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(57) ABSTRACT 

An adsorption heat pump using a heat source having a loWer 
temperature and an adsorbent Which has a large difference in 
Water adsorption amount in adsorption/desorption and can be 
regenerated at a low temperature. An adsorption heat pump 
including an adsorbate, an adsorption/desorption part having 
an adsorbent for adsorbate adsorption/ desorption, a vaporiza 
tion part for adsorbate vaporization connected to the adsorp 
tion/desorption part, and a condensation part for adsorbate 
condensation connected to the adsorption/ desorption part, 
Wherein the adsorbent, When examined at 250 C., gives a 
Water vapor adsorption isotherm Which, in the relative vapor 
pressure range of from 0.05 to 0.30, has a relative vapor 
pressure region in Which a change in relative vapor pressure 
of 0. 1 5 results in a change in Water adsorption amount of0. 18 
g/ g or larger. 
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ADSORPTION HEAT PUMP AND USE OF 
ADSORBENT AS ADSORBENT FOR 

ADSORPTION HEAT PUMP 

TECHNICAL FIELD 

[0001] The present invention relates to an adsorption heat 
pump employing a speci?c adsorbent and use of the speci?c 
adsorbent as an adsorbent for an adsorption heat pump. 

BACKGROUND ART 

[0002] In an adsorption heat pump, the adsorbent having an 
adsorbate, e.g., Water, adsorbed thereon is heated to desorb 
the adsorbate in order to regenerate the adsorbent, and the 
adsorbent dried is cooled to a temperature to be used for 
adsorbate adsorption before being used for adsorbate adsorp 
tion again. 
[0003] Absorption type heat pumps in Which Waste heat or 
heat having a relatively high temperature (120° C. or higher) 
is utilized as a heat source for adsorbent regeneration have 
already come into practical use. HoWever, since the heat 
obtained from cogeneration apparatus, fuel cells, cooling 
Water for automotive engines, solar energy, or the like gener 
ally has a relatively loW temperature of 100° C. or beloW, it 
cannot be utilized as a heat source for driving the absorption 
type heat pumps presently in practical use. It has been desired 
to effectively utilize loW-temperature Waste heat of 100° C. or 
loWer, especially from 60° C. to 80° C. In particular, there is 
a strong desire for the practical use thereof in motor vehicles 
Which generate Waste heat in large quantities. 
[0004] In adsorption heat pumps, the adsorption properties 
required of adsorbents vary considerably depending on the 
temperatures of utilizable heat sources even though the heat 
pumps operate on the same principle. For example, the tem 
peratures of higher-temperature-side heat sources are from 
60° C. to 80° C. in the case of Waste heat from gas engine 
cogeneration and from solid polymer type fuel cells and are 
from 85° C. to 90° C. in the case of cooling Water for auto 
motive engines. The temperatures of cooling-side heat 
sources also vary depending on the places Where the appara 
tus is installed. For example, the cooling-side heat source 
temperatures in the case of motor vehicles are temperatures 
obtained With the radiators, While those in buildings, houses, 
and the like are the temperatures of Water-cooling toWers, 
river Water, etc. Namely, the operating temperatures for an 
adsorption heat pump are as folloWs. In the case of installation 
in buildings or the like, the loWer-side temperatures are from 
25° C. to 35° C. and the higher-side temperatures are from 60° 
C. to 80° C. In the case of installation in motor vehicles or the 
like, the loWer-side temperatures are about from 30° C. to 45° 
C. and the higher-side temperatures are about from 85° C. to 
90° C. There is hence a desire for an apparatus capable of 
being operated even With a small temperature difference 
betWeen the loWer-temperature-side heat source and the 
higher-temperature-side heat source so as to effectively uti 
lize Waste heat. An adsorbent to be applied to such apparatus 
is also desired. 
[0005] Typical adsorbents knoWn as adsorbents for adsorp 
tion heat pumps are zeolite 13X and A-form silica gel. 
[0006] Recently, zeolites are being investigated, such as a 
mesoporous molecular sieve (e.g., FSM-10) synthesized 
using the micellar structure of a surfactant as a template 
(Japanese Patent Laid-Open No. 178292/ 1997) and a porous 
aluminum phosphate molecular sieve for use as a desiccant 
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material commonly referred to as AlPO4 (Japanese Patent 
Laid-Open No. 197439/1999). 
[0007] It has already been reported that the temperature 
dependence of adsorption properties is important for the 
adsorbents for adsorption heat pumps (Kagaku Kégaku Ron 
bun-sh?, Vol. 19, No. 6 (1993), pp. 1165-1170). There is a 
report therein that SG3 (manufactured by Fuji Silysia Ltd.) 
shoWs a large temperature dependence and SG1 (manufac 
tured by the same) does not. 
[0008] Furthermore, it has been reported that the adsorp 
tion performance of AlPO4-5, Which is a porous aluminum 
phosphate molecular sieve, depends on temperature. Speci? 
cally, the adsorption performance at 25° C. and that at 30° C. 
are shoWn (Colloid Polym Sci, 277 (1999) pp. 83-88). Like 
Wise, the temperature dependence of AlPO4-5 has been 
reported; adsorption isotherms obtained in an adsorption pro 
cess at 20° C., 25° C., 30° C., 35° C., and 40° C. are shoWn 
(Dai-16-kai Zeorailo Kenky? Happyé Kai KoAen Y0k6-sh?, p. 
91; Nov. 21 and 22, 2000). 
[0009] Use of various adsorbents in adsorption heat pumps 
is being investigated. HoWever, our investigations revealed 
that there is yet room for improvement in adsorption perfor 
mance so as to enable application to an apparatus capable of 
being operated even With a small temperature difference 
betWeen the loWer-temperature-side heat source and the 
higher-temperature-side heat source. 

DISCLOSURE OF THE INVENTION 

[0010] In order for an apparatus to su?iciently operate even 
When the atmosphere surrounding the adsorbent has rela 
tively high temperatures, it is necessary to adsorb the adsor 
bate at a loW relative vapor pressure. In order to reduce the 
size of an apparatus by reducing the amount of the adsorbent 
to be used, the amount of an adsorbate adsorbed onto and 
desorbed from the adsorbent should be large. Furthermore, in 
order to utilize a loW-temperature heat source for adsorbate 
desorption (adsorbent regeneration), it is necessary that the 
desorption temperature is loW. Namely, it is important that an 
adsorbent for use in adsorption heat pumps is one Which (1) 
adsorbs an adsorbate at a loW relative vapor pressure (capable 
of high-temperature adsorption), (2) attains a large adsorp 
tion/desorption amount, and (3) is capable of adsorbate des 
orption at a high relative vapor pressure (capable of loW 
temperature desorption). 
[0011] The invention has been achieved for the purpose of 
providing an e?icient adsorption heat pump Which employs 
an adsorbent capable of adsorbate adsorption/desorption in a 
loW-relative-vapor-pressure region. 
[0012] Another object of the invention is to provide use of 
an adsorbent capable of adsorbate adsorption/desorption in a 
loW-relative-vapor-pressure region as an adsorbent for 
adsorption heat pumps. 
[0013] Still another object of the invention is to provide an 
adsorption heat pump having practically effective adsorption 
performance. 
[0014] The invention provides, in one aspect thereof, an 
adsorption heat pump Which comprises an adsorbate, an 
adsorption/desorption part having an adsorbent for adsorbate 
adsorption/desorption, a vaporization part for adsorbate 
vaporization Which has been connected to the adsorption/ 
desorption part, and a condensation part for adsorbate con 
densation Which has been connected to the adsorption/des 
orption part, Wherein the adsorbent, When examined at 25 ° C., 
gives a Water vapor adsorption isotherm Which, in the relative 
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vapor pressure range of from 0.05 to 0.30, has a relative vapor 
pressure region in which a change in relative vapor pressure 
of 0. 1 5 results in a change in water adsorption amount of 0. 1 8 
g/ g or larger. 
[0015] The invention further provides, in another aspect 
thereof, use of the adsorbent described above as an adsorbent 
for adsorption heat pumps. 
[001 6] In still another aspect thereof, the invention provides 
an adsorption heat pump which comprises an adsorbate, an 
adsorption/desorption part having an adsorbent for adsorbate 
adsorption/desorption, and a vaporization/ condensation part 
for adsorbate vaporization/ condensation which has been con 
nected to the adsorption/ desorption part, characterized in that 
the adsorbent comprises a zeolite containing aluminum, 
phosphorus, and a heteroatom in the framework structure. 
[0017] In a further aspect thereof, the invention provides an 
adsorption heat pump which comprises (a) an adsorbate, (b) 
an adsorption/desorption part having an adsorbent for adsor 
bate adsorption/ desorption, (c) a vaporization part for adsor 
bate vaporization which has been connected to the adsorp 
tion/ desorption part, and (d) a condensationpart for adsorbate 
condensation which has been connected to the adsorption/ 
desorption part, characterized in that the adsorbent comprises 
a zeolite containing aluminum, phosphorus, and silicon in the 
framework structure, and that the zeolite gives a 29SiiNMR 
spectrum in which the integrated intensity area for the signals 
at from —108 ppm to —123 ppm is not more than 10% based on 
the integrated intensity area for the signals at from —70 ppm to 
—123 ppm. 
[0018] Furthermore; the present inventors directed atten 
tion to the fact that in the adsorption/desorption parts of heat 
pumps, the operating temperature during adsorbate adsorp 
tion differs from that during adsorbate desorption. The inven 
tors made intensive investigations in view of the fact. As a 
result, they have found that a heat pump having practically 
useful adsorptionperformance is one employing an adsorbent 
in which the value of a speci?c difference in adsorption 
amount determined from (1) an adsorption isotherm obtained 
at an adsorption/desorption part temperature during adsorp 
tion operation and (2) a desorption isotherm obtained at an 
adsorption/desorption part temperature during desorption 
operation is within a given range. The invention has been 
achieved based on this ?nding. 
[0019] Namely, in still a further aspect thereof, the inven 
tion provides the following. 
[0020] An adsorption heat pump which comprises (a) an 
adsorbate, (b) an adsorption/ desorption part having an adsor 
bent for adsorbate adsorption/desorption, (c) a vaporization 
part for adsorbate vaporization which has been connected to 
the adsorption/desorptionpart, and (d) a condensationpart for 
adsorbate condensation which has been connected to the 
adsorption/desorption part, characterized in that 
[0021] (1) the adsorbent comprises a zeolite containing at 
least aluminum and phosphorus in the framework structure, 
and 
[0022] (2) the adsorbent is a water vapor adsorbent having 
a region in which the adsorption amount difference as deter 
mined with the following equation is 0.15 g/ g or larger in the 
range in which the relative vapor pressure ¢2b during adsorp 
tion operation in the adsorption/ desorption part is from 0.1 15 
to 0.18 and the relative vapor pressure (plb during desorption 
operation in the adsorption/desorption part is from 0.1 to 
0.14: 

Adsorption amount difference:Q2—Q1 
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[0023] wherein 
[0024] Q1:adsorption amount at ([)1b as determined 
from a water vapor desorption isotherm obtained at a 
temperature (T3) used for desorption operation in the 
adsorption/desorption part 

[0025] Q2:adsorption amount at ([)2b as determined 
from a water vapor adsorption isotherm obtained at a 
temperature (T4) used for adsorption operation in the 
adsorption/desorption part, 

[0026] provided that 
[0027] $119 (relative vapor pressure during desorption 

operation in the adsorption/desorption part):[equilib 
rium water vapor pressure at the temperature of coolant 
(T2) cooling the condenser]/ [equilibrium water vapor 
pressure at the temperature of heat medium (T1) heating 
the adsorption/desorption part] 

[0028] $219 (relative vapor pressure during adsorption 
operation in the adsorption/desorption part):[equilib 
rium vapor pressure at the temperature of cold (T0) 
generated in the vaporization part]/ [equilibrium vapor 
pressure at the temperature of coolant (T2) cooling the 
adsorption/desorption part] 

[0029] (wherein T0:5 to 100 C., T1:T3:90o C., and 
T2:T4:40 to 450 C.). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a diagrammatic view of an adsorption heat 
Pump 
[0031] FIG. 2 is a water vapor adsorption isotherm (250 C.) 
for SAPO-34 (manufactured by UOP LLC) in Example 1. 
[0032] FIG. 3 is a 29Si-MAS-NMR spectral chart for 
SAPO-34 (manufactured by UOP LLC) in Example 1. 
[0033] FIG. 4 is a water vapor adsorption isotherm (250 C.) 
for the zeolite of Example 2. 
[0034] FIG. 5 is an Si-MAS-NMR spectral chart for the 
29zeolite of Example 2. 
[0035] FIG. 6 is a water vapor adsorption isotherm (250 C.) 
for the zeolite of Example 3. 
[0036] FIG. 7 is water vapor adsorption isotherms for 
SAPO-34 (manufactured by UOP LLC) in Example 4 which 
were obtained in adsorption process at 400 C. and desorption 
process at 900 C. 
[0037] FIG. 8 is water vapor adsorption isotherms for 
SAPO-34 (manufactured by UOP LLC) in Example 4 which 
were obtained in adsorption process at 450 C. and desorption 
process at 900 C. 
[0038] FIG. 9 is a water vapor adsorption isotherm (250 C.) 
for the zeolite of Reference Example. 
[0039] FIG. 10 is a 29Si-MAS-NMR spectral chart for the 
zeolite of Reference Example. 
[0040] FIG. 11 is a water vapor adsorption isotherm (250 
C.) for A-form silica gel in Comparative Example 2. 
[0041] FIG. 12 is a water vapor adsorption isotherm (300 
C.) for ALPO-5 in Comparative Example 3. 
[0042] In the ?gures, numeral 1 denotes an adsorption col 
umn, 2 an adsorption column, 3 an adsorbate piping, 4 a 
vaporizer, 5 a condenser, 11 a heat medium piping, 111 a 
cooling-water inlet, 112 a cooling-water outlet, 113 a warm 
water inlet, 114 a warm-water outlet, 115 a switching valve, 
116 a switching valve, 21 a heat medium piping, 211 a cool 
ing-water inlet, 212 a cooling-water outlet, 213 a warm-water 
inlet, 214 a warm-water outlet, 215 a switching valve, 216 a 
switching valve, 30 an adsorbate piping, 31 a control valve, 32 
a control valve, 33 a control valve, 34 a control valve, 300 an 
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indoor unit, 301 a pump, 41 a cold-Water piping (inlet), 42 a 
cold-Water piping (outlet), 51 a cooling-Water piping (inlet), 
and 52 a cooling-Water piping (outlet). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0043] 
detail. 

The invention Will be explained beloW in more 

<Structure of Adsorption Pump> 

[0044] First, the structure of adsorption heat pumps Will be 
explained using the adsorption heat pump shoWn in FIG. 1 as 
an example. 
[0045] An adsorption heat pump is constituted mainly of: 
an adsorbate; an adsorption/desorption part (adsorption col 
umns 1 and 2) Which is packed With an adsorbent capable of 
adsorbate adsorption/desorption and serves to transfer the 
heat generated by adsorbate adsorption/desorption to a heat 
medium (hereinafter the adsorption/ desorption part is some 
times referred to as adsorption columns); a vaporization part 
(vaporizer 4) Which serves to take out the cold obtained by 
adsorbate vaporization; and a condensation part (condenser 
5) Which serves to release outWard the heat obtained by adsor 
bate condensation. 
[0046] The vaporizer 4 contains a coolant (Water in this 
embodiment) and is in a hermetically sealed state, With the 
inside being nearly vacuum. This vaporizer 4 is equipped 
inside With a heat exchanger 43 for heat exchange betWeen 
the coolant and a heat medium (in this embodiment, a ?uid 
obtained by mixing Water With an ethylene glycol-based anti 
freeze) Which has undergone heat exchange in an indoor unit 
300 With the air bloWing into the room. 
[0047] The adsorption columns 1 and 2 have, disposed 
therein, a heat exchanger having an adsorbent adhered to the 
surface thereof or packed therein. The condenser 5 has, dis 
posed therein, a heat exchanger 53 for cooling and condens 
ing the vapor coolant (Water vapor) released from the adsorp 
tion column 1 or 2 With a heat medium Which has been cooled 
With, e.g., the outside air. 
[0048] The adsorption columns 1 and 2, Which are packed 
With an adsorbent, are connected to each other by an adsor 
bate piping 30. This adsorbate piping 30 has control valves 31 
to 34 disposed therein. In the adsorbate piping, the adsorbate 
is present in the state of the vapor of the adsorbate or in the 
form of a mixture of the liquid and vapor of the adsorbate. 
[0049] To the adsorbate piping 30 have been connected the 
vaporizer 4 and the condenser 5. The adsorption columns 1 
and 2 have been connected in parallel arrangement to the 
vaporizer 4 and the condenser 5. BetWeen the condenser 5 and 
the vaporizer 4 is disposed a return piping 3 for returning the 
adsorbate condensed by the condenser (preferably conden 
sate Water resulting from regeneration) to the vaporizer 4. 
Numeral 41 denotes an inlet for cold Water serving as a 
cooling output from the vaporizer 4, and numeral 51 denotes 
a cooling-Water inlet for introducing cooling Water into the 
condenser 5. Numerals 42 and 52 denote a cold-Water outlet 
and a cooling-Water outlet, respectively. The cold-Water pip 
ings 41 and 42 are connected to an indoor unit 300 for heat 
exchange With an indoor space (space to be air-conditioned) 
and to a pump 301 for circulating cold Water. 
[0050] A heat medium piping 11 and a heat medium piping 
21 have been connected respectively to the adsorption col 
umn 1 and the adsorption column 2. The heat medium pipings 
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11 and 21 have sWitching valves 115 and 116 and sWitching 
valves 215 and 216, respectively, disposed therein. A heat 
medium serving as a heating source or cooling source for 
heating or cooling the adsorbent in the adsorption columns 1 
and 2 is caused to How through the heat medium pipings 11 
and 21, respectively. The heat medium is not particularly 
limited as long as it can effectively heat/cool the adsorbent 
packed in the adsorption columns. 
[0051] Warm Water is introduced through an inlet 113 and/ 
or inlet 213 by opening or closing sWitching valves (three 
Way valves) 115, 116, 215, and 216. The Warm Water intro 
duced passes through the adsorption column 1 and/ or 2 and is 
then discharged through an outlet 114 and/or outlet 214. 
LikeWise, cooling Water is introduced through an inlet 111 
and/or inlet 211 by opening or closing the sWitching valves 
115, 116, 215, and 216, passes through the adsorption column 
1 and/ or 2, and is then discharged through an outlet 112 and/or 
outlet 212. 

[0052] The coolant piping Which connects the vaporizer 4 
to the adsorption columns 1 and 2 and the coolant piping 
Which connects the condenser 5 to the adsorption columns 1 
and 2 have control valves 31 to 34, Which open or close the 
respective coolant pipings. These control valves 31 to 34, the 
pump 301 for heat medium circulation, and the three-Way 
valves 115, 116, 215, and 216 for controlling the How ofa heat 
medium are controlled by an electronic controller (not 
shoWn). 
[0053] To the heat medium piping 11 and/or 21 have been 
connected an outdoor unit disposed so as to be capable of heat 
exchange With the outside air, a heat source Which yields 
Warm Water, and a pump for heat medium circulation (all of 
these are not shoWn). The heat source is not particularly 
limited, and examples thereof include cogeneration appara 
tus, such as automotive engines, gas engines, and gas tur 
bines, and fuel cells. In the case of automotive use, preferred 
examples of the heat source include automotive engines and 
automotive fuel cells. 

[0054] 
[0055] The operation of the air conditioning system (ad 
sorption heat pump) according to this embodiment Will be 
outlined beloW. The pump 301 is operated to circulate the heat 
medium through the indoor unit 300 and the vaporizer 4 to 
thereby vaporize the liquid coolant (preferably Water) in the 
vaporizer 4. The heat medium is thus cooled to cool the air to 
be bloWn into the room. Simultaneously With this operation, 
the control valves 31 to 34 and the three-Way valves 115, 116, 
215, and 216 are sWitched so that either of the tWo adsorption 
columns 1 and 2 is in the adsorption mode and the other 
adsorption column is in the desorption mode (regeneration 
mode). 
[0056] Speci?cally, in the case Where the ?rst adsorption 
column 1 is to be operated in the adsorption mode and the 
second adsorption column 2 is to be operated in the desorp 
tion mode, valve sWitching is conducted in the folloWing 
manner. The three-Way valve 115 and the three-Way valve 116 
are regulated so as to establish connection to the cooling 
Water inlet 111 side and the cooling-Water outlet 112 side, 
respectively, While keeping the control valve 31 open and the 
control valve 33 close. Simultaneously thereWith, the three 
Way valve 215 and the three-Way valve 216 are regulated so as 
to establish connection to the Warm-Water inlet 213 side and 
the Warm-Water outlet 214 side, respectively, While keeping 
the control valve 32 close and the control valve 34 open. 

<Outline of Adsorption Heat Pump Operation> 
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[0057] As a result, the coolant (Water vapor) vaporized in 
the vaporiZer 4 ?oWs into the ?rst adsorption column 1 and is 
adsorbed onto the adsorbent packed therein. During this 
adsorption, the temperature of this adsorbent is kept at around 
the temperature of the surrounding air With the cooling Water 
introduced through the inlet 111. 
[0058] On the other hand, Warm Water heated by a heat 
source (or the driving engine in the case of application to a 
vehicle) is supplied to the second adsorption column 2 
through the Warm-Water inlet 213. As a result, the adsorbent 
in the second adsorption column releases the coolant Which 
Was adsorbed thereon in the adsorption mode. The coolant 
(Water vapor) thus desorbed is cooled and condensed in the 
condenser 5 for regeneration. 
[0059] After the lapse of a given time period, the control 
valves 31 to 34 and the three-Way valves 115, 116, 215, and 
216 are sWitched, Whereby the modes of the ?rst adsorption 
column 1 and second adsorption column 2 can be shifted to 
the desorption mode and the adsorption mode, respectively. 
By repeating such sWitching at a given interval, a continuous 
cooling operation can be conducted. 

<Adsorbents> 

[0060] One feature of the invention resides in the adsor 
bents used in the adsorption heat pumps. 

<Adsorbent 1> 

[0061] An adsorbent in the invention is an adsorbent Which, 
When examined at 25° C., gives a Water vapor adsorption 
isotherm Which, in the relative vapor pressure range of from 
0.05 to 0.30, has a relative vapor pressure region in Which a 
change in relative vapor pressure of 0. 1 5 results in a change in 
Water adsorption amount of 0.18 g/ g or larger, preferably 0.2 
g/g or larger. This adsorbent preferably is one in Which that 
change in Water adsorption amount in the range of from 0.05 
to 0.20 is 0.18 g/ g or larger, preferably 0.2 g/g or larger. 
[0062] Adsorbates are adsorbed as vapors onto adsorbents. 
A preferred adsorbent is a material Which undergoes a large 
change in adsorbate adsorption amount in a narroW relative 
vapor pressure range. The reasons for this are as folloWs. 
When such an adsorbent undergoing a large change in adsorp 
tion amount in a narroW relative vapor pressure range is used, 
the amount of the adsorbent necessary for obtaining the same 
adsorption amount under the same conditions can be reduced 
and the adsorption heat pump can be operated even With a 
smaller temperature difference betWeen the heat source for 
cooling and the heat source for heating. 
[0063] The preference for that property of an adsorbent Will 
become apparent from the folloWing investigation. 
[0064] First, the operating vapor pressure range for an 
adsorption heat pump is determined by the desorption-side 
relative vapor pressure ($111) and the adsorption-side relative 
vapor pressure ($211). The values of $1 and $2 can be calcu 
lated using the folloWing equations. The range of from $111 to 
$211 is the relative vapor pressure range in Which the pump can 
be operated. 

Desorption-side relative vapor pressure ($la):[equi— 
librium vapor pressure (TloWl)]/ [equilibrium 
vapor pressure (Thigh)] 

Adsorption-side relative vapor pressure ($2a):[equi— 
librium vapor pressure (T cool)/ [equilibrium 
vapor pressure (TloW2)] 
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[0065] The symbols have the folloWing meanings. 
[0066] Thigh (temperature of high-temperature heat 

source): 
[0067] Temperature of heat medium used for desorb 

ing adsorbate from adsorbent and thereby regenerat 
ing the adsorbent 

[0068] TloW1 (temperature of loW-temperature heat 
source): 
[0069] Temperature of adsorbate in condensation part 

[0070] TloW2 (temperature of loW-temperature heat 
source): 
[0071] Temperature of heat medium used for cooling 

regenerated adsorbent in preparation for adsorption 
[0072] Tcool (temperature of cold generated): 

[0073] Temperature of adsorbate in the vaporization 
part, i.e., temperature of cold generated 

[0074] The equilibrium vapor pressure can be determined 
from temperature using an equilibrium vapor pressure curve 
for the adsorbent. 
[0075] Examples of the operating vapor pressure range in 
the case Where the adsorbate is Water are shoWn beloW. When 
the high-temperature heat source temperature is 80° C. and 
the loW-temperature heat source temperature is 30° C., then 
the operating vapor pressure range ($111-$211) is from 0.09 to 
0.29. Likewise, When the high-temperature heat source tem 
perature is 600 C. and the loW-temperature heat source tem 
perature is 300 C., then the operating relative Water vapor 
pressure range ($111-$211) is from 0.21 to 0.29. Furthermore, 
in the case Where Waste heat from an automotive engine is 
utiliZed for operating an adsorption heat pump, the high 
temperature heat source temperature and the loW-temperature 
heat source temperature are estimated at about 90° C. and 30° 
C., respectively, from a statement given in Japanese Patent 
Laid-Open No. 2000- 1 40625. In this case, the operating rela 
tive vapor pressure range ($111-$211) is from 0.06 to 0.29. 
[0076] It can hence be thought that in the case Where Waste 
heat from gas engine cogeneration or from a solid polymer 
type fuel cell or automotive engine is utiliZed for operating an 
adsorption heat pump, the operating relative vapor pressure 
range ($111-$211) is from 0.05 to 0.30, preferably from 0.06 to 
0.29. Namely, a material undergoing a large change in adsorp 
tion amount in this operating moisture range is preferred. 
Consequently, it is preferred to use a material Which changes 
considerably in adsorption amount in the relative vapor pres 
sure range of usually from 0.05 to 0.30, preferably from 0.06 
to 0.29. 
[0077] For example, the case Where a cooling poWer of 3.0 
kW (:10,800 kJ/hr) is to be obtained With an adsorption heat 
pump is supposed. This value of 3.0 kW is the cooling ability 
of air conditions for use in general motor vehicles. It is 
thought from investigations on the engine rooms of various 
motor vehicles that the volume of an adsorption heat pump is 
desirably up to 15 liter. 

<<Adsorption Amount Difference>> 
[0078] The Weight of an adsorbent capable of being packed 
into a volume of 15 liter or smaller is then determined. 
[0079] The parts Which should be mounted in the engine 
room include adsorption column main bodies, a vaporizer, a 
condenser, and control valves. It is necessary that these parts 
are mostly united into an assembly having a volume of 1 5 liter 
or smaller. It is thought from our investigations that the vapor 
iZer, condenser, and valves can be arranged in a space volume 
of 4.5 liter. Consequently, the volume of the adsorption col 
umn main bodies is about 10.5 liter or smaller. Since the 
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percentage packing of adsorbents in adsorption columns and 
the bulk density of adsorbents are usually about 30% and 
about 0.6 kg/liter, respectively, the Weight of an adsorbent 
Which can be packed (W) is about 10.5><30%><0.6:1.89 kg. 
[0080] Properties required of adsorbents Will be explained 
next. 

[0081] The cooling poWer R of an adsorption heat pump is 
expressed by the folloWing equation A. 

R:(W'AQ'Y1C'AH/T)'m 

[0082] In equationA, W represents the Weight of the adsor 
bent packed into each adsorption column (one side); AQ 
represents the equilibrium adsorption amount amplitude 
Which results under the conditions for adsorption and desorp 
tion, i.e., the adsorption amount difference (Q2-Q1); 11c rep 
resents adsorption amplitude ef?ciency, Which shoWs the pro 
portion of the actual adsorption amplitude in the time 
betWeen sWitching operations to the equilibrium adsorption 
amplitude AQ; AH represents the latent heat of vaporization 
of Water; '5 represents the time period betWeen operations of 
sWitching to the adsorption mode or desorption mode; and 11h 
represents heat mass e?iciency for taking account of the heat 
mass loss caused by the temperature changes of the adsorbent 
and heat exchangers betWeen the temperature of Warm Water 
and the temperature of cooling Water. 
[0083] As stated above, R is 3 kW andW is 1.89 kg/2:0.95 
kg. An investigation Which Was made previously by us 
revealed that an appropriate value of "c is about 60 seconds, 
and it has been found that the values of AH, 110, and 11h are 
2,500 kJ/kg, 0.6, and 0.85, respectively. Consequently, AQ is 
determined using equation (A). 

(equation A) 

=0.149 kg/kg 

Namely, the adsorbent to be used in the adsorption heat pump 
for motor vehicles is one having a AQ of 0.15 g/g or larger, 
preferably 0.18 g/ g or larger, more preferably 0.20 g/ g or 
larger. 
[0084] Although the adsorbent Was explained above on the 
assumption that the adsorption heat pump is applied to motor 
vehicles, it is a matter of course that any adsorbent having the 
properties shoWn above can be suf?ciently applied to other 
applications including stationary use. 
[0085] As a result of the investigations given above, the 
adsorbent for use in an adsorption heat pump of the invention 
has been determined. 

[0086] The adsorbent Which shoWs a Water adsorption 
amount difference of 0.18 g/g or larger When the relative 
vapor pressure changes by 0.15 in the range of from 0.05 to 
0.30 is not particularly limited as long as it satis?es the 
property requirement. HoWever, Zeolites are promising mate 
rials. In Zeolites, the pore volume, Which contributes to 
adsorption, is governed by the frameWork density because 
Zeolites are crystalline. Zeolite 13X (frameWork density, 12.7 
T/ 1,000 A), Which is an example of the Zeolites having the 
loWest frameWork density, has a maximum adsorption 
amount of about 0.30 g/ g. Consequently, When the adsorption 
amount as measured at the loWer limit of relative vapor pres 
sure of 0.05, Which is speci?ed in the invention, is larger than 
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0.15 g/ g, then it is impossible to obtain an adsorption amount 
difference of 0.18 g/ g. Therefore, the adsorption amount at a 
relative vapor pressure of 0.05, as determined from a Water 
vapor adsorption isotherm, is desirably 0.15 g/g or smaller, 
preferably 0.12 g/g or smaller, more preferably 0.10 g/g or 
smaller, still more preferably 0.07 g/g or smaller, and still 
further preferably 0.05 g/ g or smaller. 

<Adsorbent 2> 

[0087] Another feature of an adsorbent in the invention 
resides in that the adsorbent is a Water vapor adsorbent having 
a region in Which the adsorption amount difference as deter 
mined With the folloWing equation is 0.15 g/ g or larger in the 
range in Which the relative vapor pres sure (([)2b) during 
adsorption operation in the adsorption/desorptionpart is from 
0.115 to 0.18 and the relative vapor pressure (([)1b) during 
desorption operation in the adsorption/desorptionpart is from 
0.1 to 0.14: 

Adsorption amount difference:Q2—Ql 

[0088] Wherein 
[0089] Q1:adsorption amount at ([)1b as determined 
from a Water vapor desorption isotherm obtained at a 
temperature (T3) used for desorption operation in the 
adsorption/desorption part 

[0090] Q2:adsorption amount at ([)2b as determined 
from a Water vapor adsorption isotherm obtained at a 
temperature (T4) used for adsorption operation in the 
adsorption/desorption part, 

[0091] provided that 
[0092] $119 (relative vapor pressure during desorption 

operation in the adsorption/desorption part):[equilib 
rium Water vapor pressure at the temperature of coolant 
(T2) cooling the condenser]/ [equilibrium Water vapor 
pressure at the temperature of heat medium (T1) heating 
the adsorption/desorption part] 

[0093] $219 (relative vapor pressure during adsorption 
operation in the adsorption/desorption part):[equilib 
rium vapor pressure at the temperature of cold (T0) 
generated in the vaporization part]/ [equilibrium vapor 
pressure at the temperature of coolant (T2) cooling the 
adsorption/desorption part] 

[0094] (Wherein T0:5 to 10° C., T1:T3:90° C., and 
T2:T4:40 to 45° C.). 

[0095] Although the adsorption amount difference for the 
adsorbent in the invention is thus speci?ed, a more preferred 
adsorbent satis?es the requirement Which is speci?ed under 
any of the folloWing conditions (A) to (C). 
[0096] (A) T0 is 100 C. and T2 is 40° C. 
[0097] (B) T0 is 5° C. and T2 is 40° C. 
[0098] (C) T0 is 10° C. and T2 is 45° C. 
[0099] The adsorbent performance described above Will be 
explained beloW by reference to FIG. 1. 
[0100] First, an explanation is given on the case of FIG. 1 in 
Which the control valves 31 and 34 are closed and the control 
valves 32 and 34 are opened. 

[0101] In this case, the adsorbent packed in the adsorption 
column 2 adsorbs the Water vapor supplied from the vaporiZer 
4 and thus heats up. During this adsorption, the adsorption 
column 2 is cooled and deprived of heat by the heat medium 
(e.g., cooling Water) Which is passing through the heat 
medium pipes 211 and 21. The temperature of this heat 
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medium (cooling Water), Which is supplied through the pipe 
211 for cooling the adsorption column 2 (adsorption/desorp 
tion part), is referred to as T2. 
[0102] On the other hand, the temperature of the vaporiZer 
4 is regulated for the purpose of generating cold. The adsorp 
tion-side relative vapor pressure ([)2b in this operation is 
de?ned by the folloWing equation. 

Adsorption-side relative vapor pressure ¢2b:[equilib— 
rium Water vapor pressure (T0)]/[equilibriurn 
Water vapor pressure (T2)] 

[0103] Equilibrium Water vapor pressure (T0): equilib 
rium Water vapor pressure at the temperature T0 of the 
vaporiZer 4 

[0104] Equilibrium Water vapor pressure (T2): equilib 
rium Water vapor pressure at the temperature T2 of the 
heat medium in the adsorption column 2 

[0105] On the other hand, the adsorption column 1 during 
this operation is in the desorption (regeneration) mode. The 
adsorbent packed in the adsorption column 1 is regenerated 
by a regenerating heat source (temperature of the heat 
medium for heating the adsorption/desorption part; this tem 
perature is referred to as T1). The condenser 5 is cooled With 
the cooling Water supplied through the heat medium pipe 51 
and thereby condenses Water vapor. The desorption-side rela 
tive vapor pressure S1 in this operation is de?ned by the 
folloWing equation. 

Desorption-side relative vapor pressure ¢lb:[equilib— 
rium vapor pressure (T2)]/ [equilibrium vapor 
pressure (T1)] 

[0106] Equilibrium vapor pressure (T2): equilibrium 
vapor pressure at the temperature of the condenser 5 
(:equilibrium vapor pressure at the temperature T2 of 
the heat medium in the adsorption column 2) 

[0107] Equilibrium vapor pressure (T1): equilibrium 
vapor pressure at the temperature (T1) of the regenerat 
ing heat source in the adsorption column 1 

[0108] An important point here is that in an adsorption 
column, the temperature during adsorption differs from the 
temperature during desorption (regeneration). Consequently, 
in the invention, the adsorption amount difference is deter 
mined from a desorption isotherm obtained at a desorption 
temperature and from an adsorption isotherm obtained at an 
adsorption isotherm. Speci?cally, it is calculated using the 
folloWing equation. 

Adsorption amount difference:Q2—Ql 

[0109] Wherein 
[0110] Q1:adsorption amount at ([)1b as determined 
from a Water vapor desorption isotherm obtained at a 
temperature (T3) used for desorption operation in the 
desorption part 

[0111] Q2:adsorption amount at ([)2b as determined 
from a Water vapor adsorption isotherm obtained at a 
temperature (T4) used for adsorption operation in the 
adsorption/desorption part, 

[0112] provided that 
[0113] $119 (relative vapor pressure during desorption 

operation in the adsorption/desorption part):[equilib 
rium Water vapor pressure at the temperature of coolant 
(T2) cooling the condenser]/ [equilibrium Water vapor 
pressure at the temperature of heat medium (T1) heating 
the adsorption/desorption part] 

[0114] $219 (relative vapor pressure during adsorption 
operation in the adsorption/desorption part):[equilib 
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rium vapor pressure at the temperature of cold (T0) 
generated in the vaporization part]/ [equilibrium vapor 
pressure at the temperature of coolant (T2) cooling the 
adsorption/desorption part] 

[0115] (Wherein T0:5 to 10° C., T1:T3:90° C., and 
T2:T4:40 to 45° C.). 

[0116] The adsorbent according to the invention has an 
adsorption amount difference, as determined With the equa 
tion shoWn above, of 0.15 g/ g or larger, preferably 0.18 g/ g or 
larger. The larger the adsorption amount difference, the more 
the adsorbent is preferred. HoWever, When available material 
sources Which satisfy such performance are taken into 
account, the adsorption amount difference is usually 0.50 g/ g 
or smaller, practically 0.40 g/ g or smaller, especially 0.35 g/ g 
or smaller. 

[0117] Speci?cally, the adsorption amount difference is 
determined through measurements made, for example, under 
(1) conditions in Which T0 is 100 C. and T2 is 40° C., (2) 
conditions in Which T0 is 5° C. and T2 is 40° C., or (3) 
conditions in Which T0 is 10° C. and T2 is 45° C. The adsorp 
tion amount difference thus determined may be any value not 
beloW 0.15 g/g. 
[0118] The necessity of the adsorption amount difference 
of 0.15 g/ g or larger is derived from the folloWing investiga 
tion, Which is made on the supposition that the adsorption 
heat pump is applied to motor vehicles. 

<<Adsorption Temperature, Description Temperature>> 

[0119] First, an adsorption isotherm and a desorption iso 
therm are obtained at an adsorption temperature and a des 
orption temperature, respectively, because the adsorption 
amount depends on the temperature during adsorption and the 
temperature during desorption as stated above. 
[0120] During adsorption, the adsorption column is cooled 
With cooling Water in order to inhibit the column from being 
heated up by adsorption heat. Because of this, the temperature 
of the cooling Water (T2) is almost equal to the adsorption 
temperature (T4). On the other hand, during desorption, the 
adsorption column requires desorption heat and the tempera 
ture of Warm Water (T1) is equal to the desorption temperature 
(T3). 
[0121] Incidentally, heat medium temperatures in the 
adsorption heat pump are as folloWs: (1) the Warm-Water 
temperature is about 90° C. because it is a temperature 
obtained With the engine-cooling Water; (2) the cooling tem 
perature is about from 40° C. to 45° C. because it is a tem 
perature obtained by heat exchange With the outside air; and 
(3) the temperature of cold Water necessary for generating a 
cold Wind is about from 5 to 10° C. Namely, the cold-Water 
temperature is about from 5 to 10° C. on the assumption that 
the adsorption heat pump is applied to general motor vehicles 
in Japan. The cooling temperature is about 40° C. in Japan, 
and is about 45° C. in regions Where the outside air tempera 
ture is high. 

[0122] Consequently, the adsorption temperature (T4) is 
About from 40° C. to 45° C. and the desorption temperature 
(T3) is about 90° C. 

[0123] In the invention, the adsorption temperature and the 
desorption temperature are employed as indexes to adsorbent 
performance. The adsorbent is one Which satis?es the 
requirement that the adsorption amount difference, as deter 
mined from at least one of adsorption isotherms obtained at 



US 2013/0091879 A1 

adsorption temperatures of from 400 C. to 45° C. and from a 
desorption isotherm obtained at a desorption temperature of 
90° C., is 0.15 g/g or larger. 

<<Adsorption Amount Difference>> 

[0124] The adsorption amount difference (0.15 g/ g or 
larger) is determined in the same manner as for adsorbent 1. 
[0125] Although the adsorbent Was explained above on the 
assumption that the adsorption heat pump is applied to motor 
vehicles, it is a matter of course that any adsorbent having the 
properties described above canbe suf?ciently applied to other 
applications including stationary use. 
[0126] It is noted that the adsorption amount difference 
according to the invention is satis?ed in the range in Which the 
relative vapor pres sure during adsorption operation (021) in the 
adsorption/desorption part is from 0.1 15 to 0.18 and the rela 
tive vapor pressure during desorption operation ([)1b in the 
adsorption/desorption part is from 0.1 to 0.14. This range 
roughly corresponds to the range of operating relative vapor 
pressures for adsorption heat pumps. 
[0127] When the adsorbent has a region in Which the 
adsorption amount difference is 0.15 g/ g or larger in the range 
in Which ([)1b and ([)2b are from 0.115 to 0.18 and ([)1b is equal 
to or higher than $219, then this adsorbent is advantageous 
because the adsorption heat pump can be operated thereWith 
even under severe temperature conditions Which have been 
thought to be unable to be used for operating adsorption heat 
pumps. 
[0128] Adsorbent 2 described above is selected from Zeo 
lites containing at least aluminum and phosphorus in the 
framework structure. 

<Adsorbent Materials> 

[0129] The adsorbents in the invention preferably are Zeo 
lites. Especially preferred is a Zeolite containing aluminum, 
phosphorus, and a heteroatom in the framework structure. 
The Zeolites here may be natural Zeolites or arti?cial Zeolites. 
Examples of the arti?cial Zeolites include the aluminosili 
cates, aluminophosphates, and the like de?ned by Interna 
tional Zeolite Association (IZA). 
[0130] Of the aluminophosphates, ALPO4-5 is unsuitable 
for use as an adsorbent in the invention because it shoWs 
hydrophobic adsorption properties. For making this material 
suitable for use as an adsorbent in the invention, it is preferred 
to replace part of the aluminum and phosphorus With a het 
eroatom, e.g., silicon, lithium, magnesium, titanium, Zirco 
nium, vanadium, chromium, manganese, iron, cobalt, nickel, 
palladium, copper, Zinc, gallium, germanium, arsenic, tin, 
calcium, or boron, in order to impart hydrophilicity. 
[0131] Preferred of those are Zeolites formed by replacing 
part of the aluminum and phosphorus With silicon, magne 
sium, titanium, Zirconium, iron, cobalt, Zinc, gallium, or 
boron. Most preferred of these are Zeolites formed by replace 
ment With silicon; this kind of Zeolites are commonly called 
SAPO. The heteroatoms thus incorporated may be of tWo or 
more kinds. 

[0132] A preferred aluminophosphate among the Zeolites 
usable as adsorbents in the invention is a Zeolite Which con 
tains aluminum, phosphorus, and a heteroatom in the frame 
Work structure and in Which the proportions of the atoms 
present are represented by the folloWing expressions (1), (2), 
and (3): 

000151503 (1) 

Apr. 18, 2013 

(Wherein x represents the molar proportion of the heteroatom 
in the frameWork structure to the sum of aluminum, pho spho 
rus, and the heteroatom in the frameWork structure); 

0.3 5y50.6 (2) 

(Wherein y represents the molar proportion of aluminum in 
the frameWork structure to the sum of aluminum, phosphorus, 
and the heteroatom in the frameWork structure); 

0.3 5250.6 (3) 

(Wherein Z represents the molar proportion of phosphorus in 
the frameWork structure to the sum of aluminum, phosphorus, 
and the heteroatom in the frameWork structure). 
Among the proportions of atoms present, the proportion of 
the heteroatom is preferably represented by the folloWing 
expression (4): 

0.003 5150.25 (4) 

(Wherein x is as de?ned above) 
and more preferably represented by the folloWing expression 
(5) 

0.005 550.2 (5) 

(Wherein x is as de?ned above). 
[0133] Preferred of the Zeolites containing aluminum, 
phosphorus, and a heteroatom in the frameWork structure are 
ones in Which the heteroatom is silicon atom and Which give 
a 29Si-MAS-NMR spectrum in Which the integrated intensity 
area for the signals at from —108 ppm to —123 ppm is not more 
than 10% based on the integrated intensity area for the signals 
at from —70 ppm to —123 ppm. That integrated intensity area 
ratio is more preferably 9.5% or less, especially preferably 
9% or less. 

[0134] Furthermore, the Zeolites preferably are ones Which 
give a 29Si-MAS-NMR spectrum in Which the integrated 
intensity area for the signals at from —70 ppm to —92 ppm is 
not less than 25% based on the integrated intensity area for the 
signals at from —70 ppm to —123 ppm. That integrated inten 
sity area ratio is more preferably 50% or more. 
[0135] The 29Si-MAS-NMR spectra in the invention are 
ones obtained by a method in Which a sample is stored in a 
Water-containing desiccator at room temperature over a 
Whole day and night to cause the sample to adsorb Water to 
saturation and this sample is examined under the folloWing 
conditions using tetramethylsilane as a reference material. 
[0136] Apparatus: Chemagnetic CMX-400 
[0137] Probe: 7.5 mm MAS Probe 
[0138] Resonance frequency: 79.445 MHZ 
[0139] Pulse duration: 5.0 microsecond 
[0140] Pulse series: single pulse 
[0141] Waiting time: 60 seconds 
[0142] Revolution speed: 4,000 rps 
[0143] A 29Si-MAS-NMR spectrum for a Zeolite gives 
information about the combined state of silicon in the Zeolite. 
From the positions and distribution of peaks, the combined 
state of silicon can be understood. 

[0144] Although a preferred Zeolite in the invention con 
tains aluminum, phosphorus, and silicon, the silicon atoms in 
the Zeolite are present as SiO2 units. In a 29Si-MAS-NMR 
spectrum, the peak appearing at around —90 ppm is attribut 
able to silicon atoms each bonded, through oxygen atoms, to 
four atoms other than silicon atoms. In contrast, the peak 
appearing at around —1 10 ppm is attributable to silicon atoms 
each bonded to four silicon atoms through oxygen atoms. 
Namely, When a Zeolite gives a spectrum in Which the peak at 
















