ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKATEMUACBIHBIH

J1.B.Coxonbckuii aTeiHaaFb! «Kanapmait,
KaTaJIM3 KOHE SJCKTPOXUMUS HHCTUTYTHD AK

XABAPJJAPDLI

NU3BECTUA NEWS

HAIIMOHAJIbHOM AKAJITEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

AO «MHCTUTYT TOTUIHBA, KaTalnu3a U JSC «D.V. Sokolsky institute of fuel, catalysis

anekTpoxumuu uM. /[.B. Cokoasckoro» and electrochemistry»
SERIES

CHEMISTRY AND TECHNOLOGY

6 (438)

NOVEMBER - DECEMBER 2019

PUBLISHED SINCE JANUARY 1947

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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THE REGIMES OF THE REALIZATION OF DESUBLIMATION
METHOD FOR ULTRADISPERSE POWDER PRODUCTION

Abstract. The paper deals with the investigation of the method of obtaining the ultrafine powders by the
desublimationprocess. In the course of the experiments, the effect of temperature, pressure, and degree of
supersaturation on the process kinetics and the dispersion size distribution function was investigated. The existence of
the stage of the phenomenon of multiple coagulation with a high concentration of nucleates in a supersaturated
vapor-gas mixture has been experimentally confirmed. Namely, it was established that with a large initial super-
saturation, when a large number of embryos (monomers) of the dispersed phase are rapidly formed per unit volume
of the apparatus, the contribution of multiparticle collisions is great. The obtained data may be very important for
working out the engineering method for calculating and optimizing the regimes of aggregation processes to create
highly homogeneous stable nanodispersions.

Keywords:desublimation, ultradisperse, nanodispersions, method, nano-powders, super-saturation,
multiparticle.

1. Introduction

Currently, the use of chemical apparatus and reactors with the formation, aggregation and
sedimentation of insoluble phases in the working volume of the apparatus is becoming increasingly
widespread, especially in a number of modern technological processes [1-8]. Chemical equipment and
reactors in which the formation, aggregation, and sedimentation processes of insoluble phases are carried
out, especially in modern thin and nano-technologies, are widely used. In many cases, the processes of
chemical technology are accompanied by the formation of a new solid dispersed phase. These can be
phase transitions, as in the case of crystallization or desublimation, or processes of formation of slightly
soluble substances during chemical reactions [9- 12].

Applications of dispersed media, namely: emulsions, suspensions, ultrafine materials and powders in
modern industry cover a wide range of technologies. In particular, the following directions can be
distinguished in the chemical industry [1-8]:

- obtaining nanodispersed powders of oxides and noble metal dioxides for structural, instrumental and
functional bioceramics;

- creation of sorbents, catalysts and molecular sieves with a given nanostructure;

- development of methods for producing nano-dispersed rheological additives to create suspensions
with desired rheological characteristics.

Nano-objects are characterized by small size, complex internal organization, the ability to very dense
packaging, strong interactions with neighboring structures; on their basis, it can be created materials with
new physical and chemical properties.
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The most important features of the processes associated with dispersed media is the need for highly
homogeneous and stable dispersions. These indicators play an extremely important role in modern
pharmacopoeia, the production of high-quality fuel materials and in many other processes.

For the preparation of nano-powders with a high homogeneity of the fractional composition,
desublimation methods seem to be very promising. The production of nano-powders in the gas phase is
facilitated by the relatively low surface tension at the solid-gas interface [13]. An increase in surface
tension leads to compaction of the nanoparticles in the aggregate. At the same time, high temperature
accelerates diffusion processes, which contributes to the growth of particles and the formation of solid
bridges between particles. The main problem of the method under consideration is the separation of
nanoparticles from the gas phase under conditions where the concentration of particles in the gas stream is
low and the gas temperature is sufficiently high. For trapping nanoparticles, special filtering devices are
used (for example, metal-ceramic filters, electric precipitators), centrifugal sedimentation of solid particles
in cyclone devices and hydrocyclones, special gas centrifuges.

In this paper, the method of obtaining the ultrafine powders by the desublimationprocess has been
described.

2. Experimental method

Experimental studies were conducted to verify the adequacy of the theoretical concepts previously
developed in our works [13], as well as to work out ways to optimize regimes of aggregation processes in
dense dispersed systems with sources of the new phase. The desublimation method of obtaining ultrafine
silica powder was chosen as objects for the study. In the course of the experiments, the effect of
temperature, pressure, and degree of super saturation on the process kinetics and the dispersion size
distribution function was investigated.

The experiment was organized on the well-known method of enriching high-silicon phosphorites
[13]. The essence of this method is in the heat treatment of the raw material with ammonium fluoride
followed by the conversion of silica contained in the raw material into ammonium silicofluoride. As next
stage the sublimation of the obtained product was carried out.

For obtaining SiO,, the especial reaction which at a certain temperature is carried out in the opposite
direction with the rapid release of silicon dioxide was used [13]:

SIOQ + 6NH, F < (NH4)2 SiFé'i‘ 4NH3 +2H, O. (1)
Earlier, in the work [13], the temperature threshold at which SiO2 emission prevails was determined .

This threshold is 4500C.
A schematic diagram of the experimental setup and its photograph are presented in Figures 1 and 2.

/

1- compressor, 2- Drexel flasks (for drying), 3- electric furnace, 4- boat with sample,
5- Drexel flasks (for capturing solid particles), 6- temperature conroller, 7- pressure gauge, 8- heat exchanger, 9- thermometer.

Figure 1- Scheme of the experimental installation.
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Figure 2- Photograph of the experimental installation

The installation is operated as follows.

A ceramic tube is inserted into the furnace 3 where the boat (tube) 4 is placed with a sample prepared
in accordance with the methodological recommendations indicated below. Next, the connection is made
with the help of hoses of all elements of the installation, in accordance with the circuit diagram. Then the
furnace is turned on and when the set temperature is reached (400-8000C) the compressor 1 is turned
on.Compressor supplies the surrounding air in the room through the system of absorption flasks 2, which
prevent moisture from entering the ceramic tube.

The resulting vapors from the sublimates (NHy),SiFs from the furnace 3 enter the successively
installed Drexel flasks 5, where they are desublimated.

Further the remaining fumes of silicon oxide go to the heat exchanger 7, where their final
desublimation takes place, and then they go to the hood. The temperature in the furnace is maintained
from 400 to 8000C. In the course of the experiment, the temperature in the furnace 3 is recorded, as well
as the readings of the thermometer 1 at the exit from the refrigerator, and in addition, pressure is
controlled at the inlet using a manometer 6. Sampling is performed periodically at each fixed temperature
in the furnace.

The finished product is collected in glass cups and sent for analysis of the chemical and dispersion
composition. The crystal structure is also analyzed.

A scanning electron microscope JSM-6490LV(SEM) is used as equipment for electron microscopic
studies of the dispersion composition of desublimate. The appropriate method is based on scanning the
surface of the sample with an electronic probe and detecting (recognizing) the broad spectrum of radiation
arising from this.

Research and determination of measurement errors is carried out by standard methods.

The procedure for sample preparation is described below.

Investigating samples are prepared, then sublimated in a furnace and subject to desublimation. It
makes in the following sequence:

a) the river sand is taken in an amount of 1 kg, it is sifted in order to separate from large impurities,
and then it is washed with distilled water;

b) then it is washed with hot hydrochloric acid HCI with a concentration of 15-20% for 15-20 minutes
and boiled for 15 minutes. Then the sample is defended in the flooded state for 2 hours, after which the
liquid is drained;

c) the resulting sludge is washed with distilled water for 30-40 minutes in order to wash out the
remaining impurities and acid residues;

g) then it is dried at a temperature of 105 © C until the moisture content is in the range of 0.5-1%. The
obtained sample should be gray;

— 101 =——
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e) then 1 part (weight) of the sample is mixed with 6 weight parts of ammonium fluoride;

e) the mixture is poured into a boat, which is placed in a furnace and sublimated at the temperature of
400-6000C until the strong smell of NH; appears;

g) white-colored vapors that are formed intensively are captured by their desublimation on a cooled
surface for 1.5-2 hours in order to estimate the temperature of sublimation and desublimation, as well as
for the most complete desublimation of the vapors.

The previous operation is repeated for 3-4 times. The sampling plan is shown in Table 1.

Table 1-The sampling plan while experiments on sublimation

Ne Vapour Sampling numbers by interval, min
temperature
(©) The numerator is the first sampling stage, and the denominator is the
second sampling stage
1 2 3 4 5
1 T1=400 5 10 15 20 30
20 0 40 0 60
2 T2=420 5 10 15 20 30
20 0 40 0 60
3 T3=450 5 10 15 20 30
20 0 40 0 60
4 T4=500 10 20 30 40 60
5 T5=510 10 20 30 40 60
6 T6=520 10 20 30 40 60
7 T7=550 10 20 30 40 60
8 T8=570 10 20 30 40 60
9 T9=600 10 20 30 40 60
10 T10=650 10 20 30 40 60
11 T11=700 10 20 30 40 60

3. Results and discussion

Some of the most illustrative images obtained as a result of the examination of samples using a
scanning microscope are shown in Figure 3.

Inscriptions on photographs should be understood as follows. The first number is the temperature at
which the sampling process is conducted, the next digit is the number of the Drexel flask in the capturing
system.The obtained in the course of experiments characteristics and parameters of fractional composition
of the silica dispersions, as well the microscope zoom, are automatically written in the fields of
photographs.

The conducted investigations convincingly show that with a large initial super-saturation, when a
large number of embryos (monomers) of the dispersed phase are rapidly formed per unit volume of the
apparatus, the contribution of multiparticle collisions is great [11, 14]. This is clearly seen in Figure 3,
made at high magnification. Namely, large clusters of particles consist of many small embryos. Moreover,
the shape of large clusters-globules is rather rounded, which is possible only with simultaneous attachment
of many small particles over the entire surface of larger clusters [15].

— 102 ——
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Figure 3 - Images of the desublimated samples
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Then there is a sharp decrease in super-saturation, and the aggregation process begins to be limited by
diffusion resistance in the gas phase. This leads to a sharp decrease in the value of coagulation nuclei, the
intensity of the aggregation process drops sharply, and as a result, a dispersion of a fairly homogeneous
fractional composition is obtained. The fact is that the characteristic time of the process is of the order of
time, which is optimal for multiparticle aggregation.

At low initial super-saturation, the aggregation process is “eroded” in time, since binary collisions
prevail. Therefore, the fractional composition of the resulting dispersion is very heterogeneous.

Conclusions

The existence of the stage of the phenomenon of multiple coagulation with a high concentration of
nucleates in a supersaturated vapor-gas mixture has been experimentally confirmed. The results of
experimental studies are well interpreted from the theoretical considerations. It can be the basis of the
engineering methodology for calculating the operational parameters of the process. Especially, this
conclusion is important for the aggregation in dense disperse systems and optimization of this process in
order to create highly homogeneous stable nanodispersions.

The results of experimental studies of silicon dioxide desublimations confirmed the theoretical
conclusion about the presence of a stage of rapid formation of primary nucleates and a subsequent stage of
slow, diffusion-controlled growth of aggregates.
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YJIbBTPAIUCHEPJIIK YHTAK OHAIPYTE APHAJIFAH
JECYBJIMMALIUA 9JICIHICKE ACBIPY PEXKUMJEPI

AHHoTanus. Makana necyonmumanus 9JiCIMEH yIbTpa IUCHEPCTI YHTAKTapAbl Iy OfiCiH 3epTTEyre apHAIFaH.
DKcnepruMEHT OapbIChIH JIaTeMIIePaTyPaHblH, KbICBIMHBIH JKOHE KaHBIFY JIOPEXKECIHIH MPOIecC KNHETUKACHIHA KOHE
JTUCTICPCHUSIHBIH MOJIIIIEpi OOMBIHIIA Tapairy (DYHKIHSICHIHA dCePi 3€PTTEIII.

KanbIKnaranOy-ra3 KOCIachlH/1a HyKJIeaTTap/AblH )KOFapbl KOHIEHTPALMSCH 0ap KeIlle KoaryJsiuus KyOblIbIChI
Ke3eHiHIH OO0JIybl SKCIIEpUMEHTAIbl PacTalIbl. ATan alTKaHJa, YJIKEH OacTanKpl KaHBIFY Ke3iHAE JUCIEepPCHSIIBIK
(hazaHbIH SMOPHOHAAPBIHEIH (MOHOMEpJIEPIHIH) KOl caHbl anmnapar KejleMiHiH OipjiriHe Te3 TY3UIETIH Ke3ne, Kell
0eJIIIeKTi KaKThIFBICTAP/IbIH YJIeCI YIIKEH.

AnpiaFaH MomiMeTTep OipTekTi (PaKuMsIIBIK KypaMbl Oap TYPakThl HAHOAWUCHEPCHSUIApABl KYpy VIIiH
arperamisUIbIK MPOLECTEPAiH PEKUMACPIH OHTAWIAHIBIPY KOHE €CEeNTeYIiH MHKEHEPIIK 9ICIH 93ipiey YIIiH eTe
MAaHBI3BI OOTYBl MYMKIH.

Tyiiin ce3nep: mecyOnumanus, yabTpaAuCIepCchsi, HAHOANUCIICPCHIAP, 9AIC, HAHOYHTAKTap, aca KaHBIFy, KOl
Geutik.
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PEXKUMBI PEAJIM3AIIMA METOJA JECYBJINMALINN
VIS MTPOU3BOACTBA YJIBTPAAUCIHEPHOI'O TIOPOLIKA

AnHoTanus.CTaThs MMOCBAIIEHA MCCIECAOBAHNIO METO/A TIOJIyYEHHUs YIIbTPaIUCIIEPCHBIX TOPOLIKOB CIIOCOOOM
necyOnnmanuu. B Xome 3KCIepMMEHTOB OBUIO HCCIIENOBAaHO BIMSHHE TEMIEpaTyphl, AaBICHUS U CTEICHH
MEpPEChHIEHNs] Ha KWHETHKY Mporecca W (YHKIMIO paclpeleleHus] Jucnepcun 1o pasmepam. CyliecTBOBaHHE
CTaUM SIBICHHUS MHOYKECTBEHHOW KOAryJsiLMM C BBICOKOM KOHIEHTpAlUel HYKJIEaTOB B IEPECHILICHHON
Mapora3oBoil cMecH OBIIIO MOATBEPKICHO SKCIHEPHUMEHTAIFHO. A UMEHHO, OBUIO YCTAHOBJIEHO, YTO HPH OOJIBIIOM
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HaYaJbHOM TMIEPECHIIICHUH, KOTJa OONBIIOe KOJIHMYECTBO SMOPHOHOB (MOHOMEpPOB) AMCIEPCHOW (as3pl OBICTPO
oOpasyercsi Ha eIMHUIy Oo0beMa ammapara, BKJIaJ MHOTOYaCTHYHBIX CTOJIKHOBEHHUH BeNUK. [loiydeHHBIE NaHHBIE
MOTYyT OBITh OYEHb BaXKHBI Ui pa3pabOTKH HWHXXEHEPHOrO MeEToJa pacueTa M ONTUMH3ALUH PEKUMOB
arperanydoHHbIX MPOLECCOB IS CO3NaHHUs CTaOMIBHBIX HAHOJIMUCIIEPCHI ¢ OMHOPOIHBIM (PPAKIIOHHBIM COCTAaBOM.
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