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Abstract

In the paper, the data on obtaining and general properties of polymeric phosphates first
time synthesized by the authors are considered. There are analyzed the possibilities of
production of new geopolymeric binder materials by inclusion of small amounts of these
condensed materials into industrial waste and using phosphoric acid.

Deteriorating of the environmental situation in the world has opened up new
opportunities for scientists to seek ways to develop new technologies that will ensure suitable
sustainable development. In the construction sector, new materials have emerged as an
alternative, whose production is characterized by a lower degree of negative impact on the
environment. One of these construction materials are geopolymers, which are considered as
alternative for portland cement because they are characterized by properties similar to those of
the mentioned cement, in particular, such as high physical-mechanical properties and
durability. At the same time, the production of geopolymers is not associated with high carbon
dioxide emissions. As is well-known that geopolymers are inorganic polymers consisting of
repeating chains, such as silicon oxide (-Si—-O-Si-O-), silicoaluminate (-Si-O-Al-O-),
ferrosilicoaluminate (-Fe-O-Si—-O-Al-O-) or alumophosphate (—Al-OPO-) chains formed
through the polymerization process.

Primarily the influence of inherent characteristics of volcanic rocks on the creation of
geopolymeric binders’ structure was studied. Also, we are conscious: it would be very
interesting to study in details some researches with participation of double condensed
phosphates containing vitreous phase in curing of geopolymeric binders, these experiments will
be conducted soon in the shortest possible time. At the first time the opportunity of activation
of crystallized slag, with double condensed phosphates of mono- and polyvalent metals joint
thermo-processing was examined, as well as influence of different modes of mechanical-
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activation and curing on the reaction-ability of components of geopolymeric binders. Of course
first of all we needed to we had to synthesize the phosphates we needed. We will try to make a
more detailed point on this subject.

Generally condensed phosphates of polyvalent metals possess a number of rather
interesting and appreciable properties, which explains various areas of their application.
Actually anions are known for n=3, 4,5, 6, 8,9, 10, and 12 [1 -7].

Fairly high thermal stability of mentioned condensed phosphates, elevated content of
phosphorus — these properties have caused their application as raw components for manufacture
of phosphate glasses; The crystalline and non-crystalline ultraphosphates are used in quantum
electronics, which are predetermined by their specific properties.

In fact it is necessary to underline, that some compounds of cyclophosphates vas
primarily synthesized, firstly examined and determined by us, sometimes in collaboration with
Dr. N. Chudinova and academician I. Tananaev [1, 3 — 5, 7 — 9]. In fact the achievements
obtained by methods and direction of researches, named “Scientific School of Tananaev” in the
vast and extensive domain of condensed phosphates is very remarkable.

Sufficient stability of polymeric phosphates in this respect makes it possible to identify
and categorize them by the method of paper chromatography. This fact permitted scientists to
examine the process of formation and the composition of many normal, basic and/or acid of
both simple and double di-, tri-, tetra-, octa- and dodecaphosphates of polyvalent metals. This
method together with the chemical analysis, IR-spectroscopy, thermogravimetry, X-Ray
diffraction, and structural analysis was used by us.

The present data is the result of our studies — synthesis, analysis, examination of the
experimental records and their comparison and / or correlation which achievements in the
domain of inorganic polymer’s chemistry [1 — 5, 7]. Condensed phosphates of polyvalent metals,
notably double phosphates containing alkali metals enjoy a number of relatively remarkable
and significant properties, which explains their appreciation and variable scenarios of their
applications.

Beforehand we already knew that high thermal stability, elevated content of phosphorus
— these preconditions have caused the various applications as raw components for manufacture
of phosphates glasses, the use of crystalline and non crystalline ultraphosphates in quantum
electronics are predetermined by specific properties.

Just for these reasons we synthesized many new double condensed oligo- and
cyclophosphates, whose general properties we have examined [3 — 5, 7]: systematic
investigation of MLO-M" O3—P205-H20 at 120 — 650 °C, where M! = alkali metals and M ™ —
Ga, In, Sc, Al was executed. In addition investigation of systems Ag20-M":03-P20s—H20 at 150
— 600 °C was examined. Many compounds were wholly studied and the structures are
determined by X-ray structural techniques [1, 3 —5].

Thus, presented work is the result of synthesis, analysis, investigation of the
experimental records, their examination, determination and evaluation of their properties and
correspondence with accomplishments and advances in the area of inorganic polymers’
chemistry [2 - 6].

During last years’ more of 85 new formerly unknown double condensed phosphates have
been obtained, including the first representatives of double cyclooctaphosphate classs —
K2Ga:PsO24 and Rb2Ga2PsO24 were obtained by M. Avaliani & N. Chudinova [4, 7], crystal
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structure was examined and described [1, 4, 5]. The structure of K2Ga2PsO24 (reminds crown-
ether).

One of primary synthesized cyclododecaphosphates, e.g Cs3 Gas P12 03, Css ScsP12 0ss,
Cs3InsP1203s have been obtained by us [9 — 11] (see also detailed and interesting publication [6]).
These achievements, including the successful synthesis of the first representatives of double
cyclooctaphosphate classs — K2Ga2PsO24 and Rb2Ga2PsO24 are noted and distinguished by many
scientists / authors in the important publications [1, 2, 6, 8].

So, by crystallization from melts of polyphosphoric acids at the temperature range of 120
— 650 °C we are obtaining more than 85 double condensed phosphates of alkali and trivalent
metals; all compounds, or practically almost entities were identified by roentgen phase analysis
and investigates thermo gravimetrically [3 — 5], many compounds was wholly examined by X-
ray structural techniques, described in works [1,7 -9, 12].

The physical and chemical properties of phosphates are evaluated. In addition, detailed
investigation of system M2 O-M"™03-P>0s-H20 at 150 — 350 °C, where M™ = Tl is on the stage
of examination.

Discussing about the range of M'M"(POs)s+compounds’ structures where M! is constantly
alkali or any other monovalent metal and where M is any of trivalent metals such as gallium,
indium, scandium and others, even rare earth elements, it can be concluded: while the radius of
M 3+ decreases, the polyphosphate chain identity period increases, due to complication of its
form-factors; the cycles slowly appears, the number of structural types increases caused by
correlation of average distances between (M™-O) and (M'-O). Less is the correlation / ratio,
more is the probability of big cycle formation.

Concerning geopolymers: the commercial application of these materials can be used in
the production of fire-retardant and heat-resistant coatings and sealants, in medicine, in high-
temperature ceramics, for the encapsulation of new types of fibrous, toxic, and radioactive
waste components, and as a component of cement and concrete. The properties of geopolymers
have been studied in many scientific and industrial disciplines [13 — 22], and examined by
various researchers [23 — 29], and taking into account these aspects we have considered
experimenting: by adding a certain amount of condensed phosphates synthesized by us to
geopolymers in order to increase their binder properties.

By citing Dr. E. Shapakidze, “Geopolymers are an innovative materials, and they are
progressively turning to a partial or complete alternative to Portland cement in the fabrication
of concrete, which is presently considered one of the main causes of ecological system
degradation and destroys the sustainable development model” [30 — 34]. In view of the reasons,
mentioned above, the production of new environmentally friendly and economically viable
materials from local industrial waste is of great importance, especially since adding very small
quantities of the new condensed phosphates synthesized by us gives the hope of anticipating the
improvement of their qualities [33, 34].

The influence of chemical, thermal and mechanical activation on the formation of
structure and processes of curing of geopolymeric binders will be studied during future
experiments as soon as possible.

Having reconsidered and resuming the above it is very interesting to study the
possibility of obtaining new geopolymer binders based on metallurgical dump slags and
phosphoric acid and also by adding to the geopolymers a smaller quantity of condensed
phosphates obtaining the alternatives to portland cement — geopolymers with improved
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properties. The first steps to obtain the desired materials have been taken. Heat-insulating
porous geopolymer materials were obtained under laboratory conditions [33, 34]. Studies of the
possibilities of obtaining new geopolymer binders on the basis of industrial waste and
phosphoric acid were conducted. When selecting the ratio of dump slag to sand, it is possible to
regulate the properties of the binder, for example, porosity and mechanical strength [34].
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