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METHOD FOR REMOVI NG CONTAM NATI NG GASEQUS COVPONENTS
FROM A NATURAL GAS STREAM FI ELD OF THE | NVENTI ON The

wOonuenis7sa provi des a nmethod for renoving cont aOTARRI0GYS0940

gaseous conponents, such as carbon di oxide (CO2) and
hydr ogen sul phide (H2S) , from'a natural gas stream
BACKGROUND OF THE | NVENTI ON Vari ous processes are

kn r v nt am patin aseous conponents from
2 nitich G R S RS TR et osienTs rom
physi cal and/or chem gaka$gRAf,atASNs+LEANI ques. The

physi cal separation techni ques use differences in
boi l i ng, condensati on and/or freezing points of the

vard t-am j onents to selectively renove
on]ﬁfﬂﬁ% e éﬁ%fﬁﬁwﬁnents in a fractionating

col um Ther idivirerienc @S dvil ddensi g thedsepar aRoving
conmponents with different densities in a centrifuga

or HBHIE [P rRSEOUSTROTERERANGS, tSéchnidgues iy dioxide
enp Sl REHME RRIOTPHIN | ytd ¢ reactions .t

cgﬂve ) a con?ﬁﬁ%nating gbnponé%%%?ﬁtgkgnbgn%%ggf%&n%as

t hat: v&am .be easily separated. The standard techni que

for renoving hydrogen sul phi de and carbon di oxi de from
natBYAICEPANT OFahbfe INVEMNTHME . which is based on

sol vent i 1.0t hi sg t ontami nati.ng, .
conponéﬁ?gﬁg%ﬁ&%%ﬁﬁgsgﬁ %rnoﬁégﬁﬁe%gugﬁmégedfg ) %tlng
anmgaes dauanagueets ssdrtn @nnatheadl ean hydeesar hor

gas is not absorbed and energes in the product gas

st PEARCSATE dRVutiCoraniacth Thehasdergeg@nd/or chemical

separation techniques. The physical separation techniques

use differences in boiling, condensation and/or freezing
points of the various contaminating components to
selectively remove one or more of these components in a
fractionating column, or differences in density to
separate components with different densities in a
centrifugal or cyclonic separator. The chemical
techniques may employ selective absorption or catalytic
reactions to convert a contaminating component into a
composition that can be easily separated.

The standard technique for removing hydrogen sulphide
and carbon dioxide from natural gas is amine treatment,
which is based on solvent absorption. In this process the
contaminating components are bound on a molecule such as
diethanol amine in an aqueous solution. The clean
hydrocarbon gas is not absorbed and emerges in the

product gas stream. The solution with the absorbed

contaminant is recycled and heated by approximately 100°C

to drive off the gases, which then are collected in a
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contam nant is recycled and -heated by approximately
100 OC to drive off the gases, which then are

woabde@mstael i n awaste stream The maj or cost f aBCOER2006/050940

this process are the energy reguirenent for waste gas
regeneration, solvent |osses and the fact that the

wa a e eper.at e ear at npspheri.c
prz%gﬁge%$§§n&"p?ggeggjggcgogé ESFEfégtﬂgntEéauPF8§ess are
conpressicany Teeudpemahitngoecoststboladnyegaseration,
purificatiqn process Qggdf%o be a relatively small

f t

r SOVER Cof- A& SV AN EtcltBah §&s predaceaseanpre

pl%@@%d@fﬁ%e@h%&rn%é&e%%h%%pﬁ%§ibiﬂ%kgsﬁggtacghgg rocess
schemes will be fairly |arge, expensive and uneconomc

i f stisd gas retindamtdont geasiigelsacgapfreastioon of

contam pnants. Known gas,separation centrifuges rotate

at ang S5GPG66 HHEYoF T nsoﬁe?nﬁiﬁﬁ?epﬁﬁﬁﬁﬁc?glon process
sepakal & o)JaseauscflhadticQRs swatlh @rbytAbROb rdichEeranges of

in density. These fast rotating centrifuges are known .
as thiet cd€emt Fefu§EeEsEhaddipenlantsepaitht tbglir extensive

el gl eng A do6an anky andhesa.id bed i ,of gag,
If "a large natural gas stream containing a ayge
f r actoenrs iofe coxt amecanbsiics ittothe pasi ticedaby coransnef a

ceﬂﬁrifu es then a Iarge anount of centrifuges or
ul

PEEENTTTTGES &fe SPELGT-BE™ hi ch renders

centri kygah $ERakALLEAtURACeRARERLgeYSrBRLERt 8t about
4,994, 097; 5,221,300 and 5, 902, 224 and t he paper

L PIY&s & Ode paivatlivén ong eemt rithygel (RPM) dsowsehagapkagiseous
on _the.rotatiqnal particle separataor' published. J

7 e B S uERE R R R et e i SR Tne pafnese
and alltuird tSaiienct ecdd ri2002)%, apagdesoarddad34ldirsekase i fuges

cent iy hages o Spa Al N30 LT TRULLY SR LA 933,
handle a limited flux of gas. If a large natural gas
stream containing a large fraction of contaminants is to
be purified by means of centrifuges then a large amount
of centrifuges or ultracentrifuges are required, which
renders centrifugal separation uneconomical.

US patents 4,994,097; 5,221,300 and 5,902,224 and the
paper ‘Phase separation in centrifugal fields with
emphasis on the rotational particle separator’ published
by J.J.H. Brouwers in the magazine Experimental Thermal
and Fluid Science 26 (2002), pages 325-334 disclose
centrifuges for separating solid impurities from gas
mixtures.

It is an object of the present invention to provide a
method for removing contaminating gaseous components,

such as carbon dioxide and/or hydrogen sulphide, from a

natural gas stream in an efficient and economical manner,
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m xtures . It is an object of the present invention to
provide a nethod for renoving contam nati ng gaseous

woanpmselts, such as carbon di oxi de and/ or hydPOG&ER2006/050940

sul phide, froma natural gas-streamin an efficient
and econom cal manner,even if the natural gas

co IS l.a fracti.qn m_natin aseous
omononts . SRR "r P P NUENTFeN ThE et Rodc o ion of
accondiamg niad inlge gameenisi aorpohehesdVi Ng cont am nat i ng

ent S h as CO2 and/or H2S, froma

4t &d paturdlVE§ad Ot ream conpri ses: -

expandirhg tReheentarbrated gastsbr earehpian ?EQaFQEBVing
to obtain an expanded gas stream - allow ng at [east
pacenGRIRE taGet gRiseanSs Conprhenggpandet gasCovr ean/ba HoS,
liquify to forma dispersion of a contam nants

en%F@Wb@ ISoqtiea 1 prass PRtYrednCaRi BanEdNdepPBEPEd Ses:

gase ; d .- i.ng I part _of

Cont e o e e ce Ay eangls FFashpbah of ehifinder co
corbariimarins edepineteed ggasesausaphase in a centrifuga
separator,, which_conprises a _bundle of parallel

chanft Igwﬂﬁgtagréegggaﬁﬁéﬁ Wﬁtﬁgﬁ 50§§Pﬁﬁpﬁ§t§u58 the
Pakala@ldeldo gl @Xirsaaf tbothabiueyot ot ReraPhnAkBGet4ben. of 2
Optionally, the contam nants depl eted gas streamis

r e€ORPRESSEH tisp cardemgfeddanidl pheaseinhe egxpanpuénansgs

a [ e I he npressor is a turbine
coﬁ%ﬁegggp;6%%g%?5r%3%3%éx8§%der and the turbine
CORpepRaatimy atnmpriase patrar &ft hat apetsmintedsoBnaiched

conmmon shaft. ,
liquid phase from the contaminants depleted gaseous phase

in a centrifugal separator, which comprises a bundle of
parallel channels that are arranged within a spinning
tube parallel to an axis of rotation of the spinning
tube.

Optionally, the contaminants depleted gas stream is
recompressed in a compressor. In case the expander is a
turbine expander and the compressor is a turbine
compressor, the turbine expander and the turbine
compressor may comprise rotors that are mounted on a
common shaft. .

These and other features, advantages and embodiments
of the method according to the invention are described in
more detail in the accompanying claims, example, abstract
and the following detailed description of a preferred
embodiment in which reference is made to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a cooling and separation

assembly comprising two channelled centrifugal separators
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These and ot her features, advantages and enbodi nents
of the nmethod according to the invention are described

wonowmse3get ail in the acconpanyi ng cl ai ns, exBAPIEE2006/050940

abstract and the follow ng detai Led description of a
preferred enbodi nent in which reference is nade to the

i ' | EF_DESCRI PTI ON. OF THE
DRAY NCS 1 g e S 1is T 2t B8 Hod0Br T RGOANA SBpPaLi on

assemkny iconpri sing two channel |l ed centrifuga

separatorsin series for use in the nethod according to

the i nVeftir6n? EilgUPET2ERFI 65t Patl8§9SE &CRAFgEReseal &he
onenehnihe ccharnellied centLitugal, separ at grs oh Figure

1. Figures 2A-2D illustrate various shapés of the
channelFd gupretshéAséparatlostohtBi gareo2s. sDEPAELED the
DESCRI PTILON.OF gEEERg%D %NBCEL%ENTS The invention
relFAf8ES the “iSe SEPERE %6r “hor d98A&nAel | ed

ceneraTugal oseprI@TIos 2F3 PReFERRE DS ePBOB MORTEf

contam nating gaseous conponents, such as COZ and/ or

H2S, f oM anyanGian gasasesesm thRat'seompr Psesorelhafe

( t , b Lo 0 n e in_, .

o PP s 0 Rt IR Racurdr as SePeARrion
W blf a&oharge nfatdcii gasebusorbaponants, ( 2ach5%sbyo, and/or
weight) is to be purified. Figure 1 illustrates that

i nHaCeorfdamce wiatthi refe giawy eitreen, t keatonbapirastedmethane
natural gas streamis cooled in a turbine expander 1

t o (6Budi-n caheBepardedagss Suteam REGYRY sonerperaesrein an
and pr.essure _at which the de ointing condi ti ons of ,
th?fgr§§§@tcgﬁpgﬁﬁiﬁae§ 1f a Tlarge natural gas stream with

a large fraction of contaminants (25-75% by weight) is to

be purified.

Figure 1 illustrates that in accordance with the
invention the contaminated natural gas stream is cooled
in a turbine expander 1 to obtain an expanded gas stream
having a temperature and pressure at which the
dewpointing conditions of the phases containing a

preponderance of contaminating components, such as CO»
and/or HpS, are achieved. Instead of a turbine expander,

any other type of expander may be used to expand the
contaminated natural gas stream, for example a
converging-diverging nozzle, a valve, an orifice or a
porous plug.

The expanded gas stream from expander 1 is supplied
to segmented centrifugal separator 2. The residence time
of the expanded gas stream between the outlet of expander
1 and the inlet of separator 2 is such that at least part
of the contaminants will liquefy by a combination of
nucleation and coagulation. Thus, a dispersion of a

contaminants-enriched liquid phase in a contaminants-



preponderance of contam nating conponents, such as CO2
and/ or H2S, are achieved. Instead of a turbine

wexpwnde32 any ot her type of .expander nmay be uBEwEP2006/050940
expand the contam nated naturak gas stream for
exanpl e a convergi ng-di vergi ng nozzle, a valve, an

Oy ERiEreh BaRELAUSCRLUE 5 I8 ChRNARE 083, oL AT LM g

expa suppl Segmen
sepapatrato? 2.Theerfeshdencetheneesf dbhecexpandpdtgasn
stream between the outl et of expander 1 and the inlet

of S&BRAFSEARY FENSHLAVERAt SGPAFBRST p&r tNofhehsange of

cort-am pant $ Wsl kcbibauel y iRy cageembibnath gl e+ sufficient
nucl eati on and coagul ati on. Thus, a dispersion of a

cohtighenans- efr tbkedohitquiidaphasenirnched phase followed by

cont am.nant sdepl_et ed, gaseoqus .phase, i s forned stream
of “UehT P Ugar CBabarStor 5T, JPPBFEFa0ry, TORE FBSPdEhe™Lth
ti gedheinegen expandemniamdmeestr rbugal $aParatRAEtisni Bf the
the range of fromO0.5 to 5 seconds, in order _to allow

f oflisprfisdPantuAGiebeat fakesf PLRESCHAL afi haAtsaEAL ehpduit

h I, fici . at| t
Do e e SRk 1o EEhe FOROH L 2hhan, SepShaRar .
range. Ifthechorid@tivan etpthetdisper stohesstt phky bakere

pl ace i n . an insul ated conduit copnecting expander 1
mAFHHE@WﬁPﬁpﬁééF“§éﬁg€§t&Fqglg PHaESnFPiFGEQFated from the

sepahahbefindnt saleb@astdPabbeBhist B8ase. Thus, a purified
contam nants-enriched |iquid phase is separated from
t haatomednioagnssreeml df8d) gasdoas lphaséie®hgsntaminants

purified natural gas stream (CH4) and a liquefied
cofRt&RPRants2sfreamr( EcP) ardPoPPHESRedr e obt ai ned. In

Lhe el yent Sho D R A ralHESY curthsr gas
contaminants are removed from the purified natural gas
stream in a second segmented centrifugal separator 3.

Figure 1 furthermore illustrates that each segmented
centrifugal separator 2,3 comprises a spinning tube 4,5.
The tubes 4,5 are mounted on a common shaft 6 that
rotates about a central axis of rotation 7. Each
centrifugal separator 2,3 comprises an outer liquefied
contaminants outlet 8,9 and a central purified natural
gas outlet 10,11. The outlets may be arranged near the
downstream end and/or near the upstream end of each
spinning tube 4,5. In the embodiment of Figure 1, the
outlets are near the downstream end of each spinning tube
4,5.

The central purified natural gas outlet 10 of the
first centrifugal separator 2 feeds a stream of partially

purified natural gas with a reduced COy and/or HpS

content via a recompression turbine 12, optionally an
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streamin a second segnented centrifugal separator 3 .
Figure 1 furthernore illustrates that each segnented

woemicrosfazgal separator 2,3 conprises a spi nni NGCTAEB2006/050940

4,5, The tubes 4,5 are nountedgon a conmmon shaft 6
that rotates about a central axis of rotation 7 . Each

centrifugal, sepa @&°g gtanggang se8qal oLl 3'8uefhsﬁr 14

cont am nant’s out ral “puri na
gasnoot ktee 1@l12t. oThéheuskebadmaynbeidnyahgedpaeatothe.

downst ream end and/ or near hge upstream end, of each
spi nni Ag9tGGe 142550 RhPKE & Bd?nﬁﬁ?oﬁPr?FEH?@ gurbipg 15

ough@tg abg18ean et heedewnstream epdak @@EBr§@'EGk991ed
tube 4,5. The central purified natural gas outlet

ofnﬁhérﬁﬂrgﬁsc@ﬁtﬂeﬁuéélO§eph€a§©ﬁ02dféedtrafggﬁéaﬁepﬁrator

pantiall rifie 4 W reduced .
b sRe SR P DAL B BB P eer B R B s T Bimes 1.
optleonaldl ynanilbt erst agencedl en énebmﬁbﬁv\@haftamd a

turbi ne expander 14 into the inlet of the se

cent ri PigandsepamatoPPsratpguFae15hpEh §h6ﬂ€ FHQ?Sa4 and 5

re%?”E%%S%hQQttQBB'E%c%ﬁda@@nﬁfﬁ?ﬁbﬁi 18 a&gtsegngcsﬁd 3
to the central purified natural gas outl et 11 0

secomdteeabpmtugab separaflorx3sand trbhattthe éxpayguoally at

and reconpression turbinpes 1 5

Gt G 2ER R SpRhsn enkh e T3 Uyt TRE RAP bR aPPln

t he eshalit iBnangetubesudcandrl) of pirBeetbbsy @Edf§6ﬁoﬂdo to
centrifugal separators 2 and 3 rotate about the

cedt PRI0 X¥Ms Bhiposreeani? Lvpypréall yeas shpst aPfoaf the

SDSE LR VSR LOOmB0 1, BUOROGERLS! UL Bl mocor

RPMbyThbSaS@ee@eIShbfpl6alh&tbeastthamle%&efghbestream fed
into the centrifugal separators 2 and 3 may be induced to
swirl by one or more swirl imparting wvanes, such that the
swirling gas that enters the centrifugal separators 2 and
3 induces the separators 2 and 3 to rotate about the
central axis of rotation 7 at the desired speed of
rotation of in the range of from 500 to 5,000 RPM.

Figures 2 and 2A-2D illustrate in more detail the
construction of the first centrifugal separator 2, which
is identical to the construction of the second
centrifugal separator 3.

Figure 2 shows schematically that an annular space 18
is present between central shaft 6 and the inner surface
of the spinning tube 4. This annular space 18 is filled
with an assembly of substantially axial flow channels 19
that may have various shapes that are shown in more
detail in Figures 2A-2D.

Figures 2A-2D show at an enlarged scale the shaded

segment A-D of Figure 2 and illustrate that the flow
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speed of an ultracentrifuge. An electrical or other
notor nmay rotate the shaft 6 . Alternatively, the gas

woerowasTded into the centrifugal separators 2 BOWEB2006450940

be i nduced to swirl by one or nore swirl inparting
vanes, such that the swirling gas that enters the

ce ' I p t d 3 S the se ators

2 EhghRtRY 1oRnreRL e, TRl aorbPAYSEL: LOSARRRLE ORE

at cbheudeskdedhapeedndf aret akirangeél snbbhentaQQEyOEo axial
from500 to, 5, O O RPM Figures 2 and 2A-2D il lustrate

i nthoF8edaras © eoEéﬁéPPUZtPSntB? FHeef frsfhe flow

CeEhEhBBg§|1§ﬁp@©@t@Efgct1W@ﬁ9th§oh9§Qttﬁ@la&@aﬁhe
construction of the second centrifugal separator 3

F|gureuzeeh@m@seeheﬁaedcanLy hhah ahrangbpat ﬁpametﬁe
resent bet%eeT Ega&a he

haf
supggég §F% REYL B nArAG ?u%gyz &h?hwggghanaFagbﬁ&e 18

i sdfitkbedow bli 8ncassenrhkysofi osubsbanti albycaxigl bbtawen
channel s 19 that may have various shapes that are
sh8wh PRInSr BdeeRPNALRIFPHUEdew2RoRt t FPPEF eSheAcopdensed

sh epL ed.s shad S t A
P e R et o BT Rar Y net [ dge el 2 10k 1605
mayohawe aftmbelahanneasa@gAFaBDoandonsugatedtehape the

and are %r anggd subst an |allg co-a;ial to the axis of

r of §REEATHIBE tRECEUBR ERe FHESF| GRABREANERS 1E9RDEED @
ef%@%%b¥ekio@§9%U@H@mtE%rﬁé'@hlEHrQHheﬂeec@§§@€t@Hegadlally
wi th high throughput fromthe preserved radi al

| aficpar ithy. dPWaswprgen Bndr &birabpdrreani endopft hee spinning
ChSURS! 310 1R ASohIPLERL A-REiNaSt, . 8,200 S0 s cne
waste lies sty phealllyypurithedr angerais0¥soktitbeém CHy is
discharged via the central gas outlet 10 of the
centrifugal separator 1 shown in Figure 1.
Following the separation of liquefied contaminants

CO» and/or HpS in the first centrifugal separator 2
according to the invention, the purified CHy-enriched

natural gas stream discharged via the central purified
natural gas outlet 10 is further separated in the second
centrifugal separator 3 in the manner as described with
reference to Figure 1. Optionally the purified natural
gas stream discharged via the central ocutlet 11 of the
second centrifugal separator 3 may be further treated
(not shown) in a small scale amine treater, a selective
absorption system, or a membrane separation system with
associated additional deep cut purification processes to
make the purified natural gas stream suitable for
distribution or liquefaction in a LNG plant.
Alternatively for very contaminated natural gas

streams, 1t is possible to use a third and optionally a
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vol une of the channels 19A-19D and is directed by the
centrifugal force to the outer channel walls where a

weoehesms7d3kowi ng filmfornms which can be col | ecPEWEP2006/050940

radially fromthe downstreamagd-the upstream end of
the spinning tube 4 via the quuefied cont am nant s

OUEES%tﬁ %@hkﬁlkﬁsalsc Q%é g|¥Epu£|f| aanéu£§%y the

ream rge e cen

ouhbenrim géstbereemtBuébgahaseparaa@ralsﬁhQMBléﬁtly low
Fiaure 1 . Follow ng the separation of Iiquefied
PanfRENPS Cod SABEBPLH2S in the first centrifuga

2 d to th t th fied
scheraler 2:a0c0rding Lo.the.Lvent ion, Lhepurified,,
Ceﬁﬁééb gaédf I,ed Qﬁéuggkegag ?LLSt 810nkS0 fHEtgﬁé
separat e I N t e secon centri ugal separator I'n the

naneetraﬁudeﬁcsebedambtb pehadeRcertochigaceed and then
Optionally thepgurlfled nat ur al gas stream di schar ged

oy HRREY AP SPPaBL by 1 SnbF I RE LeBc oI  RBNTFAFBGNCCh the

SeE%B@Eer% may, PﬁaﬁuétE@kaé§§5§gzé8°&a§98“6£s'Et?eam with
smal scale am ne treater, a selective absorption

systéarg@rcanﬁentraﬁersepaaapr@hegygﬁgnamﬁfhr HpS 1is
associ ated addi ti onal deep cut gurlflcatlon processes
t oaffakeéabhe 69F|ﬁﬁeénaaﬁﬁﬁap gBsoser eahFyafaapl éorpption,

d' hrhbﬂk'gﬁy0%a2'883§§ﬁg 98sé?v81%“¥%?h§9 op,sthus saving

ernativ or very contam nated natura
stbeamsmpmbsbsrpmsqhbkemEQtsse a third and optlonally

afourth centrifugal separator (not shown) to purif .

Tho nadtr of GheePraarRatoRenkiare Enad kot leREbrnle) §n the
| ownGRcardhon-HaE gaRt eBhca®at boBALLY, rhet¢endersadtural
Cx2 and/or H2S streans discharged via the outer

outket C84andCompflemgatarily, some COp necessarily ends up
in the purified natural gas stream in the central outlet
11.

Computer calculations indicate that a single stage
centrifugal separator 2 assembly according to the
invention shown in Figures 1 and 2 is able to purify a
natural gas stream in the range from 1 to 30 Million
Standard Cubic Meters per Day, which contains about 15-

40% by weight of contaminants, such as CO» and/or HjS,

such that the purified gas stream contains less than 10%
by weight of contaminants.

These computer calculations also indicate that a
similar natural gas stream containing about 40-60% by
weight of contaminants can be purified to a similar
purity level by using a train of two centrifugal
separators 2,3 as shown in Figure 1 and that a natural
gas stream which contains 60-75% of contaminants can be
purified to a similar purity level by using a train of

three centrifugal separators according to the invention.
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centrifugal separators 2 and 3 are collected and then
heated (optionally by integration of the heater with

woheoetsTd3er 16) so that a re-pressurized wast e PQagP2006/050940

streamwith a large content of gre-evaporated CO2
and/or H2S is available for re-injection into a

Subsur £8G8.LOLTBLE 0N, Ush. a9, Lhey gas bearing.

reservolr orma us saving on C

requhvenenbaall tmiseobsenved phatetbecbiiyehitRbeve a
contam nants in the channels 19A-19D may contain a _
snﬁle#ﬁac%?Bﬁlonnaﬁa%gﬂcgaéovchayslc%%pﬁéa@hﬁaﬁany,hlgher
SO :nec i P+ Bt puLifi u
L I B S
cakeakmbilgnscicnddcatetbhaheaisivagtost age centri fuga
separanr 2 assgnbl¥ accotding to the invention shfmn .

in Fi ghiPesST2%RE2 F8°abF e P pur FRGTAY nGYTF &I ©fasteaning
st eeafkiinkhedr gagechbhemiaihg 80 Mkl kangSt apdardm 25 to
Cubic Meters ger Day, which contains about 15- 40% by

vei §ft byf vedabanPhakPs, a8déAraB2 8 yaplibe HeShngledy are
t hat %he_eurified gas stream contains |Less than 10% by
wePgRELBE L8Rt arPRIAPE. TFRBSE éﬁ%ﬁBFePfcébﬁuPéP?Bﬁ§d clean

al §9si pdhgat eyhBakb,8 $hAl bariRatuhabngagySEH8RM of the
cont ai ni ng about 40-60% by wei ght of con¥an1nants can

becpukirfifedatosapsicatbar apaeinbyyl evebrgynastagthet favantion
of two_centrifugal separators_ 2.3 as sho in Figure 1.. ..
and“EnGETA RAChr A" GERCk: PeaRe it EACE RA R Bo° 786 81 9521
copramhBaptsdaasdbelpuhi fhedvhoua.simlar purity |evel
by using a train of three centrifugal separators
accor d°AgCEolipRePRAVENL PBAT CORPRPERT cRFBBFAFEORBaRI S82, H2S
indicake that a . . .

can be separated easier with the centrifugal separator

assembly according to the present invention than CO» from

a contaminated natural gas stream.

It is surprising that the method according to the
present invention is much more energy efficient than
conventional amine treatment separation techniques and
ultracentrifuge separation techniques in which gaseous
phases with different densities are separated from each
other.

It is observed that the method according to the
invention may also be used to remove other contaminants

than CO» and HpS from a natural gas stream. Such other

contaminants may be water, solids, such as dust and sandy
particles, and hydrocarbons other than methane, for
example ethane, propane and butane.
Examples

The process according to the invention will be
further illustrated by means of the following non-

limiting example.
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conventional ami ne treater process could achieve a

simlar level of purification level at signifi

cant

waigls@ms7per at i ng expenses (OPEX) than the cenPCTfEBg®b/050940

separator assenbly accordi ng tyg tthe invention

For

exanpl e, the estinated energy costs of cleaning

contan&nateg a
75% by wel' g f oF
aretpeehlbftEaestaaagragcﬁbeawﬁé&&é@oﬁéefhbae
cl ean gas val ue, whereas the estinated energy

ntalnl % n the ra ge_ of from25 to
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130 mm. The rotating element was machined from an

integral cylinder of Duplex steel of length

diameter 83 mm. For this relatively low gas

250 mm and

throughput,

single annulus of channels on the rotating element was

sufficient. However, for higher throughputs,

the entire

radial range of the rotating element is larger and will

be completely used with a construction based on

successive wrappings of corrugated thin layers of steel

so that, when wound around an axis, a channelled filter-

like structure results with dimensions similar to those

described in this example.

On the surface of the cylinder, and parallel to the

axls, a number of slotted.channels were milled each of 2

mm height and 2 mm width with a centre-to-centre spacing

of 5 mm. A hollow cylinder of similar material was

machined to form a sleeve having the same axial length

but an inner diameter of 83 mm and an outer

85 mm. This hollow cylinder was shrink-wrapped around the

slotted cylinder by the following procedure:
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Exanpl es The process according to the invention wll
be further illustrated by neans of the foll ow ng

waamleios7I32 ng exanpl e.In a | aboratory-scal e expeCcTmeaios/050940

a natural gas stream of 60 standard cubic netres per
hour (80 kg/ hr) conprising 50 wt% et hane and 50 wt %
ca h QXI L hg t ture 0 nd a
o R i e e R R TR T
expaasedntwabVé Ko ahtehpetatuwesofth@26pKaaad aver the
pressure of 27 bar. The expanded gas stream was then
sug ﬁ?%

BFRed, 20fathf FHSUaf8deshd 1R o2 gWebRE rPRblyapt room

sepahptekcufhe residence tinme in the insul ated conduit

was 1 second and small droplets of a liquid carbon

di oxi déhej gascahraannapnt phasegwerepiotsedf ia theuid carbon
COHdUIt befor thetg%§ st£eag1ent§§ g t he §eP ator

The cen?rlfugalcggpara of “was oun Vertrealt y Y ghe

seahedlhoeuadi Bgndlhe, hehghtewasi 262 pavand &herdi apetee
130 mm The rotating el ement was machi ned from an
i ntBgral CéyFRRJBPUSENBUBIExCBEREEIOFNEeRGPAL 250 Nl AR Was

di apeter 483 ”HbeFBFeghhé sL%E'xskglhﬁggggﬁt?ﬁedrlven by an

t hr oughput , a sing ann us of nne

robaEcnglelmuEnt mﬁbesubtatnentratbmaaer50®oRPMLgWéthin the
throu nt|r r adi a of the,rot n

ol BReAL PLOLEPHorTAESFY | Sbol EBRRT 67 BPgh (4O WAEREBCh
copshiHft haRtPpagdeONasUE6eHEHVENWM RBPAYSSOf The droplets
corrugated thin | ayers of steel so that, when wound

ar 6andeapraked, varehahneeped phet eFfekeost PagnyEade larger
re%H kstﬂ%%g 95”%93'QH§e§'HEEaén&owé9858e9€§EEb8§?1&”spun

out to exit channels on the walls where the collected
liquid was discharged from the centrifuge to a waste
collection vessel. Ingress of the gas was prevented by
the use of liquid level seals on the outlets at the
downstream and the upstream end of the rotating element.
Both liquid outlets collected to a waste liquid
collection vessel. Because the downstream outlet
typically is at a lower pressure than the upstream
outlet, the two outlet pipes cannot be joined to a single
collection vessel as this would simply lead to liquid
recirculation. Rather, the higher pressure liquid outlet
was led via a siphon pipe, where the excess pressure over
the lower pressure outlet was used to overcome a liquid
column above the level in the collection vessel. As
indicated, the lower pressure outlet was vented directly
to the collection vessel.

A waste stream of 34 kg/hr comprising 90 wt% carbon
dioxide and 10 wt% methane and a purified natural gas

stream of 46 kg/hr comprising 67 wt% methane and 33 wt$%



On the surface of the cylinder, and parallel to the
axis, a nunber of slotted channels were mlled each of

wa 200ev08i3ght and 2 mMmwidth with a centre-t o- cearme2006/050940
spacing of 5 mm A hollow cyliipder of simlar materia
was machined to forma sl eeve having the sane axia
l e u n d ut e

gg%?é? %%gg%&g \9&1}% 9&? Jé%vélcggllﬁg?é}?g c&rl]tf)l%u al

shgepkrmtappevharDeodvéhg sfoméEMamglwmﬂe95bwtth@ased on
follow ng procedure: thechanneled material was cool ed
to“?@fsa‘i{g%ﬁ PhelsFRave heatRe toPByaskreanhel|piteral gas.
was then placed over the forner and the two were
gquenched in a water bath at roomtenperature . The gas
stream containing droplets of a |iquid carbon
di oxi de-rich contam nant phase that was forned in the
i nsul ated conduit, was fed via a radial entry to the
inlet of the housing and entered the separator which
was rotated by use of a magnetic coupling system
driven by an electric notor. The rotation rate was 500
RPM Wthin the axial slotted channels, a liquid
car bon di oxi de-rich contam nant phase was fornmed on
the walls. The droplets so generated were at |east one
order of magnitude |arger than those in the inlet gas
and were centrifugally spun out to exit channels on
the walls where the collected Iiquid was di scharged
fromthe centrifuge to a waste coll ection vessel
I ngress of the gas was prevented by the use of liquid
| evel seals on the outlets at the downstream and the
upstream end of the rotating elenent. Both |liquid
outlets collected to a waste liquid collection vessel.
Because the downstream outl et
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typically is at a |lower pressure than the upstream
outlet, the two outlet pipes cannot be joined to a

weoi2nml087330! | ecti on vessel as this would sinplyPCe&a#2a06/050940

liquid recirculation. Rather, .the higher pressure
liquid outlet was led via a siphon pipe, where the
excess pressure over the | ower pressure outlet was
used to overconme a |iquid colum above the level in
the collection vessel. A , the | ower
pressure outlet was vented directly to the collection
vessel. A waste stream of 34 kg/hr conprising 90 wt %
catbonAdnexhdé Aod #émut ¥bhgetbanenanat tnguyadeeds

natural gas stream of 4 r conprising 67 wt% |

ne?ﬂ%ﬂ@ngﬂas 3SHE Featoone ot ot IS & *FEdnoar g pipated
na Sntilfu a mra%ge mePg recover gf met hane was

95 'Baséd®o fﬁe anbunt™ o hahe" |n t%e i nput

stneaﬁp9ﬁdma§utaé gaﬁﬁamlﬁate&4§aé st Ael®t DRdah Okxpander to
rempvi ng contani nating gaseous conponents, such as CO2
an8PbRriFR8&N £XBATECEoARANFREE®H’ nat ural gas stream

the getpod,gogprisiog: ar@XBﬁnghégcéﬂSaﬁ9H£§€£”éﬁeghe

gas streamrn an expan er to obtain an expanded gas
steepandedabhembhgeam teastigpafy od fbemcantdaspaasisn of a
inth treamto |Iﬁu fy.to

i haEar R el e R Rhn T 2, bl Re b e fa b Antaap s

a geptartnaghscdepl phedegasgqus phase; and -
separating at |east part of the contam nants enriched

||quﬁ@p@ﬁa§én9réﬁ1ﬂﬁéséoﬁﬁaﬁ1ﬁéntbedéﬁné@@anga§§oa§rlched
buggguaa SSQtﬁgpﬂggheSSpﬁEgﬁgpan%@'89 i@?@g gﬁgﬁéus phase

e of “paral channel's are arr ange
spuﬂnangehubefpgaalbebatatam axhschf compat sen af btthdle of

Spggggggel channels that are arranged within a spinning
tube parallel to an axis of rotation of the spinning
tube.

2. A method according to claim 1, wherein the expander
is a turbine expander.

3. A method according to claim 1 or 2, wherein the
separated contaminants depleted gaseous phase is
recompressed in a compressor.

4. A method according to claim 3, wherein the compressor
is a turbine compressor.

5. A method according to claim 2 and 4, wherein the
turbine compressor and the turbine expander comprise
rotors that are mounted on a common shaft.

6. A method according to any one of the preceding
claims, wherein the separated contaminants depleted

gaseous phase is discharged via a central fluid outlet of

the centrifugal separator and supplied to a second
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tube. 2 . A nmethod according to claim1 , wherein the
expander is a turbine expander. 3 . A nethod according

woaowlarasel or 2 , wherein the separated cont aRCHARR®GE/050940

depl et ed gaseous phase is recqmpressed in a
conpressor. 4 . A nethod according to claim3 ,
wherein the conpressor is a turbine conpressor. 5. A
[ [ n wher ei n th

EERRRE P aoR T el Pt e M o SUEREAP ke o0
robarsllbat casenabentedt oara @ﬁﬂa@@e@h@ithlﬁ a §plnnlng
nmet hod according to any one of the preceding clains,
thP%?nSPﬁétégﬁé?é@édp%Bﬁ%éﬁ%n%%t%nd%§+%t%€ 6%E%Bh%n of the
ph§§§Hh§ng|§gg@rged via a central fluid outlet of the
centrifugal separator and supplied to a
se&ondéemethodgatcse@am@tb@ ohtth @l seheovapnises a

% 5 % E nnel set at € $ arranged m%t ina .
spF%Pn tdp %u%%%%? al FySparaftef 9 an~aXkfg ofcntre
rotakeen of the spinning tube. 7 . A nmethod according
to claim6 , wherein the centrifugal separators are
noBint et BAtBodoARBATEERraP ahafenegot Mheephegeding
ac g 0 f |
L R B ke R S
swintiragugasgstr eatnrinhhg the spraanngntabehe spinning tube.



