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Phase Diagram of Ternary Magnesium Acetate-Acetic
Acid-Water System at 298.1 and 333.1 K
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In this investigation, the mutual solubilities for the ternary Mg(CH3COO),-CH;COOH-H,0
system were determined at 298.1 and 333.1 K. Two partial isothermal phase diagrams for this
ternary system were constructed on the basis of the measured solubilities, one at 298.1 K and the
other at 333.1 K. At 298.1 K, two solid phases were formed and confirmed by the Schreine-
maker’s wet residue method, and the two were identified as 2Mg(CH3;CQO),-3CH;COOH-3H,0
and Mg(CH;COQ),4H,0. However, only one solid phase, Mg(CH3CQ0QO),4H,0O was formed
in the ternary Mg(CH3;C0OO),-CH;COOH-H,0 system at 333.1 K. The solubilities of
Mg(CH;COO), in water-CH3;COOH solutions increased with increasing temperature.
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1. Introduction

Calcium magnesium acetate (CMA) is a chemical with
two major large-scale potential applications for solving
environmental problems: (a) as the best deicing salt
candidate to replace the corrosive and environmentally
unacceptable sodium chloride and/or calcium chloride
currently in use for road and highway deicing!"* and (b)
as a control agent for the toxic particulates, SOy, NO,, and
H,S emissions* " as well as for sulfur.®™ CMA has the
potential for large-scale production'” with a commercial
method for making CMA involving formation of CMA in
an aqueous environment in which all of the reactants are
soluble and in equilibrium with the CMA product. The
CMA produced in this way may contain calcium acetate and
magnesium acetate as contaminants.

It is recognized that the quinary Ca*’-Mg?"-H'//
CH;COO ™ -H,O0 system is relevant to the proposed produc-
tion process for the large-scale preparation of CMA. The
two binary subsystems, Mg(CH;COO),-H,0”'"! and
Ca(CH;C00),-H,0,!"®! and the ternary subsystem, Mg
(CH5C00),-Ca(CH;C00),-H,0,!" have been investi-
gated, but the investigation of this latter ternary system
involved only solubility studies and no phase diagram
was proposed. The present investigation was undertaken to
construct, at least, partial phase diagrams for the Mg(CHj;
C0O0),-CH;COOH-H,0 system at 298.1+0.1 K and at
333.1+0.1 K.
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2. Materials and Experimental Method

2.1 Materials

Magnesium acetate tetrahydrate, Mg(CH;COO),-4H,0,
>99.5 mass% purity, was supplied by Simopharm Group
Chemical Reagent Co. Ltd., China and was used without
further purification. Acetic acid, CH;COOH, >99.5 mass%
purity, was supplied by Jilin Ji’an Group Co. Ltd., China.
The water for preparing solutions was twice distilled
(conductivity <5 mS/cm, the unit on a Siemen’s meter). A
water bath, thermostatically controlled to +£0.1 K, was used
for equilibrating samples.

2.2 Procedure

Schreinemaker’s wet residue method consists of filtering
the wet solid residue from an equilibrated saturated aqueous
solution and analyzing both the solid residue and the
saturated liquid that passed through the filter. This technique
was used in the present study. Initial samples were prepared
as mixtures of known amounts of magnesium acetate, acetic
acid, and water with the relevant amounts being chosen to
vary the acetic acid/magnesium acetate ratio from 0 to ~1.
All liquid mixtures were stirred in flasks that were
surrounded by a constant temperature water bath. Aliquots
of the liquid phase were taken at 2 h intervals and analyzed.
When the composition of the liquid became constant, this
was taken to indicate that equilibration had been attained.
The solid and liquid were then separated by filtration.

2.3 Analysis

After separation of the liquid and solid, a portion of the
solid was taken and enough water was added for complete
dissolution. Aliquots of the liquid containing the solid and
of the liquid in equilibrium with the solid were each
analyzed for the relative percentages of magnesium acetate
and acetic acid. The amount magnesium acetate in an
aliquot of defined volume was determined by titrating for
Mg with a standardized solution of the chelating agent
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EDTA (ethylenediamine tetraacetic acid disodium), and the
amount of acetic acid was also determined by titration with
basic NaOH to achieve acidic neutrality. Titrations were
done at temperatures controlled by the water bath. Each
analysis was repeated three times, and the average of the
three results was accepted as the desired value.

3. Results and Discussion

Terminal solubilities (liquidus lines) of solutions
Mg(CH3COO), and CH3COOH in water were measured
for 17 samples at 298.1+0.1 K and nine samples at
333.1£0.1 K. The analyses of both equilibrium solid and
liquid phase compositions are shown in Table 1 where 100
wy represents the mass percentage of magnesium acetate and
100 w, represents the mass percentage of acetic acid. On the
basis of these data, proposed partial ternary diagrams for the
magnesium acetate-acetic acid-water system are shown for
298.1 K in Fig. 1 and for 333.1 K in Fig. 2. Saturation
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curves (liquidus) are designated by the lines S,C; and C; T
in Fig. 1 at 298.1 K and by line S,7, in Fig. 2 at 333.1 K.
In Fig. 1, the line §,C; represents the contour for first
precipitation of the solid phase, Mg(CH3;COO),4H,0, from
saturated liquid solutions while line C;T; represents the
contour of first precipitation of the solid phase,
2Mg(CH3COO0),-3CH;COOH-3H,0, from saturated liquid
solutions with acetic acid contents of ~40 mass% or greater.
For an isothermal diagram at fixed pressure, the point C, is
an invariant point at which coprecipitation of both
Mg(CH3CO00),-4H,0 and 2Mg(CH3COO),:3CH;COOH-3-
H,O will occur and represents the point at which both
phases simultaneously reach saturation in the liquid. In
Fig. 2 it may be noted that saturation of the liquid with
2Mg(CH3CO0O0),-3CH;COOH3H,0-2Mg(CH5COO0),-:3CH;
COOH-3H,0 is never reached within the composition range
that was investigated. The line S,7, represents the saturation
contour for Mg(CH3;COO),4H,0, and the nature of the
contour is such as to imply that 2Mg(CH3COO),-3CH;.
COOH-3H,0 may no longer be a stable phase in the diagram
at 333.1 K.

Table 1 Solubility data for Mg(CH;COQ), (1) -CH;COOH (2) -H,O (3) systems at 298.1 K and 333.1 K

Composition of liquid phase,

Composition of liquid phase,

mass% mass%
100 w, 100 w, 100 w, 100 w, Equilibrium solid phase
T=1298.1K
39.76 0 61.43 0 Mg(CH;C00),-4H,0
39.74 5.88 60.15 2.21 Mg(CH;C00),4H,0
39.5 11.73 56.87 4.98 Mg(CH;C00),-4H,0
38.66 15.07 57.83 4.54 Mg(CH;C00),4H,0
37.95 18.49 58.23 491 Mg(CH;C00),4H,0
37.27 21.73 57.65 4.84 Mg(CH;C00),-4H,0
36.15 25.64 57.92 4.96 Mg(CH;C00),4H,0
35.59 29.81 58.46 4.98 Mg(CH;C00),4H,0
34.19 33.12 58.07 5.05 Mg(CH;C00),-4H,0
33.07 36.81 58.33 5.09 Mg(CH;C00),4H,0
32.08 38.63 58.61 5.13 Mg(CH;C00),4H,0
31.27 41.17 49.83 29.42 Mg(CH;C00),-4H,0 + 2Mg(CH3CO0),-3CH;COOH-3H,0
33.06 41.71 51.71 36.84 2Mg(CH;CO00),'3CH3;COOH-3H,0
34.76 42.66 51.92 36.91 2Mg(CH;3;CO00),'3CH;COOH-3H,0
35.99 44.33 51.24 36.97 2Mg(CH;3C00),-3CH3COOH-3H,0
37.27 47.38 51.62 38.19 2Mg(CH;CO00),'3CH3;COOH-3H,0
37.81 51.58 51.78 38.65 2Mg(CH;C00),-3CH;COOH-3H,0
T=1333.1K
55.21 0 60.26 0 Mg(CH;C00),-4H,0
56.84 4.09 61.94 241 Mg(CH;C00),-4H,0
57.69 7.96 61.95 3.68 Mg(CH;C00),4H,0
57.25 11.01 60.68 3.67 Mg(CH;C00),-4H,0
56.41 13.98 60.69 7.96 Mg(CH;C00),-4H,0
55.53 16.96 61.03 9.65 Mg(CH;C00),4H,0
54.54 20.38 60.62 9.38 Mg(CH;C00),-4H,0
53.01 22.47 60.48 9.95 Mg(CH;C00),-4H,0
51.27 25.93 60.57 10.13 Mg(CH;C00),4H,0

wy, mass fraction of Mg(CH;COO),; w,, mass fraction of CH;COOH
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Fig. 1 Isothermal phase diagram of the ternary Mg(CH3COO),
(1) -CH3COOH (2) -H,0 (3) system at 298.1 K: S, solubility of
Mg(CH3COO), in water at 298.1 K; Cj, cosaturated point; A4,
Mg(CH5CO00),4H,0; W, H,0; M, Mg(CH3COO),; E, CH;
COOH; N, 2Mg(CH;3CO00),-3CH3COOH-3H,0; T}, experimental
data; I, unsaturated region; II, crystalline region of solid Mg
(CH3COO0),4H,0; 1II, crystalline region of solids Mg(CHj;
C0O0),4H,0 and 2Mg(CH;COO0),-3CH3;COOH-3H,0; 1V, crys-
talline region of solid 2Mg(CH;C0O0),-3CH3;COOH-3H,0
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Fig. 2 Isothermal phase diagram of the ternary Mg(CH;COO),
(1) -CH;COOH (2) H,O (3) system at 333.1 K: S,, solubility of
Mg(CH5COO), in water at 333.1 K; 7,, experimental data; W, E,
M, I and II have the same meaning as described in Fig. 1

In both figures, the corner W is pure water, M is
Mg(CH3;C0O0),, 4 is Mg(CH3COO0),4H,O, and E is
CH;COOH. In Fig. 1 the point N is the solid phase

2Mg(CH3COO0),-3CH;COOH-3H,0 plotted at the stoichi-
ometric composition of 54.8 mass% Mg(CH3;COO),, 34.7
mass% CH;COOH, and 10.5 mass% water.

In Fig. 1, region I is a single-phase liquid, region II is
Liq + Mg(CH5C00),-4H,0, region III is a three-phase
region of Liq + Mg(CH;C0O0),-4H,0 + 2Mg(CH5CO0),-
3CH3;COOH-3H,0, and region IV is Liq + 2:3CH;COOH:
3H,0 + 2Mg(CH;C00),-3CH;COOH-3H,0. 1In Fig. 2,
regions III and IV are no longer observed and the saturation
curve has moved to Mg(CH;COO), concentrations well
above 50 mass%. The portion of the diagram with
magnesium acetate concentrations greater that 66.2 mass%
Mg(CH;COO0),, so the Mg(CH;COO),-rich portion of the
system remains unknown.

4. Conclusions

The results of the present work have resulted in partial
isothermal phase diagrams for the magnesium acetate-acetic
acid-water ternary system for the temperatures 298.1 and
333.1 K. Two intermediate phases, Mg(CH;COO), and
2Mg(CH;COO0),-3CH;COOH-3H,0, were observed in the
system at 298.1 K while only Mg(CH5;COO), was observed
at 333.1 K.

The 35 °C difference in temperature between the two
diagrams showed a significant increase in the solubility of
Mg(CH5COO), in water-acetic acid liquid solutions. These
solubility data and phase diagrams may provide a guide and
serve as a basis for the precipitation of calcium magnesium
acetate.
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