PROCESS FOR REMOVI NG CARBON DI OXI DE FROM GAS M XTURES The present
invention relates to a process for renoving carbon di oxi de and optionally
hydr ogen sul phide and/or COS froma gas stream containing these conpounds
by washing the gas with an agueous washi ng solution 5 containing water,

sul fol ane and a secondary or tertiary amne derived from ethanol am ne.
The invention further relates to an absorbent |liquid to be used in the

above = process. p?ip%gﬁ%ep@&_ REGBHTRCS BRRBBNS DI0x3 He RrDrS @l MIRS (s 10
organi ¢ solvents for renoving of so-called acidic gasses as carbon dioxide

and optionally hydrogen sul phide and/or COS froma gas stream contai ni ng

th ds h b d i bed.l| . See f i nst A. L. Kohl
and F. C. R coent ofhe 272 Eal BN Lf PRat PO 2nt el PTONC o1 Ui T

Publ i shing Coyehipyshen cardoR. Niokaddoxndl3ptiowas 1 yang drodleind sSueetieri ng,
Canpbel | Petroleum Series. Preferably a regenerable absorbent solvent is
used in a coANAR@suSOPr é&e8sa O santirralis CON&R18dA0e thivste CAFPRNICST | y t wo

20 categori es, of e sal vent. p i (o] is to absorb
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capacity, kinetics, regenergbilit sel.ectivity, 25 stability, corrosivity,
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al kanol am nes. The nost frequently used am nes are derived from
et hanol am ne, progess.

The use of organic solvents or agqueous 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,



especi al l y nonoet hanol am ne (MEA), diethanol am ne (DEA), triethanol am ne
(TEA), diisopropanol am ne (DI PA) and nethyl di et hanol am ne (MDEA). Physi cal
sol vents which have proved to be 5 industrially suitable are

cycl o-tetramet hyl enesul fone and its deriVatives, aliphatic acid am des,
N-net hyl pyrro- |idone, N-al kylated pyrrolidones and the correspondi ng

pi peri dones, methaniall,l yethawelt hamd lmaxtivees Mo )di alikytlhetriidrsniofe (DEA),

pol yet hyl ene gl ycols. 10 A wel | -known conmerci al _process uses an agueous

mxture of a CHeMtOANodGMIEst ,(TédpaciCdiiSPRBOPRTMEMGMe MBEAR )arfd % physi cal

sol vent, espegieaihly G¥Ehehehxdn ndet (Moegne- sul fone. Such systens show good
absorption capacity and good selectivity agai nst noderate investnent 15

costs and operat i &halsicadt solvikey spefiohmheeey pweiviedatto fiegh pressures,
especial |y betueen 20,09 99 batd. ALuLlher uprovereal ol dhe hove o

described m xe aquéous “systens usi ng types sol'vent's i's desired.
In order to inpsove rtike tliives,d/agdphaatiico acdspeniialdsy at-mi2@ ilghy preessur es
and/ or deep car,bon di Qxi removal , it has now been found that the

addi tion of p ilr‘?éﬂnf'orl\]?gfi(drjr@&re)? Pé{rﬁrﬁél%r?ﬁéuﬁ&’é it SCHESFA] |

amount s furthes pdRIPNES 1l RMRAESStHe@oll RRRGSt ke addition of a few
wt % of piperazine results in a clear inprovenent of the 25 kinetics of the

system resul Giigg kiyd edhegwerofl ipgpdivétyad encatdlycoldi-ch may result in a
Pl L8 O5FT 20, O L LA RURMERRS 10548 s gtensy gl Men wotng
di oxi de may beixemmeedf 30 dhrraddilt isen,vent ,t kepease lafy addia izonrd fr sui tabl e
primary. or Se%ggger%n%ﬁgn%ﬁgggggﬁn%%l%%n&%l%gsggfgfygﬂgyclotetra—
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
aqueous 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 liquid/gas
ratio, which may result in a smaller design of the plant
(absorber as well as regenerator). When using the same
liquid/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,



anounts nore carbon dioxide my be flashed at a relatively high pressure
when conpared with simlar, - 3 aqueous chem cal absorbents. This reduces
re-conpression requirenents, e.g. for re-injection. This holds especially
for the conbination of DEA, TEA, DI PA and3 NDEA, especially DI PA and NMDEA,
and piperazine. 5 1t has been described in the literature that the

addi ti on of eaguepiusechemeatlo a@.sgp.r OVDEA .r §4ulst seiducars riemmromped: saciicch gas

renmoval . However, .one particul ar _ di sadvant age of ch opbi nation is
that carbamat & Wy T5& For Fed,- e@ﬁecrieélllrﬂ?eé&lﬁngh%g‘d‘lsvzlrﬂ(\l‘{%adi ngs, which

10 car banat es egfpe diRSQhulFR itheaGua®isagalot icNDEASea R, 9.D1 HS B36, 233.
Thus, only Iimted anmounts of primary or secondary am ne conpounds can be
used in purel YPEGues§PeEGldyi HEA g DIy 6@ PERETE8E€ - not to use

physi cal _ sol vent $i faQr §elen' AkRlid ok f AHLANLQR 0k e driasolyfl e 15
carbamates. It has, however, now surprisingly been foun that such
limtations dedddttioocwt ien gwatpepetretziaettioy le-. gen@HA ors ulibd umesaras

lied in th I i_al | i ' . ddi ti gn, dat i d
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i nvention, therekerentkelealods siehda PREASSthion tike therowlrinaadPamy
di oxi de and optionally hydrogen sul phide and/or COS froma gas stream

containing tREsdEBouREP A adddhiarg NHgE §&d Vifinth 1o Hgwsoudhiedhi ng

sol ut{en cont ?E%% aReines” 1&518%'1@15‘1%4 A ta%%u%u@ s‘éﬁﬁ%{l Rased on ot al

solution, preferably between 15 an parts by weight, of water, Detween

15 and 40 parUs By 33gi2gist. Tased omltyotldmiseldutarounafs sl frolinsney and

between 30 and 60 parts, By, el gnt, paed N ot Aley 3 Yl Pl icous
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 do 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 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,

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



secondary or tertiary am ne derived fromethanol am ne, 30 the amounts of
wat er, sul fol ane and am ne together being 100 parts by weight, the process
being carried out in the presence of a primary or secondary an ne conpound
inan - 4 anmount between 0.5 and 15 w % 4pr‘ef erably between 0.5 and 10
wt % based on water, sulfolane and am ne. \Wen conpared with a prior art
process, i.e. amoarngametwereocdss wirtdhdt wthte gddiftaraidly Usevafera Qrd rearg/ or
5 secondary armine compound, especially secondary, am.ne conpound, one or
a1 o’ ot

d
more of the fdll &hi*ng PAAFSh Ry e tate - ake aHM5on di oxi de

absorption rate i ghkastemparihe Wieading ammuntrd $rligher,. jthe solyentigas
ratiois lower, the design of the plant is snaller and the 10 regeneration

heat requirempmodess oMdholtediie iaggliits dneds ussoalfi By poapecit Yr  Waen
conmpargd with anoth ré,pri Qr_art pproc Ss, i.e. an absor bent_ cont ai ni ng
2qUOOUS an ned CCCBEREN ATy ONRRTR 1 BEFESRAL % o SREATLIB GFUSL f of ane
results in theda@ssind,| idne o HERUeT G adIdicwkirde aatvalkix dJdLramdi at e
pressures, e.g. pressures between 3 and 15 bara, preferably between 5 and

10 bara. The §&esTEs :bdher &arddni Klitre G5t SELT RACCHY didtg tie it gresent
i nvention may he %X)%Ei;l%%l S QY @Ji@%ﬁ,orthé r}ﬁatl%%et/g%és( Q?ttailcyti'bsc)
and/ o hydr ocar bons,

partial oxidation I’ by steam 20 thane reformng
e. g. net hane, loateur,altheordeasisocicet adhegas,antaplhs lwmaldiessseindandd i qui d

residual fractions, gases. originati.ng frgm.coal gasification, cok oven
gases?gr ef i nerrfgéiai?&?%lﬁﬁ’drh@ﬁ‘&n ra?r?d“l‘?% Bgen© ﬁ%‘ i ninfg Yasey Jasnglef%s
especi al Iy syridRasing @apaitdh .nahemlcapsarethe ianp st efr gaiidic gaseous

conpounds nayp&%%%%s, i.e. an absorbent containing aqueous amines,
especially DMEA and piperazine, the addition of sulfolane
results in the possibility to produce 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).



froma few tenth of a percent up to 70 or even 80 vol% of the total gas
stream Suitably the anmount of carbon dioxide is between 1 and 45 nol %
preferably between 5 30 and 25 nol % the anount of hydrogen sul phide is
between 0 and 25 nmol % preferably betwserr 0 and 10 nol % and the anount
of COS is between 0 and 2 nol % (all % based on total gas stream. - 5 1In
t he aqueous absor Benthienatiheopsesesbtrpeatess tthe parsent: frowatser tihe

ferably bet 20 and 45 part ight, th t. of. sulfolane i
o1 of or abl ) DOCUBGH 20" A1 3 paPEE By WGRE AT R0 ARSI PR B i 5

preferably bekyaegnt40 tard sfoupdr b Ry 1WRI1GHMe itsher2IRURES v et WIS 20
sul fol ane and am ne together being 100 parts by weight. The preferred

ranges resul t §7cn 3gpPadiim Sar HeA Ihdi exiddé heemdpainti wImestingases. The anine
derived from efhanol, B2 tIR%NPE 08 FINGE 21 S@CoNdary, or (her tiary am ne

. 2 bﬁ% 9 !
derived from ethanol am ne or 'm xtures of “seconddry am nés and/or tertiary
am nes. Sui t ablfe wateres sarlé€ odecendary aartinees odertinead blerioy 1€0haalt samyne

whi ch et hanol am ?’tet may or ngy not be substitugtt ed .at one or both carbon
atons. Pref er ¥51¢ the BERAFSE SO RS 9ES SV (HSs thit P& ™ SEFRA™ ut ed at

one carbon atomyigel taklo®agulst kowents sale Cl_4 al kyl groups, preferably
nmet hyl or ethyl groups, nore preferably nethyl. The am ne group is

substituted by a Chedazikgl degimggd, fwoncletyeood iesiopt mayabley asistdlteut ed
DY 3 30 LG o2 SLaEaL AT SR B 4B 0 TR, o
DEA or MVEA, piieferal v fDisesonMaetyheinigieeupnef/ cxuitleattlie rgmanghedy.e tertiary
amnes 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 Cp_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
C1-4 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 Cqj_4 alkyl

group, which group is optionally substituted by a

hydroxyl group. Preferred amine substituent groups are



derived from et hanol am ne whi ch ethanolam ne may or may 25 not be
substituted at one or both carbon atons. Preferably the ethanolam ne is not
substituted or substituted at one carbon atom Suitable substituents are
Cl-4 al kyl groups, preferably nethyl or ethyl groups, nore preferably

met hyl . The second substituents may be 30 chosen fromthe sane group as the
first substituwenthylThd - Chimdi=uysttitygntaraf I-he -anidre-grotdgpyls) a elr

al kyl group, which . group is optiognally substituted by a _ hydroxyl group.
Preferred am ne'd@hae ¢ esgraorL?pngé}Ae or @bMphmnre ey dHddet hyl ) and

1- (2- hydr oxypr opylthe Y8fivna rSHidralled cHEan8s @i MMM RurlEVEA Rfafa5apl y
MDEA. The primary or secondary am ne conpound has suitably a pKb (at” 25 C
in water) bel GwPKs (a3r éfder bl baltew )5 belRwdr.& prrafadreaisibl yodleowowdt. 5, A

| ower pKb res inJd r s Jesulits in the form.of Jincreased 002
absor p?i on. T é)tr%r ip%grf%%\iggg%nlg%re? a5m %e lcoor?prl(:'n]:or%j t%esﬁl?tasddlend to the
absor pti on soliutpirevesliprales s eachd tfsastrert hai to rod @ fC arraare LH«axi under
the sane conditions than the anmine reacts with carbon di oxide. Preferably

the primary oebssggdridar.y ani ne conpound reacts at |east tw ce as fast

Wi th carbon di oxi c}g then the amine reacts w t.h carbon g Xi ‘dpe, th;%td
reaction vel ocity D& Kg 'J&finéd &S IHE TS APERES GP &St '(t?t;? onst (at 25
C). Mre prefeakinge e @i BoautSeeoRAAMAAY e LUt deasts five

times. as fast as the amne, still nore preferably reacting twenty tines
as fas? as t h€aghome dloxide pyrgiear td¢ tSengs €onidd g cdd@rofthe suigiriar y

SL“. e @ pri many. amisng 29, camuind; ANdd N Bhe G358 i LENHANY &Mne a
secondary amine compound reacts at least twice as fast
with carbon dioxide 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 wtg,
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/1l

30 and 3.0 mol/l, more especially between 1.0 mol and 3.0
mol/l, especially piperazine. For the specific

combination of MDEA and piperazine a preferred embodiment



or secondary am ne. Very suitable conpounds are piperazine, nethyl ethanol
am ne, or (2-am noethyl)- ethanol am ne, especially piperazine. The anount
of primary or secondary anmi ne conpound 25 will usually be between 0.5 and
15 wt % based on water, sulfolane and arine,” preferably between 1 and 10
w% nore preferably about 4 wt% The anmount of primary or secondary am ne
conpound is duwitthlsl ysat dfedst’-0..8 moll/l, odspegpiealazineet wegrecti.ad ol /| 30
and 3.0 nol /I, re.esp c/i ally between 1.0 nmol and 3.0 nol /I, especially

pi per azi ne. F@r'rgtgt(?e 8sﬂ‘8§i i'c  conbi nati on of MDEA and pi perazine a

preferred enbodi meRte précelss blRec#sanef t@ ¢He PreRlehlt ahvRirRaRZiRe,
especially 0.6-0.8 nol/l. The process according to the present invention

is suitably eadtiaddYogerates werpeatatuitenpemapdart el bedmeens 190 apd
preferably at toenper. I f l.e S I r ef er.gbl ween 25
and 80§C, sti Igl% ngﬂe%ﬁ;%g%ﬁgglyy%%etamggﬁp%%agﬁl eg%fg,aptagg%g\%enz)bsti I nmote
pref erabl y at mabreutorss eCabllye bprtoeess 2i5s aswl Babl°C, cariiledhoowt at a

pressure between 10 d. 150 bar, .10 especi.al |y between 25 and 90 bara. The
venti on wi | PraSSAAE) b Siicred fodiadon Ceoliiniied piddds ot ch

process al so @)Qfé&reir%?ﬁy_t he a'k%@ﬁn%rSaPiCQn Tofe tﬁ}%dwﬁ% @Ji‘t%’ﬁl-y The
contacting of the gas mxture with the absorbent 15 solvent is well known
in the art. |cargiegi calyl @tcgr Pregsuagt bietveerond kad g kem,5- 80
cont afgi ng 'a%%g%ci%‘ﬁh %%tw\é%:nv%5t ra%és,%b%%@ e cap trays, baffles and the
|'i ke.” Structured packirig may al so be appli ed. *fhe amount of 002
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 CO» and optionally H7S 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
CO» and optionally H2S and/or COS. In this way only very

30 small amounts of CO» and optiocnally 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



renmoval can be optim sed by regulating the solvent/gas 20 ratio. A suitable
solvent/gas ratiois from1l.0 to 10 (ww), preferably between 2 and 6. The
| oaded sol vent may contain beside 002 and optionally H2S and/ or COS
appr eci abl e anounts of other conpounds frmthe gas nixture to be
purified, e.g. hydrocarbons, carbon 25 nonoxi de, hydrogen etc. It may be
advant ageous tpoesemes ofh€de @Emon-catiichhaddiypéipsdsrat dosastt pardially from
the | oaded solvent by flashing to a pressure which is higher that the sum
of the parti alPrgvesduings teaengitng et-o Usiia 11002 hend leysthi dirsaldar rHZS amd/ or
CCS. In this y _only ver |1 .a n f 002 _and optional l.y H2S and
CCs are rel e\égeg i %r%s'?l ﬁ)eé g%lt\%/eg%tn tloggltéhgr% \?\)Aatrﬁ’t ke e%r?or}r?]%balé'i %etxqceoeﬁpolunds.
The | oaded solawentl Omivy radv antrageawsley atllgs kethi amt g reacand .stlep the aas
pressure which is belgog t he pr ef}%ur es of CO2 and optionally H2S
[l

ial 8
and COB at t héStplé¢& Alrig e%%tlﬁrsé‘.m@s N9 ARSI ShcargadPout

at a pressuredhgiween sh@argtidrkang, Hisekeiallry dogt ween ghesaid 10 bara,
nore preferably anmbient pressure. I'n the gas 5 set free during the flashing

| arge anobunts of tThe Gakbed sdileoxnde apdiopiilayalalfted?$1anrdyiorg GES are

present. The | oaded solvent, agptionally after flashing as _ described above
i s regener at edeRCIAPEE FOVE ¢ ShitGF SR ECatlr & §ﬁ%%%ﬂ%?%ﬁ MY essure

between 1 and 2ppara+ute The tedsneratd on dss W R LANT I8t Quth 3y, |
heating in a regeneration colum, suitably at a tenperature between 70
and 150 C. Th&hkeatigegeirstpoaf dsalsin teddyi ed rautednicttt bt d@atomaotn ai | .

The | ean absorhent solv%%t mﬁk%wges%ﬁ%%bl%g%knaigehgg?égig&pﬁkﬂpEigaﬁﬁ%he

descri bed bef5F§?n§5FF§blycf§ I"ean "sol'vent i exchanged Wi
| oaden and 150 °C. The heating is preferably carried out with

steam or hot o0il. 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.

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 11.8 vol% carbon

dioxide was washed with an absorbent solution comprising



solvent. The invention further relates to an absorbent solvent containing
between 15 and 45 parts by wei ght based on total solution, preferably

bet ween 15 and 40 parts by 20 weight, of water, between 15 and 40 parts by
wei ght based on total solution of sulfoal &nhe and between 30 and 60 parts by
wei ght based on total solution of a secondary or tertiary am ne derived
from et hanol a® me? MPEAGNMABNWE % ofuldatlene suidf dl3ame sandtam.né t oget her

bei ng 100 parts_by 25 i ght and primary or secondary am ne conpound in
an anount betc\%@g%rﬁ.l Ad afgl\?vta%%ﬁa§é&n§>ér\ﬁataz’ Or&gis é’laa?nélse d “dni*he. The
preferred i ndiviggyal/geenpawnds oFf 4t.he taRseuberin snlovarte ang thedwanges in
the solvent are simlarly defined as in the way as has been done for the
30 process asudédérighd@vaBopd. 3-EXAVREE Adstitdam off datdirtalPigeyagemsr i si ng
1.1.9 vol % car, i:0%1.d ' n rb | ytd rising
T a3 g 06 NOBRT LRI SuTTRERY ang e A larer ko E s ST

avai | abl e st andaixd dabgdrlbér wd$ Jus@didiAtica dfi quicd/hgas 1Ir atti%o pafped ek, irtehe
carbon di oxi de was . rempved _until a |evel ,of 3.1 vol % Addition of 1 wt%
pi perazine 5 F@sc‘tflsitt&‘il PR & FUrERET FEGUIEHER (9111 e PLPo SHC 9% ar bon

di oxide ((1.7 MQ3%;01Addition of another 1 w % piperazine resulted in a
further reduction of carbon dioxide (1.3 vol%. A simlar experinent as
descri bed above wAssd@adaat experdmenguiad/ §ascratied aoyel wasd Agsiengt2 am %

piperagine. THig,;LoUIL 6d¢lid 3¢carBon i i 12VRly bipeid#ne. Hhis

resulted in a carbon dioxide level 1.9 vol%.



CLAI MS 1 Process for the renoval of carbon dioxide and optionally
hydr ogen sul phide and/or COS froma gas stream containing these conpounds
by washing the gas with an aqueous washi ng sol ution containing between 15
and 5 45 parts by wei ght based on total -spputi on of water, between 15 and
35 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

am ne derived from et hanol am ne, th% ﬁr’r%ur}t %4 %f wat er 1Q sul f ol ane and

am ne together being 100 parts by wei rocess being carried out in
the presence of a primary or secondary am ne corrpound in an anount between
0.5 and 15 wt%based on ter, sulfol anc?L 2. Process according to

am n
claim1, in wli-ch PFERESGSs T8¢ &b TEgovéln uFé‘Irbg?éi’s ddroxslﬂ‘ﬁ k€ s gas. 3.
Process accor @g&qotncalqualhrpdlfo@re#,sdl@h\miec@rm%r UM Rf Layhonsdiny de

is between 1 and 45 nol'% ~ preferab between 5 and 25 nol % the anount of
hydr ogen sul mnd@llnsln@ett\h@@@ @oa\muzsiarmeapﬂ@fr@r abbley deet waidrh @20 and 10

ol % and the AU, ofFRJ Shstusen O.and, A0l A e based on tota

gas strean). rrocess acc ng to an in which the
anount5of wat & |psut1e5t\m@emze2@rancba%qoafri § dyy meicghit,iort feef aramwt, of
sul folane is betvveen ﬁ% and 3%5? parts y 25 \&ﬁ ght and the ampunt of am ne

i s between 40% WS | yt 113 eSS Wattet e ls AF ERR and
am ne toget h%rf @@1%1%% R HWtR] B armad kb prrt 9ReSSRRE0HNG to

any of clains 1 to 4, in which the secondary am ne derived from
et hanol ani ne o® mppﬁl 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 secondary amine compound 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 is between 0 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.



DEA or MMVEA, preferably DI PA. 6. Process according to any of clains 1 to 4,
in which 5 the tertiary am ne derived from ethanolam ne is MDEA or DEMEA,
preferably MDEA. 7. Process according to any of clainms 1 to 6, in which

the primary or secondary am ne corrpound’h%% a pKb (at 25 Cin water) bel ow
5, preferably below 4.5. 10 8. Process according to any of clains 1 to 6,
in which theSprifaogess secondang &w reYcofpodrd msedetts &t ligasthidhwi ce as

fast with car di_oxi t hen .t he 1.0 cts i_t h .car.bon .di qxi.de, the
reaction vel O(t:%?{%y “dei |n%§§yb§g}lﬁ% d%erpéé’teelogﬁ%\?é\ 5’51 afoggﬁlsﬁgfntls(%%s O, the
primary or 15 geceidaMErgmpre feompayndpzef erably reacting five tines as
fast as the am ne, nore preferably reacting twenty tinmes as fast as the

amine. 9. Profess &COEEEISnGCCEHTEHR Yot clraYme Ll A1 iln tehideh 11t i s nary

or secondary ameN& GQMRAYN G i$PIRE18A N & r on? & tHRiHM artRANA MBHAIG - OF
(2-am noet hyl ) et hanol am™ne, especially piperazine. 10. Process according

to any of cl aiDiIER,t @r@feinabdlyi ¢PEA.he anpbunt of primary or secondary am ne
conpound is between 2.5 and 10 .wt %25 11. rir cess ac or(g ng to, an of
claims 1 to 10, i NOWTEER AHE TGNt Cof Bt i@ rcga&rmss cSfdary “AhiHe Compound
is at |east @ne pHiddaryespReGed)dnadigt wedmel drplurd and 3 Gpuwl (dt nore
especially between 1.0 nol and 3.0 nol piperazine/l. 30 12. Process

according to vy ‘6f i1 ieker) ©6ley, S/n Basiter aklive Ysrloveds S carried out at
gr tﬂ?g?g[)f‘;“fe 18‘2” 3 oSt 22D Gink &1LLAR) B PUERR 35 @nd,9Q Coy e
the primary or secondary amine compound reacts at least
twice as fast with carbon 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 amine, 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



20 C, preferably between 25 and 90 C, nore preferably between 40 and 65 C
at a pressure between 25 and 90 bara. 13. Process according to any of
claims 1 to 12, which 5 process also con?rises a regeneration of the

| oaded solvent. 14. Process according Toldny of claims 1 to 13, in which
the process is carried out a pressure between 25 and 90 bara, in which
process the | oaded solvent is flashed 10 of at a pressure between 1 and 15
bara, followed@ by Cregefersdilon ket weqr &s wmel 6 wsbn roran g fearan1 5. An

absorbent |iquid. contaihin t n.,15 and 45 rts b i ght . based on
total soluti ol&l}egfwev\% glrof1 a@e?@e\éﬁeﬁ aané)rf(?sﬁlarrﬂ{)}eo%y%%l gvxfi:ﬁ ed on total
sol ution 15 ofoswdrel.ane and between 30 and 60 parts by wei ght based on

total solution of a secondary or tertiary amne derived from ethanol
ani ne, the andit £IECakE &CCOTEH 0 Iten&ah® fafilife MSodetttferl Deiig 400 part s

by wei ght and,,a Jud M1\ PreHREANGAT Yy A NG, SURUND A RN BTy

20
between 0.5 and 15 wt % based on water, sulfolane and amne. 16. An
absorbent |iquwcdvantdefined in claim 15, the individual conmpounds further

defined as In1C4|.aIEJ}r:Boc%’ssS’acc%’rda’ng&tog’anlyo & c]lla'ims 1 to 13, in which

the process is carried out a pressure between 25 and

90 bara, in which process the loaded solvent is flashed
10 of at a pressure between 1 and 15 bara, followed by

regeneration at a pressure between 1 and 2 bara.

15. An absorbent liquid containing between 15 and

45 parts by weight based on total solution of water,

between 15 and 40 parts by weight based on total solution
15 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 weight

and a primary or secondary amine compound in an amount
20 between 0.5 and 15 wt% based on water, sulfolane and

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.



