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Abstract

The scientific article proves the feasibility of using the products of the plant of the
Garabogazkarbamid production association as raw materials. Based on the research work carried
out, the scientific foundations of the technology for producing an environmentally friendly anti-
icing material have been developed. A proposal has been prepared for the use of an environmentally
friendly reagent to replace the reagent currently used in Turkmenistan (sodium chloride, desert sand).
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The expansion of the road network and the increase in traffic intensity leads to an increase in the
environmental burden on the environment. Especially unfavorable conditions for the movement of
cars occur in winter, when snow and ice coatings form on highways.

The main task of winter maintenance of highways is to carry out a set of measures to ensure
uninterrupted and safe traffic on highways and streets, including combating winter slipperiness
(I'OCT P 50597-93).

To solve environmental problems and the rational use of local raw materials, an important
problem is the development of environmentally friendly and waste-free technologies.

Due to the fact that the climate in our country is sharply continental, in winter, especially in the
northern regions of the country, precipitation in the form of rain and snow leads to the formation of
ice coverings on roads at night.

The country's anti-icing road services on urban roads and intercity highways use mainly a mixture
of dry sodium chloride salt and Karakum sand, but repeated use of this mixture leads to damage to the
communal infrastructure of our cities, clogging of drains, and salt contributes to the death of roadside
vegetation, the formation of rust in various metal structures.

Based on the above, studies were conducted on the possibility of using the products of the
production association «Karabogazkarbamide» bischofite, as well as various waste products of the
enterprise as an anti-icing agent in the winter season.

Anti-icing materials (hereinafter referred to as AIM) in connection with raw materials and
methods of production are divided into chemical, friction and combined.

1. Chemical (AIM):

Chloride — sodium, potassium, magnesium, calcium chlorides;

Acetate — ammonium, potassium, calcium acetates;

Urea - urea, urea-ammonium nitrate;

Nitrate — calcium and magnesium nitrates.

Solid bulk materials (crystalline, granular or scaly);

Liquid (natural brines or solutions of chemical reagents).
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2. Friction based sliding AIM:

Fine gravel , sand , a mixture of sand and crushed stone , slag.

3. Combined AIMs:

A mixture of chemical and friction materials.

For the production of de-icing reagents, the necessary local raw materials were studied, mainly
salt deposits and production located on the territory of our country:

Products of the chemical production plant «Karabogazkarbamid» technical bischofite (TDS 756-
2015), its product: MgCL*6H,0 (magnesium chloride hexahydrate) - MgCl, (Molecular weight -
24+70=94) and 6H,0 (Molecular weight — (2+16)*6=108), in connection with this, most of its weight
is water (in work we take it as half) (Cenensuukos, 1963).

Granular salt for industrial use from the Guvlyduz plant (TDS 667-2006).

Products of the Tejenkarbamid plant: urea ( TDS 2081-92).

The waste from the Geoktepe winery is sour wine (containing up to 20% acetic and tartaric
acids). When mixed with sand, calcium and magnesium acetates are formed, since Karakum sand
contains calcium and magnesium carbonates.

The Karakum sand of the Ashgabat deposit contains 20% calcium and magnesium carbonate
compounds (babaes, Kamypos, 1984).

Also, in laboratory conditions, the corresponding properties of these products, as required by the
international standard for anti-icing materials, were studied.

a) Preparation of liquid AIM samples

We pour 200 ml of distilled water into the first glass; we take it to study the behavior of water
during ice conditions and to compare solutions with AIMs. In the remaining 6 glasses, add 40 g of the
following salts and mixtures and add 200 ml of distilled water (OJIH 218.2.027-2003):

Distilled water — 200g.

20% aqueous solution of sodium chloride salt (NaCl) — 200g.

20% aqueous solution of chloride salt (CaCl,) —200g.

20% aqueous solution of magnesium chloride salt (MgCl)) — 200g.

Sour wine solution — 200g.

20% aqueous solution of urea — 200g.

An aqueous solution of a mixture of bischofite (30%), sour wine (5%) and urea (5%) — 200g.

b) Preparation of samples of friction (solid) and combined AIMs

Karakum sand: dry in an oven , sift through a sieve, prepare 7 samples of sand, 100 grams
each. After this, we add 50 g of samples of the corresponding solutions to each sample of sand, dry
the sample samples and weigh them. We prepared friction and combined AIMs in the following
composition:

Friction AIMs

Karakum sand — 100.

Combined AIMs

Karakum sand (100g) and sodium chloride salt (NaCl) (10g).

Karakum sand (100g) and calcium chloride salt (CaCl,) (10g).

Karakum sand (100g) and bischofite salt (MgCL,*6H,0) (20g).

Karakum sand (100g) and sour wine (8g).

Karakum sand (100g) and urea (10g).

Karakum sand (100g), bischofite (MgCL,*6H,0) (15g), sour wine (2g) and urea (3g).

Liquid AIMs

Experiment 1:
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To 100 ml of ice (7 samples) add 20 ml of the solutions given in Table No. 1 and leave for 1 hour.
After 2 hours, measure the volume of melted ice.

Table 1

Liquid AIMs
Temperature during experiment
Volume of Volume of Volume of
No. Solution melted ice at  melted ice at | melted ice at
temperature temperature temperature
-10°C, ml +5°C, ml +20°C, ml
1 | Distilled water 0 14 60
2 | Sodium chloride 6 34 70
3 | Calcium chloride 5 26 62
4 | Magnesium chloride 30 36 74
5 | Sour wine solution 13 28 64
6 | Urea 9 30 80
7 | Bishofite, sour wine and urea 20 32 70
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Fig.1. Melting ability of liquid AIMs

In the experiment, good results were obtained as liquid AIMs on samples 2, 4, 6 and 7.

Experiment 2:

Combined AIMs
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40 ml of water was poured into a flat dish (@ 8.5 cm) (7 samples) and frozen (-5°C). 20 g of
combined AIMs were added to the formed ice and after 1 hour the volume of melted ice was measured
(Table 2).

Table 2
Combined AIMs
Temperature during experiment
Volume of Volume of Volume of
Ne Solution melted ice at = melted ice at | melted ice at
temperature temperature temperature
-10°C, ml -5°C, ml +5°C, ml
1 | Karakum sand + distilled water 0 0 3.89
2 | Karakum sand + sodium chloride 0.34 1.36 10.45
3 | Karakum sand + calcium chloride 1.21 2.48 11.18
4 | Karakum sand + magnesium chloride 4.13 6.07 12.98
5 | Karakum sand + sour wine solution 0 0 6.32
6  Karakum sand + urea 0 0 7.24
7 | Karakum sand + bischofite, sour wine 2.65 3.48 10.83
and carbamide

The results for the melting capacity of combined AIMs are shown in Fig. 2.
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Fig.2. Melting capacity of combined AIMs

In this experiment, samples Nos. 2, 3, 4 and 7 showed the best results as combined AIMs.
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Determination of indicators of corrosion activity of AIM on metal
A measure of the aggressive effect of AIM on metal is the rate of weight loss per unit surface of
the sample over a certain time.
To speed up the corrosion process, a metal sample is kept in a solution with a certain concentration
of AIM, then at 100% air humidity, and then the sample is dried in an oven.
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Fig.3. Weight loss of steel samples in AIM solutions
Samples No. 4 and 7 had good performance as anti-corrosion agents (Table 3).

Table 3

Change in the weight of steel samples after exposure to reagents

Weight of steel samples (g)
No. Reagents e
Initial 3 days 7 days 15 days
1 | Distilled water 1,93 1,91 1,88 1,85
2 | Sodium chloride 2,13 2,11 2,09 2,07
3 | Calcium chloride 1,91 1,89 1,86 1,83
4 | Magnesium chloride 2,03 2,01 2,00 2,00
5 | Sour wine solution 1,87 1,80 1,71 1,62
6 | Urea 0,92 0,91 0,91 0,90
7 | Bishofite, sour wine and urea 0,99 0,98 0,98 0,97

CONCLUSIONS

1. During the research, the feasibility of using the products of the Karabogazkarbamid Production
Association as a raw material for the production of AIM was established.

2. In laboratory conditions, using various methods, samples of local raw materials for use as
AIM were thoroughly studied.

3. Based on the research work carried out, the scientific foundations of the technology for
producing an environmentally friendly, environmentally friendly anti-icing agent have been developed.

4. A proposal has been prepared for the use of an environmentally friendly product to replace the
products currently used in Turkmenistan (sodium chloride, desert sand).
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