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"0 3 MAY 2006 PROCESS FOR REMOVI NG CARBON DI OXI DE FROM GAS M XTURES. The -
‘present invention relates to a process for renoving carbon di oxi dg3a4M 1006

_optionally hydrogen sul phide and/or COS froma gas stream containing these
conpounds by washing the gas with an jaqueous washing sol ution 5 contai ning
wat er, sul folane and a secondary or tertiary am ne derived from ethano

am ne. The invention further relates to an absorbent liquid to be used in
t he above procePROCHSS (FSER FEEMWAHF CARBORNPEOXE DEEBOYSsGAE| MIXIRWRES 10
organi ¢ solvents for renoving of so-called acidic gasses as carbon dioxide
and optional ly hydrogen sul phide and/or COS froma gas stream contai ni ng

t hese conpounds has.,.he crsi QY AYPat bog Lpstavcer@psL. Kohl and
F.C. Riesenfeld, 139%,%ggggﬁﬁff |caﬁ#bn, 2nd e%???on, b15 Qul f Pablishing

Co. Houston angeRoNinddbonl Yihx (@s amtdoht fional Bpebydnoggn Gaidpihelde
‘Petroleum Series. Preferably a regenerabl e absorbent so|lvent is used in a
conti nuous pr o@®SYorof0 fnfust 938 SreINt fRR k2 APENENEBEFG CREPOSHUS

categori es of absorbent sql.vents engdi n e chani bsorb the
aci di ¢ conmpone s:wacsﬁ]elrﬁgca he &)ﬁ/e‘%t%;n ;%drl'ﬁld %%])ngslcl)‘é% wggﬁgﬂﬁt Eﬁméggﬁ%sol vent

has its own agdwara885 ARk thsaduant sluese asnd oaf eatondsrgsoroadimgary
capacity, kinetics, regenerability, selectivity, 25 stability, corrosivity,
heat/ cool i ng r eqiineegemisest o roncifthanel soniedt sTRRI ERVRAYAOpr SVadNEd be

TRl I E RN TR TR G S

amne, 0 3 MAYp}Q)Q@ss_

The use of organic solvents or aqueous solutions of

10 organic solvents for removing of so-called acidic gasses:
as carbon dioxide and optionally hydrogen sulphide and/or
COS from a gas stream containing these compounds has been
described long ago. See/for instance A.L. Kohl and
F.C. Riesenfeld, 1974, Gas Purification, 2nd edition,

15 Gulf Publishing Co. Houston and R.N. Maddox, 1974, Gas
and Liquid Sweetening, Campbell Petroleum Series.
Preferably a regenerable absorbent solvent is used in a
continuous process.

On an industrial scale there are chiefly two

20 categories of absorbent solvents, depending on the

! mechanism to absorb the acidic components: chemical
solvents and physical solvents. Each solvent has its own
advantages and disadvantages as to features as loading
capacity, kinetics, regenerability, selectivity,

25 stability, corrosivity, heat/cooling requirements etc.
Chemical solvents which have proved to be

industrially useful are primary, secondary and/or
tertiary amines derived alkanolamines. The most

frequently used amines are derived from ethanolamine,




- 2 especi ally nmonoet hanol am ne (MEA), diethanol am ne (DEA),
triethanol am ne (TEA), diisopropanol am ne (DI PA) and nethyldlethﬂﬂngh?M@
(MDEA). Physical solvents which have proved to be 5 industrially suitable
are cyclo-tetranet hyl enesul fone and its derd vatives, aliphatic acid ani des,
N—nethylpyrro- Iidone N-al kyl ated pyrrolidones and the correspondi ng :

pi per i dones, 004 a1y RBALRALNBI MR ofiidh Al Kyl €L 119651 8hi A xét@ygehe

gl ycols. 10 A me nown” conmercl al process uses an aqueous .mxture o
chem cal sol ventrieshentodbhhynBl RREANJ/ @i i SdpAp sl @m g siDAPASobwnent |
especially cyclotetra- nethyl ene-sul fone. Such systens show good absorption
capacity and gd@@tgﬁléé?Fbﬁp91&@aPﬁsﬂNﬁﬁﬁ@rate |nvestnent 15 costs and

operational costs. l:1 & especially
bet ween 20 and 90 bargngS; %EgggﬁépF@Véﬁ%ﬁk‘ﬁ%q%%e a ove descrlbed m xed

agqueous 5syst ensi hgh £gr bel hyt ¥pes abil es @lreentys: lics- tketsi amdet. hy l @nesdefohe and
i mprove the liquid/gas ratio, especially at 20 hlgh pressures and/ or deep
carbon di oxi de *efoVErivatiNgs, ﬁéwpbéﬁiq(ﬁﬂﬁﬁtQW& e %dﬂ?FPBAPBFIBrlnary

d
Che'process, Fol \FRRantar  FRASRaR, Poar o R, =i of Ot “or kP 6t PR UV TS

in a clear inpreyeeeidonés] heZhakon§t iethadiolt haeacsmtmmssuftl ng in a
|l ower liquid/gas ratio, which may result in a snaller design of the plant

(absorber as mediahtyl@gbﬁéﬁapérPolvﬁé@YdﬁmﬂgQMKFQ%ﬁﬁa I|qU|d/gas rati o an
of ten nsi derabl e, | ar

d id 30 |
addition, in the cd%e S?faEBP?Poﬁowpe§ﬁﬂﬁgg%§&%§%§é§%gi e%%ﬁggﬁg am’nen
conpounds in rehpkéYELYo8MB! bhemical solvent, especially DIPA and/or

MDEA, and a physical solvent, especially cyclotetra-
methylene-sulfone. Such systems show good absorption
capacity and good selectivity against moderate investment
15 costs and operational costs. They perform very well at
high pressures, especially between 20 and 90 bara.
A further improvement of the above described mixed
agueous systems using both types of solvents is desired.
In order to improve the liquid/gas ratio, especially at
20 high pressures and/or deep carbon dioxide removal, it has
now been found that the addition of primary or secondary
amine compounds in relatively small amounts further
improves the‘process. For instance, the addition of a few
wt% of piperazine results in a clear improvement of the
25 kinetics of the system, resulting in a lower liguid/gas
ratio, which may result in a smaller design of the plént
(absorber as well as regenerator). When using the same
liguid/gas ratio an, often considerable, larger amount of
carbon dioxide may be removed.
30 In addition, in the case of addition of suitable
primary or secondary amine compounds in relatively small
amounts more carbon dioxide may be flashed at a

relatively high pressure when compared with similar,



~anobunts nore carbon di oxide nmay be flashed at a relatively high pressure -
“when conpared with simlar, 0 3 MAY 2006 - 3 i aqueous chem cal HFMAYIREHEt s.
~ This reduces re-conpressi.on requirements, £.g. for re-injection. This holds
especially for the combination of DEA, TEA, DI PA and MDEA, especially D PA

and MDEA, and iBerazin . 5 It has been descy, bed ig the literature that the
addi ti on of e.gg BPpér £hiefd G8g &R0 Fesu?tS THARES| hpr 6PBBLSEPE OFas

romoval . HOWeVELuPENRRL, W, dhioatuary Ao oln susiis 8 sBIBENatl on s tha

car bamat es may or e especi al I'y “at ol vent | oadi ngs, which 10
car bamat es ar eespeelialle iforagheousongaingt ors, oSeRER, gTEAUSDAPB36&n233. Thus,
only limted amounts of primary or _secondary am ne conpounds can be used in
‘purel y aqueousMDEB) ueiseesialdy PIFd iadeh MiFfr 304 L1PBE2ES fise physi cal

I [ d [ f | ; | le. 1 o
has, nowever . now Sir BFCPRETy SBRSE Euhd (1 USRI Eal P ehs D not

occur in waterghgtkagRt byl e .enepildeang intus 6s. @s MPPAI edsubtshénuanal
comercial applications. In addition, degradation and corrosivity of these
m xtures are vempravespestide 9az0 rEMOVRlesdRWeYREnt PR, PRREFEPOPE, rel ates

(o3 rocess Lot bhertemyly o senbon o foan, ophl onellopbiionen

sul phi de and/ o e ai ni'ng eSe conpounds

the gas wth apcagueais, Wasyetd s30litdtom Lt s6 v égt bebaeengd) ahdchS parts
by 25 weight based on total solution, preferably between 15 and 40 parts
by weilght, of uerbemalesweare i%smidkie pr tadegousesghet baséd &ft 6t &l-

sol ution of Subgoh?%%6§%%§¥ﬂﬁﬁﬁg only limited amounts of primary or
secondary amine compounds can be used in purely agueous
solutions. It is advised, therefore, not to use physical
solvents in order to avoid the formation of the insoluble

15 carbamates. It has, however, now surprisingly been found
that such limitations dg not occur in water/tetramethyl-
enesulfone mixtures as applied in the usual commercial

‘applications. In addition, degradation and corrosivity of
these mixtures are very acceptable.

20. The present invention, therefore, relates to a
process for the removal of carbon dioxide and optionally
hydrogen sulphide and/or COS from a gas stream containing
these compounds by washing the gas with an aqueous
washing solution containing between 15 and 45 parts by

25 weight based on total solution, preferably between 15 and
40 parts by weight, of water, between 1% and 40 parts by
weight based on total solution of sulfolane and between
30 and 60 parts by weight based on total solution of a
secondary or tertiary amine derived from ethanol amine,

30 the amounts of water, sulfolane and amine together being
100 parts by weight, the process being carried out in the

presence of a primary or secondary amine compound in an




30 and 60 parts by wei ght based on total. solution of a secondary, ?r -
tertiary am ne derived from ethanol am ne, 30 the anounts of vvaterq MAY 2006
sul fol ane and am ne together being 100 parts by weight, the process being
carried out in the presence of a prinmary-of secondary am ne conpound in an
0 3 MAY 1006 - 4 anount between 0.5 and 15 wt % preferably between 0.5 anf

10 wt % based g pheheSHdP! e a0 £61 ey, WieareornatChetiderh (IS Gindit

process, i.e. € same process without the additional Use of a primary or 5
secondary ami ngQcaQuUshseabmecivdier o setbotlang andnemicenpound, one or
nore of the follow ng advantages are obtained: the carbon dioxid

absorption rate is Wt elompanrd |wildh iy RFHORL2TE HF@H@??*tHeQ&MQﬁﬁnqiﬁ&

tio i | . the desi f t.h | d ti
heat requi r eneREACE 3D B A 0FEt bBa T "Bsbt beg KopEdRTy Hnen "
conpar egd W th anQtfefs B | 061 8 Lc o O8RES e bpBcial 1§baosRetindzan) adrit Mg

aqueous am nes, especially DVEA and pi perazine, the addition of sulfolane
results in thegoegsilid,i tond cprocdoeeofathenfdl derdagaedyentaagssealat e

pressures, e.g. pressures between 3 and .15 bara, preferahly .het n 5 and
0 bar o The gRsEe s o WIGASIPTR ThexhAEca08oERRG Pl fg 1o 4 HE Bretent

' nvent i on may R%esh%d%kﬁ%{g; SRGun 0} & H??hé?[ thBskaneenty daeatayid Cds
partial oxidation and/ or by steam 20 nmethane reform ng of "hydrocarbons, e.g.

met hane, nat ur dlowe, agsociedbgh gaf, thapplbat dseseklded languithe esi dua
fractions, gases origina;ing]fron1coal gasification ke aven gases

. COQ
refinetq gases r 4BV Ahd $Hr HFSHL BRPLI APngOYELed Feit 1SR T &P Ty
synthesi s gas %%&%&Agﬂégggc£ﬁ§). When compared with another prior art

process, i.e. an absorbent containing aqueous amines,

especially DMEA and piperazine, the addition of sulfolane

“results in the possibility to producé carbon dioxide at
15 intermediate pressures, e.g. pressures between 3 and

15 bara, preferably between 5 and 10 bara.

The gases to be treated in the process according to
the present invention may be synthesis gas, obtained for
instance by (catalytic) partial oxidation and/or by steam

20 methane reforming of hydrocarbons, e.g. methane, natural
or associated gas, naphtha, diesel and liquid residual
fractions, gases originating from coal gasification, coke
oven gases, refinery gases, hydrogen and hydrogen
containing gases, and is espeCially synthesis gas or

25 natural gas.

The amounts of acidic gaseous compounds may range
from a few tenth of a percent up to 70 or even 80 vol% of
the total gas stream. Suitably the amount of carbon |
dioxide is between 1 and 45 mol%, preferably between 5

30 and 25 mol%, the amount of hydrogen sulphide is between 0
and 25 mol%, preferably between 0 and 10 mol%, and the
amount of COS is between 0 and 2 mol% (all % based on

total gas stream).



The amounts of acidic gaseous conpounds may range froma few tenqiy @iy Z06
"percent up to 70 or even 80 vol % of the total gas stream Suitably the

~anount of carbon dioxide is between | and #5 nol % preferably between 5 30
and 25 nmol % the anmount of hydrogen sul phide is between 0 and 25 nmol % ==

preferably between_0 agd 10 nmol % and the amount of COS is between 0 and 2
mol % (al | ~ % based oR 6t ARUGRYSsEPSIRPEY 3 oREesert PROERESabliBous

absorfent 1n 1 8RoBRESER! WRIATLIS unﬁ@fmlﬁw@éﬁrzbSa,??eﬁs[)pgkggbs ween

20 and 45 parts by weight, the a ane is prefera tween 20
and 35 parts byeivghght thed amb@mnatsudif lame is prefefsbahl yeberwnen 040
and 55 parts by weight, the amounts of water, sulfolane and am ne together
‘bei ng 100 part§n5y3%w§ﬁgﬁ§.th@eﬂﬁﬁﬂéﬁWEH1ﬂ&hg%@0¢%%u¢fsamhnép#ﬁnun1carbon

di oxi de renoval _i t.C __TIh ' riv f ol ] be a
s!ngle%’lo sec§58§F32§9Y;§%§?§F§ g&f%%“ﬁéﬂ?J%ﬁgg?o%fg%ﬁéggp'aﬁﬁgggﬁPG%¥s

'm xtures of S969ndétﬁr@”b@&io@%%@o%ﬂdﬂéMfﬂé/ﬁﬁ@éﬁﬁérSﬁéiﬁ@'?Q@”b@@ﬁsab9
secondary am nes derived from ethanol am ne which ethanol am ne may or may

not be substiwetgiitat Thee pae flesiied arange atosul 12 eferapt ymumecasbenhanol

am ne is not sHbstL%uted or substituted at one carbon atom Suitable
substituents afeéC&io% éﬁﬂvwaar6ﬂbgpsﬁnﬁﬁ%ﬁ%bly net hyl or ethyl groups, nore

preferably methyl phEh@mamen@edieR it civhsiidndedaing kdy4pal Kykingneup,
which group is optionally substituted by a 20 hydroxyl group. Preferred
am ne 1$ubst i t ueatogKdauys car & e nvstany anpir(el -dediroxy ef hyth ) ethdnel amine or

é;éi?hydro*yprggxkhfegez% éggéh Jéi‘Eﬂfﬁ%%fgé%}%§”¥eE¥?éP§ Q%Eﬁéspreferably
Suitable amines are secondary amines derived from
ethanol amine which ethanol amine may or may not be
substituted at one or both carbon atoms. Preferably the
15 ethanol amine is not substituted or substituted at one

carbon atom. Suitable substituents are Cy-4 alkyl groups,

preferably methyl or ethyl groups, more preferably
methyl. The amine group is substituted by a Cj.4 alkyl

group, which group is optionally substituted by a
20 hydroxyl group. Preferred amine substituent groups are
methyl, 2-(l-hydroxyethyl}) and 1-(2-hydroxypropyl). Very
suitable amines are DIPA, DEA or MMEA, preferably DIPA.
) Another group of suitable amines are tertiary amines
| derived from ethanolamine which ethanolamine may or may
25 not be substituted at one or both carbon atoms.
Preferably the ethanolamine is not substituted or
substituted at one carbon atom. Suitable substituents are
Ci-4 alkyl groups, preferably methyl or ethyl groups,
more preferably methyl. The second substituents may be
30 chosen from the same group as the first substituent. The
third substituent of the amine group is a Cj-4 alkyl
group,’which group is optionally substituted by a

hydroxyl group. Preferred amine substituent groups are



Anot her group of suitable amnes are tertiary amnes derived from :
et hanol am ne whi ch et hanol am ne may or may 25 not be substitut ed O MEnHIG -
both carbon atons. Preferably the ethanolanm ne is not substituted or
substituted at one carbon atom Suitable substttuents are Cl_4 alkyl
groups, preferably nethyl or ethyl groups, nore preferably nethyl. The

second substit ugatsymRy 10 230 yehes&R tfHyaM tdien SBMe2 9h PHPoATpEBS VAN Shery
substituent. The third substituent of the am ne group is a Cl_4 alkyl |
group, which gr8uptablepemangls @ reubibA wiedENER, hydebRyEbgVoMPERRY ef er r ed

am ne substituent g p [ VA -. 6 _meth 1- (2-hydroxyet hyl
and 1-(2-hydroxyproggg)§r€@§§9 gﬁifgﬁgg%%ﬁxuﬁyﬁﬂ%a O%égDE Fuéﬁggéﬁébly
MDEA. The primaeypRb se¢opdary dm ne teapualhbhas. SHipﬁéféraBlPKE:e(l%Ru 25 C
in water) below 5.5, preferably below 5, 5 nore preferably below 4.5. A

| oner pRb resul PIENPFRHREFRA YpPEdEYs 4-esul®t S R E HeKP oF §FBL tPndieased €02

absorption. TheiRpkBpey Bfo8eGANdaly at N6, GWoHh. ! 9¢ benafdededt eobhe

absorption solution-suitably reacts faster 10 car bon dr oxi de “ukder the
same conditionsabhgppthgnam ne reacts with carbon dioxide. Preferably the
primary or secondary am ne conpound reacts at least twice as fast wth

car bon di oxi de t henThtepaminasyr eactsscands rearcome dioxpelendt he beaetiden

| oci bei ef pned: he .15 I |.QCi 25 C . M
b ef orabl y et Br P er 9007 EE4oRIS) CArhCRe SHmAY TEACLS FPOBoF MILP ns -

fast agothe am pgrbshi bionRbe pheker abley JpRCtddHH 1t M6ME YehhABEhaS afidsle as
the amne. It is preferred to use
reacts with carbon dioxide. Preferably the primary or
secondary amine compound reacts at least twice as fast
with carbon dicoxide then the amine reacts with carbon
dioxide, the reaction velocity being defined’as the
15 reaction velocity constant (at 25 °C). More preferably
the primary or secondary amine compound reacts five times
as fast as the amine, still more preferably reacting
twenty times as fast as the amine. It is preferred to use
in the case of a secondary amine a primary amine
20 compound, and in the case of a tertiary amine a primary
or secondary amine. Very suitable compounds are |
piperazine, methyl ethanol.amine, or (2-aminoethyl}-
ethanol amine, especially piperazine.
The amount of primary or secondary amine compound
25 will usually be between 0.5 and 15 wt% based on water,
sulfolane and amine, preferably between 1 and 10 wt%,
more preferably about 4 wt%.
The amount of primary or secondary amine compound is
suitably at least 0.8 mol/l, especially between 1.0 mol/l
30 and 3.0 mol/l, more especially between 1.0 mol and 3.0
mol/l, especially piperazine. For the specific

compination of MDEA and piperazine a preferred embodiment



in the case of a secondary amne a primary am ne 20 co ' 3
_ _ _ _ npound, and
case of a tertiary amne a primary or secondary am ne. Very sui ta@)sgh‘l?ems
. conpounds are piperazine, nethyl ethanol .amine, or (2-am noethyl)- ethanol
am ne, especially piperazine. The anount of primary or secondary am ne

compound 25 will wusually he bet n_0Q and 15 wt % hased o -
sul fol ane and &%i ke BFEf@?aBPj'ﬁggmﬂga§% & dpﬂfﬁﬁq%¥%?ﬁn%§Eﬁ€§§;%%ly about
4 wt % The anp “é-@fspﬁbﬁ?iy or secondary anmine conpound is suitably at

| Ye-4. . y

east 0.8 nol /T "eSpecrally between 1.0 mol/l 30 and 3.0 nmol /|, nore

especi al |y bet weenrHe OpfdtespdadcOrauhgl toesheciraidsenti perenthton Fo# t he
specific conbination of MDEA and piperazine a preferred enbo 'nené 0 3 MAY
2006 - 7 is theitzblyfcorrigdoons| At & LSMRSTEAHE REPITA fé @p8%6-0.8

mol /| .- _The proggss,.accordi t e _pk lnvent d S i t apl [
out ai % tenpeddt oF e BRpRedibls aige R e Y %?éﬁttggpggg? e of
-at least 20 C, mBPé‘ép?éQéQébQWbb;eweeﬁn 225 aant] 88D T, sttill mooee preferably
between 40 and 65 C, and even still note preferably at aboug155 C. The

pr oc’ejssI : s sui pabEgrabayr betiveen 40 anst &sule FRGERTEACSHh 188 Bar, 10
especially bet“eegﬁggezgea%gpgﬁ5§;é@h&df“TﬂgLé¥b¥%§§ ysughiyaReycarried out

; e
as a continuoB¥ ess "al’so conprises the rege%eration of

the | oaded sol fggg}ieéhsugoatta%t' s@furteh@egageen xtUirend 150 tharabsor bent 15
solvent is wel nown in the art. It is suitably carried out in a zone
havi ng ¢f r om 5- 88pecnadyi bgtiwapsr €5 auch ¥k bara. -

The invention will usually be carried out as a
continuous process, which process also comprises the
regeneration of the loaded solvent.

The contacting of the gas mixture with the absorbent

15 solvent is well known in the art. It is suitably carried
out in a zone having from 5-80 contacting layers, such as
valve trays, bubble cap trays, baffles and the like.
Structured packing may also be applied. The amount of CO»

_ removal can be optimised by regulating the solvent/gas
20 .~ ratio. A suitable solvent/gas ratio is from 1.0 to
10 (w/w), preferably between 2 and 6. The loaded solvent
may contain beside COy and obtionally HyS and/or COS

appreciable amounts of other compounds from the gas
mixture to be purified, e.g. hydrocarbons, carbon
25 monoxide, hydrogen etc. It may be advantageous to remove
these (non-acid) compounds at least partially from the
loaded solvent by flashing to a pressure which is higher
that the sum of the partial pressures belonging to the
- COp and optionally H2S and/or COS. In this way only very

30 small amounts of CO» and optionally HpS and COS are

released from the solvent together with the (non-acid)
compounds. The loaded solvent may advantageously flashed

in a second step to a pressure which is below the partial



val ve trays, bubble cap trays, baffles and the like. Structured pach fﬂm ly
al so be applied.. The anount of C02 renoval can be optim sed by r A ga
the solvent/gas 20 ratio. A suitable solvent/gas ratiois from1.0 to 10
(wWww), preferably between 2 and 6. The | oadel sol vent may contain beside
C02 and optionally H2S and/or CCS appreci abl e anounts of other conpounds

from the gas bredEarts b oY refl ot o V@Oﬁﬁéebgﬂg B3 QN (g3 monoxi de,

hydr ogen etc. advant geous to reno non-aci d)” conpounds

at | east partla;bwv&imgh% mpedaeh 0! WAl DYy THRENENEShO12 BEEIIUL Y CN

i's higher that” the sum parti al pressures bel onging to
optional |y H2S andé opr&8Surkenbeltiweemyl amdg Verlyads, spﬁéifeaﬂblllyt %e(tfwe@ﬂ land
optional ly H2S and CCS are released fromthe so|lvent together with the

(non-acid) conpl&nd®. P¥REa. |5@a@dpsrcﬂﬁﬁenﬁ ]riéya%%'ﬁaﬁéﬁﬁwefléélhé@e LLEN
second %tepftgngePrﬁﬁéHrBu%@rﬁhtﬁ§s gﬂ%ﬂg§é$£§%§aémguﬁtQ“XfZQﬁg cé§bon

pressures o and optionall prevarling nperature.
Usual Iy the flarshoxisdeaéhdedp@ﬂbnaatl)a Hyesaud fobet@Bearéd presknthara,
preferably between 1 and 10 bara, nore preferably anbient pressure. In the
gas 5 set free duriTiget heatibdskbigenar,geoppsmmmekl wfafter cAlbshindi asi de and
optionally H2S and/or, COS are present. The | oaded solvent, optionally after
f| ashing as de‘%%??ﬁé}aegbépevﬁslﬁeééﬂ@r’%ﬁ%%q 3t r2| 5eigbiyepyghigh

tenperature SU'E@@%&rQEu E§%H5§yb%@“§1b£%§§5&@ ﬁ@%@e?ﬁolTQﬁdVQQ at'g”

IS suitably carri out ea INng"in a regeneration co Ssuita
t enper abur e betmmenrégenandtiﬁa €s EMaﬂxhﬁyrmpfﬁu@de&@tabyyheatﬂmgd1®ub
wth steamor fot e stration c83ndl Tl i) o MnpelStii?betueen 70
and 150 °C. The heating is preferably carried out with
steam or hot oil. The lean absorbent solvent will be used
again in the absorption stage described before. Suitably
15 the lean solvent is heat exchanged with the loaden
solvent. g
The invention further relates to an absorbent solvent
containing between 15 and 45 parts by weight based on
total solution, preferably between 15 and 40 parts by
20 weight, of water, between 15 and 40 parts by weight based
on total solution of sulfolane and between 30 and
60 parts by weight based on total solution of a secondary
or tertiary amine derived from ethanol amine, the amounts
of water, sulfolane and amine together being 100 parts by
25 weight and a primary or secondary amine compound in an
amount between 0.5 and 15 wt% based on water, sulfolane
and amine. The preferred individual compounds of the
absorbent solvent and the ranges in the solvent are
similarly defined as in the way as has been done for the
30 process as described above.
EXAMPLE
A stream of natural gas comprising 11.9 vol% carbon

dioxide was washed with an absorbent solution comprising



~again in the absorption stage described before. Suitably 15 the lﬁﬁ?ﬁ@ﬂﬁm
is heat exchanged with the | oaden solvent. The invention further
_an absorbent solvent containing between 15%and 45 parts by wei ght based on

total solution, preferably between 15 and 40 parts by 20 wei ght, of water,
bet ween 15 and 0 r t ot al on.of syl fol ane and
bet ween 30 and o%}rﬁ@% \Avvgél 3{}&% b%zlzﬂo% ?o?g |on‘."(§1"er éecondary or
tertiary am necggimet@d lNgmaBidtanod: &nd fignds he aﬁwﬁbér fbsvwalseid. it fzol ane
and am ne together being I00 parts by 25 weight and a primary or secondary

am ne conpound lllmauard/mmﬁtlttetmé% 9. sthedcasban%lbazedeowawatremoved

sul fol ane and_ani.ne. ref rred indjvi | ., conpounds t he absorbent
Solvent and £ heangds My Ehet i vEroht v AT FORT 9T Gar Ml PADS R ZRE way
as has deen dongdfion dd6 PG ANASESSY a§ec§’@§€£bﬁ’egfa@ﬁ¥eamoﬁmh@f‘5c%ﬁ;dr?am of

natural gas conprising 31.9 vol % carbon di oxide was washed with an

absorbent sol udioxicEmrilsihgal®) 3 IMDd(l‘QDOﬁ ef9an8bhat %l VREA, pligentzdbine

sul fol ane and 43 wt_ % wat er. %c Ner Ci aval %abl e, standard absorber was
used. At a |i G&SY At i% TRt U% B3FREMEL OFdfved until a
level of 3.1 vqh%s Addi t)l on of 1 wt % pi pera2| ne 5 resulted in a further
reduction of thé anount ‘of carbon dioxide ((1.7 vol% . Addition of another
1 wt % pi perazi ne resintiddn rexqdirtdrer arszdailemznnbetﬁ ekplenwdisoxdode @t &

vol 9 A simlar experinment as de crlb bove was dope a
A 10 llqu:L%/rgas rat%.o ofs g us:?ng S wtd p?perazuue This

resulted in a carbon dioxide level 1.9 vol%.
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10 liquid/gas ratio of 3.1 and using 2 w % pi perazi ne. Th| S resul@ggﬂ*
carbon dioxide level 1.9 vol% 03 MAI 26 - 10 CL Al MS 1. Proc

t he renoval of carbon dioxide and optionally hydrogen sul phi de and/ or CIS
froma gas stream containing these conmpounds by washing the gas with an
aqueous washi ng sol uti on containing between 15 and 5 45 parts by wei ght
b~tsed on total solution of water, between 15 and 40 parts by wei ght based
on total solution of sulfolane and-b¥ween 30 and 60 parts by wei ght based
on total solution of a secondary or tertiary am ne derived from et hanol

am ne, the anounts of water, 10 sul folane and am ne together being 100 parts
by weight, the process belng carried; oytyig ghe presence of a primary or
secondary am ne conpound in an anDUﬁt—betmeen— 0.5 and 15 w % based on

wat er, sul fol ane and am ne. 2. Process accordlng to claim1, in which the
gas stream 15 is natural gas or synt he

%g g Procg écordlng to
claimlor 2, 14n Rad g5 s HEOT apRint SRV ahr ﬂ?%??d@l?§l Bt #88n 1 and 45

nmol % prefer ydrggenstsuhphi de is
bet ween 0 an® Qéﬁigwhﬁdf Q@%léé %%%négg/gggﬁgé g£ﬁ§ gbeaﬁdsthe amount
of COS is beé&ﬁ%%hﬁhﬁ@dth@s@D¢6héammd§6basedsbmngothe gas wtitbamsp. 4.

Process according to any of claing 1 to ' # E the nDu t of water is
bet ween 20 am@uﬁgu%aWQ%thGwé?b%?lontﬁ%néﬂbﬁﬁPgo BEFBI & eaP bet ween 20

and partsﬂ@ péPe ¥ ghe ggﬂttﬂés@avaﬂtt@%a@ﬂbseutiohebﬁeeatég and 55 parts
by | ght Bfbunt &° o ter, sul folane and am ne together being 100
parts by weilgbtween 15 and 40 parts by weight based on total solution

of sulfolane and between 30 and 60 parts by weight based

on total solution of a secondary or tertiary amine

derived from ethanol amine, the amounts of water,

10 sulfolane and amine together being 100 parts by weight,
the process being carried out in the presence of a
primary or secondarj/aminevcompound in an amount between
0.5 and 15 wt% based on water, sulfolane and amine.

2. Process according to claim 1, in which the gas stream

15 is natural gas or synthesis gas.

3. Process according to claim 1 or 2, in which the
amount of carbon dioxide is between 1 and 45 mol%,
preferably between 5 and 25 mol%, the amount of hydrogen
sulphide is between 0 and 25 mol%, preferably between 0

20 and 10 mol%, and the amount of COS 1s between ¢ and
2 mol% (all % based on total gas stream}.

4. Process according to any of claims 1 to 3, in which
the amount of water is between 20 and 45 parts by weight,
the amount of sulfolane is between 20 and 35 parts by

25 weight and the amount of amine is between 40 and 55 parts

by weight, the amounts of water, sulfolane and amine

together being 100 parts by weight.



0 3 MAY 2006 - 11 5. Process according to any of clains 1 to 4, in which

the secondary amne derived fromethanolanmne is D PA  DEA or NWﬁﬁ%MNLﬂmﬁ
preferably DIPA. 6. Process according to any of clains 1 to 4, in C 5

the tertiary amne derived from ethaRrgl amne is MDEA or DEMEA, preferably
MDEA. 7. Process according to any of clains 1 to 6, in which the primary or

secondary am ne conmpound has a pkKb (at 25 C in.mater% belov.\/5w prg%erably
bel ow 4.5. ¥) B.pricesasadqmmatidinda @mnybictrinasl 180046, 1M WRRACth  the

primary or secondary am ne conpound, reac t ' hEe 1S pad, With
car bon di oxitdee tsepndar vATH¢ ei%’f’sve‘&/i {ioﬁa?tﬁﬁﬁé%&%%, lt%he reaction

vel ocity defined b | ehpsaty constant (at 25 C), the primary
or 15 second§g§cﬁhﬁﬁkﬁgbﬂ%gﬁﬁ%#%$%¥erabIy reacting five tings s fast as
the amine, ngre prafesadocseding noo tavent 91 t chedmaslf 88t das hd Mhe. o.
Process according to any of clains, 1

_ 0.8, in whi : rd y
secogdary anihe orpoamy aBipe pdehyYH frop %%?%Egp%g%oﬁgaﬁ%, or

(2- am noet hyl anol am cially piperazine. 10. Process according
to any of cl%#ﬁéxﬂ.?fﬁ ?rgﬁl%hﬁgﬁﬁ the amount of primary or secondary anmine
conpound i s 7 beteese 2s Sadasradngt 8o 26y 1ef Pledmss ladColdi g ¥ of

TS At | castti GpnLMATY eEpEOFaTRITECPNLER TCOPSAR Tt B RCholTT, nore
giggggfkgyt ggé\gﬁgg}%égaggr'g) iﬂgééﬁév})gr&ﬁ}egﬁmy me/Uow 3051,2 Pr Oc.ess
10 8 Process according to any of claims 1 to 6, in which
the primary or secondary amine compound reacts at least
twice as fast with carben dioxide then the amine reacts
with carbon dioxide, the reaction velocity defined by the
reaction velocity constant {at 25 °C), the primary or

15 secondary amine compound preferably reacting five times
as fast as the aminef more preferably reacting twenty
times as fast as the amine.

9. Process according to any of claims 1 to 8, in which
the primary or secondary amine compound is piperazine,

20 methyl ethanol amine, or (2—aminoethyl)ethanol amine,
especially piperazine.

10. Process according to any of claims 1 to 9, in which
the amount of primary or secondary amine compound is
between 2.5 and 10 wt%.

25 11. Process according to any of claims 1 to 10, in which
the amount of primary Or secondary amine compound is at
least 0.8 mol/l, especially between 1.0 mol/l and
3.0 mol/l, more especially between 1.0 mol and 3.0 mol
piperazine/1l.

30 12. Process according to any of claims 1 to 11, in which'
the process is carried out at a temperature of at least

20 °C, preferably between 25 and 90 °C, more preferably




the process is carried out at a tenperature of at least 20 C, preferably

. between 25 and 90 C, nore preferably 0 3 MAY 2006 - 12 between 4@ gmc
- at a pressure between 25 and 90 bars. 13. Process according to a ;?@

clains 1 to 12, which process alsa genprises a regeneration of the | oaded
+ b5 solvent. 14. Process according to any of clains 1 to 13, in.which the
process is carried out a pressure between 25 and 90 bars, in which process

t he | oaded spol vent is_.flash «of . at ;a,pe8ssuee Heetwaeen 25 andi 15 bar a,
fol | oned by ?%tV%ﬁgnépa?Pén%gt g %?egsﬁre between 1 and 2 bars. 15. An

absorbent 1iggigagqntaining between 15 and 45 parts by wei ght based on
total solution o? water, between 15 and 4% RaLLS b q@éq‘ Qﬁﬁﬁﬂ]on t ot al
sol ution of 13ul Pobaeesandcpsthednt8028Hd°60 S&ﬁpg éy i"gHt based 15 on
total solution of a secondar Letert Lab¥ndWaRe ondeys etk fxeaaed hanol ami ne,
t he amounts BFoﬁﬁﬁér?EsguFPE%gggegng anpng t oget her being 100 parts by

vei g and a RLELRRrY or secondary am ne conpound in an amount between 0.5
and I5 wt % based on water, sulfol ane and %g&ﬂ%ﬁ%F- 1qﬁaéﬂ3apﬁpr Ny, | iquid
as defined in4cl aroceSs ekeoridadnyt@uahych & i1t e hed 55 i n
claims 4, 5’th%’p;bcgbsgﬁ51%aQ&i£ﬁ out a pressure between 25 and
90 bara, in which process the loaded solvent is flashed
of at a pressure between 1 and 15 bara, followed by
10 regeneration at a pressure between 1 and-Z'bara.
15. An absorbent ligquid containing between 15 and
45 parts by weight pased on total solution of water,
between 15 and 40 parts by weight based on total solution
of sulfolane and between 30 and 60 parts by weight based
15 on total solution of a secondary Or tertiary amine
derived from ethanof’amine, the amounts of water,
sulfolane and amine together being 100 parts by weight
and a primaiy or secondary amine compound in an amount
between 0.5 and 15 wt% based on water, sulfolane and
20 amine.
16. An absorbent liquid as defined in claim 15, the

individual compounds further defined as in claims 4, 5,

6, 7, 8, 9, 10 or 11




