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(54) Bezeichnung : ARBEITSMEDIUM FUR ABSORPTIONSWARMEPUMPEN

(57) Abstract: The mvention relates to a working medium, comprising at least one refrigerant, at least one monohydric aliphatic
alcohol having 6 to 10 carbon atoms, and at least one 10ni¢ liquid made of at least one organic cation and at least one anion, whe -
rein sald working medium exhibits improved etficiency COP in an absorption heat pump as compared to working media contai-
ning no alcohol having 6 to 10 carbon atoms.

(57) Zusammenfassung: Ein Arbeitsmedium, umfassend mindestens ein Kaltemittel mindestens einen einwertigen aliphatischen
Alkohol mit 6 bis 10 Kohlenstoffatomen und mindestens eine 1onische Fliissigkeit aus mindestens emem organischen Kation und
mindestens einem Anion, zeigt in emer Absorptionswarmepumpe 1m Vergleich zu Arbeitsmedien, di keinen Alkohol mit 6 bis 10

Kohlenstoffatomen enthalten einen verbesserten Wirkungsg

rad COP.
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Working medium for absorption heat pumps

The invention relates to a working medium for absorption

heat pumps, which comprises a refrigerant, an ionic ligquid

as sorption medium and an additive for improving mass

transfer and heat transfer.

Classical heat pumps are based on a circuit of a

refrigerant via an evaporator and a condenser. In the

F
p—

evaporator, a refrigerant is vaporized and the heat of

vaporization taken up by the refrigerant is withdrawn from

a first medium. The vaporized refrigerant 1s then brought

to a higher pressure by means of a compressor and condensed
in the condenser at a temperature higher than that in the

vaporization, with the heat of vaporization being liberated

again and heat being transferred to a second medium at a

higher temperature level. The liquefied refrigerant 1is

-

subsequently depressurized again to the pressure of the

evaporator.

Classical heat pumps have the disadvantage that they

consume a great deal of mechanical energy for compression

of the gaseous refrigerant. Absorption heat pumps, 1n

contrast, have a reduced mechanical energy consumption.
Absorption heat pumps have a sorption medium, an absorber

and a desorber in addition to the refrigerant, the

evaporator and the condenser of a classical heat pump. The

vaporized refrigerant is absorbed in the sorption medium in

the absorber at the pressure of the evaporation and 1s

subsequently desorbed again from the sorption medium 1n the

P

desorber by supply of heat at a pressure higher than that

F

of the condensation. Compression of the liquid working

medium composed of refrigerant and sorption medium requires

less mechanical energy than compression of the refrigerant

vapour 1n a classical heat pump; the heat energy used for

desorption of the refrigerant takes the place of the

P

consumption of mechanical energy. The efficiency of an
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absorption heat pump is calculated as the ratio of the heat

flow utilized for cooling or heating to the heat flow

supplied to the desorber for operation of the absorption

W

coefficient of

heat pump and is referred to as

performance”, abbreviated to COP.

A large part of the absorption heat pumps used in industry

use a working medium containing water as refrigerant and

lithium bromide as sorption medium. In the case of this

working medium, the mass transfer and heat transfer in the
absorber can be improved by addition of small amounts of a

C6-12 alcohol and a higher efficiency COP can be achieved

in this way, as is known, for example, from US 3,276,217,

US 3,580,759 and US 3,609,087. In industry, Z2-ethyl-

l-hexanol is predominantly added in amounts of about

100 ppm for this purpose. The effect of Z2-ethyl-l-hexanol

in the absorber is based on adsorption of the alcohol from

the vapour phase on the liquid surface which leads to a

local reduction in the surface tension and thus triggers

Marangoni convection which leads to i1mproved mass transfer

and heat transfer, as 1is known from X. Zhou, K. E. Herold,

F

Proc. of the Int. Sorption Heat Pump Conf. 2002 (ISHPC

02), pages 341-346. 2-Ethyl-l1-hexanol has a surfactant

action and reduces the surface tension of water from
76 mN/m at 20°C to about 50 mN/m. Compared to water, the

mixture of water and lithium bromide used 1in absorption

heat pumps has an increased surface tension of 96 mN/m at

57% by weight of LiBr, and this can be reduced to values of

about 40 mN/m by the addition of Z2-ethyl-1l-hexanol.

Working media containing water as refrigerant and lithium
bromide as sorption medium have the disadvantage that the

water concentration in the working medium must not go below

35-40% by weight since otherwise crystallization of lithium

P
p—

bromide and as a result problems up to solidification of

the working medium can occur. With absorption refrigeration

machines which use a working medium having water as
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refrigerant and lithium bromide as sorption medium, the
heat therefore has to be removed in the absorber at a

temperature level which in hot countries requires cooling

via a wet cooling tower.

WO 2005/113702 and WO 2006/134015 propose the use of

working media containing an ionic liquid having organilc

cations as sorption medium in order to avoid problems

caused by crystallization of the sorption medium.

WO 2009/097930 describes the addition of surfactant
additives to working media containing an ionic liquild

having organic cations as sorption medium so as to 1lmprove

the wetting of surfaces by the working medium. EP 2 0393 27/8

Al discloses fatty alcohols such as isostearyl alcohol and

oleyl alcohol as wetting-promoting additives for 1onic

ligquids.

However, the prior art does not contain any teachings

regarding additives which in the case of working media

containing an ionic ligquid having organic cations as

sorption medium can improve mass transfer or heat transfer

in the absorption of an absorption heat pump.

Tonic liguids display completely different behaviour in a

mixture with the refrigerant water than does the sorption

medium lithium bromide since they do not, 1in contrast to

LiBr, increase the surface tension compared to water but

reduce it significantly, as 1s known, for example, from
W. Liu et al, J. Mol. Liguids 140 (2008) ©68-72. The 1onic

ligquid displays a surfactant behaviour similar to Z-ethyl-

l1-hexanol and accumulates at the liquid surface 1n a

mixture with water. A person skilled 1n the art therefore

had to proceed on the assumption that addition of Z2-ethyl-

l1-hexanol to a mixture of ionic liquid and water would not

lead to a large reduction in the surface tension 1in the

same way as for a mixture of lithium bromide and water, and

the improvement in the mass transfer and heat transfer
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p—

observed in the case of mixtures of lithium bromide and

=

water would not occur when 2-ethyl-l-hexanol 1is added to a

mixture of ionic liquid and water.

The inventors of the present invention have now

surprisingly found that, contrary to this expectation, the

addition of even small amounts of a monohydric aliphatic
alcohol having from 6 to 10 carbon atoms, like 2Z2-ethyl-
l-hexanol, to a working medium containing water as

refrigerant and an ionic liquid as sorption medium 1n an

absorption heat pump leads to a significant i1mprovement 1in

mass transfer and heat transfer in the absorption and a

wiriing

ficiency COP. It is likewise surprising that an

gre—
—

higher e:
improvement in the mass transfer and heat transfer in the

absorption and a higher efficiency COP can be achieved by

addition of such an alcohol even when methanol or ethanol

1s used as refrigerant.

The invention accordingly provides a working medium for

absorption heat pumps which comprises at least one

refrigerant, at least one monohydric aliphatic alcohol

having from 6 to 10 carbon atoms and at least one 1onic

ligquid composed of at least one organic cation and at least

one anion.

The invention additionally provides an absorption heat pump

which comprises an absorber, a desorber, a condenser, an

evaporator and a working medium according to the invention.

For the purposes of the invention, the term absorption heat

pump encompasses all apparatuses by means of which heat 1is

taken up at a low temperature level and 1s released again
at a higher temperature level and which are driven by

supply of heat to the desorber. The absorption heat pumps

of the invention thus encompass both absorption

refrigeration machines and absorption heat pumps 1n the

narrower sense 1in which absorber and evaporator are

operated at a lower working pressure than the desorber and
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condenser and also absorption heat transformers in which

absorber and evaporator are operated at a higher working

pressure than the desorber and condenser. In absorption

refrigeration machines, the uptake of heat of evaporation

in the evaporator is utilized for cooling a medium. In

absorption heat pumps in the narrower sense, the heat

liberated in the condenser and/or absorber is utilized for

heating a medium. In absorption heat transformers, the heat

of absorption liberated in the absorber is utilized for

F

heating a medium, with the heat of absorption being

obtained at a higher temperature level than 1n the supply

of heat to the desorber.

The working medium of the i1nvention comprises at least one

refrigerant, at least one monohydric aliphatic alcohol

having from 6 to 10 carbon atoms and at least one i1onic

liguid composed of at least one organic cation and at least

one anion. The working medium preferably comprises from 4

to 67% by weight of refrigerant, from 0.0001 to 10% by

P

welght of alcohol having from 6 to 10 carbon atoms and from

30 to 95% by weight of i1onic liquaid.

The working medium of the invention comprises at least one

refrigerant which 1s volatile, so that part of the

refrigerant can be vaporized in the desorber by supply o:

heat from the working medium when the working medium 1s

used 1n an adsorption heat pump. As refrigerant, the

F

working medium of the invention preferably contains water,

—

methanol, ethanol or mixtures of these refrigerants. The

refrigerant 1s particularly preferably methanol, ethanol, a

mixture of methanol and ethanol, a mixture of ethanol with

g

water or a mixture of methanol with water. The refrigerant

1s most preferably ethanol. Working media according to the

invention which contain methanol, ethanol or mixtures of

methanol or ethanol with water as refrigerant can be used

1n absorption refrigeration machines for cooling to

temperatures of less than 0°C. Working media according to
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the invention which contain water as refrigerant do not

form any flammable vapours when the working medium 1s used

in an absorption heat pump.

The working medium of the invention additionally comprises

5 at least one monohydric aliphatic alcohol having from © to
10 carbon atoms which improves mass transfer and heat

transfer in the absorption of refrigerant in the absorber

when the working medium is used in an absorption heat pump.
The alcohol is preferably a primary alcohol and preferably
10 has a branched alkyl radical. Suitable alcohols are 1in
principle all hexanols, heptanols, octanols, nonanols,
decanols and mixtures thereof, with the alcohols Z-methyl-
l-hexanol, 2-ethyl-l-hexanol and 3,5,5-trimethyl-1l-hexanol
being preferred and 2-ethyl-1-hexanol being particularly
15 preferred. The working medium of the invention preferably
comprises at least 0.0001% by welght, particularly
preferably at least 0.001% by weight and in particular at
least 0.0015% by weight, of the alcochol having from 6 to 10

carbon atoms. The working medium of the invention

20 preferably comprises not more than 10% by weight,
particularly preferably not more than 0.1% by weight and 1in

particular not more than 0.05% by weight, of the alcohol

having from 6 to 10 carbon atoms. Within these limits, the

proportion of alcohol in the working medium 1s preferably

25 selected, depending on the refrigerant used and the 1onic

-

er

liguid used, so that a sufficient increase 1n mass trans:

and heat transfer i1n the absorber 1s achieved at the

r—

smallest possible amount of alcohol.

The working medium of the invention further comprises at
30 least one 1onic liquid which 1s composed of at least one
organic cation and at least one anion and acts as sorption

medium for the refrigerant when the working medium 1s used

in an absorption heat pump. Here, the term ionic liquid

refers to a salt or a mixture of salts which 1s composed of

35 anions and cations and has a melting point of less than
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100°C. The term ionic liquid refers to salts or mixtures of

salts which are free of nonionic materials or additives.

Rl

The ionic liquid preferably consists of one or more salts
of organic cations with organic or inorganic anions. The

ionic liquid preferably has a melting point of less than

20°C in order to avoid solidification of the ionic liquid

in the sorption medium circuit when the working medium 1is

used in an absorption heat pump.

The anion or anions of the i1onic liquid can bear one, two
or more negative charges and preferably bear one negative
charge and are particularly preferably anions of monovalent

P

acids. The anion or anions of the ionic liquid preferably

has/have a molecular weight of not more than 260 g/mol,

particularly preferably not more than 220 g/mol, in
particular not more than 180 g/mol and most preferably not

more than 160 g/mol. Limiting the molar mass of the anion

improves the degassing range of the working medium 1n the

operation of an absorption heat pump.

Suitable anions are anions of monovalent 1norganic acids,

preferably halides, nitrate, nitrite and cyanate, and also

' alind
ad

anions of monovalent organic acilids, preferably of

carboxylic acids such as formate, acetate, propionate,

F

benzoate and glycolate. Monoanions and dianions of divalent

inorganic acids, preferably sulphate, hydrogensulphate,

carbonate and hydrogen carbonate, and also monoanions and

dianions of divalent organic acids, preferably oxalate,

succinate and malonate, are likewise suilitable. Monoanions,

P

dianions and trianions of trivalent i1norganilic acids,

preferably phosphate, hydrogenphosphate and

dihydrogenphosphate, are also suitable. Further suitable

inorganlc anions are tetratfluoroborate,

hexafluorophosphate, hydroxide, borates, haloantimonates,

halocuprates, halozincates and haloaluminates. Further

suitable organic anions are anions of the formulae R®0S0;3,
R%S05”, R*OP0O53*7, (R?0),P0,”, R*POs“7, R?0C0,”, R*C00~, (R*CO),N7,
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(R¥S0O,),N~, N(CN),” and C(CN)3 , where R® is a linear or

branched aliphatic hydrocarbon radical having from 1 to 30

carbon atoms, a cycloaliphatic hydrocarbon radical having

from 5 to 40 carbon atoms, an aromatic hydrocarbon radical

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

having from 7 to 40 carbon atoms or a linear or branched

perfluorocalkyl radical having from 1 to 30 carbon atoms,

and also saccharinate and anions of the formulae R%°0S0O;  and

R®S0O3~ in which R? is a polyether radical.

10 The anion or anions of the ionic liquid is/are preferably

selected from among hydroxide, halides, nitrate, nitrite,

carboxylates, phosphate, alkylphosphates,
dialkylphosphates, thiocyanate, cyanate, dicyanamide,
sulphate, alkylsulphates, alkylsulphonates,

15 tetrafluoroborate and hexafluorophosphate and is/are

particularly preferably selected from the group conslsting

of hydroxide, chloride, bromide, nitrate, nitrite, formate,

acetate, propionate, glycolate, dimethylphosphate,
diethylphosphate, methylsulphate and ethylsulphate.

20 In a preferred embodiment, the working medium comprises an
ionic liquid having phosphate or phosphonate ilons, 1n
particular dimethylphosphate or diethylphosphate, 1in

combination with methanol or ethanol as refrigerant. This

combination makes it possible to simultaneously achieve a

25 high mass transfer and heat transfer in the absorber and

F

low corrosion and to avoid solidification of the ionic

liguid in the sorption medium circuit when the working

medium is used in an absorption heat pump.

The organic cation or cations of the ionic liquid can bear

30 one, two or more positive charges and preferably bear one

positive charge. The organic cation or cations of the 1ionic

liquid preferably has/have a molecular weight of not more
than 260 g/mol, particularly preferably not more than
220 g/mol, in particular not more than 195 g/mol and most

35 preferably not more than 170 g/mol. Limiting the molar mass
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P

of the cation improves the degassing range of the working

medium in the operation of an absorption heat pump.

Suitable organic cations are, in particular, cations of the

general formulae (I) to (V):

5 R'R?RR*N? (1)
R'R*R’R*P* (I)
RIR?R’S? (III)
RIR°N*=C (NR’R*) (NR’R°) (IV)
R!R®N*=C (NR’R?) (XR?) (V)

10 where

Rl,RZI,R3,13{4,,RS‘,R6 are identical or different and are each

hydrogen, a linear or branched aliphatic or olefinic

hydrocarbon radical, a cycloaliphatic or cycloolefinic

hydrocarbon radical, an aromatic hydrocarbon radical, an

15 alkylaryl radical, a linear or branched aliphatic or

olefinic hydrocarbon radical which is terminally
functionalized by OH, OR’, NH,, N(H)R" or N(R"), or a
polyether radical of the formula “(R743Lf{f, where R’ is

not hydrogen in the case of cations of the formula (V),

20 R’ 1is an aliphatic or olefinic hydrocarbon radical,

R’ is a linear or branched alkylene radical containing 2 or

3 carbon atoms,

n s from 1 to 3,

R° is hydrogen or a linear or branched aliphatic or

25 olefinic hydrocarbon radical,

X 1s an oxygen atom or a sulphur atom,

pr—

where at least one and preferably each of the radicals R‘,
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10

R%, R, R?, R° and R° is not hydrogen.

Cations of the formulae (I) to (V) in which the radicals R:

and R’ together form a 4- to 10-membered, preferably 5- or

6-membered, ring are likewise sultable.

5 Heterocaromatic 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, quinoline,

10 isoquinoline, cinnoline, quinoxaline or phthalazine which

are substituted on the nitrogen atom, are likewilise

sulitable.

The organic cation preferably contains a quaternary

nitrogen atom. The organic cation 1is preferably a
15 1-alkylimidazolium ion, 1,3-dialkylimidazolium 1on,
1,3-dialkylimidazolinium ion, N-alkylpyridinium 1ion,

N,N-dialkylpyrrolidinium ion or an ammonium 1on having the

structure R'R?R3R®N', where R!, R® and R’ are each,

independently of one another, hydrogen, alkyl or

20 hydroxyethyl and R* is an alkyl radical.

In a preferred embodiment, the organic cation 1s a

=l

1,3-dialkylimidazolium ion, where the alkyl groups are

selected independently from among methyl, ethyl, n-propyl

and n-butyl.

25 In a further preferred embodiment, the organic cations are

N-alkylated alkylpyridinium ions, hereinafter referred to

as N-alkylalkylpyridinium ions, which can be obtailned Dby

—iiey

alkylation of a mixture of alkylpyridines which are

unsubstituted on the nitrogen atom, preferably N-
30 methylalkylpyridinium ions and N-butylalkylpyridinium 1ions.

Particular preference is given to N-alkylalkylpyridinium

ions which can be obtained by alkylation of a mixture of

picolines, dimethylpyridines and ethylpyridines.
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11

Preferred organic cations are l-methylimidazolium,
1,3-dimethylimidazolium, l-ethyl-3-methylimlidazolium,
1-butyl-3-methylimidazolium and 2-hydroxyethyltrimethyl-

ammonzium.

In a preferred embodiment of the working medium of the

invention, the refrigerant is water and the ionic liquid 1s

2-hydroxyethyltrimethylammonium acetate,

2-hydroxyethyltrimethylammonium chloride, 2-

hydroxyethyltrimethylammonium glycolate,
l-ethyl-3-methylimidazolium acetate,
l-ethyl-3-methylimidazolium chloride,
l-ethyl-3-methylimidazolium ethylphosphate,
l—ethYl—3—methylimidazolium methylphosphate,
1,3-diethylimidazolium diethylphosphate,

1,3-dimethylimidazolium acetate,
1,3-dimethylimidazolium propionate,
N-butylalkylpyridinium chloride,
N-butyl-alkylpyridinium acetate,
N-methylalkylpyridinium chloride,

N-methylalkylpyridinium acetate,

N-butylpyridinium chloride, N-butylpyridinium acetate,
N-methylpyridinium chloride, N-methylpyridinium acetate,
tetramethylammonium formate, tetramethylammonium acetate,
l-butyltrimethylammonium acetate,

l-butyltrimethylammonium chloride,

l-butyltrimethylammonium formate,
l-butyl-4-methylpiperidinium acetate,

N-butyl-N-methylpyrrolidinium acetate or a mixture of two

or more of the ionic liquids mentioned. A particularly high

d
h—

degassing range and a particularly high efficiency COP are

simultaneously achieved 1n an absorption heat pump by means

of these working media.

In a further preferred embodiment of the working medium of

the 1nvention, the refrigerant 1s methanol or ethanol and

the i1onic liguid 1s
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12

2-hydroxyethyltrimethylammonium acetate,
2-hydroxyethyltrimethylammonium glycolate,
l-ethyl-3-methylimidazolium acetate,
l-ethyl-3-methylimidazolium ethylphosphate,

5 1l-ethyl-3-methylimidazolium dimethylphosphate,
l-ethyl-3-methylimidazolium diethylphosphate,
l-ethyl-3-methylimidazolium hydrogensulphate,
l-ethyl-3-methylimidazolium ethylsulphate,
l-ethyl-3-methylimidazolium methylsulphate,

10 1,3-dimethylimidazolium methylsulphate,
1,3-diethylimidazolium diethylphosphate,
1,3-diethylimidazolium dimethylphosphate,
N-butyl-alkylpyridinium acetate,

N-methylalkylpyridinium acetate,

15 N-butylpyridinium acetate, N-methylpyridinium acetate,
l-butyltrimethylammonium acetate,
1-butyltrimethylammonium formate,
1-butyl-4-methylpiperidinium acetate,
N-butyl-N-methylpyrrolidinium acetate

20 N,N-dimethylpyrrolidinium acetate or a mixture of two or
more of the ionic liguids mentioned. These working media

allow cooling to temperatures below 0°C to be carried out

and a high efficiency COP to be achieved in an absorption

refrigeration machine with little outlay in terms of

25 apparatus.

The ionic liquids can be prepared by processes known from

the prior art, for example as described in P. Wasserscheid,

T. Welton, JIonic Liguids in Synthesis, 2nd edition, Wiley-
VCH (2007), ISBN 3-527-31239-0 or in Angew. Chemie 112
30 (2000) pages 3926-3945.

The ionic liquid is preferably liquid at 20°C and has a
viscosity in accordance with DIN 53 019 at this temperature
of from 1 to 15 000 mPa's, particularly preferably from Z
to 10 000 mPa's, in particular from 5 to 5000 mPa's and

35 most preferably from 10 to 3000 mPa's. At a temperature ot

1
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50°C, the ionic liquid preferably has a viscosity of less

than 3000 mPa's, particularly preferably less than

2000 mPa's and in particular less than 1000 mPa‘s.

Preference is given to using ionic liquids which have
5 unlimited miscibility with water, are stable to hydrolysis

and are thermally stable up to a temperature of 100°C.

Hydrolysis—-stable i1onic liquids display less than 5%
degradation by hydrolysis in a mixture with 50% by weight

of water on storage at 80°C for 8000 hours.

10 Ionic ligquids which are thermally stable up to a

temperature of 100°C show a weight decrease of less than

20% in a thermogravimetric analysis under a nitrogen

atmosphere on heating from 25°C to 100°C at a heating rate

of 10°C/min. Particular preference is given to ionic

15 liguids which display a weight decrease of less than 103

and in particular less than 5% in the analysis.

In addition to refrigerant, ionic liquid and the monohydric

aliphatic alcohol having from 6 to 10 carbon atoms, the

working medium of the invention can contain further

20 additives, preferably corrosion inhibitors. The proportion

of corrosion inhibitors 1s preferably from 10 to

50 000 ppm, particularly preferably from 100 to 10 000 ppm,
based on the mass of the ionic liquid. Preferred 1norganic
corrosion 1nhibitors are Li,Cr0O,, LisMoO,, LisVO, LiVOs,

25 NiBr,, Li3P0O4, CoBr,; and LiOH. Suitable organic corrosion

inhibitors are amines and alkanolamines, preferably

Z—-aminoethanol, Z-aminopropancol and 3-aminopropanol, and

amides of fatty acids with alkanolamines, referred to as

fatty acid alkanolamides, and alkoxylates thereof. For

30 example, a suitable organic corrosion inhibitor 1i1s the

mixture of 2-aminoethanol and oleyamidoethanol

polyethoxylate which can be obtained under the trade name

REWOCOROS® AC 101 from Evonik Goldschmidt GmbH. Further

sultable corrosion inhibitors are organic phosphoric acid
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esters, 1n particular phosphoric acid esters of ethoxylated

fatty alcohols, and fatty acid/alkanolamine mixtures.

Preferred organic corrosion inhibitors are benzoimidazole

and in particular benzotriazole.

In a corrosion test in accordance with ASTM D1384, the

working medium of the invention preferably provides a loss

of material o:

particularly pre:

b

less than 5 g/m? for all test materials,

less than 2 g/m?2.

plates of copper,
and cast aluminium provided with a hole are arranged behind

one another on an 1nsu.

ferably less than 3 g/m? and in particular

In this test, accurately weighed metal

soft solder, brass, steel, grey cast iron

ated rod 1in a rack. Copper, soft

solder and brass are in each case connected 1n an

F

electrically conductive manner by spacers of brass, steel,

grey cast iron and cast aluminium are in each case

connected in an electrically conductive manner by spacers

-y

of steel, but the resulting “packets” are insulated from

one another. The test specimen is submerged in the medium
and heated at 88°C for 14 days while passing air through

the medium. The plates are subsequently cleaned, weilghed

again and the loss o:

- material 1s determined.

Preference is given to working media having a combination

of refrigerant and ionic liquid for which the vapour

pressure of a mixture of 90% by weight of ionic ligquid and

10% by weight of refrigerant at 35°C is less than 60%,

particularly pre:
than 20% and most pre:

pressure of the pure re:

combination of

rel

‘erably less than 30%, in particular less

ferably less than 15%, of the wvapour

frigerant at 35°C. Such a

‘rigerant and ionic liquid enables a wide

degassing range to be achieved and the amount of working

medium 1n the circuit of

reduced.

F

the absorption heat pump can be

The absorption heat pump of the invention comprises an

absorber, a desorber,

a condenser, an evaporator and a
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working medium according to the invention as described

above.

e

In operation of the absorption heat pump of the invention,

gaseous refrigerant is absorbed in low-refrigerant working

medium 1in the absorber to give a refrigerant-rich working

r‘-

medium with liberation of heat of absorption. Refrigerant

is desorbed in vapour form

rich working medium 1n the

from the resulting refrigerant-

desorber with supply of heat to

give low-refrigerant working medium which 1s recirculated

to the absorber. The gaseous refrigerant obtained in the

desorber is condensed in the condenser liberating heat of

condensation, the liquid refrigerant obtained is vaporized

in the evaporator taking up heat of vaporization and the

resulting gaseous refrigerant is recirculated to the

absorber.

The absorption heat pump of the invention can have either

one stage or a plurality of stages with a plurality of

coupled circuits of working medium.

In a preferred embodiment,

the absorption heat pump 1s an

absorption refrigeration machine and 1n the evaporator heat

1s taken up from a medium to be cooled.

ity

The absorption heat pump of the invention has a higher

efficiency compared to the

absorption heat pumps known from

WO 2005/113702 and WO 2006/134015 having an ionic liqgquid as

sorption medium.

]

Examples

An absorption refrigeration machine model CH-MG 150 from

YAZAKI was operated using working media composed of 80% by

welght of 1onic liguid and

P

20% by weight of

refrigerant at

a drive temperature of 85°C and a cooling water temperature

of 30°C and at a cooling power of about 527 kW and the
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efficiency COP was determined by the method described in

F.

Zlegler,

Int. J. Therm. Sci. 38 (1999) pages 1981-208.

The working media were in each case tested without addition

P

—_—
O i

additive and with addition of 0.01% by weight o:

F
P

2-ethyl-1l-hexanol (2EHL).

Table 1 shows the results for working media having water as

re.

Ffrigerant and Table 2 shows the results for working media

having ethanol as refrigerant. In the tables, the

abbreviations denote the following ionic liquids:

™
M
.

IM Cl1

EM
A

M OAC

EM

M DMP

EM

M DEP

Choline OAcC

BAP Cl

MM
MM

BMIM C1
IM OAC
IM OPr

Table 1

Working media having water as refrigerant

1-Ethyl-3-methylimidazolium chloride

1-Ethyl-3-methylimidazolium acetate
1-Ethyl-3-methylimidazolium dimethylphosphate
1-Ethyl-3-methylimidazolium diethylphosphate

2-Hydroxyethyltrimethylammonium acetate
N-Butylalkylpyridinium chlorides
1-Butyl-3-methylimidazolium chloride

1,3-Dimethylimidazolium acetate

1,3-Dimethylimidazolium propionate

Tonic liquid Efficiency COP Efficiency COP with
without additive 0.01 wt.—-% Z2EHL

EMIM Cl1 0.02 : 0.70

EMIM OAC 0.09 0.75
1 .i 4

MMIM OAC | 0.61 0.73

MMIM OPr 0.04 0.78
' Choline OAc 0. 68 0.75

RAP Cl1 0.065 0.72
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Table 2
Working media having ethanol as refrigerant

(tonic i;quid Efficiency COP [?ificiency COP with
without additive 0.01 wt.-% Z2EHL

BMIM CL i 0.41 T 0.44 -

EMIM DMP k 0.54 | 0.58

EMIM DEP 0.57 O.60r i

The examples show that an improvement 1in the efficiency COP
is found on addition of 2-ethyl-l-hexanol to the working

medium both in the case of water and 1n the case of ethanol

F

as refrigerant for all ionic liquids examined regardless of

10 the anion or organic cation.
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The embodiments of the 1nvention i1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A working medium for absorption heat pumps, comprising

at least one refrigerant, at least one monohydric aliphatic

alcohol having from 6 to 10 carbon atoms and at least one

ionic liquid composed of at least one organic cation and at

least one anion.

2 . The working medium according to claim 1, wherein the
medium comprises from 4 to 67% by weight of the at least

one refrigerant, from 0.0001 to 10% by weight of the at

least one monohydric aliphatic alcohol having from 6 to 10

carbon atoms and from 30 to 95% by weight of the at least

one 1onic liqguid.

3. The working medium according to claim 1 or 2, whereiln

the at least one monohydric alcohol having from 6 to 10

carbon atoms 1s a primary alcohol.

4 . The working medium according to any one of claims 1 to
3, wherein the at least one monohydric alcohol having from

6 to 10 carbon atoms has a branched alkyl radical.

5. The working medium according to any one of claims 1 to
3, wherein the at least one monohydric alcohol having from
6 to 10 carbon atoms is Z2-ethyl-l1-hexanol.

P

0. The working medium according to any one of claims 1 to

5, wherein the anions of the 1onic liquid have a molecular

F

weight of not more than 260 g/mol.
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7. The working medium according to any one of claims 1 to

6, wherein the organic cations of the 1onic liquid have a

molecular weight of not more than 260 g/mol.

8 . The working medium according to any one of claims 1 to

7, wherein the refrigerant 1s water, methanol, or ethanol,

or any combination thereof.

9. The working medium according to any one of claims 1 to
7, wherein the refrigerant i1s methanol, ethanol, a mixture

of methanol and ethanol, a mixture of ethanol with water,

or a mixture of methanol with water.

*

10. The working medium according to any one of claims 1 to

9, wherein the anions of the i1onic liquid are hydroxide,
halide, nitrate, nitrite, carboxylate, phosphate,
alkylphosphate, dialkylphosphate, thiocyanate, cyanate,
dicyanamide, sulphate, hydrogensulphate, alkylsulphate,
alkylsulphonate, tetrafluoroborate or hexafluorophosphate,

ﬂ
—

or any combination thereof.

11. The working medium according to any one of claims 1 to

F

9, wherein the anions of the i1onic liquid are hydroxide,

chloride, bromide, nitrate, nitrite, formate, acetate,
propionate, glycolate, dimethylphosphate, diethylphosphate,
methylsulphate or ethylsulphate, or any combination

thereof.

F

12. The working medium according to any one of claims 1 to

11, wherein the organic cations of the ionic liguid are

l-alkylimidazolium ions, 1,3-dialkylimidazolium ions,
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1,3-dialkylimidazolinium ions, N-alkylpyridinium ions,

N,N-dialkylpyrrolidinium ions or ammonium 10ons, Or any

g

combination thereof, wherein the ammonium i1ons have the

structure R!R2R3R4N*, where R!, R? and R3 are each,
independently of one another, hydrogen, alkyl or
hydroxyethyl, and R* is an alkyl radical.

13. The working medium according to any one of claims 1 to
11, wherein the organic cations of the ionic liquid are
l-methylimidazolium, 1,3-dimethylimidazolium, l-ethyl-
3-methylimidazolium, 1l-butyl-3-methylimidazolium, Il-butyl-
j-methylpiperidinium or 2-hydroxyethyltrimethylammonium, or

any combination thereof.

14. The working medium according to any one of claims 1 to
8, wherein the refrigerant is water and the ionic liquid 1s
2-hydroxyethyltrimethylammonium acétate,
2-hydroxyethyltrimethylammonium chloride,
2-hydroxyethyltrimethylammonium glycolate,
l-ethyl-3-methylimidazolium acetate,
l-ethyl-3-methylimidazolium chloride,
l-ethyl-3-methylimidazolium ethylphosphate,
l-ethyl-3-methylimidazolium methylphosphate,
1,3-diethylimidazolium diethylphosphate,
1,3-dimethylimidazolium acetate,
1,3~-dimethylimidazolium propionate,
N-butylpyridinium chloride,
N-butylpyridinium acetate,
N-methylpyridinium chloride,

N-methylpyridinium acetate,

tetramethylammonium formate,

tetramethylammonium acetate,
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l-butyltrimethylammonium acetate,

l-butyltrimethylammonium chloride,
l-butyltrimethylammonium formate,
l-butyl-4-methylpiperidinium acetate,
N-butyl-N-methylpyrrolidinium acetate, or

any combilination thereof.

15. The working medium according to any one of claims 1 to

7 and 9, wherein the refrigerant 1s methanol or ethanol and

the ionic liguid 1s
2~-hydroxyethyltrimethylammonium acetate,
2-hydroxyethyltrimethylammonium glycolate,
l-ethyl-3-methylimidazolium acetate,
l-ethyl-3-methylimidazolium ethylphosphate,
l-ethyl-3-methylimidazolium dimethylphosphate,
l-ethyl-3-methylimidazolium diethylphosphate,
l-ethyl-3-methylimidazolium hydrogensulphate,
l-ethyl-3-methylimidazolium ethylsulphate,
l-ethyl-3-methylimidazolium methylsulphate,
1,3-dimethylimidazolium methylsulphate,
1,3-diethylimidazolium diethylphosphate,
1,3-diethylimidazolium dimethylphosphate,
N-butylpyridinium acetate,
N-methylpyridinium acetate,
l-butyltrimethylammonium acetate,
l-butyltrimethylammonium formate,
l-butyl-4-methylpiperidinium acetate,
N-butyl-N-methylpyrrolidinium acetate
N,N-dimethvylpyrrolidinium acetate, or

p—
fre=r

any combination thereof.
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16. An absorption heat pump comprising an absorber, a
desorber, a condenser, an evaporator and a working medium

as defined in any one of claims 1 to 15.

17. The absorption heat pump according to claim 16,

wherein the pump 1s an absorption refrigeration machine and

1n the evaporator takes up heat from a medium to be cooled.
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