~ <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 liquid absorbent. Such an absorption is carried out in many separation

processes, suchyas+h eXaMnie 4B LxtAgtive distilations, nuwbichdbe extragtion fakes place in a 15

rectification column, or in gas purification processes, such as, for example, the removal of carbon
dioxide from combustion waste gases, aff r?gf m?cjrloﬁeagr?s%?ption takes place in a gas scrubber.
Moreover, such an absorption is also used in absorption 20 refrigerating machines. In such absorption

processes, it isipdvantagaeus#f thesabsarbenthas onlya:lovesvapeur pressunesaneviftyally does not
pass into the %afs phase Conieequselrl\g%,hit has ZS__L%Ié%ade}/ been prgposed to use ?n ionim(:?liquid as

absorbernt since io‘ﬁ‘icﬁriaa%l%lhave a neg“l%lﬁ:ﬁ)? low vapour ﬁ%%sﬁeésevﬁéloﬁlo “describes the

use of ionic ligd 45 SBtextratlive solverBTérerractive distildtonsl THERe otichic IRyuids as
absorbents foy;earbongdiexigdeds knewndram Jik-Brenneeke andHzJ. MaginpAEHE Jaurnal 47

(2001) 23842389, 35 WO 2005/113102. WO 2006/084262°0WQ Z0BAHNS descrbe the use of

ionic liquids as absorbents In 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 absomentpmduce only anlinddequate amdeaftersalsovatitimes ductuatingamassstransfer if the

absorption takes plage.in an.apparatlys in which the gas phase.is prought, farthe-absorption, into

contact with a film of the absorbent. Summary of Invention Iqr% one asvgegt, there is gq:oyided a process
for the absorptBfidf £VolaHEEENee *5 ~carries out in many separation

processes, such as, for example, in extractive
distillations, in which the extraction takes place in a
15 rectification celumn, or in gas purification processes,
such as, for example, the removal of carbon dioxide
from combustion waste gagesg, during which the
absorption takes place in a gas scrubber. Moreover,
such an absocorption is also used Iin abscrption

20 refrigerating machines.

In such absorption processes, it ig advantageous 1if the
absorbent has only a low vapour pressure and virtually
does not pass into the gas phase. Conseguently, 1t has
25 already been proposed to wuse an ionic liguid as
absorbent since icnic liguids have a negligibly low

Vapour pressure.

WO 02/074718 describes the use of ilonic liguids as

30 extractive scolvents for extractive disgtillations.

The use of ionic liguids as absorbents for carbon
dioxide is known from J.F. Brennecks and E.J. Maginn,
AIChE Jourmal 47 (Z001) 2384-2389.

35
WO 2005/113702, WC 2006/084262 and WO 2006/134015
describe the use of ionic liguids as absorbents in

absorption refrigerating machines.



from a gas phase in a liquid absorbent, where the gas phase is brought into contact with a film of the
absorbent, characterized in that the absorbent cognprisesawetting-promoting additive from the group of
tonionic surfactants and zwitterionic surfactants and an ionic liquid, the mixture of volatile substance
and absorbent obtained during the absorption is brought into contact with 'a gas phase in a
subsequent desorptian-at-an eleyatediemperatureselativesto-therabserption apd ap,ipgreased
pressure relative. to the absorPtion, such that at least some of the volatile substance is desorbed from
the mixture and the absorbent remaining after the desorption of e voratite SabStanée'is returned to
the absorptidf:tFE desErbad voRiile substarice B ToRgernssecattheprsistre asdd forthe desorption,
the resulting tondensatesis then evaperatedatca pressureyhich 43 lowerdhan thepressure of the
desorption a % as high as I re.in sarption, and the gas phase obtained during
the evaporat?o%étjigtl fﬁg%co%ae%%e %ﬁ%ﬁ%ﬁ% into g%%t%%t \K?i?hm the film of the ABSGIBSTE 2a In another
aspect, theré-i3 proviged Ereassdfptiortrefigetatitig mathine forcakymoEa e process as defined
above, comptising anmabsorber; aldesofhierran £vaperaiors a-¢eadenser and a working medium of an
absorbent and a volatile substance, where the absorber comprises a device for bringing a gas phase
containing thex/glatile substaheeqatd:contact with a film made of absorbent characterized in that the
absorbent coprises g WElling-pramating agddilive-tamythe group.ofnanienic syrfactapts.and.
zwitterionic surfactants_and an ionic liquid. [n yet another aspect, there is provided the use of a mixture
of a) an abs8rEhtCompriSing®aWefing-promoting additive from the group of nonionic surfactants and
zwitterionic strfantants aRdzpaiBAiIcr U, ad- bla ektild-sulistance selected from water, ammonia
and carbon digxide aspeorking medive nAn-aksorpiion refrigerating machine, Detailed description
The inventior}_ %govid%s a eroc%sg,of%etahrletabsorptionnof a volatile substance from a gas phase in a liquid
absorbent in Which THe gas_pﬁase Is"brought into contact with a film of the absorbent and in which the
absorbent corlpAsestaT orReliguid Bhdta wetting-promoting additive. using the process according to
the inventiony gempases withdhe proeesses keewnHfeom the-priarart.A-mese (apid and, in tei o of
time, more sggé% Mmass trgg%‘%r is %hievgd in the @b%%%tgoo”ﬁ flgd th&qubsoﬁi"ggohnscan be carried out
without probléms in“smalléf appara tsed” 2B%n the process éccord?ng“‘ fo the irvéntion, the absorbent
comprises atd@gst Bfietisaik dignirartalie ssEehewetify-promotngadditis threferably,
theabsorbentgempriseswne obmoredoaie digyids:ima tetal-mosmniof fiesn2840,99.9% by weight and
one or more \é&g{tg}’gﬁg@magqq‘g diti%ﬁg in %ggallgg}poul{lt th fro gb01 E?tlo%’n%y weight. Within the
context of the invention, an ionic fiquid is a salt or a mixture of salts of anions and cations, where the
salt or the miRRREIF Saltsthdsta mBltingoint oPlR3§than #DoCca  subsequent

desorption at an slevated temperature relative to

the absorption and an increased pressure relative
to the absorption, such that at least some of the
velatile substance 1is desorbed from the mixturs
and the absorbent remaining after the desorption
of the wvolatile substance is returned to the
absorption, the desorbed wvolatile substance is
condensed at the pressure used for the desorption,
the resulting condensate 1s then evaporated at =
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 obtained during
the evaporation of the condensate is brought into

contact with the f£ilm of the abscorbent.



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 diffegent 3 organic cations and the same anion are
particularly preferred.  Suitable organic cations are, in particular, cations of 5the general formulae (1)

to (V): RIRZR3RAN1{) &1R2N,=0R3RA(I) RIBZRIRABUN), L1QRIRZPZERIRAUN) &@%B%é*_a(é%e
|

which 5 R1, R2, R3, R4 are identical or different and are hydrogen, a linear or branched aliphatic or
olefinic hydrocarbon@ticarhabfity T30 RArBH afnid a&ffodtibhahie By cRotEfnic FYMRGEErEEh
radical having 5 to 4éncatbonr-atams zataromatic hyearocarbon 20 radical having 6 to 40 carbon atoms,

an alkylaryl radical haying 7.tq 4Q.catbon aigms., glljngahorabr%%dnﬁiprpg j or oleginic hydrocarbon
radical having 2 to 30 carbon atoms and interrupted by one or more groups -0-, rINI-Ol ﬁEQ -0-0(0)-,
-(0)0-0-, 25-NH-0(0)Z{BFERFE (OPBIN-G(0) "OR=NIGHIF s tance, . glsegD)-, -562)-NH-,
-NH-5(02)-, -S(02)-N{B#t3oen-N(ECHBES$£62)-, a lindarbrbranthed aliphatic:or olefinigawydrocarbon

radical having 1 to 30,carhon atoms terminally functionalized by OH, QR 30 NH2, V\%H%Fé or N(R1)2,

or a blockwise or randomly composed polyether radical of the formula -(R5-0)n-R6 Is"an aliphatic
or olefinic hydrocarbBRTadical faving 3 t6-30°c&DOR atdmé&Pferoent

characterized in that
the absorbent comprises a wetting-promoting
additive Zfrom the group of nonionic surfactants

and zwitterionic surfactants and an ionic licguid.

In yet another aspect, there is provided the use of a mixture of
a) an absorbent comprising a wetiing-promoting
additive from the group of nonionic surfactants

and zwitterionic surfactants and an ionic liguid,

and

b) &2 wolatile substance selected from water,
ammonia and carbon dioxide

as working medium in an absorption refrigerating

machine.

Detailed description

The invention provides a process for the agbsorption of
a volatile substance from a gas phase "4n a liguid
absorbent in which the gas phase is brought into
contact with a £ilm of the absorbent and in which the
absorbent comprises an lonic liguid and a wething-

promoting additive.

Using the process accerding to the invention, compared
with the processes known Ifrom the prior art, a more
rapid and, in ts2rms 0f tTime, more stable mass transfer
is achieved in the absorption, and the absorpticn can

be carried ocut without problems in smaller apparatuses.



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 hydroc&bon radical having 6 to 40 carbon atoms, an
alkylaryl radical having 7 to 40 carbon atoms or a 10-C(0)-R7 radical, 7 R is a linear or branched
aliphatic or olefinic hydrocarbon radical having 1 to 30 carbon atoms, a cycloalijOhatic or cycloolefinic
hydrocarbon radical 15 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 ratlicald*50 RBTR2°ES ant R4 7 dfrent rom HyBirogeRv E€BH6AE of thedermulae (1) to (V)
in which thezadicals=Rt antbR21togethersfornl askto teneimbered, pitefetably:bdo 8+metered, ring
are likewise 25syiitable. Heleroarpmatic cations with.akleast ane quaterpary nirogen atom in the ring

which carries a radical R2 as defined above, preferably derivatives of pyrrole, 0 pyrazole, imidazole,
oxazole, isoxBZ5E fHiazole “TEBtHiaZSle, Byfdine. pyHiiting Fytazine: Mot qdiRolife, isoquinoline,
cinnoline, quindralinererphthalazife substituted of $hé hittogemwatam aredikewise suitable. 35
Suitableinorgapicapignsareinpanicilar tetrafiuorobgrate, hexafluargphesphate, nitrate,
sulphate.hydiogensulphale,phasphate, 5 cv.e.

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

peint of less than 100°C.

Preferably, the idonic liquid consists of one or more

0

salts oI organic cations with organic or inorgani

r
T

anions. Mixtures of two or more salts with different



hydrogenphosphate,dihydrogenphosphate,hydroxide, carbonate,hydrogencarbonateandthehalides,

" ‘preferably chloride. 5 Suitable erganic anions are, in particular, Ra0S03-, RaS03-, RaOR032-,
(Ra0)2p02, RaP032-, Ra000-, Rao, (RaO0)2Nr, (RaS02)2N- and NON- where Ra is a linear or
-branched aliphatic hydrocarbon radical having 1 to 30 carbon atoms, a cycloaliphatic hydrocarbon
radical haying 5 to 10 40 carbon atoms, an aromatig hydrocarbon radical having 6 to 40 carbon atoms,
an alkylaryl radical | a\éfng cZaEOi%% garcbi%l?tgwg oLa 'geagrolr. grr@ncah&g petfluoroalkyl radical having 1
to 30 carbon atoms. 15 In‘a preferred embodiment, the ionic 3ﬁqwd comprises one or more
1,3-dia|ky|imid§f@|ﬁﬁ'ﬁ%%‘lifs, where the alkyl groups are particularly preferably independently of one
another selected from methyl, ethyl, n-propyl, n-butyl and n-hexyl. Particularly preferred ionic 20 liquids
are salts of ong or mere.of the gatians. 1.3 dimethylimidazolium, 1-ethyl;3-methylimidazglium,
1-(nbuty1)-3-methylimidazolium, 1-(n-buty1)-3-ethyl-
imidazoliutn, 1-Er-heX§HE retfiidaz Gliurm 1-G% hekylj-3-ethylimidazoliumand1-(n-hexyl)-3- 25
butylimidazolium with one of the anions chloride, acetate, methylsulphate, ethylsulphate,
dimethylphosphate ogmethylswiphonate. In a further preferred embodiment, the ionic liquid 30
comprises one or more quaternary ammonium salts with a monovalent anion and cations of the
general formula (I) inBAvRicH-RERRAN alkyl radical Tiaving 1 to 20 carbon atoms, R2 is an alkyl radical
having 1 to 4 carbon afoms, 35 R3 is a radical (CH2CHRO)fl-H where n is from 1 to 200 and R = H or
CH3 and 6 R4 is an AIRyFrddical having 1 to 4 ddrbér atoms or a radical (CH2CHRO)fI-R where n is
from 1 tq1 00 and R =1If{zq,r+g&§R4Particularly pr%f@rred anions are chloride, acetate, 5 .
methylsulphate, ethyi%u phate, dimethylphosphaté or methylsulphonate. Processes for the
preparation of the ioni¢zEwgfuids are known to thgperson skilled in the art from the prior 10art.

L

in which

15 RrY, R% 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 c¢ycloolefinic hydrocarbon radical
having 5 to 40 carbon atoms, an arcmetic hyvdrocarbkbon

20 radical having 5 to 40 carbon atoms, an alkylaryl
radical having 7 to 40 carbon atoms, a linear or
branched aliphatic or olefinic hydrocarbon radical

having 2 to 30 carbon atoms and interrupted by one or

more groups -~-0-, -NH-, -NR'-, -0-C(C})~-, -{0CiC-0-,
25  -NH-C(0)-, -(0)C-NH-, -(CHa)N-C{(0O}-, -{O)C-N(CH;z)~,
~5(03) -0~, -0-5(0z}) -, -5(0y) ~NH~, -NH-5(0y) —,

-53{(02}-N(CH3})- or -N{(CH;}-5(0;}~, a linsar or branched
aliphatic or olefinic hydrocarbon radical having 1 to
3¢ carbon atomg terminally functionalized by 0H, OR',
30 NH;, N(H)R’ or XN(R")2, or a blockwise or randomly

composed polyvether radical of the formula —(Ri{nn-Rﬁ

R’ 1s an aliphatic or olefinic hydrocarbon radical
having 1 to 30 carbon atoms,

35
R® is a linear or Dbranched hydrocarbon radical

containing 2 to 4 carbon atomg,



‘The wetting-promoting additive preferably comprises one or more surfactants from the group of
“ nonionic surfactants, zwrEterioniC surfacPants and cationic 15 surfactants.
Suitablenonionicsurfactantsarealkylamine alkoxylates, amidoamines, alkanolamides, alkylphosphine
- oxides, alkyl-N-glucamides, alkyl glucosides, bile 20 acids, alkyl alkoxylates, sorbitan esters, sorbitan -
ester ethoxylates, fatty alcohols, fatty acid ethoxylates, ester ethoxylates and polyether siloxanes.
Suitabletwitterionicsurfactantsarebetaines, 25 alkylglycines,sultaines,,amphopropionates,

_ d silicopetaines. SQuitable cationic surfactants are quaternary

ammonium 3d'salts with®dne dr'nd d %%Vir?g %g

more than 100C, in particular corresponding tetraalkylammonium salts, alkylpyridinium salts, ester
auats, diamideamine augisyHaigdazolinikim auats alkoxyalkyl-gHatse enzyl:girais 86 anshsilicone
quats. 7 EEhe gene I fgrmu{{a ggfcc))CaH?jgoHR') Q .\CI:VQ re%p ISs.from 4 to 40, i%‘ﬂhiC@a§ iso%n alkyl radical
having 8 to 20°car on a(fom”sx,/ ana yﬁary?ra&ca lhavmg

amphoacetates,tertiaryamineoxidestg
e SuBstiTuents t 20 tarbon atoms and a melting point of

30 20°car on atoms or a polypropylene
oxide radical [FAmF 3 5 %0 ADVPrOPFIERBIEKIIEC UNitE antRYis tréthyleCpreterathf Aydisgen. In a
further preferred &€mbodimentithe wettingopromotingzatditive gampgises arpolyethespalysiloxane 10
copolymer which compuses, moie{nan 10% Ly, weioht oISi(QH3)20Luajs and.ore than 10% by
weight of [CH gHR-S?units, in which R is hydrogen or methgl. Particular preference is given to
polyether- 7 o 4 carbon atoms or a

10 -C(0Y-R’ radical,

alkylaryl radical having t

R’ is a linear or Dbranched aliphatic or olefinic

hydrocarbon radical having 1 to 30 carbon atoms, a
cyclogliphatic ox c¢ycloolefinic hydrocarbon radical
15 having 5 to 40 carbon atoms, an aromatic hydrocarbon
radical having & to 40 carbon atoms or an alkyiaryl

radical having 7 to 40 carbon atoms,

where at least one and preferably each of the radicals

20 RY, 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 10-membered,
preferably 5- to  &-membered, ring &are likewise

25 sultable.

Heteroaromatic cations with at least one guaternary
nitrogen atom in the ring which carries a radical R' as
defined above, ©preferably derivatives of pyrrole,
30 pyrazole, imidazole, oxazole, isoxazole, thiazole,
isothiazole, pyridine, pyrimidine, pyrazine, indole,
guinoline, isoquinoline, cinnoline, <quinoxaline or
phthalazine substituted on the nitrogen atom are
likewise suitable.
35
Sultable inorganic anions are, in particular,
tetrafluoroborate, hexaflucrophosphate, nitrate,

sulphate, hyvdrogensulphate, phosphate,



polysiloxane copolymers of the-general formulaeto 15(VIII): (OH3) 3S-0- [ SiR1 (CH3) -0] n-Si (CH3)
" 3(VI) R20-Ap- [R -A ] ni-Ag-R2) R20- [A-Z]- [R-Si (CH3) 2-Z-O-A-Z]m-B-Si (CH3)2 [Z-0-A] gOl_gR2 20
in which A is a divalent radical of the formula -[CH2CHR3-01,-, B is a divalent radical of the formula
- -[SI(CH3)2-0]s-, 25 Z is a divalent linear or branched alkylene radical having 2 to 20 carbon atoms and
is preferably -(CH2)3-, n =1 to 30, m = 2 to 100, p”g =0 or 1, 30r = 2 to 100, s = 2 to 100; 8 from 1 to

5 of the radicals R2-ars-radicals of the generahiprmulantt-AJRE and the remaining dadicals Rl are
methyl, R2 is hydrogen or an aliphatic or olefinic alkyl radical or-acyl raI(I:JicaI h Vciﬁ%é %20 carbon
atoms and RZ igslf%/[grr‘gﬁeeﬁ or mg%%/l‘i Ci%eisﬁea\]/:v%ﬁ%g?&omotlﬁléi additﬁ/eg are griready nown to the
person skilledditi #he BRfromehePrisrart as additives for aqueous solutions and can be prepared
according to processes known from the prior art. 15 Preferably, ionic liquid and wetting-promoting

additive are sgl&g&eﬁ% esuch a Way.and.in such amounts mat Tt%grq:bisgﬁq%!}tlha%aogqg]tact angle of

less than 140 on a sur ageooﬁ a steel 3235JRG2 towards air. The absorbent pagiculariy preferably has
a contact angR 8fPtess BP#EN 130 &l infSkrticFar of less thaft 4 20. €8mméFiat) aVailable
measuring instrfpentsx)xandeiussdior determenirRf thé contact angler Thus, forexarhpié, the contact

angle can be determined usingsthe drop contedr-analysis:systerg USA 100/U3A 1Q04erthe
atoms, a cyclcaliphatic hydrocarbon radical having 5 teo
10 40 carbon atoms, an aromatic hydrocarbon radical having
6 to 40 carbon atoms, an alkylaryl radical having 7 to
40 carbon atoms or a linear or bhranched perflucrcalkyl

radical having 1 to 30 carbon atoms.

[3

15 - In a preferred embodiment, the ilonic liquid comprises
one or more 1,3-dialkylimidazoliium salts, where the
alkyl groups are particularly preferably independently
of one another selected from methvl, ethyl, n-propyl,
n-butyl and n-hexyl. Particularly preferred iocnic

20  liguids are salts of one or mere of the cations 1,3-

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

butyl)-3-methylimidazolium, 1-(n-butyl}-3-ethyvl-
imidazolium, 1~{n-hexyl)-3-methylimidazolium, 1- (i~
hexyl)-3-ethylimidazolium and 1~ {n-hexyl)-3-

25  butylimidazolium with one of the anions chloride,
acetate, methylsulphate, ethylisulphate, dimethyl-

phosphate or methylsulphonate.

In a further preferred embodiment, the ionic liguid
30 comprises one or more guaternary ammonium salts with a

monovalent anion and cations of the general formula (I)

in which

R' ig an alkyl radical having 1 to 20 carbon atoms,

B? is an alkyl radical having 1 to 4 carbon atoms,

25 R® is a radical (CH,CHRO),-E where n is from 1 to 200

and R = HE or CH; and



25 Universal-Surface-Tester GH100each case obtainable from KROSS GmbH. The absorbent

" preferably has a viscosity at 20C of from 1 to 15 000 mPa*s, particularly preferably 2 to 30 3000
mPa*s and in particular 5 to 1000 mPa*s, in each case determined in accordance with DIN 53019. In

-the process according to the invention, a gas phase which comprises a volatile substance is brought
into 35 contact with a film of the absorbent. Besides the volatile substance, the gas phase can also

comprise further %‘Q??Hcgi%ic“r%@i@é?bﬁg% The gas phase g3 likewise also be a vapour

phase which 9 consists essertiall onléeof vapour of the volatile substance. In the process according
to the inventich®the it dBheRBserbertitanbeyererdttanlanysutable*étitfate™idf example on
surfaces madeof @ietal, glass, enamel or polymers such as, for example, polyethylene. Preferably, the

absorption is caried out with,a filtp of the-absothent on a metal serface sigce thep the heat 10 of
absorption which is grglea_sed during the bsgsrrﬁlon can be better d|SS|$atedand the apparatus used for

the absorption €an e Smalia? if desigh: i?é??e%%mbé?ﬁﬁ%%ﬁ% S BrGEEs, thE Film of 15 the
absorbent is generatéd hrdufalkirigefilm apparatus. Apparatuses suitable for this embodiment are
known to the person skilled in the art from the area of evaporation technology as falling-film
evaporators. ?POrlnc% qurtéher prefeggg embggémggt %th Prqé_?ss, the film f—f the1 absorpent is
generated on a Structured pb%EinQ‘. triictared | pa@klﬁgs are Known 10 the pér%ﬁus%ll‘:éd §n the art from

the field of ab&&yption &Ad distllstivhteehriviody: TheStrusifedpackiigPers s daniconsist of any
suitablezmatesal-such as metal, ceramic or plastic. Generating the film of the absorbent on a
structured packing has the advantage that the absorption can be carried out in apparatuses with a
smaller volume. Preference is given to using 30 structured packings of sheet metal or metal fabric with

which the apparftu¥ ti5Ed 361 the URbptbnecin bé dBsighad T Be parfiiardy- Sl 3R light. As an
alternative to structuredpackings sroveenes, it iSzalso passible torusepranddmlyrpacked beds.

surfactants, zwitterionic surfactants and cationic

15 surfactants.

Suitable nonionic surfactants are alkylamine
alkoxylates, amidoamines, alkanclamides, alkvlrhosphine
oxidas, alkyl-N-glucamides, alkyl glucosides, bile
20 acids, alkyl alkoxylates, scorbitan esters, scrbitan
ester ethoxylates, fatty alcohols, fatty acid

ethoxylates, ester ethoxylates and polyether gilloxanes.

Suitable zwitterionic surfactants are betaines,

25 alkyliglycines, sultaines, amphopropionates,
amphoacetates, tartiary amine oxildes and
silicobetaineas.

Suitable cationic gurfactanis are guaternary ammonium
30 salts with one or more sgubstituents having 8 to 20
carbon atoms and a melting point of more than 100°C, 1in
particular corregponding tetraalkylammonium salts,
alkyvlpyridinium salts, ester quats, diamidoamine cuats,
imidazolinium guats, alkoxvalkyl guats, benzyl quats

35  and silicone guats.

In & preferred embodiment, the wetting-promoting

additive comprises one or more nonionlc surfactants of



~ 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 subseeuent
desorption at an elevated temperature relative to the absorption and/or a reduced pressure relative to
~the absorption, such that at least some of the volatile substance is desorbed from the mixture and the
absorbent remaining after the desorption of the voldtile substance is returned to the absorption. This
makes it possiblg. for dhe absorbentip he needseveral fimes fardhe ahsarption. 10 I the,embodiment
with the desor éion of the yolatile substance, the. ro%ess IS prefzra I carried(ﬁut such_that the
desorption tak% 'pla%g th‘P’&}gcr%’a MemBraf& which< paﬁrgt%%?ﬁ miXtdre 6F v ati?feosu%gtance and 15
absorbent frorfidhiegas pHasesinto whicly ke velatile sulsstharicelis desorbed.  thisembddiment, it is
also possible tasuse weting-yometing gddifiveswhicheffect intseased toaming, of the absorbent
without r%sultigg in L%am drec\)/elolpéplent c(i}g{rin theuglel%épti%nﬂ 0 In.a pr%ferred t%mqodirggnt of the
process according to theplnvgﬁftlon,ef\he gas phase 1S an azeotropic mixtire of two' or more volatile
substances Wit SR bollifty pEIREEBr an azeotropic mixture of two or more volatile 25 substances,
where at least one of the substances is preferably absorbed. This embodiment makes it possible to

remove an imEHrity,ﬁwhi@ug_st@{gentﬂ)r%gkeeg@ggct bé{hgggg%g&gepa{ﬁt% off‘,pgtdéﬁtlijllgt_ion, ina

distillation process through a%%as_ scrubbing of the 30 distillation product obtained in vapour foLm. In an
alternative enfbotREAT the HH6MHTH ISCOIREITRT in 2 r&ifiEsiorEcRiiT, Thetd theabsorbent is

preferalily introducédiase thhthehtop ohthe. ealammso<35 thatrit acts likevanvwextraictivesbdlvent in the

rectification colymp-x11 Inja fugther embodiment, the gas phase is.a combystiopyvaste,gas and the
volatile substance is carbon dioxide, so that tﬁle g%ocess separates carbon dioxide from a combustion

waste gas. S In&preferred efibodimenitdt thé brocess actordingBIRB invéntiBF with additional
desorption, thBalesbpticirtakes plateramsincreased pressare relative to thelatssorstion, the
desorbed volatilg {9 substanse dsgendensed atthe peessure vsed forthe dasorption, the resulting
condeni%te is Eg,e)vaporated at a pressure which is lower than the pressure of the desorption and is
at leastas high as ffle'pressure in the absorption, and the gas phase obtained during the

(CHs)351-0- [SiR' (CH3) -0)4-S1 (CHy) 5 ' | (VI)

R20~BA - [B-A]g-Ay-R’ | , (VII)

R0~ [A-Z],~ [B-Si (CH;) 3-2~0-A-Z]n~B~51 (CHs) 3 [2-0-2] 0;..R* (VIITL)
20

in which

A ig a divalent radical of the formula -[CH,CER>-0].-,
B is a divalent radical of the formula -[$i{CH3)},-0].—,

25 Z is a divalent 1linear or branched alkylene radical

having 2 to 20 carbon atoms and is prefsrably - (CHy)a-,
n =1 to 30,

m = 2 to 100,

o, g= 0 or 1,

30 r

n

Z2 to 100,

s = 2 to 100;



15 evaporation of the condensate is brought into contact with the film of the absorbent. In this
“embodiment, the volatile substance is preferably water, ammonia Or carbon dioxide. Preferably, the
gas phase comprises essentially only the volatile substance and no further 20 substances which are
~not absorbed in the absorbent. In this embodiment, the process according to the invention is suitable

for operation in an absorption refrigerating machin&. An absorption refrigerating 25 machine for
carrying out this gmbadimgntcomprises.an.absorher -a desorher, apeMaporatorga congdenser and a
working medium of an_absorbent and a volatile substance, where the absorber,comprises a device for
bringing a gasgﬁ%aébn%ﬁ?ﬂﬁjglﬁwe\?&gtﬂ%_s%bs?arrl]%e & nth ROHTACT With & %Iln;f?rnﬂa%esgof absorbent,
and the absorbert eoriptises an ionic liquid and a wetting-promoting additive. The absorption
refrigerating machines according to the invention can be constructed more compactly and allow a

higher degree of 35 effectiveness than the absorption refrigefating, machines known from the prior art.
Furtherrr%gre, ﬁwyl grekr%%l?eo ?ce)gugt‘in%rﬁ)e‘?gfgg zﬁ%d1 %s%ﬁsi%\;ee %%\/%r%s %%%105 sa éir?(% Qbrations and
are therefore B&tterSUitetRidr Mdbileelidel®. g. iRvehitIsLamPBnSHIFE Freférably, in an absorption

refrigerating machine, a 5 working medium is used which is a mixture of an absorbent and a volatile

substance, w@greitge}%pé%gggt %MQ%%%%Q ionic liquid and a wetting-promoting additive, and the
volatile substance is water, ammonia or carbon dioxide. 10 Examples Several working media

according to the present invention suitablefor use in an absorption 15 refrigerating machine were
preparedtand Thvestigated rifie composition add atsovthe properties védveywdrkingrmedia are shown in
Tables 1 and 2, The jopic liquids; EMIM chioride, (1-ethyl-3smethylimidazolium.chigride), EMIM acetate
(1-ethyl-3-nethylimidazolium acetate), 20 MMIM MP(l-methg/I-g-meéh irggjazoligmdiné%thyl-
phosphate) aft TEGOGIL 2fIS a%%gﬁgﬁiﬂ?n methdnasiithofiate) (Bisthydroxyethyifdimathyi-
according to processes known from the prior art.
15  pPreferably, icnic liguid and wetting-promoting additive
are selected in such a way and in such amountsg that the
ahzsorbent has a contact angle o©f less than 140° on a
surface of a steel S235JRGZ towards air. The absorbent
particularly preferably has a contact angle of less
less than 120°.

Commercially available measuring instruments can be

=

20 than 130" and in particular of

used for determining the contact angle. Thus, for
example, the contact angle can ke determined using the
drop contour analysis system DSA 100/DSA 100L or the
25  Universal~Surface-Tester GH100, in each case obtainable

from KRUSS GmbH.

The absorbent preferably has a wvigcosity at 20°C of
from 1 to 15 000 mPa*s, particularly preferably 2 to
30 3000 mPa*s and in particular 5 to 1000 mPa*s, in each

cage determined in accordance with DIN 53018.

In the process according to the invention, a gas phase
which comprises & volatile substance 1s brought into
35 contact with a f£film of the abscorbent. Besides the
volatile substance, the gas phase can also comprise
further substances which are not absorbed. The gas

phase can likewise also be a wvapour phase which



are commercially available under these names from Evonik Goldschmidt GmbH. The corrosion

" inhibitor REWOCOROSO AC 101 and the wetting- 25 promoting additive TEGOPRENC) 5840 (a
polyether-modified polysiloxane) are commercially available from Evonik Goldschmidt GmbH. were
-prepared by the refrigerant 30 REWOCOROSO AC 101 TEGOPRENO 5840 in 2 at 25C. The The
working media from Tables 1 and 2 mixing the respective ionic liquid, water, the corrosion inhibitor

and the wettingspromoting additiye the propgrions givenjn Jables dand gantaci angle en an
S235JRG2 stee}%surface was determined at 25C using a DSA 100/DSA 100L drop contour analysis

system. 13 TEBRSCEXSMmple 2

In the process according to the invention, the Zilm of

the absorbent can be generated on any suiltable surface,

[}

for example on surfaces made of metal, ¢glass, enamel or
polymers such as, for example, polyethylene.
Preferably, the absorption is carried out with a f£ilm
of the absorbent on a metal surface since then the heat
10 of absorption which is released during the absorption
can be better dissipated 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 i1s generated in a falling-film apparatus.
Apparatuses suitable for this embodiment are known to
the person skilled in the art from the area of

evaporation technology as falling-film evaporators.

20 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

25 can consist of any suitable material, such as metal,
ceramic or plastic. Generating the £ilm of the
absorbent on a sgtructured packing has the advantage
that the abgorption can be carried out in apparatuses
with a smaller volume. Preference Iis given to using

20 structured packings of sheet metal or metal fabric with
which the apparatus used for the absorption can be
designed to be particularly small and light. As an
alternative to structured packings, however, it i1s also
posgible to use randemly packed beds.

35
Preferably, in the process according to the invention,
the mixture of wvolatile substance and absorbent

obtained during the absorption is brought intc contact



4 lonic liquid EMIM acetate EMIM acetate EMIM. chloride EMIM chloride lonic liquid in % by wt. 90 90
“90 90 Water in % by wt. 10.0 9.4 10.0 9.4 REWOCORCSO AC 101 in. by wt. 0

10
with a& gas phase in a subseguent descrption at an
elevated temperature relative to the absorption and/or
a reduced pressure relative to the absorpticn, such
that at least some of the wveolatile substance isgs

desorbed from the mixture and the absorbent remaining

w

after the desorption of the wolatile substance 1is
returned to the absorption. This makes 1t possible for
the abscorbent to be used several times for the
absorption.

10
In the embodiment with the desorption of the wvolatile
substance, the process 1is preferably carried out such
that the desorption takes place thrcugh a nembrane
which separates the mixture of wvolatile substance and

15 absorbent from the gas phase intc which the volatile
subgstance is desorbed. In this embediment, it is also
possible to use wetting-promoting additives which
effect increased foaming of the absorbent without
resulting in foam development during the desorption.

20
In a preferred embodiment of the process according to
the invention, the gas phase 1z an azeotropic mixture
of two or more volatile substances with similar boiling
points or an azeotropic mixture of two or more volatile

substances, where at least one of the substances isg

A
wn

preferably absorbed. This embodiment makes it possible
to remove an impurity, which i1s present in the product
but difficult to separate off by distillation, in a
distillation process through a gas scrubbing of the

30 distilliation product obtained in wvapour form.

In an alternative embodiment, the absorption is carried
out in & rectification column, where the abscrbent is
preferably introduced close to the top of the column so

that it acts 1like an extractive solvent in the

I
w

rectification column.



0.5 00.5 TEGOPREN(r) 5840 in % by wt. 0 0.1 0 0.1 Contact angle 111 105 117 74 --, Water partlal
“pressure at 35C in mbar 4.4 4.5 3.9 4.0 *not according to the invention

11
In a further embodiment, the gas phase is a combuztion
waste gas and the wvolatile substance is carbon dioxide,
so that the process geparates carbon dioxide from a

combustion waste gas.

In a preferred embodiment of the process according to
the invention with additional desorption, the
desorption takes place at an increased pressure
relative to the shsorption, the descrbed volatile
10 substance is condensed at the pressure used for the
desorption, the regulting condensgate is then evaporated
at a pregsure which 1s lower than the pressure of the
desorpticn and is at least as high as the pressure in
the absorption, and the gas phase obtained during the
15 evaporation of the condensate is brought into contact
with the film of the absorbent. In this embodiment, the
volatile substance 1z preferably water, ammonis ox
carbon dioxide. Preferably, the gas phase comprises
essentially only the volatile substance and no further

20 substances which are not absorbed in the absorbent.

In this emboediment, the processg according to the
invention ig suitable for operation in an absorption
refrigerating machine. 2An absorptiocn refrigerating
25 machine for carrying out this 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
30 into contact with a film made of absorbent, and the
absorbent comprises an ilonic ligquid and a weastting-
promoting additive. The absorption refrigerating
machines according to the invention can be congstructed
more compactly and allow a higher degree of
35 effectiveness than the ebsorption refrigerating
machines known £from the pricr art. Furthermore, they

are more robust 1In operaticn and insensitive towards



-Table 2 Example 6 8 lonic I|qU|d MMIM DMP MMIM DMP TEGOO IL 2MS TEGOO IL 2MS lonic
" liquid in % by wt. 90 90 90 90 Water in % by wt. 10.0

12
shocks and vibrations and are therefore better gsuited

for mobile use, e.g. in vehicles and on ships.

Preferably, in an abscrption refrigerating machine, a

working medium 18 used which 1is a mixture of an

ul

absorbent and a volatile substance, where the abscrbent
comprises an ionic ligquid and a wetting-promoting
" additive, and the wvolatile substance is water, ammenia
or carbon dioxide.
10

Examples

Several  working media according @ to the present
invention sultable for use in an absorption
15 refrigerating machine were prepared and investigated.
The composition and also the properties of the working
media are shown 1n Tables 1 and 2. The ionic liguids
EMIM chloride (l-ethyl-3-methylimidazolium chloride},
EMIM acetate {l-ethyl-3~methylimidazolium acetate},
20  MMIM DIME (1-methyl-3-methylimidazolium dimethv1-
phosphate) and TEGO® IL 2M8 (bis(hydroxyethyl)dimethyl-
ammonium methanesulphonate) are commercially available
under these names from Evonik Goldschmidt GmbH. The
corrosion inhibitor REWOCOROS® AC 101 and the wetting-
25 promoting additive TEGOPREN® 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 liguid,
the refrigerant water, the corrosion inhibitor
30 REWOCOROS® 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 S235JRG2Z steel
surface was determined at 25°C using a DSA 100/DsSA 100L

drop contour analysis system.



9.4 10.0 9.4 REWOCOROSO AC 101 in % by wt. 0 0.5 0 0.5 TEGOPREN(r) 5840 in % by 00.1 00.1
~ "Contact angle 96 60 108 104 Water partial-pressure at 35C in mbar 5.1 5.3 15.2

13
Table 1
Example 1= 2 3= 4
Icnic ligquid EMTM EMIM EMTM EMTM

acetate | acetate | chloride| chloride

Tonic liquid in % by 90 20 90 90
wt.
Water in % by wt. 10.0 10.0C A
REWOCOROS® AC 11 in % 0 0 .5
by wt.
TEGOPREN® 5840 in % by 0 0.1 0 0.1
wt.
Contact angle 111 105 117 74
Water 5artia1 pressure 4.4 4.5 3.9 4.0
at 35°C in mbaxr
*not according te the invention
Table 2
Example 5% ) 7 8
Ionic liguid MMIM MMIM TEGO® IL | TEGO® IL

DMP DMP 2M5 2M8
Ionig liguid in % by 890 380 20 90
wt.
Water in % by wt. 10.0 9.4 10.0 L4
REWOCOROS® AC 101 in % 0 0.5 0
by wt.
TEGOPREN® 5840 in % by O 0.1 0 0.1
wi. '
Contact angle 86 60 108 104
Water partial presgsure 5.1 5.3 15.4

at 35°C in mbar

15.2

*not according to the invention




15.4 *not according to the invention 14 Patent claims 1. Process for the absorption of a volatile
substance from a gas phase in a liquid absorbent, 5where the gas phase is brought into contact with a
film of the absorbent, characterized in that the absorbent comprises a wetting-promoting additive from
the group of nonionic surfactants 10 and zwitterioni¢%urfactants and an ionic liquid, the mixture of
volatile substance and absorbent obtained during the absorption is brought into contact with a gas
phase in a subseguent desamtion at an elevated temperature relative to 15 the absorption and an
increased pressure relative to the absorption, such that at least some of the volatile substance is
desorbed from the mixture and the absorbent remaining after the desorption of the volatile substance

is returned to tHe 20 ABSHFBESh, TRE dESGhRE Solakie: Sibstdnce i¥RbAlGdncedsattBEFESsure used
for the desorption, thefresultinggandphsate is then évapoidiedai@r-pressyre which is lower than the

pressure of the desorgign,and. atleastas bigh 2s.the pressuie in. 25he sbsgtion, gad the gas

phase obtained during_the evaporation of the condensate is brought into contact with m of the
absorbent. 2. Proces%zkldBr& 913 RIFRSLBRAracterized in that the desorption takes place through
a membrane which seplasates the huxtdre of vdlatile substance and absorbent from the gas phase into

which the volatile substggce is desared 35 Bgmsaé:gordigg to Q@@@i]ngr_%},%ggtggzed in that

additive from the group of nonionic surfactants

10 and zwitterionic surfactants and an ionic liguid,
the mixture of wvolatile substance and absorbent
cbtained during the absorption 1is brought into
contact with a gas phase in a subseguent
degorption at an elevated témperature relative to

15 the absorption and an increased pressure relative
to the absorption, such that at least some of the
volatile substance i1s desorbed £from the mixture
and the absorbent remaining after the desorption
of - the wvclatile substance is returned to the

20 absorption, the desorbed volatile substance is
condensed at the pressure used for the desorption,
the regulting condensate is then evaporated at a
pressure which is lower than the pregsure of the
desorption and at least as high as the pressure in

25 the absorption, and the gas phase obtained during
the evaporation of the condensate is brought into
contact with the film of the absorbent.

2. Process according to claim 1,
30 characterized in that
the desorption takegs place through a membrane
which separates the mixture of wvoclatile sgubstance
and absorbent from the gas phase into which the
volatile substance is desorbed.
35
3. Procegss according to claim 1 or 2,

characterized in that



15 the absorbent comprises one or more ionic liquids 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. S 4.
Process according to any one of the preceding claims, characterized in that the absorbent has
a contact angle towards air of 10less than 140 on a Surface of a steel S235JRG2. 5. Process
according to any one of the preceding claims, characterized in that 15the ionic liquid consists of salts
of organic cations withigrganie, ok inrganic. aRiops =@ Prggess.gecgrding tlog% y.ong; of the preceding

claims, 20characterized in that the ionic liquid comprises one or more 1,3- dialkylimidazolium salts. 7.

Process according to aHy ohe of LAME T8t 25¢harktftizéd inttRat e fonicliquitedsisrises one or
more quaternary ammamiimaszits of thegenerat formute RIR2R3IRAN-Addd whichs in RK1is an

alkyl radical having 1 te Z0-carbgnatems £3@R24s an alkykradical h@yi%]ib% carbon atoms, R2 is a
radical (CI—?CHRO),-H where nis from 1 to 200 and R = H or CH3, R4 is an alkyl radical having 1

to 4 carbon atoms or a radical (CH2CHRO)n-H where n is from 1 to 200 35and R = H or CH3 and A- is
a monovalent afiion. Frocess according to any one of the preceding

claims,
characterized in that

the absorbent has a contact angle towards air of

10 less than 140° on a surface of a steel S235JRG2.
5. Process according to any one of the preceding
claims,

characterized in that
15 the donic liquid consists of salts of organic

cations with organic or inorganic aniong.

6. Process according to any one of the preceding
claimg,
20 characterized in that

the dionic liguid comprises one or more 1,3-

dialkylimidazolium salts.

7. Procesgs according to any one of claims 1 to 3,
25 characterized in that
the ionic liguid comprises one or more guaternary
ammonium salts of the general formula R'RZR’RNZ”,
in which
R* is an alkyl radical having 1 to 20 carbon atoms,
30 R is an alkyl radical having 1 to 4 carbon atoms,
R’ is a radical (CH.CHRO),.-H where n iz from 1 <o
200 and R = H or CH;,
R is an alkyl radical having 1 to 4 carbon atoms
or a radical (CH,CHRO),-¥ where n is from 1 to 200
35 and E = H or CH; and

A" is a monovalent anion.



16 8. Process according to any one of the preceding claims, characterized in that the
wetting-promoting additive comprises one or 5 more nonionic surfactants of the general formula
R(OCH2CH2)mOH 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 algolypropylene oxide radical having 3 to 40
10propylene oxide units. 9. Process according to any one of the preceding claims, characterized in
that 15thewetting-promatingagdditivecompiisasa P@J&’Etaﬁ?polyﬁ@x%{? C%@y%g@ﬁlé%mpfises
more than 10% by Wei?ﬂ%e()f Si(CH2)20] units and more than 10% by weight of [CH2CHR-0] units, in
which R is hydrogen o Vi’ 20 10. Process according to any one of the preceding claims,
characterized in that chargwtapsarptonis taaied out with a film of the 25absorbent on a metal
surface. 11. Process aggerding te any opesidhe preceding elaims, charactesized igthat 30the film of

“the absorbent is generated in a falling-.ﬁlm agg%{itl%s. 12. Process according to any one of Claims 1 to
rbe

10, characterized in that 35th& filim of the abaorbent 18 g&nefate a SflEtHed WHylreferably a

n
structured packing of SheethéR bifetahibricm 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 polypropylene oxide radical having 3 to 40

10 propylene oxide units.
9. Process according to any one of the preceding
claims,

characterized in that

15 the wetting-promoting additive comprises a
polyether-polysiloxane copolymer which compriges
more than 10% by weight of [8i{CH;).0] wunits and
more than 10% by weight of [CH,CHR-O}] units, in
which R is hydrogen or methyl.

20
10. Process according to any one of the preceding
claims, '
characterized in that
the absorption is carried out with a film of the
25 absorbent on a metal surface.
1l. Process according to any one of the preceding
claims,
characterized in that
30 the film of the absorbent is generated in a
falling-£film apparatus.
12. Processg according to any one of Claims 1 to 10,
characterized in that
35 the film of the absorbent is generated on a

structured  packing, preferably a structured
packing of sheet metal or metal fabric.



17 13. Process according to any one of the preceding claims, characterized in that the volatile
substance is water, ammonia or carbon 5dioxide. 14. Absorption refrigerating machine for carrying out
a process according to one of the preceding claims, comprising an absorber, a desorber, an 10
evaporator, a condenser and a working medium of at7absorbent and a volatile substance, where the
absorber comprises a device for bringing a gas phase containing the volatile substance into contact

with a film mada of abgrhent L5charagigtized inthat the absqrbent compyises &y&%tgggllg omoting

additive from the group of nonionic surfactants and zwitterionic surfactants and-an ionic liquid. 20 15.
Use of a mixture of a) Sn&b8rbent comprising a wetting-promoting additive from the group of
nonionic surfactants arndzwittereniczsuifdactanissand an ionic liquid, and 25b) a volatile substance

selected from water, agmonja pad casbon;dioxide-as werking medium jn,an absorpliopseftigerating

machine. . .
g dioxide.

14. Absorption refrigerating machine for carrying out
a process according .to one of the preceding
claims, comprising an absorber, a desorber, an
10 evaporator, a 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 wvolatile substance into
contact with a film made of absorbent
15 characterized in that
the absorbent comprises a wetting-promoting
additive from the group of nonionic surfactants

and zwitterionic surfactants and an ionic ligquid.

20 15. Usge of a mixture of
a) an absorbent comprising a wetting-promoting
additive from the group of nonionic surfactants
and zwitterionic surfactants and an ionic liquid,
and

25 b} a volatile substance selected from water,
ammonia and carbon dioxide
as working medium in an absorption refrigerating
machine .



