
ZEOLITE VS SILICA GEL THERMAL
ENERGY STORAGE

Does natural zeolite adsorption enthalpy affect thermal energy storage?

Despite having approximately half of the water uptake capacity and adsorption enthalpy of the commercially

available synthetic zeolite 13X, the cost of thermal energy storage ($CAD/kWh th) of the natural zeolites was

determined to be 72-79% lower than that of the synthetic zeolite.

Does zeolite enhance thermal energy storage?

Cation effect of zeolite to thermal energy storage is systematically investigated. Simple cation-exchange of

zeolite enhances significantly thermal energy storage. Enhanced thermal energy storage is due to strong

polarization of water by Mg 2+.

What is the energy storage capacity of zeolite?

The system demonstrated a thermal storage capacity of 295.2 kJ/kgat a specific uptake (q) of 0.2 g/g.

Efficient regeneration occurs at temperatures below 50 &#176;C,with an isosteric heat release ranging from

2400 to 2500 kJ/kg. Kihoon et al. [13]assessed zeolite 13&#215;,zeolite 4 A,and silica gel in an adsorber

reactor for energy storage densities.

Which zeolites are used for adsorption Heat storage?

Zeolites type A,13X and Yare the most common classical synthetic zeolites employed for adsorption heat

storage. These materials are mostly used for open adsorption TES,since,in order to get enough energy

storage density,they must be regenerated at high temperatures,making air the most effective heat transfer

medium.

Does zeolite cation exchange enhance thermal energy storage?

Simple cation-exchange of zeolite enhances significantly thermal energy storage. Enhanced thermal energy

storage is due to strong polarization of water by Mg 2+. A series of zeolite 13X with various cations was

tested as a candidate for water-adsorption-based thermal storage.

Is zeolite 13X suitable for water adsorption based thermal storage?

Enhanced thermal energy storage is due to strong polarization of water by Mg 2+. A series of zeolite 13X with

various cations was tested as a candidatefor water-adsorption-based thermal storage. In the case of pristine
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commercial zeolite 13X pellet,&gt;99.9 % of cation in the zeolite is confirmed to be Na +.

Composite thermochemical energy storage (TCES)

represents an exciting field of thermal energy

storage which could address the issue of seasonal

variance in renewable energy supply. , and silica gel

as a  Beving, M. A. J. M., Gaeini, M., Rindt, C. C. M.

et al. (2018). Investigation of a household-scale

open sorption energy storage system 

When silica gel is saturated with water, it loses its

capacity to create heat for long periods of time,

which is one of its limitations as a heat storage

medium.  Johannes, K.; Kuznik, F.; Hubert, J.L.;

Durier, F.; Obrecht, C. Design and Characterisation

of a High Powered Energy Dense Zeolite Thermal

Energy Storage System for Buildings. Appl 

The investigated sorption TES mainly consists of a

bed filled with Z e o l i t e 13 X spherical beads,

operated in a cyclic manner. During charging, the

beads are flushed with a stream of dry air at high

temperature (up to 200 ??? C). Instead, during

discharging they adsorb water vapour, leading to

the release of the heat of adsorption, which can be

used to meet the ???
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Significant improvement of adsorption thermal

energy storage of zeolite by simple cation

exchange, inducing strong polarization of water.

Author links open overlay panel Yong Youn a,

Siwon Yoon a,  Heat-pump/energy-store using silica

gel and water as a working pair. Appl. Energy, 69

(2001), pp. 19-27,

10.1016/S0306-2619(01)00008-3.

This paper presents the design and the

characterisation of a high powered energy dense

zeolite thermal heat storage system using water

vapour sorbate.  Physical sorption potentially does

not have these problems. A closed system with

silica gel has been developed in the framework of

the MODESTORE project [8]. The objective was

inter-seasonal 

Scientists of the German Fraunhofer Institute have

harnessed a natural phenomenon to store heat

indefinitely and without energy loss. Zeolite is a

mineral that can store up to four times more heat

than water. And what's better, unlike water which

gradually cools off, zeolite retains a hundred percent

of the heat for an unlimited amount of time. Zeolite

??? which ???
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Thermal energy storage (TES) is a key technology

to enhance the efficiency of energy systems as well

as to increase the share of renewable energies. 

Keywords: adsorption, heat storage,

thermo-chemical, zeolite, silica gel,  (e.g., zeolites,

silica gels, activated carbons). This interaction

occurs between the sorbate molecules and the 

Modern industries utilize solar thermal energy in

heat pump applications due to its enhanced

performance and improved plant eciency. The

investigation presents the eective utilization of solar

thermal energy in heat pump applications using

dierent uid pairs like zeolite/water, silica gel/water

and alumina nanouid/water.

In order to effectively recover low and medium

grade heat energy, a novel combined cooling and

heating storage system based on zeolite-water is

proposed in this paper. The system coupled the

zeolite-water adsorption process with the water

evaporation refrigeration process during discharging

process to realize generating cold energy and heat

energy simultaneously. ???

(C) 2025 Solar Energy Resources 4 / 11 Web: https://www.gebroedersducaat.nl



ZEOLITE VS SILICA GEL THERMAL
ENERGY STORAGE

Strong et al. have optimized and designed a bulk

scale open silica gel/water vapor thermal energy

storage system. They have used 50g silica gel with

regeneration temperature of 120 ?C, flow rate of 24

SLPM, inlet relative humidity of 90%, and 12???20

mesh particle size.  10 g of silica gel, and 10 g of

zeolite 13X were kept inside a beaker 

More than 90% of all thermal energy storage

processes used in a wide range of applications are

sensible heat storage processes. For temperatures

below 100 ?C, water is mainly used as the storage

material.  The processes of water vapor adsorption

on zeolite and silica gel are the most studied

processes for thermochemical energy storage [11 

Silica gel [ has been used as the host matrix of CaCl

2 to mitigate the issue of agglomeration. The silica

gel/CaCl2 materials are reported to have the energy

storage density of 211kWh???m ???3 [24] and the

maximum discharging temperature of 63?C [25].

MgSO 4 ?7H 2 O has the theoretical energy storage

density of 780 kWh???m ???3
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In contrast to established heat storage systems

based on water, zeolitic systems reach energy

densities of 150???200 kWh m ???3 and allow for

seasonal storage with almost no heat loss.

However, a commercial ???

Zeolite 13X with exceptional capacity to safely store

thermal energy for long periods and release heat

due to its unique molecular structure is known to be

one of the best options serving this purpose.

Thermal Energy Storage Materials (TESMs) may be

the missing link to the "carbon neutral future" of our

dreams.  Compared with silica gel, zeolite can

achieve a larger sorption capacity and 
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The CaCl 2 impregnated silica gel that was

encapsulated in methyl cellulose showed

reasonably high stability and energy storage

performance after 3 hydration and dehydration

cycles with minimum

Bi et al. [16] found that the recommended ranges of

the charging temperature and the velocity of

charging air for LiCl/silica gel were 80 ?C???85 ?C

and 1.5???2.5 m/s, respectively.  The open STES

systems using zeolite as a thermal energy storage

material have been studied during the last decade.

Kuznik et al. 

Deshmukh H, Maiya MP, Srinivasa Murthy S (2017)

Study of sorption based energy storage system with

silica gel for heating application. Appl Therm Eng

111:1640???1646.  Hongois S, Kuznik F, Stevens

P, Roux J-J (2011) Development and

characterisation of a new MgSO 4 ???zeolite

composite for long-term thermal energy storage. Sol

Energy Mater 
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Zeolites are a very versatile class of materials that

can display selective CO2 adsorption behavior and

thus find applications in carbon capture, storage,

and utilization (CCSU). In this contribution, the

properties of zeolites as CO2 adsorbents are

reviewed by critically presenting and discussing

their assets and limitations. For this purpose, we

first provide an ???

to use zeolites as heat changer. Also natural zeolite

can keep the stored energy long time and the stored

energy have transferable feature. Index Terms???

Energy storage, Solar energy, Usage area, Zeolite.

I. INTRODUCTION Energy is an compusory

necessity for human. Nonetheless, the conventional

sources of energy fossil fuels are just not

In general, silica gel is utilized diffusely in thermal

energy storage (Yu et al., 2014), extraction of water

from air (Bar, 2004;Wang et al., 2017), adsorption

heat transformation (Gordeeva et al 
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The sensible heat of molten salt is also used for

storing solar energy at a high temperature, [10]

termed molten-salt technology or molten salt energy

storage (MSES). Molten salts can be employed as a

thermal energy storage method to retain thermal

energy. Presently, this is a commercially used

technology to store the heat collected by

concentrated solar power (e.g., ???

In this paper, a thermal analysis of the closed silica

gel-water adsorption heat storage system is

presented. Such systems have the advantage of

high energy density and can be used repetitively 

Sorption thermal battery is an effective thermal

energy storage technology for solar energy

utilization and waste heat recovery.However, the

low thermal conductivity and packing density of

loose particle adsorbents are the common

drawbacks for realizing high energy-density and

power-density sorption thermal battery. Herein, we

propose a compression-induced ???
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Thermal energy storage utilizing the adsorption of

moisture from air is a promising energy storage

technology due to its high energy density and

minimum heat losses. Salt hydrates and salt hydrate

Electrically driven thermal energy storage (ETES)

system is the combination of the two approaches,

which can convert electricity to heat and store the

thermal energy when there is excess (renewable)

electricity or during off-peak hours.  13X, charcoal,

activated alumina, and silica gel. They found that

zeolite 13X is the best adsorbent among 

Hot water heating facilities are currently the most

widely used thermal energy storage systems, but

their energy densities are very low (10???50 kWh m

???3). 29 Zeolite-water-adsorption energy storage

is an emerging technology utilizing the energy

stored and released during water desorption and

adsorption over zeolites, respectively.
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Sorption thermal energy storage (STES) systems

utilizing zeolite 13X present a promising solution to

pressing global energy challenges. In this study, we

explore the influence of absolute humidity and flow

rate on the heat release process within a STES

system, with a focus on local and overall

performance considering temperature profile,

degree of adsorption ???

Hauer [33] has compared zeolite and silica gel as

thermal energy storage materials in terms of their

equilibrium adsorption capacity and the nature of

their breakthrough curves. This study concludes that

the instability of zeolite at high temperature and high

humidity during desorption makes it unsuitable for

energy applications.

During the energy storage process, the crystal water

inside the hydrated salt composite is removed by

heating, and the energy is stored in the form of

chemical [2] zeolite (Faujasite Na-X) MgCl 2 
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