WO 2011/069;%25’6:@?5’@9@@@68090 1 Operating medium for an absqeption Lefigeraigy gevice The

invention is directed to a working medium for an absorption refrigeration machine giving reduced
friction. 5 Classical refrigeration machines are based on a circuit in which a refrigerant is vaporized
and cooling is achieved by the heat of vaparization taken up by the refrigerant. The vaporized
refrigerant is then brought to a higher pressure by means of a compressor and condensed at a higher
10 temperature than that at which vaporization has occurred, with the heat of vaporization being

liberated again. Phetigualirs refdgerant srsuhseayenily depressurizadagainiteihe syessyre of the
vaporizer. Classical refrigeration machines have the disadvantage that 15 they consume a great deal
of mechanical energy for compression of the gaseous refrigerant. In contrast, absorption refrigeration
machines have a reduced mechanical energy requirement. Absorption refrigeration machines have a
sorption medium, an absorber and a desorber in addition 20 to the refrigerant, the vaporizer and the
condenser of Bagassivarefrigeratirdmhachined The \apedzéd refrigeraintis dbsorbed at the pressure

of the vaporizafien i thecsorptign-madium:inthe abserher angdis subsegquently desorbed.again from

the sorption medium in the desorber at 25 the higher pressure of the condensation by supply of heat.

Compression of iz yaud Warkipguediim.componel of refigeians agd soraion, medium fequires less
mechanical energy than compression of the refrigerant vapour in a classical reﬁlgeyéltlon machine; the

consumption 836 théchantcat 8RERTY s 18pl4eBABYARE tRéttha entigPudsd fsiieaBRstioRYof the
refrigerant. Thé.majeegarobf alesorpticm tefrigeratioarmaghibhes tked irdistdally=eraploysa working

medium contajgingyates as <2 rafigerant and lithium B%@Qﬁ@sc%?raﬁmgi@iu@réggwgﬂ_”“S
working medlgm has a series of dlsadvantagfﬁs whjch standin the way of wide use of absorption

refrigeration MAcKINES TS ackieVE THIGH Bficiénty, B HxifidmiorfioR b¥i%F refrigerant has to be
desorbéd frori gR@ working enddiam inlthé desorercHovwaver, fers ivorkingsmedionreadposed of

water and lithipng bremisles éha- watereppsentratianmust patfall helow 35+Q%-by.weight since
crystallization-qf Iiltlréi%m omige and thu% solidificeg[ion ) ,
Tig led refrigerant 1is subsequently depressurized again

to the pressure of the vaporizer,

Classical refrigeration machines have the disadvantage that
15 they consume a great deal of mechanical energy for
compression of the gaseous refrigerxant. In contrast,
absorption refrigeration machines have a reduced mechanical
energy requirement. Absorption refrigeration machines have
a sorption medium, an absorber and a desorber in addition
20 to the refrigerant, the vaporizer and the condenser of a
classical refrigeration machine. The vaporized refrigerant
is absorbed at the pressure of the wvaporization in the
sorption medium in the absorber and is subsequently
desorbed again from the sorption medium in the desorber at
25 the higher pressure of the condensation by supply of heat.
Compression of the liguid working medium composed of
refrigerant and sorption medium requires less mechanical
energy than compression of the refrigerant vapour in a
classical refrigeration machine; the consumption of
30 mechanical energy is replaced by the thermal energy used

for desorption of the refrigerant.

The major part of absorption refrigeration machines used

industrially employs a working medium containing water as



'10 of the worlkjag mmadivaeeapetherwise occur. A working medium corg Qfo\ilgge(; 286 Jighium
bromide also has a corrosive effect on many materials and results in high friction and thus accelerated

wear on moving parts of the pump required for conveying the working medium between absorber and
15 desorber. WO 2006/134015 describes, in Examplg VII a), the use of the ionic liquids
1-ethyl-3-methylimidazolium methylsulphonate, 1-ethyl-3-methylimidazolium acetate and
1-ethy1-3-methylimidazolium hydroxide as additives for a working medium 20 composed of lithium
bromide and water igerderdodaducd Hiei erystatlizatian tampsmtpee; ofthgsorption medium. However,
what proporti ter, lithi o] d.ionic liquid should.be present in the working medium is
not disclosed%%bl\ggéaﬁ%ﬁ%r&%@rgg %2% 58816 %f’s-illg’,elzfg?Kf?fe?éﬁ%&gﬁgs%ea\ﬁg&ing media
which are coipas$at ERAtEr Hithfch® brGwidefatifie bR IREi¢RIREPL39Rethylimidazolium
bromide and mafhithdtre tithiemnbromide: and The dortic d6eid Are present i1 aweight ragio of from 4:1
30 to 7:1s1n these working media, the ienic liquid a¢fs ag gnticrystallizationadditiye which increases
the solubility of lithium tomlde?\@%i reduces the c¢rystallization temperature.  However, the working

media proposedthy R ePg). PR 4 35 n a6 s 86 EoERRent BPWRYH corfardd e B5idiking 3
medium compsséiclof watapaadditli@neromidensb thidtithieiprdiptemicijght frictivatcannot be solved

thereby. SUMMARY I has new suiptsingly been fayndshatworking medja egmprisingwater, lithium

bromide- and an iopic liquid having a_significantly reduced coefficient of friction compared to a working
medium com|cc):or§fasél{:18$L v%t%?gjﬁaﬁtﬁ%mgﬁr%&ﬁﬁﬁgyc%ﬁ rrélgr%dﬁ%é% Heh Retwatef L6REAPENd the
weight felfio oPfonidfquig ¥ litsumastarids are selbemdine suitible rdngeo Yictoingyimnan

aspect, there ispgavidet! a 'vorkiogmegian forlanabsorplicrseeldaesrating snaching.\which comprises

from 5 to 30% ight of r r t %.b ight.of a sorptign medium consisting of
lithium bromit%e%r%d@at%%ls%qnfg ic%r%g |gl£%d§ %vh(‘%errgl)((e§ tﬁee g(%eﬁ%n e |ﬁﬁ1lqcc?nﬁéﬁ|%1|8%cﬁaﬁ§id and
lithium bromiddtfa IEFGHTERS BEABRPY. 51 'SV B aRGHEF alfe b the?Ed prsAliEE @Y absorption
refrigeration machinemomprising-aer absokhatsa dedarber oa vapetizerbacopdensgida circulation
pump ape a wrkingJpedium which is conveyed in a circuit via absorber and desorber by means of the
circulation pump, wherein the working medium fed to the desorber has the composition as described

above. DETAHC!E ﬁ% P The working medjum of the invention comprises from 5_to 30% by
weight of water a% ron? g% %%5'}% by Wé%g St’oflansc%%rj}f)%gﬁ {theeé{&r% c‘:a(?n’sis%ﬁ‘u SHfthitrh brdfide and
at least one idriEfiguith IHé orkirRREdiuh B tHehyBAGH T preferabietdvpavdeiromat®io 30% by
weight of water. aVatel anchsorpjarn misghuo 1egether preferabiy makedmpre than-999% by weight of

the working "1‘?1@&@2BEE%H'%&)’&?SH&QW&@%% . _Eg/ bé/o(\g,vfei%h‘tﬁc')l'rq{ei%orptio medium of the

workin%medium of the invention comprises lithium bromide and at least one onic |(iLL}|1(91 Here, the
term iofid liquiaTERFED .8 bak Uriximiklfeomide and water in order to reduce

the crystallization temperature of the sorption medium.
However, what propertions of water, lithium bromide and
ionic liguid should be present in the working medium is not

discloged.

25 In Korean J. Chem. Eng., 23 (2006) 113-116, K.-S. Kim et
al. propose working media which are composed of water,
lithium bromide and the ionic ligquid 1»butyl—3—methyl~
imidazolium bromide and in which the lithium bromide and
the icnic ligquid are present in a weight ratio of from 4:1

30 to 7:1. In these working media, the iomic liquid acts as
anticrystallization additive which increases the solubility
of lithium bromide and reduces the crystallization

temperature.

However, the working media proposed by Kim et al. give an

35 increased coefficient of friction compared to a working



4 of salts of anions and cations, with the salt or the mixture of salts having a melting point of less than
100C. The term ionic liquid here refers to salts or mixture of salts which are free of nonionic materials
or additives. 5 The ionic liquid preferably consists-of one or more salts of organic cations with organic
or inorganic anions. Mixtures of a plurality of salts having different organic cations and the same anion
are particularly preferred.  Suitable organic cations are, in particular, cations of the 10 general
formutess {yrto (VP RER2 RBREN 1) RER2WEERBRAM): RALR ZR3REFE (11} RER2PYe=CRIRAV)
15R1RZR3S+(V)-where Bd, B2iRaR4rare-igentical or different and are each hydrogen, a linear or
branched aliphatic or olefinic hydrocarbon radical having from 1 to 30 carbon atoms, a 20
cycloaliphatic or cycloolefinic hydrocarbon radical having from 5 to 40 carbon atoms, an aromatic
hydrog&tbBifadical having from 6 to 40 carbon atoms, an alkylaryl radical having from 7 to 40 carbon
atomst @ lirearmavbrangheckatighatieewlefiniodydnecarborkriadicalaghichdvas friom:2 252030 carbon

atoms, andisdnterrupted by.gpe bmare-Qs, N sNR'rax0r640)5 -(Q)G0s s NHHG(D)- - LQ)ENH-,

(CH2)N-C(0)-, -(0)c-N(CH2)-, -5(02)-0-, -0-3(02)-, -S(02)-NH-, -NH-S(02)-, -8(02)-N(CH2)- or _

“N(CHZE3(02)- dFoups, H eardr HraRZHRY AifpRatic b Sidfififetum “ompese water an
lithium bromide can be produced when the water content and the weilght

ratio of ionic liguid to lithium bromide are selected in a suitakle range.

Accordingly, in an aspect, there ig provided a working medium for an
absorption refrigeration machine, which comprises from 5 to 30% by weight
of water and from 63 to 93% by weight of a sorption medium. consisting of
lithium bromide and at least one ionic liguid, where the sorption medium
containg ionic liguid and lithium bromide in a weight ratio of from 0.5:1

to 5:1.

In another asgpect, there is provided an absorption refrigeration wachine
compriging an absorber, a degorber, a vaporizer, a condenser, a
circulation pump and a working medium which is conveyed in a circuit via
absorber and desorber by means of the circulation pump, wherein the

working medium fed to the desorber has the composition as described above.

DETATLED DESCRIPTION _
The working medium of the invention comprises from 5 to 30% by weight of
water and from 65 to 95% by weight of a sorption medium. consisting of
lithium bromide and at least one ionic liguid. The working medium of the
invention prefeérably comprises from 10 to 30% by weight of water. Water
and sorption medium together preferably make up more than 90% by weight of

the working medium, particularly preferably more than 95% by weight.

The sorpticn medium of the working medium of the invention comprises
lithium bromide and at least one ionic licuid. Here, the term ionic liguid

refers to.a salt or a mixture



30 hydrocarbefpragiaal yieel sgs from 1 to 30 carbon atoms and is terspinalhe LNCHoRRzsdoy OH,
OR’', NH2, N(H)R' or WO 2011/069822PCT/EP2010/068090 5 N(RI)2 or a polyether radical of the

formula -(R5-())n-R6 having a block or random structure, R' is an aliphatic or olefinic hydrocarbon
radical having from 1 to 30 carbon atoms, 5 Rs is a lipear or branched hydrocarbon radical having
from 2 to 4 carbon atoms, n is from 1 to 200, preferably from 2 to 60, R6 is hydrogen, a linear or
branched aliphatic or olefinic hydrocarbon radical having from 1 to 30 carbon atoms, a 10
cycloaliphatic of cyelbotefinfc hydrenarbondadioal bavinowhiam SteA:earbos.atems, an aromatic
hydrocarbon radical. having f t p ré)o s, an alkylaryl radical having_fro 0 40 carbon
atoms or a raﬁggﬁ%%%)-gl?%, %Bitgsa.of%ggr%) b%aﬁ%%dt Ia%ﬁjpt%ct}i/%:noér/ o(%?i rci%g 18 h1l:y rélcz:?rtg%ﬁ Fadical
having from 18%30"&Bon WdMmsl 4 FyéRalisraicstayctodienme hyaroearbdiatieal @fving from 5
to 40 carbon ateitss antdromaticehytirecarbén maditabiaving fren 6 1@ 40:casbor atores:or an alkylaryl

radical havingriam; 410: 40 carhonsatomss 20 where nd, pref c he radicals RI,
R2, R6 and Rél ES dilff%rent fror%%%ydrogen. aationzr 8%%%%%%2 (%1% (\Sljrﬁellr?%g%h%r%é tFagolicals. RI

and R6 together f67m & 4-To T Mehibere b prfefibhf 590 6RMHBEL, Akd AR tikewise suitable. 25
Heteroaromatitigdtisrschaving ab lesst das Yjuateraabsitrogen mgom bedengre rasies Rilcas defined

above in the ring: peeferably derivatives-0fpw e puazale: inpidazele, 0xazole.isgxazole, thiazole,
isothiazole, pyridine, pyrimidine, pyrazine, indole, quinoline,

Sultable organic cations are, in particular, cations of the

10 general formulae (I) to (V):

RIR*RPR*NY (1)
R'R*N*=CR’R* (I1)
R'R'RR*P" (I11)
R'R*P*=CR’R* (IV)
15 R'R*R’g* (V)
where

R*,R*,R*,R* are identical or different and are each
hydrogen, a linear or branched aliphatic or olefinic
hydrocarbon radical having from 1 to 30 carbon atoms, a

20 cycloaliphatic or cycloolefinic hydrocarbon radical having
from 5 to 40 carbon atoms, an aromatic hydrocarbon radical
having from 6 to 40 carbon atoms, an alkylaryl radical
having from 7 to 40 carbon atoms, a linear or branched
aliphatic or olefinic hydrocarbon radical which has from 2

25 to 30 carbon atoms and is interrupted by one or more -0O-,

-NH-, -NR’'-, -0-C(0)-, -{0)C-0-, -NH-C(Q)-, -{0)C-NH-,
'(CH_})N_C(O)—, -(O)C_N(CHS)“r _8{02)—0_1 “‘”O"'S(Og)",
-8 (0} -NH-, -NH-5(Cz)-, ~8(0;)-N{CH;}- or -N{CH;)-8(0;) -~

groups, a linear or branched aliphatic or olefinic
30 hydrocarbon radical which has from 1 to 30 carbon atoms and
is terminally functionalized by OH, OR’, NH,, N(H)R' or



30 isoquinolingecipneling uinexaline or phthalazine substituted on th@gg%ﬁt@% @48 Ykewise
suitable. 6 Suitable inorganic anions are, in particular, tetrafluoroborate, hexafluorophosphate, nitrate,

sulphate, hydrogensulphate, phosphate, hydrogenphosphate, dihydrogenphosphate, hydroxide,
carbonate, hydrogencarbonate, 5 thiocyanate, dicyanamide and the halides, preferably chloride or
bromide. Suitable organic anions are, in particular Ra0S03-, RaS03-, Ra0P032-, (Rao)2p02, RaP032-,
RaCO00-, (RaC0)2N-, (Ra502)2N- and C(CN)3-, where Ra is a linear or branched aliphatic 10

hydrocarbon mdica) having:fremnl ko 80 careen atons 2 evaloaliphatic hydragarhen_raeical having

from 5 to 40 carhon ato $, 030 ratic hydrocarbon radical having from 6 to 40 carbon atoms, an
alkylaryl radical har\%}%g %]om 7104 czﬁ%ﬁ%@orﬁ%ﬁ%ﬁ%@% or branched perfluoroalkyl 15 radical

having from 1 to 30 carbon ftoms. In a preferred embodiment, the ionic liquid comprises one or more
1,3-dialkylimidazotifnPEaifss tWstS He alkyPdlbR e PATTQRANP Bre e édie 82U iRdependently
from among nfetayl, ki, F-propbedusiend n-hexyl. 20 Particularly preferred ionic liquids are salts
of one or more of the cations 1,3-dimethylimidazolium, 1-ethyl3-methylimidazolium,
1-(n-buty3)-3-riethylimidaizodiam, d=(nskutyh3-athyiimidazoliben lrauhexsl)-BLmethylimidazolium,
1-(n-hexyl)-3-ethylimidazolium, @%—&g—pexyl)-&butylimidazolium with one of the anions chloride,
bromide, acetate, methylsulphate, ethylsulphate, dimethylphosphate or methylsulphonate, in particular
with chloride or Qrgnqg%%.rgnla Luortrbe&g)referre emggdin%ent, the ionic liquid 30 comprises one or more
guaternary ammonium Salts having a m ovalEht anion- & catidis 6fthe general formula (1) in which
121 is an alkyl gadical having from 1 to 20 carbon atoms, R2 is an alkyl radical having from 1 to 4

carbon atomsR35'R3 Y ¥ SFREY (CHIERRES) ol WiidraThRdrerh iolerd0orand Rolefinic

hydrocarbon radical having from 1 to 30 carbon atoms, a

10 cycloaliphatic or cycloolefinic hydrocarbon radical having
from 5 to 40 carbon atoms, an aromatic hydrocarbon radical
having from 6 to 40 carbon atoms, an alkylaryl radical

having from 7 to 40 carbon atoms or a radical -C(0)-rR’

r

R’ is a linear or branched aliphatic or olefinic

15  hydrocarbon radical having from 1 to 30 carbon atomg, a
cycloaliphatic or cycloolefinic hydrocarbon radical having
from 5 to 40 carbon atoms, an aromatic hydrocarbon radical
having from 6 to 40 carben atoms or an alkylaryl radical

having from 7 to 40 carbon atons,

20 where at least one and preferably each of the radicals R?,

R?’, R’ and R* is different from hydrogen.

Cations of the foxmulae (I) to (V) in which the radicals R*
and R’ together form a 4- to 10-membered, preferably 5- to
6-membered, ring are likewise guitable.

25 Heteroaromatic cations having at least one guaternary
nitrogen atom bearing a radical R' ag defined above in the
ring, preferably derivatives of pyrrole, pyrazole,
imidazole, oxazole, isoxazole, thiazole, isothiazole,
pyridine, pyrimidine, pyrazine, indole, quinoline,

30 isoguinoline, cinnoline, guinoxaline or phthalazine

substituted on the nitrogen atom, are likewise suitable.



7 = H or CH3 @ad R4is Arsaliybradical having from 1 to 4 carbon atomsear /aEaiqe) (3G EIRO)N-H

where n is from 1 to 200 and R = H or CH3. 5 Particularly preferred anions are chloride, acetate,
methylsulphate, ethylsulphate, dimethylphosphate or methyl sulphonate. Processes for preparing the
ionic liquids are known to those skilled in the art fromghe prior art. 10 Preference is given to using ionic
liquids which are miscible in any ratio with water, stable to hydrolysis and thermally stable up to a
temperature of 150C. Hydrolysis-stable ionic liquids show less than 5% degradation by hydrolysis in a
mixture with 59%bﬁmeéghtrﬁngmﬁ&enalﬁisiﬁgamﬁ%@?quﬂmb):@.mi}q sorption medti.umfoff the
working medi j ' tains, joniG liqui ithium bromide in a wei Et atio of from
0.5:1 tg 5:1. T%%eg%%tﬂgﬁ%g %f%:‘%fag%%om l(%g%lil% %? :Slpglr%n %ért%h?arrﬁ/tgréfeﬁg R/ FOM 1:1 to 2:1.
20 The ionic IYRFSFETRWERHE Fatid BPRARAGRId T RRRAR BRORRR M e sdipuctungdium are
preferably selettedrsioathat tHeorkinigimediemiyemainrs adadkitglephaseata-desorption of water

down to & waier garient 9t he werkng ediumat 09 by eighy,and atan ghsgrayion of 25 water up

to a water cont%lit of the Workﬂg medium of 30% by weight. The ionic Tiqui the weight ratio of
. T . o1
ionic liquid to fit

iU brémide MHES ‘?ption medium are particularly preferably selected so that the
working medium remains as a single phase at a desorption of water down to 30 a water content of the
working mediihdt 34 By Weight and-at aR ans/tiolFoMPate op ke B WAk ontekitesh the working
medium of 3088bywWEight RA¢D,2011/069822PCTHERR010/068090 81, (R®S0,),N° and

C(CN); ", where R® is a linear or branched aliphatic

1¢ hydrocarbon radical having from 1 to 30 carbon atoms, a
cycloaliphatic hydrocarbon radical having from 5 to 40
carbon atomsg, an aromatic hydrocarbon radical having from 6
to 40 carbon atoms, an alkylaryl radical having from 7 to
40 carbon atoms or a linear or branched perfluoroalkyl

15 radical having from 1 to 30 carbon atoms.

In a preferred embodiment, the lonic ligquid comprises one
or more 1,3-dialkylimidazolium salts, where the alkyl
groups are particularly preferably selected independently
from among methyl, ethyl, n-propyl, n-butyl and n-hexyl.

20 Particularly preferred icnic liquids are salts of one or
more of the cations 1,3-dimethylimidazolium, 1l-ethyl-
3-methylimidazolium, 1-(n-butyl)-3-methylimidazolium,
1-{n-butyl)-3-ethylimidazolium, 1-(n-hexyl)-3-methyl-
imidazolium, 1-{(n-hexyl)-3-ethylimidazolium,

25 1-{n-hexyl)-3-butylimidazolium with one of the anions
chloride, bromide, acetate, methylsulphate, ethylsulphate,
dimethylphosphate or methylsulphonate, in particular with

chloride or bromide.

In a further preferred embodiment, the icnic liguid

30 comprises one or more guaternary ammonium salts having a
monovalent anion and cations of the general formula (I) in
which
R' is an alkyl radical having from 1 to 20 carbon atoms,
R® is an alkyl radical having from 1 to 4 carbon atoms,

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



The working rwedig o aampeontain further additives in addition to the sow@gp&g@gw%wﬁer. The
working medium preferably contains one or more corrosion inhibitors as additive. Here, it is possible to

5 use all nonvolatile corrosion inhibitors which are known from the prior art as being suitable for the
materials used in the absorption refrigeration machine. Further preferred additives are
wetting-promoting additives which can be used in an amount of from 0.01 to 10% by 10 weight based
on the working medium. Preference is given to using the wetting-promoting additives described in WO
2009/097930 enipage GHineah4dito page 8, line 6, particularly preferably the compounds described in

WO 2009/097980:0n pASE Filite Ziahage §1nefy 16,A abseiptipnseligeralion machine according

to the invention comprises an absorber, a desorber, a vaporizer, a condenser, a dircuration Sump and
a working medidfh-fRichG8<diel it EF&uitvid BbEoA5er AnedUeRPbértsy Meand obthe circulation

pump, whereiffhe working medium fed to the 20 desorber has the abovementioned composition

according to the invention. The warkingmedia-of the invention showsa significant reduction in the

coefficient of friction,.especijally in the region of mixed friction in the Stribeck curve, compared to 25
working media %%%Pf}%%ﬁ%#%vé?ér a“z"'r%x P%Hfdlrﬁ%g]&%?d’e SRkt PRARIAMBISidE and
1-butyl-3-metFgirHaAZM PR OFeRRIe which are known from the prior art. The working media of the
invention thus allow the use of pumps whose bearings come into contact with the working medium
without 30 spécialmatermlfey. cergmicimatetiats, being-nacegsansfos thisipuspesae: d he absorption

refrigeration maghines.gfithedavention display reduced wear of the girqulation pump compared to

absorption refrigeration machines of the prior art. 9 The working media of the invention can be used
not onlylig abi)q:rgg n é%féi%egagionimg%hi{lgslil% thich.the.ucptlilke of heat by, the coolant in the
vaporizer is utilized for cooling bat alSo in absérptich hdat fumps i Which'tHe h&dt% liberated in the
absorber and TH &&iéofiehiz e Yudet-fop Hehting WRiTe follodthad dramplewitlstiate tive véntion but
do not restricttthe subjecy mattes DE thesinventoemperature of 150°C. Hydrolysis-

stable ionic liquids show less than 5% degradation by
hydrolysis in a mixture with 50% by weight of water on
15 storage at 80°C for 8000 h.

The sorption medium of the working medium of the invention
contains ionic ligquid and lithium browmide in a weight ratio
of from 0.5:1 to 5:1. The weight ratioc is preferably from
0.5:1 to 2:1 and particularly preferably from 1:1 to 2:1.

20 The ionic liguid and the weight ratio of ionic liquid to
lithium bromide in the sorption medium are preferably
selected so that the working medium remains as a single
phase at a desorption of water down to a water content of
the working medium of 10% by weight and at an absorption of

25 water up to a water content of the working medium of 30% by
weight. The ionic liquid and the weight ratioc of ionic
liguid to lithium bromide in the sorption medium are
particularly preferably selected so that the working medium
remains as a single phase at a desorption of water down to

30 a water content of the working medium of 5% by weight and
at an absorption of water up to a water content of the

working medium of 30% by weight.



10 Examples geeffivients 6 figsion p (traction coefficient) were determg&d/@émbigg 48ediag

according to the invention and working media according to the prior art at 40 and 70C 5 with a friction
testing instrument MTM2 from PCS Instruments at different speed differences between the friction
surfaces. Measurements were carried out using a baly having a diameter of 19.05 mm and a disc
having a diameter of 46 mm as friction partners, both made of 10 polished stainless steel 1.3505
having a surface roughness of 0.01 pm, at a force of 30 N, a contact pressure of 947.8 MPa and a
sliding/rolling mtie eibfondabled: shows the-eomposition of the-weordng Media {pvestigated in

Examples 1 t%gﬁl::%qr&qlecgqiscﬂgvogg t]iSOmerg%%%&gmapno&e% qg Water and lithium bromide without a

proportion of ionic liquid, as is used in commercial absorption re?rlgerétion machines. Examples 2 and
3 are workingqg)lediaoarclggrdin%to the prior %rt from K.-S. Kim et al., in Korean J. Chem. Eng., 23
(2006) 113-116, haVing a 28 weignt Tat ot fithidm Brofifide to fohichquid of 9 Examples 4 to 6 are
working medi& @& tolmbivdtion with adsuityliZenetiyliridazolivm roridédas idmc liquid.
WO 20115069822PL£ITTER3010/068090 1d-takls d-aonwesitionaf shemarking raedia ipuestigated

Example from the prior art as being suitable for the materials used

in the absorption refrigeration machine.

Further preferred additives are wetting-promoting additives
which can be used in an amount of from 0.01 to 10% by

10 weight based on the working medium. Preference is given to
using the wetting-promoting additives described in
WO 2009/097930 on page 6, line 14 to page 8, line 6,
particularly preferably the compounds described in
WO 2009/097930 on page 7, line 7 to page 8, line 6.

15 An absorption refrigeration machine according to the
invention comprises an absorber, a desorber, a vaporizer, a
condenser, a circulation pump and a working medium which is
conveyed in a circuit via absorber and desorber by means of
the circulation pump, wherein the working medium fed to the

20 desorber has the abovementioned composition according to

the invention.

The working media of the invention show a significant
reduction in the coefficient of friction, especially in the
region of mixed friction in the Stribeck curve, compared to
25 working media composed of water and lithium bromide or of
water, lithium bromide and 1l-butyl-3-methylimidazolium
bromide which are known from the priocr art. The working
media of the invention thus allow the use of pumps whose
bearings come into contact with the working medium without
30 special materials e.g. ceramic materials, being necessary
for this purpose. The absorption refrigeration machines of
the invention display reduced wear of the circulation pump
compared to absorption refrigeration machines of the prior

art.



Water WeightgiopeHippde FBVIBr+= t by weight LiBr Weight ratio of %M@béb@é /16 3300993 0 2* 37
12.6 50.4 0.25:1 3*

10

The working media of the invention can be used not only in
absorption refrigeration machines in which the uptake of
heat by the coolant in the vaporizer is utilized for
cooling but also in absorption heat pumps in which the heat
liberated in the absorber and in the condenser ig used for

heating.

The following examples illustrate the invention but do not

restrict the subject matter of the invention.
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Examples

Coefficients of friction p (traction coefficient) were
determined for working media according to the invention and
working media according to the prior art at 40 and 70°C
with a friction testing instrument MTM2 from PCS
Instruments at different speed differences between the
friction surfaces. Measurements were carried out using a
ball having a diameter of 19.05 mm and a disc having a
diameter of 46 mm as friction partners, both made of
polished stainless steel 1.3505 having a surface roughness
of 0.01 um, at a force of 30 N, a contact pressure of
947.8 MPa and a sliding/rolling ratio of 50%.

Table 1 shows the composition of the working media
investigated in Examples 1 to 6. Example 1 is a working
medium composed of water and lithium bromide without a
proportiocn of ionic liquid, as is used in commercial
absorption refrigeration machines. Examples 2 and 3 are
working media according to the prior art from K.-8. Kim et
al., in Korean J. Chem. Bng., 23 (2006) 113-116, having a
weight ratio of lithium bromide to ionic liguid of 4.
Examples 4 to 6 are working media according to the
invention with 1-butyl-3-methylimidazolium bromide as ionic
liguid.



7563.331.7 45 8301233425 0.5:1 not according to the invention * ﬁ%wmtﬁo/ossoso
1-butyl-3-methylimidazolium bromide 5 In Fig. 1, the Stribeck curve (coefficient of friction p versus

speed difference v between the friction surfaces in mm/s) at 40C is plotted for each of the working
media of Examples 1 to 3 (Example 1: open circles; Example 2: open triangles; Example 3: open
squares). Fig. 2 shows the 10 corresponding Stribeck curves at 70C. Both figures show that the
working media of Examples 2 and 3 according to the prior art from K.-S. Kim et al. give a higher
coefficient of frighar than the working medium without ionic liquid as per Example 1. 15 In Fig. 3, the
Stribeck curvecgqgﬁgfgq%qto friGi R VEIsUs.S eed g:{f.ference v etwegg &he friction surfaces in mm/s)

at 40C is plotted for each of the working me ia of E%ar%%lels%f?os ](%%ample 3: open squares,

AY

Example 4: $olid CIFCIeS; Example 57Solid triangies; Exampte 6. asterisks). 20 Fig-4-shows the
CONESpOﬂng%ﬁﬁB@%ECLWV&?&??BC?rOportlon in ¥ by weight Weight ratio of
Water EMIMBr ** LiBr BMIMBr : LiBr

i* 37 0 63 0

2% 37 12.6 50.4 0.25:1

3% 25 15 6GC 0.25:1

4 25 25 50 0.5:1

5 25 50 25 2:1

6% 25 75 o

7 5 63.3 31.7 2:1

8 30 23.3 46.7 0.5:1

* not according to the invention

* % BMIMBr = 1-butyl-3-methylimidazolium bromide

5 In Fig. 1, the Stribeck curve (coefficient of friction u
versus gpeed difference v between the friction surfaces in
mm/s) at 40°C is plotted for each of the working media of
Examples 1 to 3 (Example 1: open circles; HExample 2: open
triangles; Example 3: open sguares). Fig. 2 shows the

10 corresponding Stribeck curves at 70°C.

Both figures show that the working media of Examples 2 and
3 according to the prior art from K.-3. Kim et al. give a
higher coefficient of friction than the working medium

without ionic liguid as per Example 1.

15 In Fig. 3, the Stribeck curve (coefficient of friction n
versusg speed difference v between the friction surfaces in
mm/s) at 40°C is plotted for each of the working media of
Examples 3 to 6 (Example 3: open sqguares, Example 4: solid
circles, Example 5: solid triangles, Example 6: asterisks).

20 Fig. 4 shows the corresponding Stribeck curves at 70°C.



12 Both figuregoshnyy thed ¢l ¥¢orking media according to the invention,g ﬁg@g&a@/o%@% gdive a
coefficient of friction which is lower than that for the working media known from K.-S. Kim et al. and is

also below the 5 coefficient of friction of the working medium without ionic liquid as per Example 1 and
below the coefficient of friction of the working mediugpwithout lithium bromide as per Example 6. In
Fig. 5, the Stribeck curve (coefficient of friction p 10 versus speed difference v between the friction
surfaces in mm/s) at 40C is plotted for the working media of Examples 1, 7 and 8 (Example 1: open
circles; Exampleth solidserares;dmxarple 8: selid-diamends)<Biga 6:showisthesorespanding

Stribeck curves,at.7QG 1o ggtlﬁﬂgwﬁ%@p géN%ereg edium according to.the invention gives a

low coefficient of friction in the region of mixed friction, I.e. at low sgg&%ff?e?ences between the
friction surfact& AGHitHTs BRI theScdGENESRRCHOT bf ek g'RTEsIgE Viigdhiionic liquid as
per 20 Examptadvavenrata Water .caftentedf 59 byameighton3@% heweightha3 Claims: 1. Working

medium for ap.gbserptionefrigeration.machines comprising.from 3,10:30% i\efﬁggb% f&‘é’é&% and
a

from 65 to 95:%). %ng%ht ofa SQErgtion edjum 5¢onsijsting aof lithium bromide an east one ionic
liquid, where the S6rptih misdiuiT cortains tor€ fqlia fRfinT BrdrhitRliRwelght ratio of from
0.5:1 to 5:1. 2 yWetkingmedliurhaceordiigo Grihul charsctatizéd imiQthabthersaiptiarsmedium
contains ionicdigtliceaaedittium bromide in a weight ratio of from 0.5:1 to 2:1. 3. Working medium
according to Claim 1 or 2, _

In Fig. 5, the Stribeck curve (coefficient of friction o
10 versus speed difference v between the friction surfaceg in
mm/s) at 40°C is plotted for the working media of Examples
1, 7 and 8 (Example 1: open circleg; Example 7: solid
squares, Example 8: solid diamonds). Fig. 6 shows the

corresponding Stribeck curves at 70°C.

15 Both figures show that a working medium according to the
invention gives a low coefficient of friction in the region
of mixed friction, i.e. at low speed differences between
the friction surfaces, which is below the coefficient of
friction ¢f the working medium without ionic liguid as per

20 Example 1 even at a water content of 5% by weight or 30% by
weight.



charabterized%tiﬁiﬁthi@g medium comprises 15from 10 to SO%EJ@/I.WEM@ ngggegongorking
medium according to any one of the preceding claims, characterized in that the ionic liquid consists of

salts of organic cations with organic or inorganic anions. 20 5.Working medium according to any one’
of the preceding claims, characterized in that the ionicliquid comprises one or more
1,3-dialkylimidazolium salts. 6.Working medium according to Claim 5, characterized in that the ionic
liquid is a salt of one or more of the 25cations 1,3-dimethylimidazolium, 1-ethy1-3-methyl- imidazolium,
1-(n-butyl)-3-alethykimidazolium, 1-(n-butyl)-3-ethylimidazolium, 1-(n-hexyl)-3-methyl- imidazolium,
1-(n-hexyl)-3-ethylimidazolium, 1-(n-hexyl)-3-butylimidazolium with one of the anions 30chloride or

bromide. 14 qr more;guateseAryAMMRNIYR salts ohthe-genesal %Wi@@%&ﬁ%ﬁ*‘“\"mn where R1is
an alkyl radical havin frﬁm 1 to 20 carhon atoms, 5R2 is an alkyl radical having from 1 to 4 carbon

atoms, R3 is a radica IROTHRT Wherd nli& FBnT 146 200 aY R™EEERCAS dfteT R4 is an
alkyl radical having feév 1£6m cafbdrratdhts Tobrweedatical(CH2CHR@nikwherd s from 1 to 200

and 5 congisting of lithium bromide and at least one ionic
liquid, where the sorption medium contains ionic
liquid and iithium bromide in a weight ratio of from
0.5:1 to 5:1.

2. Working medium according to Claim 1, characterized in
10 that the sorption medium containg ionic liguid and
lithium bromide in a weight ratio of from 0.5:1 to
2:1.

3. Working medium according to Claim 1 or 2,
characterized in that the working medium comprises

15 from 10 to 30% by weight of water.

4. Working medium according to any one of the preceding
claims, characterized in that the ionic liguid
consists of salts of organic cations with organic or

inorganic anions.

20 5. Working medium according to any one of the preceding
claims, characterized in that the ionic liquid

comprises one or more 1,3-dialkylimidazolium salts.

6. Working medium according to Claim 5, characterized in
that the ionic liquid is a galt of one or more of the
25 cationsg 1,3-dimethylimidazolium, l-ethyl-3-methyl-
imidazolium, I-(n-butyl)-3-methylimidazolium,
1- (n-butyl) -3-ethylimidazolium, 1- (n-hexyl)-3-methyl-
imidazolium, 1-{n-hexyl)-3-ethylimidazolium,
1-{n-hexyl)-3-butylimidazolium with one of the anions

30 chloride or bromide.

7. Working medium according to any one of Claims 1 to 4,

characterized in that the ionic liguid comprises cne



R=Hor CH3mdAv1is sygeggyalent anion. 8.Absorption refrigeration gpaching 596‘?@%@5%‘ o
15absorber, a desorber, a vaporizer, a condenser, a circulation pump and a working medium which is

conveyed in a circuit via absorber and desorber by means of the circulation pump, characterized .in
that the working medium fed to the desorber has a 2@gomposition according to any of the preceding

claims.

i0

15

20

or more guaternary ammonium salts of the general
formula R'R*R’R'N'A", where

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

R is an alkyl radical having from I to 4 carbon
atoms,

R’ is a radical (CH,CHRO).-H where n is from 1 to 200
and R = H or CH; and

R* is an alkyl radical having from 1 to 4 carbon atoms
or a radical (CH,CHRO),-H where n is from 1 to 200 and
R = H or CH;

and

A" iz a monovalent anion.

Absorption refrigeration machine comprising an
absorber, a desorber, a vaporizer, a condenser, a
circulation pump and a working medium which is
conveyed in a circuit via absorber and desorber by
means of the circulation pump, characterized in that
the working medium fed to the descrber has a

composition according teo any of the preceding claims.



