
EP O 500 527 B1 Description BACKGROUND OF THE INVENTION 5      The use of
compounds comprising solid-vapor compositions formed by adsorption of gas
molecules on a solid adsorbent as heat pump working materials is known in
the art. Heat pump systems using such materials have a number of advantages
over other heat pumps for residential and commercial space conditioning,
in- dustrial heat pumping and refrigeration. Such advantages include higher
temperature lift created by the solid- vapor media as compared to other
sorption media thus eliminating the need for cooling towers or lift
staging. 10   Moreover, the apparatus use for the solid-vapor compound heat
pumps require few, if any, moving parts, re- sulting in simple and reliable
hardware. Additionally, such systems do not use the objectionable CFC's.
The solid-vapor compounds suitable for heat pumps include complex compounds
which are materials which adsorb molecules of gas to form coordinative
bonds in which the gaseous reactant coordinates via elec- tron displacement
with the solid adsorbent, commonly a solid metal inorganic salt. The
adsorption/desorption 15  process releases significant heat during
adsorption and adsorbs energy during the desorption phase. Unlike most
other sorption processes, the entire adsorption or desorption reactions may
occur at constant tempera- ture thus eliminating problems with hot and cold
sorber ends. Useful gaseous reactants include water, ammo- nia, methanol,
methane, ethane and the like. A number of such materials are described in
U.S. patents 4,822,391 and 4,848,994. 20      We acknowledge the disclosure
in US Patent No. 4,765,395 of a multiple reactor system utilising two sets
of reactors, the reactors in one set incorporating azeolite-wateradsorbent
pairand the otherset using activated charcoal-methanol. Heat activated heat
pumps consist of a heat engine subsystem which generates high pressure
refrigerant vapor, essentially a thermal compressor, and a heat pump
subsystem which uses high pressure refrigerant to 25  produce cooling or
heat pumping. The thermal compressor, heat pump, and their combination in a
heat acti- vated heat pump comprise useful thermodynamic systems which make
advantageous use of solid-gas reac- tions. It is an object of the present
invention to use such reactions to even greater advantage and efficiency.
Moreover, thermal energy and cool storage systems may also be improved by
using staging techniques of the present invention with respect to charge
and discharge temperatures as well as energy density. 30      The invention
is a method, as defined in claim 1, of operating a heat pump utilising
solid-vapourcompound reactions in a reactor system; corresponding apparatus
as defined in Claim 31; a method, as defined in Claim 37, of operating a
mechanical or pressure driven heat pump or refrigeration system; and
corresponding heat pump apparatus as defined in Claim 43. The system of the
invention achieves Improved efficiency using relatively simple hardware.
These as well 35  as other advantages will be evidentfrom the following
detailed description of preferred embodiments with ref- erence to the
accompanying drawings, In which:- Fig. 1 is a schematic illustrating and
example of an apparatus used in the system of the invention; Fig. 2 is a
phase diagram illustrating a preferred embodiment the process of the
invention carried out in the apparatus illustrated in Fig. 1; 40      Fig.
3 illustrates another apparatus embodiment for carrying out the method
according to the invention; Fig. 4 illustrates a mechanically activated
heat pump apparatus used int he system of the invention; Fig. 5 is a phase
diamgram illustrating a preferred embodiment of the process of the
invention carried out in the apparatus illustrated in Fig. 4; and Fig. 6 is
a phase diagram illustrating anotherembodiment of the invention using
constant pressure staging 45      at different pressure and temperature
levels. Heat Activated Heat Pump As used herein, the term "compound" is
intended to mean any reaction product formed by adsorption and 50
desorption of a gaseous reactant on a solid reactant within the scope of
the invention. In practicing the discrete staging of a constant pressure
engine cycle according to the invention, a plurality of two or more
different solid reactants are selected, and a different solid reactant is
introduced into a different reactor or reaction site in the heat pump
apparatus. The different compounds of a set, series or group of compounds
used in the process are selected such that the temperature of adsorption of
the low vapor pressure compound at low pressure, Is 55  higher than the
desorption temperature of the next higher vapor pressure compound at high
pressure. Each of the compounds of such sets or groups each also exhibit
different vapor pressure curves, i.e., each has a different vapor
pressure-temperature relationship, and which is Independent of the
concentration of the gas- eous reactant. By selecting appropriate compounds
and arranging them in the aforesaid sequence, the process 2  



EP 0 500 527 B1 cycle will be carried out so that the heat of adsorption is
always at an adequate temperature to drive the next or subsequent
desorption reaction in the cycle. Preferably the compounds of the series
are selected so that none of the compounds in the same reactor have an
additional coordination step at lower equilibrium temper- ature which may
adsorb more reactant gas from the other compounds during temperature
equilibrium or shut- 5   down condition which would reduce cycle
performance during intermittent operation. Moreover, masses of each
compound are adjusted so that an approximately equal amount of heat is
required to desorb each com- pound. Specific reactants used to form
compounds useful in the invention include metal oxides, hydrides, halides,
carbonates, nitrites, nitrates, oxalates, sulfides and sulfates. Preferred
metals for the inorganic salts are se- 10  lected from alkali and alkaline
earth metals, transition metals, aluminum, zinc, cadmium and tin. Preferred
tran- sition metals are manganese, iron, nickel, and cobalt. Hereinafter
these reactants will be sometimes referred to as solids, salts or solid
reactants. Gaseous reactants which are adsorbed on the solids to form
compounds which are especially useful in the processes of the invention are
ammonia, water, methyl amine and methanol, ammonia being especially 15
suitable because it is stable, and forms high energy complexes. However,
hydrogen, carbon dioxide, sulfur di- oxide, other lower alkanols, lower
alkanes, particularly methane and ethane, pyridine, alkylamines, polyamines
and phosphine may also be used. These gaseous reactants may also be
referred to as refrigerants herein. In a specific example of a set or
series of compounds, to illustrate a system according to the Invention,
salts [err]gBr2, MgCI2, SrBr2 and [err] are used in a heat pump consisting
of four separate reaction vessels or 20  separate heat-transfer regions in
one or more reactors. The compounds comprise the ammonia ligand complex
compound of the aforesaid salts with the[err] salts forming complexes
containing 2 to 6 NH[err], SrBr2 containing 2 to 8 [err]containing 1 to 8
NH[err]. Fig. 1 Illustrates schematically an example of an apparatus
embodiment for carrying out the discrete constant pressure staged heat
pump. The salts are charged to reactors 12, 14, 16 and 18, respectively, in
successive ascending order of the complex compound 25  ligand vapor
pressure. Thus, first reactor 12 is charged with MgBr2, reactor 14with
MgCI2, reactor 16 with SrBr2, and reactor 18 with SrC[err]. The apparatus.
includes a burner 20, heat exchanger 22, evaporator 24 and con- denser 26
together with appropriate valves and conduits for directing ammonia gas
from and to the reactors and the condenser and evaporator, and valves 52,
54 and 56 for directing heat transfer fluid between the re- actors as well
as pumps and heat exchange conduits for pumping heat transfer fluid within
the system. In the 30  first half-cycle, reactor 12 containing the high
temperature salt MgBr2 is at high pressure corresponding to (1) in Fig. 2
and reactor 16 containing [err] is also at high pressure corresponding to
(3). Reactors 14 and 18 are at low pressure, reactor 18 containing SrC[err]
and reactor 14 containing MgCI2, corresponding to (7) and (9), re-
spectively. During the first-half cycle, valves 52 and 56 are positioned so
that pump 19 circulates heat transfer fluid 35  through reactors 14 and 16,
thereby transferring energy released during gas adsorption from reactor 14
to the solid reactant in reactor 16 to drive the desorption reaction
occurring there. With the valve settings and proper positioning of valve
15, energy released during the adsorption in reactor 18 is rejected or
recovered via heat exchanger 22. In this first half of the heat exchange
cycle, valve 25 is also positioned for directing ammonia vapor from
reactors 12 and 16 to condenser 26 and from evaporator 24 to reactors 14
and 18. Pump 17 cir- 40  culates heat transfer fluid from burner 20 to
reactor 12 to drive the desorption of the compound in that reactor. Before
start of the second half-cycle of the process, a short phase of heat
recuperation and temperature shifting is required. The valve positions are
changed so that reactors 12 and 14 are coupled, and reactors 16 and 18 are
coupled, respectively, for heat transfercommunication. Heat transferfluid
is pumped through each pair of coupled reactors to transfer heat from the
hotter to the colder reactor. Thus, reactor 12 is cooled while 45  reactor
14 is heated; reactor 16 is cooled while reactor 18 is heated. This
terminates the recuperative and tem- perature adjustment phase in
preparation for the second half-cycle. In the second half-cycle burner 20
is not used. Solid reactant in reactor 14 desorbs its gaseous reactant,
driven by heat from the adsorption reaction in reactor 12. The compound in
reactor 18 desorbs, driven by heat released from adsorption of the compound
in reactor 16. Ammonia from the desorption reactions is directed 0  to the
condenser 26, and ammonia for the adsorption reactions is obtained from
evaporator 24. At the conclusion of the second half-cycle, another phase of
recuperation and temperature adjustment as previously described readies the
system for repeating the first half-cycle. In this example, using the
aforesaid adsorption and desorption pressures and temperatures, the
condensation temperature in condenser 26 is 315[err]K and in the
evaporator, 275[err]K. The apparatus of Figure 1 could also be modified
with reactors 12 and 



55   16 combined and reactors 14 and 18 combined in single vessels,
respectively, since both reactors in either pair are always at the same
pressure. All four compounds may be located in a single reactor, with the
heat pump consisting of two such reactors, each operating at alternately
high and low pressure. Points 1-10 on the phase diagram of Fig. 2
illustrate the discrete staging that occurs in the reactors at the 3    EP
0 500 527 B1 various temperatures and pressures as the ammonia ligand is
alternatelyadsorbed and desorbed on the metal salts. At (1), prime heat
from a source, for example burner 20 in Fig. 1, is used to partially or
fully desorb [err] is desorbed, at(3) [err] Is desorbed, and at(4)[err] is
desorbed. Gaseous reactant from the desorptions is condensed at (5)
releasing heat, which may be recov- 5   ered by any heat exchange means.
The desorption reactions are carried out at a single pressure, 16.28 Bar.
The adsorption phase of the reaction is carried out at a lower pressure,
4.6 Bar with the aforesaid com- plexes, ammonia being directed to a lower
pressure and evaporated at (6), absorbing heat. The ammonia vapor is then
adsorbed into the four complex compounds at points (7), (8), (9) and (10).
Heat released from the ad- sorption at (7) is rejected externally by heat
exchanger 22 (Fig. 1), and heat from the other three adsorption 10
reactions is used to drive the desorption reactions illustrated by the
arrows between points (8) and (4), (9) and (3), and (10) and (2),
respectively. At the end of this portion of the cycle, the process is
reversed so that, for example, complex at (1), now desorbed, is lowered in
temperature and pressure to the conditions at (10) for adsorption. The
complex at (10), which is now adsorbed, is increased in temperature and
pressure to the conditions of (1), as are complex com- 15 pounds in the
other three reactors. Thus, the output from the cycle, depending on the
intended application, may be used for cooling obtained from ammonia
evaporation at (6), or the heat released from the process at (5) and (7) In
a quasi-continuous mode. Referring again to the example using four
aforesaid complex compounds and points (1)-(10) in Fig. 2, the following
table illustrates the different temperatures and pressures at which the
complex compounds adsorb 20 and desorb the ammonia ligand. Table I 25
Desorb                 Adsorb (16.28  Bar)            (4.6 Bar) [err]
Temp.  K MgBr2.2/6.          (1)        604          544         (10) 30
[err]/6           (2)        495          449          (9) [err]
(3)        432          391          (8) [err]/8           (4)        374
342          (7) 35 From this example of a set or series of complex
compounds it is shown that the temperature of adsorption of the low vapor
pressure salt, at the low adsorbing pressure, is higher than the desorption
temperature of the next higher vapor pressure salt. Observing Fig. 2, this
critical feature will be evident from the complex com- pounds in the table
noting the points of the cycle stages which correspond to the phase diagram
numbers. 40      Referring to Fig. 3, a three reactor apparatus utilizing a
system according to the invention is shown. Ex- amples of suitable
compounds for use in such an apparatus for carrying out a discrete constant
pressure ad- sorption/desorption process is shown in Tables 11 and III
together with the desorption and adsorption temper- atures and pressures.
The compounds are listed In their ascending order from the lowest to the
highest am- monia vapor pressure. In the example of Fig. 3, instead of
using an evaporator and condenser Illustrated in 45 Fig. 1, NaBr or
BaC[err] in reactors 55 and 57 is used to desorb and adsorb the ammonia
from and to reactors 72, 74 and 76. In this example, in each of the
respective reactors, a different one of the salts forming the com- plex
compounds of Table 11 or Ill is placed in each of the reactors, so that the
compound having the lowest gas vapor pressure is in first reactor 72, and
compounds of successively higher gaseous reactant vapor pressures in the
successive reactors 74 and 76. Again, this successive positioning of
compounds based on ascending 50 vapor pressures In corresponding successive
reactors or reaction regions as illustrated in the drawing and pre- viously
described, is critical to the invention. Burner 71 and heat exchanger 70
are utilized in a manner as previously described in Fig. 1 (for burner 20
and heat exchanger 22). Heat is also exchanged externally with heat
transfer fluid flowing through reactors 



55 and 57. These reactors alternatively provide heating and cooling. During
one half-cycle, reactor 57 provides 55 cooling while 55 is heating, and in
the other half-cycle 55 is cooling and 57 is heating. The advantages of
using the sodium bromide, or other solid reactant, for adsorbing/desorbing
the gaseous reactant as opposed to the condenser/evaporator equipment
include (1) higher energy density in the adsorption/desorption reactions as
compared to evaporation and condensation of the gas, resulting in higher
coefficients of performance and less 4    EP 0 500 527 B1 system mass, and
(2) the ability to reject heat at high temperature with lower system
pressure than would be required using refrigerant condensation. For
continuous cooling two or more subsystems can be operated in a phase
shifted mode. 5 Table II Desorb                 Adsorb (16.28  Bar)
(4.6 Bar) 10                          [err]                      Temp.   K
[err]              604                      544 [err]            495
449 15                 [err]               374                      342
Table III Desorb                Adorb 20 (7.31 Bar)             (1.44  Bar)
[err]                   Temp.  *K MgBr2.2/6               562
502 25                  CoC[err]2/6               461
416 CaC12.2/4               356                    320 Thermal Compressor
30 The process and system of the invention may also be used as a thermal
compressor, which is a subsystem of a heat activated heat pump. For example
referring to Fig. 1, by removing condenser 26, evaporator 24, and valve 31,
the resulting sub-system apparatus is a thermally activated compressorwhich
receives low pressure vapor through conduit 43 and delivers high pressure
vapor through conduit 45. Such a thermal compressor 35   may be used as a
less expensive alternative to an electrically driven compressorforobtaining
pressurized gas- eous reactants. Thus, constant pressure staging of
appropriate compounds can provide efficient thermal com- pression of any
gaseous reactant, such as water, ammonia, carbon dioxide, sulfur dioxide,
methanol and other lower alkanols, alkylamines, polyamines, and phosphine.
Hydrogen can also be compressed by use of hydrides in the reactors in place
of complex compounds while carbon dioxide can be used with metal
oxide/metal car- 40   bonate reactants, and water can be used with metal
oxide/metal hydroxide or complex compound reactants. Such thermal
compression using a process of the present invention is more efficient than
conventional thermal compressors because heat is cascaded through several
stages and high pressure vapor is generated at each stage. 45   Heat Pumps
Activated by Mechanical Work or Pressure The constant pressure staging
process of the invention may also be used in a heat pump which receives
high pressure refrigerant vapor, discharges low pressure vapor, and
produces cooling or heating. The high pres- sure refrigerant vapor can be
provided by a mechanical compressor, thermal compressor, for example a con-
50  stant pressure staged thermal compressor described above, or other
source. The constant pressure staged heat pump is most advantageous when
coupled with a mechanical compressor, because efficiency and reli- ability
of mechanical compressors increase as compression ratio is decreased. Such
an apparatus is illustrated in Fig. 4, and process conditions shown in Fig.
5. Compounds A, B, C and D are contained in reactors 104, 105, 106, and
107, respectively. During the first half-cycle, valve 101 is positioned
such that high pressure 55   vapor delivered through conduit 113 from
compressor 100 is directed to reactors 104 and 106. Compound A in reactor
104 and complex C in reactor 106 are initially at high pressure P2 in the
first half-cycle, and B and D in reactors 105 and 107 are at low pressure
P1. Compound A adsorbs at high pressure point (5), releasing heat which
drives desorption of compound B at low pressure point (2); compound C
adsorbs at high pressure 



5    EP0500527B1 (7), releasing heat which drives desorption of compound D
at low pressure (4). Vapor generated during des- orption of compounds B and
D is routed through valve 101 and conduit 114 to the inlet (ow pressure)
side of compressor 100. During the second half-cycle, compounds A and C are
at low pressure, and compounds B and D are at 5   high pressure. Valve 101
is positioned to direct high pressurevaporfrom the compressorto compounds B
and D in vessels 105 and 107, and to direct low pressure vaporfrom reactors
104 and 106 to the inlet side of com- pressor 100. During this half-cycle,
compound, A desorbs at low pressure (1) producing refrigeration at tem-
perature T1. Compound B adsorbs at high pressure (6), and heat released is
used to drive the desorption of complex C at low pressure (3). Compound D
desorbs at high pressure (8), delivering heat at temperature T8. 10
Cooling at T1, heating at T8; or both, are the useful products of the heat
pump operation. Continuous cooling or heating is provided by utilizing two
or more banks of reactors, operating out of phase. The number of compounds
used can be two or greater. The lowest temperature compound (A in Fig. 5)
may be replaced by evaporation and condensation of the gaseous reactant The
utility and improvement of the invention is evidentfrom Fig. 5. Heat is
lifted from temperature T1 to T8 while operating between pressures 15  P1
and P2. Use of only compound A(or refrigerant condensation/evaporation)
would only lift heat to T3 at the same pressures. A peak pressure of P3,
several orders of magnitude higher than P2, would be required to ob- tain
temperature lift to TB. Compounds and operating conditions are selected
such that the high pressure compounds always adsorb at sufficiently high
temperature so heat released can be used to drive the next desorption.
Specifically, refer- 20  ring to Fig. 5, T3 must be greaterthan T2, T5
greaterthan T4, and T7 greater than T6. Thus, In this embodiment, the
successive compounds in the set or group are selected so that the higher
temperature adsorbing com- pound, i.e., the compound that adsorbs at a
higher temperature, at high pressure, has an adsorption temper- ature
higher than the desorption temperature of the next succeeding, compound at
low pressure. The com- pounds are located into successive reactors in this
ascending adsorption temperature order. Selection of such 25  compounds and
high and low reaction pressures will be understood by those skilled in the
art. Although the reactions described and shown herein will normally
involve the next successive higher vapor pressure com- pound, in certain
instances, such as heat pump operations under extreme temperature
conditions, or multiple temperature level operations, it may be desirable
to skip one or more compounds in any specific cycle. The discrete constant
pressure staging cycle process disclosed herein has a number of advantages
over 30  previously known heat pump cycles, thermal compressors, and
thermal storage. As a heat activated heat pump or thermal compressor, the
process of the present invention delivers high coefficient performance, and
takes thermodynamic advantage of high driving temperatures, limited only by
the stability of the lowest vapor pres- sure compounds. Multiple staging is
performed within the hardware of single staged systems, and results in
lowercostthan is possible with othertwoormulti-stage cycles. Between
half-cycles, the complex in each stage 35  is heated by drawing heatfrom
the next hotterstage, making regeneration of sensible heat efficient and
simple, and improving cycle efficiency as compared to other solid-vapor
heat pumps and thermal compressors. Op- erating as a mechanical orthermal
compressor heat pump, the system of the invention makes high temperature
lift and low pressure ratios possible. Although separate reactors are shown
in the drawings for the different reaction sites the reactions may be
carried out in reaction sites or chambers of a single reactor. Thus, as
used 40  herein, the term reactors is Intended to Include one or more
reaction sites or chambers in a single reactor as well as multiple
reactors. Constant pressure staging of the invention can also be used to
receive or deliver vapor at more than one pressure level. This capability
allows for multiple temperature refrigeration, multiple temperature heat
delivery from a heat pump, thermal storage at different temperature levels,
or thermal compression simultaneously op- 45  erating at more than one
compression ratio. The number of different pressure ratios possible is
equal to the numberof stages in the cycle. Fig. 6 isa phase diagram
illustrating an example ofa six stage cycle for providing refrigeration at
two different temperatures. Refrigeration temperatures T1 and T2 establish
system pressures P1 and P2, according to the vapor pressure function of the
heat pump working media, which can be a pure refrigerant undergoing phase
change, or refrigerant involved in any sorption process. Heat rejection
temper- 50  ature T3 at pressure P3 is also on the heat pump media vapor
pressure line. The cycle operates in the manner as described previously.
Heat is input at a temperature T4, which is relatively high compared to T3.
Energy input at state point (1) drives desorption of compound A. Adsorption
at point (15) releases heat to drive des- 



orption at point (2), and so on for compounds B-F. Heat input at point (1)
is effectively cascaded through the cycle, In the state point sequence of
1-15-2-14-3-13-412-5-11-6-10. Heat release during adsorption at state 55
point 10 is rejected external to the heat pump cycle. The advantage and
unique feature of this cycle embodi- ment is that adsorptions occur at two
different pressure levels. Gaseous reactant vapor generated to provide
cooling at T1 is at pressure P1 and is adsorbed at state points 10, 12, and
15, while the vapor generated to provide cooling at T2 is at pressure P2
and is adsorbed at points 11, 13, and 14. The selection of pressures 6
for the different stages is dependent on the desired or available media,
i.e., solid-vapor, liquid-vapor, etc., and on the amount of cooling to be
achieved at each temperature level. It is desirable to maximize the number
of stages in a cycle while maintaining adequate heat transfer approach
temperatures (temperature differentials) for heat exchange between stages.
Moreover, more than two temperature and pressure levels may also be 5
used. Heat may be directed between any state point (reaction chamber) and
external heat exchange means in order to input or to take advantage of the
multiple cooling and heating temperatures of such a system. For example,
such a system may be used in cascaded refrigeration, air heating and hot
water supply, as well as in applications with cogeneration systems where
excess waste heat is available at multiple temperature lev- els. 10      A
heat pump incorporating multiple heat rejection temperatures, or thermal
compressor using multiple de- livery pressures, operates in the same manner
although some stages of sorption operate below the Intermedi- ate pressure
level(s). Multiple adsorption and desorption pressures may also be used in
a single system. Although not intended as part of the present invention,
the constant pressure staging system may be op- erated with bivariant media
in which the adsorbent vapor pressure is also a function of the refrigerant
concen- 15 tration. Each individual vapor pressure line is replaced by a
solution field over which the specific media oper- ates. The resulting
system is less practical for use with bivariant solid vapor media, for
example zeolites or activated carbon, because solution fields, of
reasonable refrigerant concentration spread in the media, are quite wide.
Since no overlap of solution fields is acceptable, only a portion of the
theoretical solution field and very few stages may be used. Moreover, the
large thermal masses and ineffective staging results in low effi- 20
ciency. Additionally, during shutdown all refrigerant will migrate to the
lowest vapor pressure media, further reducing efficiency for cyclic
operation. Use of liquid absorbents overcomes some of these bivariant media
problems. Each stage of the constant pressure staged cycle would be a
narrow concentration range of the me- dia. Media may be pumped from stage
to stage such that as it is desorbed and vapor decreased, it moves to a
higher temperature stage, and as fluid absorbed refrigerant it moves to a
lower temperature stage. Temper- 25 ature change between stages may be
accomplished recuperatively. Claims 30  1. A method of operating a heat
pump utilising solid-vapour compound reactions in a reactor system com-
prising: a plurality of three or more reactors (12, 14, 16) each reactor
containing a different compound com- prising a solid reactant adsorbent and
a gaseous reactant adsorbed thereon wherein each of said com- pounds has a
different gaseous reactant vapor pressure, substantially independent of the
concentration 35      of gaseous reactant, means for heating said reactors
including means for directing heat transferfluids to and from each of said
reactors, and receiving apparatus for receiving and discharging gaseous
reactant from and to said plurality of reactors, comprising (a) a condenser
(26) and an evaporator (24), each operatively communicating with 40
said plurality of reactors, (b) adsorbing-desorbing apparatus (55, 57) or
(c) a mechanical compressor (100), and including means for directing
gaseous reactant between said receiving means and said reac- tors, said
method comprising: in a first reaction cycle, operating a first portion of
said reactors at a temperature resulting 45      in a first pressure,
whereby said compound therein desorbs said gaseous reactant in an
endothermic re- action, and operating said second portion of said reactors
at a second pressure whereby said compound therein adsorbs said gaseous
reactant in an exothermic reaction, and in a second reaction cycle,
operating said first portion of said reactors at said second pressure
whereby said compound therein adsorbs said gaseous reactant in an
exothermic reaction, and operating 50      said second portion of said
reactors at a temperature resulting in said first pressure whereby said
com- 



pound therein desorbs said gaseous reactant In an endothermic reaction, and
directing the heat transferfluid betweensaid reactors in successive
ascending order of the respec- tive vapour pressure of the different
compounds whereby at least a portion of heat recovered from an exothermic
adsorption reaction is directed to a reactor for heating a compound therein
for driving an en- 55       dothermic desorption reaction, the method
further comprising, during said first reaction cycle, directing gaseous
reactantfrom said first portion of said reactors to said receiving
apparatus, and directing gaseous reactant from said receiv- ing apparatus
to said second portion of said reactors, and, during said second reaction
cycle, directing 7    EP0500527B1 for the different stages is dependent on
the desired or available media, i.e., solid-vapor, liquid-vapor, etc., and
on the amount of cooling to be achieved at each temperature level. It is
desirable to maximize the number of stages in a cycle while maintaining
adequate heat transfer approach temperatures (temperature differentials)
for heat exchange between stages. Moreover, more than two temperature and
pressure levels may also be 5   used. Heat may be directed between any
state point (reaction chamber) and external heat exchange means in order to
input or to take advantage of the multiple cooling and heating temperatures
of such a system. For example, such a system may be used in cascaded
refrigeration, air heating and hot water supply, as well as in applications
with cogeneration systems where excess waste heat is available at multiple
temperature lev- els. 10      A heat pump incorporating multiple heat
rejection temperatures, or thermal compressor using multiple de- livery
pressures, operates In the same manner although some stages of sorption
operate below the Intermedi- ate pressure level(s). Multiple adsorption and
desorption pressures may also be used In a single system. Although not
intended as part of the present invention, the constant pressure staging
system may be op- erated with bivariant media In which the adsorbent vapor
pressure is also a function of the refrigerant concen- 15  tration. Each
individual vapor pressure line is replaced by a solution field over which
the specific media oper- ates. The resulting system is less practical for
use with bivariant solid vapor media, for example zeolites or activated
carbon, because solution fields, of reasonable refrigerant concentration
spread in the media, are quite wide. Since no overlap of solution fields is
acceptable, only a portion of the theoretical solution field and very few
stages may be used. Moreover, the large thermal masses and ineffective
staging results in low effi- 20  ciency. Additionally, during shutdown all
refrigerant will migrate to the lowest vapor pressure media, further
reducing efficiency for cyclic operation. Use of liquid absorbents
overcomes some of these bivariant media problems. Each stage of the
constant pressure staged cycle would be a narrow concentration range of the
me- dia. Media may be pumped from stage to stage such that as it is
desorbed and vapor decreased, it moves to a higher temperature stage, and
as fluid absorbed refrigerant it moves to a lower temperature stage.
Temper- 25  ature change between stages may be accomplished recuperatively.
Claims 3o  1. A method of operating a heat pump utilising solid-vapour
compound reactions in a reactor system com- prising: a plurality of three
or more reactors (12,14, 16) each reactor containing a different compound
com- prising a solid reactant adsorbent and a gaseous reactant adsorbed
thereon wherein each of said com- pounds has a different gaseous reactant
vapor pressure, substantially independent of the concentration 35      of
gaseous reactant, means for heating said reactors including means for
directing heat transfer fluids to and from each of said reactors, and
receiving apparatus for receiving and discharging gaseous reactant from and
to said plurality of reactors, comprising (a) a condenser (26) and an
evaporator (24), each operatively communicating with 40      said plurality
of reactors, (b) adsorbing-desorbing apparatus (55, 57) or (c) a mechanical
compressor (100), and including means for directing gaseous reactant
between said receiving means and said reac- tors, said method comprising:
in a first reaction cycle, operating a first portion of said reactors at a
temperature resulting 45      in a first pressure, whereby said compound
therein desorba said gaseous reactant in an endothermic re- action, and
operating said second portion of said reactors at a second pressure whereby
said compound therein adsorbs said gaseous reactant in an exothermic
reaction, and 



in a second reaction cycle, operating said first portion of said reactors
at said second pressure whereby said compound therein adsorbs said gaseous
reactant in an exothermic reaction, and operating 50      said second
portion of said reactors at a temperature resulting in said first pressure
whereby said com- pound therein desorbs said gaseous reactant in an
endothermic reaction, and directing the heattransfer fluid between said
reactors in successive ascending order of the respec- tive vapour pressure
of the different compounds whereby at least a portion of heat recovered
from an exothermic adsorption reaction is directed to a reactor for heating
a compound therein for driving an en- 55       dothermic desorption
reaction, the method further comprising, during said firstreaction cycle,
directing gaseous reactantfrom said first portion of said reactors to said
receiving apparatus, and directing gaseous reactant from said receiv- ing
apparatus to said second portion of said reactors, and, during said second
reaction cycle, directing 7    EP 0 500 527  B1                 C   L   M S
gaseous reactantfrom said second portion of said reactors to said receiving
apparatus, and directing gas- eous reactant from said receiving apparatus.
2. The method of Claim 1 In which said receiving apparatus comprises a
condenser (26) and an evaporator 5       (24), said method
furthercomprising directing desorbed gaseous reactantfrom desorbing
reactors to said condenser, directing gaseous reactant from said condenser
to said evaporator, and directing gaseous re- actant from said evaporator
to adsorbing reactors. 3.  The method of Claim 2 including recovering heat
from gaseous reactant condensation in said condenser. 10  4. The method of
Claim 2 including providing cooling from evaporation of the condensed
gaseous reactant in said evaporator. S. The method of Claim 1 wherein
external heat is directed to a first reactor of said first portion of
reactors in said first cycle for driving an endothermic reaction therein.
15 6. The method of Claim 1 including directing at least a portion of the
heat released during said exothermic reactions or at least a portion of the
heat absorbed during said endothermic reactions to heat exchange means for
energy recovery. 7. The method of Claims 1 or 2 wherein said gaseous
reactant comprises ammonia, water, hydrogen, carbon dioxide, sulfur
dioxide, lower alkanol, alkylamine, polyamine or phosphine. 8. The method
of Claim 7 wherein said solid reactant is a metal oxide, hydride, halide,
carbonate, nitrate, nitrite, sulfate, oxalate or sulfide. 25 9. The method
of Claim 8 wherein the metal of said solid reactant comprises an alkali
metal, alkaline earth metal, transition metal, aluminum, zinc, cadmium, or
tin. 10. The method of Claim 8wherein said solid reactant comprises a
double metal chloride, said metals selected 30      from an alkali metal,
alkaline earth metal, aluminum, manganese, iron, nickel or cobalt. 11. The
method of Claim 9 wherein said gaseous reactant is ammonia and said solid
reactant is a halide of said metal. 12. The method of Claims 1, 7,8 or 9
wherein said compounds adsorb and desorb the same gaseous reactant 35
at different temperatures, respectively, at said reaction pressures, and
wherein said different compounds are located In successive reactors in
successive ascending order of gaseous reactant vapor pressure. 13. The
method of Claim 12 wherein said different compounds are selected such that
the adsorption temper- ature of a lower vapor pressure compound at a low
reaction pressure, is higher than the desorption tem- 40      perature of a
successive higher vapor pressure compound at a high reaction pressure. 14.
The method of Claim 13 wherein said first pressure is higher than said
second pressure. 15. The method of Claim 14 wherein at least a portion of
the heat from an exothermic adsorption reaction of 45      a first of said
compounds having a lower vapor pressure than a second of said compounds is
directed to a reactor containing a compound having the next higher vapor
pressure for driving an endothermic des- orption reaction thereof. 16. A
method of Claim 12 including, in said first reaction cycle, pressurizing a
third portion of said reactors 50      at a third pressure whereby said
compound therein adsorbs said gaseous reactant in an exothermic re- action,
said second and third pressures being different from one another and less
than said first pressure. 17. A method of Claim 16 including, in said
second reaction cycle, operating said third portion of said reactors 



at a temperature resulting in said first or second pressure whereby said
compound therein desorbs said gaseous reactant in an endothermic reaction.
55 18. The method of Claim 1 in which said receiving apparatus comprises
adsorbing and desorbing means (55, 57), said method further comprising
directing desorbed gaseous reactant from desorbing reactors to said
adsorbing-desorbing apparatus and directing gaseous reactant from said
adsorbing-desorbing apparatus 8    EP 0 500 527 B1 to adsorbing reactors.
19. The method of Claim 18 wherein said gaseous reactant comprises ammonia,
water, carbon dioxide, sulfur dioxide, lower alkanol, alkyamine, polyamine
or phosphine, and wherein sad solid reactant Is a metal ox- 5       ide,
halide, carbonate, nitrate, nitrite, sulfate, oxalate or sulfide of an
alkali metal, alkaline earth metal, transition metal, aluminum, zinc,
cadmium, or tin, or a double metal chloride of metals selected from an
alkali metal, alkaline earth metal, aluminum, manganese, iron, nickel or
cobalt. 20. The method of Claim 19 comprising selecting said plurality of
compounds such that each of said com- 10       pounds adsorb and desorb the
same gaseous reactant at different temperatures, respectively, at said re-
action pressures. 21. The method of Claim 20 wherein said compounds are
selected such that the adsorption temperature of a lower vapor pressure
compound at a low reaction pressure, is higher than the desorption
temperature 15      of the next successive higher vapor pressure compound
at a high reaction pressure. 22. A method of Claim 21 including, in said
first reaction cycle, pressurizing a third portion of said reactors at a
third pressure whereby said compound therein adsorbs said gaseous reactant
in an exothermic re- action, said second and third pressures being
different from one another and less than said first pressure. 20  23. A
method of Claim 22 including in said second reaction cycle, operating said
third portion of said reactors at a temperature resulting in said first or
second pressure whereby said compound therein desorbs said gaseous reactant
in an endothermic reaction. 24. The method of Claims 19 or 23 including
recovering heat and/or providing cooling from said adsorb- 25
ing/desorbing apparatus. 25. The method of Claim 1 in which said receiving
apparatus comprises a mechanical compressor (100), said method further
comprising directing desorbed gaseous reactant from desorbing reactors to
an inlet side of said mechanical compressor, and directing gaseous reactant
from an outlet side of said mechanical 30       compressor to adsorbing
reactors. 26. The method of Claim 25 comprising selecting said plurality of
compounds such that each of said com- pounds adsorb and desorb the same
gaseous reactant at different temperatures, respectively, at said re-
action pressures. 35  27. The method of Claim 26 further comprising
introducing said compounds into successive reactors in suc- cessive
ascending order of adsorption temperature at the same adsorption pressure.
28. The method of Claim 27 wherein said compounds are selected such that
the adsorption temperature of a compound, at adsorption pressure, is higher
than the desorption temperature of the next lower vapor 40       pressure
compound, at desorption pressure. 29. A method of Claim 27 including, in
said first reaction cycle, pressurizing a third portion of said reactors at
a third pressure whereby sad compound therein adsorbs said gaseous reactant
in an exothermic re- action, said second and third pressures being
different from one another and greater than said first pres- 45      sure.
30. A method of Claim 29 including, in said second reaction cycle,
pressurizing said third portion of said re- actors at said first or second
pressure whereby said compound therein desorbs said gaseous reactant in an
endothermic reaction. 50 31. A heat pump apparatus utilising solid-vapor
compound reactions comprising a plurality of three or more reaction
chambers (12,14,16) each of said chambers having a different complex
compound therein comprising a solid reactant adsorbent and a gaseous
reactant adsorbed there- on, each of said complex compounds having a
different gaseous reactant vapor pressure, substantially 55
Independent of the concentration of the gaseous reactant therein, said
complex compounds having an ascending order of gaseous reactant vapor
pressure with the 



adsorption temperature of a lower vapor pressure compound at a low reaction
pressure being higher than the desorption temperature of the next
successive higher vapor pressure compound at a high reaction 9    EP 0 500
527B1                       C    L    M    S pressure, wherein said gaseous
reactant comprises ammonia, water, carbon dioxide, sulfur dioxide, a lower
alkanol, lower alkane, an alkyamine, a polyamine or phosphine and said
solid reactant adsorbent com- prises an inorganic salt comprising a metal
oxide, halide, carbonate, oxalate, nitrate, nitrite, sulfite and s
sulfate, wherein said metal comprises alkali metal, alkaline earth metal,
transition metal, aluminum, zinc, cadmium, or tin, orsaid saltoomprises a
double metal chloride of metals selected from an alkali metal, alkaline
earth metal, aluminum, manganese, iron, nickel or cobalt, and means for
directing heat from an adsorption reaction chamber to a desorption reaction
chamber. 10 32. Apparatus of Claim 31 including means for directing heat
between reaction chambers and external heat exchange means. 33. Apparatus
of claims 31 or 32 including receiving means for receiving and discharging
gaseous reactant 15      from and to said plurality of reactors, said
receiving means comprising (a) a condenser (26) and an evap- orator (24),
(b) adsorbing-desorbing means (55, 57), or (c) a mechanical compressor
(100), and including means for directing gaseous reactant between said
receiving means and said reactors. 34. Apparatus of Claim 33 wherein said
receiving means comprises a condenser (26) and an evaporator (24) and said
apparatus further comprises means for recovering heat from said condenser
and/or providing cooling from said evaporator. 35. Apparatus of Claim 33
wherein said receiving means comprises adsorbing-desorbing means comprising
two or more reactors (55, 57) containing a complex compound, an inorganic
salt adsorbent, or a liquid adsorbent composition. 25 36. Apparatus of
Claim 33 wherein said receiving means comprises a mechanical compressor
(100). 37. A method of operating a mechanical or pressure driven heat pump
or refrigeration system comprising: selecting a plurality of two or more
different compounds comprising a solid reactant adsorbent and 30      a
gaseous reactant adsorbed thereon, wherein each of said complex compounds
has a different gaseous reactant vapor pressure, substantially independent
of the concentration of the gaseous reactant, locating a different one of
said compounds in a different one of a plurality of reactors (104, 105), in
a first reaction cycle, pressurizing a first portion of said reactors at a
first pressure, whereby said compound therein desorbs said gaseous reactant
at said first pressure in an endothermic reaction direct- 35      ing said
desorbed gaseous reactantto a compressor, and pressurising said second
portion of said reactors at a second pressure, higher than said first
pressure with gaseous reactant from said compressor, where- by said
compound therein adsorbs said gaseous reactant at said second pressure in
an exothermic re- action, in a second reaction cycle, pressurising said
first portion of said reactors at said second pressure 40      whereby said
compound therein adsorbs said gaseous reactant at said second pressure in
an exothermic reaction, and pressurising said second portion of said
reactors at said first pressure whereby said com- pounds therein desorb
said gaseous reactant at said first pressure in an endothermic reaction and
direct- ing said desorbed gaseous reactant to said compressor, and
directing the heattransferfluid between said reactors in successive
ascending orderof the respec- 45      tive vapour pressure of the different
compounds whereby at least a portion of the heat released from said
exothermic adsorption reaction is directed to a reactor for heating
compounds therein for driving an en- dothermic desorption reaction. 38. The
method of Claim 37 comprising selecting said plurality of compounds such
that each of said com- 50      pounds adsorb and desorb the same gaseous
reactant at different temperatures, respectively, at said re- action
pressures. 39. The method Claim 38 comprising introducing said compounds
into successive reactors in successive as- cending order of adsorption
temperature at the same adsorption pressure. 40. The method of Claim 39
wherein said compounds are selected such that the adsorption temperature of



a compound, at adsorption pressure, is higher than the desorption
temperature of the next lower vapor pressure compound, at desorption
pressure. 10    EP 0 500 527 B1 41. A method of Claim 37 including, in said
first reaction cycle, pressurizing a third portion of said reactors at a
third pressure whereby said compound therein adsorbs said gaseous reactant
in an exothermic re- action, said second and third pressures being
different from one another and greater than said first pres- sure. 5 42. A
method of Claim 41 including, in said second reaction cycle, pressurizing
said third portion of said re- actors at said first or second pressure
whereby said compound therein desorbs said gaseous reactant in an
endothermic reaction. 10  43. A mechanical or pressure actuated heat pump
apparatus comprising a plurality of two or more reaction chambers (104,
105) each of said chambers having a different compound therein comprising a
solid reactant adsorbent and a gaseous reactant adsorbed thereon, each of
said compounds having a different gaseous reactant vapor pressure,
substantially independent of the concentration of the gaseous reactant
therein, 16           said compounds having an ascending orderof adsorption
temperatures at the same adsorption and desorption pressure, respectively,
and wherein the lower adsorption temperature compound adsorption
temperature at high reaction pressure is higher than the desorption
temperature of the next successive higher adsorption temperature compound
at low reaction pressure, wherein said compounds comprise a gaseous
reactant selected from the group consisting of am- 20      monia, water,
carbon dioxide, sulfur dioxide, a lower alkanol, an alkyamine, a polyamine
and phosphine and a solid Inorganic salt selected from the group consisting
of a metal oxide, halide, carbonate, oxalate, nitrate, nitrite, sulfite and
sulfate, wherein said metal is selected from the group consisting of an
alkali metal, alkaline earth metal, transition metal, aluminum, zinc,
cadmium and tin, or a solid salt comprising double metal chloride of metals
selected from the group consisting of an alkali metal, alkaline earth
metal, 25      aluminum, manganese, Iron, nickel, cobalt, and means for
directing heat from a high pressure adsorbing compound/eactor to a low
pressure des- orbing compound/reactor, and a mechanical compressor (100),
conduit means (113, 114) and valve means (101) co-operating therewith for
directing said gaseous reactant to and from said plurality of reaction
chambers from and to 30      said mechanical compressor. 44. Apparatus of
Claim 43 including means for directing heat between reaction chambers and
external heat exchange means. 35   PatentansprOche 1. Verfahren zum
Betreiben einer Warmepumpe unter Verwendung von
Feststoff-Gas-Verbundreaktionen In elnem Reaktorsystem; - mit einer
Mehrzahl von drei oder mehr Reaktoren (12, 14, 16), wobel jeder Reaktor
sine andere Ver- bindung mit einem adsorbisrenden
Feststoffreaktionsteilnehmerund einem daran adsorbierten gas- fdrmigen
Reaktionsteilnehmer enthilt, wobei jede der Verbindungen einen
unterachiedlichen Gas- reaktionsdampfdruck hat, der im wesentlichen
unabhAngig von der Konzentration des gasformigen Reaktionsteilnehmers ist,
45        - mit Mittein zum Erwarmen der Reaktoren, mit Einrichtungen zum
Leiten von Warmefbertragungs- fluiden zu und weg von jedem Reaktor, und -
mit einer Aufnahmevorrichtung zum Aufnehmen und Entladen des gasformigen
Reaktionstellneh- mers von und zu derVielzahl von Reaktoren, mit (a) elnem
Kondensator (26) und einem Verdampfer (24), die beide betriebamlig mit
derVielzahl von Reaktoren kommunizieren, mit (b) einerAdsorbler- 60
Desorbisrvornchtung (55, 57) oder (c) einem mechanischen Verdlchter (100)
und mit einer Einrich- tung zum Leiten eines gasfirmigen
Reaktionsteilnehmers zwlschen der Aufnahmeeinrichtung und den Reaktoren,
wobei das Verfahren folgende Schritte aufweist: - In einem ersten
Reaktionszyldus Betreiben einer ersten Gruppe der Reaktoren bei einer
Temperatur, die zu einem ersan Druck ffhrt wodurch die darin befindliche
Verbindung den gasformigen Reak- 



tionsteilnehmer in einer endothermen Reaktion desorbiert, und Betreiben der
zweiten Gruppe der Reaktoren be! einem zwelten Druck, wodurch die darin
befindliche Verbindung den gasfanmigen Re- aktionsteilnehmer In einer
exothermen Reaktion adsorbiert, und    ! l 11111111111111111 111111 EP 0
500 527 SI                         *   c   L   M   S   * - in einem zweiten
Reaktionszyidus Betreiben der ersten Gruppe der Reaktoren bei dem zweiten
Druck, wodurch die darn befindiiche Verbindung den gasformigen
Reaktionsteilnehmer in elnerexo- thermen Reakthon adsorbiert, und Betrelben
derzweiten Gruppe derReaktoren bei einerTemperatur, die zu dem ersten Druck
fOhrt, wodurch die darin befindliche Verbindung den gasfirmigen Reakti- 5
onsteilnehmer in siner endothermen Reaktion desorbiert, und - Leiten des
Warmsribertragungsfluides zwischen den Reaktoren In nach und nach
ansteigender Rei- hederentsprechenden Dampfdrulcke derverschiedenen
Verbindungen, wodurch wenigstens ein aus einer exothermen
Adsorptionsreaktion wiedergewonnener Teil derWarme zu einem Reaktorgeleitst
wird, urn esine darin befindliche Verbindung zu erwarmen, urn eine
endotherme Desorptionsreaktion 10          zu betreiben, - wobsi das
Verfahren weiterhin die Schritte enthalt, wahrend des ersten
Reaktionszyidus den gas- formlgen Reaktionsteilnehmer aus der ersten Gruppe
der Reaktoren zu der Aufnahmevorrichtung zu leiten und einen gasformigen
Reaktionsteilnehmer von derAufnahmevorrichtung zu der zweiten Gruppe der
Reaktoren zu fflhren und wahrend des zweiten Reaktionszyidus den
gasformigen Reak- 15          tionsteilnehmer von der zweiten Gruppe der
Reaktoren zu der Aufnahmevorrichtung zu leiten und den gasf8rmigen
Reaktionsteilnehmer von derAufnahmevorrichtung zu Isiten. 2.  Verfahren
nach Anspruch 1, be! dem die Aufnahmevorichtung einen Kondensator (26) und
einen Ver- dampfer (24) aufweist, wobei des Verfahren die Schritte
aufweist: Leiftn sines desorbierten gasfBrmigen 20
Reaktionsteilnehmers von desorbierenden Reaktoren zu dem Kondensator,
Leiton sines gasformigen Re- aktionsteilnehmers von dem Kondensator zu dem
Verdampfer, und Leiton sines gasformigen Reaktions- teilnehmers von dem
Verdampfer zu Adsorbierreaktoren. 3. Verfahren nach Anspruch 2, wobsi
Wfirme aus einer Kondensation gasformiger Reaktionstoilnehmer in 25
dem Kondensator wiedergewonnen wird. 4.  Verfahren nach Anspruch 2, wobsi
Kilhiung des bei der Verdampfung in dem Verdampfer kondensierten
gasformigen Reaktionstsilnehmers vorgesehen wird. 5.  Verfahren nach
Anspruch 1, wobei Aug3ere Wirme zu elnem ersten Reaktor der ersten Gruppe
von Re- 30      aktoren Im erston Zyidus zum Betreiben einer darin
ablaufenden endothermen Reaktion geleitet wird. 6. Verfahren nach Anspruch
1, wobei wenigstens sin Teil der Wfirme, die wihrend der exothermen Reak-
tionen frel wird, oderwenigstens sin Teil derWirme, die wfhrend
derendothermen Reaktionen adsorbiert wird, zu Wfrmetauschervorrichtungen
zur EnergierOckgewinnung geleitet werden. 35 7.  Verfahren nach Anspruch 1
oder2, wobel dergasformige ReaktionstoilnehmerAmmoniak, Wasser, Was-
serstoff, Kohlendloxid, Schwefeldioxid, niederes Alkanol, Alkyiamin,
Polyamin oder Phosphin aufweist. 8. Verfahren nach Anspruch 7, wobei der
Feststoffreaktionstoilnehmer Metalloxid, Hydrid, Halogenid, Kar- 40
bonat, Nitrat, Nitrit, Sulfat, Oxalat odsr Sulfid ist. 9. Verfahren nach
Anspruch 8, wobei des Metall des Feststoffreaktlonsteilnehmers sin
Alkalimetall, Erdal- kalimetall, sin Obergangsmetall, Aluminium, Zink,
Kadmium oder Zinn enthfilt. 4   10. Verfahren nach Anspruch 8, wobei der
Feststoffreaktionsteiinehmer sin Doppelmetalichlorid enthfilt, wo- bei die
Metalle ausgewihit sind aus Alkalimetall, Erdalkalimetall, Aiuminium,
Mangan, Eisen, Nickel oder Kobalt. 11. Verfahren nach Anspruch 9, wobsi
dergasformeig ReaktionsteilnehmerAmmoniak ist und der Feststoff-
reaktionstellnehmer sin Halogenid dieses Metalls lst. 50 12. Verfahren nach
Anspruch 1, 7, 8 odor 9, wobel die Verbindungen den gleichen gasf8rmigen
Reaktions- tbilnehmer be! untbrschiedlichen Temperaturen bei den genannten
Reaktionsdrucken adsorbieren und desorbleren, und wobei die verschiedenen
Verbindungen In aufeinanderfolgenden Reaktoren in aufein-
anderfoigenderstoigender Ordnung des Dampfdruckes des gasf6rmigen
Reaktionsteilnehmers angeord- 55       net sind. 13. Verfahren nach
Anspruch 12, wobel die verschiedenen Verbindungen so ausgewihit sind, dall
die Ad- 



sorptlonstemperatur einer Verbindung mit niedrigerem Dampfdruck bei einem
niedrigen Reaktionsdruck 12    hoher bt als die Desorptionstemperatur
einerfolgenden Verbindung mit h8herem Dampfdruck bei hohem Reaktiondruck.
14. Verfahren nach Anspruch 13, wobei der erste Druck h8her lst als der
zweibt Druck. 5 15. Verfahren nach Anspruch 14, wobei wenIgstns ein Tell
derWairme aus einer exothermen Adsorptions- reaktion elner ersaen der
Verbindungen, die einen niedrigeren Dampfdruck als eine zweite der
Verbindun- gen hat, zu elnem Reaktorgeleitst wird, der eine Verbindung
enthilt, die den nachst h8heren Dampfdruck hat zum Betreiben einer
endothermen Desorptionareaktion derselben. 10  16. Verfahren nach Anspruch
12, wobei im ersten Reaktionszyldus elne dritte Gruppe der Reaktoren be!
ei- nem dritten Druck untbr Druck gesetzt wird, wodurch die darin
befindliche Verbindung den gasfonmigen Reaktionsatilnehmer in elner
exothermen Reaktion adsorbiert, wobel die zweiten und dritten Drflcke sich
voneinander unterschelden und niedriger als der erste Druck sind. 5   17.
Verfahren nach Anspruch 16, wobei im zweiten Reaktionszyldus die dritte
Gruppe derReaktoren bei einer Temperatur betrieben wird, die zu dem ersten
oder zweitn Druck fflhrt, wodurch die darin befindliche Verbindung den
gaaformigen Reaktionstelnehmer in einer endothermen Reaktion desorbiert.
18. Verfahren nach Anspruch 1, bei dem die Aufnahmevorrichtung Adsorptions-
und Desorptionsvorrichtun- {   20       gen (55, 57) aufwelst, wobei das
Verfahren die Schritte Leitn eines desorbierten gasformigen Reakti-
onsteilnehmera von Desorptionsreaktoren zu den
Adsorptions-Desorptionsvorrichtungen enthailt und Lei- ten elnes
gaaformigen Reaktionsatilnehmers von den
Adsorptione-Desorptionsvorrichtungen zu absor- blerenden Reaktoren aufwelst
25  19. Verfahren nach Anspruch 18, wobel der gaaffrmige
Reaktionsatllnehmer Ammoniak, Wasser, Kohlendi- oxid, Schweofeldioxid,
niederes Alkanol, Alkylamin, Polyamin oder Phosphin aufwelst, und wobei der
Feast- stoffreaktionsteilnehmer ein Metalloxid, Halogenid, Karbonat,
Nitrat, Nitrit, Sulfat, Oxalat oder Sulfid ei- nesAlkalimetalls,
Erdalkalimetalls, Obergangametalls, von Aluminium, Zink Kadmium oderZinn
oder ein Doppelmetallchlorid aus Metallen !at, die ausgswAhlt sind aus
einem Alkalimetall, elnem Erdalkalimetall, 30      Aluminium, Mangan,
Eisen, Nickel oder Kobalt. 20. Verfahren nach Anspruch 19, wobei die
Mehrzahl von Verbindungen so ausgowahIt wird, daB jede der Verbindungen
denselben gaaformigen Reaktionstailnehmer be! unterschiedlichen
Temperaturen be! den genannten entsprechenden Reaktionsdr~cken adsorbiert
und desorbiert. 35 21. Verfahren nach Anspruch 20, wobei die genanntbn
Verbindungen derart ausgewahIt werden, dam die Ad- sorptionstemperatur
einer Verbindung mit niedrigerem Dampfdruck be! elnem niedrigen
Reaktbonsdruck hoher !at als die Desorptionstemperatur der Verbindung mit
dem nachstfolgenden h8heren Dampfdruck bei einem hohen Reaktionsdruck. 22.
Verfahren nach Anspruch 21, wobei In elnem ersten Reaktionszyklus eine
dritto Gruppe der Reaktoren bel einem dritten Druck unter Druck gesetzt
wird, wodurch die darin befindliche Verbindung den gasfor- migen
Reaktionsteilnehmer in einer exothermen Reaktion adsorbiert, wobel die
zweitn und dritten Drflcke aich voneinander unterscheiden und niedriger ala
der ersbt Druck sind. 45  23. Verfahren nach Anspruch 22, wobei in dem
zweiten Reaktlonszyklus die dritto Gruppe der Reaktoren be! einer
Temperatur betrioben wird, die zu dem eraton odor zweitn Druck fihrt,
wodurch die darin befind- liche Verbindung den gasformigen
Reaktionsteilnehmer in einer endothermen Reaktion desorbiert. 24. Verfahren
nach den Ansprflchen 19 oder 23, wobel Wirme wiedergewonnen wird undloder
Kuhlung aus c0      der Adsorbber/Desorbiervorrichtung erzeugt wird. 25.
Verfahren nach Anspruch 1, bel dem dieAufnahmevorrichtung eonen
mechanischen Verdichter (100) auf- welst, wobel das Verfahren augerdem die
Schritte aufweiast: Leitn oines desorbierten gaaformigen Re-
aktionsatilnehmers von Desorptionareaktoren zu einer Einlaulaeito des
mechanischen Verdichters und 55       Leiten eines gaafirmigen
Reaktionstallnohmers von einerAuslagaeibt des mechanlachen Verdichtbrs zu
Adsorptionsreaktoren. 26. Verfahren nach Anspruch 25, wobel die Mehrzahl
der Verbindungen so ausgewAhit wird, daB jede der 13   



Verbindungen den glelchen gasformigen Reaktionstilnehmer bei
unterschiedlichen Temperaturen bei den entsprechenden Reaktionsdrrlcken
adsorbiert und desorbiert. 27. Verfahren nach Anspruch 26, wobel die
Verbindungen in aufeinanderfolgende Reaktoren in aufeinander- 5
folgender aufsteigonder Ordnung der Adsorptionstomperatur be! dem gleichen
Adsorptionsdruck singe- tfhrtwerden. 28. Verfahren nach Anspruch 27, wobei
die Verbindungen so ausgewghit werden, daB die Adsorptionstem- peratur
einer Verbindung be! Adsorptionsdruck hoher ist ale die
Desorptionstemperatur der Verbindung 10     mmit dem nachst nledrigeren
Dampfdruck be! Desorptionsdruck. 29. Verfahren nach Anspruch 27, wobei in
dam ersten Reaktionszyklus sine dritte Gruppe der Reaktoren be! einem
dritten Druck unter Druckgesetztwird, wodurch die darin befindliche
Verbindung den gasformigen Reaktionstellnehmer.in einer exothermen Reaktlon
adsorbiert, wobel die zweiten und dritten DrOcke sich 15      voneinander
unterscheiden und gr8ger als der erste Druck sind. 30. Verfahren nach
Anspruch 29, wobel In dom zweiten Reaktionszyklus die dritte Gruppe der
Reaktoren bei dem ersten oder zweiten Druck unter Druck gesetzt wird,
wodurch die darin befindliche Verbindung den gasformigen
Reaktionsteilnehmer in einer endothermen Reaktion desorbiert. 20  31.
Wirmepumpenvorrichtung, die Feststoff-Dampf-Verbindungsreaktionen nutzt, -
mit elner Mehrzahl von drei oder mehr Reaktionskammern (12, 14, 16), wobel
jede der Kammern in sich sine andere komplexe Verbindung mit einem
adsorblerenden Feststoffreaktionsteilnehmer und einem daran adsorbierten
gasformigen Reaktionsteilnehmer enthAlt, wobeijede der komplexen Ver-
bindungen einen anderen Dampfdruck des gasformigen Reaktionsteilnehmers
hat, der im wesent- 25          lichen unabhingig von der Konzentration des
darin befindiichen gasf8rmigen Reaktionstsilnehmers ist, - wobei die
komplexen Verbindungen sine anstelgende Reihe des Dampfdrucks des
gasftrmigen Re- aktionsteilnehmers haben, wobsi die Adsorptionstemperatur
einer Verbindung mit niedrigerem Dampfdruck bel elnem niedrigen
Reaktionsdruck hoher ist als die Desorptionstemperatur der Ver- 30
bindung mit dem nfchstfolgenden hoheren Damptdruck bei einem hohen
Reaktionsdruck, - wobei der gaefrmige Reaktionsteilnehmer Ammoniak, Wasser,
Kohlendioxid, Schwefeldioxid, sin niederes Alkanol, niederes Aikan, ein
Alkylamin, sin Polyamin oder Phosphin aufweist und der ad- sorbierende
Feststoffreaktionstellnehmer sin anorganisches Salz enthilt, das ein
Metalloxid, Halo- genid, Karbonat, Oxalat, Nitrat, Nitrit, Suitit und
Sulfat enthalt, wobei des Metall Alkalimetall, Erdal- 35
kalimetall, Obergangsmetall, Aluminium, Zink, Cadmium oder Zinn enthilt, -
oder wobei das Salz sin Doppelmetallchlorid von Metallen, die aus
Alkalimetall, Erdalkalimetall, Alu- minium, Mangan, Eisen, Nickel oder
Kobalt ausgewahit sind, enthalt und - mit Mittein zum Leiten von Warme von
elner Adsorptionsreaktionskammer zu einer Desorptionsre- Ks
aktlonskammer. 40 32. Vorrichtung nach Anspruch 31, mit Mitteln zum Leiten
von Warme zwischen Reaktionskammern und au- fsren
Warmetauschereinrichtungen. 33. Vonrichtung nach Anspruch 31 oder 32, mit
einerAufnahmeeinrichtung zum Aufnehmen und Entladen ei- 45      nes
gasftnmigen Reaktionsetilnehmers aus der und an die Mehrzahl der Reaktoren,
wobel die Aufnah- meeinrichtung (a) einen Kondensator (26) und oenen
Verdampfer (24), (b) sine Adsorptions- Desorptionsvorrichtung (55, 57) oder
(c) olnen mechanischen Verdichter (100) aufweist, und Mittel zum Leiten
sines gasftrmigen Reaktionsteilnehmers zwischen der Aufnahmeeinrichtung und
den Reaktoren aufweist. 50 34. Vonrichtung nach Anspruch 33, wobel die
Aufnahmeeinrichtung einen Kondensator (26) und eonen Ver- dampfer (24)
aufweist, und wobei die Vorrichtung augerdem Mittel zum Wiedergewinnen von
Warme von dom Kondensator und/oder Erzeugen von Kuhlung von dem Verdampfer
aufweist. 55  35 Vorrichtung nach Anspruch 33, wobel die
Aufnahmeeinrichtung sine Adsorptions-Desorptionsvorrichtung aufwelst, die
zwel oder mehr Reaktoren (55, 57) aufweist, die sine komplexe Verbindung,
sin adsorbie- rendes anorganisches Sulz oder sine flussige adsorbierende
Mischung enthalbtn. 14    I llflj 111111 IIIJI DII 111111 
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dieAufnahmeeinrichtung oinen mechanischen Verdichter (100) auf- waist. 37.
Verfahren zum Betreiben elner(s) mechanisch oder mit Druck betriebenen
Warmepumpe oder Kuhisy- sstems mit folgenden Schritten: - Auswahlen einer
Mehrzahl von zwei oder mehr unterschledlichen Verbindungen, die einen
adsor- blerenden Feststoffreaktionsteilnehmer und einen daran adsorbierten
gasformigen Reaktionsteil- nehmer aufweisen, wobel Jede der komplexen
Verbindungen einen unterschiedlichen Dampfdruck des gasformlgen
Reaktionsteilnehmers hat, der im wesentlichen unabhtngig von der
Konzentration 10          des gasformigen Reaktionstellnehmers !st, -
Einbringen elner anderen der genannten Verbindungen in eonen anderen einer
Mehrzahl von Reek- toren (104, 105), - in einem ersten Reaktlonszykdus
Unterdrucksetzen elnerersten Gruppe der Reaktoren be eineom or- sten
Druck,wodurch die darin befindliche Verbindung den gasfarmigen
Reaktionsteilnehmerbei dem 15          ersten Druck In aener endothenmen
Reaktlon desorbiert, - Leiten des desorbberten gasformigen
Reaktionsteilnehmers zu einem Verdichter und Unterdrucksetzen der zweiten
Gruppe der Reaktoren bel elnem zweiten Druck, der h8her als der er- ste
Druck des gasf8rmigen Reaktionsteilnehmers des Verdichters ist, wodurch die
darin befindliche Verbindung den gasf5rmigen Reaktionstellnehmer bei dam
zweiten Druck in einer exothermen Re- 20          aktion adsorblert, - in
einem zweiten Reaktionszyldus Unterdrucksetzen derersten Gruppe der
Reaktoren bei dim zwei- ten Druck, wodurch die darin befindliche Verbindung
den gasformigen Reaktionsteilnehmer bei dem zweiten Druck in einer
exothermen Reaktion adsorbiert, und Untbrdruckeetzen der zweiten Gruppe der
Reaktoren bel dim ersten Druck, wodurch die darin befindlichen Verbindungen
den gasformigen 25          Reaktionstellnehmer bei dem ersten Druck In
elner endothermen Reaktion desorbieren, und Leiten des desorbierten
gasformigen Reaktionsteilnehmers zu dim Verdichter und - Leiten des
Wgrme0bertragungsfluides zwischen den Reaktoren in aufeinanderfolgend
aufateigen- der Reihe des entsprechenden Dampfdruckes der verschiedenen
Verbindungen, wodurch wenig- stens ein Tell der be! der genannten
exothermen Adsorptionsreaktion freiwirdenden Warme zu ei- 30          nem
Reaktorgeleitetwird, um darin befindlicheVerbindungen zum Betreiben
einerendothermen De- sorptionsreaktion zu erwarmen. 38. Verfahren nach
Anspruch 37, wobei die Mehrzahl von Verbindungen derart ausgewghit wird,
daB jede der Verbindungen denselben gasformigen Reaktionsteilnehmer bel
unterschiedlichen Temperaturen bei 3S      den genannten Reaktionsdrflcken
ad- und desorbiert. 39. Verfahren nach Anspruch 38, wobel die genannten
Verbindungen In aufeinanderfbigende Reaktoren In sukzessiv ansteigender
Reihe der Adsorptionstemperaturen bei dam glelchen Adsorptionsdruck einge-
fuhrtwerden. 40  40. Verfahren nach Anspruch 39, wobei die Verbindungen so
ausgewahit wirden, dal die Adsorptionstim- peratur elner Verbindung be!
Adsorptionsdruck h8her ist als die Desorptionstamperatur der Verbindung mit
dim nachst nledrigeren Dampfdruck bel Desorptionsdruck. 41. Verfahren nach
Anspruch 37, wobei in dim ersten Reaktionszyklus eine dritte Gruppe der
Reaktoren bei 45      einem dritten Druck unter Druckgesetztwird, wodurch
die darin befindliche Verbindung den gasformigen Reaktionsteilnihmer in
elner exothermen Reaktlon adsorbiert, wobei die zweiten und drittbn Drucke
sich voneinander unterscheiden und grOBer als der erste Druck sind. 42.
Verfahren nach Anspruch 41, wobel Im zweitn Reaktionszyklus die dritti
Gruppe der Reaktoren bei dim 50      erstin oder zweiten Druck unter Druck
gesetzt wird, wodurch die darin befindliche Verbindung den gas- fOrmigen
Reaktionsteilnehmer in einer endothermen Reaktion desorbiert. 43.
Mechanische oder druckbetriebene Wirmepumpenvorichtung - mit einer Mehrzahl
von zwei oder mehr Reaktionskammern (104, 105), woboi jede dir Kammern in
55          sich eine andere Verbindung enthilt, mit einem adsorbierenden
Feststoffreaktionstiilnehmer und ei- nem damn adsorbiertbn gasformigen
Reaktionstiilnehmer, wobei jede der Verbindungen oinen un- terechiedlichen
Dampfdruck des gasfbrmigen Reaktionamittels hat, der im wesentlichen
unabhangig von der Konzentratlon des darin befindlichen gasf8rmigen
Reaktionstellnehmers ist, 15    
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Verbindungen sine aufsatlgende Reihe von Adsorptionstemperaturen bel
gleichem Adsorptions- und Desorptionsdruck haben, und wobei die
Adsorptionstemperatur der niederen Ad- sorptionstemperaturverbindung bel
hohem Reaktionsdruck hoher Ist als die Desorptionstemperatur der nachsten
sukzessiv hoheren Adsorptionstemperaturverbindung bei niedrigem
Reaktionsdruck, 5         - wobei die Verbindungen einen gasffrmigen
Reaktionsteilnehmerenthalten, deraus derGruppe aus- gewahit lst, die aus
Ammoniak, Wasser, Kohlendioxid, Schwefeldioxid, einem niedrigeren Alkanol,
einem Alkylamin, einem Polyamin und Phosphin und elnem festen anorganischen
Salz besteht, des aus der Gruppe ausgewahit ist, die aus Metalloxid,
Halogenid, Karbonat, Oxalat, Nitrat, Nitrit, Sulfit und Sulfat bestsht,
ausgewahit at, wobei dus Metall aus der Gruppe ausgewAhit ist, die aus
Alkali- 10          metall, Erdalkalimetall, Obergangsmetall, Aluminium,
Zink, Cadmium und Zinn, odereinem Feststoff- salz besteht, des ein
Doppelmetallchlorid von Metallen enthalt, die aus der Gruppe ausgewihit
sind, die aus Alkallmetall, Erdalkalimetall, Aluminium, Mangan, Eisen,
Nickel, Kobalt bestsht, und - Mittel zum Leiten von Warme von einer/elnem
Hochdruck-Adsorptionsverbindung/-reaktor zu ei- ner(m)
Niedrigdruck-Desorptionsverbindung/-reaktor und 15        - mitelnem
mechanischen Vordichter (100), einer Fflhrungseinrichtung (113,114) und
einerVentilein- richtung (101), die damit zusammenarbeiten, urn den
genanntbn gasfirmigen Reaktionsteilnehmer zu und von der Mehrzahl von
Reaktionskammern zu und von dem mechanischen Verdichterzu leiten. 44.
Vorrichtung nach Anspruch 43, mit Mittein zum Leiten von Warme zwischen
Reaktionskammem und au- 20      Ienliegenden Warmetauschorelnrichtungen.
Revendications 25  1.  Prochd6 de fonctionnement d'une pompe A chaleur
utilisant des r6actlons de composes solide-vapeur dans un dispositif de
rMacturs comportant: une pluralite de trols rMactours ou plus (12, 14, 16),
chaque ractur contonant un compose diOf- rent comprenant un rMactif solide
adsorbant et un rMactif gazeux adsorbb sur coelui-cl, ou chacun desdits
composes a une pression de vapeur du rMactif gazeux differento,
sensiblement Independante de la 30      concentration du rMactif gazeux,
des moyens pour chauffer lesdits rMactours, comprenant des moyens pour
transfarer des fluides caloporteurs A destination et en provenance des
rMacteurs, et un dispositif rcepteur pour reoevoir et d6livrer du ractif
gazeux en provenance et a destination de ladite pluralite de rMacteurs,
comprenant (a) un condenseur (26) ot un evaporatbur (24), pourvus cha- 35
cun d'une communication fonctionnelle avoc ladito pluralite de rMactours,
(b) un dispositif d'adsorption- desorption (55, 57) ou (c) un compresseur
mecanique (100), ot comprenant des moyens pour transferer du rMactif gazeux
entre les moyens r6cepteurs et les rMactours, le procede comprenant des
operations dans lesquelles: dans un premier cycle de reactions, on fait
fonctionner une premibre partle des rMactours A 40      une tomperature
ayant pour rMsultat une premiere pression, de sortb que le compos6 sVy
trouvant d6sorbe le rMactif gazeux dans une rMaction endothermique, eti on
faitfonctionnerla seconde partie des rMacteurs A une seconds pression, de
sorto que le compose s'y trouvant adsorbe Is rMactif gazeux dans une
rMaction exothermique, et dans un second cycle de rMactions, on fait
fonctionner ladito premiere partie des rMacteurs 4s      A ladito seconde
pression, de sorto que Is compose s'y trouvant adsorbe le r6actif gazeux
dans une rMac- tion exothermique, et lon fait fonctionner ladito seconde
partie des rMacteurs A une tbmperature ayant pour rMsultat ladite premibre
pression, de sortb que Is compose s'y trouvant desorbe le rMactif gazeux
dans une rMaction endothermique, et on transfere le fluide caloporteur
entre lesdits rMacteurs dans un ordre succossif croissant des so
pressions de vapeur respectives des difftrents compose, de sorts qu'au
moins une partie de la chaleur recuellble d une rMaction d'adsorption
exothermique ost transferee A un rMactour pour chauffer un compo- se sy
trouvant afin d'entralner une rMaction de desorption endothermique, le
procede comprenant en outre des operations dans lesquelles, pendant Io
premier cycle de rMactions, on transftre du rMactif gazeux de ladite
premibre partie des rMacteurs au dispositif rMceptour, 5C      et 'on
transftre du rMactif gazeux du dispositif rMceptoura ladito seconde partie
does Macteurs et, pendant le second cycle de reactions, on transfere du
rMactif gazeux de ladite premeire partle des rMactours au dispositif
recepteur et lon transfere du rMactif gazeux A partir du dispositif
rMceptur.    
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salon la revendication 1, dana lequel le dispositif recopteur comports un
condenseur (26) et un evaporatur (24), le procede comportant en outre des
operatlons ob l'on transfere du riactif gazeux de- sorbi des reacteurs en
desorption au condenseur, on transfere du reactif gazeux du condenseur A
l'iva- porateur, et l'on transfere du reactif gazeux de 1' evaporateur aux
riacteurs en adsorption. 5 y/.      3.  Procidi selon la revendication 2,
dans lequel on ricupere de la chaleurde condensation du riactif gazeux dans
le condenseur. 4.  Procidi solon la revendication 2, dans lequel on produit
un refroidissoment par ivaporation du reactif 10      gazeux condense dans
l'ivaporateur. 5. Procidi selon la rovendication 1, dans loquel de la
chaleurexterieure est transferee A un premier riactbur de ladits premiere
partie des riacteurs dans le premier cycle, pour y entratner une riaction
endothermi- que. 15  6.  Procidi salon la revendication 1, dans lequel on
transfere au moins une partie de la chaleur liberee au cours des rMactions
exothermiques, ou au moins une partle de la chaleurabsorbie au cours des
reactions endothermiques, pour chauffer des moyans d'ichange destinis A la
recupiration d'energie. 7.  Procidi solon la revendication I ou 2, dans
lequd le riactif gazeux comprend l'ammoniac, I'eau, l'hy- K   20
drogene, Is dioxydede carbone, ledioxyde de soufre, un alcanol infirieur,
unealcoylamine, une polyamino ou une phosphino. 8.  Procidi selon la
revendication 7, dans lequel le rMactif solide est un oxyde, hydrure,
halogenure, carbo- nate, nitrate, nitrite, sulfate, oxalate ou sulfure d'un
mital. 25 9.  Procidi selon la revendication 8, dana lequel le metal du
rMactif solide comprend un mital alcalin, un mital alcalino-terreux, un
metal de transition, I'aluminium, le zinc, le cadmium ou l'itain. 10.
Procidi salon la revendication 8, dans lequel Is rMactif solids comprend un
chlorure mitallique double, 30      lea mitaux itant choisis parmi un metal
alcalin, un mital alcalino-terreux, I'aluminium, le manganese, le for, Is
nickel ou le cobalt. 11. Procidi selon la revendication 9, dans lequel le
rMactif gazeux est l'ammoniac et le rMactif solide est un haloginure dudit
metal. 95  12. Procidi selon la revendication 1, 7,8 ou 9, dans lequol
lesditscomposisadsorbentetdisorbentle minme rMactif gazeux A des
tempiratures respectives differentes auxditbs pressions de rMaction, at
dane lequel lea diffirents composis sont placis dans des reactburs
successifs dana un ordre successif croissant des pressions de vapeur du
rMactif gazeux. 40  13. Procedi solon la revendlcatlon 12, dans lequel les
diffirents composis sont choisis de tello fagon quo la temperature
d'adsorption d'un compost A pression de vapeur plus basse A une basso
pression de reac- tion soit plus elovie qua la tempirature de desorption
d'un compost sulvant A pression de vapour plus tlevis A une haute pression
de rMaction. 45  14. Procede salon la revendication 13, dans lequel ladite
premiere pression est plus Mlevie quo laditb seconds presslon. 15. Procedi
solon la revendication 14, dans lequel au moins une partie de la chaleur
issue d'une reaction d'adsorption exothermique d'un premier des composis,
ayant une pression de vapeur Infirieure A cells 50      d'un second des
composie, est transfiree A un racteur contenant un compost ayant la
pression de va- peur immidiatement supirieure, pour entratner une rMaction
de desorption endothermique de celui-ci. 16. Proctdt solon la revendicatbon
12, dans lequel, dans Is premier cycle de reactions, on pressurise une
troisleme partie des rMacteurs A une trolsilme pression, de sorte quo Is
compost s'y trouvant adsorbe 55      le rMactif gazeux dans une rMaction
exothermique, la seconde et la troisibme pression itant diffirentes l'une
de l'autre et infirieures A la premibre pression. 17. Proctdt solon la
revendication 16, dans loquel, dans le second cycle de rMactions, on
faitfonctionner la- 17    EP 0 C00 527 Si1I I lICi   L   M
! dito troisibme partle des reacteurs A uno tbmperature ayant pour resultat
la premiere ou la seconde pres- slon, de sorte quo le compost s'y trouvant
desorbe le reactif gazeux dans une reaction endothermique. 18. Procedb
solon la revendication 1, dans lequel le dispositif rtcoptour comporto des
moyens d'adsorption 5       et de desorption (55, 57), le procede
comprenant en outre des operations dans lesquolles on transfere 



du reactif gazeux desorbe des rMacturs on desorption au dispositif
d'adsorption-desorptlon et lIon trans- fere du reactif gazeux du dispositif
d'adsorption-desorption A des rMacteurs en adsorption. 19. Procede solon la
revendication 18, dane loquel le reactif gazeux comprend l'ammoniac, I'oau,
I'hydrogine, 10      le dioxyde de carbono, le dioxyde de soufre, un
alcanol inferieur, une alcoylamine, une polyamine ou une phosphine, et dans
lequel 1s rtactif solido eat un oxyde, halog6nure, carbonato, nitrato,
nitrito, sulfate, oxalato ou sulfure d'un metal alcalin, d'un metal
alcallno-tbrreux, d'un metal de transition, d'aluminium, de zinc, de
cadmium ou d'etaln, ou un chlorure metallique double, les m6taux etant
choisla parmi un metal alcalin, un metal alcalino-terreux, I'aluminium, le
manganbse, 1s for, le nickel ou le cobalt. M   20. Procede solon la
revendication 19, dans loquel on cholsit ladite pluralite de composts de
toile fagon quo chacun desdits composes adsorbo et desorbe le meme rMactif
gazeux A des tomperatures respectives differentos auxdibts pressions de
rMaction. 21. Procedt selon la revendication 20, dans loquel les composes
sont choisis de tello facon quo la tompera- 20      ture d'adsorption d'un
compost A pression de vapeur plus basso A uno basso pression de rMaction
soit plus elovee quo la tbmperature de desorption du prochain compost
suivant A pressbon de vapour plus elevee A une hauto pression de Meaction.
22. Procede solon la revendication 21, dana loquol, dans le premier cycle
de reactions, on pressurise une 25      troisibme partle des rMacturs A une
troisibme pression, de sorto quo 1s compost s'y trouvant adsorbo le reactif
gazeux dans une rMaction exothermique, la secondo et la trolsibme pression
etant differentes l'une de l'autre et inferioures A la premibre pression.
23. Procedt solon la revendication 22, dana lequel, dans le second cycle de
rMactions, on fait fonctionner la- 30      dito troisibme partle des
rMacteurs a une temperature ayant pour rMsultat la promibre ou la secondo
pres- sion, de sorte quo le compost s'y trouvant dtsorbe le rMactif gazeux
dans une rMaction endothermique. 24. Procedt solon la revendication 19 ou
23, dane lequel on recupere de la chaleur et/ou on fournit un re-
froidissement A partir du dispositif d'adsorption-desorption. 95 25.
Proctdt salon la revendication 1, dans lequel le dispositif
rceptourcomporto un compresseurmecanique (100), 1s procede comprenant en
outre les operatlons oO Ibon transfbre du rMactif gazeux desorbe des
riactours en desorption A un cote d'entre du compresseur mecanique, et l'on
transfbre du reactif gazeux d'un cote de sortio du compresseur mecanique
aux rMactours en adsorption. 40  26. Procede solon la revendicatlon 25,
dane lequol on cholsit ladito pluralite de composts de tollo maniere quo
chacun des composes adsorbo et desorbe le meme reactif gazeux A des
tomperatures respectives differentes auxdites pressions de rMaction. 27.
ProcWdi solon la revendication 26, dans loquol on introduit lesdits
composes dans des ractours succes- 45      sifs dane un ordre successif
croissant des tomperatures d'adsorption a la mime pression d'adsorption.
28. Procede solon la revendication 27, dans loquel les composts sont
choisis de manibre quo la temperature d'adsorption d'un compost, a la
presslon d'adsorption, soit superieure A la temperature de desorption du
compost ayant la pression de vapeur immidiatoment Infeieoure, A la pression
de desorption. 50 29. Proceid solon la revendication 27, dans loquel, dans
le premier cycle de rMactions, on pressurise une troisibme partie des
rMacturs A une trolsieme pression, de sorto quo le compost s'y trouvant
adsorbo le rMactif gazeux dans une reactlon exothermique, la secondo et la
trolsibme pression etant differentos l'une de I'autre S superieures A la
premibre pressaon. 55 30. Procedt selon la revendication 29, dans lequol,
dans le second cycle de rMactons, on pressurise ladito troisibme partie des
rMacturs A la premibre ou la secondo pression, de sorto quo le compost s'y
trouvant desorbe le reactif gazeux dans une rtactlon endothermique. 18
EP 0 500 527 B1 31. Dispositlf de pompe a chaleur utilisant dos reactions
do compos6s solido-vapour, comportant: une pluralit6 de trots chambres de
r6action ou plus (12,14, 16), chacune dosdites chambres conto- nant un
composo complexe diff6rent compronant un rhactif solids adsorbant et un
reactif gazeux adsorb6 surcelul-cl, chacun desdits compos6s complexes ayant
uno pression de vapour du reactif gazoux diffo- 5       rents, sonsiblement
ind6pendantb de la concentration du reactif gazeux, losdits compos6s
complexes ayant un ordre croissant des pressions de vapour du reactif
gazeux, 



la temperature d'adsorption d'un compose A presslon de vapeur plus basse A
une basso prossion do r6ac- tion 6tant plus 6lov~e quo la tbmp6raturedo
dosorption du prochain compose suivantA pression do vapeur plus 6lsvee A
une haute pression do reaction, 10            dane loquel le r6actif gazoux
comprend l'ammoniac, I'sau, lI dioxyde do carbons, lI dioxyde de soufre, un
alcanol inforieur, un alcans inferieur, uno alcoyamine, uno polyamino ou
une phosphine, et ledit r6actif solids adsorbant comprend un ael
inorganique comprenant un oxyde, halog6nure, carbonate, oxa- late, nitrate,
nitrite, sulfite ou sulfate d'un motal, ob lodit m6tal comprend un m6tal
alcalin, un metal alca- lino-torreux, un m6tal do transition, I'aluminium,
lo zinc, le cadmium ou 1'6tain, 15            Ou dans lequel ledit sel
comprend un chlorure m6tallique double de m6taux choisis parmi un m6tal
alcalin, un m6tal alcalino-terroux, l'aluminIum, le manganese, le for, Is
nickel ou le cobalt, et des moyons pour transfrer de la chaleur d'une
chambre de r6action A adsorption A une chambre do reaction A dasorption. 20
32. Dispositifselon la revondication 31, comportantdes moyens
pourtransf6rerde la chaleurentre dos cham- bres do r6action et des moyens
exterieurs d'6change de chaleur. 33. Dispositif solon la revendication 31
ou 32, comportant des moyons r6ceptours pour recovoir et d6livrer du
r6actif gazeux de ot A ladite pluralit6 de r6acteurs, los moyens rocepteurs
comportant (a) un conden- 25      seur (26) et un 6vaporatbur (24), (b) des
moyens d'adsorptlon-d6sorption (55, 57), ou (c) un compresseur m6canique
(100), et comportant des moysne pour transf6rer du r6actif gazeux entre ls
moyens r6cep- tours et les r6acteurs. 34. Dispositif solon la revondbcation
33, dans Isquel les moyens r6cepteurs comportnt un condensour (26) 30
et un 6vaporatbur (24) et l dispositif comport. en outre des moyens pour
r6cup6rer de la chaleur du condenseur et/ou fournir un refroidissement A
partir de 1'6vaporatbur. 35. Dispositif solon la revendliation 33, dans
lequel les moyens r6oepteurs comporent des moyons d'adsor- ption-d6sorption
comprenant deux r6acteurs ou plus (55, 57) qui contiennent un compos6
complexe, un adsorbant A sel inorganique ou une composition A adsorbant
liquide. 35 36  Dispositif solon la revendication 33, dans lequel lea
moyens r6cepteurs comportnt un compresseur me- canique (100). 37. Proc6d6
de fonctionnement d'une pompe A chaleur ou d'un systeme de r6frig6ration,
m6canique ou ac- 40      tionn6(o) par pression, dans lequel: on choisit
uno pluralit6 de deux ou plusleurs compos6s diff6rents comprenant un
r6actff solide ad- sorbant et un r6actif gazeux adsorbesur colui-cl, ob
chacun desdits compos6s complexes a une pression de vapour du rnactif
gazeux diff6rente, sensiblement Ind6pendantb de la concentration du reactif
gazeux, on place diff6rents de ces compos6s dane differents roactours d'une
pluralit6 de r6acteurs (104, 45      105), dons un premier cycle de
r6actions, on pressurbse uno premibre partie desdits r6acteurs A une pre-
mibre pression, do sorts quo lI compos6 s'y trouvantd6sorbe Is r6actif
gazoux a ladite promiere pression dans une roaction endothermique, on
transfere Is r6actif gazeux d6sorb6 A un compresseur, et l'on pres- surise
ladite secondo partle dos r6actours A une seconds pression, sup6rieure A la
premibre pression, 50      avec Is r6actif gazeux provenantdu compressour,
de sorts quo le compose s'y trouvant adsorbo le r6actif gazeux A laditb
seconds pression dans uno r6action exothermique, dans un second cycle de
r6actions, on pressurise ladite premibre partie des r6acteurs a laditb se-
conds pression, de sorts quo lo composo s'y trouvant adsorbs Is r6actif
gazoux A ladite seconds pression dana une r6action exothermique, et l'on
pressurise ladite seconds partle des reacteurs A ladite premibre 55
pression, de sorte quo los composants s'y trouvant d6sorbent Is r6actif
gazeux a ladito premibro pression dans une r6action endothermique, et l'on
transfbre le r6actif gazoux desorb6 au comprosseur, et on transfbre le
fluids caloporteur entre les rdacteurs dans un ordre successif croissant
does pres- sions de vapour respectives des diff6rents compos6s, au moins
une partie de la chaleur lib6r6e par la 19    EP 0 500 527 B1 r6actbon
d'adsorption exothermique etant transferee A un r6acteur pour chauffer les
compos6s s'y trou- vant pour entralner une r6actlon de desorption
endothermique. 38. Procede selon la revendication 37, dana lequel on
cholsit laditb pluralit6 de composes do tells maniere 6       que chacun
des compoe6s adsorbo et d6sorbe le meme reactif gazeux A des tompiratures
respectives 



differentes auxdites pressions de riaction. 39. Procede selon la
revendicatlon 38, dans lequel on introduit les composes dana des reactburs
succoessifs dane un ordre sucoessif croissant des temperatures d'adsorptbon
A la meme pression d'adsorption. 10  40. Procod6 selon la revendication 39,
dane loquel on choisit les composis de maniere que la tbmperature
d'adsorption d'un compose, A la pression d'adsorption, solt suprieure A la
temperature de desorption du compose ayant la pression de vapeur
immidiatement infirieure, A la pression de desorption. 41. Procede selon la
revendication 37, dana loquel, dans le premier cycle de reactions, on
pressurise une 15      troisieme partle des reactours A une troisieme
pression, de sorts quo le compose s'y trouvant adsorbe le reactif gazeux
dens une reaction exothermique, la seconde et la trolslime pression etant
differentes l'une de l'autre et sup6rieures A la premibre pression. 42.
Procede selon la revendlcation 41, dane loquel, dans le second cycle de
reactions, on pressurise ladite 20      troisieme partie des reactours A la
premiere ou la seconds pression, de sorts quo le compose s'y trouvant
desorbe Is riactif gazeux dane une reaction endothermique. 43. Disposiltif
de pompe A chaleur mecanique ou actionnee par pression, comportant: une
pluralit6 de deux chambres de reaction ou plus (104,105), chacune desditbs
chambres contb- 25      nant un compose differentcomprenant un reactif
solids adsorbent et un r6actif gazeux adsorbe surcelul- ci, chacun desdits
composes ayant une pression de vapour du reactif gazeux diffirente,
sensiblement independants de la concentration du reactif gazeux, lesdits
composants ayant un ordre croissant des tomperatures respectives
d'adsorption A la mime pression d'adsorption et de desorption, etob la
tbmperature d'adsorption du compose A temperature d'ad- 30      sorption
plus basso A une haute pression de reaction est plus elevee quo la
tbmperature de desorption du compose ayant la temperature d'adsorption
immidlaatment supeireure A une basse pression de riac- tion, dane Isquol
lesdits composes comprennent un reactif gazeux cholel dane le groupo
constitue de: I'ammoniac, I'eau, le dloxyde de carbons, le dloxyde de
soufre, un alcanol inferieur, une alcoylamine, une 35      polyamine et une
phosphine, et un sel inorganique solide choisi dane le groups constitue de:
un oxyde, halogenure, carbonate, oxalato, nitrate, nitrite, sulfito et
sulfate d'un m6tal, oO ledit metal est chobis dans Is groups constitue de:
un metal alcalin, un metal alcallno-tbrreux, un metal de transition,
I'aluminium, le zinc, le cadmium et I'etain, ou un sel solids comprenant un
chlorure metallique double de metaux choisis K>           dens Is groups
constitue de: un metal alcalin, un metal alcalino-torreux, I'aluminium, le
manganese, le 40      for, le nickel et Is cobalt, et des moyens pour
transfirer de la chaleur d'un riacteur a composa adsorbent A haute pression
A un r6acteur A compos6 adsorbent A basse presslon, et un compresseur
micanique (100), des conduits (113, 114) et des valves (101) coop6rant avec
ceux-ci pourtransfirer ledit reactif gazeux b destination eten provenance
de ladite pluralit6 de chambres 45      de reaction en provenance et A
destination du compresseur mecanique. 44. Dispositifselon la revendication
43, comportantdoes moyens pourtransfererde la chaleurentre des cham- bros
de reaction et des moyens ext6rieurs d'echange de chaleur. 50 55 -20    


