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ANALYSIS OF THE RESEARCH
RESULTS OF THE ZEOLITE DRYING
PROCESS

06’ exkmom docrioncens € npoyec Cyuwinms yeorimy padiayitinum cnocobom. B sxocmi docrionux spasxis euxo-
pucmano cunyuuil yeonim oeox gpaxyiti (0—1mm ma 0—5 mm). Cywinus 6i00y6ar0ch 3a MOGUUHU ULAPY UEOTTMY,
pieniti 3 ma 5 mm. 3a Oxcepeno meniogoi enepzii BUKOPUCTNIAHO eLeKMPUUHULL THPPAUEPEOHUL BUNPOMIHIOBAY
Kepamiunozo muny 3 HOMIHAIbHOIO elekmpuunolo nomyxcuicmio 1 kBm. Bemanosneno eniug seauvunu ¢paxuii
Ueoaimy, MOSUUHU Wapy Ueorimy nid 4ac CYwinHHs, a MAKo#C 2y CMUHI MeNL08020 NOMOKY HA KIHeMUKY Npouecy
cywinms. BusHaueno yucenvni 3SHaUeHHs 4acy CYWiHHs ueoaimy 6 pisHux nepiodax cywinns. 32iono anarisy pe-
3yaLmMamie 00CAiONCeHHs CYUIHHA UeoNimy Padiauitinum cnocoboM 6CMAH0BIEHO, U0 KIHeMUYHi 3aKOHOMIPHOCTME
Ub020 NPoyecy nodioHi npoyecy cyuinns Kaniiapro-nopucmux mii. Tpusaricmv nepiodie cywinms sareicums 6io
2YCMUNY MeNI0B020 NOMOKY i SMEHUYEMbCS 31 30UILULEHHAM 2YCMUHIL MENL08020 NOMOKY. A 30invuenis senuvu-
Hu ppaxuit yeonimy inmencupikye npouec Cywints 6 nepiooax npozpiey ma nepuiomy nepiodi cyuinmus, npome
He 6NAUBAE HA WEUOKICMYb CYuinns 6 Opyzomy nepiodi. Takox GU3HAUEHUTL BNAUG NAPAMEMPIE NPOUECY CYULTHH
Ha 80J10206Micm 6 Kinyi nepuozo nepiody. Temnepamypa yeonimy 6 nepuomy nepiodi Cyuints He € NOCMIUHON,
a s6invuyemocs. Ile caiduums npo nadruwox meniosoi enepeaii, wio nodacmvcs 6 uei nepiod. Ananis pesyivmamie
Q0CIONHCEHHS. MAKONC NOKA3AB, WO YaC CYwinms ueonimy gpaxuii 0—5 mm menwuil, wixe ppaxyii 0—1 mm. Tomy
douinvio cywumu yeonim gpaxuyii 0—5 mm ma, 6 pasi neobxionocmi, d00amrxo6o noopibHIOeamu 6iice NICLA NPOYECY
cywinns. Ile 00360aumy smenwuumu enepzosumpamu ma uac supobHuymea yeoximy 6 uiiomy. Ompumani Kpusi
CYWiHHsL Yeorimy 0arms 3mM0zy NPOZHO3YEAMU XAPAKMep NPOMiKaAHH NPOUECy ma MoXymy Oymu eUKOPUCTAHI
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1. Introduction

Zeolite is a common material used in the agricultural
sector, food, chemical and petrochemical industries, medicine,
construction, etc. [1]. And the prospects for the use of zeolite,
in particular in the food industry, are favorable [2]. Zeolite
can be attributed to the group of capillary-porous mineral
materials. However, it is not known, the characteristic kine-
tic laws governing the drying of a zeolite by a radiation
method using typical curves of drying capillary-porous bodies.
Indeed, in the literature, as a rule, convective and contact
methods for drying a zeolite are described [3]. Although
it is possible to meet in relation to non-standard methods
of drying zeolite, for example, using microwave energy [4].
Mathematical models of the process of drying sorbents by
the above methods of drying, including zeolite, are available
in the literature [5-7]. It is possible to find a description of
the drying processes of various materials in the dryer using
sorbents [8—10]. However, there are no kinetic patterns
of zeolite drying using infrared radiation energy (radiation
drying method) and recommendations for this process. So, the
object of research is the process of drying the zeolite by the
radiation method. And the aim of research is determination
of the kinetic laws of zeolite drying process by radiation.

2. Methods of research

Experimental studies of the zeolite drying process
were performed on a computerized unit [11]. It allows
to continuously measure the mass change of the sample
during the drying process. The measurement results with

a frequency of 3 Hz were transferred to a computer for
registration and further processing. According to the source
of thermal energy, an electric infrared emitter of ceramic
type with a nominal electric power of 1 kW was used. To
reduce heat losses from the radiator to the environment,
a reflector was installed above the radiator.

For the study, samples of a hydrated zeolite fraction of
0—1 mm with an initial moisture content of about 30 % were
used. The zeolite particles were enclosed by a dense layer
1 mm high on a metal substrate mounted on an electronic
scale under the working surface of an infrared emitter.

3. Research results and discussion

Curves of zeolite drying are constructed at different
heat flux densities g, W/m? (Fig. 1), the shape of which
is characteristic of capillary-porous bodies, for example,
paper [12]. And the zeolite itself does not significantly
affect the kinetic regularities of the process of drying paper
as filler [13].

The initial moisture content ug of the zeolite, the mois-
ture content at the beginning u; and at the end uy; of
the warm-up time period T, and Ty drying time Ts to
humidity w=2 % and drying rate in the first period N
according to Fig. 1 are given in Table 1.

The rectilinear portions of the drying curves (the first
drying period) reflect the evaporation of surface moisture
and moisture from large capillaries. The speeds of these
processes are constant. With increasing heat flux density,
the evaporation rate increases proportionally, and the drying
time decreases.
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For detailed analysis, similar drying curves
of zeolite in the range of 0—450 s are shown
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in Fig. 3.

Indicators of zeolite drying at constant heat
flux density and various fractions d and heights
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of the layer & according to Fig. 3 are given
in Table 2.

From the Table 2 it is shown that the drying
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Fig. 1. Dependence of the moisture content
on the zeolite drying time (fraction 0-1 mm) with different density of heat fluxes:
1 - g=21 kW/m?% 2 — g=18 kW/m% 3 — g=14 kW/m?

rate of zeolite along the same layer thickness
and heat flux density increases with increasing
particle size of the fraction. This can be ex-
plained by the increase in porosity of crushed
zeolite. Also, an increase in speed in the first
drying period reduces its duration. It is es-
tablished that the value of zeolite fractions
per drying rate in the second period does not
follow.
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nicators of zeolite drying according to Fig. ture content at the end of the first drying
g kW/m? | ug | | wi | Tw S| T s | T, 5 (Ww=2 %) | tpe, °C | N 7! period is constant both when the heat flux
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18 |031]029]015| 18 | &7 207 310 | ooos | changes. . . .
However, this moisture content increases
21 0.32 | 0.3 | 0.15 12 46 131 456 0.0047 . . . K
with an increase in the fraction.
The duration of the second period, 0.35
in which moisture from microcapillaries L
03

and adsorption-bound water evaporates,
also decreases with increasing heat flux
density. To a final moisture content of
2 %, zeolite lasts up to 264 s.

However, the duration of drying to
the equilibrium moisture content is more
than 500 s.

The presence of the kinetic regularities
of the zeolite drying process will allow to
more accurately determine the required
drying time for calculating the drying unit,
which can reduce the energy consumption
for drying.

Analysis of the distribution of the drying
process in the first and second periods
shows that the second period is a longer
and slower process.

A significant increase in the drying
rate in the second period is observed with
a maximum increase in the density of the
heat flux. And the maximum temperature
of the zeolite is reached at the end of
drying and also increases with increasing
heat flux density.

It is also determined that the mois-
ture content at the end of the first period
and, accordingly, at the beginning of the
second one is constant, does not depend
on the density of the heat flow and is
0.15 kg/kg.

Studies of zeolite drying with a frac-
tional composition of 0—1 mm and 0—5 mm
with a height of 3 and 5 mm layers and
heat flux density g=21 kW ,/m? are per-
formed.

The obtained drying curves for zeolite
are shown in Fig. 2.
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Fig. 2. Dependence of the moisture content of the zeolite layers on the drying time at a heat
flux density of 21 kW/m? in the range of 0-1000 s: 1 — fraction 0-1 mm, layer height 3 mm;
2 — fraction 0-1 mm, layer height 5 mm; 3 — fraction 0-5 mm, layer height 5 mm
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Fig. 3. Dependence of the moisture content of the zeolite layers on the drying time in the range
of 0-450 s at a heat flux density of 21 kW/m? 1 — fraction 0-1 mm, layer height 3 mm;
2 — fraction 0-1 mm, layer height 5 mm; 3 — fraction 0-5 mm, layer height 5 mm
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It is also established that the zeolite drying time depends
on the thickness of its layer. Thus, during the drying of
a zeolite of the same fraction and heat flux density with
increasing layer thickness, the drying rate decreases, and
the duration of each drying period increases.

The dependence of the zeolite temperature of various
fractions and layer thickness on the drying time is important
for the choice of drying modes, which is shown in Fig. 4.
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Fig. 4. Dependence of the temperature of the zeolite surface on the drying time:
1 — fraction 0-1 mm, layer height 3 mm; 2 — fraction 0-1 mm, layer height 5 mm;

3 — fraction 0-5 mm, layer height 5 mm

From the graphs in Fig. 4 it is possible to show that all
layers of the fraction are heated very quickly to a temperature
of 90 °C (0Oy), after which evaporation of surface moisture
begins and the temperature growth rate decreases to the
deflection points of the Oy curves. From the O, points
to the Os points, the evaporation of moisture from large
and small capillaries and the heating of the layers, as well
as a decrease in the amount of heat due to a decrease in
the temperature difference between the radiating surface
and the absorbing surface of the layer are carried out.
From the inflection points of O3 and to Oy evaporation
of adsorption-bound and, partially, chemically bound water
to almost complete dehydration takes place. An increase
in temperature in the first drying period indicates that
the evaporation rate in this period is not limited by the
rate of heat supply.

4. Conclusions

The kinetic laws of the drying process of a zeolite of
various fractions by a radiation method at various densities
of heat fluxes are established. The important parameters
of the drying process are determined and a fraction of
0—5 mm is chosen as the most promising for drying.
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