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There are differing views concerning the course of the process of thermal dehy-
dration of H3BO3 to B2O3. This process has been described in the literature
both as a two-stage process, in which HBO2 is formed as an intermediate com-
pound (1–3), and as a three-stage process proceeding with the formation of the
intermediate compounds H4B2O5 and HBO2 (4), and as a three-stage process
in the course of which the intermediate compounds HBO2 and H2B4O7 are ob-
tained (5), and as an eight-stage process proceeding through seven intermediate
compounds of composition 𝑛B2O3 ⋅ H2O, where 𝑛 is equal to from 1 to 8 (6).
However, of all the intermediate compounds listed, only metaboric acid has been
studied in detail, has been recognized as a chemical individual, and is currently
known in three modifications, monotropic with respect to one another (7); the
existence of the others remains in question.

In the present work, the results of a renewed investigation of the process of
thermal dehydration of H3BO3, carried out by the thermographic method, are
briefly presented.

Dehydration was carried out by heating the acid in Stepanov glass vessels (8) at
a rate of 1–2∘ per minute, at the following prescribed values of external pressure:
740, 600, 500, 400, 300, 200, 100, 75, 65, 50, 25, 20, 15, and 10 mm Hg. From
the thermograms obtained it was established that the course of this process has
a different character depending on the value of the applied external pressure.
One-stage, two-stage, and three-stage pathways of dehydration of H3BO3 were
observed.

When H3BO3 is heated under pressures from 740 to 65 mm Hg, its dehydration
proceeds as a two-stage process, with the formation of HBO2 III* as an interme-
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Fig. 1. Thermograms of orthoboric acid at different pressures (mm Hg): a—
100, b—50, c—15, d—10

Figure 1: Fig. 1. Thermograms of orthoboric acid at different pressures (mm
Hg): a—100, b—50, c—15, d—10

diate compound, which is reflected in the thermograms as two clearly expressed
endothermic effects (Fig. 1, a).

The first effect on such thermograms corresponds to the course of dissociation
of H3BO3 into HBO2 III and water vapor at a temperature from 149 to 101∘

—depending on the value of the specified external pressure. The second effect
on them is due to the melting of HBO2 III at 176∘, if the heating of H3BO3 is
carried out under a pressure of 740 mm Hg. When H3BO3 is heated under a
pressure of 600 mm Hg and below, this effect corresponds to the course of partial
dehydration of HBO2 III with the formation of a solution at a temperature from
175 to 147∘, depending on the pressure.

The solutions formed as a result of the processes corresponding to the second
effect, during their further heating, boil away without separation of a solid phase
from them, which leads to the production of a melt of B2O3. The process of
boiling away of the solutions is not clearly reflected on the thermograms.

* III —the third modification.

The observed dissociation pressure of H3BO3 into HBO2 III and water vapor
as a function of temperature is presented in coordinates log 𝑝— 1

𝑇 in Fig. 2 by
segment 𝐴𝐵. As shown in the same figure, it proved to be practically equal
to the equilibrium pressure measured by several authors by the static method
under isothermal conditions (3,7).
When the dehydration of H3BO3 is conducted under a pressure of 50–15 mm
Hg, it proceeds as a three-stage process with the formation, as intermediate
compounds, of HBO2 and a second hydrate compound or solid solution, which is
reflected on the thermograms in the form of three clearly expressed endothermic
effects (Fig. 1, b).

Fig. 1. Thermograms of orthoboric acid at different pressures (mm Hg): 𝑎—
100, 𝑏—50, 𝑐—15, 𝑑—10
The first effect on such thermograms is due to the course of dissociation of
H3BO3 into HBO2 and water vapor at temperatures from 96 to 83°, depending
on the magnitude of the imposed external pressure. The second effect corre-
sponds to the dissociation of HBO2 into a second intermediate hydrate com-
pound or solid solution and water vapor, which occurs at temperatures from
143 to 112°, depending on the magnitude of the imposed external pressure. The
third effect is due to the course of dissociation of the second hydrate compound
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Fig. 2

Figure 2: Fig. 2

or solid solution into amorphous B2O3 and water vapor at 144–150°, if the heat-
ing of H3BO3 is carried out under a pressure of 25 mm Hg and below. When
H3BO3 is heated under a pressure of 50 mm Hg, this effect corresponds to the
course of partial dehydration of the second hydrate compound or solid solution
at 154°, with the formation of a liquid solution, which during further heating
boils away without separation of a solid phase from it, leading to the formation
of a melt of B2O3. The boiling of the solution is not clearly reflected on the
thermograms.

The dissociation pressure of orthoboric acid into HBO2 and water vapor ob-
served in the three-stage dehydration process as a function of temperature is
presented in Fig. 2 by segment 𝐵𝐷. It proved to be lower than the equilibrium
pressure known from the literature (3,7) in the system H3BO3—HBO2 III —
vapor, shown as a function of temperature in the same figure by segment 𝐵𝐶.
This phenomenon is most probably due to the formation, during dehydration of
H3BO3 under a pressure of 50–15 mm Hg,

initially HBO2 with an unstable pseudostructure, as a result of which, in the
thermographic investigation, the pressure was measured in the system H3BO3 st
—HBO2 unst—vapor, and not in the system H3BO3 st—HBO2 IIIst—vapor.

It may be assumed that HBO2 with an unstable pseudostructure was trans-
formed into a second hydrated compound or a solid solution and water vapor
without preliminary rearrangement of its crystal lattice, since the exothermic
effect corresponding to this process was not observed on the thermograms. The
observed dissociation pressure of HBO2 as a function of temperature is repre-
sented in Fig. 2 by the segment 𝐸𝐹 .

Fig. 2. Dependence of the dissociation pressures of orthoboric and metaboric
acids on temperature. 𝐴𝐵𝐶—dissociation of H3BO3 to HBO2 in the form of
the third modification and H2O(g); 𝐵𝐷—dissociation of H3BO3 to HBO2 of
the presumed unstable structure and H2O(g); 𝐸𝐹—dissociation of HBO2 of
the presumed unstable structure to a hydrated compound or solid solution and
H2O(g).
1—our data; 2—data of (3, 7), etc.

The second hydrated compound or solid solution obtained in the experiments,
with a B2O3 content from 80.4 to 82.2%, does not correspond in composition to
any of the above-mentioned intermediate compounds described in the literature.

When H3BO3 is heated under a pressure of 15 mm Hg, its dehydration may
proceed partly in the form of the described three-stage process and partly as
a single-stage process. This phenomenon was observed in several experiments,
being reflected on the thermograms in the form of five endothermic effects (Fig.
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1, c). The first effect on such thermograms corresponded to the dissociation of
H3BO3 into HBO2 and water vapor, beginning at 83∘ and proceeding at first at
a rate sufficient for it to be reflected in the record of the simple thermocouple as
a horizontal plateau, and then ceasing or sharply slowing down; as a result, the
mixture of H3BO3 with HBO2 that formed gradually heated to a temperature of
98∘, at which a second process arose, corresponding to the second effect on the
thermograms. The second process consisted in the dissociation of H3BO3 into
amorphous B2O3 and water vapor. It proceeded, being reflected in the record
of the simple thermocouple also as a horizontal plateau, and was interrupted
in connection with the renewed rapid course of the first process, which led to a
lowering of the temperature of the mixture of H3BO3, HBO2, and B2O3 formed
to 83∘ and caused the appearance of the third effect on the thermograms. The
fourth and fifth effects on

in the thermograms corresponded to the dissociation of HBO2 into a second
intermediate hydrate compound or a solid solution and water vapor at 112∘,
and to the dissociation of the second intermediate hydrate compound or solid
solution into amorphous B2O3 and water vapor at 144∘.

When the dehydration of H3BO3 is conducted under a pressure of 10 mm Hg,
it proceeds as a single-stage process, representing the dissociation of H3BO3
directly into amorphous B2O3 and water vapor, occurring at 96—98∘ and ap-
pearing on the thermograms as a clearly expressed endothermic effect (Figs. 1,
2). This process indicates the existence in the B2O3—H2O system of a eutectic,
not yet found, formed by orthoboric acid and boric anhydride.

The discovered pathways of dehydration of H3BO3, along which it proceeds at
an external pressure of 10–25 mm Hg, may be of practical interest, since they
make it possible to avoid melting in the production of boric anhydride from
orthoboric acid, using a less deep vacuum in comparison with those previously
proposed, with a residual pressure of 1–2 mm Hg. (9) and 13–15 mm Hg. (10).
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