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1 Method for absorbing a volatile substance in a liquid absorption agent
The invention relates to a process for the absorption 5 of a volatile
substance from a gas phase in a liquid absorbent which comprises an
ionic liquid and a wetting-promoting additive, where the gas phase is
brought into contact with a film of the absorbent. 10 In numerous technical
processes, volatile substances are absorbed from a gas phase in a Iiguid
adsrhed. EReneRFaBePioR i et Ut THRRERPSShaBtifn t1awid
processes, such as, for exaabglerpraxtractiyendistillations, in which the
extraction takes place in a 15 rectification column, or in gas purification
processes, such as, for example, the removal of (;Erbon ?iégxid% from

CoHRbUSHBRTASER g48eS, diffing WhithhE CSBSbrption takes piace fa "

splaceimra
gels serubbes.tNbreovel ssuchean dserptionds alsplused inlabsarptiefizid

20, efrigeratingmachines: i.such  ahsorphion pegeesses,itjia  and a
advantageous if the. absortgf

t has only a low vapour pressure :
viRtGaity Gods At pass intd #é%%l%eﬁhas"?el? o%s&qqﬁgntl Gt hage}é]Sse e

Slrsatyibedm proposelas useamionictidiid 85 abSorbenfsings fonic
liquids have a negligibly low vapour pressure. WO 02/074718 describes

the uss,aLiopiclaids e, 80 pxtiacive solvents fonextiacivediatiations.s
e use of ionic liquids as absorbents for carbon dioxide is knqwn from

FECBRRRREREANd EOT MaginS ARGRESIouMara 728011 2384523857 55"
W 2005641 13702 WO 2006/884262ramdl W@1200611 34015 deskfibe tiecon

use,ptionicliquids.as-absarbents iy example, in extractive
distillations, in which the extraction takes place in a
rectification column, or in gas purification processes,
such as, for example, the removal of carbon dioxide
from combustion waste gases, during which the
absorption takes place in a gas scrubber. Moreover,
such an absorption is also used in abscrption

refrigerating machines.

Tn such absorption processes, 1t is advantageous if the
absorbent has only a low vapour pressure and virtually
does not pass into the gas phase. Conseguently, it has
already been proposed to use an ionic liguid as
absorbent since ionic licguids have a negligibly low

vapouy pressure.

WO 02/074718 describes the use of ionic liguids as

extractive solvents for extractive distillations.

The use of ionic liguids as abscrbents for carbon
dioxide is known from J.F. Brennecke and E.J. Maginn,

AIChE Jourmnal 47 (2001) 2384-2389.

WO 2005/113702, Wwo 2006/084262 and wWo 2006/134015
describe the use of ionic ligquids as absocorbents in

absorption refrigerating machines.
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absorption refrigerating machines. 2 The inventors of the present
invention have now found that the absorption processes known from the
prior art which use an ionic liquid as absorbent produce only an 5
inadequate and often also at times fluctuating mass transfer if the
absorption takes place in an apparatus in which the gas phase is brought,
for the absorption, into contact with a film of the absorbent. 10 The
invention provides a process for the absorption of a volatile substance

from aigasphasesin adiquide ahsosbent-in Wwhichtheogasiphaseisbrofighthd
Ipto, contact with A Hlm; of | thg;?!@é%@&&é and inwhieh he .absothent o-¢

comprises an ionic fiquid and a wetting- 15 promoting addltlve qg%the

FrotEsSs #rdifg 1M invefio cBmpars Wifithe5rocesses
fiomdkepsioe art;radmaoré crkapid ahde in sérms thtime, Thortsableymageass

transfer-2Q is; aﬁhlﬁi’@%@@%ﬁ:ﬁ@%@ﬁ“%@@ tﬁﬁﬁ@()m{'oaﬁaﬁp%ratus

carrlegloutwﬁ?éout roble sin small% [g‘ gtus]gs rﬁg]e Rrggess .
ﬁ?e ab&orbe omprlsesa astone 1onic '

Imﬁ@aﬁ@@t@@ﬂewﬁﬁn@weﬁm ronfethadditiePreferably, the
absorbent comprises one or more ionic liquids in a total amount of from

to 99 9% We| ht and ne or ti omotin s.in a
%aei amount o C%no% Boglltoefo % b EE‘%% F% ??O'go V%rlth%?%heg(%%ﬁg%@o#%e ot
|ﬁveﬁﬁéﬁténl%n|§‘ﬂﬁ’ﬁ|6"‘}§c§saﬁ’b‘?r& U6 B SHRETF aridhs And: - 2014

cationshavhereithe saltiorithe thixture of safthhas a meltingr poit of lessto
hand00C. 351 = film of the absorbent and in which the
absorbent comprises an ionic liguid and a wetting-

promoting additive.

Using the process according to the invention, compared
with the processes known from the prior art, a more
rapid and, in terms of time, more stable mass transier
is achieved in the absorption, and the absorption can

be carried cut without probklems in smaller apparatuses.

In the process according to the invention, the
absorbent comprises at least one ilonic liguid and at
leagt one wetting-promoting additive. Preferably, the
absorbent comprises one oxr mere ionic liguids in a
total amount of from 20 to 99.9% by weight and one or
more wetting-promoting additives in a total amount of

from 0.01 to 10% by weight.

Within the context of the invention, an ionic liguid is
a salt or a mixture of sgalts of anions and cations,
where the salt or the mixture of salts has a melting

point of less than 100°C.

Preferably, the ionic liguid consists of one or more
salts of organic cations with organic or Inorganic

anions. Mixtures of two or more salts with different
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Preferably, the ionic liquid consists of one or more salts of organic cations
with organic or inorganic anions. Mixtures of two or more salts with
different 3 organic cations and the same anion are particularly preferred.
Suitable organic cations are, in particular, cations of S the general
formulae (1) to (V): R,R2R3R4NI (I) R1R2N'=CR3R4 (Il) R'R2R3R4PI

(1) 10 R1IR2P+=CR3R4 (IV) R'R2R3S" (V) in which 15 R1, R2, R3, R4
aredaeritical o different 3@ afd hydi6gen, aThear of Branehéd afphaticly
qiadefinie Jaydrocarbon radical having 1 to 30 carbon atoms, a
cycloaliphatic or cycloolefinic hydrocarbon radical having 5 to 40 carbon
atoms, an aromatic hydrocarbon 20 radical having 6 to 40 carbon atoms,
arvalkglahf REFCEHAVFYT B850 Bafbon dtoRiT atifedrbr BTANGEE ©F
aliphatiene otefinfohydrbearboh! radical Yhaving 2 to 30 carbon atoms and
interrupted by one or more groups -0-, -NH-, -NR'-, -O-C(O)-, -(O)C-O-,

25 -NH-(;&%%E, -L(l(\)I)C-NH-, _(CHB)NZ 0)-, -(0)C-N(CH3)-, -S(02)-0O-,
-0-5(0253, = )-NH-, -NH-S(02)-, *-:S(02)-N(CH3)- or -N(CH3)-S(02)-, a
linear og hyapeheghaliphatic or olefjrighydrocarbon radical having 1 to 30
carbon atoms terminally functionalized by OH, OR,, 30 NH2, N(H)R' or
N(R")2,mrabiatkivise or randomly( toiposed polyether radical of the
formula -1(%5-p)n- 6 R'is an aliphatic or olefinic hydrocarbon radical

having & #& 30-¢dfbon atoms,

rR'R?RIg* (V)

in which

RY, RY, R®, R?' are identical or different and are
hydrogen, a linear or branched aliphatic or olefinic
hydrocarbon radical having 1 to 30 carbon atoms, a
cycloaliphatic or cycloolefinic hydrocarbon radical
having 5 to 40 carbon atoms, an aromatic hydrocarbon
radical having 6 to 4C carbon atoms, an alkylaryl
radical having 7 to 40 carbon atoms, & linear ox
branched aliphatic or olefinic hydrocarbon radical

having 2 to 30 carben atoms and interrupted by one or

more groups -0-, -NH-, ~NR'-, -0-C{0)-, ~-(0)C-O-,
-NH-C({Q) -, -{0)C-NE~, - {CH3} N-C{O} ~, - {0)C-N(CHz) ~,
-S{02) ~0~, ~0-S(0z) ~, -5 (0y) ~NH~, ~NE-5(03) ~,
-5{0,)-N(CH;)- or -N{CH3)-S(0z)-, a linear or branched

aliphatic or olefinic hydrocarbon radical having 1 to
10 carbon atomg terminally functionalized by CH, OR’,
NH,, N(H)R’ or NI{R'};, or a blockwise or randomly

composed polyether radical of the formula ~(R°-0)~R®,

R’ is an aliphatic or olefinic hydrocarbon radical

having 1 to 30 carbon atoms,

R® is a linear or branched Thydrocarbon radical

containing 2 to 4 carbon atoms,
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35 R5 is a linear or branched hydrocarbon radical containing 2 to 4
carbon atoms, 4 nis from 1 to 200, preferably 2 to 60, R6 is hydrogen, a
linear or branched aliphatic or 5 olefinic hydrocarbon radical having 1 to
30 carbon atoms, a cycloaliphatic or cycloolefinic hydrocarbon radical
having 5 to 40 carbon atoms, an aromatic hydrocarbon radical having 6 to
40 carbon atoms, an alkylaryl radical having 7 to 40 carbon atoms or a

10 -C(O)-R 7 radical, R7 is a linear or branched aliphatic or olefinic
hydrecarben radical having Artef30-earbpn’atemss a, cycloaliphatic or
cycloolefinic hydrocarbon radical 15 having 5 to 40 carbon atoms, an

aromatic hydrocarbon radical having 6 to 40 _carbon atoms or an alkylaryl
r%ﬂicél%a\%ﬁéi?% ¥ carBon atBiRT whete a?ﬁ?éé‘f%ﬁé) aﬁﬁb%@@ﬁy or

edchfdfithe radicais> 28:R1-R 2y R3iawd R4nis different frome hyélfogemrbon
Gatigns of the farmulae ()10, ()dn which-the: radieals Rl-ang RE-togetherm
form a 4- to 10-membered, prefeérgbly 5-10 6-mer’@g%rsed, ri{gg arglrlikechsleC

S5 titable. HEMEtESromatic-Eations with &t feast dre quaterfiary Titroger

atofrinctheling whichi cartiedavadigal R1 68 définetFabsie, prefdiably an
derivatives of pysrele; 30 pyeazole; inTidazele axazeleisnxazelenthiazole,a
i§8t ' zw%e, g)éréqgn%,lpyrimidine, pyrazine, indole, quinoline, isoquinoline,
cinnoline, qumoxaﬁine'or phthalazine substituted on the nitrogen atom are
likewise suitable. 35

B’ dis a linear or branched aliphatic or olefinic

hydrocarbon radical having 1 to 30 carbon satoms, a
cycloaliphatic or cycloolefinic hydrocarbon radical
having 5 to 40 carbon atoms, an aromatic hydrocarbon
radical having 6 to 40 carbon atoms or an alkylaryl

radical having 7 to 40 carbon atoms,

where at least one and preferably each of the radicals

rR', r?, R’ and R® is different from hydrogen.

Cations of the formulae (I) to (V) in which the
radicals R' and R’ together form a 4- to I0-membered,
preferably  5- to  6-membered, ring are likewise

suitable.

Heteroaromatic cations with at least one guaternary
nitrogen atom in the ring which carries a radical r' as
defined above, preferably derivatives of pyrrole,
pyrazole, imidazole, oxazole, isoxazole, thiazole,
igothiazole, pyridine, pyrimidine, pyrazine, indocle,
guincline, isoguinoline, cinnoline, gquinoxaline or
phthalazine substituted on the nitrogen atom are

likewise suitable.

Suitable inorganic aniong are, in particular,
tetrafluorchorate, hexafluorophosphate, nitrate,

sulphate, hydrogensuliphate, phogphate,
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Suitable inorganic anions are, in particular, tetrafluoroborate,
hexafluorophosphate, nitrate, sulphate, hydrogensulphate, phosphate, 5
hydrogenphosphate, dihydrogenphosphate, hydroxide, carbonate,
hydrogencarbonate and the halides, preferably chloride. 5 Suitable
organic anions are, in particular, Ra0S03, RaS03, RaOP032 ,

(Rao0)2p0{, RaP032 , Racoo , Rao, ( aCO) 2N éﬁ‘b 02)2N and NCN
WHEFCRATS RAFRAR bP brancrféﬂhféﬁﬁ]ﬁ’%WHﬁ@ ofi radicatAav g iy
30 eathon:- ajoms, awycloatiphatic-hydroearbormratlical lidneng 5 tel0. 46,
%@Q?QF&% , @ aromatic hydrocarbon radical having 6 to 40 carbon
atoms, an al yIaryI radical having 7 to 40 carbon atoms or a linear or
branched perfluoroalkyl radical having 1 to 30 carbon atoms. W4 151n a
sreferagd embsotiment; thertionicdiquid eomptisespont ormere, R°0S0:™,

%%@Lalkyﬂmi@@%@"um salis, where tre@lkyl groups areparticularthro) ,n,

preferably indepe ne an t;er selecte from meth h
H%r%%??zlﬂ but f/jld; Wexy %%rtlc ularly preiﬁerrde1 d fonic Zoc%l{:cg;ég%rrlghEd

sdltscbEoriecor Psresiane eations A1 diméRyhmilazbliui, 1€thyfaroon
%*%&IEMIrald@?@lldm&l;ﬁaalaufqyl)ir&fmﬁdwlmdazojm cB(n-batyl)r3-ethyto
%d%%%'% helk3m g#l BYazOP 1 dBros radical having

hex ethylimidazolium and 1-(n-hexy J'3 25 butylimidazolium with gne

éftﬁ@ ahibnSERRsTHE? tRBtate SmethyfSUtHate, &tﬂ Jistibhaté ‘diréthil- ©©
plosphateor meMyﬂsu@ma@ﬂeaﬁumrm@ﬁeﬂ@@mM@M%ékyl

iopjc; liquid 130, comPIises 08 QrARgE-duatemary ammonium salts with a
monaqvalent anion and cations of the general formula (1)

4

In a preferred embodiment, the ionic liguid comprises
one or more 1,3-dialkylimidazolium salts, where the
alkyl groups are particularly preferably independently
of one another selected from methyl, ethyl, n-propyvi,
n-butyl and n-hexyl. Particularly preferred ionic
liquids are salts of one or more of the cations 1,3-

dimethylimidazolium, l-ethyl-3-methylimidazolium, 1-(n-

butyl) -3-methylimidazolium, 1-(n-butyl)-3-ethyl-
imidazcolium, 1- (n~-hexyl}-3-methylimidazclium, i-{n-
hexyl)-3-ethylimidazolium and 1-(n-hexyl)-3-

butylimidazolium with one of the anions chloride,
acetate, methylgulphate, ethylgulphate, dimethyl-
rhesphate or methylsulphonate.

In a further preferred embodiment, the ilonic liguid
comprises one or more quaternary ammonium salts with a
monovalent anion and cations of the general formula (I)
in which

R* is an alkyl radical having 1 to 20 carbon atoms,

R is an alkyl radical having 1 to 4 carbon atoms,

R’ is a radical (CH,CHRO),-H where n is from 1 to 200

and R = H or CH; and
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in which R1 is an alkyl radical having 1 to 20 carbon atoms, R2 is an alkyl
radical having 1 to 4 carbon atoms, 35 R3 is a radical (CH2CHRO)"-H
where nis from 1 to 200 and R = H or CH3 and 6 R4 is an alkyl radical
having 1 to 4 carbon atoms or a radical (CH2CHRO)n-H where n is from
1to 200 and R =H or CH3. Particulaély preferred anions are chloride,
acetate, 5 methylsulphate, ethylsulphate, dimethylphosphate or
Methyls@pherais 1P reressad foR e Brepardtion of 156 i it are” @
krewr iQ thecprorcskilled hthecarhfram the @riod 10cark Theand R = H
gtt@{ggpromoting additive preferably comprises one or more surfactants
rom the group of nonionic surfactants, zwi'tterionic, surfactants and
@%@@5% facthfs: Suiable ADNIGAT: sﬁﬁgcta%@%el Rylarfine > =<
alkkokylates] alnvideamines alkanclainides, alkyphesphiaghedgeste or
alkyl-N-glueamicies. alkyl glucosides, bile 20 acids, alkyl alkoxylates,
sorbitan esters, sorbitan ester ethoxylates, fatty alcohols, fatty acid
ethoxylates, ester ethoxylates and polyether siloxanes. Suitable
Fuiterioarssuffactaffea@IsRamesl 25 afiylgh/ethesOBiitainesiuids are
amphaprepionatesp arephoacktdales.dertiaryaming:oxidésandthe prior
%ig%obetaines. Suitable cationic surfactants are quaternary ammonium 30
salts'with one or more substituents having 8 to 20 carbon atoms and a
melting point of more than 100'C, in particular corresponding
tBi@atkytammoniumsaltsng additive preferably comprises one

or more surfactants from the group o©f nonionic

surfactante, zwitterionic surfactfants and cationic
surfactants.
Suitable nonionic surfactantsg are alkylamine

alkoxylates, amidoamines, alkanolamides, alkylphosphine
oxides, alkyl-N-glucamides, alkyl gluccesides, Dbile
acids, alkyl alkoxylates, sorbitan esters, sorbitan
ester etheoxylates, fatty alcochols, fatty acid

ethoxylates, ester ethoxylates and polyether siloxanes.

Suitable gwitterionic surfactants are betaines,
alkylglycines, gultaines, amphoproplonates,
amphoacetates, tertiary amine oxides and
silicobetaines.

guitable cationic surfactants are guaternary ammonium
salts with one or more substituents having 8 to 20
carbon atoms and a melting point of more than 100°C, in
particular corresponding tetraalkylammonium salts,
alkylpyridinium salts, ester guats, diamidoamine quats,
imidazolinium quats, alkoxyalkyl quats, benzyl guats

and siliccons guats.

In a preferred embodiment, the webtting-promoting

additive comprises one or more nonionic surfactants of
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alkylpyridinium salts, ester quats, diamidoamine quats, imidazolinium
quats, alkoxyalkyl quats, benzyl quats 35 and silicone quats. In a
preferred embodiment, the wetting-promoting additive comprises one or
more nonionic surfactants of 7 the general formula R(OCH2CHR"),OH
where m is from 4 to 40, in which R is an alkyl radical having 8 to 20
carbon atoms, an alkylaryl radical having 8 to 20 carbon atoms or a
ﬁ@?pr@ﬁ?l@ﬁ@%xﬁfé—”?ﬁﬁl@l RAVAGS BR0 40 Bropyiére Bxidé uhit§and REC
isgnethyl orypreferably hydrogen.dniefurtherdpreterrethemibadintent; the 20
wel i09: Pramg &ng additive compuses a palyatherpolysijoxane 2gl0co 20
copo ymer w comprises more than 10% by weight of [Si 20 unlts
&Rd Ridte Wfo%xby%ﬁé’ﬁé’&rméé% OIS, Frhic

lydrogen osroethykerRarticutad prefendrice isagiven fb’ polyétheraethyl or

s,0f the'general formulae "(VI) to 15 (VIII):
%CH?))BSI O%?E?(CH% “0]"-Si(CH3)3 (VI) R20-A,-[B-A]m Aq R2 (VII)
R20-[A-Z]n-[B-Si(CH3)2-Z-0O-A-Z]m B-Si(CH3)2[Z-0-A]g01_gR2 (VIII) 20

ifrwhich A Bua tivaitent excicatof @ite foRrMaRA[CEREHR3ON-, B/R% 119~
%uyalﬁ@& ggglglfa}b@@b@jggmﬁﬁ@ﬁ%@Z @a]rspoa%toéﬂ&@éﬂyﬁfeﬁhm}ﬁatla}ﬁe
e e
[Sl(CHQQO unlts and more than 10% Dy welght of
[CH,CER~-O] units, in which R is hydrogen or methyl.
Particular preference is given to polyether-
polysiloxane copolymers of the general formulag {vi) to

(VIIT):

(CH;)381-0- [SiR* (CHy) -01,~51 (CHi) 3 (VI)
R20=RAp- [B-Alp-Bg-R’ | (VIT)
R20- [A-%] - [B-S1i (CH3) 3~ Z-0-A-Z]n-B-S1 (CHs) 2 [Z-0-A] g01oR* (VIII)
irr which

A is a divalent radical of the formula - [CHCHR’*~0].-,
R is a divalent radical of the formula -[Si{CH3)3-0lgs—,

7 is a divalent linear or branched alkylene radical

having 2 to 20 carbon atomg and is preferably -(CHz)s-,
n = 1 to 30,

m = 2 to 100,

p, =0 oxr i,

r = 2 to 100,

s = 2 to 100;
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S =210 100; 8 from 1 to 5 of the radicals R are radicals of the general
formula -Z-O-A-R2 and the remaining radicals R' are methyl, 5 R2 is
hydrogen or an aliphatic or olefinic alkyl radical or acyl radical having 1 to
20 carbon atoms and R3 is hydrogen or methyl. 10 The wetting-promoting
additives are already known to the person skilled in the art from the prior
art as additives for aqueous solutions and can be prepared according to
processes kowh frofn thEpricFadt A5 Preferabiy, Sonf@figyid ahd °&  the

wetting-prometing additiveoare s€lested inrsych anwady:and incsuddhcals R

%ryoupnig ha&the absorbent has a contact angle of less than 140' on a

Surface of 4 steel S235JRG2 towards air. The absorbent particularly
preferably has a contact angle of less 20 than 130" and in particular of less
than 120,y Comynerciallsavailablsmeasuring idstitimemts cakbe tsedderl

deterpining.the cantagt.angls. Thus, for example, thespntagtangle can
be determined using the drop contour analysis system DSA 100/DSA

100L or the 25 Universal-Surface-Tester GH100, in each case obtainable
frOni KRUSS @mbHe T heebsoibent preferably has a viscosity at 20C of
from 1 to 15 000 mPa*s, particularly preferably 2 to 30 3000 mPa*s and

inbarticuial 2.t 1000 MPas, ILeash case determined I, accoidanee o

with DIN 53018 F'the process according to the invention, a'gas phase

Whith B6mpPResl voltife stbstahte i&broulheThto35 cBitact witi & filiT
efihe abserhent Besides thesvolkatila:sulkstancenthe gas phiase caraksoed

CURRYSA fyrther Sybstances which are o absaibed. e gas: |

Preferably, ionic liguid and wetting-promoting additive
are selected in such a way and in such amounts that the
absorbent has & contact angle of less than 140" on a
surface of a steel S235JRG2 towards air. The abscorbent
particularly preferably has a contact angle of less
than 130° and 1in particular of less than 120°.
Commercially available measuring instruments can be
used for determining the contact angle. Thus, for
example, the contact angle can be determined using the
drop contour analysis system DSA 100/DSA 100L or the
Universal-Surface-Tester GH100, in each case obtainable

from KRUSS GmbH.

The absorbent preferably has a wviscosity at 20°C of
from 1 to 15 000 mPa*s, particularly preferably 2 to
3000 mPa*s and in particular 5 to 1000 mPa*s, 1in each

case determined in accordance with DIN 53019.

In the process according to the invention, a gas phase
which comprises a wvolatile substance is brought into
contact with a film of the absorbent. Besides the
volatile substance, the gas phase can alsc comprise
further substances which are not abscrbed. The gas

phase can likewise also be a wvapour phase which
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phase can likewise also be a vapour phase which 9 consists essentially
only of vapour of the volatile substance. In the process according to the
invention, the film of 5 the absorbent can be generated on any suitable
surface, for example on surfaces made of metal, glass, enamel or
polymers such as, for example, polyeghylene. Preferably, the absorption

is carried out with a film of the absorbent on a metal surface since then
therHeht 18 oRAssTBheH WhicRTs iele@Sed R R Rigtheabsbiption” ¢af et ©
ketterdissipated and the apparatus used for the absorption can be
smaller in design. In a preferred embodiment of the process, the film of

15 the absorbent is generated in a falling-film ap aratus. Apparatus ¢
&ﬂtaﬁ%ﬁo?ﬁﬁ§%ﬁ?ooﬂﬁﬁ85%%n6%n% thjenpé?%ﬁgﬁllle&%h thg zgr]f“ ©
from theaved of evapordtiondechknelogy asfalimy-filkn evapcmtcrsr2e ¢re

8%”5%&%5@%“%&?@Q9@@3g§O&Hﬁép%meﬁ%ﬁﬁﬁ filgm efthe absoreantor
enerated ona s ructured packing. Structured acklngs are k kn nownto
SO skllla}:ﬁ the &rt from tg&leld of ¢ aabs% Btion artd” distiation

t}é@hﬁ@mgwhe sihgctaredpaekirefheke 25%@1&1@%@?& ity Sitdbld L 1m
material sushas-metal o cermisf plastics Genesdtingsthetilm ofithe heat

asorhent on,a StfuCt%fe&pafé'nqgf%é@%éd@mw thaj the,absorption,

Can be carried out in apparatuses with a smaller volime. Preference is
Gioen Wu%ﬁﬁ@%stﬁiﬁﬁﬂé&aﬁﬁéﬁ g oftdHe R RRALPOM Rt fabricait e
whichithe appacatusiusedrier therabsorgien gan be designed to be
particularly small and light. As an alternative to structured packings,
however, it |§ also (fosnhgle to use rang[jomﬁ/epacked beds.

In a preferre diment o© process, the film of
the absorbent is generated in a falling-film apparatus.
Apparatuses suitable for this embodiment are known to
the perscn skilled in the art from the area of

evaporation technology as falling-film evaporators.

In a further preferred embodiment of the process, the
film of the absorbent 1s generated on a structured
packing. Structured packings are known to the person
skilled in the art from . the field of absorption and
distillation technology. The structured packing here
can consist of any suitable material, such as metal,
ceramic or plastic. Cenerating the film of the
absorbent on a structured packing has the advantage
that the absorption can be carried out in apparatuses
with a smaller wvolume. Preference 1s given ﬁo using
structured packings of sheet metal or metal fabric with
which the apparatus used for the absorption can Dbe
designed to be particularly small and light. As an
alternative to structured packings, however, it is also

possible to use randomly packed beds.

Preferably, in the process according to the invention,
the mixture of wvolatile substance and absorbent

obtained during the absorption is brought into contact
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35 Preferably, in the process according to the invention, the mixture of
volatile substance and absorbent obtained during the absorption is
brought into contact 10 with a gas phase in a subsequent desorption at
an elevated temperature relative to the absorption and/or a reduced
pressure relative to the absorption, Silé:h that at least some of the volatile
substance is 5 desorbed from the mixture and the absorbent remaining

sftéitheadeSerption Tke Vdlatie sTBEEFEBIE et fReP e Rbsérptiofi™
Ehisvraakes it pogsiblefar ¢he-abserbeat tochetised=Several times fenthéor

absorption,. 10 1 the embodiment with.the. deserption gtthevolatile  ucn
substance, the process is preferably carried ouigeuch that the desorption,

{dkRE pl&de thididga nfdibrart whichseparafes the mikttire of Volatile™
Setstaheslarf- 05 ab$erberitfromeheagas pHase #te e thenmigtila ing

sybstance isdesqrbedolnithis embodiment, {143 also1 possiblestosee  is
wettin -%ré)motln% addit'%)/es thich effe%]increas dsfo%rgin of th%le for

; he ansorpllon. 15 ma . o881
A6 witiiout YesGiting i foam development during the desorption.

2B4n areferiegrembddimeReof the PRocesSERIEdIiIngG t6'2fe invehtiort: e
the-gas,phase is an azeotropic mixture of two or more volatile substances
with similar boiling points or an azeotropic mixture of two or more volatile
25 substances, where at least one of the substances is preferably

&BsorbEd. THROEHBBRImErt rhakedft POREMRIE 16 78mave afmplrity. = ¢
whichtisipresent insthe product bie difficeftctoseparate off lycdistilaticn in
@hat the desorption takes place through a membrane
which separates the mixture of volatile substance and
absorbent from the gas phase into which the volatile
substance is desorbed. In this embodiment, it is also
possible to usge wetting-promoting additives which
effect increased foaming of the absorbent without

resulting in foam development during the desorption.

Irn a preferred embodiment of the process according to
the invention, the gas phase 1s an azeotroplc mixture
of two or more volatile substances with similar boiling
points or an azeotropic mixture of two or more volatile
subgtances, where at least one of the substances is
preferably absorbed. This embodiment makes it possible
to remove an impurity, which is present in the product
but difficult to separate off by distillation, in a
distillation process through a gas scrubbing of the

distillaticon product cobtained in vapour form.

In an alternative embodiment, the absorption 1s carried
cut in a rectification colurn, where the absorbent is
preferably introduced close to the top of the celumn so
that it acts 1like an extractive solvent in the

rectification column.
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distillation process through a gas scrubbing of the 30 distillation product
obtained in vapour form. In an alternative embodiment, the absorption is
carried out in a rectification column, where the absorbent is preferably
introduced close to the top of the column so 35 that it acts like an
extractive solvent in the rectification.column. 11 In a further embodiment,

the gas phase is a combustion waste gas and the volatile substance is
&arben dioxideersceag tHeprocess SBp&iateseifon didxiie Frim &S =100
cembustionswaste gase 5ub Bepreferred:embadimeritof thelprocedsoxide,

%%Of%%%to «the inyention with, additional.desarption, the Mdeserptionom

akes place at an increased pressure relative to the absorption, the
Gesiad veratite 26 SubRtance is condensed at the pressure used for the
desorption, the resulting condensate is then evaporated at a pressure

which is Jowe thansthe pressure,of ther desiptionang is aldeastasighco
as the pressure in the absogrglon, ac%gétbf ﬁ%ﬂg phas%eosbot%ineg dpuring th%
15 Bvapdratich of the coridensate {5 brotght into contact” with the film of ¢
thesabgorbent. Intthisssmbadiment, thet volatile stBStAREE RprefeFasy 1 e
water - arenonia or :gasbon Bioxide: Preferablyshegasphase comprsesle
es ergiallyz only the volatile ggst%ncce gﬂg n gke% 20 sybstanees. 1
{Which are ,neot a%ﬁsofb%%%%r%ge absorbent. In %%em 1(T)d_iment, the processe
SeEsEmEethe TRGemivTHis SiGb R BPEAITBN IR ah Mol T2 ted
eefrigg@tﬂf@m@;cbinehAm:ab%rpﬂiowwfrig@mﬂng:Es nyachire: for cafryitigre
Qutthis-.embqdiment eamprisesan: abgarber, a,desorhalcan, exaperator, &
condenser and a . .

the absorption, and the gas phase obtained during the
evaporation of the condensate is brought into contact
with the film of the absorbent. In this emboediment, the
volatile substance is preferably water, ammonia or
carbon dioxide. Preferably, the gas phase comprises
essentially only the volatile substance and no further

substances which are not absorbed in the absorbent.

In this embodiment, the process according to the
invention ig suitable for operation in an absorption
refrigerating machine. An absorption refrigerating
machine for carrying out thig embodiment comprises an
absorber, a desorber, an evaporator, a condenser and a
working medium of an absorbent and a volatile
substance, where the absorber comprises a device for
bringing & gas phase containing the volatile substance
into contact with a film made of absorbent, and the
absorbent comprises an ionic liguid and a wetting-
promoting additive. The abgorption refrigerating
machines according te the invention can be constructed
more compactly and allow a higher degree of
effectiveness than the absorption refrigerating
machines known from the pricor art. Furthermore, they

are more robust in operation and insensitive towards
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working medium of an absorbent and a volatile substance, where the
absorber comprises a device for bringing a gas phase containing the
volatile substance 30 into contact with a film made of absorbent, and the
absorbent comprises an ionic liquid and a wetting- promoting additive. The
absorption refrigerating machines ac_p?rding to the invention can be
constructed more compactly and allow a higher degree of 35 )
efrectivenesadhan breediisorptioR e g rating Shathines RAGWRTroftthe2<
@ior arbiurthesmore,dhey dre metei rabst imcperatioh ang .insensitive
towards 12 shocks and vibrations and are therefore better suited for
mobile use, e.g. in vehicles and on ships. Pr fe,rab:%,ﬁin, an absorption

REFJSHaRRG ¥rachfe, 35 WBRAGTE Metiunt Brasehhich i€ afiktrddr @
a @isogbemsahilaivolatile ssstaned;iwhereithe absordertugempfises an

an ionie,liguid and a.wetting-promotingsadditive, andthe valatilebsorbent
substance is water, ammonia 9[ carPé)n daig)l)gde. 10 Ex%ripgles Sever%ling
e

WOTkITd ietia SCtording to the present invention suitable ToF use n an
alskBr pioTe 15 feffigdrating MahineewEreopieparst arrd iHoestigatsd™Phe @
compaesition and alsaithe properties of the working media are shown in
Tables 1 and 2. The ionic liquids EMIM chloride
(1-ethyl-3-methylimidazolium chloride), EMIM acetate
ExéRyl-8Smethylimidazolium acetate), 20 MMIM DMP
(1-methyl-3-methylimidazolium dimethyl- phosphate) and TEGO(r) IL 2MS

(Bis(hydroxyethylidimethyly,ammonium methanesulphenatehare present
commercially availaple Lﬁnder thfse names from, Evonik Golds@midt
ble or use in an a

éﬂ%&ﬁltﬁﬁjéi aurta sorption

refrigerating machine were prepared and investigated.
The composition and also the properties of the working
media are shown in Tables 1 and 2. The ionic liguids
EMIM chloride (l-ethyl-3-methylimidazolium chloride),
EMIM acetate {(l-ethyl-3-methylimidazclium acetate),
MMIM DMP (1-methyl-3-methylimidazolium dimethyl-
phosphate) and TECO® IL 2MS (bis (hydroxyethyl)dimethyl-
ammonium methanesulphonate) are commercially available
under these names from Evonik Goldschmidt GmbH. The
corrosion inhibitor REWOCCROS® AC 101 and the wetting-
promoting additive TEGOPREN® 5840 (a polyether-modified
polysiloxane) are commercially available from Evonik
Goldschmidr GmbH. The working media from Takles 1 and 2
were prepared by mixing the respective ionic liguid,
the refrigerant water, the corrogion inhibitor
REWOCCOROS® AC 101 and the wetting-promoting additive
TEGOPREN® 5840 in the proportions given in Tables 1 and
2 at 25°C. The contact angle on an 8235JRGZ steel
surface wasg determined at 25°C using a DSA 100/DsSA 100L

drop contour analysis system.



corrosion inhibitor REWOCOROS(r) AC 101 and the wetting 25 promoting
additive TEGOPREN(r) 5840 (a polyether-modified polysiloxane) are
commercially available from Evonik Goldschmidt GmbH. The working
media from Tables 1 and 2 were prepared by mixing the respective ionic
liquid, the refrigerant water, the corrqéion inhibitor 30 REWOCOROS(r)

AC 101 and the wetting-promot

ing ad

itive TEGOPREN(r) 5840 in the

piopéftichs given in Tables 1 and 2 at 25C. The contact angle on an
5235JRG2 steel surface was determined at 25C using a DSA 100/DSA

:ll,d()p‘g):1 Qp contour analysis system..13 Tgble 1 £xample 1*32 3* 4

lonic 4

I AALNA [CAAIAA A ALRA N ALA A
TUIaEIVITIVITEIVITIVITEIVITIVE EIVITIVI

acetate acetate chiori

: VIl e chioridetonic
ITitid fh 96-6599 90 90 90 wt. Watet s by wittdlo 9.4 16°09.4

EMIM

REWOCOROS(r) AC 101 in % 0:0:6%:0.8 |byast: FECOPRENRS840hAcride

%y Q Oﬂ%qui wi, Gontact angle 11 105 117,74 Whater pajtial 90

pressure 4.4 4.5 3.9 4.0 at 35C in mbar *not according to the invention 5

Table 2 Example 5* 6 7* 8-lonicliguid-MMIM-MMIM-TEGOH-H-TEGOH)

flia DAMP DMP 2Sv2MS lonic liquid @ % by 909049090 10.0 9.4

REWOCOROS® AC 101 in % 0 0.5 0 0.5

by wt,

TEGOPREN® 5840 in % by c 0.1 0 0.1

wit .

Contact angle 111 105 117 74

Water Eartial pressure 4.4 4.5 3.9 4.0

at 35°C in mbar

*not according to the invention

Table 2

Example 5% 6 T* 3

Tonic liquid MMIM MMIM TEGO® IL | TEGO® IL
DMP DMP ZMS Z2MS

Ionic liquid in % by 20 90 90 90

wi .

Water in % by wt. 10.0 10.0

REWOCOROS® AC 101 in % 0 0

by wt.

TEGOPREN® 5840 in % by 0 0.1 0 0.1

wt.

Contact angle 96 60 108 104

Water partial pressure 5.1 5.3 15.72 15.4

at 35°C in mbar

*not according to the invention
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wt. Water in % by wt. 10.0 9.4 10.0 9.4 REWOCOROS(r) AC 101in% 0
0.500.5 by wt. TEGOPREN(r) 5840 in % by 0 0.1 0 0.1 wt. Contact
angle 96 60 108 104 Water partial pressure 5.1 5.3 15.2 15.4 at 35'Cin
mbar *not according to the invention 14 Patent claims 1. Process for the
absorption of a volatile substance frcirg a gas phase in a liquid absorbent,
5 where the gas phase is brought into contact with a film of the
disserséntC éRafagterized in that the absorbent comprises an ionic liquid
and a wetting-promoting additive. 10 2. Process according to Claim 1,

charactgtized in.that the_mixture of valatile sybstance, and Absohent i, ce

brought intq "contact with a gas phase in a, 15 subsequent desorption at

an elevatedten FEtatRE1EGLVE t6 the- FH6TpfiGT At/ & reduced
pressurelretativelie thmabgdrptien isuchithatat: least somerdfane voldtie a

substaneg;is desorhed from the.mixture and the absorbent remaining
after 20 g;fe\ desor%tion g the vqulatjge substance is returned to the

absorptiolf 5 Proceds i

ccjbr?‘ding% Claim 2, characterized in that
the abgorbent comprises an ionic ligquid and a

wetting-promoting additive.

2. Process according to Claim 1,

characterized in that

the mixture of volatile substance and absorbent is
brought intg “contact with a gas phase 1in a
subsequent desorption at an elevated temperature
raelative to the absorption and/or a reduced
pressure relative to the absorption, such that at
least some of the wveolatile substance is desorbed
from the mixture and the absorbent remaining after
the desorption of the volatile substance 1is

returned to the absorption.

3. Process according to Claim 2,
characterized in that
the desorption tekes place through a membrane
which separates the mixture of volatile substance
and absorbent from the gas phase into which the

volatile substance is desorbed.

4. Frocess according to one of the preceding claims,
characterized in that
the absorbent comprises one or more ionic liguids
in a total amount of from 20 to 85.8% by weight
and one or more wetting-promoting additives in a

total amount of from 0.01 to 10% by weight.

5. Process according to one of the preceding claims,

characterized in that
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25 the desorption takes place through a membrane which separates the
mixture of volatile substance and absorbent from the gas phase into

which the volatile substance is desorbed. 30 4. Process according to one
of the preceding claims, characterized in that the absorbent comprises

one or more ionic liquids in a total ameunt of from 20 to 99.9% by weight
and one or more wetting-promoting additives in a 35 total amount of from
0.01 to 10% bAREIGREDS: PleeesstacCoraiitfto ofedt thePrectlity than
claims, ictaraeterized i that 4 5o thezakserbenthas acehtactenglesobless
than 140 on a surface of a steel S235JRG2 towards air. 6. Process
according to one of the preceding claims, 5 characterized in that the, ionic

Ifjuid cOREISIETT SARS OF Digshid Tatidfs Wit Ot s EnoRFantc hohs.
7. Proces$s:aecordingzieconenoftthetpreceding claims, 10 characterized in

that the.igaic liquid comprisesone-ermoke 4. 3-Halkylimidazelium salfs.8.c
Process according to one of Claims 1 to.6, 15 characterized in that the
ionic quﬁ?a”&@rﬁfﬁr?é’ég%ng oF Thore quatérnary ammonium salts of the
general formula PIP, 2R3R4N+A , in which R1 is an alkyl radical having 1

tp 20 carbenstems 2R 2:is an @l eadicalhayving 2 de diearbonatams,
R3is a radical (CH2CHRQ),-H where nis from 1 to 200 and R = H or

Cl
CH3, RAS &N aTl?)ﬁ:LrgglcafL aving 1 to 4 carbon atoms

the ionic liguid = comprises one or more 1,3-

dialkylimidazolium salts.

8. Process actording to one of Claims 1 to 6,
characterized in that
the ionic liguid comprises one or more guaternary
ammonium salts of the general formula RRR’RIN'AT,
in which
R* is an alkyl radical having 1 to 20 carbon atoms,
R? ig an alkyl radical having 1 to 4 carbon atoms,
®* ig & radical (CHyCHRO),-H where n is from 1 to
200 and R = H or CHs,
rR? is an alkyl radical having 1 to 4 carbon atoms
or a radical (CH,CHRO),-H where n is from 1 to 200
and R = H or CH; and

A7 is a monovalent anion.

9. Process according to one of the preceding claims,
characterized in that
the wetting-promoting additive comprises one or
more surfactants from the group of nonionic

surfactants, zwitterionic surfactants and cationic

surfactants.

10. Process according to Claim 9,
characterized in that
the wetting-promoting additive comprises one or

more nonionic sgurfactants of the general formula
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or a radical (CH2CHRO)r-H where n is from 1 to 200 25and R =H or

CH3 and A is a monovalent anion. 9. Process according to one of the
preceding claims, characterized in that 30 the wetting-promoting additive
comprises one or more surfactants from the group of nonionic

surfactants, zwitterionic surfactants cationic surfactants. 35 10.
Process according to Claim 9, characterized in that the wetting-promoting
additiveRdSifipriSEs eRE oriiRse rbnionicEiifactanisCofte gémergfhich R
formula: k6 R(OEH2CH2)aDH avherenin iscfromn 4 ¢0 40, inatiienR sisans

alkyl ra@ﬁﬁ'ﬂéﬁ%@;}% 20 cathon atoms. an alkylaryl sadical having 819y

20 carbon atoms or a polypropylene oxide radical having 3,to 40_5
propylefid ofide S PR Pr5EEss FeLOfingRd drittof i prsteding®  4°
claims, pehasgéterized:n fratithe weetting-promoting additive comprises a
10 polyether-polysiloxane copolymer which comprises more than 10% by
weight of [Si(CH3)20] units and, more than.10% by weight of [CH2CHR-0]
s, TG BTRba of Maty, 15 15" Protse atsraiig

cess acco ding% Bhe
of the précading elaimed charddiérized in that the absorption is carried out
with a filmof the;absosbentrenia metal surkacei 20-13. Preegssraceesding
to one of the preceding lals, dhatecierzed IRt R R O Mrors ses
absorbérit i generated in a . ,

more than 10% by welight of [81{CH;3)20] units and

more than 10% by weight of [CH;CHR-O] units, in

which R is hydrogen or methyl.
12. Process according to one of the preceding claims,

characterized in that

the absorption is carried out with a £ilm of the

aksorbent on a metal surface.

13. Process according to one of the preceding claims,
characterized in that
the film of the absorbent 1s generated 1in a

falling-film apparatus.

14, Procegs according to cone of Claims 1 to 12,
characterized in that
the film cof the absorbent is generated on a
gtructured packing, preferably a gtructured

packing of sheet metal or metal fabric.

15. Process according to one of the preceding claims,
characterized in that
the gas phase is an azeotropic mixture of two or
more volatile substances and at least one of the

substances is preferably absorbed.

16. Process according to one of Claims 1 to 14,

characterized in that
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falling-film apparatus. 25 14. Process according to one of Claims 1 to 12,
characterized in that the film of the absorbent is generated on a

structured packing, preferably a structured packing of sheet metal or

metal fabric. 30 15. Process according to one of the preceding claims,
characterized in that the gas phase i an azeotropic mixture of two or

more volatile substances and at least one of the 35 substances is
preferableabsbaseel 160 Process a&cordihg ¥ bne of Claiffctid1gat-ion
charactesizgghin that 17 the absorption is carried out in a rectification
column. 17. Process according to one of Claims 1 to 14, 5 characterized

in that the gas phase is a_ combustion waste gas and the volatile

dlbstaR&e REETLER Sioxde A & ProtssLactordifto’one’of élaims 2 to
14, 10«characterzed mthat thendesorption takes place at an increased

pressu%@'acgé{@ totheabsoeptian, thedesorbed volatile suhsianceds the
condensed aft the pressure used, for the desorg the resulting

[ tion,
conden&até £ 157isTHET e0Ap6rated SR 5 presstr@ufiich is lower than the

pressure of the desorption and at least as high as the pressure in the

absorption.and;the- gas phaseobtained suringthe evapeeation of the

condensate is t%rought igto contﬁlckwith the film 20 of the absorbent.
characterize 1in tha

the desorption ‘takes place at an increased
pressure relative to the absorption, the desorbed
volatile substance 1s condensed at the pressure
used for the desorption, the regultirdg condensate
is then evaporated at a pressure which is lower
than the pressure of the desorption and at least
as high as the pressure in the absorption, and the
gas phase cobtained during the evapcoration of the
condensate 1is brought into contact with the £ilm

of the absorbent.

19. Process according to Claim 18,
characterized in that

the wvolatile substance is water, ammonia or carbon

dioxide.

20. Absorption refrigerating machine for carrying ocut
a process according to Claim 17 or 18, comprising
an abzgsorber, a desorber, arn evaporator, a
condenser and a working medium of an absorbent and
a volatile substance, where the absorber comprises
a device for bringing & gas phase containing the
volatile substance into contact with a film made
of abscrbent
characterized in that
the absorbent comprises an ionic liguid and a

wetting-promoting additive.



19. Process according to Claim 18, characterized in that the volatile
substance is water, ammonia or carbon 25 dioxide. 20. Absorption
refrigerating machine for carrying out a process according to Claim 17 or
18, comprising an absorber, a desorber, an evaporator, a 30 condenser
and a working medium of an absorbent and a volatile substance, where
the absorber comprises a device for bringing a gas phase containing the
vblatile $EBstahce iftdEontactdlith a film made of absorbent 35
charactgrizeg indhatthesabsohent comptisessan ibniciliquidiandd and a
wetting:pronaliga acive; A8 2hlJse ot riiyre of 2) an absorbent

comprising an ionic liquid and a wetting-promaotip adogtive and b) a
volatile Blib&tand® sBlected frotHRraEr. 8 amAfonts and cafbon dioXias 55
workingemediuim iran absohstiordrefrigetating machine.

as working medium in an absorption refrigerating

machine.



