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OPERATING PROPERTIES

OF COMPOSITE MATERIALS
“SILICA GEL - SODIUM
SULPHATE” AND “SILICA GEL -
SODIUM ACETATE” FOR SOLAR
ADSORPTIVE HEAT PUMPS

Hocniosceno excniyamauiitni enacmueocmi KOMRO3UMHUX copOenmie “cuiikazenp —
Hampiil cynbpam’” ma “cunikacens — Hampiii ayemam”, AKi CUHME308aAHI 3071b-2€1bMEMOOOM
o adcopoyininux conaunux menaosux nacocie. Ilokazano akicui giominnocmi Kinemuu-
HUX KpUUX copoyii 600U KOMROZUMHUMU cOpOeHmamu ma macugnumu conamu. Po3poo-
JIeH0  KOHCHMPYKUII0O COHAYUHO20 AOCOpOUiiiHO20 mMenno6o20 Hacoca. Bcmanoeneno
Koeghiyicnmu nepemeopenns MmMeniomu 3anpPonoOHOBAHO20 MEN108020 HACOCA & pa3zi
GUKOpUCMAHHA KOMno3uma “cunikazenv — Hampiii cynoham” ma “cunikacens — nampii
ayemam”. Buseneno ce30HHy 3anexicHICHb eKCHIyamauilinozo KoeiuicHma nepemeo-
PEHHs Mennomu aocopouilinoz0 menio6oz0 HACOCA HA OCHOGI KOMnOo3umis “cuiikazens —
Hampiil cynoham” ma “cunikacens — nampii ayemam’.

Knrouegi cnosa: xomnozummui copbenmu, copoyiiina eMHicmo, memnepamypa pezeHepauyii,

COHAYHUL A0COPOYTUHUL MEN0BUL HACOC, eHEPeOehHeKMUBHICTb.

Tendencies of monotonic increase in power
consumption, cost of primary fuels and energy
products stipulate the development of cheaper
methods, techniques and devices not only for pre-
cluding of primary fuel consumption, but also for
reduction of carbon dioxide emissions. Promising
devices corresponding to these requirements are
heat pumps, ie heat transformers in which work-
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ing bodies transfer heat from a lower temperature
level to a higher when reverse thermodynamic
cycle realized [1]. Compression (air- and steam-
driven) heat pumps based on the gradual imple-
mentation of the compression and expansion of
the working fluid are considered as most abundant
of them. In recent years, active research and ex-
panding area of implementation of sorption heat
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pumps based on periodically repeating processes
of working body sorption and desorption with
sorbent, these being accompanied by the release
and absorption of heat, respectively. In absorp-
tion heat pumps pairs H,O / LiBr and NH; / H,O
used in air conditioning and refrigeration tech-
nics became the most wide-spread [2]. Recently,
heat pump based on metal hydride and pair H,O
/ LiBr is suggested [3]. However, absorption heat
pumps are sensitive to gravity. Adsorption heat
pumps based on vapor adsorption with solids (ad-
sorbents) are clear from these limitations. Zeo-
lites, silica gel, activated carbon [4] active carbon
fiber [5], alumina, mesoporous silica gel [6] and
composite sorbents ‘salt in a porous matrix’ [2,
7] are considered as adsorbents. At the same time
intensive application such adsorbents is strongly
limited by quite complex and expensive techno-
logy of manufacturing by impregnation of crys-
talline porous media with crystalline hydrate
solutions [7]. More promising in their sorption
capacity and, as a consequence, adsorption heat
materials are nanodisperse composites synthe-
sized by sol-gel method [7]. However, the pre-
sence of salt in a porous matrix causes a qualita-
tive change not only in sorption capacity, but also
in the regularities of adsorption processes kinetic.

The present work is devoted to operating
features of composite sorbents “silica gel — so-
dium sulphate” and “silica gel — sodium acetate”
synthesized by sol-gel method for adsorption
heat pumps.

Experimental. The main structural elements
of the adsorption heat pump (fig. 1) is a cylindri-
cal reactor of adsorption-desorption-type (1), a
hydraulic circuit (2) with ribs (3) filled with sor-
bent (4), condenser (5) and an evaporator ( 7)
[8]. As an external source of heat, solar collector
(14) TICK-BCI1-2 is used.

Adsorptive heat pump is suggested to oper-
ate on four-stages cycle included adsorption,
heating, desorption and cooling. The heat of ad-
sorption released on the first stage is transferred
from the adsorbent granules to the grid and then
to the heat-removing media in the hydraulic cir-
cuit, it being used for the needs of the consumer.
The second and third stages consist in heating
to temperatures of sorbent regeneration (com-
posite “silica gel — sodium sulphate” to 90 °C
and “silica gel — sodium acetate” to 60 °C) and
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Operating properties of composite materials
“silica gel — sodium sulphate” and “silica gel — sodium acetate”
for solar adsorptive heat pumps

desorption of water vapor, respectively. Then,
sorbent chilling occur up to the adsorption start
temperature (30 °C).

Sol-gel synthesis techniques of the compo-
sites is described in detail [9]. Sorption capaci-
ties of used composites are 0.85 g/g for “silica
gel — sodium sulphate” and 0.42 g/g for “silica
gel — sodium acetate”.

Results and discussion. Crucial factors for
adsorption heat conversion are the ability of
composite sorbents to reversible processes hy-
dration and dehydration and temperature ranges
for sorption and desorption.

In order to determine these parameters sorp-
tion kinetics of water with composites “silica
gel — Na,SO,” and “silica gel — CH;COONa” at
temperatures of 20, 40 and 60 °C and pressure
of 1010.8 mbar was investigated.

Water sorption kinetic curves of the studied
substances in comparison with solid salts are
presented in fig. 2.

When temperature increased in inves-
tigated range, noticeable raise of sorption
processes rate is observed both for massive
salts and composite sorbents.  Neverthe-
less, equilibrium for massive salts is regis-
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Fig. 1. Solar adsorptive heat pump:

1 — cylindrical adsorber; 2 — hydraulic circuit;
3 —ribs of hydraulic circuit; 4 — sorptive
material; 5 — condenser; 6 — cylindrical rings;
7 — evaporator,; 8 — Haepisau, 9 — tapered hole;
10 — distributional checkerwork; 11 — lid;
12 — polymeric solar collector; 13 — pump;
14 — solar rays, 15 — outlet of hot water;

16 —inlet of cold water, 17 — valves
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Fig. 2. Kinetic curves of water sorption for massive salts sodium sulphate (a) and sodium acetate (b)
and composite sorbents “silica gel — sodium sulphate” (c) and “silica gel — sodium acetate” (d)
at a pressure of water vapor 1010.8 mbar and temperatures, °C: 1 — 20; 2 — 40; 3 — 60

tered later as compared to composite. Coin-
cidently, qualitative difference kinetic curves
for massive salts (Fig. 2a and b) and com-
posite sorbents (Fig. 2¢ and d) is observed.
S-shaped kinetic curves of massive Na,SO,
and CH;COONa are typical for kinetic regime
of hydration processes. Practically rectilinear

initial section in A-10,5 coordinates confirms
diffusion limitations, ie water transport in sor-
bent pore system is rate-determinant stage.
Temperature dependence of diffusion
coefficient of water vapor in pores sys-
tem is linear in semilogarithmic coordinates
for both composite sorbents. This activa-

Adsorptive heat pump coefficient of energy perfomance

The total average “Silica gel — Na,SO,” | “Silica gel - CH;COONa”
Month daily value
of solar radi;]tion (kW-h/m?) COP. COPy(b) COP,y COPy(b)
May 5.99 2.084 1.130 2.021 1.189
June 5.86 2.084 1.133 2.021 1.193
July 6.06 2.084 1.128 2.021 1.187
August 5.66 2.084 1.137 2.021 1.200
September 4.41 2.084 1.176 2.021 1.257
°
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tion energy for these processes is estimated
about 52 kJ/mol for compo-site “silica gel —
sodium sulphate” and 64 kJ/mol for “silica gel —
sodium acetate”.

Further tests of synthesized composite sor-
bents were carried out in the solar adsorption heat
pump. The efficiency criterion for such devices
is coefficient of energy performance COP, which
is equal to ratio of heat supplied to bodies with
a higher temperature to heat expended at that.

COP is calculated by two methods:

1) as ratio of adsorption heat to sum of de-
sorption heat and external heat supplied to sor-
bent during its heating upto regeneration tem-
perature (COP,);

Operating properties of composite materials
“silica gel — sodium sulphate” and “silica gel — sodium acetate”
for solar adsorptive heat pumps

2) as ratio of adsorption heat to heat supplied
by solar collector (COPy(d)) (net).

According to calculation results given in Table
COP, and COP(b) of heat pumps based on both
composite sorbents are values of the same mag-
nitude, it being resulted from lower regeneration
temperature of composite “silica gel — sodium
acetate” (60 °C) as compared to “silica gel — so-
dium sulphate” (90 °C). Unsignificant decrease
of COP, when composite “silica gel — CH;COO-
Na” used is accounted for by lower sorption ca-
pacity as compared to “silica gel — Na,SO,”.

Higher values of COP(b) when composite
“silica gel — CH;COONa” used are interpreted
by its lower regeneration temperature.

Conclusions

The properties and kinetic regularities of

water vapor adsorption with composite materi-
als “silica gel — CH;COONa” and “silica gel —
Na,SO,” are studied. Distinction in kind of sorp-
tion processes by massive salts and composite
sorbents synthesized by sol-gel method is shown.

Operating characteristics of solar adsorption

heat pumps based on composites “silica gel —
CH;COONa” and “silica gel — Na,SO,” are
studied. Such heat pumps are shown to be very
attractive for further development and potential
alternative to conventional heating systems in the
future because of their environmental benefits and
independence from traditional energy sources.
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