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Abstract

A new practical application of the unique sorption abilities of Diatomaceous Earth (DE)
or diatomite, a widely accessible and promising natural mineral, has been studied. By
analyzing aqueous extracts of natural diatomite, it was shown that DE probably contains
various inorganic salts, which are released into the solution in the form of ions, such as
CI, SO,*, Na®, Ca*", Mg?*, K™ and, apparently, others. Diatomite was able to exchange
these ions with the environment, exhibiting the properties of a natural ion exchanger.
Studying the kinetics of ion release from diatomite showed that the ion desorption
process continues for 4-5 h until the surrounding solution is saturated with ions, after
which it is dynamically balanced by the sorption process. In order to significantly reduce
the ionic content of diatomite, DE samples were processed in a technologically simple
and environmentally friendly way. Thus, as a result of deionization, the content of ions
released from diatomite significantly decreases. Deionized diatomite was applied to
study the adsorption of sodium and chloride ions from aqueous solutions. The maximum
adsorption was 50.2 mg/g, and the maximum degree of extraction, corresponding to the
concentration range of 5-100 mg/l, was 53.9%. The observed effect was also applicable
for increasing the resistance of plants to salt stress, improving the germination and
growth of wheat samples. The developed method can be used in the manufacturing of
filters for water desalination, both drinking and technological; in ecology; in agriculture
to reduce salt stress of plants, as well as for the restoration of lands contaminated by salt.

1. Introduction

This mineral has a regular structure consisting
of siliceous micro shells of unicellular algae — dia-

The main task of developing future energy-ef-
ficient technologies for water desalination and
cleaning soil from pollutants is the search for new
sorbent materials that do not require complex and
expensive sample preparation on the one hand, and
which are biocompatible and non-polluting, on the
other hand. Natural sorbents, and diatomite in par-
ticular, meet the requirements of environmental
friendliness and safety, are widely available, and
much cheaper than synthetic sorbents, so they do
not need to be regenerated.

Diatomaceous earth (DE) or diatomite is of sig-
nificant interest among natural sorption materials.

*Corresponding author. E-mail: zinsepov@purdue.edu

© 2020 Eurasian Chemico-Technological Journal.

toms, the main component of which is amorphous
silica — opal (Si0,-nH,0), that has a large inner
surface, contains up to 80-90% of voids, and is
characterized by significant chemical inertness,
refractoriness, low density, thermal and electrical
conductivities and some other valuable properties
[1-3]. Diatomite deposits are found in almost all
parts of the World. However, it is especially true
for Kazakhstan, which according to preliminary
estimates, possesses the largest reserves of this
valuable mineral raw material [4—6].

Regardless of its significant adsorption, hygro-
scopic and abrasive properties, diatomite is harm-
less to the human body, due to which it is used in
filtering in the production of drinks, toothpastes,
skincare products, and in medical preparations [7].
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Plausible sorption properties of diatomite, due to
its extremely large surface to volume ratio; makes
it possible to trap various organic substances. So,
diatomite is used in the fight against harmful in-
sects: dry diatomite is able to absorb oils and fats
from the cuticle of the exoskeleton of the insect,
causing the insects to dry out and die. Sharp abra-
sive edges of diatomite speed up this process [7].

Several scientific papers have shown the ability
of diatomite to bind organic substances [8§—10] and
immobilize microorganisms [11].

Over the past decade, scientific publications
have tended to study the adsorption of various sub-
stances and ions on natural and modified diatomite.
The studies cover a wide range of issues, including
carbon adsorption with the possibility of forming
carbon nanotubes on a surface of diatomite [12],
the extraction of arsenates by diatomite modified
with iron [13], the binding of lead [14, 15], copper
[16], chromium [17], cobalt [ 18], and uranium ions
[19].

Numerous studies have observed that the addi-
tion of diatomite to the soil improves the physical
properties of soil, such as aggregate stability, bulk
density, soil moisture, soil compaction, penetration
resistance, and mechanical stress [20, 21].

Diatomite can serve as a source of silicon need-
ed by plants. Recent studies have shown that di-
atomite additives improve rice productivity and
growth in contrasting soils of South India [22].
Kazakh scientists have also found that addition of
different amounts of diatomite in the soil improved
the degree of microtrophy of barley [23].

DE filters are simple to operate and are effec-
tive in removing cysts, algae, and asbestos from
water. DE has been employed in many food and
beverage applications for more than 70 years and
was used specifically to filter potable water during
WWII [24].

Despite the unique properties of diatomite, the
extent of its use has not been exhausted to date.
Specifically, the sorption properties of various sub-
stances (ions, organic molecules etc.) still require
extensive studies.

Thus, in the literature there is practically no
information on binding of sodium chloride by di-
atomite, which is one of the main components of
sea water and saline soils. The ability of diatomite
to adsorb sodium chloride opens up prospects for
development of filters for water desalination, as
well as in using diatomite in agriculture in order to
reduce salt stress of plants and in the restoration of
polluted lands.

Although there are numerous facts of using
diatomite for cleaning water from different con-
taminants, it has not been systematically studied
previously for an increase of its capacity as an ion
exchanger.

To solve the above problems, a new way for
expanding the ion-exchange capacity of diatomite
has been developed in this work. It is as simple and
affordable as washing out diatomite samples, thus
removing the ions from it with clean water. In addi-
tion, a method was also proposed to quickly obtain
information on the ion content in natural diatomite
exposed to clean water. Ion chromatography with
conductometric detection was also employed as an
express method.

The aim of this work is to thoroughly study
the potential of modifying of natural diatomite,
an accessible natural mineral with good sorption
properties, by expanding its sorption abilities and
activating new sorption centers, application of
the proposed method for the practical use of di-
atomite for water desalination and moderation of
the plants’ salt stress.

2. Materials and Methods
2.1. Source material

In 2015, the research team of Nazarbayev Uni-
versity [5, 25] evaluated diatomite deposits in one
of the areas of the deposit in the Mugodzharsky
district of the Aktobe region. The fieldwork has
been carried out using satellite navigation while
the obtained data were processed using the Garmin
Base Camp program. The boundaries of the nat-
ural outcrops of diatomite were contoured on the
“Zhalpak™ square, the richest cluster of deposits
of this rock. The thickness of the strata was estab-
lished and the resources were estimated, which in
category P amounted to at least two billion tons.
By a well-known analogy, the authors called the
diatomite deposits in the studied area — “Diatomite
Valley”. It was from this area that we took di-
atomite for this study.

2.2. Chemical composition of raw diatomite

The chemical composition of diatomite ore
samples of the studied area was determined in [25]
(Table 1).

It was shown that along with the main compo-
nents (Table 1), various impurities are present in
the samples in the form of montmorillonite, kaolin-
ite, albite, and mica. The works of other Kazakh
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Table 1
The composition of diatomite of «Zhalpak» square

Diatomite

composition 80, ALO;

Fezo3 KzO

MgO  Na,O Ti0O, CaO

MnO P205 SO3

Content, %

67.34 1551 2.90 1.52 2.22

1.43 0.69 0.79 0.02 0.16 0.48

research groups show similar results in the compo-
sition of the Aktobe diatomite [26].

In this study, samples of natural diatomite from
the Zhalpak area were used to study its sorption
and ion-exchange properties.

2.3. Preparation of raw diatomite for experiments

Diatomaceous rock was crushed and sieved us-
ing Retsch laboratory sample preparation equip-
ment. Diatomite pieces about 10-12 cm in size
were first crushed using the TM 300 drum mill to
a size of 20—50 mm, and then were subjected to a
further grinding using the BB 250 jaw crusher till
fineness of 4 mm. A finely dispersed fraction of
the desired size was obtained by sieving through
the AS 200 laboratory sieving machine, with pore
diameter from 100 to 800 p. Ion-exchange proper-
ties of diatomite were studied for a fraction with a
dispersion of 800 p.

2.4. Preparation of aqueous extracts of natural
diatomite

To prepare aqueous extracts of natural diatomite
certain weight samples were placed in conical
flasks. Deionized water was poured on the samples
in the ratio diatomite:water equal to 1:5. Samples
with water were mixed and left to stand for 5 min
[State standard 26423-85 Soil. Methods for deter-
mination of specific electric conductivity, pH and
solid residue of water extract, 1986-01-01]. After
that, a solution was taken over the precipitate for
analysis of anions and cations.

2.5. Method of studying the kinetics of ion release
from purified diatomite

Method of studying the kinetics of ion release
from purified diatomite.

Crushed and sieved natural diatomite was first
washed with flowing water and then with purified
water and dried in air. Then 14 identical weighed
portions of diatomite were prepared and placed in
14 identical flasks with deionized water. The ratio
of diatomite:water in all flasks was kept equal to

1:5. The contents of all flasks were mixed and left
for a certain time. The concentration of ions in the
solutions of flasks was monitored over time during
13 h. The content of the first flask were aged for
5 min, the second — for 60 min (1 h), subsequent
flasks — for 2, 3,4, 5,6,7,8,9,10, 11, 12 and 13 h,
respectively. After the lapse of each time instants,
the solution above the precipitate in each flask was
taken for analysis for the content of cations and
anions.

2.6. Deionization of diatomite

For deionization, natural diatomite was first
washed with flowing water and then with puri-
fied water and dried in air. Weighed portions of
diatomite were placed in water purified from ions
in a mass ratio of 1:10 and washing was carried out
for 12 h. The solution with desorbed ions was re-
placed with fresh portions of water every hour. The
first 15 min of each hour, the diatomite/water sys-
tem was stirred using ultrasonic treatment as well.
Diatomite deionized for 12 h was separated from
the solution, dried in air, and then in an oven at a
temperature of 105 °C to remove adsorption water.

2.7. Adsorption experiments

Weighed portions of the deionized diatomite
were placed in aqueous solutions of sodium chlo-
ride of various concentrations in the ratio of sor-
bent/solution equal to 1:100 and kept for 4 h, after
which the sorbent was separated from the solution.
The solutions were then analyzed for sodium and
chloride ions.

2.8. Analysis of ion content

The ion content in various solutions of diatomite
was determined using the method of ion chroma-
tography on the analytical ion-chromatograph-
ic system with conductometric detection Dionex
ICS-6000. HPIC grade Standards and Reagents
were used for analysis.

All the experiments were carried out at the tem-
perature of 22 £ 1 °C.

Eurasian Chemico-Technological Journal 22 (2020) 89-97



92 New Sorption Properties of Diatomaceous Earth for Water Desalination and Reducing Salt Stress of Plants

2.9. Experiments on reducing the salt stress of
plants

The effect of diatomite on salt stress was studied
by growing wheat grains in the soil with different
compositions. Before planting wheat grains were
previously tested by treatment with a weak KMnO,
solution. Samples with planted grains were placed
for 24 h in a cold, dark room (+ 4 °C) to ensure
hardening and uniform germination of seeds, after
which the samples were placed in a climatic room
with a lighting mode of 14/10 and a temperature of
22.5 °C. Plant growth was observed for 15 days.

Four types of wheat growing experiments were
performed with combinations of salt and diatomite.
In the first experiment, soil with a known miner-
al composition was irrigated with a solution of
sodium chloride salt. The content of sodium and
chloride ions in the solution was 7.5 mEq/I. In the
second experiment the same soil with the addition
of deionized diatomite in a mass ratio of sorbent:-
soil equal to 1:100 and 1:1000 was also irrigated
with the same solution of sodium chloride. The
third experiment was carried out without addition
of salt. In the control experiment, neither salt nor
diatomite was added to the soil.

3. Results

3.1. The content of ions in natural diatomite

Diatomite is a sedimentary rock of organic or-
igin. Due to its high hygroscopicity and porosity,
it has shown the ability to capture and accumulate
various ions from the surrounding water or gas
environment. These ions are most likely adsorbed
due to weak dispersion forces such as Van der
Waals and therefore can easily be washed out with
clean deionized water. lon exchange of diatomite
with the environment is also eased by the ability of
diatomite to wash out foreign ions and molecules.

To develop the new sorption feature of di-
atomite as a natural ion exchanger, one should ex-
amine which ions can be absorbed by diatomite in
its natural environment.

The proposed technology is based on the obser-
vation that when soaking natural diatomite in pure

deionized water (obtaining an aqueous extract),
ions are released into the solution. Implementation
of this technology at a laboratory scale showed
that chloride (Cl) and sulfate (SO,*) ions, as well
as sodium (Na*), calcium (Ca?"), and, in a small-
er amount, magnesium (Mg>") and potassium (K*)
ions are present in aqueous extracts in significant
amounts.

The experimental data on the averaged content
of ions in natural diatomite obtained in this work
using aqueous extract method are given in Table 2.

The data in Table 2 show that the average to-
tal content of anions (Cl, SO,*) prevails over the
average total content of cations (Na*, Ca?, Mg*',
K™). Since the whole system should be electrically
neutral, we suppose that other cations uncontrolled
in these experiments can contribute to the total ion
content. The pH of the aqueous extracts of natural
diatomite obtained in this experiment varies be-
tween 4.46-4.55.

The data obtained show that natural diatomite,
probably, contains various mineral salts, which,
when dissolved in pure deionized water, pass into
the solution in the form of ions. The slightly acidic
reaction of aqueous extracts of natural diatomite
shows that diatomite, apparently, contains chlo-
rides and sulfates of various metals, both detected
in this experiment and shown in Table 2, and those
that were not controlled during this experiment
(iron ions, aluminum ions, etc.). Study of the ion
content in purified diatomite, as well as the kinet-
ics of ion release from purified diatomite, will be
aimed in our further research.

3.2. Kinetics of the release of ions from diatomite

In order to determine the possibility of wash-
ing out of ions from diatomite, it was interesting to
study how ions are released over time. The kinetics
of release and the amount of released ions will al-
low us to judge how diatomite can be activated and
how much it is possible to free the adsorption cen-
ters on its surface. When diatomite is immersed in
deionized water, obviously, water molecules dif-
fuse into the pores of diatomite, where the dissolu-
tion of salts in water happens and then the release of
dissolved salts into the solution should take place.

Table 2
The average content of adsorbed ions in the natural DE of the Zhalpak area
Tons in natural diatomite Cr SO,* Na* Ca* Mg* K*
The content in the aqueous extract, mg/l 80-100 60-80 80-100 25-30 15-20 up to 10
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Fig. 1. Release of ions from diatomite.

Since this process takes time, kinetic curves should
show how much time the most complete release of
ions takes place. As these experimental data show,
diatomite predominantly releases sodium and cal-
cium cations as well as chloride and sulfate anions.
As our data indicates the concentration of ions in
the diatomite solution increases during the first 4-5
h, as a result of desorption (release), reaches a cer-
tain maximum, and then starts to decrease (Fig. 1).
The results of the ion release experiments show
that the ion desorption process proceeds until the
surrounding solution is saturated with ions, after
which desorption is dynamically balanced by the
sorption process. By removing the desorption prod-
ucts, it is hoped that this procedure would deion-
ize diatomite to a maximum, thereby increasing its
sorption capacity and increase the attractiveness of
its application as a sorbent. This can be achieved
by a periodic renewing the solution saturated with
desorbed ions with fresh portions of water.

3.3. Diatomite deionization

In previous experiments, diatomite showed an
ability to exchange ions with the environment.
This ability of diatomite can be used to develop a
technologically simple way to increase its sorption
properties with respect to ions. This method should
be environmentally friendly and should not violate
the initial structure of the sorbent. As such method,
the authors proposed a deionization of diatomite.

Deionization in this case is the release of ions
from diatomite during a washing out with purified
water due to desorption processes caused by a sig-
nificant weakening of the electrostatic forces act-
ing on the ions, due to a high dielectric constant

of water, g, = 81. The periodic change of washing
aqueous solution over diatomite, which resulted
in the removal of desorption products, contribut-
ed to the release process and prevented sorption —
the process reverse to desorption. The use of me-
chanical mixing made it possible to accelerate the
desorption process without affecting the structure
and properties of diatomite.

An operational analysis of the drained portions
of water using ion chromatography showed that
the content of released ions is constantly decreas-
ing during the washing process. The Mg*" and K*
ions were not taken into account, due to their low
concentration in the solution.

As shown in Fig. 2, the content of all the stud-
ied ions decreases within 12 h and reaches a min-
imum of 2.23 mg/I1 for Cl ions, 2.26 mg/l for Na*,
1.18 mg/l for SO,* and Ca*" — 1.85 mg/l, which is
about 30 times less than the initial value for sodi-
um and chloride ions, more than 40 times for sul-
fates, and more than 10 times for calcium ions. The
release of ions is accompanied by a change in the
pH of the solution, as shown in Fig. 3.
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Fig. 3. Change in pH of a diatomite solution in the
process of deionization.
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In the first 2 h, the solution shows a slightly
acidic medium with a pH value in the region of
4.5, apparently due to the release of a large amount
of chlorides and sulfates, but in the next 10 h the
reaction of the medium shifts to neutral and at the
end of the process leaves 6.15, which is apparent-
ly due to the release of sodium, calcium and other
cations along with chlorides and sulfates.

Diatomite deionized for 12 h was separated
from the solution, dried in air, and then in an oven
at a temperature of 105 °C to remove adsorption
water.

As a result of the treatment described above, the
porous sorbent diatomite did not change its struc-
ture, but significantly deionized and freed from
adsorption water, as a result of which vacant cen-
ters for adsorption of new ions were released (ac-
tivated), due to which deionized diatomite has a
much larger sorption capacity compared to natural
diatomite.

3.4. NaCl salt adsorption on deionized diatomite

To date, there is no unified theory that correctly
describes all types of adsorption on different in-
terfaces. In this work, when studying adsorption,
the authors were guided by generally accepted ap-
proaches for describing the adsorption of ions from
a solution on the surface of a solid adsorbent. For
the practical application of the obtained sorbent for
reducing the content of sodium chloride in aqueous
solutions, the adsorption of NaCl on the surface
of deionized diatomite was studied. The obtained
NaCl adsorption isotherm, which is the total ad-
sorption of Na" and CI ions, is shown in Fig. 4a.

The appearance of the isotherm in Fig. 4a re-
sembles the picture of localized adsorption occur-
ring at the adsorption centers of the sorbent. With
increasing concentration of a substance in a solu-
tion, the mass of adsorbed salt also increases. At
concentrations <100 mg/l, the dependence increas-
es proportionally, which apparently indicates the
filling of the active sites of the sorbent and the for-
mation of a monomolecular layer of the substance.

The calculation of the degree of salt extraction
by deionized diatomite according to the formu-
la R% = 100 (C/C,) shows that in this range the
degree of salt extraction is maximum and reaches
53.9%. In the concentration range 100-250 mg/l,
the isotherm is gently sloping which corresponds
to intermediate degrees of surface filling. This be-
havior can be described by the Freundlich equa-
tion. In this range, the degree of salt recovery is
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Fig. 4. Isotherm of NaCl adsorption on deionized
diatomite; (a) is the equilibrium adsorption value
(mg/g), C-equilibrium concentration (a) mg/l, (b)
double-logarithmic (log-log) scale. The mass ratio of
adsorbent/solution is 1/100; A concentration range of
sodium chloride C, = 3-350 mg/I.

also quite high, up to 50%, although slightly lower
than in the region of lower concentrations.

At higher concentrations adsorption centers
are filled and adsorption reaches maximum under
these experimental conditions, and the degree of
extraction decreases.

Table 3 shows the parameters of the adsorp-
tion isotherm of sodium chloride by deionized di-
atomite, calculated according to the Langmuir and
Freundlich models. The Langmuir model was de-
scribed by the equation:

A = (Amax ’ I<L C)/(l + I<L C): [27]

where A — equilibrium adsorption value (mg/g),
C — equilibrium concentration (mg/l), K, — empir-
ical Langmuir constant in units of inverse concen-
tration (I/mg), A,.. — maximum adsorption value

(mg/g).
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Table 3
NaCl adsorption isotherm parameters

Langmuir model Freundlich model Riaxs % (at C =5-100 mg/l) S,atP=0.95
K, I/mg A, ME/g Ky, lVg I/n
1.2x107 50.2 0.1819 0.94 53.9 4.0404

The empirical Freundlich model for adsorption
on heterogeneous surfaces was described by the
following equation:

A=K, C""[28]

where K; and 1/n — characteristic constants of the
studied adsorption system, 1/n — characterizes the
degree of adsorption. ("Some authors [19] mark the
constant 1/n as n).

The calculation of the adsorption parameters
(Table 3) shows that the obtained experimental
isotherm of the studied sorption process is rather
well described both by the Langmuir model, in
the region of low concentrations of the adsorbed
substance, and by the Freundlich equation, in the
region of higher concentrations. The fact that the
Freundlich constant (K;), calculated from the loga-
rithmic form of the isotherm (Fig. 4b), is larger than
the Langmuir constant (K), indicates that during
the adsorption of sodium chloride on the surface
of deionized diatomite along with monomolecular
adsorption more complex processes of interaction
between active centers and ions of matter also oc-
cur, caused by the development and heterogeneity
of the surface of the sorbent. The constant 1/n char-
acterizes the intensity of the adsorption process.
So, for 0.1 <I/n <0.5, adsorption is maximal, for
0.5 <1/n <1, the adsorption process proceeds quite
easily, and for 1/n> 1 adsorption is difficult [9].
The 1/n value obtained in this work is 0.94, which
indicates that the adsorption of both sodium and
chlorine ions on diatomite proceeds quite easily.

The deionization, to which diatomite was sub-
jected, allowed the release of additional active
centers on the surface of the nanochannels, there-
by activating diatomite to adsorb Na" and CI ions.
The maximum adsorption under these experimen-
tal conditions was 50.2 mg/g, and the maximum
degree of extraction corresponding to the concen-
tration range of 5-100 mg/l was 53.9%.

The parameters of the adsorption isotherm of
sodium chloride on deionized diatomite and the
standard deviation of the experimental results
(S = 4.0404 with a confidence level of 95%) show
that the adsorption process proceeds quite effi-

ciently, which makes it possible to use the obtained
sorbent to extract the sodium chloride salt from
various solutions.

Thus, the positive results on the adsorption of
sodium chloride by deionized diatomite facilitate
the use of this method to reduce soil salinity.

3.5. Experiment to reduce salt stress in plants

Salinization of the soil is one of the extreme
factors common in very large areas both in our
country and around the world. According to the
land management committee of the Republic of
Kazakhstan (2007), saline soils, solonetzes and salt
marshes cover 41% of the total land area in Ka-
zakhstan [29]. The restoration of saline lands to ag-
ricultural land is one of the global urgent tasks. Salt
tolerance is the ability of a plant under salinization
conditions to carry out growth, development and
reproduction with the least damage. The effect of
deionized diatomite on salt tolerance, i.e. salt stress
of wheat, was the aim of the study in this section.

The experimental results obtained in this work
are shown in Fig. 5 and in Table 4.

The experiments on growing wheat samples un-
der various conditions were performed in 10 repli-
cates. The average error of the experimental results
did not exceed 13%.

As can be seen from Fig. 5, deionized diatomite
reduces the salt stress of plants. Samples in salt soil
without sorbent additives (bottom row, samples 7,
8, 9) show significantly lower growth rates than
samples under salt stress, but with sorbent addi-
tives. These wheat sprouts under salt stress condi-
tions without sorbent additives not only lagged in
growth but also turned out to be thinner and paler.
At the same time, the effect of the sorbent is ob-
served both at a mass ratio to the soil of 1:100,
and at a much lower ratio — 1:1000. In control ex-
periments, the addition of a sorbent to the initial
soil without salt also clearly contributes to the im-
provement of plant growth and an increase in their
biomass. The effect of sorbent additives on plant
growth rates and germination data under salt stress
conditions found in this work are shown in Table 4.
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Table 4
The effect of additives of deionized diatomite in the soil on the germination
and growth of plants under conditions of salt stress

Soil sample composition Soil+NaCl Soil+NaCIl+DEd  Soil w/o salt + DEd Control soil

Germination of wheat seeds, % 43 90 93 93

The average length of wheat

sprouts, mm:

Day 5 91 115 131 128

Day 10 176 217 245 241

Day 15 250 319 347 342

Total growth, mm 159 204 216 214

The mineral composition of the - - - Na® 0.004

initial soil, mEq/1 CI 0.002
NO;- 0.07
PO 0.02
Ca** 0.09
Mg* 0.01

DEd — deionized DE; Control soil — initial soil; The ratio of sorbent (DEd)/soil = 1/100

As can be seen from the data given in Table
4, the highest percentage of seed germination ob-
served in the control soil and the control soil with
the sorbent. In both types of experiments, this val-
ue was 93%. In soil with deionized diatomite un-
der salt stress, this indicator is lower and amounts
to 90%. Under conditions of salt stress and with-
out sorbent, the germination rate of wheat seeds
is the smallest and equal to 43%. The effect of
additives of deionized diatomite also affects the
length of wheat sprouts. In all four types of exper-

iments, sprouts show positive growth dynamics,
however, the growth rate is different in each case.
The maximum total growth of sprouts for 15 days
is observed in the control soil and the soil with
diatomite. Moreover, in the soil with diatomite,
the final length of sprouts is maximal. The aver-
age length of wheat sprouts in saline soil without
sorbent was almost 1.3 times less than in saline
soil with deionized diatomite, and more than 1.3
times less than in soil with the sorbent and control
soil.

Fig. 5. The effect of deionized DE on reducing salt stress of plants. The bottom row — samples grown in soil with the
addition of NacCl, from left to right: Samples 1-6 — Ded:soil ratio 1:100; Samples 7-9 — soil without DEd; samples
10-15 — the ratio DEd:soil 1:1000. The upper row — samples grown without salt stress, from left to right: Samples 1-6
— Ded:soil ratio 1:100; samples 7-9 — soil without DEd; Samples 10-15 — the ratio DEd:soil 1:1000; (Here DEd means

DE deionized).
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4. Conclusions

Deionized DE shows good results in the ad-
sorption of sodium chloride with a maximum
degree of extraction equal to 53.9% in the range
of concentrations of 5-100 mg/l and 50% in the
range of higher concentrations. The maximum of
adsorption under the experimental conditions was
50.2 mg/g. Calculation of the adsorption isotherm
according to the Freundlich equation shows that
the sorption process is more complicated than just
a simple monomolecular Langmuir adsorption.

When added to salt soil, deionized DE also ex-
hibits a clear effect of reducing the salt stress of
plants, allowing plants to show germination and
growth rates comparable to samples grown in the
absence of salt stress.
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