaneagt Modlr@@lohaMe&lodelfercﬂ]lffuswn faod Addorpten Meepoereerits (1e l@roui:OZ)

over a s n e.d..,.,met han t | eas ref ably a
cetecti visy et PHrr CheboRDJan a6 Lo o2 conpbrienbeogroTaEt sddt 0o,
and nost RrefReabihythe 1s8HtRENY \tbhtYollQr scparatib® o BIEPAREAL 100V 8 is2pRRERATthat
conponent of at |east 25. 10[0081]Note that it is possible to renove two or

nmor e contkandtisastestiwityntilct, dheols) of; t heﬁe@ted adspd:rent:fm\ﬂefnﬁesheernpwnt@@oﬁ@m)t or

conpqgnrent s. .t hat to_be .renmpved sel ectiwve ad orp nwll nostly be
el CUE T G S A I G T T A

[ 0082] Re y O | t r ive
[ Dow + ar dOVRY O'ht R 8B AQ RO hr%@*@%% b IR IRG ot

nmol ar fl wuncaﬁmtloﬂr of eniponeones hanke ifeedt stecapr anidJcthre gitalemmishafvmobss d¥lthese t he
first outlet 130 i vi ded the tine average Iar flowrateo t he

met hane i%ﬂfpﬁee&téégs%?%%% el argadsarbgnt rrrﬂget ef’ﬂé‘?fptl@? MeP I e PFSESver y

of the cabRAndLONE d5eciich IchPEpchRMICORAMBANGR! Rod Srdlef baifthshtort 7 e

averaged nolar flow rate of the heavy conponents in the contam nant stream
(showfl atcofRining taheompermmu fyas ounpoatnt] BO)andi opteedllpyadditenai rtremavreangsgeajl

gglsalr nr le? \gi(fgjnﬁ tﬁ t has a grea e\{ry sezlgé;tlvrgo eerngonllp%ngrp[ {h%%%orsrfprogea rpB( qpha%;[eea the
end of the adsorption step of the swing adsorption process cycle a ratio:
Us = (total moles of A in the adsorbent) / (molar concentration of A in the feed)
that is greater than the ratio:
25 Us = (total moles of B in the adsorbent) / (molar concentration of B in the feed)
where: U, is the “Adsorption Uptake of component A,” and
Ug is the “Adsorption Uptake of component B.”

Therefore, for an adsorbent having a selectivity for component A over component B that is

greater than one:
30 Selectivity = Ua / Up (where Up > Up).

[0080] Amongst a comparison of different components in a natural gas feed stream, the

component with the smallest ratio of the total moles picked up in the adsorbent to its molar
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[0083] I n order to enhance the efficiency of the gas separation process, it
is proposed herein to provide mnor flow channels in the vessel 100. The
m nor fl omocheree!ls i ncrease the surface area exposure eCTiuseolasdsarbent
material along the rods 215. [0084] Figure 2B provi des an expl oded vi ew of
t he adsorbent bed 200 of Figure 2A. 25 The adsorbent bed 200 is cut across
the opti S The

t hr ough ?{(}ﬂ&e@&ﬁ 21}1?{% bfeeg&lé%%q%%%%ggh nesggégﬁﬁor{ehpgﬁdgﬁféﬂ@ﬁé 3 l&ans ngshg

fl ow chariftel light smap\omht 2% Qakehh® lbeanhsvgxemes f bmmaﬁtdm:tme&orﬂitﬁleﬁerthas isagota

m nor fl ow han The fl ow c nel S seen r |1y extending into
t he adsorh ’EenB %6“ up% (ﬂo B“P ‘h% BF@’anHrg%S%h ﬁé‘?eaﬁ%gl %10 lar

opti onal | ygnexfi@Agn HPﬁie l%tés‘?'@oﬁ‘l@dneﬁf puind s%r@é‘m%ﬁmlﬂrcﬁl%g tﬁ@%so%ﬂif%nas%f}“ ar
adsorbent ring 205. I'n the arrangement of Figure 2B, only a single

m nor 5f | asvgodatom iedn memnql@r hoeniratibiowé Vet lightest Gayonbenn tb@ﬂ:eémﬁearay Iinghee a

| [ it f i, | fl | 220. t.j |1 f d d
Poget her ‘NeR! HFoREbrdergrRg b rorieio IR §adeBRibel? sl Sopgponent (e
2012/ 067 ARGt B bad Q6B Rent RO8 O hcttatE Lo 1daSt B theaPréfdfbRA selectivity for

cross-sectional view of the adsorbent bed 200 of g%gure 2A. The view is cut
t hrough 14 fist omp@ienFpytireesceand E@nmrteuapﬁ@n legsd| d Oy pchmoptopisfepably aselegiddty in

Fi gure ZCEO%% @Bﬁg?ﬁjb&% o@é’%‘la 1 nId lfﬁt 1%&5322 re visible between the

rods 215 serires of s eppe sur aces are seen along the

adsorjgent| MHS 21R3te H it ‘iseg&%ﬁ)l 5 fr@ﬁ@% 243 d'i" mBre> €6n‘f§mﬁ1%nt'§1 m{ﬂtéﬂe%}%l?zca

channel s. | i eu of stepped surfaces 5, the surfaces
or spiral hmlvewtr, ffac@svediencarte ammpm@enelndzqmpdwmsttquedtosbﬁr lfeawsd P Selestyvebe

L3ach SR oo B R TR E B B g Bar
expensi vageat tRANSLEL Y AOABRR] HIF TR AAOR0R 100G 32368

fl ow chann pr ovi HePeon

flow Gengfu) tetovérheotl mowatd ayebs d2iltbd 252£he 25 a%ﬁgb@lencﬂw ﬂb@l atd Uﬂkhé | ow
flui d resi stance coupled with relativel ‘812 surface area. Flow channel
1hi

| engtlf sHBethgncod g PR irers (sheywh @k shisle guihet sls3 0y [daridgde py Abp dime
whi ch is, vgltagjec??r? lar flo UIQO h%e E%gﬁé élil '_#n]éj ¥ Qfda %&gﬁg& % Oggst glgetoglzﬂg are

surface area”to channe Iowc
pr ef er ablSimtlery.i rgcm&dy bbthnicaihashzbomdeemimherdhiaapy compbientsess slefindds. thd hins:,

tortuous HOW(E P é_@re mnfjhnﬁed or avoi ded. t oo. much p ure d ﬁ]e
occurs acreREct ARl Le™nt ofithe Acy FREWORSET W th 8%%"1‘?8@8‘55“6@{3@ Vén%‘h
order of grealdfi gﬁa@mﬂe@%@pr&maé@ b %he BRIk ¥ra8E i 8d o NraBd F thOMeavyt |
preferred that the rods 215 be equi distantly spaced so as to create a

degr €8 ofcootpanerglin theifeed sticay (d20F@IOkaninbné1@spect, the flow channel s 210
are general Ig/ divided so that there is little or no cross-flow. In this
i nst ance,[08831| ui & prdsvte cakanice theatficiangly of thhaansepapatonatroeds if iy sropeprd 102

of the cqntacton. 100 AR5 MRl BhANL L GANLLY GAIHAL GARS: Ml DnBEIORARSc

fluid fraction entering another channe at the rst en untlﬁthe
fracti onghe aatirbiara eup@ymr@dﬁ thé adsodlient hatesiatalon &i&dodsOle.S.l nthis
arrangenent, the volunes of the major flow channels 210 will be 25

subst ant i[8084) eqliigure @Bepwwrdes tahatxpidod tvaaw iodlthey addorbenf beh 0@ loddrigire 240

[ f ul t hat t f f d.b th
"t ertor Vs tsireh! bot I i B 50N hS SpURRS skeTElaSrouf Bl S0y ug Flnpy oo
cont ai NecthahiRPLI10THANRETRRELP 1R @borbbf el 200 GRadAR] Seer1th SRIIAE aGRMBHQD
from consi derations of pressure drop al ong the contactor vessel 100. It is

pr ef er r edlavhehannplas s¢angt SR&NHRE Garsyorshflpw ehannel 220 serves as a minor flow channel.
The flow channel 220 is seen partially extending into the adsorbent bed 200. However, the

transverse flow channel 220 may optionally extend most of the way around the circumference

30  of the annular adsorbent ring 20S5.

[0085] In the arrangement of Figure 2B, only a single minor flow channel 220 is shown.
However, the adsorbent bed 200 may have a plurality of minor flow channels 220. These

may optionally be manifolded together with flow converging on the second gas outlet 120.
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30 channel gap fromabout 5 to about 1,000 m crons, preferably from about
50 to about 250 mcrons. As utilized herein, the "channel gap" of a flow
channel 240 2r/defibned as the length of a |ine across tireTraseeimoss2ds nensi on
of the flow channel 210 as viewed orthogonal to the flow path. For
instance, if the flow channel 210 is circular in cross-section, then the

channel @812@%‘}?2 Ilétpﬁ] ﬁ%n nex?ﬁ?@&% -JARoraf ide ok heLaRhndh Y R of

t he C|rcle gap i s rectangular in cross-section,
t he fl ow Kjgprd 2A1 HEhediisw ancet thfo@hlhmecfiébﬁﬂghrempar Loogianiihat adsvebdrnt mgds he

twolonges sides .of.the _rectangul ar e t h of smal | est ' side
of the r el dhgheey in hﬁm]zﬁ T Rgdian oating fay chie %,Vlé}btl? PRNFEhIR RIS

210 can bgsof any cross-sectional 5 configurati on or geonetric profile. In
Fi gures 2A and 2B, the major flow channels 210 are star-shaped. Regardl ess

of theg shapg7] it Al seriRk effestdppdd tshaheds 25T ati Re®faldnethy AldysrBerdf rodsl 205 beTHe
material to the flow channel volune in the adsorbent contactor 100 be from

about 0. 5%ePPed seinsas 23Palse serypgs iR firverckinaslsy Indismodsisnpedisurfores Hothe

50: 1. 1009310 RTRPHERSHES o400 ARRHLERT 1005y JARKLIEN AL HABLNFEESA

appl i cations oW &h s are tormed sor are
| am nat e®@28aget beusedr: hﬁaddhtmm whanindics off thé Itﬂanivl’emeSd’llﬁﬂﬂieS 2201tb in@edsaisarface
However spacers take

spacer or nesh that acts, as a.space p .
much- needétf 4Yd e@rovrsﬂ%%wﬁ@ctwlgv éq%ae%%felﬁ@eép eﬁEﬁnS’dézlP?téﬁFlé%éF Rnifshe

pr esent ctor, 100.and associ at p 94]11n li.eu at ed
Phoedd BB P b TRyotcHa R S RS SRantebupichigh et ta dhe g TS

nmachi ned Aprarap htdﬂﬁclﬁg%)ﬁﬁ? fow. 0dnerfil GUhe fRwWERNNEIRD18, P2, msq;rwlae \hew
of an adsorbent bed 300 for the geessure swW ng adsorpti on vessel of Fi g}gre

1, in a relativeledovaflughigeivianec conpecdawisho rdbativebleigh smtﬁama@éeaarﬂgmcaan@hiemg
the” housi Tt MGE BByl G IRIRRREE Rl pBolin e FREs RRBIBLSL ©

310 are phefudedlowity hnd tie ravaof surhice ardseth@nt] vouige.i al 315. 20 The nmj or

fl ow channels 310 are fornmed along a major axis of the adsorbent bed 300.
Howeuvér , [008F|urt hbe ﬂiolwcc:lraaseés 210.f 220 225 e pxiefm@ljz henfagseat tmeminimdmbspreguml I

transvers cha eI S 621@ ar fornmed throu t he nonol !g%hl C (ﬁ fa 315.
These chdlhfRIL! eY??%e 0 - PGP HAW, 420G Pfrﬁ‘éonﬁ? off fopdipch
channel 5 ng,uMog%cé{% YordSBdht bbdRyb 3theﬁ3 H%l}&e&ﬁ’le Hé‘(}’deﬂ&eﬁ sheh 4 airetcesrdef

| ess than about m crons, for exanpl e. e mnor flow channels 320 are
not so | afgecassy than H@rﬂplnetaed Jotgendely aghiceais dnhdditionodlisqnsterred thahthe rodey21% he

d f t Q fl h | s 320
Faci 11 ar® BROCHY SAERRAL uEY Cadiens e B hannel = 320 ot
dugt d t
ncongi stibe)™"| PaR: bl e T Sphak 21 b B FAGEPS) E: IR K

adj acent ol nmsscmnéh tlog insearet,ve fuitofl@v g”aastlsrt ce@aring hahamrd2h@kf therfexudnd e

product b rough occur . Thi turn, |eads to a reduc n in the
purity of %F &aa@ftogiﬁﬂ 9% R B Ew: E‘%}t[& sRmmEgicatg e any/ghep &4 io“fa%tmnces

oper at i NGl iy Cgm%@leif LRAHANA 0SS 113 B3 &ld ltob%nﬁﬁl%lﬁacﬁg)ns%%rﬁ@mQ%Por%ﬂﬂﬁg‘ atND
2012/ 067719PCT/ US2011/ 053275 (cpm require greater flow channel uniformty
and | ess the exond endii®p InHthns arhogenopahatvohgeanf thevegocilol ebapets Hi0nwuillehe
25  substantially equal to ensure that substantially all of the channels 210 are being fully utilized,
and that the mass transfer zone defined by the interior volume of the contactor vessel 100 is

substantially equally contained.

[0091] The dimensions of the flow channels 210 can be computed from considerations of
pressure drop along the contactor vessel 100. 1t is preferred that the flow channels 210 have a
30  channel gap from about 5 to about 1,000 microns, preferably from about 50 to about 250
microns. As utilized herein, the “channel gap” of a flow channel 210 is defined as the length
of a line across the minimum dimension of the flow channel 210 as viewed orthogonal to the

flow path. For instance, if the flow channel 210 is circular in cross-section, then the channel
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[ 0098] Returning now to Figures 1 and 2, the vessel 100 in Figure 1 is shown
as a cylinder, and the adsorbent rods 215 therein are shown as tubul ar
menber s. woweldwy710t her 5 shapes nay be enpl oyed that areTdiseeiabb®7f or use
in sw ng adsorption process equi pnent. Non-limting exanples of vessel
arrangenents include various shaped nonoliths having a plurality of
substanti al l. . endli r: i to
the ot hert P SR b B F iR R e S et P e R S L R ks
sheet s wistttiapdediey hat waba detanbe shebhe pembidiedlayteoraed comiccahg theltive lamgest

bundl es of  hol.l ow fi bers, . as | I as.bundl es 10of .qubstantially parall el
solid fip&esof f@d@@fﬁ%ﬂbe-&h\é@e%%?%@gﬁ% ¢st 3ids of (Sheéw%tfgtl%)- pressure swing

adsorpt i sse 00,.,in an alternate arrange o Il n.this arrangenent,
e vessdPodfo° Tl <o tethoith bt B3 HEIG B0k ARITER D 4 sl SACERIREM oo
pressyr e-wafib@kibmer Behotrid PROIES HEFigh?es 2AGhY IBS tie Mejos fdg, Hidncls 210 are
Preferably, the housing 401 is fabricated fromiron or steel. 15[0100] The
vessel 40trrithaped. fRegstdless @f Sowmpatt sopsferedithat Sedatieiobthg vohummoladsabent A
gas inl et [ ' i rst [ ' tl gt
430 is pr%%%g%l&ga{ﬁé ? élévd(gfeéggér%d%gﬁﬂé %?e %&bé%ﬁ qn\fl\gwgels@c%lng&téla%%gb?#élt F6420
i S provi dédut Itoer, aed nrtepicheatly figin st 4Q2o abeuttsoel. second end 404, or
internediate the gas inlet 410 and the first gas outlet 430. [0101] A

pl urality0893]adsbr bant provsige 4¥ong@npplpaoensdpdrtishlony vath RS Aarprdicefionshehe
vessel 20,400  Stated_.another the.rods 415.(or, fi bers).copformto,the
car i ndlit SHEBERARS Y Qota e BPETS P it QAEBFDORES TGRS o
al so prowidad thé SHHeR Willecon@as @l spdQP orMebsR RN GicBMisi NGRS WbRER:! e spRfers
Bet ween t he adsorbent rods 415 are nmajor flow channels 450. A dehydrated

raw gas dekeammuchirecdett spagh tHrerefajcodarninaied ciasth érs naisdesitgblegasthe present
separati O%nta%:'go%gaé EQQE%Sﬁéeﬁlt%gémcgés\é? adsor bent rods 415 are shown; however,

it is unders a VESSEl" 400 will contain tens or even hundreds

or even S‘[ﬁﬁﬁlf’] al §hausap @ﬁniﬁgtfeé gg%élts, raogﬁraf'iwl 8f Thei "RiRberkd 3}%&%\9 hgn R0

between the rods 415 are prefte y 50 to O mcrons In aneter. [0103] 1t
wi || 1be appr beimackided biabugh the ddverbantr @dgie kigitred¥ pfeivgles @ perspsetpar atw of an

par al | el ni f ol ds orts for interfacing with a v i ng interface.(such
B B r ot SO aOoA0D BPR i BEVWAT Py PNt B DriGet TERiAGH §
si des of LhgoiHLdtl PIHCAdsYriRht BEAS 0P ah QuetersSrfadd8§s. eMRPIJURY BriadChEs {0 be
delivered to the adsorbent material w thout using enpty connecting tubes

whi ch geriemanseonidda fiy elonges innet diametdr 96 theripesiog 89 of hatvesseb10befdiigore bf t he
flow channel s 450 and the rods 415 may be reversed, as denonstrated in

y | 2V € : .
Fi gure 3.[00931201 Maefioropennels3d araamgpisd pathoug manelibicadserdentsoaserdsl 3gS gur e
4, mygpor (o] I j.de Those: . bee | hth
(t ancver sdchafnar s s BRI AP S ond Y OREO RIS By L) REERLATRER 0" 0,
Fi gur e 2CJovaevehad Hurthan isdrédse surdicctan@sdomy thangenbaitsodd, hmalhdansviossatchamtedy i al
may be cogted gnto the vessel 200 / 400 a he rods 215 / 415.
ALt er nat (49 ge Totieec ez 1 efn%fgt%c H%tﬁrlﬁ‘gqi%)r ?Félasedplra@e?lwerfvrecﬂwwer flow
adsor bent.\ppigr3a) wWith a suitable binder. An exanple of a geonetric shape
formed directly fromthe adsorbent plus binder would be the extrusion of a

zeol i t e/ gobyeTEr TREMMISLE ElowNRarecROSIY infal. b&@@iﬁ%al?&ﬂ%bﬁclﬁnn&sgﬁ@m% rd C
shape fornmed directly fromthe adsorbent woul d be extruded or spun holl ow

fibers mebiemeteionh lassig@i} ahost By myjerens. doirqyesipie. Theopoeo Spwiehemrelpd ik ae netso
pressure 1§1Vé‘e N4 tgdcso%ﬂ%t%@nse%lo &f %8sor5$}f? 9858 YUS Mt Waﬁ hd R3F %&d supporting

spacers is avoided.

[0097] The minor flow channels 320 facilitate pressure balancing between the major flow
channels 310. Both productivity and gas purity may suffer if there is excessive channel
30  inconsistency. In this respect, if one flow channel is larger than an adjacent flow channel or
receives more gas stream than another, premature product break-through may occur. This, in
turn, leads to a reduction in the purity of the product gas to unacceptable purity levels.

Moreover, devices operating at cycle frequencies greater than about 50 cycles per minute
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over a first adsorption bed in a first vessel. A light conponent-enriched
product stream energes fromthe bed depleted, while the contam nant, or
heavy comporemntos7rienai ns adsorbed in the bed. After a pretatSesrioss2dsti me
or, alternatively when a break-through of the contam nant or heavy
conponent is observed, the flow of the gaseous mxture is switched to 15 a
second a i i ific e.
whi 16t naBapksltp 2 ek SHEANGAVERARL b @l BHE chosE A ML Bplathe BT
heavy cornpenesicldsper mimyed fromthe first adsorption bed by a reduction in
pressure. In some enbodi ments, the reduction in pressure i s acconpani ed by
a rever sd0098w oRegamng moasti Figures dewdr bithg vehss! A8y Eignmohémshom as e

h I h | bed
R R N SR e U P g R T

produst %halee%mlamer@nmanhmoﬁe sEitSEFbELL, int HEing %htﬁptlorbpﬁbcmyectwprﬂwtged
with an inert gas stream such as nitrogen or a purified stream of process

gas. [O010%matimaing ereantilessel wesgelgsangemants dp@nda sareqpsshapidamoneliths hayagp i
ready for h ed
fron1the]%®%§ﬁé8%ggﬁP§8lﬁég |Pgtangay%%{n@gggﬁﬁﬁgggong“ggggﬁg&ﬁggﬁﬁég%ied
The t ot alotiegrelaeplurdtiey icf tubelal enghberaf sthcked fayom othedsotthat gaseousithmspiderse 1S
first conducted to the finst bed in a first cycle to t tinme en th
gaseous mMeRYEneearly shqehdpultigaviied eriral aollsr% hﬂiﬂfié gé@ﬁ% %ﬁ@, a papwpdjes

succqulqgsﬁMg&gmﬂg %aﬂd%%hgnb%35|ngle regeneration of the first bed. The
use of third, four ﬁ h, etc. vessels in addition to the second vessel

can serveeye|i NCFRAFe 4qy§ bﬁ)S&Jséﬂi‘lomeﬁeW e 2 PESAIB L IvRTE &NMEpBok LERCI 400, fnhg bed
30is shorter than the cycle tinmes for the desorgtlon and purgi ng cycles for

the bed. 4lOURR Frngemast riatthistamangenacnsf the vessebAdhist smivassler. Tooyvewsslatfil es
d
Seorpr T AR TABRS dn oo lTa BlesBlrc LA ACRAR L 3R NeGHEUfi0 RAGRRN Cnil

Count er cwmerlvtref&taegdme%ahiag @@E&)fabm@tédﬂ@omxmﬂmra&el.a feed stream WO
2012/ 067719PCT/ US2011/ 053275 cont ai ni ng hydrogen, nethane, and carbon
di oxilde i[8100jt r odbc ecsseind M lzasva fitstiahd slesaeht. 40]Zv\/@n¢e[seaoadeenprshdwntat 404.eans

are then rel. ;. one. .1 epr esen tin uct Strean1 fter ent
oadi ng. G EngihE PR Y GoeRehaiied bk oyl FarEAg o

bl ow downyecid0HBd BN Optish 'PI?dglse@ﬂnH% obBEt 4208isGR GHE At G MeRfatd 1@ first end
conposition of the separated Product Streans | eaving an RCPSA unit when the

process M2 andduhsedona endotdi odinerecdiagyths gastinkst 4 Thandabsfirs greewiet 480.on
relies on the observation that at a periodic state, the RCPSA produces a

constant [@4%Hosi & Brality ef agigrhany yodst 415y &g uEeEdedylong &rwaJPhGWMfl}h‘F vespel e,
t he lygadi t |

pet win 1 1§y ACRRLAR0. IR PLL 13 (BRAbYS, FIRPRR R In "B MRE ARhEBE phe
cal cul at egsgch dﬂﬂerﬁreﬂ'rablﬁtm adsarbical ripg @b |ieslsangtopided wdthiic drqmaslsetll mSandas
the sol ution of. simul ous _differential ations, The. has be

di scuss gdill‘?% %neleﬂ%ﬁ RHRCY PeEPh: frecey et DRH rm'is AR maioK %YE

Ser. 81 (@ﬂgﬁydﬁ‘ate@&w £A98R)m RRE tﬁl%ﬁlgf?ﬁlea}ﬁgoﬂ%\b‘éﬁﬁhneﬁl 49007 gas séf)argt?c)n. p
310, (1990). T0109]Using this approach, exanples of conponent gas

separ at | qoﬂmr e ﬁﬁF%ﬁlﬁé nafiedidsdremmal 814 aleQhd@h hdd det, |1§15$ﬁﬂ@ﬁt@bhm‘[ﬂf€j ng
non-thermal sw n no thermal step) is first shown in Table

The %par@ﬁs%ﬁ%ml}m@@m fons phevenekesds fevgme\e@mi tpypands of Sglhalbmdﬁﬂﬁ%rom
a Feed Stygam oAl BhRcERe G AoFtt W JRIALLLOGHRS SHEBAM hitBon i®

Feed Stream cOnt alns y vol une a remainn
H2. The olismpeapents are separated by a klnetlc separation on an adsorbent
material such as the Takeda 3A carbon nol ecul ar sieve. During adsorption,
carbon di[0k#Ye i & wibbe bpprcontad thae wathl the sineugsmani dfeFigatdhdnecrarde pyatlolgen
are rel eansia?ano?(?s S f;olr[ssftor E)I{tgr?alljc%g with a valving interface (such as a rotary or a non-rotary
30  valving interface) can be arranged on both sides of the multiplicity of adsorbent holders, thus
enabling a cycle to be delivered to the adsorbent material without using empty connecting
tubes which generate dead volumes. It is also understood that the location of the flow

channels 450 and the rods 415 may be reversed, as demonstrated in Figure 3.
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[0112] As can be seen in Table 1, the first product, indicated at Product
Stream (1), contains 95.08% CH4. This represents a high purity stream
The secomslopnredwctiy i ndi cated at 25Production Stream (2PCTiUs201e0632¢5 ed
during a purge cycle. Product Stream (2) contains 99.76 vol. % CO2. This
al so represents a high purity stream nol % Feed Stream Product Stream (1)

SERSET G TR e e
be in accordance with transverse channel 220 of Figure 2B, stepped (or spiraled) surfaces
225 of Figure 2C, or both. In ecither of these arrangements, the adsorbent material may be
coated onto the vessel 200 / 400 and the rods 215 / 415. Alternatively, the rods 215 / 415
5  may be formed directly from the adsorbent material with a suitable binder. An example of a
geometric shape formed directly from the adsorbent plus binder would be the extrusion of a
zeolite/polymer composite into a monolith. Another example of a geometric shape formed
directly from the adsorbent would be extruded or spun hollow fibers made from a

zeolite/polymer composite.

10 [0105] In the preferred pressure swing adsorption process, the gaseous mixture is passed
over a first adsorption bed in a first vessel. A light component-enriched product stream
emerges from the bed depleted, while the contaminant, or heavy component, remains
adsorbed in the bed. After a predetermined time or, alternatively when a break-through of the
contaminant or heavy component is observed, the flow of the gaseous mixture is switched to

15  asecond adsorption bed in a second vessel for the purification to continue. While the second
bed is in adsorption service, the sorbed contaminant, or heavy component is removed from
the first adsorption bed by a reduction in pressure. In some embodiments, the reduction in
pressure is accompanied by a reverse flow of gas to assist in desorbing the heavy component.
As the pressure in the vessels is reduced, the heavy component previously adsorbed in the

20  bed is progressively desorbed to a heavy component enriched product stream. When
desorption is complete, the sorbent bed may be purged with an inert gas stream such as

nitrogen or a purified stream of process gas.

[0106] After the first bed has been regenerated so that it is again ready for adsorption
service, the flow of the gaseous mixture is switched from the second bed to the first bed, and
25  the second bed is regenerated. The total cycle time is the length of time from when the
gaseous mixture is first conducted to the first bed in a first cycle to the time when the gaseous
mixture is first conducted to the first bed in the immediately succeeding cycle, i.e., after a
single regeneration of the first bed. The use of third, fourth, fifth, etc. vessels in addition to
the second vessel can serve to increase cycle time when the adsorption cycle time for the bed

30  1is shorter than the cycle times for the desorption and purging cycles for the bed.

[0107] To illustrate the use of the contactor vessel 100, examples are presented based on
a model of the kinetic rapid cycle pressure swing adsorption (RCPSA) process. This model is

called the Continuous Countercurrent Steady State (CCS). In the examples, a feed stream
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WD 2012/ 067719PCT/ US2011/ 053275 [0113] The purities and recoveries
denonstrated in Table 1 are conparable to those purportedly achi eved by

Ur ano,

was obt ai ned together by Saibo Gas Co.
Engi neeri ng Co.

8@&%@5&% H5drogtd, GRIArE) of OAUGH oBRAT MR fud a%iftda O C'T'%v 2

Feed Str
96. 05 1.

10

15

20

25

etwal2012/@371publ i shed in EP 0 426 937 in 1991. ThipsTHSc@paas27pat ent

Ltd. and M t subi shi Petrochenica

Ltd. Urano, et al. cl ai med t he foll owi ng separation:

separate product streams are then released — one representing a Product Stream (1) after
adsorbent loading, and another representing a Product Stream (2) after purging or blow-

down.

[0108]

Product Streams leaving an RCPSA unit when the process has reached its periodic steady

The CCS model allows for the calculation of the composition of the separated

states. The CCS representation relies on the observation that at a periodic state, the RCPSA
produces a constant composition (i.e. purity) of products. Over any individual cycle, the
loading (i.e. adsorbed material) on the adsorbent bed oscillates between two fixed extremes
for the Product Streams. The CCS simulation calculates the periodic state axial profiles and
product compositions, as the solution of simultancous differential equations. The model has
been discussed in technical literature, such as in M. Suzuki, AIChE Symposium Ser. 81 (242)

p. 67, (1985); and Farooq and Ruthven, AIChE J., 36 (2) p. 310, (1990).

[0109] Using this approach, examples of component gas separations are demonstrated:
Example 1
[0110] A kinetic separation using non-thermal swing PSA (i.e., no thermal step) is first

shown in Table 1. The separation provides for the recovery of CO, and CH,4 at high purity

from a Feed Stream containing CO,, CHy4 and H,.

[0111] In this separation, the Feed Stream contains by volume 25 % CO,, 72 % CHy,, and
a remaining 3.0% H,. The components are separated by a kinetic separation on an adsorbent
material such as the Takeda 3A carbon molecular sieve. During adsorption, carbon dioxide is

adsorbed onto the mol. sieve, while methane and hydrogen are released as a first product.

[0112] As can be seen in Table 1, the first product, indicated at Product Stream (1),
contains 95.08% CH,4. This represents a high purity stream. The second product, indicated at
Production Stream (2), is recovered during a purge cycle. Product Stream (2) contains 99.76

vol. % CO,. This also represents a high purity stream.

mol % Feed Stream Product Stream (1) | Product Stream (2)
H, 3.0 3.96 0.00
CH, 72.0 95.08 0.24
CO; 25.0 0.95 99.76

Table 1

Example of Kinetic RCPSA Fractionation with High Purity Products
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[0114] However, Urano, et al., relied upon a thermal step. In contrast, the
current process, using fast cycle kinetics, is able to provide

subst ant ivabI2g12%ds@718anme separati on w t hout usi ng a ther meicTamseoug/o832rs ng
regeneration. Accordingly there is no need for a heat exchanger 10and
associ ated equi pnent as required by Urano, et al. The current process is
able to t adv . ! r. a i i 1 !

Tose cquilBi: . Euaanae « 1 e B SuhbSled ina Pk [5h Eomkabitothbit
separ at i qurpatedlysachpvod ibgédaimgreeizn, aslpubtiblicd in ERA@A26 B37AIn E)9dnlihés Earokéaret i C

separation using non-thermal sw ng RPSA (i.e,, no thermal step)_ 15is again
pr ovi ded, PHEPE i e QbR AR \r%yrgftﬂﬂ?é) é.gasTﬁ‘@»s@&hr 9 QRO d%egr%ﬁ?m'gﬁle
recovery E}{gifg%n%@.,%_ Btandl @/ RYKiHCY thd RMbRidRParatisam cont ai ni ng CQ2,
CH4 and H2.” [0116]In this separation, the Feed Stream contai ns by vol une

50.0 % CO2, 4 oo CH4, [and I Ng [1p09 ‘F‘ﬁ njo I pr?:t the
Feed Strjeam i En hiés Exanpl e@eégﬁg@ns tV\APg(e)/((i gtllreépia@i)veﬁ)ggr%&l}ﬁtﬁ%e% 52 as
conpared tTo Exajple L. The corrpe#) ents are agalre}’ 0 Separjated by, g Kinetic
separatijlon on ah?adsorbgnt matetial such as the Fakeda 3A car boh | ecul jar
si eve. Dorimgadsorption, carbon dioxide s adsor bedontjothe nol;,—sieve,
whi | e ndgt hane &% hydroden are7Pdl eased |as a fP9-8% product. [0M183 The fi st
pr oduct ,—ndiecated—at—Proeduct—Stream{H) i i
represents a hi@dk purity streadd.2The sec

Productilon Stream (2) ils 25 recovered d

Tabl e52, Product Stream (2) contains 9abf52vol. % CO2. This represents a
very high purity stream [0118]Once again, the purities in Table 3 are
simlar to those achi eved by Urano, FRt 0426 937 WO

2012/ 067719PCT/ US2011/ 053275 shown in Table 2. However, the disclosed
process, [0814g f Betversre |l&rapg.ndt ¢lostelipd ugpp e therpabiicae Iheonftase the parst on

wi t hout j ther oal t&f ' - i oh Svithout
308, LT 5, 300 TS AT Dl
using a thermal swing during regeneration. Accordingly there is no need for a heat exchanger

10  and associated equipment as required by Urano, et al. The current process is able to take

advantage of higher mass transfer and kinetic cycling with less equipment.
Example 2

[0115] A second example of gas component separation is also provided herein. In this
additional example, a kinetic separation using non-thermal swing PSA (i.e., no thermal step)
15  is again provided, with results shown in Table 3. The separation provides for the recovery of

CO; and CHy at high purity from a Feed Stream containing CO,, CH4 and H,.
[0116] In this separation, the Feed Stream contains by volume 50.0 % CO,, 48.5 % CH,,

and a remaining 1.5% H,. It is noted here that the Feed Stream in this Example 2 contains
twice the relative amount of CO2 as compared to Example 1. The components are again
20  separated by a kinetic separation on an adsorbent material such as the Takeda 3A carbon
molecular sieve. During adsorption, carbon dioxide is adsorbed onto the mol. sieve, while

methane and hydrogen are released as a first product.

[0117] The first product, indicated at Product Stream (1), contains 96.04% CH,4. This
represents a high purity stream. The second product, indicated at Production Stream (2), is
25  recovered during a purge cycle. As shown in Table 2, Product Stream (2) contains 99.95 vol.

% CO,. This represents a very high purity stream.

[0118] Once again, the purities in Table 3 are similar to those achieved by Urano, et al.,
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Product Stream (2) H2 1.5 2.97 0.00 CH4 48.5 96.04 0.05 CO2 50.0 0.99 99.95
Tabl e 3 5Exanpl e of Kinetic RCPSA Fractionation with Multiple H gh Purity
Product s wWORaRjos7aepar ate nodel may al so be used for prediratseog/osaaponent
separation and for designing a PSA contactor. This nodel relies upon an
adsorption isotherm In this respect, for a well-designed kinetically
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Table 3
Example of Kinetic RCPSA Fractionation with Multiple High Purity Products

[0119] A separate model may also be used for predicting component separation and for
designing a PSA contactor. This model relies upon an adsorption isotherm. In this respect,
for a well-designed kinetically controlled swing adsorption processes, the amount of heavy
component in the micro-pores of an adsorptive material can be approximately computed from

10  the adsorption isotherm of the heavy component in equilibrium with its local gas phase

concentration in the contactor. Similarly, for a well-designed equilibrium controlled swing

adsorption process, the amount of heavy component in the micro-pores can be approximately
computed from the competitive adsorption isotherm of the heavy and light components in
equilibrium with their local gas phase concentration in the contactor. These approximations

15 are possible because, in well-designed swing adsorption processes, the contactor provides

good mass transfer characteristics between the gas phase and the adsorbed phase in the

micro-pores of the contactor.

[0120] The maximum attainable loading of the heavy component in the macro-pores or

free volume of the contactor is called qs (units for g, are milli-mole / m® of the micro-porous
20  or polymeric material). At low pressures, the adsorption isotherm for the heavy component
usually obeys Henry's Law. Therefore, the amount of heavy component adsorbed in the

micro-porous or polymeric material may be presented as:
Qieavy = Keavy PHeavy qs (in milli-mole/ms)

where Kteavy 18 the Henry's constant, and

25 PHeavy 18 the partial pressure of the heavy component.

The Henry's constant (Kyeavy) depends on temperature, and usually varies according to the

equation:
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[ 0120] The maxi mum att ai nabl e | oadi ng of the heavy conmponent in the
macr o- pores or free volune of the contactor is called gs (units for gs are
m | |i - nolwo/20reBe60f19t he m cro- porous 20 or pol yneric nat eciraiSpo11As327dpw
pressures, the adsorption isothermfor the heavy conponent usually obeys
Henry's Law. Therefore, the anount of heavy conponent adsorbed in the

m cr o- porous or pol yneri terial may be presented as: gHeavy - KHeavy
PHeavy qs (i n Kl i= Kgle ) (inpesceKeavy is the Henry's constant, and
25PHeavy is the partial Pfessure of the heavy conponent. The Henry's

const ant ‘§KHeavy) depends on ten%gr gtur e, and usually varies according to
the equat?Bhe WO 201200%Y PFoBEPPUESH #44 053275 AH Kueavy = KO e - (in
pascal s') RT wher eKO ,i.s. e-e nential,. an is the heat of adsorption
(in joul e/nole). [Olﬁ&fflﬁghéi)f;lr%lrt 8%(/%%3@“88?19\)9@3?}%@@' recovery for a

ki neti cal ont #Ql: i : I IO i t oot e
and pres S[B ¥%aﬂ S hogﬁ d@%@%@gﬁ@%&&%h%itf (pft aﬁ%ﬁgﬁﬁllg? %;[1 r(gllegl s‘%ﬁ%??{)ozﬁtgnep,

t he | dadimmgeoss, thhenlketonypecanmpomenpressurt Bbouti dreoehpocre sudhethnt tthéhepaiddt dic
which the feed streamis i.ntrqoduced to the contactor.should be great.er than
0.15 qs ZHOTBHE SFROMY BRURESE D DROY SOTROR b i BOfS iaF B9 DOIG th or
than 0.6 Gsich T SecddedraheEBRtroRl@EeD Mc! QWRIPUUBAIIOR: LRtk th&t oRkegsHe
and a maxi mum bound on the inlet tenperature. 10 Wth increasing |oadi ng of
t he heavyprefergbbngnettei than B3 qriand evpomese picfardtdy geisitar theant 0.6 gheTlzmguirement

mat eri al tlhat ils seJPecti vejw% .aldior bed in,the contatgotor ist i nclrte%sed nd the
amount  ofPHE? &rPAFT PHAY LhHCRICERISEINT 98¢ § PRIRETP U] PHEC FUSORRIPEERYS: ep
I's inoreayaf. indB&igafadthe! Gethk GREl N GombGitnt iif AR hicrogi@Rdoft thieSads@beR, the
reduces the recovery of the |ight conponent because the slope of the

adsor pt i c¥nquabehiapteiipldhalsls sgedaeheaserbad ihthe wentaeter Wdnessd apdthe psquot o]

To maxi m . e r . I gaht: it tsS: pr . hat
near the il CERE Rl Betufln iR on e 8RR L RAUFE A T
sl ope of lbidngsdignifiobmtBnbéyal higk Mufgeredires drayoveenpdihenight Sompogat Boaugh so
that: q Heavy > faK Hgaqu s. where a = 1/50, or_nopre preferably a = 1/25, or
even nor éipplapepibie pdserptigngsotbeympignds torflegirass Wifh BICKREL ATSa% UM bound on

t he inlet ssure and a mini mrum bound .on the inlet tepperatur such,

t hesdSr edAPHnendS rEiBfe T ERERSHOY [hed 2 FoRPRRma S HoRTHGF T e Fased The

St ream priesiUit &viad tHEPRAYA Skdbne id ol &d bhle c8R@YEBE, YthOfsidpB@fl th&Rlsorption
conponent is optimzed. This window is inportant in natural gas separations
because sertkerpaion thel hogus compensobisilyrepe ed that: pressures ranging from
1,500 to 7,000 psi. These feed pressures are 25 usually too high to fall

wi thin the optimumrecovery w ndow f@gmeaﬁegha , Which acts as a |ight

conponent in a sw ng adsorption sepagIaHti on. = Heawds
eavy

where a =1/50, or more preferably @ = 1/25, or even more preferably ¢ =1/8.

20  This inequality places a maximum bound on the inlet pressure and a minimum bound on the
inlet temperature. As such, these requirements define a window (i.e., maxima and minima)
for Feed Stream pressure and temperature in which the recovery of the light component is
optimized. This window is important in natural gas separations because some natural gas is
usually produced at pressures ranging from 1,500 to 7,000 psi. These feed pressures are

25  usually too high to fall within the optimum recovery window for methane, which acts as a

light component in a swing adsorption separation.

[0123] It is noted here that an effective diffusivity ratio, or selectivity, may be expressed
in a manner which takes into account both intrinsic diffusivity and the slope of the
equilibrium isotherm. The slope of the equilibrium isotherm is:

Aq
Ac

30
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[0123]1t is noted here that an effective diffusivity ratio, or selectivity,
may be expressed in a manner which takes into account both intrinsic

di f fusi viwg 2arxbethie sl ope of the equilibriumisotherm TPhe/ustapas2isthe
equilibriumisothermis: 30Aq Ac WD 2012/ 067719PCT/ US2011/ 053275 wher e: Aq
I's the change in | oading of a conmponent; and Ac is the change in
concentration .hat cogpo: ' S ' to the Henry
constant at I8&%%%nponeﬁgyégﬁ%%ﬁ?§§%@gﬁéﬁafggg%?QQEEgggg%tive diffusivity
ratio (or selectivity of ,specje y ' reference to

speci es 2 where species Z.ngifgﬂ%%a%%ﬁ%lvcf?&nﬁqg%BF@%JZ&%%(}S&R'S%%Ci es 2 is the
"Light," hidsiopdiHdentidh) B8 ok Bt folieedridneif didlciftaibhs, T Sl ope2 2 DL
- X DQS!Oﬁ%TOF &hg?énggiggﬁﬁéygg?ﬁ%siy%%ycéﬁiphe F@gvy_spé%ies; D2 is the
di ffusivippy2qf tirge lf@biives Bﬁ”ﬁisﬁ@bz falio 1@} SclRBVift bf Bdctesdi ffyUsie Vidsyrbemt ind
measuring the difference in uptake D2 rates for kinetic adSorbents of

i nt er ést .prafieioncy & peaesy2 ehaon spésecsot dethafHeDy .t o cBOE;Onnard ppessish? ys thech

hi gher. “Light,” e.g., CHy, can be derived with the following result:

D1 X Slope?2 ’
D2 Slopel

where: D1 is the diffusivity of the Heavy species;
D2 is the diffusivity of the Light species;

Dl . e teme e : : : :

10 ) is an intrinsic diffusivity ratio measuring the difference in uptake
rates for kinetic adsorbents of interest. This value may be on
the order of 100 to 500, and possibly much higher.

Slope?2 is the change in concentration of the Light species.
Slopel is the change in concentration of the Heavy species.

Slope?
Slopel

15 [0125] A conservative value of the ratio of slopes ( J(using a typical Henry

region), is of the order of 0.3 for the kinetic adsorbents of interest. Therefore selectivity is of
the order of 100 x 0.3 x 0.3 =9. It is noted that if the Light species becomes even less
prone to be adsorbed (i.e. Slope2 reduces), its D2 value also decreases to reflect the lowered

uptake.

20 [0126] It is possible to access the optimum light component recovery window for most
heavy component (such as CO,, N;, and H,S) separations by preconditioning the natural gas
with a turbo-expander. The turbo-expander recovers the energy from the gas expansion.
Energy recovered from gas expansion can then be used for power generation or to help
recompress separated acid gas components (such as CO, or H,S) so that they can be disposed

25 of in underground formations. Underground formations that are suitable for
disposal/sequestration of CO, and H,S include aquifers that have a top seal that prevents
significant loss of injected acid gas components, oil reservoirs, gas reservoirs, depleted oil

reservoirs and depleted gas reservoirs.

[0127] Typically, the separated CO; and H,S must be recompressed to pressures greater
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Sl ope2 is the change in concentration of the Light species. Slopel is the
change in concentration of the Heavy species. 15[0125] A conservative val ue
of the ravpDaofocsiiopes r Sl ope2 Slopel ) (using a typi ealr/usennys32regi on),
is of the order of 0.3 for the kinetic adsorbents of interest Therefore
selectivity is of the order of 100 x 0.3 x 0.3 = 9. is noted that if the

Li ght |
18 bo° vl PERTER HET PRES B PRt RS R0IFL Z ta%a% ke e
possi bl e Hetpfactodssaliihie mpkd onomgy regbtzere«b lﬁrpﬁne tuirboexpmﬂeyfomraﬂmprémome

heavy co one t (such a and tlon by preconditioning
the nat urQpt ﬁnéstu OFxP4N %?O@S%%%ﬁ@éﬁ fir rbtl %%%ﬁeéﬁmﬁéew& ROYET-

ener gy fromdcheit gsaecoﬁzsmaaﬁy Qﬂvan?d}g%@é’tort%@ ‘&"r@fb%%xioﬁ&f& dASaptrl %ﬁ&g? Mrofp@ Past hen
be used for power generation or to help reconpress separated acid gas
conpolentspimsiwhused t@@ndnlomza)urslog%hm thdheptiroam tbethdis ]mewy%mdcbwu nlhe
under ground formati ons; Under (i\ ﬂf-]l t| ons t are stw tabl e t

di sposal /C&FIeSYY 8‘?1?66 of B ﬂOHB‘S ‘iti%ﬁ TerS"YRED Have'a tSB?)ﬁ seal
that prev@npredsb@pidségzant | oss of injected acid gas conponents, 0|I
reservoirs, gas reservoirs, depleted oil reservoirs and depl eted gas

r eser voi r[9128] 012Bh3porc athd ybovtektmar&martaﬂﬁﬂ»lc@@arﬁlnme HaEprowesit cdmacltlﬁg %@ﬂ’e@ sed
to pressures greate \\O 20 2/ 067718PCT/ U82011/ 053 75 thanai 000 and
of ten to i#0e8%0AcandypQ: apethndsSU) gbsenzatingrgsthang Hogaz nptyrad s mxtur%age it
I's hglpf Lsﬂro\tn@ecpﬁ 2R eF%RrJ §gﬁﬁ71@é§%r ﬂéfwélﬁ?@d’&ﬂcﬁl‘én&ﬁ@@tﬁ) stdF bR rﬁétﬂé&kdﬁfo 0"
reconpr essi on he cos t ur bo- expander an a gas fired

t ur bi ne pepdagiggetiaec Some aambwralt gof mpawer . Thssmstholds 5D cipl@c pressire aving
advant ageous t.0 use a turbo-expander to. capture.ene fro as 5 expansion
sed t o  CORIPLOIR RAG OF S10T0 46Dy W teU D e AR A 2 01 B0 S Tt h AR IET he
ener gy caeg,cglther be recovered with a shaft-coupled electric generator, or
with a shaft-coupled conpressor. [0128] Based on t he above-descri bed

t echnol ogy1291d t he idwdr by ellk eRNb@Bt FOE 1heS femhs pkOfire 6NAAg ARG PHOR Bnclietshods
500 of separating nmethane froma natural gas m xture are 10 provi ded

her eild. FoguensiogalpressEeving psRRiy P Sdantnyel as porgalledaisstial prespye sHstheids
500 of s t

onpl oy prodieried, AR ARG OB oIS, T, Kty NGB S mE oy

heat i ng afptivhdlyws S(ﬁidudﬁﬂdlvﬂgl mppiwgnlemg m:yvhioh caB@ﬂh%S]aAs rafsredi fonast fapidn®tcheods

500, the term pressure sw rpt ncl udes, 15 conventi ona essure
swi ng addBFSTicoNIpPERCrptian Q%ecfﬁdss “’(P RIS B%{‘Flf‘ﬁaﬁ“%f‘e%ﬁ‘gé“s‘{}\m%%‘?nt

di spl acengkpte Mglq)gog@ﬁgppgAp{écﬁfd? s.technol ogi es. The swi ng adsorption
processes nmay optionally be conduc ed with rapid cycles, in which case they

are nef erpesd]t 0 Ffic rARhdsC 00 il efIutice dFvdtng adsaithial Qs (RERA) intandeiapi d
cycle partial pressure swi ng or displacenent purge adsorption (RCPPSA
t echnol ogeparatigppmt. 3diFHe Pratidrdda BrooSH. r She paciopaation pat inglgdasié legst ofal

gas m xt Yr SS{ll%thwﬁ% 48 E@ﬁ)gla\;eﬁgélo%hg Qf'egsel Ithl'lz%s LR aBEo%éIfi!%?até@l %Qléltn? 10kindte

gas separation uni |'east ressur on vessel .
The vesseakledtivityi ﬁ;es:oatanaﬁkﬁm bmtmesthzt@ruhaﬂ is @@/atﬁqhan I8 nEtd cbnsﬂlluﬁeﬁts wiayybd or
cont am nants over pethane Hi‘hat reat er th The contam nants nmay be

coe, H2S,CRpalShdadyheryyh SRR VoD o %eaﬁ‘%sriaeie is t her eof .
25  [0131] Each vessel has a gas inlet and a first gas outlet. In addition, each vessel has at
least two major flow channels through the adsorbent material. The major flow channels place

the gas inlet and the first gas outlet in fluid communication.

[0132] The vessels are unique in that they also include at least two minor flow channels
through the adsorbent material. The minor flow channels are in fluid communication with
30 the major channels. The minor flow channels increase the surface area of the adsorbent

material, thereby increasing adsorbence.

[0133] In some implementations, each of the at least two major flow channels is formed

from and/or along the major axis of a plurality of rods. The rods are spaced substantially
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25[ 0131] Each vessel has a gas inlet and a first gas outlet. In addition,
each vessel has at |least two mgajor flow channels through the adsorbent
mat er i al .woheilzmajap fl ow channel s place the gas inlet amdTiuseoiflios®Us gas
outlet in fluid conmunication. [0132] The vessels are unique in that they
al so include at least two mnor flow channels t hrough the adsorbent
mat eri al i | W d e
i or chnes it WO GHRRNRS Mot Epefelk sl SR A7 LRGN Jihubnp
adsorbenﬂnﬁhﬁ&mﬂahunmhﬁﬁmbylumcnmaanmgvﬂmsahmﬁRQEHmf%&33hhmibpaqﬂmathof

i npl ement ati ons, .each of the at |east t maj or. fl ow ch nnels f or med

f r om and/S6PP&f SHEehalong s resRacivoFods gy Qs I’af%i S SRS A
spaced suRstbt Abb O TRHRG L RRENHR0 1 ORER4E (RaMilsdlt RARboY FRAAT L
providing the fl ow channels with & substantially uniformflow volune. In

t hi s énbodiammaht and ket plasaghe gao infethard ﬁlS@W)ItdthImellltkit rmyﬂlbé Cbmmmnicablyona

pluralit faces al-ong .t he .respective r |ra

B urt aces PRCERIA IR art bRHETer FRBeREoln SRR G Rk R R S heSRISRHER by
fIOM/chaQﬂ@b§ﬂ§®@hmhﬁkﬁrsect the at least two ngjor flow 5 channels and
whi ch place the gas inlet and a second gas outlet in fluid comrunication.
Pr ef er abl[9134]he @The Insnalsddst 300 mmQrchfdeqvl/a@ﬂ@lﬂmehtsleaﬁe)nsukmsieamlhdal Prgssure to
transverse to the at | east two major f|OMICB nnel s. 0134]The nethods

al so i nclGHE PRI RNE He the nﬁt@%tga%ﬂ@wé%gb %‘Pedp%tgstb? 8dsay @é&%@éeﬂa
cont g naﬂ{@ id ﬁeetnhﬁ Bt 4! maécce}&ahw %&%@%&H&&y B! c%maﬂnﬁaﬁs A %ﬂt

mat eri al IS 1S seen in . I'n accordance w'th the nethods 50
contanlnamnsdmgmhnnxmmmbnammrahmgaﬂbna&mdmﬂ bedwngmkphamlWahmyﬂmdaboﬁedt|n
t he gas phase mniﬁﬁn t he. adsor b terial anln nt.s residefﬂpder
pressur e T34 e FORIBRIngRly 1eh ?dl EﬁB’?S%lFeﬂ% %B‘E B%HP R PArs of e

[ 0135] The,ggmbbadsata®d further include releasing a product stream conprised
of at least 15 95% by vol unme nethane fromthe first gas outlet in the

vessel . Toi3s]i s Fhowrtlaids Bos foder iWtidereldasing aqtodict Sﬁréa@@%rﬁpliimrdﬂay least
conprises nethane, it nmay al so contain hydrogen, nitro or conblnatlons
t her déf . PGB8 PhangracHighs foopths) férst g%&l@@blﬂd@édﬁbﬁehgT lfs whwhgt Bae 53

contamn n i i €. t he
o esaur o B n Aot T RS oSt Bl D1iP oh SR0 G ig q%%ﬁdg%ﬂ’o_
The desorbirogensde@ndiindoxs 8dbeafs done w t hout appl ying heat to the vessel

Fromthe desorbing step of Box 540, a waste gas streamis delivered that
conpri sed0436]| eadhe 9BYhdsly 500 alﬁcemol‘ud@ lesarbme anri muaging dlas cantargageisgases from

combi ned 1 Retin B Tha 10, ARl Pe ERRAL I Rt RERDANS Ra36° T °

provixdes wsérdRigdst&y Qronﬁc%SSeurEo>254§Wm slomint kep ATBGES30 iREBRAwithout
contactors may utilize a rotary valving systemto conduct the gas flow

t hr ough &rpbing Yeaddedhoarssgbdliran the dawubiRge rigap- poBax P 4Hap Waste Besystedagbise

used. delivered that comprises at least 95% by volume of the contaminant gas or gases.

[0137] Preferably, the sorbing 520 and desorbing 540 steps take place in a combined
cycle of less than one minute. In this way, the method 500 provides a rapid cycle pressure
25  swing adsorption process. RCPSA contactors may utilize a rotary valving system to conduct
the gas flow through a rotary adsorber module, although non-rotary valving may also be used.
The absorber module includes valving elements angularly spaced around a circular path. The
rotary adsorber module also normally includes multiple tubes held between two seal plates on
either end of the module. The seal plates are in contact with a stator comprised of separate
30 manifolds wherein the inlet gas is conducted to the RCPSA tubes, and processed purified
product gas is conducted away from the module. By suitable arrangement of the seal plates
and manifolds, a number of individual compartments or tubes may pass through the cycle.

More specifically, each tube or compartment is successively passed to a gas flow path in the
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The absorber nodul e i ncludes valving el ements angul arly spaced around a
circular path. The rotary adsorber nodule also normally includes nmultiple
t ubes helwohketveenot wo seal plates on either end of thepPowdisk@1/033es seal
plates are in contact with a stator conprised of separate 30 manifol ds
wherein the inlet gas is conducted to the RCPSA tubes, and processed

purified aﬁ)%%?ﬁ{e cﬂf'ae%tii)lf a%? gga'ﬂﬁfrg ¢ aua%d &f%gaf{tﬂg iﬁ%ﬁé@al O]EXSS lag/ﬂ&pld?rection

ar rangene the sea tes and nmanifolds, a I ndi vi dual
conpar t medps iorthté wbmpleaRP&Ss cydic.olitile tubes oy corepariviengs spgcdifhiec aldvy, orelsc h
tube or conpartnent is successively passed to a gas flow path in the WO
2012/ 067?1%%@?‘73’63%1161?‘[65’§12’7‘§'appropri ate direction and pressure to achieve

one of t ificrenent al. pressurel/fl.o hrectio t.eps. i 0 t.e SA
over o ilEee o bRGBATRRHAS s Sd e PO RBRUGRhetCh s, TRRRISEG R
gener at e ofahy hudgs id Qk3hivtlyl %’c&a&ﬁ@hgmﬁ soaptidrns2 0nBidh@dsrppidl e seppdyeied
using RCPSA. In RCPSA, each of the tubes I s successively cycled through

t he sor ptiP@HY Bo@lulmeomBlstss it cpele S oorsraioy. adhe wacking argeespaidves EunBCESSs a
oo . ;
Y rore e PREDRI W VO nfbfCUTRaPLASGARE Ao PUlRe hlfe,ETRA LEERGPOARKGl BBV

mat eri al maauidlr edused hwitCASAPS &ctuobdlgyy mayy e much lees shdnhéarat tdegqhirededod r ed

for conventional PSA technol ogy tao achieve the same separation quantities
and qual iOpgtiopal BSA ¢ 9&9&/?0 Pﬁée‘feo@@éﬁlinﬁts?Wﬁ%’sﬂ%Efl?S yuhaualigennddit of

activig adsqQoen fJoﬁf}fﬁit,[iﬁgesz/tA\rﬁéntﬁgcﬁfheia?n&tﬁﬁp bE@th¥ RiEBLA CRtddY ol RS A han

that for a conventiona unit processing an equi val ent "anount of gas.

[ 0139] Rettypinalhygsipuifistrely 4@ tHanrthate®o nlmonyerttioealcRA omit diraocssieg Goreqoitvhlent
cont am nant s) fromthe adsorbent material, the waste gas stream may be
del i ver ed?‘IIEQJr‘?'g Sthe gas inlet. 15 Alternatively, valving may be arranged

so that t st } elivere .t he fj et.,In
one as pe(,Ip ,?3t he gfsglﬁilg %A’ %%ggg(gsfgrr%eg n@ll%/ggtg tg g%%g % rta%qﬁile I (8%)(57%5 %’%ﬁa@&{éﬁetc%%
gas out | eforh Rhe bdREbcat Endidieal oS Wddteefasafitbatnh@a ibesdeligasd Qhiough thd Pad Hils.

i nstance, desorbing the contam nant gases per Box 540 may release a first
portildn ohlterpEvgls valvigsmay pe drprgedrotthe the pastegias seanp &y deliygipddhropgh the

portion e am.f : one
ol emontat] SRR {rEBR Frba Ml Tk 0 AEERI, a8 RIS coffiiE Atklan®
cont am nans ogtstemtetmmpnicstes gaeimesindgha fitstrgas opdett | lanhsfinsthecenwdsdoebig@she
streamduring .a first tiﬁ)é eriod, ?nd afsecond pog%li on of the waste gnas

st ream dUPPRERE SEERAPE 1 psﬂgrm%?e eppe2 M ROTSY 0F BR Vot g8 sHgapdrgadhe
Stream Mgy GONRGHSCaRt a 2854 pSa%h Byth)é%gfé?%a@@@eaﬁ ASnS@E QEdnRQhS bt of the
waste gas stream nmay conprise primarily nitrogen, hydrogen, rrethane, H20,

25 @p cquip40)at i pnsomBeERPNmdnitations It @6 hdbdd 8680,SMECItEY G40rdtedesbibing the
exhausting may be reversed or manipul ated. [0141]1n sone inplenentations,

t he met hc@BtagnEant gasdsesonipicputpcasiaR ec fifsh gorion S ihe Waptgiggs s8cam dupse pdEnt .
This is -1 o .d, - - ti
or oper t1 Ui, s 32ind PRSI e Wilelhoh SRRl B ERRARETATRAIRE R
t he sel edirethdrtitn 6f the waste gas stream may comprise at least 98% by volume CO,. The second
portion of the waste gas stream may comprise primarily nitrogen, hydrogen, methane, H,O,
25  or combinations thereof. It is noted that the specific order of exhausting may be reversed or

manipulated.

[0141] In some implementations, the methods 500 further include selecting an ionic fluid
as an absorbent. This is shown at Box 550. The ionic fluid is used to enhance adsorptive
properties of the adsorbent material. The methods 500 then include placing the selected ionic
30  fluid onto surfaces of the adsorbent material along the major and/or minor flow channels
before directing the natural gas mixture into the gas inlet. This is provided at Box 560. The

ionic liquid may be regarded as a liquid phase version of a cation-exchanged zeolite.

[0142] In another aspect, the methods 500 further include applying a magnetic field to the
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30 fluid onto surfaces of the adsorbent material along the major and/or

m nor flow channels before directing the natural gas mxture into the gas
inlet. Thwe 2r/@rayi ded at Box 560. The ionic |iquid napcChascegasitesl as a
| i qui d phase version of a cation-exchanged zeolite. [0142]1n anot her
aspect, the nethods 500 further include applying a magnetic field to the
WO 2012/ 5 r rd-gl I 1SS
Shonn at Ty PEI0 e Tean o rd ey 5Eh A B 7B; I AABHERIR et

t hat may fbeophaoed radtomg thitenadbo phkeat albagshe edsoehvht addsycssautaillggatidieg theds

to repel one another. This, in.turn, creates uniformflow chapnnels for the
feed strdaf tO[rsaeA@pgﬁn%E?rn o P IS0 CHRBHRS URHPER -?%nw crhaplﬁqlﬁgré%ﬁaiﬁ%%%j or

fl ow axe e present 5 processes are .capabl e of qbtainiyng net hane
Fecovery BT RBE A e, BSTETRER S oRRRS Bl dhdb g, BR A Braen
about 585 predessdkhar€ ¥giabOsRolbiae kthynOfce@tcey of RadatcrliRit aldit 80lvol. %, @Bt
nnst.preferab%ﬁistlll greatergthanwabout 95 vo%. % even when thg nat%ﬁal
gas 15 f qucfgta @fatﬁr 8@_@@1’0@@2 SuhYasver momaltequfwmaé@ tblzbﬁgh@ﬁ_ Pah “about
psi g, .pr ey 0 p
preferabf@da &?3$é¥m§5é§§u§%§Q5?%§#%§ﬁ¥ﬁ%ﬁ%gbéu% ?gwggbﬁ%slg,a%%%%ségfg?
prefer?bHy?ﬁ@gmmheabﬁmbssgmemkgqﬁﬁkeﬁ?Eﬁanmaba?umbuoeoIQFLQneknﬁge?;uﬂafl
present method can be used even when the gas streamis at an exceptionally
hi gh pyeﬁ%@reéfgre&lg%dbarsém légip@%gé l[ﬂemﬁf l.ablg;ttm:f} plreSfE{éeSa%rﬁatﬁfemgnt ?:t t he
| nvenpi ongohRleiche R ) Gt Rb prée@licy tharf SbRE Ni0RYSsNenBenetid s
and a vantaggggge% forth g%%vg, I't J%%% begg%brec?ate thatﬁ?ﬁg TR
dopart i ng T rom the spirit ther eof - VD 5012/ 0677 10PCT) US201L] 053275 CLAI N
epartin ro e.spiri ereo
What s %ﬁﬁ?%i&@dkﬁg? 1. A process for separating nethane froma natural gas
m xture, albﬁ?ﬂpr %ﬁﬁﬁé it QR Sa'pﬁ%ém that_the inve ﬁbﬁseﬁéréig%g cr%%h‘éﬁré'weﬁ%%lcﬁla%é re
into a gds Separation unit, ‘the gas separation uni aving at ‘T'east one
¥essel CQB‘pddhlﬁe&é B ‘bedef@Sardn h@s’fangdgés E@tcﬁbrvh Iago{Ed;llﬁt rexﬁnunsillapgasiﬁwdxmt €he A
irst gas outlet, , an_adsorbent material that has a kinetic
sel ed®i vilbyentigps argniuseaptalette raQdificationn yyeatignemd changawitbout depprting fom fhe
contanin%Bhﬁtggggne gases Kinetically adsorbed 10w thin the adsorbent
mat eri al , at least two major flow channels through the adsorbent
material placing the gas inlet and the first gas outlet in fluid
conmmuni cati on, and at | east one mnor flow channel through the
adsorbent material, the mnor flow channels being in fluid communication
with the major flow channels; 15placing the at |east one vessel under
pressure to cause contam nants to be adsorbed to
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t he adsorbent materi al; rel easing a product stream conprised at | east
95% by vol unme of nethane fromthe first gas outlet; and desor bi ng
t he cont anDnaro6gases from the adsorbent nmaterial by reaatiusgoitioss2ps essure
20w thin the at | east one vessel w thout applying heat to the vessel,

t hereby delivering a waste gas strean1conprised at | east 95% by vol une of
the contam nant gases. 2. The procesgp §> Mgl @i m1, wherein the contam nant
conprises C2, H2S, H2O, heavy hydrocarbons, VOC s, nercaptans, or
COﬁbInathWHalgbﬁhﬁQfm‘B The process of cla|n12, wherein the at |east one
vessel is configured to deliver the 25waste gas stream through the gas
inlet. 4. TheA preessdr pafiti Mcthandtfi@neh Rathie g mbe@s! the Peocegs@riprisig:
configured to deliver the waste gas streamthrough the gas outlet. 5. The
process of cI aiimcﬁng wheat@ihgas mixture into at s sipatadas tun@tnehcadsosdparitiou asstel
furth%r gg S a secong(g]il tlet intermedi ate 30the gas inlet and the
first2ga V%‘mméﬁﬁvﬁgf f Pﬂfe H@ cont ani nant gases rel eases a first
portion of the mastﬁ%% glégreaq d &pvgg2312/9@%1;9PCT/U82011/053275 t he
first gas outl et é SeCond P oA S EAe™ B e gas stream fromthe
second gas outl et. Egpess of claim2, wherein: the vessel further
conprises a pIurallty o J each of the at |east two nmjor

flow channels is f%ﬁ@&o%w%%nmﬁatah&ng ﬁlﬂ&cngdl&rtwﬁ?xiro% RhiantifMhts over
plurality of rods; and the plurality of rods are” spaced substantially

equi - di st ant | ymethamret gregserothinl S ngich et e comtaiminents heaoms! gasey rietically adsorbed
subst%ntlally The process of claim6, wherein:

t he & | east 8W§nﬁﬁhdFB?$%ﬁpgﬂgﬂﬂ' is formed by a plurality of stepped
f I I i.n:
surfaces along 10the 1éa%ka?& L& ﬂ&gschaﬁnel g(?l%rholﬁgsdas&{)elﬁ rﬁé{.@%? ptlﬁégﬁé ek

each of the plurality of rods”conprises a erern
plurality of rgadsnlctamdnhsist gasfeitieoimetnétommomicetiorglang! aced al ong t he bore;
and

at least one minor flow channel through the adsorbent material, the minor flow

channels being in fluid communication with the major flow channels;

15 placing the at least one vessel under pressure to cause contaminants to be adsorbed to

the adsorbent material;

releasing a product stream comprised at least 95% by volume of methane from the

first gas outlet; and

desorbing the contaminant gases from the adsorbent material by reducing the pressure
20  within the at least one vessel without applying heat to the vessel, thereby delivering a waste

gas stream comprised at least 95% by volume of the contaminant gases.

2. The process of claim 1, wherein the contaminant comprises CO,, H,S, H,O, heavy

hydrocarbons, VOC’s, mercaptans, or combinations thereof.

3. The process of claim 2, wherein the at least one vessel is configured to deliver the

25  waste gas stream through the gas inlet.

4. The process of claim 2, wherein the at least one vessel is configured to deliver the

waste gas stream through the gas outlet.
5. The process of claim 2, wherein:

the at least one adsorbent vessel further comprises a second gas outlet intermediate

30  the gas inlet and the first gas outlet; and

desorbing the contaminant gases releases a first portion of the waste gas stream from
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15t he method further conprises applying a magnetic field to the plurality
of rods to create uniformspacing of the plurality of rods. 9. The process
of cl ai msQ 2b1vdshEp conpri si ng: sel ecting an i oni ecrlusea 1as32ah
absorbent to enhance adsorptive properties of the adsorbent material; and
20pl acing the selected ionic fluid onto the stepped surfaces before
directin 1 A i t of

cl o m 6, p R LR iR, o35 sk HoRidin R IBR AR ok FERMEERTRERLD! (o
a second @as opfd RbedsObesiamdb abiertine gas inlet and the first gas outlet;
and 25the at | east one mnor flow channel is forned by flow channels that

i ntersect the th¢ vésaSurthsofpriofs 4 plamlighenogd,;s and whi ch place the gas
inlet and second gas outlet in fluid comunication. 11. The process of
claim 10, whereachof the atledsetst majoe flomncranhi¢low foin@nd bbtwesn t andredarey the nhayort he

at least two jor flow.channe]s. 3012. The process of claim2, wherein:
desor ingfxfsrfgz%ﬂilgﬁ]iltﬁé’ﬁfocga?% rel eases a first portion of the waste gas
stream duri ng 012/ 067719PCT/ US2011/ O 75 a fir ti erj.od, and a
second por 1 ooPIEHE AR earect el o d bl e eSS o Mo e
process dafove bigdnield 2vithwheibstantialiyh@iformSlol@es.t i on of the waste gas stream
conprises at |east 98% by volunme CO2. 14. The process of claim 13, wherein:
5t he secdhd porieippocess of deinwastiergas st ream conpri ses nitrogen, hydrogen,
met hane, H20, or conbinations thereof 15. The process of claim2, wherein
t he rel easi ng thadt ldess ondimuorsileyp shanakkis ghraess byna aluedithiohetdpredoiuefaeds dlengs

t han @net i nute.. 16.d The process of claim 2, wherein the adsorbent materi al
furth1 rc %etsp%cggeé% Sannul ar 10ri ng along an inner dianmeter of the at | east

one vessg . The process of claim 6, wherein:
cach of the plurality of rods comprises a bore therein;
cach of the plurality of rods comprises a ferromagnetic material placed along the bore;
and
15 the method further comprises applying a magnetic field to the plurality of rods to

create uniform spacing of the plurality of rods.
9. The process of claim 6, further comprising:

selecting an ionic fluid as an absorbent to enhance adsorptive properties of the

adsorbent material; and

20 placing the selected ionic fluid onto the stepped surfaces before directing the natural

gas mixture into the gas inlet.
10.  The process of claim 6, wherein:

the at least one adsorbent vessel further comprises a second gas outlet intermediate

the gas inlet and the first gas outlet; and

25 the at least one minor flow channel is formed by flow channels that intersect the at
least two major flow channels and which place the gas inlet and second gas outlet in fluid

communication.

11. The process of claim 10, wherein the at least one minor flow channel is transverse to

the at least two major flow channels.
30 12, The process of claim 2, wherein:

desorbing the contaminant gases releases a first portion of the waste gas stream during
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17. The process of claim2, wherein the adsorbent material conprises a
nonol i t hi ¢ body having | ongi tudi nal through-openings formng the at | east
two maj orwbl2e/wshannel s. 18. The process of claim 2, furChas2aomps2rsi ng:
dehydrating the natural gas m xture before directing the natural gas

m xture into the 15gas separating unit. 19. A fractionation vessel for

ti . . i sel i sing:
separat | %ﬁﬁ?ﬁﬁ%@n&é@x@% g s nfngﬁo% o‘rihacff ¢l WhHL gast %ﬁ%&mvcﬁl%ﬁgla sEQUMR"tn3d ]Eér}lod?

housi ng; or Tecelvin € natur gas mxture into
the housing atTid RE&ISHF Qaitf 1BtwRBdigast 100 psig; a first gas outl et
for releasing at least a portion of the natural gas m xture fromthe

housi ng; the figs0 poudivQ folf €idt waRed @dsisabardcbimiprisdshie 1agiRnBy vblageatanr bent
material having a kinetic selectivity for contam nants over nethane greater
than 5, sldch tHetprodess obelbiami havitesecibecone 25ki netically adsorbed within the
adsorbent material in gas phase; at |east two major flow channels through

t he adsor bent thasesond|portigneofathe|veasst gaswsroasy eamprissyvngregenchylrpgcac imeghanhe

gas inl etHzg?d t(r)le 1fia{ist tﬁars putlet in fluid conmmunication; and at
 east one Mi’fOF 1?113 W' ERanAe?" t hr ough the adsorbent material, the at |east

one m noryscha I i i A, i TTHA ki it [Wels l:s.
3020. The } r'ac'?]r}{(.)ne n%@?‘%sg%\/fedgega E’O?Ihgﬁgal m 1%?&%18%%% rd%g%%ﬁ”%}%g@ﬁ%@%%lﬁoa] d
for cycl icogbied ayakewfadss gas omexitinate. t hr ough sequenti al rel easing and WO
2012/ 067719PCT/ US2011/ 053275 desorbing stages in a conbined cycle of |ess
t han one I nuthe pravass mhnlain|2d whergpr s ardgm%antvmnfgrlialn@etherampnszs_ aTlpnular
fractli onat i oaz vessel o(ﬁ cl ai %tﬁoat 1\/\/m%rei n the valving interfaces conprise
r ot ar)() valres " eBh P ot ?"?e%? & 26 QBRBTHAL i ons thereof. 522. The

fract! onaj on MESABLaebr Chith T SeraBleeldlob B HALMANGRIRAE! £ AEASIRAORELA! ©
with other fractionation vesséls to forma pressure swng adsorption system
conpr i si ngyvingtlohg@asinabtheogdraficamgh éanfin®thicdt kgstadsangjdd fdew ckinnkBast one bed
i n regeneration undergoi ng pressure reduction, and at | east one
regener atléd bekheteberss of ¢leige? Morthgrcompeising: t he adsor ption system when the

10at | east one service bed becones substantially saturated. ) )
dehydrating the natural gas mixture before directing the natural gas mixture into the

15  gas separating unit.

19. A fractionation vessel for separating methane from a natural gas mixture, the vessel
comprising:
a housing;

a gas inlet for receiving the natural gas mixture into the housing at a pressure of at

20 least 100 psig;

a first gas outlet for releasing at least a portion of the natural gas mixture from the

housing;

an adsorbent material within the housing, the adsorbent material having a kinetic
selectivity for contaminants over methane greater than 5, such that the contaminants become

25  kinetically adsorbed within the adsorbent material in gas phase;

at least two major flow channels through the adsorbent material, the at least two major

flow channels placing the gas inlet and the first gas outlet in fluid communication; and

at least one minor flow channel through the adsorbent material, the at least one minor

channel being in fluid communication with the major channels.
30 20. The fractionation vessel of claim 19, further comprising;:

a manifold for cycling the natural gas mixture through sequential releasing and
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23. The fractionation vessel of claim19, further conprising: a
second gas outlet internediate the gas inlet and the first gas outlet for

r el easi ngwa 2pvis7am of a waste gas stream when the vessecCTits2dessibed. 24.
The fractionation vessel of claim 23, wherein the second gas outlet is
substantially 15orthogonal to the major flow channels. 25. The
fractionatlon:ve Of { L : n l

{1 ow chanhei oy Faf ] ¢ Somplibd reA B nep onc, mhllfe Shid Bl ACE BP0l

maj or fl owlvih@aimnefeeand whi ch place the gas inlet and the second gas outl et
in fluid communi cati on. 2026. The fractionati on vessel of claim19, wherein:
each of tHe atTHeefaartiongteonmegsedl of |cbimcanvheran ithe vadyvimgdnterfaegs condrist oetgryt he
maj or axis,of, a the plurality of rods are

: it f ds.
spaced suvﬁgfeg’rﬁolnéﬁ%}affu{' gﬁ%f’s}f&?%?rr%ﬁflfsl@oﬁggqf’?f providing the flow channels with

a subst ar%]z'. al | e“@éétﬁhﬁidﬁob&gagfzé%& %@,%ﬂ{r@ﬁt N2 rirrg%i HEPREL c8$pef4t§“vm 6,
wherein the at least two mnor tlow channels is for y a plurality o
st epped silidrdceso@tionycisel to apeg picyaire odmg adyorptpor aisteaucdnmaesngal ong t he
respective rods, or conbi nations thereof 28.The fractionation vessel of
clai m 26, wheratiqast @rohrvade tedergiidingladsopiadn, r ods conpri ses a bore therein;
and 30each of the plurality of rods conprises a magnetic material placed
al ong t he bor et leayioneded IDEReNGEHON WILEPITI ISR redectionh@d r act i onat i on

vessel of cl ai 28, wherein the at |east one mnor .fl ow channel is
transverse to & MY r&&%r%t%@bi@r% Iy {850V e HRY e 1y the adagyptiqa, sysfqn pehepy thet j on

vessaly Ofy il SRk iR Borh B BESATRENL LS | al conprises an outer
surface at least partially coated with"an ionic fluid to enhance adsorptive

properti e of Hidteacadsaionartscef @hindl9, fudier cbirifinact i onation vessel of
claim19, wherein the adsorbent material conprises an annular ring along an

i nner di anet era gdcohdgasyeshelintermedde thkhgasfinke ahdtiat fion gvessidt fof rotdaginmal 9,

wherein the. adsorbent material coF?ris S a\ nqqn l'ithic body having
| ongi t udifPAiion MrioWgie speticAgsvha iy ¥estHedsericdast two maj or flow

1OChanne|2S4'. The fractionation vessel of claim 23, wherein the second gas outlet is substantially

15  orthogonal to the major flow channels.
25. The fractionation vessel of claim 19, wherein:

the at least one minor flow channel is formed by flow channels that intersect the at
least two major flow channels and which place the gas inlet and the second gas outlet in fluid

communication.
20  26. The fractionation vessel of claim 19, wherein:

cach of the at least two major flow channels is formed from, and along the major axis

of, a plurality of rods; and

the plurality of rods are spaced substantially equi-distantly apart, providing the flow

channels with a substantially uniform volume.

25 27. The fractionation vessel of claim 26, wherein the at least two minor flow channels is
formed by a plurality of stepped surfaces along the respective rods, by spiral surfaces along

the respective rods, or combinations thereof.
28. The fractionation vessel of claim 26, wherein:
cach of the plurality of rods comprises a bore therein; and

30 cach of the plurality of rods comprises a magnetic material placed along the bore.
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29. The fractionation vessel of claim 28, wherein the at least one minor flow channel is

transverse to the at least two major flow channels.

30.  The fractionation vessel of claim 19, wherein the adsorbent material comprises an
outer surface at least partially coated with an ionic fluid to enhance adsorptive properties of

the adsorbent material.

31.  The fractionation vessel of claim 19, wherein the adsorbent material comprises an

annular ring along an inner diameter of the vessel.

32.  The fractionation vessel of claim 19, wherein the adsorbent material comprises a
monolithic body having longitudinal through-openings forming the at least two major flow

channels.
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