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The aim of the study is to provide integrated solution of environmental problems by help
of conservation emissions of sulphurous gases in form of sulphur or treated cement dust and their
application for improvement of Alkaline Soils. New ameliorants for improvements of Alkaline
soils under laboratory conditions were obtained: electro-treated mixture of sulphurous and
sulphuric acids, treated cement dust containing sulphite and sulphate salts of Ca. Two
electrochemical methods for production of sulphuric acid and mixture of sulphuric and
hydrochloric acids from sulphurous acid were developed and the electric energy requirement for
their production is calculated. The process of retention of sulphurous gases, by water solution of
cement dust is studied. It is shown, that for conservation of 1 t of sulphurous gases 2 t of cement
dust is required. The influence of newly-received ameliorants on physical and chemical properties
of Alkaline soils during their chemical reclamation and leaching processes was studied. The most
ameliorative effect, obtained in the variant, where electrochemical treated solution of the mixture
of sulphurous and sulphuric acids were used.

Environmental problems — ameliorants — sulfurous and sulfuric acids —
treated cement dust — reclamation
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Ilenbio MccIeI0BaHYS SBISETCA KOMIUICKCHOE PEIICHHE KOJOTHYECKHX NPo0iIeM 3a cyeT
KOHCEpBAI[MU BBHIOPOCOB CEPHUCTHIX I'a30B B BHJE Cepbl, 00pabOTaHHON 1IEMEHTHOM NBUIM M UX
TIPUMEHEHUs [UIs YIIy4dIIeHHs IIEIOYHbIX 0UB. B 1a00paTopHBIX yCIOBUSIX OBUIH ITOTyYeHBI HO-
BBIE MEJHMOPAHTHI [UIS YIYYIISHUS IIEeJ0YHBIX IOYB: 3JIEKTPOOOpabOoTaHHAsE CMECh CEPHUCTOH M
CepHOM KHCIOT, 00paboTaHHas LEMEHTHas IbLIb, colepkamas cynbGut u cymsdar Ca. beum
pa3paboTaHBI [Ba 3IEKTPOXHUMHUUECKUX CIIOCO0A ITOIYISHHSI CepHOI KHUCIIOTHI U CMECH CEpHOH U
COJITHOH KHCIIOT M3 CEPHHCTON KHCIOTHI. BBUIO MPOBENCHO HCCIEN0BAHUE TIPOLECca YACPKaHHs
CEPHUCTBIX Ta30B BOJHBIM PACTBOPOM LIEMEHTHOMN NbUIH. Y CTAHOBJICHO, YTO IS COXpaHEeHus 1 T
CEPHUCTHIX ra30B TpedyeTcs 2 T IeMEeHTHOH nbliu. [IpoBeeHo uceneoBaHue BIUSHUS BHOBB I10-
JIYYCHHBIX MEJIHOPAHTOB Ha (PU3MKO-XMMHYECKHE CBOWCTBA IIEJOYHBIX IOYB B IMpOLECCe HX
XMMHYECKOH MeJHopaniy U IpoMbiBke. Hanbonpmmit MennopaTuBHEI (et ObUT IpOosBICH B
BapuaHT, TJ€ HCIIOJB30BAJICS DIEKTPOXHMMHUYECKH 0OpPaOOTaHHBIH PacTBOP CMECH CEPHUCTOU M
CEpHOM KHUCIIOT.

Dkonocuueckue np06ﬂ€Mbl — MelUopannvl — CepHasl U cepHucmas Kuciomol —
06pa60maHHaﬂ YyemernmHuasl nvlitb — meauopayus

The emissions of sulphurous gases in the atmosphere take place from thermal
power plants, the activities of non-ferrous metallurgy and others [1], which have negative
effect on the environment and on the human health. Due to the smoke of sulphur dioxide
gas, the incidence of bronchitis, bronchial asthma, and emphysema of the lungs increases
[5]. There are several methods of conservation the emitted sulphurous gases [4, 2]

The method for obtaining sulphuric acid from sulphurous gases. However, its
storing and using in large quantities is a big problem due to the expensive technology
and aggressive effect of the reagent on the environment.

The lime method. According to this method, the sulphurous gases are retained
with lime milk (Ca(OH),). In result of interaction of lime milk with sulphurous gases,
the salt of CaSO; and partially gypsum (CaSO,2H,0) are formed. The disadvantage of
this method is the need for a large amount of lime.

The soda method. The essence of this method is to wash the waste of sulphurous
gases with aqueous solutions of soda ash (Na,COs). In this case, reactions occur to
produce (NaHSOs). However, it has not found widespread use due to the limited
marketing of this salt.

The ammonia method. The process of conservation of sulphurous gases, by
ammonia method consists in washing the gas with ammonia water (NH,OH). In this
case, a reaction occurs with formation of ammonia sulphate ((NH,4),SO,), which is used
as a fertilizer in agriculture. However, a production of large amounts of ammonia is
required, which leads to increasing of the cost of technology.

The methods of reduction of sulphurous gases. A number of methods were
proposed. For example, the method of obtaining the elemental sulphur (S) was offered
by (Zagoruiko et al. [10]).

In our opinion, the main criteria for selecting existing methods of conservation of
sulphurous gases are: how safe the conserved product for the environment, the cost of
technology and the possibility of using the formed products in various fields, including
the agriculture are. Coming out of these criteria, the choice has stopped on the lime
method in which, the salts of CaSO; and CaSQ,, and the production of pure sulphur are
formed. These products may be used in sphere of reclamation of Alkaline soils.

The processes of salinization and alkalization of soils are a global problem, which
has a negative impact on the chemical and physical properties of soils and, as a result,
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the agricultural productivity is reduced. For stable development of agriculture, it is
important to improve the ameliorative and the ecollogical state of Alkaline soils, by
application of ameliorants [3, 6-8]. For reclamation of non-carbonate Alkaline soils,
gypsum or other salts containing calcium were applied [9]. The acids or the acid salts are
usually used for reclamation of Calcareous Sodic Soils. A positive result has been
obtained in Armenia through the application of 1% of solution of sulphuric acid as an
ameliorant for reclamation of these soils [11]. By this technology 5.5 thousand ha of
Saline-Alkaline soils have been reclaimed in Ararat valley of Armenia. However, by
this technology there is necessity of transportation of huge quantity of ameliorants from
other countries, for which significant charges are required.

Materials and methods. The method of production of mixture of sulphurous and
sulphuric acids.

Figure 1. The scheme of experimental setup: 1 — stove for burning sulphur, 2 — door,
3 — compressor, 4 — receptacle, 5 — connecting hoses

As a result of oxidation of sulphur, the mixture of sulphurous gases passes through the
connected hoses (5) into the receptacle I. A part of its volume is dissolved, and the other part
passes into the receptacle Il, then passes into the receptacle 11l and is dissolved and left in the
atmosphere. The concentration of the formed solution was determined after burning 24 g sulphur
on the stove and dissolving the gases in receptacles with 4.0 | of water. Because of dissolution of
sulphur dioxide gases in receptacles I, Il, 1ll, a mixture of sulphurous and sulphuric acids is
formed. To determine the quantitative ratio of these acids, they are shaken with calcium carbonate
(CaCO0s), and the Ca ions were determined. The ratio of CaCOj3 and acids solution is 1:5. Because
of the interaction between acids and calcium carbonates, the salts of calcium sulphite (CaSO3),
which has very lower solubility, and calcium sulphate (CaSO,) are formed.

1. 2. The method of oxidation of sulphurous acid and production of sulphuric and mixture
of sulphuric and hydrochloric acids

To increase the ameliorative effectiveness of the sulphurous acid, electrochemical methods
were developed. The obtained mixture of acids was processed in the electrolyser in positive and
negative electrode chambers. The solution was processed in 1-2 hours. The obtained mixture of
acids was filled into the chambers of positive and the negative electrode, which were separated by
a membrane. The following electrochemical reactions around the positive electrode took place (1):

H,0 = 1/20, + 2H" + 2¢, (1).
2H2803 + 02 = 2H2804

To obtain the mixture of sulphuric and hydrochloric acids, the chamber of negative
electrode was filled with the solution of sodium chloride and the chamber of positive electrode was
filled with the formed mixture of acids. The positive and negative chambers were separated by a
membrane. The following electrochemical reactions around the positive electrode took place (2):
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2Cr=Cl+e, (2).
H2803 + C|2 + Hzo = H2804 + 2HCI

As a result of the above mentioned processes, every 0.5 hour during the electrochemical
treatment, the sample of solution was taken observing the process of sulphurous acid oxidation.
Formed mixture of acids was shaken with calcium carbonate (by ratio of 1:5) and the
concentration of Ca?* was determined in the filtered solution. Based on the result of concentrations
of acids and Ca®", the percentage of sulphurous and sulphuric acids was calculated in the mixture.
The solution was processed during 1-2 hours. The electrodes with 5 V voltages and 0.61-0.93 A
current were supplied.
3.The retention method of sulphurous gases by water solution of cement dust

Cement dust contains in 43.26% CaO, 1.26% MgO, and 10% of lime. The laboratory
experiments were carried out to determine the possibility of adsorption of sulphurous gases using
the aqueous solution of cement dust, in the experimental setup described in Figure 1. The
receptacle | with 4 | of water and 100 g of cement dust was filled, and the receptacles Il and Ill
were filled with 4 | of water in each. In the stove 25 g of sulphur was burnt and air was supplied by
compressor. The concentration of formed solutions was determined in three vessels. The
experiment was repeated with different contents of cement dust in the | receptacle.
4.The method of laboratory experiment to study the influence of newly-received ameliorants
for chemical reclamation of Saline-Alkaline soils

The experiments were made under laboratory conditions using the polyethylene pipes
(diameter 10 cm, height of 120 cm), as a soil column. Each pipe was filled with 9 kg saline-
alkaline soils in the column with the height of 100 cm, preserving their natural profile of
distribution of salt contents and their mechanical composition. The experiment was carried out in 4
variants with 3 repetitions.

1. Chemical reclamation of saline-alkaline soils using a mixture of sulphuric and sulphurous
acids and leaching by water.

2. Chemical reclamation of Saline-Alkaline Soils using electrochemically treated by solution of
mixture of sulphuric and sulphurous acids and leaching by water.

3. Chemical reclamation of Saline-Alkaline Soils using 1% of sulphuric acid solution and
leaching by water (control).

4. Chemical reclamation of Saline-Alkaline Soils using cement dust treated by solution of a
mixture of sulphuric and sulphurous acids and leaching by water.

The object of this study was the Saline-Alkaline soils of Ararat valley in Armenia. The
total salts vary from 0.86% to 2.216% in the 0-100 cm layer of soils and the EC indicator from
12.4 to 32.2 mS/cm. The soils have a high alkaline reaction (pH-8.4-10.2) due to the presence of
soda -3.4-8.6 mmol/100 g. The contents of water-soluble sodium in the 0-100 cm layer of soil
makes 12.03-31.38 mmol/100 g. The contents of soluble Ca?* and Mg?* is not higher than 0.1
mmol/100 g. The soils are strongly alkalized, and the exchangeable sodium percentage (ESP)
varies 31.39% to 72.56% in the 0-100 cm layer of soil.

The mechanical composition of soils in the 0-100 cm layer of soil has from medium to
heavy loamy mechanical composition.

Results and Discussion. 1. Electrochemical oxidation of sulphurous acid

As a result of electrochemical process (method 1) of the mixture of sulphuric
(H,SO,) and sulphurous (H,SO;) acids the content of sulphuric acid increased from
35.6% up to 100% and the content of sulphurous acid decreased from 64.4% up to 0%. It
means that the whole content of H,SO; was oxidized (fig.2).

The data on fig. 3 show that the mixture of solution contains 42% of sulphuric
acid and 58% of sulphurous acid. After 2 hours of electro-treating (method 2.),
sulphurous acid was oxidized as a result of it 66.7% of sulphuric and 29.3% of
hydrochloric acids were formed.
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Figure 2. The process of electrochemical oxidation of sulphurous acid and formation
of sulphuric and hydrochloric acids. 1-H,SO,, 2-H,SO3
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Figure 3. The process of electrochemical oxidation of sulphurous acid
and formation of sulphuric acid. 1-H,SO,, 2-H,SO;, 3-HCI

Using the data of processing, the requirements for producing 1 tons of sulphuric
acid are calculated. In the given regime of electrochemical processing, 6.3-8.5 mmol/l of
sulphuric acid was formed in case of spending on 1 w-hour of electric energy. For
producing 1 t of sulphuric acid 2900-4000 Kw-hour electric energy was required. In
order to reduce the cost a solar panel station may be used

2.The study of the possibility of retention of sulphurous gases by water solution of
cement dust

The results are shown in tab. 1. The data of the table give ground to assert, that
the use of cement dust allows to absorb sulphur gases mostly in the vessel I, where the
concentration of acidity makes 135-160 mmol/l (method 3). The concentration of the
acid solution was 3-15 mmol/l in the vessel 1I, which corresponds only to 0.5-2.5% of
the formed gas. Thus, the application of 100 g of cement dust absorbed 50 g of sulphur
dioxide gas. To absorb 1 t of SO, gas, 2 t of cement dust were required.

88



THE APPLICATION OF CONSERVED EMISSIONS OF SULPHUROUS GASES FOR IMPROVEMENT OF ALKALINE SOILS

Table 1. The concentration of acidity in receptacles during the absorption of sulphur

gases under different contents of cement dust in the | receptacle

N, of the The contents of cement dust in the | receptacle, g
receptacles
100 | 200 | 400 | 500
The concentration of acidity, mmol/I|
[ 160 155 150 135
Il 15 10 3 5
1l 0 0 0 0

3. Study the influence of newly-received ameliorants (method 4.) for chemical
reclamation of Saline-Alkaline soils during their chemical reclamation and leaching
processes

In the | variant, both the infiltration and the filtration rates were low during the
chemical reclamation and leaching and their values ranged from 1.5-1.6 cm/day. In the Il
variant, the infiltration rate was higher, than the | variant of it and it is 7.0 cm/day. But
the filtration rate was low; it was 1.7 cm/day. In the 111 variant, the infiltration rate was 9
cm/day, the filtration rate was 4.5 cm/day. In the IV variant, the infiltration rate was 3.7
cm/day and the filtration rate was 1 cm/day. Thus, the filtration rate was higher in the 11
and the 111 variants, and in the other variants was much lower.

Variant I.

The content of the exchangeable Ca in 0-25 cm of soil’s layer after the chemical
reclamation and leaching makes -51.3 % and decreases by depth, and in the 75-100 cm
layer of soil it makes 27.8 % of the sum of exchangeable cations. The content of the
exchangeable Mg in 0-100 cm layer varies in the range of 32.9-49.4% (table 2.). The
exchangeable sodium percentage [ESP] indicator in 0-50 cm layer of soil makes 8,6-14.5
%, which is permissible. In the layer of 50-100 cm, the ESP indicator is a little higher
and makes 20.6-23.1% (the permissible ESP is 15%).

The exchangeable K content makes 1,9-2,4% of the sum of exchangeable
complex. Thus, in the case of variant I, the norm of the ameliorant was not enough for
complete soil reclamation. It is necessary to increase the norm of ameliorant, taking into
account, that the ions of SO; can form insoluble salt with the Ca and they precipitate in
the form of CaSO;,

The exchangeable K content makes 1,9-2,4% of the sum of exchangeable
complex. Thus, in the case of variant I, the norm of the ameliorant was not enough for
complete soil reclamation. It is necessary to increase the norm of ameliorant, taking into
account, that the ions of SO; can form insoluble salt with the Ca and they precipitate in
the form of CaSO;.

Variant 11.

Discussing the data, brought on the table 2, may be concluded that ESP of the 0-
75 cm layer of soil vary in the range of 6.1-13.4%, and only 75-100 cm layer of soil ESP
some high and makes 22.2 %. Thus under the influence of the ameliorant, which is used
after electrochemical processing of the mixture of acid solution give an opportunity to
improve the soil physical and the chemical properties and may be used as a ameliorant
for reclamation of carbonate Alkaline soils.
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Table 2. The chemical compositions of exchangeable cations of experimental soils before and
after the chemical reclamation and leaching (average of 3 repetitions)

Depth, The contents, mmoll/100 g of soil The contents,%

cm Car | Mg | Na | K | Total | Ca [ Mg’ | Na | K
Before the chemical reclamation

0-25 4.8 1.76 21.2 1.45 29.21 16.4 6.0 72.6 5.0

25-50 53 3.26 21.7 1.45 31.71 16.7 10.3 | 68.4 4.6

50-75 13.8 8.87 11.2 1.41 35.28 39.1 25.1 31.7 4.0
75-100 16.7 7.42 11.7 1.43 37.25 44.8 19.9 314 38
After the chemical reclamation and leaching
Variant |
0-25 19.9 14.84 3.35 0.73 38.82 513 | 382 8.6 1.9
25-50 14.85 10.84 4.48 0.73 30.9 48.1 35.1 14.5 2.4
50-75 13.8 10.84 7.61 0.74 32.99 418 | 329 | 231 2.2
75-100 9.85 17.49 7.3 0.75 35.39 27.8 49.4 20.6 2.1
Variant 11
0-25 24.55 6.94 2.95 147 35.91 684 | 19.3 8.2 4.1
25-50 19.7 14.66 2.29 0.68 37.33 52.8 39.3 6.1 1.8
50-75 12.3 17.34 4.67 0.67 34.98 352 | 496 | 134 1.9
75-100 12.3 12.34 7.08 0.18 31.9 38.6 38.7 22.2 0.6
Variant 111
0-25 39.4 135 1.04 0.3 54.24 72.6 24.9 1.9 0.6
25-50 42 16.1 1.04 0.3 59.44 70.7 27.1 1.7 0.5
50-75 19.5 21.02 2.29 0.33 43.14 452 | 48.7 5.3 0.8
75-100 16.1 20.76 2.61 0.72 40.19 40.1 51.7 6.5 1.8
Variant IV
0-25 27.3 10.9 3.74 0.26 42.2 64.7 25.8 8.9 0.6
25-50 12.3 6.34 9.89 0.54 29.07 423 | 218 | 34.0 1.9
50-75 9.35 10.02 10.49 0.59 30.45 30.7 | 329 | 344 1.9
75-100 | 9.75 9.76 10.11 0.28 29.9 326 | 326 | 338 0.9

Variant I11.

Discussing the process of improvement of soils may be concluded, that the soils are
fully ameliorated. The toxic salts are completely leached. The contents of exchangeable
cations (tab. 2) show, that in case of application of 1% of sulphuric acid solution, soil is
completely dealkalined and ESP in 0-100 cm layer of soil makes 1.9-6.5%.

Variant V.

ESP of the 0-25 cm layer of soil makes 8.9%. So, 25- 75 cm layer of soil is not
fully reclaimed and the ESP indicator varies in the range of 33.8-34.4%. Although the
salts content is significantly reduced, it makes 0.251-0.456%, and the EC rate is 3.5-6.5
mS/cm, so the soils remained weakly salined and alkalined, and need a further
improvement of their physical and chemical properties. Particularly, in the variant IV of
experiments, it is necessary to increase the norm of ameliorant, considering the fact, that
during the reaction between the ameliorants and soils, the hard dissolving salt of CaSO;
is formed, which is not enable to improve the soil chemical properties. The treated
cement dust may be successfully used for improvement of the chemical and physical
properties of weakly and middle Alkaline soils.
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CONCLUSION

1. New ameliorants for improvements of Alkaline soils under the laboratory
conditions were obtained: electro-treated mixture of sulphurous and sulphuric
acids, treated cement dust containing sulphite and sulphate salts of Ca.

2. Two electrochemical methods for production of sulphuric acid and mixture of
sulphuric and hydrochloric acids from sulphurous acid were developed and the
electric energy requirement for their production is calculated. It will give an
opportunity to increase the ameliorative affections of sulphur and use it for
reclamation of Calcareous-Sodic soils.

3. The process of retention of sulphurous gases, by water solution of cement dust
is studied. It is shown for conservation of 1 t of sulphurous gases, 2 t of cement
dust is required.  The treated cement dust may be successfully used for
improvement of chemical and physical properties of weakly and middle
Alkaline soils.

4. The influence of the newly- received ameliorants on the physical and chemical
properties of Alkaline soils during their chemical reclamation and leaching
processes were studied. The most ameliorative effect obtained in the variants,
where 1% of sulphuric acid solution and electrochemical treated solution of the
mixture of sulphurous and sulphuric acids were used.
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