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Systematic investigation of the possibility of using microwave (MW) energy for obtaining of
silicates as pigments for the thermoregulating coating for the first time has been carried. Were obtained
sodium and potassium silicate solutions different composition by hydrothermal microwave (HTN MW)
treatment diatomite. Kinetic regularities were studied and were revealed the conditions obtaining of sodium
and potassium silicates solutions using MW heating. The effect of various factors on the degree of SiO,
recovery and the reaction rate was studied. The optimal conditions of HTMW processing of diatomite to
produce silicate solutions with maximum reaction yield were determined. The behavior of sodium and
potassium silicates after UV irradiation was investigated. The studies demonstrate the efficiency of
microwave heating for obtaining of silicate solutions from silica-containing rocks. It has been established
that microwave heating leads to an acceleration of the process and energy savings.

Diatomite — sodium and potassium silicates — hydrothermal microwave (HTN MW) treatment

Unwohtt wbquu nunudtwuhpdly & dhipnuhpuyht (UU) Eubpghwjh  oquuugnpsdwtn huw-
puynpoipniip  ohipdwlwpqunphy  Swdynyputph hwdwp  uphthjuwnughtt whqdbunubp unwbiunt
tywwnwlny: Unwgyk] o wwppbp pununpnipjuin bwnphndh b Jujhnwh upjhunwghtt nisnypubp
nhwnndhwnibph  hhngpnetpduyht dhypnuwjhpught (2QUU) dowfuwtt vhgngny: Muumdtwuhpdl) ko UU
nwpwgdudp  twwuphnwdh b Yujhnwdh  upjhunughtt mdnypubph unwgdwt fhubunhjulut
opptiwswthmpniuutpp b npnpdlp owwhuwy wuydwitbpp: Qunduwuhpyl] B wwppbp  gonpdnuubph
wqnlignipmniip SiO2-h Ynpquutt wunhdwh b nhwlghwubph wpwgnipjut Ypu: Npnpykp i nphwwnndhwnh
22U U dpwljuwl junfugnyt yuydwbikpp wnun]bjugnyi kjpny upihljuninughn jnisnypikph uvinugdwt hundwp:
Zhnmwqnuly ko twuphnwdh b Yuwjhnwdh - uhthuntbph hwnlne-poiiiipp MU fwnwquyenidhg htun:
Munultwuhpmpmittpp  gnyg ko wdlp  dppnwjhpught mwwpugdwdp  upjhjunught  wywpubphg
uhjhjuunughtt  nsnyplutph  unwgdwb  wpgmbwybnne-poiip: Zwunwngl] k onp dhypowhpugh
wnuwpwugnidp hwiiqiginud £ wpnghutbph wpuqugdwp b Futipghugh jptuynnmpyuip:

Fhwnndpun — hwwnppnidh b juyhnidh upppuniabp —
hpppnobpduyplt Uhhpnughpughll (ZQUG) dowlnid

Briepbie ucciaenoBaHa BO3MOXKHOCTh HCIIONIB30BaHUS MHKpPOBONHOBOH (MB) sHeprum c¢ nenbio
MOTyYEeHHUs] CHIIMKATHBIX MUTMEHTOB ATl TEPMOPETYIUPYIOIUX MOKPbITHiL. ITomydeHbl pacTBOPHI CUITNKATOB
HATpHUs M KaJIus Pa3MYHOTO COCTaBa TMApoTepManbHO MUKpoBoiaHOBoU (I'TMB) 06paboTkoii quatoMuTa.
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W3ydeHpl KHHETHYECKHE 3aKOHOMEPHOCTH M OIPEICICHBI YCIOBUS IOMYyYCHHS DPACTBOPOB CHIIMKATOB
HATpHs M Kallusl ¢ McIoib3oBanrneM MB Harpesa. VccieoBaHO BIHSHUE Pa3IMYHBIX (AKTOPOB HA CTEIICHB
u3BiedyeHus: SiO, ¥ CKOPOCTh PEAKIIUH.

Onpenenensl onTuManbHbie yesioBus ['TMB 00paboTku auaToMuTa Ui TONYYCHHS CHIMKATHBIX
pacTBOpPOB C MaKCHUMAaJIbHBIM BBIXOJOM. M3y4eHbl CBOWCTBa CHJIMKATOB HATpusi U Kaiusi rociie YO
obnydenus. VccnemoBanusi mokazanud 3((EeKTHBHOCT, MHKPOBOJIHOBOIO HarpeBa  JUisl IOJYYEHHs
CHJIMKaTHBIX PacTBOPOB M3 KPEMHE3EMCOAEPIKAIUX MOPOA. YCTAHOBICHO, YTO MHKPOBOJIHOBBIM Harpes
MPUBOIUT K YCKOPECHHUIO H YHEPTrOCOEPEKESHHUIO IPOIIECCOB .

Jluamomum — cunuxamol Hampus u Kaaus — 2UOPomepmanvro mMukpoeoanosas (I'TMB) obpabomxka

Thermoregulating coatings are used in space vehicles (SV) for the purpose of maintenance
of their thermal regime. Nowadays it is provided with enamel and ceramic thermoregulating
coverings of “solar reflectors” type on the basis of oxide pigments. Our analysis of scientific and
technical information, experience and investigations in the field of synthesis of high-purity
materials have shown that nanopowders of silicates of zirconium and zinc, doped with atoms of
rare earth elements (REE) — yttrium, cerium, etc. — can be successfully used as pigments for solar
reflectors [2-5, 10]. Preliminary studies indicated TRC on the basis of these materials will ensure
their long-term operation in space. The use of silicate pigments for TRC is limited due to
complicated technology of their obtaining. The stated materials are obtained on the basis of
expensive high-purity chemical substances modified by nanopowders of definite compositions at
high temperatures. The process of obtaining of nanocrystalline powders, as well as highpurity si-
licates of zirconium, zinc, etc. is multi-stage and prolonged, carried out at high temperatures. We
have developed a hydrothermal-microwave (HTMW) method for the synthesis of nanocrystalline
silicates that is more effective compared to solid phase or sol-gel methods. The aim of work is
development of new compositions of thermoregulating coatings for space vehicles (SV) and new
technology of their obtaining by original and perspective method — method of hydrothermal-
microwave synthesis. Microwave heating provide contactless delivery of energy to the reacting
fluids, high energy density possible, and short heating times in the range of minutes instead of
hours. Microwave chemistry of obtaining silicate scarcely been studied. Developed method of
obtaining of silicate by hydrothermal-microwave treatment is an effective method in comparison
with the solid phase or zol-gel methods.

The first step is to develop a method of obtaining precursors from rocks for TRC. The
essence of the method is the HTMW treatment of siliceous rocks by alkali solution to obtain
sodium and potassium silicates. The developed method makes it possible to use siliceous rocks as
a raw material for obtaining solutions of sodium and potassium silicates at low-temperature (90-
200°C) for synthesis of silicates zinc and zirconium. In the mass industry traditional methods for
production of sodium and potassium silicate solutions include a two step process: a) melting of
silica rock and sodium/ potassium carbonate mixture at 1450-14700C in the glass furnace to
obtain “silicate blocks”; b) dissolution in water of “silicate blocks™ in rotating autoclaves at high
pressure and temperature of 170-1800C for 5-6 hours [1, 6-9, 11]. Disadvantages of traditional
methods of the production of alkaline silicate solutions are: high energy requirements, expensive
and multistage production process and release of carbon dioxide and sulphuric anhydride to the
atmosphere. One of the directions of intensification and improvement of
ecological cleanness of the production of alkaline silicate solutions is the development of efficient
methods for their production. This goal could be reached using a hydrothermal microwave ap-
proach which excludes high-temperature melting.
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As a raw material were used diatomites from Armenian deposites. The sodium silicate
solutions (with silica module 1) will be used to obtain silicates of zirconium, zinc and pigments
on their basis. Potassium silicate solution (with silica module 3-4) will be used as a binder when
forming TR coatings. There is not any information about rock use in production of silicate
pigment. The analysis of references has shown that for production of pure silicates the use of rock
is consider impossible because of the high content of coloring impurities. The patent-literary
analysis shows that known methods of clearing silicates and their solutions from coloring
impurities do not ensure necessary minimum content of iron compound, as these systems are
difficult to clear. The obtaining of pure silicate materials by HT MW method synthesis of silicate
pigments for TRC on the basis of rocks has not been described in the scientific literature.
Meanwhile, our study on obtaining high-purity silicates testify to possibility of expansion of a
raw-material base for production of pure silicates from natural siliceous rocks. Diatomite is
chosen for obtaining different silicates.

Materials and methods. As a raw material for the production of solutions of alkali silicates some
diatomites from Armenian deposites were used with the following content of basic components (in wz.%):
Si0, — 84.24; Al,O; — 3.65; TiO, — 0.31; CaO — 1.80; MgO-1.05; Na,O +K,0 — 0.36; Fe,O; — 1.75; loss at
calcinations and moisture — 6.84 (moisture — 3.30). Externally, diatomites are loose or lightly compacted
deposits of white, light gray, yellowish or pinkish floury and easily pulverized porous material. Diatomites
are easy sedimentary rocks consisting mostly of amorphous silica in the form of microscopic (0.002-0.3 mm)
frustules of diatomic algae. Bulk density of diatomites is 300-800 kg/m?®, specific surface is 5-6 m*/g. X-ray
analysis has shown that diatomites are mainly amorphous substances. To heat diatomites by microwave
radiation, its dielectric properties should be determined. Dielectric parameters of diatomite (dielectric
permeability €' = 7.42, tgd = 0.525) allow performing MW heating for chemical reactions. High silica con-
tent in diatomites and its amorphous structure enable to use diatomite for obtaining silicate solutions.

Synthesis of sodium and potassium silicates from ground diatomite (particle size < 1.0 mm) was
performed in "Samsung" CE1073AR microwave oven in an open glass. Synthesis was carried out at a
frequency of 2.45 GHz and microwave power of 900 W. In parallel, synthesis at similar ratios of the initial
components was carried out in a thermostat at the boiling point of the solution and mechanical stirring.
Heating time of the reaction mixture to boiling point at microwave treatment was 3-4 minutes at a power of
900 W.

The concentration of initial solutions of sodium hydroxide in terms of Na,O made 40-150 g/1
of Na,O, and the ratio of moles of sodium oxide solution and silicon dioxide was 0.1-1.0. The weight
ratio of the liquid (alkaline solution) and solid (rock) phases (L:S) was 4.0 to 6: 1.

Potassium silicate solution will be used as a binder when forming TR coatings. For this purpose it is
necessary to have the potassium silicate solutions with silica module 3-4.

The concentration of initial potassium hydroxide solutions was 40-50 g/l of K,O, and the ratio of
moles of potassium oxide solution and silicon dioxide in the rock was 0.1-1.0; L: S = 4.0 - 6.5: 1. Heating
time of the reaction mixture to boiling point at microwave treatment was 3-4 minutes at a power of 900
watts.

The process kinetics was controlled by changing the silicon dioxide concentration in the solution and
precipitation depending on time, the initial amount of alkali and microwave power. The quantity of SiO, in
the sodium/potassium silicate was determined by gravimetric method.

X-ray analysis the solid phase (after filtration and grinding below 20 pm) were registered using
diffractometer "DRON-2" (CuKa radiation).

Figs. 1-4 show the kinetic curves of diatomite interaction with sodium/potassium hydroxide at
hydrothermal and hydrothermal-microwave treatment when obtaining sodium/ potassium silicates. As it is
seen from fig. 1, 2 when preparing sodium/potassium silicate solutions
under identical conditions, the rate of MW processing of diatomite using alkali solutions is higher by a factor
of 2 - 3 as compared with the conventional method of heating, where as the reaction yield is practically the
same.
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When preparing solutions of sodium metasilicate, SiO, yield is 90%, and when preparing potassium
tetrasilicate — 80% of the rock silicon oxide.
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Fig.1. Degree of dissolved SiO, diatomite in Fig.2. Degree of dissolved SiO, from diatomite in
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1-MW-heating; 2— conventional heating. 1— MW-heating; 2 — conventional heating.

An important determinant of the properties and functional activity of a particular type of
sodium/ potassium silicate is Silica Modulus, M, which indicates the ratio of SiO, and Na,0/K,0O
moles. Maximum silica modulus of the potassium silicate reaches 4.0 and that of sodium silicate — 3.3.
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The rate of the reactions producing silicate solutions depends on the type of alkali:
treatment of rock by NaOH solution is faster than by KOH solution. On the basis of the obtained
results, the following optimal conditions of HTMW processing of diatomite were determined to
produce silicate solutions with maximum reaction yield. For obtaining sodium metasilicate: Na,O
concentration of 130 — 150 g/1, the ratio of liquid and solid phases (L:S) of 5.5 — 6.0, microwave
oven power 900 W, T-100°C, reaction time 15 min diatomite particle size less then 1 mm, reaction
yield 90%.

When obtaining potassium liquid glass with modulus 4: K,O concentration of 50 g/, the
ratio of liquid and solid phases (L:S) of 5.0, microwave power 900 W, T-100°C, treatment time 40
min, diatomite particle size less then 1 mm, the reaction yield 80%.

The behavior of sodium and potassium silicates after UV irradiation was investigated:
Some transmission spectra were measured in the wavelength range from 1 to 2.2 mkm for the
samples subjected to UV radiation. Before the irradiation, the potassium and sodium silicates
obtained by HTMV treatment of diatomite were dried. UV irradiation was carried out using
various exposures UV radiation cycles: 30 to 150 min. After UV radiation the measurements of
transmission/absorption spectra were carried out. The sample, powdered test substance was mixed
with KBr in the ratio of 30 to 130 mg. Then the mixture was milled and pressed in tablets 20 mm
in diameter using a special molding tool. The measurements of transmission/absorption spectra
were carried out at regular intervals after UV radiation.
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Results and Discussion. Thus, for the first time systematic investigation of the
possibility of using microwave energy to produce silicate solutions from diatomite was
carried out. Kinetic regularities were studied and the conditions for obtaining solutions
of sodium and potassium silicates using MW heating were revealed. The rate of the
reactions producing silicate solutions depends on the type of alkali: treatment of rock by
NaOH solution is faster than by KOH solution. This is due to the fact that sodium ion
(ion radius Na' is 0.102 nm), in aqueous solutions is more active than potassium ion
(ion radius. K* is 0.138 nm). The ionic strengths of solutions of these cations are
different because of different ionic radii at the same charges. Experimentally, the rate of
heating of the reaction mixture and the exposure time for obtaining silicate solutions of
given compositions were determined. The optimum parameters of HTMW processing of
diatomite were identified. It was found that the compositions of intermediate and target
products of synthesis of sodium/potassium silicate solutions are identical regardless of
the heating method — microwave or convective. It was revealed that the use of
microwave energy can significantly intensify the process of hydrothermal treatment of
diatomite compared with conventional heating methods.

The carried out experiments have shown the effectiveness of the microwave
heating in the preparation of silicate solutions from silica-containing rocks — diatomite.

The transmission (absorption) spectra of sodium and potassium liquid glass
obtained from diatomite show that the UV radiation contributes to a defect formation in
the crystal lattice and, thus contributes to an increase of the resistance of materials with
respect to radiation sources.
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