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Annomayusn. Dghexmusnas snepeemura HeoOX00UMAa O/t 2APMOHUYHO20 PA3GUMUSL IKOHOMUKU 20CYO0apCmea.
s Poccuu 0onou u3 gasichetivuux npooiem Asisemcs CHUNCEHUE IHeP2OEMKOEMKOCHU 8 NPOU3B00CNEEHHOM U
ovimosom cexmopax. Kuouesblm momenmom Ons peuienuss OGHHOU npoOnemvl s61aemcs  pa3pabomka
CRe0YIOWUX HAYUHO-MeXHUYecKux 3a0ay. 1) cHudceHue O0aU MENIoGblX O0mMX0008 HPOMBIUIEHHOCMU,
mpancnopma u m.o., 6eCnoIesHO pacceusaomuxcs 8 OKPYIcaouyto cpedy 2) ucnonb308anue aibmepHamueHbix
ucmounuxog suepeun. OOHOU U3 MEXHONO2UL, NO36OJIOWUX IPHeKmusHo pewiams NOCMAsIeHHble 3a0aiu,
A615€MCsl A0COpOYUOHHOe npeodpasoeanue menia. B ocrnoge smoi mexunonocuu excum oopamumviii npoyecc
copbyuu-decopoyuu. [lannas mexHono2us He MONbKO NO360Jsiem PHeKmMUsHO UCHOIb308AMb  IHEPIUIO
MENI0BbIX 0MX0008 UMY COTHYA HENOCPEeOCMBEHHO 8 MOMEHm 2eHepayuu, HO u sanacamv eé. OCHOGHbIM
He0OCMamKoOM AlbMEPHATNUGHBIX UCHOYHUKOE IHEPIUU SIBNSACCS HeCO2NACOBAHHOCMb N0 BPEMEHU MedHCOy
npoU3B00CME0M dHepauu U eé nompeobienuem. Teniogyro sHepeuio mako2o muna HeobXooUMo aKKyMyauposamo,
umobsl coenramev 00CMynHou 011 nompedoumeneu. Adcopbyuonnvie npeobpazosamenu menia (AIT) mozym
Ovimb  ucnoavb3o08anvl 0as: 1) oboepesa nomewenuu, 2) oxaanxicoenus (KoHouyuonuposaunue), 3) 3anacanus
menaa. dgpgexmusnasn sxcnayamayus AT moscem dvimb pearu306ana moabKo 8 ciyiae epamomHozo noobopa
pabouell napvi «a0copoeHmM-adcopomus» 6 coomeemcmeuu ¢ mpebosaHUAMU KOHKPEMHO20 pabodezo yukid.
OO0HuM u3 8adcHeUuux Gaxmopos, IuAIOWUX Ha 8b100p paboueti napwvl, AGIAIOMCA KIUMAMUYECKUe YCI08UsL, 6
Komopwix 0yoem @ynxkyuonuposamv AIT. B oaunoii pabome anamusupyemcsi 603MOICHOCMb pPearu3ayuil
A0COPOYUOHHBIX NPUNONCEHUT 6 pa3nuuHbix pecuonax Poccuu. Paboma cocmoum uz wemvipex uacmei. 1)
AHANU3 KIUMAMUYECKUX YCIOBULL PA3IUYHBIX pecuonos Poccuu u b100p pabouux yukios, onmumaibHbIX O1s
Kax#co0020 pe2uona; 2) ananus epanudnslx yciosuti pabomel gvliopanusix yuxnos AIT, 3) obobwenue dannwix o
COPOYUOHHOM PAGHOBECUU PA3IUYHBIX COPOEHMO8 ¢ napamu 600bl U MEMAHOAd U UX ANAPOKCUMAYUS

dyHryuamu; 4) evibop nooxodsawux pabouux nap oaa paccmampugaemvix yuxnog AIIT.

Introduction. Despite the significant progress achieved in the adsorption heat transformation (AHT) over
the past decades, further improvement in the performance is necessary [1]. It has been recently shown that
materials characterized by step-wise (S-shaped) sorption curves (isotherms, isobars) are profitable for the AHT

[2]. However, each particular AHT cycle presents specific requirements to the adsorbent properties depending on
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the type of application (cooling, heating, etc.), the climatic zone where the AHT will be used, and the energy
source available for the sorbent regeneration. In other words, a sorbent showing a good performance in one AHT
cycle may be completely ineffective in others. To date a tremendous number of novel adsorbents (nanostructured
materials, MOFs, AIPOs, SAPOs, composites salt/matrix, etc.) have been developed that makes a routine search
for the adsorbent for a specific cycle a labor-intensive and time-consuming task.

Materials and methods. Recently, a generalization of adsorption data for various adsorbents and
working fluids has been suggested to form a database, which will be a helpful instrument for the selection of the
working pair for a specific AHT cycle [3]. Following this way, here we present the summarized adsorption data
for different pairs for AHT.

Results and discussion. It is known that for many working pairs the sorption curves (isotherms, isobars)
presented as function of the Polanyi potential AF=RTIn(P0O(T)/P) converge to a universal sorption curve (see,

e.g. Fig. 1). PO is saturated pressure of sorbate at temperature T.
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Fig. 1. Experimental data and approximation for pair AIPO18-water

In this paper the adsorption equilibrium of water and methanol with a large number of adsorbents is analyzed.
The universal adsorption curves are plotted in the coordinates “sorption w — the Polanyi potential AF”. The
plotted curves are approximated by parametric equations and the parameters are tabulated. They represent a
database of adsorption data for a large number of working pairs for AHT. The functional dependence w=f(AF)
allows the amount Aw of sorptive exchanged in the AHT cycle to be assessed as Aw = w(AF,) - w(AF)) (Fig. 1),
where AF; and AF, are the Polanyi potential, corresponding to regeneration and adsorption stages, respectively.
We considered several typical AHT cycles, namely cooling and heating, for several climatic zones (cold, warm
and hot). Their operating conditions of the AHT are determined by the temperatures of condensation Tcon,
evaporation Tev, and the temperature Treg of the heat available for the adsorbent regeneration. Using the

temperatures Tev, Tcon, and Treg the values of boundary potentials AF, and AF, can be calculated as
AF| = -RTreg In (P(Tcon)/P(Treg)) (1)
AF, =-RTcon In (P(Tev)/P(Tcon)) 2)
Considering the amount Aw of the working fluid exchanged in the AHT cycles considered, the most promising
working pairs are selected for these cycles. Thus, Fig. 2a illustrates that under conditions of the cooling cycle

(Tcon = 30°C, Treg = 75°C, Tev = 3°C) the adsorbent AIPO-18 exchanges the largest amount of water Aw

among the adsorbents analyzed.
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Fig. 2. a) Universal curves of water adsorption on different materials. b) Diagram for pair AIPO18-water:
Aw = fAF,4F>)

Using the functional dependence w=f(AF), a more detailed analysis of the working pair applicability for
the AHT cycles with different operating conditions can be carried out. For example, the adsorption equilibrium

of the pair “AIPO-18 — water” is fitted by the function (Fig. 1):
w = (A-AF+B)/(1+exp(-k1-(AF-C1))) + L/(1+exp(-k2-(AF-C2))) 3)

where A, B, C1, C2, L, kl, k2 are numerical coefficients. Let’s consider the refrigeration cycle for drugs keeping
with Tev=3°C. Plotting the amount of water cycled on AIPO-18 (Fig. 2b) at different temperature Tcon and Treg
one can estimate which Treg is required for different Tcon (means, in different climatic zones). Thus, from the
diagram Aw(Tcon, Treg) (Fig. 2b), it is evident that at Tcon=36°C, Treg > 80°C is needed for Aw > 0.15 g/g to
be exchanged by AIPO-18. If the ambient temperature drops down to 20°C, then Treg=60°C is sufficient for
reaching Aw = 0.20 g/g. Thus, using the functional dependences w=f(AF), the diagrams w(Tcon, Treg) can be
plotted to evaluate the potential of the working pair for the specific AHT cycle under different climatic
conditions.

Conclusion. The universal sorption curves for a wide range of conventional and innovative sorbents

(activated carbons, silica gels, alumina, aluminophosphates, MOFs, "Salt in porous matrix" composites, etc)
using methanol and water as sorptives were calculated. For each universal curve, an analytical functional
relationship was selected. Recommendations on the optimal climatic conditions for the use of the considered
working pairs were given.
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