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Abstract—Based on a study of the phase equilibria in cuts of a Mg(NO3)2–Ca(NO3)2–H2O system at tem-
peratures of 0 to –50°C, new deicers have been developed, including a liquid solution of magnesium and cal-
cium nitrates and a solid composition of dehydrated nitrates. The ice-melting capacity of the agents under
equilibrium conditions was determined. It was established that agents made of dehydrated magnesium and
calcium nitrates interact with ice via heat release, which accelerates ice melting. The corrosion activity of liq-
uid of a nitrate agent toward metals (in the collaboration with the All-Russian Institute of Aviation Materials)
was determined. It was established that it can be significantly decreased at the introduction of a corrosion
inhibitor. The possibility of synthesizing agents from natural mineral raw materials (dolomite, magnesite, and
calcite) has been considered.
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INTRODUCTION
The development of new efficient and environmen-

tally safe deicers and their methods their synthesis from
natural and technogenic raw materials currently remains
a topical chemical and technological problem.

The aim of this work is to find salt compositions
forming low-temperature eutectics with ice in a
Mg(NO3)2–Ca(NO3)2–H2O system, to develop deic-
ers on their basis and to determine the possibilities of
synthesizing them from natural mineral raw materials.
It is noteworthy that the solubility polytherm of this
system was studied earlier [1]. In this work, the goals
were different; thus, it is considered reasonable to per-
form a special study to find the low-temperature
eutectics in this system.

EXPERIMENTAL
To find an optimal salt composition based on mag-

nesium and calcium nitrates, the phase equilibria in
the system with different component ratios (3 : 1, 2 : 1,
1 : 1, 1 : 2, and 1 : 3) at temperatures of 0 to –50°C were
studied. The studies were performed by visual poly-
thermal analysis [2] (liquid nitrogen was used as a
refrigerating medium. The diagrams of the phase equi-
libria in Mg(NO3)2–H2O, Ca(NO3)2–H2O systems
and in the cut of a Mg(NO3)2–Ca(NO3)2–H2O sys-
tem with a 1 : 1 ratio between the nitrates at tempera-
tures lower than 0°C are shown in the figure.

The ice melting capacity of the composition at pre-
set temperatures was determined by the ice crystalliza-
tion polytherms according to the formula A = (100–
Ct)/Ct, where A is the ice-melting capacity of the com-
position (in kilograms of ice per 1 kg of agent) and Ct
is the concentration of salts in the solution at the tem-
perature t (°C). The results are summarized in Table 1.

It is noteworthy that the data characterize the ice-
melting capacity of salts under equilibrium conditions.
The real ice-melting capacity depends on the specific
conditions, e.g., on the direction and power of the
wind or the thickness and density of the ice. Dehy-
drated nitrates were synthesized at temperatures of 150
and 200°C in a drying chamber.

RESULTS AND DISCUSSION

In Table 1, the data on the deicing properties of
magnesium and calcium nitrates and nitrate composi-
tions are shown.

As follows from Table 1, a Mg(NO3)2 + Ca(NO3)2
composition (1 : 1) forms the lowest-temperature
eutectic with ice at a temperature of –41°C and is
characterized by a high ice-melting capacity.

The next step of the work was to synthesize dehy-
drated nitrates and to study the character of their inter-
action with water.
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Determination of the Conditions of the Dehydration
of Magnesium and Calcium Nitrates and the Study
of the Character of a Solution of Dehydrated Salts

in Water
The samples of magnesium and calcium nitrates

were dehydrated in a drying chamber at 150 and
200°C. The data on the composition of dehydrated
nitrates are shown in Table 2. The samples of dehy-
drated magnesium and calcium nitrates and their mix-
ture of the composition of 1 : 1 with a weight of 3 g
were placed in 5 g of distilled water with a temperature
of 19°C. After mixing and solving the precipitates, the
solution temperature was measured. The data are
shown in Table 3.

As follows from Table 3, the samples of dehydrated
nitrates are soluble in water with heat release. With the
use of the dehydrated salts as deicers, the melting rate

of ice must increase. It is noteworthy that, in a solution
a magnesium nitrate sample dehydrated at 200°C in in
water, a low quantity of a f locculent precipitate is
formed, which apparently indicates the formation of
some quantity of insoluble hydroxonitrate as a result of
the hydrolysis. Thus, to avoid hydrolysis, the starting
nitrate should be dehydrated at a lower temperature
(150°C). The next step of the work was corrosion test-
ing for a 1 : 1 composition.

Study of the Corrosion Activity of the Deicing 
Compositions Toward Metals and Alloys and Selection

of a Corrosion Inhibitor

This part of the work was performed together with
the All-Russian Institute of Aviation Materials. The
studies for determining corrosion activity of the most
promising deicing composition (a solution of magne-
sium and calcium nitrates in a ratio of 1 : 1) toward the
common aviation materials were performed in accor-
dance with the requirements of the OST 54-0-830.74-
99 Civil airfields. Anti-icing chemicals for artificial
surfaces. The technique of the corrosion tests is
detailed in [2].

As a result of the performed tests, it was established
that the studied sample of a deicing composition is
corrosion active and, thus, does not meet the require-
ments of OST 54-0-830.74-99.

To decrease the corrosion activity of the composi-
tion, corrosion inhibitors were selected. The following

Table 1. Data on the deicing properties of salts and salt compositions

Data on the eutectic temperature in Mg(NO3)2–H2O and Ca(NO3)2–H2O systems (Nos. 1 and 7) correspond to the literature [3].

No. Salts and salt compositions
Parameters of eutectics with ice Ice melting capacity, g/g

at temperature, °C

temperature, °C concentration
of solution, % minus 5 minus 10

1 Mg(NO3)2 –31.5 32.8 7.7 4.5
2 Mg(NO3)2 + Ca(NO3)2 (3 : 1) –33.0 35.5 6.8 4.3
3 Mg(NO3)2 + Ca(NO3)2 (2 : 1) –34.5 36.5 6.8 4.0
4 Mg(NO3)2 + Ca(NO3)2 (1 : 1) –1.0 40.0 6.8 4.0
5 Mg(NO3)2 + Ca(NO3)2 (1 : 2) –31.5 38.5 5.7 3.5
6 Mg(NO3)2 + Ca(NO3)2 (1 : 3) –31.0 40.0 5.7 3.4
7 Ca(NO3)2 –29.0 42.0 5.7 3.2

Table 2. Data on the composition of dehydrated nitrates

Composition of starting nitrates
Composition of nitrates dehydrated at temperature, °C

150 200

Mg(NO3)2 · 6H2O Mg(NO3)2 · 1.7H2O Mg(NO3)2 · 1.1H2O
Ca(NO3)2 · 4H2O Ca(NO3)2 · 0.4H2O Ca(NO3)2

Table 3. Data on the change in temperature in a solution of
dehydrated nitrates in water

Composition
of dehydrated sample

Maximum temperature 
of solution, °C

Mg(NO3)2 · 1.7H2O 37
Mg(NO3)2 · 1.1H2O 37
Ca(NO3)2 30
Mixture Mg(NO3)2 · 1.1H2O +
Ca(NO3)2 · (1 : 1)

34
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corrosion inhibitors were tested: methenamine, triso-
dium phosphate (Na3PO4), D-1-Ts, IKB-4AF, IKB-
6-2, D-1-Ts, IKB-2-2 (produced by IP NKhP AI
RB), and experimental compositions of corrosion
inhibitors produced by NPO Tekhnobior.

According to the results of determining the corro-
sion activity of the composition with corrosion-inhib-
iting additives, the inhibition of the composition
decreases its corrosion activity to values that meet the
requirements of OST 54-0-830.74-99. The most effi-
cient inhibitors that decrease the corrosion activity of
compositions are the inhibitors produced by NPO
Tekhnobior.

Based on the results of the studies, two new deicers
have been proposed, i.e., a solution containing 20%
magnesium nitrate and 20% calcium nitrate and com-
position of magnesium and calcium nitrates dehy-
drated at 150°C with the Mg(NO3)2 : Ca(NO3)2 ratio
of 1 : 1.

In conclusion, it is noteworthy that deicers based
on magnesium and calcium nitrates can be prepared
from natural mineral raw materials, namely, dolomite,
magnesite, brucite, and nitric acid.

As follows from [4], the magnesium and calcium
contents in industrially used dolomite is such that,
during the synthesis of nitrates from it, on average, the
ratio between the quantities of magnesium nitrate and
calcium nitrate in the final product is 0.75 : 1. To syn-
thesize the most efficient nitrate composition with a
ratio between nitrates of 1 : 1, it is necessary to intro-
duce additional magnesium. For this purpose, magne-
site MgCO3 of brucite Mg(OH)2 can be used.

The methods for the industrial production of mag-
nesium and calcium nitrates from magnesite, brucite,
dolomite, and calcite, CaCO3, are in described in the
chemical literature [5–7]. It is also noteworthy that
these products are currently produced in the Russian
Federation and are available for purchase.

CONCLUSIONS

The melting polytherms of ice in cuts of a
Ca(NO3)2–Mg(NO3)2–H2O system with different
component ratios in the temperature interval of 0 to
–50°C were studied. Compositions that form eutec-
tics with ice at temperatures of –31 to –41°C and are
promising for the development of deicers on their basis
were determined.

The ice-melting capacity and corrosiveness to met-
als and alloys were studied for these compositions. An
efficient corrosion inhibitor was selected.

The conditions of the synthesis of dehydrated mag-
nesium and calcium nitrates were selected. Calcium
nitrate tetrahydrate is almost fully dehydrated at
150°C, while magnesium hexahydrate loses 4.3 H2O at
this temperature and converts into Mg(NO3)2 ·
1.7H2O. At 200°C, and magnesium nitrate is partially
hydrolyzed with the formation of hydroxonitrate. It
was established that dehydrated magnesium and cal-
cium nitrates are soluble in water with a positive heat
effect, which must accelerate the process of the disso-
lution of ice during their interaction with it.

The following substances are proposed as new
deicers: a solution containing 20% magnesium nitrate
and 20% calcium nitrate and a composition of dehy-
drated at 150°C magnesium and calcium nitrates with
an Mg(NO3)2 : Ca(NO3)2 ratio of 1 : 1.

The possibility of synthesizing a new nitrate deicer
from natural raw materials, namely, dolomite, magne-
site, and brucite, was considered.

ACKNOWLEDGMENTS

This work was supported by the program of basic
research at the Department of Chemistry and Materi-
als Science of the RAS Presidium “Development of
New Types of Products from Mineral Raw Materials,”
project no. OKh5.1.

Phase equilibria in Mg(NO3)2–H2O, Ca(NO3)2– H2O
systems and in cut of Mg(NO3)2–Ca(NO3)2–H2O system
with a ratio between the nitrates of 1 : 1 at a temperature
lower than 0°C

–20

–10

0

–30

–40

0 10 3020 40 50 60

Mg(NO3)2

Ca(NO3)2

Mg(NO3)2 + Ca(NO3)2 (1 : 1)

Te
m

pe
ra

tu
re

, °
C

Concentration of salts in solution, wt %



482

THEORETICAL FOUNDATIONS OF CHEMICAL ENGINEERING  Vol. 50  No. 4  2016

DANILOV et al.

REFERENCES
1. Goloshchapov, M.V., Izv. Voronezh. Gos. Pedagog.

Inst., 1955, vol. 16, p. 19.
2. Danilov, V.P., Frolova, E.A., Kondakov, D.F., Avdy-

ushina, L.I., and Orlova, V.T., Search for low-tempera-
ture anti-ice compositions in the Ca(NO3)2–
Mg(NO3)2–CO(NH2)2–H2O and study of their prop-
erties, Khim. Tekhnol., 2010, vol. 11, no. 4, pp. 193–198.

3. Kirgintsev, A.N., Trushnikova, L.N., and Lavrent’ev, V.G.,
Rastvorimost’ neorganicheskikh veshchestv v vode: Sprav-
ochnik (Solubility of Inorganic Compounds in Water. A
Handbook), Leningrad: Khimiya, 1972.

4. GOST (State Standard) 23672–79: Dolomite for Glass
Industry. Specifications, 1987.

5. Pozin, M.E., Tekhnologiya mineral’nykh solei (Mineral
Salt Technology), Leningrad: Khimiya, 1987, vols. 1, 2.

6. Berezin, V.I., Bykov, A.V., Danilov, V.P., Buza, V.I.,
Vorob’ev, V.S., Vorob’ev, F.P., Zuev, A.A.,
Kochemba, Yu.I., Nikolaev, V.V., Orlova, V.T., Peche-
rskii, M.A., Smirnov, A.L., Tin’gaev, O.P., and
Yulis, A.Ya., RF Patent 2148018, 2000.

7. Lanovetskii, S.V., Physical and chemical foundations
of reagent-grade magnesium nitrate hexahydrate crys-
tallization and production technology, Cand. Sci.
(Eng.) Dissertation, Perm: Perm State Technical Univ.,
2006.

Translated by E. Petrova


		2016-08-17T11:34:01+0300
	Preflight Ticket Signature




