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refrigeration device e invention is directed to a Wor

absorption refrigeration nmachine giving reduced friction. 5 C assical
refrigeration machines are based on a circuit in which a refrigerant is
vapori zed and cooling is achi eved by t hé heat of vapori zation taken up by
the refrigerant. The vaporized refrigerant is then brought to a higher
pressure by neans of a conpressor and condensed at a higher 10 tenperature
than that atCRAFRRipgpBediani farhan skeeerpbionwrefirideraoben olevice

vapori zation being |iberated again. The liquefied refrigerant is
subsequent |y depressurized again to the pressure of the vaporizer.

Cl assical refrigeration machi nes have the di sadvantage that 15 they
consune a great deal of nechanical energy for conpression of the gaseous
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di sadvant agesnhighesdaid din dihe way.0f -4 de use of absorption
refrigeration machines. To achieve a high efficiency, a 5 maxi num portion

of the refyigerant, has. t,o be desorbed fromthe working nediumin the
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required 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 vaporization 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 liquid 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 réplaced 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
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1- et hyl - 3-met hyl i m dazol i um et hyl sul phonate, 1-ethyl-3-nmethylim dazolium
acetate and 1l-ethyl-3-nethyl- imdazolium hydroxide as additives for a
wor ki ng nedi um 20" conposed of |ithium bPonide and water in order to reduce.
the crystallization tenperature of the sorption medium However, what
proportions of water, |ithiumbronide and ionic |iquid should be pr esent
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ionic desorber.

WO 2006/134015 describes, in Example VII a), the use of the
ionic liquids l-ethyl-3-methylimidazolium methylsulphonate,
1-ethyl-3-methylimidazolium acetate and l-ethyl-3-methyl-
imidazolium hydroxide as additives for a working medium

20 composed of lithium bromide and water in order to reduce
the crystallization temperature of the sorption medium.
However, what proportions of water, lithium bromide and
ionic liquid should be present in the working medium is not

disclosed.

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 ioniec liquid l—butyl-3—methyl—
imidazolium bromide and in which the lithium bromide and
the ionic liquid are present in a weight ratio of from 4:1

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

Lemperature.

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

35 increased coefficient of friction compared to a working
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absorber, a desorber, a vaporizer, a condenser, a circulation punp and a
wor ki ng medi um which is 20 conveyed in a circuit via absopber and desor ber
by neans of the circulation punp, wher en t he wor ki ng medi umfed to the
desor ber has the conposition according to the invention. The working
medi um of the invention conprises from5 to 3096 by weight of water and
from 65 t oMgSd4 Ry cREPgRedopfavatesorptl dathbdinubroohdest sagtbit| khiei um

bromi de angrablkrask amghi@@&et&bﬁuegnnaheb@ogghvgdnﬁﬂgygbgt the invention
preferably conprises from 10 to 30% by wei ght of water. Water and sorption

diumto her preferably,make up nore _than 90% by wei ght of the working
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materials or,additives. 5 The ionic |liquid preferably consists of one or
more sal t sYBFIBF gBRFEOcati dAR1Gi thavigdakPclékhivergapmedanaons. M xtures
of a plurabelycoédsehts baviamldi Faegent organic cations and the same
anion.are particularly preferred. Sui tabl e organic cations are, in
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absorption refrigeration machine, which comprises from 5 to
30% by weight of water and from 65 to 95% by wéight of a
sorption medium consisting of lithium bromide and at least
one ionic liquid, where the sorption medium contains ionic
15 liquid and lithium bromide in a weight ratio of from 0.5:1
to 5:1.

The invention also provides an absorption refrigeration
machine comprising an absorber, a desorber, a vaporizer, a
condenser, a circulation pump and a working medium which is
20 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 according to the invention.

The working medium of the invention comprises from 5 to 30%
by weight of water and from 65 to 95% by weight of a

25 sorption medium consisting of lithium bromide and at least
one ionic liquid. The working medium of the invention
preferably 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

30 preferably more than 95% by weight.

The sorption medium of the working medium of the invention
comprises lithium bromide and at least one iocnic liquid.

Here, the term ionic liquid refers to a salt or a mixture
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| denti cal or rent and are each hydrogen, a |inea

aliphatic or olefinic hydrocarbon radical having from1l to 30 carbon
atons, a 20 cycloaliphatic or cycloolefinic hydrocarbon radical having
from5 to 40 carbon atons, an aromatic fydrocarbon radical having from6
to 40 carbon atoms, an alkylaryl radical having from7 to 40 carbon atons,
a linear or branched aliphatic or ol efinic hydrocarbon radical which has
from2 25 6 saltarpbranions and fatiomer ruptiediy mbtomé%ngee -0-,  NH,
-NR -, -0-&lQure-6P) SaPrs ndHALO) - e1£9%§} nt éf}f% n'100°C.
_(-O)C-N(QCE%-, -$(02) - 0- . ;o-,s’(%)-,m S( 0 % -NH-S%)-, c
-5(02) - N( CFBT - EBF™- Neeh8) L 5pey - hgFoupRi % | Fhetalle? oF ahbHedral ¢hhatic or
ol ef i ni ¢ 38abydrwekachonres agi-cal oM@ﬂﬂi&k@gc frili\ﬁ%xliatps 391:\/\%@&&@9&@&%5 and is
termnal l y..functionalized.b . NH .éﬁ)%or

2011/ 0?9823%@%%%%%r%‘ﬁ%¥f%?é%? VetthE FadidE Hlthe
formula - (2R6e0yanE drivioms awbtlbckrganiantomsirgmiit anRnd s an
aliphatic pix0hell e Dygiorarbop SaUeRls NG [ ofRdrd 30 garpon

a ’ cations and the same anion are particularly preferred.

Suitable organic cations are, in particular, cations of the

10 general formulae (I) to (V):

R'R*RPR*N* (I)
R'R’N*=CR’R*? (11)
R'R’R’R'P* (II1)
R'R*p*=CR’R? (IV)
15 R'R*R3g* (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 olefinie hydrocarbon radical which has from 2
25 to 30 carbon atoms and is interrupted by one or more -0-,
-NH-, -NR’'-, -0-C(0)-, -{0)C-0-, -NH-C(Q)-, -{O)C-NH-,
- (CH3)N-C(0) -, -(O}C-N(CH3)-, -8(02)-0-, -0-5(03)-,
-8{(0;) -NH-, -NH-8(0,;)~, -8(03)-N(CH;)~ or -N{CH;3) ~S {05} -
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
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atons, nis from 0, preferably from2 to 60,

| i near or branched aliphatic or ol efinic hydrocarbon radical having from1l
to 30 carbon atonms, a 10 cycloaliphatic_or cyclool efinic hydrocarbon

radi cal having from5 to 40 carbon atomB, an arommtic hydr ocar bon radi cal
having from6 to 40 carbon atons, an al kylaryl radical having from7 to 40
carbon atons or a radical -C(0)-R7, R7 is a linear or branched aliphatic
or ol ef i ni ¥(B5) hyel e dlaretrhan caadiead mf fitemfommlzo <@ boh.aRdns, a

cycl oal i phab{,€ngr acythber! §fi PhEabYdEPEaFPRR adi cal having from5 to 40
carbon atons, an aromatic hydrocarbon radical having from6 to 40 carbon

atons or ,al kyl ar i.rgdi cal haang,from 7.to 40 carbon atons, 20 where
at |east ofie éﬁdaﬁr% EPABFJC QT O bFT 1REC rByieararhen ragical hanging s

di fferent from hydeogencatabnh cssoms, t he fornulae (1) to (V) in which the
radicals R and R3 together fatal a 4- to 10-nenbered, preferably 5- to

6- menbey edgs ring, are 1 | Lapl 5. Heteroaramatic cations having
at |east one quat Zirlﬁlaérdylk%:% ?)g:é%#ha or%g/bdergjrcla%oa Faarc 1 V&élgdg:fﬁoﬁbd
above in thet?ihgcapped exte®iny, derivatives of pyrrole, pyrazole, imdazole,

oxazol e, isoxazole, thiazole, isothiazole, pyridine, pyrimdine, pyrazine,

i ndol e, quhnDéi Neom 30 £S08d NObF & r SHTNOF AR, 2 G naxal i ne or pht hal azi ne
substituted on the nitrogen atom are |I1kew se suitable. 6 Suitable
r.t.icular, tetrafl uorqhorate,

i norganic i.on e, in pa > o
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Ra303-, RaDFIB2E )o phP carbegn atpons Rah (8rdigt iRa GYBiroqRACH) Hedical

(RaS02) 2N-h&hthg from 6 to 40 carbon atoms, an alkylaryl radical

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

R’ is a linear or branched aliphatic or olefinic

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

having from 7 to 40 carbon atoms,

20 where at least one and preferably each of the radicals 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 l0-membered, preferably 5- to

6-membered, ring are likewise suiltable.

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

30 isoqguinoline, cinnoline, quinoxaline or phthalazine

substituted on the nitrogen atom, are likewise suitable.



C(CN) 3-, Whgy @0Ra /igs 92k near or branched aliphatic QQFZEQQESQ?B%gpégﬁica

having from1l to 30 carbon atons, a cycloaliphatic hy carbon‘ra

having from5 to 40 carbon atons, an aromatic hydrocarbon radi cal having
from6 to 40 carbon atons, an al kylaryl radical having from?7 to 40 carbon
atons or a |linear or branched perfluoroglkyl 15 radical having from1l to
30 carbon atons. In a preferred enbodinent, the ionic liquid conprises one
or nore 1,3-dial kylimdazoliumsalts, where the alkyl groups are

parti cul ar YR8 Er 4BPyI8BiEec BBAONFdeFendént Pertiemanong net hyl , et hyl,

n-propyl, mebutylvardbbraesy! hezl rPabkbpubaphutpr eferredei 0B ¢hiaui ds are
salts of one Q'rqye OF %he cgtiogs 1, 3-dinmet hyl | m dazol i um
1-ethy|3-ne¥ﬁyP93185%8 POty RRPAPBELS1) PYOReBRIPRATEA bR U hydrogen-

1- ( n- but y1ph@sphhyki nhgdzokiide, tathohexyl ) hgdpetbytsAbeazeki um

1- (n- hexyl z f.gid ' . - (hhexyl):3-butylip dazoliumw th one
of theqini%ﬁgogggﬁ%Fgg,a%?gﬁ#gg}agcéPgtgggné?%§§§ﬁlp%ﬁ?gér%?ﬂ¥lsuIphate,

di met hyl ph6BpRr&tdeoprnerapidal phonate, in particular with chloride or
bromde. In a further preferred enbodinent, the ionic liquid 30 conprises

one or NI gugyabRENBEYaANB0ALYAhSakES, hayi Sr@igaﬂé’n\!aﬂa%ﬁq ani iy and
cations of _t eneral formula,(l),.in ng R2 1s an alk *ta ical ' havi ng
geney O AP0%E o) RA i i
from1 to 20T bon'BPIREY2 R K BOgn  aRIGHO adRCEP) Ahvi (5 $90mN1 apd4
carbon at of6CN35 ,R¥hieseaRF atli cal 1{ GERERRE) Préhyhed eaThpisad1@m 1 to 200 and
R 7 3H of 4_1s.an,al kyl _ragdical having fram1l to 4 carbon atons
1
or a radicaY§¥§ﬁ%£€ﬁ§iﬁ?§l %%Zh%Xf%gf Pt bo20% W A2EPeF @B, 5
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In a preferred embodiment, the ionic liquid 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 ionic liquids are salts of one or
more of the cations 1,3-dimethylimidazolium, l-ethyl-
3-methylimidazolium, l—(n—butyl)—3—methy1imidazolium,
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 ionic ligquid

30 comprises one or more quaternary 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’ ig a radical (CH,CHRO),-H where n is from 1 to 200 and R



stabl'e ionM@dequ@%ggagw | ess than 5% degradati on b*&@%ﬁ?gbxgkﬁégﬁ?%The

m xture with 50% by wei ght of water on 15 storage at

sorption medi um of the working nmedium of the invention contains ionic
liquid and lithiumbromde in a weight ratio of fromO0.5:1 to 5:1. The

wei ght ratio is preferably fromO0.5:1 td 2:1 and particularly preferably
froml:1 to 2:1. 20 The ionic liquid and the weight ratio of ionic liquid
to lithiumbromde in the sorption nediumare preferably sel ected so that
t he worki nG Re@Fuffflsed®@ins as a single phase at a desorption of water down

to a water rEopseamt £fkyherd@fKhnohaBdhynF8bm 10% HYs wei gt and 3t ap

a
absorption_of, .25 er.up. to wat er content of the working nmedi um of 30%
by wei ght . r?ﬁécﬁi‘;ﬁ%#%‘glrcr%ﬁﬁ‘?% iy Fatli R mmd R quitd %%
lithiumbr@gi;de in the sorption nmediumare particularly preferably

sel ect S rKi lum.remains as-a_singl e phase at a
desorp??ongg%gagFgggﬁgﬁﬁr?g%§%ga e 8Psc8ﬁ?eﬁ$18flgﬁe @5$E?E§’nediun1of 5%
by wei ght ma@hyisahphbter petbyletlwheee, uginethyphesphantent of the
wor ki ng neglbum, 0k, 3000Rywei ght. WO 2011/ 069822PCT/ EP2010/ 068090 8 The
wor ki ng medi um can contain further additives in addition to the sorption

medi um and_wat er. The working nedi um preferably contains one or nore
corrosi on FRAFBFEBFsTQE BUEPRFVBY HBPelonici 41gesdsppreet bnowyseoal |

nonvol ati | enoper oBi Dhetinbhbther srehEebmatBekpeyB-f oM the prior art as
being suitable for the materials used in the absorption refrigeration

machi F ferred addjtives_are wetting-pronoti addi ti ves whi ch
can bgﬁhseg%%gggﬁgéﬁnﬁ%tg%Ye?r ﬁ]ngﬁgt603656%§8&gdﬁeV5ﬁ$§b%§%d on the
wor ki ng nediaaibPeetrrangeratigi véhht vateipngstaieleetsi ngdpody®i s ngnd

addi ti ves LPed ifn 9/097930._9n.. 6, ¢ | | 0E0d4 e 8, line
6, Lalricu?géf?ég?gf%ga%%%zggeégo%pggngg %ggg?i %digﬁ %ﬁ)%§%§$g§$§§o on
page 7, |ifRehlecipate bidnide showslapsabbanpts cdegrddagbrmtyn machi ne

accor di Nng hpdtbBys Ny el | QN ERAREL SRSLANS BPSIHY DRk 1 gide dSPODELy &y Vapori zer
d?un1mh|ch I's conveyed in

a condenser, a circulation_pu and a wor ki ng nme

a cirg%%t %?%?%%%o?%eg a%dfgﬁgg?ggrhby means of the circulation punp,
wherein the working nediumfed to the 20 desorber has the abovenenti oned
conposi t i chhacsorml gn treedvemi of ethé omorking medium of the invention

contains ionic liquid and lithium bromide in a weight ratio
of from 0.5:1 to 5:1. The weight ratio is preferably from
0.5:1 to 2:1 and particularly preferably from 1:1 to 2:1.

20 The ionic liquid and the weight ratio of ionic liquid to
lithium bromide in the sorption medium are preférably
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 ratio 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.



The workin [ i nvention show a significan ' [ e
coefficien?mg?%%?{§?P%2? especially in the region ofEﬁ?ZQQSP?§ZPF§RBEn the
Stribeck curve, conpared to 25 working medi a conposed of water and |ithium
brom de or of water, lithiumbrom de and 1-butyl-3-nethylim dazolium

brom de which are known fromthe prior &rt. The wor ki ng nedi a of the
invention thus allow the use of punps whose bearings cone into contact
with the working nmediumw thout 30 special materials e.g. ceramc _

mat eri al s, Thei Herképegsvagyuioraphiconpaipofertine aBdorpresninef ri geration

machi nes ohghheibAvent kAR dbspkayn’ RdUCHA Wear wQfe-he circul ation punp
conpared to absorption refrigeration nmachines of the prior art. 9 The

wor ki ng ne&'a of %he invention can be used not only in absorption
refrigerat'%ﬁ 250 Fﬂ@sm?ﬁlﬁﬁieﬁe fEahpY akembR LR8P By OF HBOESOI ant in the
vapori zer psrubelibmednhobicooki ag bdﬂiaﬁse.iHeab$0iﬁtian2§§ibDéUE§ Ind
whi ch the t | ] .kn the absorber d_in the.condenser is use

f or heé?innngﬁglf%$ﬁ8§;%glgﬁaﬁ8 EES%PPU%PFggét?ﬁi Wﬁ%gﬁt?Bﬁ %ﬁ?vﬂp not
restrict t%éogubhécprhartertoﬁStheihgvenﬁtahle f0r Exhephasetosl & abedt s of

friction pifteaethBBorgeibhobertlguene; et aaphagd for vorking media
according to the invention.and working nmedi a according to the prior art at
40 and 70C 5 wjth a friction testing instrunent MIM2 from PCS | nstrunents

at differeftrk @EdPH?F?EF%ﬁC%Qd%EiﬁéﬁnaFﬁeWFFFé@goﬁr@%®¢ﬁ%@s@dﬂéﬁém?%nents
were carrieHioht casibg as@a|in?@ﬂiﬂﬂoﬂndiéﬂﬁfﬂme@.éﬁ-@§dﬂ@%f Oa d:sch g
havi n di anmet er. of 46 s friction rtners, pboth nade of, pol i she
stain%égs E?%%%glp§%% ﬂgc%ﬁ% %QEE??%c@gabﬂ@hn%E%P%¥e%9%11%ﬁ¥l%?naF?orce
of 30 N, austngathepwvessime-pfobd7ifgMadantvas sdédinghedlinng rati o of
50% Tabl eyd $H9YP04H8: GO5RASLEL 08, O s 0e; yorkipg redia ;o ¢

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 1-butyl-3-methylimidazolium
bromide 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 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.
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used in comrercial absorption refrigeration nmachi nes. Exanples 2 and 3 are
wor ki ng nmedi a according to the prior art fromK -S. Kimet al., in Korean
J. Chem Eng., 23 (2006) 113-116, having a 20 weight ratio of |ithium
bromde to ionic liquid of 4. Exanples 4 to 6 are worki ng nedi a accordi ng
to the invention with 1-butyl-3-methylim dazolium bronmide as ionic |iquid.
WO 2011/ 06TBe2reTk Bz oneddag060the Tabewt loCorposhe i wredfnotheomby king

medi a i nvesbigabedobANPL Eq¥al e1 cNehgbh i REQPOL LhRls NeBM MR 2 % by wei ght
Li Br Weight ratio of BMIV% . LiBr 1* J}@Eaegf’
heat by the coolant in the vaporizer is utilized for
cooling but also in absorption heat pumps in which the heat
5 liberated in the absorber and in the condenser is used for

heating.

The following examples illustrate the invention but do not

restrict the subject matter of the invention.

10
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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 roughnesgss
of 0.01 pm, 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
proportion 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. Eng., 23 (2006) 113-116, having a
weight ratio of lithium bromide to ionic liquid of 4.
Examples 4 to 6 are working media according to the
invention with 1l-butyl-3-methylimidazolium bromide as ionic

liquid.
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Table 1
Composition of the working media investigated

Example Weight proportion in % by weight Weight ratio of
Water BMIMBr** LiBr BMIMBr LiBr
1* 37 0 63 0
2% 37 12.6 50.4 0.25:1
3* 25 15 60 0.25:1
4 25 25 ‘ 50 0.5:1
5 25 50 25 2:1
6* 25 75 0]
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

In Fig. 1, the Stribeck curve (coefficient of friction u
versus speed 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; Example 2: open
triangles; Example 3: open squares). Fig. 2 shows the

corresponding Stribeck curvesg at 70°C.

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 friction than the working medium

without ionic liquid as per Example 1.

In Fig. 3, the Stribeck curve (coefficient of friction
versus 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 squares, Example 4: solid
circles, Example 5: solid triangles, Example 6: asterigks).

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




'0.5:1 notyac i the invention * * BM MBr =

1- butyl. 3-vr$§t %9??{118%%%%% umbromde 5 1In Fig. 1, thepﬁlﬁ%%%%oé?ﬁ%%go
(coefficient of friction p versus speed difference v between the friction
surfaces in nms) at 40Cis plotted for each of the working nmedia of
Exanples 1 to 3 (Exanple 1: open circl ¥ Exanple 2: open triangles;

Exanpl e 3: open squares). Fig. 2 shows the 10 correspondi ng Stri beck
curves at 70C. Both figures show that the working nmedia of Exanples 2 and
3 accordi el fheupes oshawtthabnthe -Brikimg etedla afeerdidg gherthe
coeffici enin@fnf{dstd gg.tgq € i i 1 i.onie liquid as
per Exanple 1. 15 Ind)%r%%, ) %%eé%#b%ﬁ%%r%g&%%%fﬁ%}gﬁfof friction p
versus speethaFFPRremte vihetqdh i thhat | bor sihe dcegking maddaat 40C is

plotted faeneachf odmthe- swrkimgetred] a Hiq Exanpl £5 eidy GExanpl e 30 open
squaresg, Example 4. solid.circles, le §:.solid triangles, Exanple 6:
asteri ?ks)?o%ﬁb@% %%o%lﬁjﬁeo%o‘?ﬁ;@g%n‘ﬁ‘? g Resticim d’[ﬂrg'?)'é?‘%tl%@ 12
Bot h fi gurksrsidvas haer tEeanwl & i hogme dbal ae cthial i axge 4 01 d henti went i on of
Exanpl es 4¢ [ L Cl f . frict, i.ch is.lower.than that
for the wor il ngéorrrgd(lyg %\%ﬁéﬁ%%{rﬁ&&%@u&iwﬁ%%% \.%]lat%ldnllr% RALG921H the 5
coef fi ci eReBpfE¥amrts on- of the working mediumwithout ionic liquid as per
Exanple 1 and bel ow the coefficient of friction of the working nmedi um

Wi t hout |'itrhipig bropides as PifedXaibh SicddE fidiem NSt REEK, curve
(coefficient of frictjon, 10 versus speed difference v between the
fricti8n sYﬁ“?s&bsengerFM%‘%)f%ﬁewﬁ:Y PRI E o rf R W IEHE aRRE dnf

Exanpl es ym/&arek 8 (Exaingplel dit t capeforcitied afrieaMelil «olE:dhngsuas es,
Exanpl e 8:, so}i [ ds).. Fi.g. 6 shows the caqrrespondjng Strjbeck curves
at 70C. 15 ’Bg}t haq}clgggap@ijqs 5 t%’atOPae%("rJﬁ?Fge%gairW ?r'di b the
i nvent i on sfvAseS |Byewplef {9 cismltidfdfanatdon iFid.heé redgiven tafe m xed
friction, doredtod dMcoRAG ! eranags Dietppen the friction surfaces,

I of fric

whi ch is bel ow tthe coefficient tion of tthe working nmedi um wi t hout

ionic_Liquid. as per 20 Exanple 1 even at a water content of 5% by wei ght
or 30@§by3ﬂ£ﬁﬂﬁ;gures 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 of the working medium without ionic liguid as per

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



13 d ai ms: ol [ dium for an absorption refri Lon gin

conpri si ngwf%r gﬁﬁg&'{)gggg% by wei ght of water and fron?éé?#gg%g/?ﬁ 8\R§Pght.
of a sorption nedium 5consisting of lithiumbronide and at |east one ionic-
l'iquid, where the solLption mediumcontains ionic liquid and |ithium
bromide in a weight ratio of from0.5:®%0 5:1. 2. Wrking medi um
according to aim1l, characterized in 10 that the sorption medium
contains ionic liquid and [ithiumbromde in a weight ratio of fromO0.5:1
to 2:1. 3. CMBEREng nmedi um according to Claim1 or 2, characterized in that
t he wor ki ng nmedi um conpri ses 15from 10 to 30% by wei ght of water. 4.

Vor ki ng medi.um Re£Rt i Need PuRN¥oPN8n 04 LRI &S eAL A8 SL AL 1B,y Char act er i zed
in that the ionic Jiquid consists of salts of organic cations with organic

or inorgani c anfRNSINS0 EOMRHFRIRG REMM UM B cti Hilg wolamy ohevaterhe
precedi ng cl ai nsndcftadsrﬁwartczefi_s% nb%h@év\:lt)gll?ge PN gséfﬂyiéh Crﬁ’éd_@jmhrtﬁescon? or5
nore 1,3-dial kylimdazoliumsalts. 6. r ki ng I.um according, to, Claimb5,
char actE’gri zed i%ortl%:é?ag%rll% (fr’%n Jct}lurld[ﬁilar?lgléle sHIY Tt Wi loroMorPstCt he
25cations 1, 3- dl heehyl i whehez ot heingodpiet dry Inéd et hydnt 4 sl azatiaim

1-(n-butyl)- 3- End.dazo] . - (N- y])-3-et. i m.dazol |
1- g 2 hgxgl g 3- g%%#{ n%lrg‘l&dgizﬁo i urﬁ]lb]%&?g&%e%%l% -‘%%ﬁ/ﬁa ]d%z%#ir%]ﬁ?m
1- (n- hexyl ) - 3- bRt §1 3 n¥@lazoti um with one of the anions 30chl oride or

brom de. 14
2. Working medium according to Claim 1, characterized in

10 that the sorption medium contains ionic liquid 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 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 ionic liquid

comprises one or more 1,3-dialkylimidazolium salts.

6. Working medium according to Claim 5, characterized in
that the ionic liguid is a salt of one or more of the
25 cations 1,3-dimethylimidazolium, l-ethyl-3-methyl-
imidazolium, 1- (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

20 chloride or bromide.

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

characterized in that the ionic liquid comprises one
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where Rl is an alkyl radical having from1l to 20 car {

al kyl radical having from1 to 4 carbon atons, R3 is a radical _
(CH2CHRO) 11-H where n is from1l to 200 and R = H or CH3 and R4 is an
al kyl radical having from1 to 4 carbonatons 10or a radical (CH2CHRO)f | - H
where nis from1l to 200 and R = H or CH3 and A- is a nonoval ent anion. 8.
Absorption refrigerati on machine conprising an 15absorber, a desorber, a
vapori zer, a coRdeROEF, dHaEervardt pomopanp aadta wbrkhaggeediain which is

conveyed in a CifbewullavikeR@baaHer gndrdesorber by neans of the 7
circulation punp, characterized in that the working nediumfed to the

desor ber has a 30cbipdRidHon! drdterhgra6iamyleam theprd ety ai ns.

atoms,

5 R’ is an alkyl radical having from 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

R* is an alkyl radical having from 1 to 4 carbon atoms

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

A" i1s a monovalent anion.

8. Absorption refrigeration machine comprising an
15 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 desorber has a

20 composition according to any of the preceding claims.



