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In this paper we proposed and tested a new methodology of studying the kinetics of water vapour sorp-
tion/desorption under operating conditions typical for isobaric stages of sorption heat pumps. The mea-
surements have been carried out on pellets of composite sorbent SWS-1L (CaCl2 in silica KSK) placed on a
metal plate. Temperature of the plate was changed as it takes place in real sorption heat pumps, while the
vapour pressure over the sorbent was maintained almost constant (saturation pressures corresponding to
the evaporator temperature of 5 �C and 10 �C and the condenser temperature of 30 �C and 35 �C). Near-
exponential behaviour of water uptake on time was found for most of the experimental runs. Character-
istic time s of isobaric adsorption (desorption) was measured for one layer of loose grains having a size
between 1.4 mm and 1.6 mm for different heating/cooling scenarios and boundary conditions of an
adsorption heat pump. Maximum specific power estimated from the s-values can exceed 1.0 kW/kg of
dry adsorbent, that gives proof to the idea of compact adsorption units for energy transformation with
loose SWS grains.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Lang et al. [1] have proposed a design of the adsorber heat ex-
changer, in which a mono-layer of loose pellets of an adsorbent
is placed on the surface of the fins of a finned tube heat exchanger.
This design has proven itself to be effective during the investiga-
tions of a multi-modular adsorption heat pump (AHP), carried
out by Stricker [2]. The dynamics of water sorption was studied
for such configuration in a constant volume – variable pressure
unit under three different initial conditions typical for the opera-
tion of adsorption heat pumps (60 mbar, 50 �C), (40 mbar, 50 �C)
and (40 mbar, 35 �C) [3,4]. The first paper presented an experimen-
tal study on the kinetics of water vapour sorption on two host
materials (mesoporous silica-gel KSK and alumina A1) in compar-
ison with the two composites SWS-1L and SWS-1A formed by
impregnating these two host matrices with CaCl2. The initial states
of water vapour in the vapour vessel (A) and of the sorbent sample
in the measuring cell (B) of a typical sorption process realised in
these experiments are presented on the Clausius-Clapeyron dia-
gram together with the single-effect adsorption cycle plotted for
SWS-1L (Fig. 1). At the beginning of the experiments the loose
grains of the sample were almost completely dry (residual uptake
xo = 0.0017 g/g) and maintained at initial adsorption temperature
ll rights reserved.

.

.

35 �C (or 50 �C), that corresponds to point (B) in Fig. 1. After that,
the sample was subjected to a step change of the vapour pressure
up to 40 mbar (or 60 mbar), which initiated the sorption process in
the constant volume apparatus. The vapour pressure was decreas-
ing due to water sorption. Depending on the size of the grains and
the configuration of the sorbent layer (single or multi layer) the
sorption process can be isothermal (solid line in Fig. 1) or non-iso-
thermal. The final equilibrium state of the sorbent can be expected
on the isothermal line between points A and B depending on the
sample mass, starting pressure and the volume of the vapour ves-
sel. Measuring the temporal evolution of pressure p(t), the time
variation of the water loading was calculated. The sorption of
water lasted some tens of minutes until the equilibrium was
reached. As the pressure jump was large (non-isothermal adsorp-
tion) and the pressure was not constant during the water adsorp-
tion, no simple kinetic models could be applied for extracting
kinetic parameters from the experimental curves. However, this
simple qualitative procedure could be used for comparative study
of various sorbents under the prescribed boundary conditions. To
make the comparison, the sorption rate was characterized by times
sv=0.5 and sv=0.9 for reaching 50% and 90% of the equilibrium loading.
The maximum half-time of water sorption sv=0.5 = 4.85 min.
was measured for composite SWS-1A (CaCl2 in alumina) at
po(H2O) = 60 mbar and T = 50 �C [3]. The fastest sorption (sv=0.5 =
1.0 min) was found for pure mesoporous silica at po(H2O) = 40
mbar and T = 50 �C [3]. The kinetic curves were non-exponential
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Nomenclature

d differential operator (minus)
Eact activation energy (J/mol)
hfg latent heat of vaporization (kJ/kg)
k rate constant (s�1)
m mass (kg)
_m mass flow rate (kg s�1)

N water loading ðmolH2O=molCaCl2 Þ
p pressure (kPa)
R gas constant (kJ kg�1 K�1)
S internal surface area of the porous sorbent (m2)
t time (s)
T temperature (K)
V volume (m3)
x water loading (g/g)
W specific power (kW/kg or W/kg)

Greek symbols
D difference operator (�)
U pore diameter (nm)
# temperature (�C)

s characteristic time (s)
v dimensionless differential water loading (�)

Subscripts
1–4 state points in Fig. 1
0 initial value
ads adsorbent
amb ambient
con condenser
des desorber
ev evaporator
f final value
max maximum
MC measuring cell
s sorbed
sor sorber
S, dry dry sample
t instantaneous value
VV vapor vessel
WV water vapor

Yu.I. Aristov et al. / International Journal of Heat and Mass Transfer 51 (2008) 4966–4972 4967
with a long tail at large times, so that typically sv=0.9 was 5–8 times
larger than sv=0.5. This allowed the estimation of the average cool-
ing power generated during the adsorption phase [4]. Similar test
rig was reported in [5,6] with useful addition of a heat flux meter
to measure the released heat of adsorption as well as the sample
surface temperature during the adsorption process.

Although, sorbents with smaller sv=0.5 and sv=0.9 can be recom-
mended for applying in AHPs with a short working cycle, so mea-
sured characteristic times can not be directly used for estimating
the duration of the isobaric adsorption and desorption stages (4–
1 and 2–3 in Fig. 1). Indeed, the adsorption process B-1 realized
in Refs. [3,4] was induced by a jump of pressure at a quasi-constant
temperature, while in an AHP it is initiated by the drop of sorbent
temperature at a quasi-constant pressure maintained by an
evaporator.

In this paper we proposed and tested a new quantitative meth-
odology for studying the dynamics of water sorption under operat-
Fig. 1. Schematic of the old and new measuring methodologies
ing conditions close to those realized during isobaric stages of an
AHP. Characteristic times of isobaric adsorption (desorption) were
measured for a one layer of lose grains (size 1.4–6 mm) depending
on the initial temperature, the pressure level, the temperature
jump and cooling (heating) scenario. Moreover, the kinetics of
water vapour adsorption and desorption has been measured for
the same loose grains under two typical boundary conditions of
adsorption heat pumps.

2. Experimental apparatus, procedure, and materials

2.1. Apparatus

The sorption kinetics’ setup consists, as depicted in Fig. 2,
mainly of two compartments. The first is the measuring cell, in
which a sorbent sample is placed. The temperature of the surface
holding the sample can be adjusted and controlled using an oil
on a vapor pressure diagram for system ‘‘SWS-1L-water”.



Fig. 2. Schematic diagram of the modified kinetic setup.
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circuit coupled to the circulating heating thermal bath 2. The rate
of oil heating and cooling can be adjusted by moderating the cool-
ing water flux, which circulates through the plate heat exchanger,
so that different cooling (heating) scenarios can be realized. The
second compartment is a constant volume vapour vessel. The tem-
perature of this vessel is controlled using a water circuit coupled to
the circulating thermal bath 1. This bath 1 is also used to control
the temperature of the outer surface of the connecting pipes of
the setup (not shown in Fig. 2) to prevent the undesired local va-
pour condensation. A heating/cooling bath 3 is added to adjust
the temperature, and consequently, the pressure of water vapour
in the steam generator, in order to obtain the equilibrium state
at the beginning of the adsorption and desorption processes,
respectively. A three way valve (3WV) is introduced in the oil loop
to bypass the measuring cell and first heat or cool the oil content of
the thermal bath 2 to the desired final temperature for the desorp-
tion or adsorption processes, respectively. By rotating the 3WV to
the position, which enables the heated/cooled oil to flow into the
measuring cell, either a desorption or an adsorption process could
be started.

2.2. Experimental procedure

The sorbent sample was heated to 100 �C and evacuated for
one hour using a vacuum pump (valves V1–V3 are open, valve
RV is closed). Valve V3 is then closed and the measuring cell is
cooled down to the starting temperature of the isobaric adsorp-
tion stage #4 (point 4, Fig. 1). The vapour vessel and measuring
cell are charged with water vapour, from the steam generator,
up to the required starting pressure for the adsorption process
(Pev). The temperature of the connecting piping and valves was
maintained for isobaric adsorption at 35 �C, while for isobaric
desorption at 50 or 60 �C. When the sample had been equilibrated
with water vapour at #4 and pev, the measuring cell is cooled
down to #1 with two different cooling scenarios: fast (for the
most of experiments) and slow (for a few selected experiments)
cooling.

The adsorption process driven by the sample cooling started,
that results in reducing the vapour pressure with time (process
4–1* schematically in Fig. 1). This decrease did not exceed
2–3 mbar, which is quite typical for adsorption heat pumps, as
the evaporator could not be designed to keep the pressure per-
fectly constant, most specifically, at the beginning of the adsorp-
tion process. Accordingly, the adsorption process can be
considered as a quasi-isobaric one as it proceeded close to isobaric
line 4–1 (Fig. 1). The pressure variation, being measured with two
pressure transducers P1 and P2 is used to determine the amount of
the adsorbed water vapour on the sorbent sample (see the next
section). The accuracy of the pressure measuring system, being ap-
plied, amounts to ±0.05 mbar. The temperature controllers of the
circulating thermal bathes have an accuracy of ±0.1 K. Similar pro-
cedure was used for studying the dynamics of water desorption
which was quasi-isobaric and closely followed line 2–3* (Fig. 1).
Table 1 presents the boundary conditions of the performed tests
on the loose SWS grains.

The sorption process approaches the equilibrium state related
to the final water vapour pressure pf < pev and the final sample
temperature #1. The sample mass was minimized in a way to en-
sure that the final pressure pf differs from pev by not more than
±5% along line 2–3* and ±15% along line 4–1*. In our apparatus
the weight was fixed at 100 mg. This allowed us to consider the
adsorption process as a quasi-isobaric one. The data required for
evaluating the change of water uptake with time were recorded
every second.

2.3. The tested sorbent

The tested composite SWS-1L was synthesized by impregnating
CaCl2 into mesoporous silica gel according to the common proce-
dure described in [7]. The salt content amounts to 33.7 wt.% (dry
base). The average pore diameter and specific area of the sorbent
amount to 15 nm and 230 m2/g, respectively. The grain size was
between 1.4 and 1.6 mm.

3. Analysis of the experimental test-rig

A water vapour mass balance on the measuring cell of the sorp-
tion kinetics setup yields



Table 1
Experimental conditions (temperature of the evaporator #ev, initial #o and final #f temperatures of the metal plate, the change in uptake Dx and DN), characteristic times s and
maximum condenser/evaporation power Wmax for the grain size 1.4–1.6 mm

Run # con/#ev, �C #o) #f, �C s, s Dx = xf-xo, g/g Nf � No, mole/mole Wmax, kW/kg

1 30 60) 90 160 �0.24 = 0.11–0.35 2.0 –6.4 3.7
2 30 90) 60 260 0.23 = 0.34–0.11 6.3– 2.0 2.2
3 30 60) 70 200 �0.09 = 0.25–0.34 4.6–6.3 1.15
4 30 70) 80 160 �0.12 = 0.13–0.25 2.4 –4.6 1.9
5 30 80) 90 190 �0.02 = 0.11–0.13 2.0 –2.4 0.27
6 30 90) 80 250 0.02 = 0.13-0.11 2.4–2.0 0.23
7 30 80) 70 265 0.12 = 0.25–0.13 4.6–2.4 1.1
8 30 70) 60 265 0.09 = 0.34–0.25 6.3–4.6 1.1
9 10 60) 35 550 0.17 = 0.28–0.11 5.1–2.0 0.8
10 10 35) 60 290 �0.17 = 0.11–0.28 2.0–5.1 1.45
11 10 35) 45 235 �0.09 = 0.22–0.31 4.1–5.6 0.9
12 10 45) 55 600 �0.10 = 0.12–0.22 4.1– 2.2 0.4
13 10 55) 45 1340 0.11 = 0.23-0.12 2.2 - 4.1 0.2
14 10 45) 35 355 0.08 = 0.30-0.22 5.5–4.1 0.55
15 10 65) 35* – 0.19 = 0.30-0.11 5.5–2.0 0.95
16 10 35) 65** – �0.19 = 0.11-0.30 2.0 - 5.5 1.4
17 0 55) 35 1550 0.12 = 0.23-0.11 4.2– 2.0 0.2

** Low heating rate.
* Low cooling rate.

Fig. 3. The temperature evolution of metal plate (a), the pressure over the sample
(b) and the water uptake (c) for cooling (open circle) and heating (solid square)
runs. The solid line is exponential approximation mt = mo+(mf �mo)(1 � exp(�t/
so)). Runs 1 and 2.
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dmWV;MC

dt
¼ _mWV;VV

�� ��� _mWV;s: ð1Þ

Assuming an ideal gas behaviour for the water vapour during the
whole sorption process, both the rate of water vapour flow from
the vapour vessel to the measuring cell and the time rate of varia-
tion of the mass of the vapour phase in the measuring cell can be
obtained according to the following Eqs. (2) and (3)

_mWV;VV

�� �� ¼ DmWV;VV

Dt

����
����

¼ mWV;VVðtÞ �mWV;VVðt þ DtÞ
Dt

¼ ðp1ðtÞ � p1ðt þ DtÞÞ � VVV

RWV � TVV � Dt
;

ð2Þ
dmWV;MC

dt
¼ ðmWV;MCðt þ DtÞ �mWV;MCðtÞ

Dt
¼ ðp2ðt þ DtÞ � p2ðtÞÞ � VMC

RWV � TMC � Dt
:

ð3Þ

Combination of Eqs. (1)–(3) gives the mass rate of the water sorp-
tion according to Eq. (4):

_mWV;s ¼
DmWV;s

Dt
¼ ðp1ðtÞ�p1ðtþDtÞÞ �VVV

RWV �TVV �Dt
�ðp2ðtþDtÞ�p2ðtÞÞ �VMC

RWV � TMC �Dt
ð4Þ

Rewriting Eq. (4) in Eq. (5) gives an expression for the amount of the
sorbed water vapour on the sorbent sample

DmWV;s ¼
Dp1j j � VVV

RWV � TVV
� Dp2 � VMC

RWV � TMC
: ð5Þ

Knowing the mass of the dry sorbent sample mS;dry as well as the
starting water loading xo, the time variation of the water loading
can be calculated

x ¼ xo þ
Xt

t¼0

DmWV;s

mS;dry
ð6Þ

In order to compare the results of the sorption and desorption
kinetics under different operating conditions, it is reasonable to rep-
resent the time variation of the water loading in a dimensionless
form. This may occur by defining the dimensionless differential
water loading v as the ratio between the instantaneous differential
water loading to the maximum differential water loading achiev-
able at each operating condition of each sorption and desorption
process on the sorbent sample

vt ¼
xt � xo

xf � xo
ð7Þ
A detailed error analysis for the accumulated error in estimating the
absolute water loading showed a maximum error of ±0.008 g/g that
leads to the accuracy of calculating the differential water loading
was typically equal to ±0.015. This accuracy is quite reasonable
although for the future work the accuracy of pressure measurment
should be improved to 0.01–0.02 mbar instead of 0.05 mbar in or-
der to damp the fluctuation and allow one to measure even smaller
differential water loadings.



Fig. 4. Exponential fit of the experimental kinetic curve corresponding to run 12.
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4. Results and discussion

Typical evolution of the surface temperature of the metal plate
and the vapour pressure over the sample is presented on Fig. 3, a-c
for a fast heating run (run 1 in Table 1) followed by a fast cooling
run (run 2 in the same table). The heating run simulates process 2–
3* on Fig. 1, while the cooling run has been performed to check the
accuracy of the measuring system upon reversing the process
direction. Moreover, such a reversed process becomes of interest
for a heat transformation process, in which the adsorption process
takes place at the higher cycle pressure in order to obtain a higher
temperature than that applied for the desorption process, which
then takes place at the lower cycle pressure. It can be easily noticed
that after initiating the fast cooling (heating) process, the temper-
ature of the holding surface reaches the final temperature #f, which
equals the temperature of the heat carrier (oil) within 1 min. Set-
ting of the equilibrium pressure pf required, however, much longer
time (5–30 min). This can be attributed to the relatively slow
kinetics of water desorption/sorption determined by the coupled
heat and mass transfer to and inside the sorbent grains. The time
course of variation of P(t) (Fig. 3b) allows the calculation of the
water uptake as a function of time (Fig. 3c). For most of the fast
runs the shape of kinetic curves is near-exponential (Fig. 3c), and
the water uptake can be well described as

mt ¼ mo þ ðmf �m0Þ � ð1� expð�t=sÞÞ ð8Þ

or

mt �m0

mf �m0
¼ ð1� expð�t=sÞÞ ð9Þ

Equations similar to Eqs. (8) and (9) can be directly derived from the
Linear Driving Force Model [8] which considers the rate of adsorp-
tion as

dm
dt
¼ �k � ðmt �mf Þ; ð10Þ

where the rate constant (k = 1/s) does not change during the pro-
cess (k = const). This model commonly describes the kinetics of
adsorption process for which the driving force is the difference be-
tween the average current and the equilibrium concentrations of an
adsorbate [8]. The constant value of k indirectly assumes that the
process is isothermal.

The exponential kinetic law (9) differs from the equation
ðmt �m0Þ=ðmf �m0Þ ¼ A �

ffiffi
t
p

found in Ref. [9] for the initial stage
of the isothermal and isobaric adsorption (desorption) of water
on loose grains of SWS-1L. It was found in [9] that the sorption
kinetics was controlled by the Knudsen diffusion of water vapour
in the mesopores of SWS grains, while the heat transfer was very
fast and did not affect the kinetics.

In this study a near-exponential uptake curves were found un-
der conditions which were almost isobaric but strictly non-isother-
mal. We may suppose that such behaviour is likely a result of
complex action of coupled processes of heat and mass transfer that
takes place under non-steady state conditions of our experiments.
Indeed, at the beginning of the heating process (t = 0, Tgr = To,
Tpl = To+DT) the driving force for the heat transfer, that is the tem-
perature difference DT between the plate and the grains, is maxi-
mum. At this moment the driving force for the mass transfer
equals zero. This stimulates the fast grain heating (T > To) which re-
sults in the desorption of water and the increase of the pressure in-
side the grain. The pressure gradient is the driving force for water
diffusion from the grain, which alters the uptake and water distri-
bution inside the grain. The heat consumed to remove water alters
the grain temperature and so on. For better understanding of this
complicated process a detailed mathematical modelling of the heat
and mass transfer in this system has been performed [10].
The characteristic times s of sorption process for the SWS grains
of 1.4–1.6 mm size are displayed in Table 1. Along the high pres-
sure line 2–3 (#con = 30 �C) the typical value of s is between 160
and 260 s, that is smaller than along the low pressure line 1–4
(#ev = 10 �C) s = 230–1350 s. Even slower process was observed at
#evm = 0 �C (Table 1) with s = 1560 s.

For several runs experimental kinetic curves can not be ade-
quately described by Eq. (8), for instance, runs 5, 6, 10 and 12
(Fig. 4). We do present in Table 1 the characteristic times for the
best exponential fit of these kinetic curves for convenient compar-
ison with other runs. As for all these runs either the initial or final
uptake corresponds to a solid crystalline hydrate CaCl2 � 2H2O, the
deviation from exponential behaviour can be interpreted by pecu-
liarities of a gas-solid reaction CaCl2 � 2H2O + 2H2O, CaCl2�4H2O.

The factors, that can influence the sorption kinetics and, hence,
the its characteristic time, are the rate of cooling of metal plate, the
heat transfer between the plate and adsorbent grains, the heat and
mass transfer inside the grains as well as the rate of chemical reac-
tion between the salt and water.

4.1. Influence of the process temperature

Although only desorption runs from 60 to 90 �C at P = 56–
58 mbar and adsorption runs from 60 to 35 �C at P = 10–12 mbar
are of practical interest, we also measured the kinetics of reverse
runs (means, adsorption runs from 90 to 60 �C at P = 56–58 mbar
and desorption runs from 35 to 60 �C at P = 10–12 mbar) in order
to elucidate the effect of process temperature on sorption kinetics.
Indeed, it is well known that the rate of sorption is commonly tem-
perature dependent [11]. Considering direct and reverse tempera-
ture jumps (for instance, fast heating from 60 to 90 �C (run 1) and
fast cooling from 90 to 60 �C (run 2)), it can be seen that the char-
acteristic time s is always smaller for desorption stage (Table 1).
This can be attributed to higher average temperature of the metal
plate during desorption runs. Indeed, it reaches the temperature of
the heat carrier in about 1 min. (Fig. 3) that could result also in
higher average grain temperature. This is solely an assumption as
the temperature of the isolated SWS grains has not been directly
measured during these experiments.

If one, for simplicity, neglects the short transient stage and as-
sumes that the heating (cooling) process was very fast so that
the sorption process is quasi-isothermal and proceeded at the final
plate temperature (means, 90 �C for desorption and 60 �C for
adsorption at P = 56–58 mbar), it is easy to estimate the apparent
activation energy of the process. For instance, for adsorption run
2, which is supposed to proceed mostly at T1 = 60 �C, the character-



Fig. 5. The temperature evolution of metal plate (a), the pressure over the sample
(b) and the water uptake (c) for different heating scenario: 1 fast and 2 low. Runs 10
and 16.

Table 3
Characteristic times s0.5 and s0.9 of the water adsorption (desorption) for the fast and
slow cooling (heating)

Run Heating/cooling mode #o) #f, �C s0.5, s s0.9, s

10 Fast heating 35) 6o 160 730
16 Slow heating 35) 65 310 910
9 Fast cooling 60) 35 420 1300
15 Slow cooling 65) 35 680 1370

Dx = 0.28–0.11 = 0.17 g/g, DN = 5.1 - 2.0 = 3.1 mole/mole.
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istic time is s(T1) = 260 s, while for desorption run 1 with the same
temperature jump, which is supposed to proceed mostly at
T2 = 90 �C, s(T2) = 160 s. If we assume that the temperature depen-
dence of s is the Arrhenius one [11] s(T) = so exp(�Eact/RT), the
apparent activation energy of the process can be briefly estimated
as 17 ± 2 kJ/mol. So calculated values of Eact are displayed for se-
lected temperature jumps in Table 2. The tendency is that Eact is
larger at low average uptakes and smaller at high average uptakes,
that correlates well with the apparent activation energy of the rate
constant of water diffusion in the SWS-1L pores measured in [9]:
Ea = 60 ± 6 kJ/mol at N � 2–3 and 28 ± 4 kJ/mol at N > 4.

4.2. Influence of the cooling (heating) scenario

For the fast heating the metal plate became isothermal in 50–
100 s, while for the slow one, it took 300 s and 500 s for the heating
and cooling, respectively (Fig. 5). As a result, the uptake change
was much slower than for the fast temperature change. Especially
large difference was observed at the initial part of uptake curve,
which was essentially non-exponential (Fig. 5c). To analyse such
kinetics it is worthy to introduce the characteristic times s0.5 and
s0.9, which correspond to 50% and 90% of reaching the equilibrium
loading (Table 3). It could be easily noticed that the s0.5-time is
much longer for the slow temperature change, while the s0.9-times
are almost equal, especially for cooling mode. Thus, a cooling sce-
nario affects the beginning of uptake curve more than its tail.

4.3. Evaluation of the maximum specific power

Eq. (11) gives the instantaneous specific power W(t) which is re-
leased in the condenser or consumed in the evaporator due to
water desorption (adsorption) in an adsorption heat pump.

W ¼ hfgðdm=dtÞ=mads ¼ ½hfgðm1 �moÞ=ðsmadsÞ� expð�t=sÞ
¼Wmax expð�t=sÞ ð11Þ

Herein, hfg is the latent heat of evaporation of liquid water taken as
2478 J/g, mads is the mass of dry adsorbent [g], Wmax = DH (m1–mo)/
(s mads) is the maximum specific power which is released at t) 0.
Even for large SWS grains (1.4–1.6 mm) at heating stage (2–3) it can
reach 3.7 kW/kgads at the vapour pressure 55–60 mbar. For water
adsorption at low vapour pressure (10–15 mbar) the maximum
power is lower (0.75–1.9 kW/kgads).

The average power within the time interval [0, t] is

W t ¼
1
t

Z t

0
W t:dt ¼Wmax �

s
t
� ½1� expð�t=sÞ�: ð12Þ

At t) 0 Wt = Wmax, while at t = s0.9 = 2.3s Wt = 0.391Wmax. It means
that waiting for 90% of the water sorption equilibrium, one can still
obtain quite high average specific power which is only 2.6 times
lower than the maximum values displayed in Table 1. As the shape
of the uptake curves is not strictly exponential but only almost
exponential, this figures should be considered as an estimation
especially as concerned the time for reaching 90% of equilibrium.

Thus, our experiments give the experimental evidence for the
possibility to build quite compact adsorption cooling/heating
Table 2
Apparent activation energy estimated from direct and reverse temperature jumps

Runs # con/ #ev, �C #o, #f, �C No, Nf mole/mole Ea, kJ/mol

1, 2 35 60, 90 2.0, 6.3 17
3, 8 35 60, 70 4.6, 6.3 35
4, 7 35 70, 80 2.4, 4.6 39

9, 10 10 35, 60 2.0, 5.1 22
11, 14 10 35, 45 4.1, 5.5 33
12, 13 10 45, 55 2.2, 4.1 70
devices which utilize loose grains of SWS-1L. One can expect high-
er specific power in the case of a compact layer prepared with a
binder and consolidated with metal surface of heat exchanger.

5. Conclusions

In this paper we proposed and tested a new methodology of
studying the kinetics of water vapour sorption/desorption under
operating conditions which are very close to those realised during
isobaric stages of real adsorption heat pumps. The measurements
have been carried out on pellets of composite sorbent SWS-1L
(CaCl2 in silica KSK) placed on a metal plate. Temperature of the
plate was changed as it takes place in real sorption heat pumps,
while the vapour pressure over the sorbent was maintained almost
constant. Near-exponential behaviour of water uptake on time was
found for most of the experimental runs. Characteristic time s of
isobaric adsorption (desorption) was measured for one layer of
loose grains having a size between 1.4 and 1.6 mm for different
heating/cooling scenarios and boundary conditions of adsorption
heat pump. Maximum specific power estimated from the s-values
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can exceed 1.0 kW/kg of dry adsorbent, that gives proof to the idea
of compact adsorption units for energy transformation with loose
SWS grains.
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