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WO 2009/098155 PCT/EP2009/050958 Absorption refrigeration machine
The invention is related to an absorption refrigeration machine having a
reduced mechanical energy requirement. 5 Classical refrigeration

machines are based on a circuit in which a refrigerant i [
cHRIRPLIL240R8IEF as a result of the heat of vaporiza%gr?/ &%}%ﬁné%%%{};g%%ss
refrigerant. The vaporized refrigerant is 10 then brought to a higher

pressure by mea &&&Uﬁ&e@gféﬁ&‘ﬁaﬁe%e’agﬁt%ﬁ@her
temperature than in the vaporization, resulting in the heat of vaporization

being liberated again; The Jiguefied sefrigerant is.subsequently r i geration
depressurized again to the 15 pr ssurehof the vaporizer. The cl %si%
a

réfigeration MacHives hdve the” dishdvantage that they Tonstme a rS?t'

amount of mechanical energy for compression of the gaseous 20
refrigerant. An comparisenabsorption-refrigeration: mashinesdave acircuit
reduced mechanical energy requirement. rpti refriggration, - ; , -
m:é%hin‘"]el’éiﬁe%ve,cin adc |tf5gngt%*t%§{reffié]erg\f?t?%h]pé\?aggoriée%gang%#e - .lS
condlehserof a 25 Elassital-refrigeration maching fa S6Mption Zmeditm, Ehe”
abgerbey angha desethergkarthetrabsdrber, thervaporized reffigerantisnt 18
a l%%ed At.the pressyre of.the, vaporizationdn the-sorption mediym and -
is subsequently” desorbed again fr{gm the sorgtior,l medium in the desorber -
3FAFHETGREr pressure BRI Tohdénsation By introductibn of heat. The
campressien of the liguidawotking meditima composedof réffigerafittand ©F

_sogption- mediumyrequizes less mechanicad energy than theneompregsioni ed

of the refrigerant vapor in g classical 35 refrigeration.maching; fhe, o the
cohSufption ot mecharical -~ =~ " 7

pressure of the vaporizer.

The classical refrigeration machines have The
disadvantage that they consume & large amount of
mechanical energy for compression of the gaseous
refrigerant.

In compariscn, absorption refrigeration machines have &
reduced mechanical energy regquirement. Absorption
refrigeration machines have, in addition to the
refrigerant, the vaporizer and the condenser of =&
classical refrigeration machine, a sorption medium, an
absorber and a desorber. In the absorber, the vaporized
refrigerant is absorbed at the pressure of the
vaporization in the sorption medium and is subseqguently
desorbed again from the sorption medium In the desorber
st the higher ©pressure of the condensation Dby
introduction of heat. The compression of the liguid
working medium composed of refrigerant and sorption
medium reguires less mechanical energy than the
compression of the refrigerant vapor in a classical
refrigeration machine; the consumption of mechanical
energy is replaced by the thermal energy used for

desorption of the refrigerant.
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energy is replaced by the thermal energy used for desorption of the
refrigerant. WO 2009/098155 - 2 - PCT/EP2009/050958 US 1,882,258
discloses an absorption refrigeration machine in which a liquid phase

comp sorption medium water and th } '
is%geggg‘%jdb%@? L waer and the refigerapbapaIana oss

e absorber by a porous permeable wall 5 from a gas
phase containing gaseous ammonia and an_inert gas. The machine .
déScribetiin thisHoc Rt e ftenddd to BE dperated Y\}vith(3:L<ft]‘:grlfb%iayr(_*»aft"‘“On
meeharical energywin. the machihédeséribed:incthis documernd of  the
ak}ﬁ%@@p9§§9rb§#&ﬁ%§e€|}§@&nda\fﬁpoti5@r are aflikp-operateghatdhe s is
same pressure, which results in g low efficiency. In addition, not
arﬁﬁ%%féa bitalsd' watsr vapor (%neéet ?r%mcfhéé fiquild %h S%Tt‘%c?%{;r%thg atd

paTo0s waft.intehevapthizet antfead 16 malfuiktions tHeFeTe.§. a8 &
result of ice fermatien. 15 Thersamequoblemedccurs inthesprdcessrent  is

pF?Hh%%%E‘%DEo%% 48, in whichthe absgrber is,provided with@ canical
diaphragm through which'the absorption medium wafer can .Ilkevgs%get .
in '

in VapsETbrm irfto the absBRser-SAd alSo 26 & Procdss proposed
20044104496, whichelikewise useswaterss sorptionvaediuiz PE 195211 a1l

709 disclosas an abserption,refrigesation dmachine-having:a working 2 low
medlgm containing LiBr ord§5tL|Br/ZnBr2€s nonLvoIat_iIe sogotion glgdiurgl

ariiwater Bf Tethahdl a& Vot atis tefrigerant. Condensation and — -
vapatizationsefcthe fefrigarant do ABt ocelr in RS MahiRé Sinsteagrsh the
cogling is-effected by nervaporatien: of refrigerant frema refrigefant-richions

warking ediun, 30.coming fiom the absorier, traugh,a hydrophobic
membrare Into a refrigerant-deficient working medium, coming from the
desorber. In this machine, the membrane

The same problem occurs in the process proposed in

DE 633 146, in which the abscrber is provided with a
diaphragm through which the abscorptlon medium water can
iikewise get in vapor form into the absorber, and also
the process proposed in WO 2004/104496 which likewise

uses water as sorption medium.

DE 195 11 709 discloses an absorption refrigeration
machine having a working medium centaining LiBr or
LiBr/7nBr, as nonvolatile sorption medium and water or
methancl as volatile refrigerant. Condensation and
vaporization of the refrigerant do not occur in this
machine. Tnstead, cooling is effected by pervaporation
of refrigerant from a refrigerant-rich working medium,
coming from the absorber, through a hydrophobic
membrane into a refrigerant-deficient working medium,
coming from the desorber. In this machine, the membrane

is not located Iin the absorber.

Us 4,152,5%001 and U3 5,873,260 disclose abaorption
refrigeration machines in which the desorber is
provided with a membrane through which desorption of

refrigerant from the working medium occurs. In the
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is not located in the absorber. 35 US 4,152,9001 and US 5,873,260

disclose absorption refrigeration machines in which the desorber is

provided with a membrane through which desorption of refrigerant from
tHEOWSRAHRY MBS occurs. In the WO 2009/098155 PET/EP2009/050958
PCT/EP2009/050958 process of US 4,152,9001, sorption medium
passesctwoughithe mendhrabe andlgets intocthetvaporizersbhi WS passes

5,843,260, tooy, it isstated that the sorglien. medium water passes:as . 1n
va%%)r through _the membrane. 5 Accordingly, there ¢ nthueE,to be a need
to-farther feddcée the mekhanical enérgy requirement éompared to° prior ~ <~
artabsorption refrigeraticrs machinese withbue widifupe oS BECWTIAG as a
result of absorption medium 10 getting into the vaporizer of the

refigeration maching, The invention provides ap absorplionyrefrgeralon; ..
miachine having & working médium; containing a 15 nonvolatile sorption

madiiaT and-a volatie efigerant, ahe ghvabs6iber HiRTHIch £ a6t ec  to
phaseccontaining ziefrigerant and e:liquid phase containingisesption without

medium, are separated from.one another,by.a membrane. ywherein thee 5 ur,

membrane is a semipermeable membrane which 20 is permeable to the
reffigerantandifipgerméable tothB°Sdrpfibn medium: Afrang&hent 6F4 -+ °0

semipermeable membrane, which separates the gaseous refrigerant from
the liquid 25 working medium, in the absorber in combination with a

n r’g/olatil.e sorj?tion medium allé)ws absorptiqon even aglainst apressure. .
e lﬂv%:thﬂ] rovides . .aln g %?ﬁ?tl 1, refrigeration
difference between the Efaseous -fefrigerant and the Tiquid working

megdiei, Without28erption rediufi bEiritfabledGetinto theVapdr space 2
30.eftheabsorberand-inie thexaponizetAs aresultztile refrigerant,
and an absorber, 1in which a wvapor phase containing
refrigerant and a liguild phase containing sorption
medium are separated from one another by a membrane,
wherein the membrane is a semipermeable membrane which
is permeable to the refrigerant and impermeable to the

sorption medium.

Arrangement of a semipermeable membrane, which
separates the gaseous refrigerant from the liguid
working medium, in the absorber in combination with a
nenvolatile sorption medium  alliows absorption even
agalinst a pressure difference bpetween the gasecus
refrigerant and the liguid working medium, without
sorption medium being able To get inte the vapor space
of the absorber and into the vaporizer. As a result,
the refrigerant can be absorbed even at a pressure of
the liguid working medium which is significantly higher
than the pressure of the vaporization without any
compression ¢f the gaseous refrigerant being necessary
and without maifunctions occurring as a result of
sorption medium getting intoc the wvaporizer. The
mechanical energy . reguirement for compression of the

liguid working medium can be reduced compared to the
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the refrigerant can be absorbed even at a pressure of the liquid working
medium which is significantly higher than the pressure of the vaporization
without any compression of the gaseous refrigerant being necessary 35

and @é)é}é gbaéff tions occurring as a}}result of sorpg@? /E%%ib'ﬁbg%%iagse

OrZer: he mechanical energy requirement for compression
of the liquid working medium can be reduced com aredgg the W

2609/0981557 4= PETEPIU09/650958 abSot ptioh TEtigetation- tRe priox
machinesyknawn from the peor Zart by an increase i the pressure of tHeiuid

qu}ggk\yg@i%g&e&{pmﬂn the absarber,.5 The absorption refrigeration
machine of the invention comprises a working medium, containing a

nonvolatile sorption medium and a volatile refrigerant, and a
séhiperheable Membrané WHIEH Kpermeabletothe téfrigérantdhen=1on
impermeablesto the.sorption;mediumuin 10principle,ihis pessibletolse ile

all working media, , having.a nonyolatile;sarption npgw?agdaqqgolatlgepa a

re?rlgéDrant Which are known from the prior art for absorption refrlgeratlon
maeHines iRcomBinafisi with "& swfét%gemlp%rmé?dﬁ Hh&mbrane®15 ©
Th%wﬁﬂg@g;medlwmdprﬁmﬁﬁy&ebﬂamsbma@h@mmal@maﬂ@dﬁu*‘"ﬁ In

?X'Q%So\ioéa“'e refrigerant, Water is payticuladly preferably used asedia,
efrigerant. 20 The Worklng medium addltlonalgx contalns a Qonvolatlleiatll -

sdrﬁf‘fdﬁ%e&uﬂ I thisComéxt, te term nonvoiatile” sofption medium
refers to assorption médiam whose apor préssure iseefadtér 6fmoret =0T
thee 40,000 lower. than: the: vapos-pressitie ok the refrigerant.: Peeferencer i th

iven.25 0 sor tion media mch at %@J@ge a vapor pressure of less
th ni0~ Zé rr%bar %%rtf“ rar]fy preTeraEIy%iess than 10-6 mbar. Preference
is given to using polymeric

The working medium preferably contains water, ammonia
or carbon dioxide as volatile refrigerant. Water 1s

particularly preferably used as refrigerant.

The working medium additionally contains a nonvolatile
sorption medium. In this context, the term nonvolatlile
sorption medium refers to a sorption medium whose vapor
pressure is a factor of more than 10 000 lower than the
vapor pressure of the refrigerant. Preference g ogiven
to sorption media which at 20°C have a vapor pressure

-

of less <than 107° mbar, particularly preferably less
than 107°% mbar. Preference is given to using polymeric
or salt-like sorption media as nonvolatile sorption

media.

A working medium which is known from the prior art and
is suitable for the absorption refrigeration machine of
the invention is an agueous solution of lithium bromide
with water as refrigerant and lithium bromide as

nonvolatile sorption medium.

A sorption medlum comprising one or more ionlc liguids

is preferably used in the absorption refrigeration
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or salt-like sorption media as nonvolatile sorption media. 30 A working
medium which is known from the prior art and is suitable for the

absorption refrigeration machine of the Invent' on is an aqueous solution

of lithium bromi ith water as refrigerant and lithiu (959'@
ngﬁvééﬁlgé@rg%ﬂymedium. A sorpti%ndmédium comrp%ising g%eg%? m%org958
ionic liquids is preferably used in the absorption refrigeration WO_
2069/098255% - PET/EP2(68/056958 hiachire of the nvention. i this~ =~
cantext; theitermdionie fiquid refersao asalt orca mixturé of salis of salts
compgsed of anions.ang, catigns, wherethe salyeethe mixturesafisalis the
has a melting point of less tpan 5100C. g:g:an ared to c,gnvggtiomglSS than
s8iptibr Tiedia suctas Jithititd brémide, ionic fiquids have the advantage
thia (&f largetproporion of thecreTiigerantiéan Bediver bffif theé: déé%ﬁgﬁ‘era s
witheut:salidification:ef the osarption medium.sing andonicitiquidase that

sorption 10 medium, the absorption giriggragion machine cap, thereforg; ven
bé opleral%d'wit%bquéTfunEtioné at a higher capacity of the workin%

medium 61 theltefrigerant: Wafiich aHoWs horecompact -consthittion of- =
thecabsarptionmeftigerations machines 15 The ianic ligaidipreferablysorption

C%@Jﬁtﬁﬂf one.gr.more;,salts,of ofganic cations:-with okganicerdAgkganic can
anions. Mixtures of a plurality of sa,llt%ﬂha_vingw jf;g;gnggrcggjlgicagatign%%%%er
the'¥anfe Qhionare Z0pattictarly pretérred  Suitable organic cations are,
in particulary catibnsdfethe gereral formalae(l) t69(V): 2BRITERRAZ{HT -

which allows nore compact ~construction of~ the
y :

absorption refrigeration machine.

The ionic liguid preferably consists of one or more
salts of organic caticens with organic or inorganic
aniens. Mixtures of a plurality of salts having
different organic cations and the same anion are

varticularly preferred.

Suitable organic cations are, in particular, cations of

the general formulae (I) to {(V):

RIRTRIRINY (T)
RIR* N =CRR’ (11)
RIR‘RRDT (117}
R*R?P*=CRR? (TV)
RIR‘RIg? (V)
whare
R*, RZ, R3, rY are identical or different and are each

hydrogen, a .linear or branched aliphatic or clefinic
nhydrocarhbon radical having from 1 to 30 ecarbon atoms, a
cycloaliphatic or cycloolefinic hydrocarbon radical
naving from 5 to 40 carbon atoms, an arcmatic

hydrocarbon radical having from 6 to 40 carpbon atoms,
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R1R'N =CR3R4 (Il) RIR2R3RP' (lll) R'R2P'=CR3R3 (IV) R'R2R3S+ (V)
30 where R R-, R3, R3 are identical or different and are each hydrogen,
a linear or branched aliphatic or olefinic 35 hydrocarbon radical having

fg? }t 93&35? op atoms, a cycloa_lipgagic or cyclooﬁ@}@gg@r@ggm%a
ra icaP(%a mg fr

om 5 to 40 carbon atoms, an aromatic hydrocarbon

radical having from 6 to 40 carbon atoms, WO %0(19/09%1565 _r%c_) At oms
PET/EP009/050058 “art Atkylafyi Tadical tiaving from 7040 carbonn
atoms;nadinearorbranctiedialiphatib of blefifie hydrdcdrben raticarar~on
which has from 2-t0 30 carberatoms and is zinterrupted by.oneor more  1s
-Q-, -NH-, -NR'-, -0-C(O)-, 5 -(0)C-O-, -NH-C(Q);,;=(O)CiNH-,  __ -,
L(CHEN-E o) -%@ﬁc%ﬁcﬁa%-}"ﬁ%foez)ggj -'0-5(135)-,’ S (ﬂ(?{Z)I-NH-,O-ISI-(I?S)
(62):) £5%62) -N (CHBY~0rAN-(CH3) -S (02§~ §f6ups, a Imeafor~¢ ()~
branched:aliphatic,or olefinic hydroearbon radical whieh has froin @:to-36: -,
carhon. atoms and is, 10 terminglly funetionali QOHAOR', NH2,up s,

c (h%h'bo%w > 2nd 15, L9 erminaly Zediby GHoOR', NZups,  a

: "2 or a polyether radical of the formula - R5-O)Q-I§6 searbon
havmgee bldtk of FAHHOMT Struttdre! R is~an Afiphatié or otéfinic” “* g
hydrdcarion wadical ISkavifgdfromil to80 carbondtoms,iREia liedr 25
or pranched hydregarbon jagica) containingfromc tg 4 earbon mtams, 20 o
n is from 1 to 200, preferably from 2 to 60, R6 is.hydrogen, @ linearor,, _ne
brarichet &lfphatié %?éfaign%/é hyﬁf‘ozﬁgrag"on%di%%%hg?%%%%n 1 ?é‘ 30 "
carbohn atoms,‘aveycloaliphatic OF cyedlefinicchydrocarbon 25 radical
having from 5 to 40 carbon atoms, an aromatic -

R' is an aliphatic or olefinic hydrocarbon radical
naving from 1 te 30 carbon atoms,
n® ig a linear or branched Thydrocarbon radical

containing from 2 to 4 carbon atoms,

n is from 1 to 200, preferably from 2 to &0,

R® is hydrogen, a linear or Dbranched aliphatic or
olefinic 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,
an alkylaryl radical having from 7 to 40 carbon atoms
or a -C(0)-R’ radical,

ef

O
},—l

R’ 41s a linear or branched aliphatic or

F—’

nic
a

om

o]
t
n

hydrocarbon radical having from 1 to 30 carbon

r

cycloaliphatic or cycloolefinic hydrocarbon radical

.

having from 5 Lo 40 carbon  atoms, an aromatic

hydrocarbon radical having from & to 40 carbon atoms or

—

an alkylaryl radical having from 7 to 40 carbon atoms,

where at least one and preferably all of the radicals

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



15

20

30

hydrocarbon radical having from 6 to 40 carbon atoms, an alkylaryl

radical having from 7 to 40 carbon atoms or a -C(O)-R' radical, 30 R'is a
linear or branched aliphatic or olefinic hydrocarbon radical having from |
tqﬂgO 5@) atoms; a cycloaliphatic_orcycloolefinic hydiocasbon sadicalos s
havmg from 5 to 40 carbon atoms, an aromatic hydrocarbon radical

having from 6 to 40 carbon atoms or 35 an alkylaryl radical having from 7

to 40 carbon atoms, where at least one and preferably all of the radlcals
RT-R2R3 andiR3 [Siffefentiont Rydrbgen WO 3000/09815527¢h  the
PCT/ER20Q9/650958 Cations gt thesfornulae (1:to4{V) inawhich-thetbered,
radlca%s R~ and R3 together form a4 t0.10:membered, preferably 5741 se
6- mem%eredL ‘\?lng are likewise 5 suitable. Heteroaromatic cations having
m%étrﬁfi@l&t least one quaternary nitrogen atom bearing a radical R' as
defined above, preferably derivatives of pyrrole, pyrazole, 10 imidazole,
oxazole, isQxazole, thiazelejsothiazole., pyriding, pyrsixgidine, pyazinesne

indole, quinoline, jsoquinoline, cin oI|ne uinoxaline orinhthalazme,qefmeOl

s%ﬁﬁ&%ﬁh@ﬁﬁé@gﬁla?o arepﬁkemse Suitable 15 Suitab 1
inekgarnic an@nﬂsfaﬂféamlp’artlCt‘%lmr‘ft?téﬁfaﬁﬁoroﬁératé? yrrole, pyrazo.ie,
hexafluorephosphate njtrate, sulfaterbydrpgenstliate) phosphatehiazole,

hydro enphosphate .dihydrogenp te, hydroxide,.Garbon ;
hfﬁogencarbonagfg and t)éd%%lgaﬁdeg? %?e%%rz%lgy chlor?dgeb %rwtat?lateg%%%%lcne '
anieRs are: 9 pafticulat -REDSOS: / 'RaSH3 " RADPORS | (RE0)IPOZ HE+aZine
RaR032 uCQ@Rao{RaC®)2, (RaS03)2Nrand NCNwheretRa is hilificat <e
or hranched 25 aliphatic hydrocarbon radical having from 1 to

Sultable inocrganic anions are, in particular,
_tetrafluoroborate, hexaflucrovhosphate, nitrate,

sulfate, hydrogensulfate, phosphate, hydrogenphosphate,
dihvdragenphosphate, hydroxide, carbonate,

hydrogencarbonate and the halides, preferably chloride.

Suitable organic aniens are, in particular, R*OS0O57,
R*S057, RaOPO3}] {(R%Q) P02, RaPng—, RECOOT, RPQT, (R°CO) N7,
(R®S0,),N” and NCN  where R* 1s a linear or branched
aliphatic hydrocarbon radical having from 1 to
30 carbon atoms, a cycloaliphatic hydrocarbon radical
having rom 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 linear or branched perflucroalkyl radical having

from 1 to 30 carbon atoms.

In a preferred embodiment, the i1onic ligquid comprises

orne or more 1,3-dialkylimidazolium salts, where the

alkyl groups are particularly preferabply selected
independently from among methyl, ethyl, n-propyl,
n-putyl and n-hexyl. Particularly preferred dLonic

liquids are szlts of one or more of the cations



15

20

35

30 carbon atoms, a cycloaliphatic 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 30 or

avggegbgrgl? hed perfluoroalkyl radical having from&+9@8xpsbonsooss
atoms. In a preterred embodiment, the ionic liquid comprises one or more

1,3-dialkylimidazolium salts, where the .35 alkyl groups ar rtic .
pr]eféréﬁﬁ}@éﬁSé[t}aﬁ‘mrﬁalgﬁéjnidleﬁiy fromlafr%b’kg !rﬁle%h)‘/ ?&%%E%%r%%%%ﬁ R
n-butyl-andmehexyl- Pafticaldnyisrefsrrédionic liquids are salts Gt onetort / =
more. of the; eationsWQ:2009/098185r--8:e RCT/ER2688/650958 da zo 1 Lumn,
1,3-di.methyl.imidazolium,-1.- -3- limidazolium, i -
1-%6-5% )e-g-yrr@t‘h%/iir%lf l z%hﬁ%%%%@gﬁ%- 3-eth%/%?%?dazoliulm,( poheEyd)
1-¢nhiexyl)-Beiairidazolinm” 1-HiRexyl}-3-ethylinfidazdhitm Sha° -4
1-fn-bexyl} 5 3=butylimidazotium, with-ogé of thesamionsidhlotidle, L abetapeia t e
methylsulfate, ethylsylfate, dimethylphosphate or methylsulfonate. In a
further preferred embodiment, the ionic liquid 1.0 comprises one or more
quaternary ammonium salts having a monovalent anion and cations of
thérgeneraf forrata (I irewhicheR1 isancalkyltadical ha¥ing'ffdmaL to 2611 ¢
carbop atoms, Bnis an-alkylradigalhaving fromalnie-4 carbopatomshdbing
R3 is a (CH2CHRQ)"-H radical wherg n is.from 1,10 200-and R= H gt e a1
CH3 an Is an alkyl radlan having from i to 4 carbon atoms or a
(CHLCHRO)n A radical whefe n is from 1 to 200 and R = H or CH;. 20
Patticular preference isgiven:fo thiotide, dcetate] methylsuffate;on atoms,

ethylsylfate, dﬁ%@i”'@?&?@@@ o1 methylsylfonate as anion: rbon aroms,
R° is a (CH,CHRO},-H radical where n is from 1 to 200
and R = H or CH; and

rt

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

R = H oy CHs.

is an alkyl radical having from 1 to 4 carpon atoms

particular preference 1s given to chloride, acetate,
methylsulfate, ethylsulfate, dimethylphosphate or

methylsulfonate as anion.

Fh

Processes for preparing the ionic ligquids are known to

those skilled in the art from the prior art.

Preference is given to using ionic liquids which are
stable at a temperature of 150°C as scrption media.
When water is used as refrigerant, preference is glven
to using an ionic liquid which 1s stable to hydrolysis.
Tonic liguids stable to hydrclysis display less than 5%
degradation by hydrolysis 1in a mixture with 50% by

weight ¢f water on storage at B0°C for 8000 h.

Tonic ligquids forming a nonideal mixture with the
refrigerant with lowering of the vapor pressure cf the

refrigerant are preferably used as sorption media,



3]

1C

15

20

25

Processes for preparing the ionic liquids are known to 25 those skilled in
the art from the prior art. Preference is given to using ionic liquids which
are stable at a temperature of 150 C as sorption media. When wat

ris
u¥ey 28981 RRPAR5preference is givenB0to using antion E‘rﬁ%PcP\%/ZPC%qgss
stable to hydrolysis. lonic liquids stable to hydrolysis display less than 50
degradationiBy:kyydrodysisin adnixtureowith 50% byrweight ofivatei 6S 0
5;9&%&% %QOQ@rh%?QO h. 35 enicliquids farmingrainonideakmpureswith t .
the refrigerant with lowering of the vapor pressure of the refrigerant
orditra L ebitas SOTEch THAdc e 000 eBIS - o T e e o
POT/EP2609/050958 Thiewdrkigemeditifeant contdin fitfieraldditives 15
in; additiontecthgsorption medigm-and the: teftigerant. Tieonorking  known
medium preferably further. confains,one gt ;more corresion IfubitaEs: o 5215
Here, itis possi%fe to use 5 all nonvolatile corrosion inhibitors which are
Knoier? from tHE prieF artto bersuitable for te miaterials US&d in the
absorption refrigeration machine. In a preferred embodiment of the
absorption 10Jefrigeration maghineofithe invention, the nsemipermeablei on
memprane in the absorber i a solution diffusion membrang. Ais&llution Fhe
diffGSion THEmbrane has™irtually’ no pSres. With & solution ditfusior |
membrane; teselectivalpermneability 6fthe mefibrafé for thed 580 lution
refrigerant; isibased on the refrigerant disselvingif ctheimateriahof thee  has

membrans pnd diffusing throygh. the, mﬁ&%@%nw*a@ef%sﬁ% RUOR s rane,
meg]llum IS |ﬂn\s/quBIe in the material of the membrane. The suitability of a e
disSetuti6n dfftisioremeriBraner theVabsdrptibh 20 FeTiGEratisn m&ching ©
of the inveationican therefereibesdetermined by aperson skilled in-thetart in
by.simple. experimepts qn,the solubility of refrigerantand ng through the
membrane, while the sorption medium is insoluble in the
material of the membrane. The suitability of a
dissolution diffusion membrane for the absorption
refrigeration machine of the invention can therefore be
determined by a person skilled in the art by simple
experiments on the solubllity of refrigerant and

sorption medium in the material of the membrane.

In the case of the preferred embodiment using water as
refrigerant and a salt-like sorption medium, it is
possible to use as the solution diffusion membrane any
pore~free membrane which is known to those skilled in
the art as suitable for desalination of agueous salt
solutions from the technical fields of dialysis,

reverse osmosis and pervaporation,

The material used for the solution diffusion membrane
S preferably a hydrophilic or hydrophilically
functionalized polymer containing polyvinyl alcohol,
polyimide, polybenzimidazole, polybenzimidazolone,
polyamide hydrazide, cellulosge estern, celluloss

acetate, cellulose diacetate, cellulose triacetate,
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sorption medium in the material of the membrane. 25 In the case of the
preferred embodiment using water as refrigerant and a salt-like sorption
medium, it is possible to use as the solution diffusion membrane an
pi-R66 M&ABidTe which is knowrrtd those skilled ir?f%ﬁé%?tz&oaﬁ/%ﬁém
for desalination of aqueous salt 30 solutions from the technical. fields of
diadysis; 1 reverse psmpsistand pernapordtions Thematesiak usedrfor therea,
solution-diffusion m r is prefera rophilic.or rkigally, 1 -
35 ?& ' cr:}fi%]r{faaﬁz'ed pggrﬁ}é%%%%?a%i%g po %/%rg%{%icoho %ﬁfgﬁ?h ly:d@@h‘yl
pélybériARfdazole, polybeizifiitiaZéione: polyamidé Rydiazite, camiivse =
estet, cellalosel acétate; ellulose dracétats: cellulpseé Tradetate, WO ©LOCX
2009/098153.10 PC%@R@%@QSS cellylose butuate, ceflulseul fone,
n

itrate, polyurea, 50

, furan, polyethylene glycol., poly(octylmethyl-
sifsxana] polysilo aﬁ%‘fr bfy%ﬁy%giloé’aﬁren? gﬁ%l@d%%?y?s% ojkﬁﬁé, Phiyetner,
patyéstet-pelyetherblock 5 &6poiymer, pblysulfohes Sulfonkfety ¢ -her—urea
polysuifone: polyamideninipartieular aromaticipel yamide,spolyethem 1 fone,

palyether ether ketone, polyester, pojyether-urea. .compasite, .1 vacrylic
p&é&%f&?é%%a&)erhpos%gf ﬁiyeftrr?g; suifone, pofjﬁarbon’a&e, I OéyEr{n%tpgl .
méthaerytate, ety ic 10 Attt dripolyacryfonitriie ft s ikewise possible ~°
touuse mixiires @ copolymers oftveoer mdre oftheser polyiers.cf these

Parficular preference is given to splution. diffusion membranes gomposed on
of cellllose acetate, crossl..inked %olx

_ : ethylene glycol, crosslinked 15,
poldimethyiSiloxaRe or A Flyestar- o@%g{wer Bgckcg&pﬁérﬁgﬁ In aav?fa:te'
preferrediembediment afthe absurption refrigratieh machine of g L 1 nked
inm@@img@lﬁm@ggm@ablgﬂnembra@l@j@mabscgfdaeyés;aer block

MICroporous
COPOLVIET.

in a preferred empodiment of the absorption
refrigeration machine of the invention, the
semipermeable membrane in the absorber is a microporous
membraneg, For the purpcses of the invention,
microporous membranes are membranes which have pores
extending through the membrane having & miriman
diameter in the range from 0.3 nm to 100 pm. The
membrane preferably has pores in the range Ifrom 0.3 nm

to 0.1 pm.

Preference 1is given to using a microporous membrane

=

hich is not wetted by the working medium composed of
sorption mediuwn and refrigerant in the absorber. For
the present purposes, the term wetting means a contact
angle between working medium and microporous membrane
of less than 90°, which leads to intrusiocon of working
medium into pores of the membrane as a result ot
capillary forces. The contact angle between working
medium and microporous membrane is preferably more than
120 degress, particularly preferably more than

140 degrees. By use of a nonwetting microporous
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membrane. For the purposes of the invention, microporous membranes

are membranes which have pores extending through the membrane

having a minimum diameter in the range from 0.3 nm to 100 pm. The 25
niEMIFRAE Aefkably has pores in the %&ng‘e from 0.3 AT 4B .P?)%{.OSO%B
Preference is given to using a microporous membrane which is not

wetted by:the working meditimtéomposediof 30csorptien Fediu arid - ough
refrigerant jn the absarper. Farthe:present purpeses.dthe termiwetting:  the
means a contact angle between workin medly(r}nrancg ICroporous .+t

ﬁf&frﬁrﬁ?éﬁéeof tess than ébr,%frﬁgﬁzfe%dg G intrdision of working  medium

into. peres of theemehibrade &g vlesdlt BE35 edpiltaryTorces. %H@E@ﬁta&ha”
angle betyeamworking rmedigm and migroparatisimembrane iscpreferably.an
more fhan. 120 degrees, particujarly preferably pave than 140,deqiegs.cus

By use of a n.onwetting microporous WO 2009 55-11 V.
PCHERZ009/050958 tenitraie - i6w ofthe Tigdidwarking méditm™ s °*
through: thezparesrof the membrare: to:theaporcsidé of thez ndrmbrapgwesn
can he prevented even for a,pressute gathe-side, of the liquid working
medium which IS higher than 5 that on the vapor side. A person skilled in

the art can therefore determine the suitability of a microporous

membrane for tfeabsorptioh refiigerdtionThachine 6F the mveffion By =
deéggygg@ntgg contagt angle between ¢ghesworkingameadiuir and thesporous

membrane. 10 In the preferrediempo%i t using, refrigerapt
préférencd i€ given to using a hydrop (E%%?}:%microp(;ér,fg%jesﬁra?n%fnbran(‘agl;%st woe

semiperradable mefibrane Stitable™AfdrophRobic ficroporetis -°  those
membranes are, known tathose<5 wkitleddir thef arnasinvaterproofinich are
membranes,which are, permeable to.water vaper indbeechnical field of - of

functional clothing.

Preference is given to using hydrophoblc microporous
membranas composed of polyethylene, polypropylens,
polytetrafluoroethylene, polyvinylidene  fluoride or
fluoroalkyl-modified polymers. It 1is likewlse possibie
to use mixtures or copolymers of two or more of these
polymers. Inorganic hydrophobic microporous membranes
or composite membranes comprising an inorganic
hydrophobic microporous material, for example membranes
whose pores are formed by silicallte or hydrophobicized

silica, are likewise suiltable.

The semipermeable membrane is preferably arranged on a
porous support layer. Arrangement o©n a porous support
layer enables a mechanically stable membrane unit to be
_achieved even when a thin semipermeable membrane 1is
used. This allows more rapid mass transfer through the
nembrane and thus a smaller and more compact design of
the absorber. The support layer is preferably arranged
onn the side of the semipermeable membrane which is in

contact with the wvapor phase. Such an arrangement of
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functional clothing. Preference is given to using hydrophobic microporous
20 membranes composed of polyethylene, polypropylene,
polytetrafluoroetnylene, polyvinylidene fluoride or fluoroalkyl-modified
paty s olt i Bkevgise possible to uselmixtures or copER RS &f 6 2P 958
more of these polymers. Inorganic hydrophobic microporous membranes
25,01 campoesite-merbranes) comprising an inarganice hydrophobie ransfer
microporous material, for example membranes whaose e fo Con
b§%ﬁig§ﬁtaeni§r@hy ?oaﬁho%?cizf‘erdlp %ﬁﬁ%g?‘g‘r%ﬁike%\?%viséqé%it%og?%%héwgg .
sémipermakbleThenbrandigpreferasbly dtranyed 678 porslis-slppsit <19
layer ;Afkangement on a porous support layer enables a mechanically
stable membrane unit to be achieved even when a thin semipermeable
membrane is used. This allows more rapid mass transfer through the 35 .
meRTbrane ana tiiga ShialleFaid more compact desigh'df the absorber -
The suppartfayer isrpreferablyarranged ontthelside of thes preferably
semipermeable membrape which 35 ipseentactwith the vapgrphase. o a
Suchan arranjgementlof“ WO 2009/098155 - 12 - ADKCT/EPZ:QQ??&O@?% 4
the¥StpPoniayer le8ds 18 3 reduced niass transtér resistance than an
arrarigementofihe BOp o et G theldide Bt fife mEhfbrane Rithng thay €’
liquich warking medium; S-the: patous suppert tayeecan cempriseeitieryers
inorganic_or organic materials. The membrane is preferably arranged on
oL Tapric. . . .
a porous support layer composed of a hydrophobic polymer, in particular
a polyolefin, a 10 polyester or polyvinylidene fluoride. The support layer
camadditipnalecantdin seinforcement, e g:by layeis of fabriel tn anembrane
pr??”%@’?g}p&weﬂﬁ the.semipermeable membrane  rform of hollow
fibers. The configuration of the membrane in the form
of hollow fibers allows a particularly compact
~onstruction of the abscrber and operation of the
absorber at a higher pressure difference between the

vapor phase and the liquid phase in the absorber.

The absorpticn refrigeration machine of the invention
can additionally contain a membrane in the desorber,
through which desorption of refrigerant from the
working medium occurs. In the descrber, it is  in
principle possible to wuse all membranes which are
suitable as semipermeable membrane for the absorber of
the absorption refrigeration machine of the invention.
The use of a membrane in the desorber also makes it
possible to use working media which tend to foam during

descrption.

The absorption refrigeration machine of the invention

can also be configured in the form of & multistage

refrigeration machine, as described 1in  F. Ziegler,
k. Kahn, . Summerer, G. ARlefeld "Multi-Effect
absorption chillers", Rev. Int. Froid 16 (1993 301~

311,



15 is arranged in the absorber in the form of hollow fibers. The

configuration of the membrane in the form of hollow fibers allows a
particularly compact construction of the absorber and operation of the
alébrB8PEY 8 ARfHER pressure differencebetween the PENAHNA PHade32Rgs5e
the liquid phase in the absorber. The absorption refrigeration machine of

the invention can additionally contain a membrane in the desorber,
through,which, desggption of reftigerant-fram-the 2S;warking-tpediume 10w
occurs.’In the gescrber, itisin princ%glgp{_gsseirb]g to us%gll membranes .
whith'&te Siitable a8 serflipermeable membrané for the absorber of the
absofptiare reffigeratiowm Aiaickine of thé mveéntion LTke use of b ienibrafé 1 Y
inthe desatber alse makes; 3@ possikle to use working media which teadstor
to foam during desorption,  Lhe abserpiipn fefrigeration maching gtig, . ; on
invention can also be conflgpured in the form of a multistage 35 .
refigeratisi achine, &5 déscrbed it Ziedidts R. KaMEE: ‘StUmmeérar, G=12°
Alefeld TMultzEffect ahsorptiorm chilters”, Reve 7 iFroicb 16 {1998)i3¢1- of
311, WQ,2000/0981355 - 13 - RCI/EP2009/050958; Owing,to the-compagt: 1 y
construction and the low mechanical energy requirement, the %%%P{%tlgr}lin
refrigerafiGn ffacting of The Mintion’is particularly's suitableTor mobile”
uses imparticular irenotary vehicles and ships. Furthermore, the absorption
refrigeration machine of the invention is also particularly suitable for the
air-conditioning of buildings since it can be operated with particularly 10

low noise and allows for efficient air-conditioning “using solar energy. WO
2009/098155 - 14 - PCT/EP2009/050958
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Claims: 1. An absorption refrigeration machine comprising a working
medium, containing a nonvolatile sorption. 5 medium and a volatile

;%ggﬁé?ﬂﬁma%% absorber in which a vapor phase cge&aé%%g éSEDg@E%IEsa

containing sorptTon‘Lr%eaium are separ om’'one
another by a membrane, characterized in that the membrane is a
semfperiieable membrane which is permeable 10 to the refrigerant and
impermeable to the sorption medium. 2. The absorption refrigeration

machine, as claimed.in, claim 1.characterized indfattheJeltigarant iss 1 o
water. 3.The absorption refrigeration machine as claimed in. claim 1 or 2,
charaettized ¢ thatthe sSiptioh hiedidm comptided ond ormoreTionic -~ "
ligids w20 4. Fhezabsoiptionirefrigefatiopemachine as ¢laimedipselin 3, 1in
characterized in that the ionic liquid ;cansists et salts:-eterganiccations qu i d
with organic or’inorganic anions. 25 5. Eq%gb%or tion Ir)%fLiggraéioErom one
nflthitte &5 BRMET TP cfaim 4, cHaracterized inthat the ionic liquid
cemprises onévr nore HSwdiAkykmi_dazeliime sakd.z30'6. The ab&Grptiort e
reftigeratinn machinesas, laimed im Ickaine4,.chanactetizedinithapthenienic 1 e

lquid comprises one oy fmore guatermay ammoniu sglis offhe genstal on

fonu[a TR2 , where R3 is an alkyl radical having from 1 to 20
carbdnidtoms, 35 R2 is an alkyl radical having from 1 to 4 carbon atoms,
R3is a (CH2CHRO)n-H radical where n is from 1 to 200 and R = H or

C|2_|.3’ WQ@O§@§%§£&§ 'r%ggi%%%@(%%/gﬁo%@&hine as clai.med in
claim 1, characterized in that the refrigerant 1is

water.

3. The absorption refrigeration machine as claimed in
claim 1 or 2, characterized in that the sorption reedium

comprises one or more ionic liquids.

4. The absorpticon refrigeration machine as claimed in
claim 3, characterized in that the ionic liquid
consists of salts of organic cations with organic or

inorganic anions.

5. The absorption refrigeration machine as clalimed in
claim 4, characterized in that the ionic liguid

comprises one or more 1,3-dialkylimidazolium salts.

G. The absorption refrigeration machine as claimed in

claim 4, characterized in that the 1ionic liguid

comprises one or more guaternary ammonium salts of the
I, P

general formula R'RR'R'N'A", where

4 o

R' is an alkyl radical having from 1

a3

o 20 carbon atoms,
R° is an alkyl radical having from 1 to 4 carbon atoms,
2% is a (CH,CHRO).-H radical where n is from 1 to 200

and R = H cr CHs,
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R4 is an alkyl radical having from 1 to 4 carbon atoms or a
(CH2CHRO)"-H radical where n is from 1 to 200 and R =H or CH3 and A
is a monovalent anion. 5 7. The absorption refrigeration ma f%
HANRA 99 /8RBIFS of the preceding cﬁa)ir?ni characteﬁfg?% f %% %2850958
semipermeable membrane is a solution diffusion membrane. i0 8. The
aBsorption refrigération Mmdchine as elaiied iPany ohé of tHepreceding °s
clajms, charaeterized-in thatqthe-semipenrmeableimembranelisac 200 and
jcrop. rous r@ﬁm%rr%le which is not wetted by the working medium. 15 9.
The absorption refrigeration machine as claimed in claim 8, characterized
irfthat thé réfrigeraht i water- and the semipermeable membrane is a
hydrophobic m.icroporous membrane. 20 10. The absorption refrigeration
machinegs. claimed.in. any onecof:the precedingglaims,characterizedin 1n
that the semipermeable membrane’is arran ed OQ a porous, %%pqr% fhat
la§/BY, 28"FL. The BbSorptioh Tafrigeration Machife as claimed in claim 1(%} -
characterized i thet the suppertiayerds drfanged 61 i side of{he Tusion
semipermegable membrane which is in contact with the vapor phase. 30
12. The absorption refrigeration machine as claimed in any one of the
preceding claims, characterized in that the semipermeable membrane is

‘arfanged irethe labssiieroih the $6ie oF Ao fiBgrsh +ne as claimed in

any one of the preceding claims, characterized in that
the semipermeable membrane 1s a microporous membrane

which is not wetted by the working medium.

9. The absorption refrigeration machine as clalimed in
claim €, characterized in that the refrigerant is water
and the semipermeable membrane is a hydrophobic

microporous membrane.

10. The absorption refrigeration machine as claimed in
any one of the preceding cilailms, characterized in that
the semipermeable membrane 1is arranged on a porous

support layer.

11. The absorption refrigeration machine as claimed in
claim 10, characterized in that the support layer is
arranged on the side of the semipermeable memnbrane

which is in contact with the vapor phase.

12. The absorption refrigeration machine as claimed in
any one of the preceding clalms, characterized in that
the semipermeable membrane is arranged in the absorber

in the form of hollow fibers.



