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ABSTRACT

The molecular weight of the obtained polymers (Infinitely Better 1200 Infinity Series) was
measured. The obtained results showed the possibility of changing the molecular weight of the
polymer material as a result of hydrolysis. As it turns out, the conditions of hydrolysis and the
nature of the hydrolyzing agent will affect the values of the molecular weight and the yield of
the polymer. The results obtained show that there is an admixture of oligomers weighing about
3000-7000 in the composition of the initial polymer. However, after hydrolysis, these compounds
were not identified, probably due to the formation of new bonds between oligomeric and polymer
particles, which also contributed to an increase in the molecular weight of the final product.

Keywords: polyacrylonitrile (PAN) waste, distiller's liquid, structure formation, microscopic
1images, temperature.

INTRODUCTION
It 1s well known that, polymer materials with hydroxyl, amine, carboxyl, and other groups have
enhanced physicochemical and structure-forming characteristics. With a change in the ionic
strength of solutions, which directly depends on the nature of the hydrolyzing agent, the degree
of dissociation of polymers and the shape of their macromolecules change. Changing the shape
leads to the transformation of operational characteristics.
As a result of dissociation, the number of kinetic units increases, 1.e. the concentration of ions
also increases, which also affects the hydrodynamic characteristics of their solutions. Many
studies have been conducted on the physicochemical properties of water-soluble polymers. [1-
3]. Research in this direction covers such experiments as determining the viscosity of their
solutions, electrical conductivity, etc.
The aim of the research is to study the structure-forming characteristics of hydrolyzed forms of
polyacrylonitrile (PAN) obtained using sodium hydroxide, liquid glass, sodium carbonate, and
distiller's liquid.
The molecular weight of the obtained polymers (Infinitely Better 1200 Infinity Series) was
measured. The obtained results showed the possibility of changing the molecular weight of the
polymer material as a result of hydrolysis. The study of methodology is explained in section III,
section IV covers the experimental results of the study, and section V discusses the future study
and conclusion.
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METHODOLOGY
Polyacrylonitrile (PAN) waste (Navoiyazot JSC) was used as a feedstock. Sodium hydroxide,
liquid glass, sodium carbonate, and distiller's liquid were studied as hydrolyzing agents. A
solution of hydrochloric acid-HCl (p=1.025 g/cm3) was also used to regulate the pH of the
medium.
The pH of the solutions was measured according to a generally accepted method on a GMH-
Greisinger 3500 Series laboratory pH meter with glass electrodes.
The acid number (AN) was determined by the method of reverse titration of the polymer
solution and its hydrolysis product. According to the found values of QF, the change in the
number of carboxyl groups during hydrolysis of the initial copolymers was judged.
The nitrogen content in polymers was determined by the generally accepted Kjeldahl's method
[4]. Kjeldahl's method consists of the fact that when the polymer is heated with concentrated
sulfuric acid in the presence of a small amount of CuSO4 catalyst, the bound nitrogen turns
into ammonium sulfate. After the decomposition of the sample, a solution of caustic soda was
added to it and ammonia was distilled, absorbing HCl with a standard hydrochloric acid
solution [4]. The nitrogen content was determined by the amount of ammonia absorbed.
The specific viscosity (nsv) of polymer sample solutions was determined using an Ostwald
viscometer (water expiration time of 58 sec, capillary diameter of 0.56 mm) at a temperature of
250 °C, depending on the concentration [5]. For this purpose, appropriate solutions with
different concentrations (0.50-0.01 g/100 ml) were prepared by dilution with water or 0.1 N KCI
solution.
The characteristic viscosity (nx) of AA solutions was determined graphically by the dependence
of ns on the concentration of C (ns/C). To determine the effect of the pH of solutions on their
viscosity, polymer solutions were prepared by adding various volumes of 0.1 N solutions of HCI
and KOH to the initial solution.
To carry out the alkaline hydrolysis process, 50 g of distilled water was poured into the reaction
vessel (V = 500 ml) and 10 g of PAN was added. Then the system was thermostated at the
process temperature with constant stirring. Temperatures ranging from 50 to 98 °C were
studied, with temperatures chosen in accordance with known literature data. Upon reaching
the set temperature in the reaction medium, 50 ml of a 10% solution of the hydrolyzing agent
was added with vigorous stirring, while taking this moment as the beginning of the process.
The reaction was carried out for 0.5-3 hours. The kinetics of hydrolysis were controlled by a
potentiometric method. The degree of hydrolysis was determined by taking a sample of 2 mL,
which underwent potentiometric titration. The polyelectrolytes obtained using the hydrolyzing
agent’s sodium hydroxide, liquid glass, sodium carbonate, and distiller liquid, respectively, were
conventionally named Na-PAN, NaSi-PAN, NaC-PAN, and Ca-PAN.

EXPERIMENTAL RESULTS
The original PAN is not soluble in water. Hydrolyzed forms, depending on the duration of the
process, are significantly well soluble in water, which also leads to a change in the viscosity
characteristics of their solutions.
The manifestation of a change in the dependence of the specific viscosity on the concentration
of the solution of hydrolyzed polymers has a similar nature. However, significant structure

1030



- P - = S =
GALAXY INTERNKTIONAL INTERDISCIPLINARY RESEARCH J ﬁNAL (GIIRJ )
—~ISSN (E): 2347-6915

Vol 11, Issue 11, November (2023)

formation in the CaPAN solution in the region of high concentrations is likely due to different
values of molecular weight as well as the structure-forming characteristics of Ca2* ions
associated with the carboxyl group. The dependence of the specific viscosity and pH of solutions
on the concentration of PE is given in Table 1.

Table 1.
Dependence of the characteristics of solutions on the concentration
Concentration
Sample 0,01 0,05 0.1 0,5
My pH Ny pH My pH Iy1 pH
Na-IIAH 0,29 9.7 0,77 10,3 0,98 10,7 332 114
NaSi-I[IAH 0,16 7,6 0,71 8.8 0,87 9,02 3,03 10,01
NaC-IIAH 0,12 9.4 0,61 10,2 0,83 10,6 2,92 11,07
Ca-IIAH 0,20 78 0,73 8,9 0,90 93 3,14 10,09

As the table data shows, an increase in concentration leads to an instant increase in viscosity
values for all the samples studied, which is especially noticeable in aqueous solutions of samples
obtained by hydrolysis of NaOH and Na2SiOs. The presence of a viscosity anomaly is less
pronounced for Ca-PAN.

Further investigation of the structure was carried out on the basis of electron and optical
microscopy (binocular digital microscope model NLCD-307B). As it turned out, the difference in
the characteristics of hydrolyzed forms of PAN is associated with the conformational state of
macromolecules in solution. At low concentrations of hydrolyzed PAN macromolecules,
shapeless aggregates of particles are detected, especially for NaC-PAN samples. Sodium
carbonate 1s a weaker base compared to other hydrolyzing mixtures, and probably the
hydrolysis process proceeds largely without the formation of amidine.

Consequently, the complete disappearance of nitrile groups does not occur in this process since
the already formed carboxyl groups screen them, which leads to a stoppage of the hydrolysis
reaction. Therefore, macromolecules have a more folded shape. Microscopic images of the
obtained samples are shown in Figures 1 and 2. Fig. 1. Micrographs of samples of structure-
forming agents obtained with a binocular microscope: 1) Na-PAN; 2) NaSi-PAN; 3) NaC-PAN;
4) Ca-PAN
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F1g 2. Electron microscopic images: 1) Na-PAN; 2) NaSi-PAN; 3) NaC-PAN; 4) Ca-PAN.

The appearance of fibrous structures is associated with increased yields of the hydrolysis
process and the straightening of macromolecules due to the steric effects of neighboring
functional groups. However, in the case of the Saipan sample, the formation of completely
fibrillar filaments was observed during the storage of these samples. It is probably that further
hydrolysis occurs during storage. [6-9]

The viscosity of solutions of hydrolyzed forms of PAN, with the exception of their NaSi forms,
practically does not change during long-term storage. There is evidence that polymers
hydrolyzed in liquid glass form a precipitate of silicic acid. This is probably the reason for this
change.

The influence of temperature on the viscosity of hydrolyzed PAN solutions has been studied.
The study found that increasing the temperature to 40—45°C causes a slight increase in the
viscosity of Ca- and NaSi-based solutions, regardless of the initial polymer. A further increase
in temperature causes a sharp decrease in the value of the viscosity characteristics. For other
studied objects, a similar dependence is not observed, but only an increase in temperature
reduces the value of the viscosity of solutions. The results of studying the effects of changes in
temperature and pH of solutions on their viscosity are shown in Fig. 3.
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Figure 4.5. Dependence of the specific viscosity of solutions: 1) Na-PAN; 2) Nazi-PAN; 3) NaC-
PAN; 4) Ca-PAN from a) pH, b) temperature

According to the literature data, it is known that at different pH values of the medium,
macromolecules of watersoluble polymers have different structures. The experimental results
show that the viscosity of solutions of polymer preparations at different pH values of the
medium changes identically to the viscosity of known polymers (hypane). Thus, at pH > 10,
rectification occurs due to the presence of carboxyl groups and dissociation of salt groups, due
to which the viscosity increases sharply. As shown by the curves of the figure and their nature
in highly alkaline media, the viscosity characteristics of these PE do not differ from each other.
In highly acidic conditions, the PE data differ slightly from one another.

An increase in temperature to 30°C causes an increase in the viscosity of the medium, and a
further increase in temperature contributes to a decrease in all polyelectrolytes. Consequently,
changes in the viscosity of solutions of all PE are subject to general laws. To establish the
composition and ratio of the functional groups of the obtained PE, the acid number and nitrogen
content were determined (Table 2).

Table 2.
Characteristics of hydrolyzed polymers
Consistent with the ,
Sample Nitrogen in the Degr « Acid number, mg/g
- of hydrolysis, % e
polymer, %.

Na-[1AH 11,25 432 1184
NaSi-IIAH 11,58 41,9 167.7
NaC-I1AH 14,38 31.1 1417

Ca-[TIAH 13,63 379 1319

As the table data shows, during hydrolysis with sodium hydroxide and silicate, the process
yields have the highest values, thereby reducing the amount of nitrogen in the composition of
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polymers. At the same time, the values of QF have comparatively lower values, probably due to
saponification and the formation of COONa groups. [6]

Thus, macromolecules of these polymers at pH values of the medium (3-4.5) pass from one form
to another. The maximum structure formation for individual polymers lies in the range of
values of 6.5-9.

The molecular weight of the obtained polymers (Infinitely Better 1200 Infinity Series) was
measured. The obtained results showed the possibility of changing the molecular weight of the
polymer material as a result of hydrolysis. As it turns out, the conditions of hydrolysis and the
nature of the hydrolyzing agent will affect the values of the molecular weight and the yield of
the polymer. The results obtained are shown in Table 3.

Table 3.
Molecular weight of polymers and their composition
Samle Molecular weight of the main The content of the main
P substance and impurities substance and impurities

560000 80,7
[IAH 5000 9.8
3000 9.5
Na-[IAH 1200000 99.8
: 1290000 98,9
NaSi-[TAH 1500 1.0
920000 99.0
NaC-[1AH 2200 1.0
1000000 99,0
Ca-TAH 1500 10

CONCLUSION AND FUTURE WORK
The results obtained show that there is an admixture of oligomers weighing about 3000-7000
in the composition of the initial polymer. However, after hydrolysis, these compounds were not
identified, probably due to the formation of new bonds between oligomeric and polymer
particles, which also contributed to an increase in the molecular weight of the final product.

REFERENCES

[1]. Nechaev, A.I. Investigation of radical polymerization and structure of anti-turbulent
terpolymers based on acrylamide, acrylonitrile and 2- acrylamide-2-methylpropanesulfonic acid
/ A.1. Nechaev, M.N. Gorbunova, I.I. Lebedeva et al. // Journal. prikl. chemistry - 2017. - Vol.
90. - No. 9— - 1234-1242 p.

[2]. Strelnikov, V.N. Development of acrylate copolymers with increased acid, salt and heat
resistance as a basis for import-substituting drilling lubricants / V.N. Strelnikov, V.A. Valcifer,
A.I. Nechaev // Collection of theses of the XX Mendeleev Congress on General and Applied
Chemistry. - Yekaterinburg, 2016. - Vol. 3. - 283 p.

[3]. Nechaev, A.I. Investigations in Acrylate Polymer Composition, in its Structure and
DragReducing Properties under Conditions of High Temperatures and Highly Mineralized
Aqueous Media / A.I. Nechaev, V.A. Valtsifer and V.N. Strelnikov. / The optimization of the
composition, structure and properties of metals, oxides, composites, nano and amorphous

1034



- P - = S =
GALAXY INTERNKTIONAL INTERDISCIPLINARY RESEARCH J ﬁNAL (GIIRJ )
—~ISSN (E): 2347-6915

Vol 11, Issue 11, November (2023)

materials. Proceedings of the sixteenth Israeli — Russian Bi-National Workshop. —Israel, Ariel,
2017.—91 p.

[4]. Fundamentals of analytical chemistry / edited by Yu. A. Zolotov. - 3rd, pererab. and
additional - M.: Higher School, 2004. - Vol. 2. - 503 p.

[5]. GOST 11034-82 polyamides. Method for determining the number of viscosity of dilute
solutions.

[6]. A.I. Sharipova., I.L. Akhmadjonov., A.B. Abdikamalova., Kh.I. Akbarov., Sh.A. Kuldasheva
Synthesis of New Fixings of Mobile Sands (2021). Alinteri Journal of Agriculture Sciences 36(1):
356-361

[7] Feruz Tukhtaev, Dilorom Karimova, Dilnavoz Kamalova. Research of Kinetic Sorption of
Pb2+ Ions in Pb(NO3)2 Solution by Composite Polymeric Sorbents Under Various Conditions
/International Journal of Advanced Research in Science, Engineering and Technology. Vol. 7,
Issue 6, June. 2020. pp 14036-14043.

[8]. Feruz Tukhtayev, Iroda DdJalilova, Nargiza Shonazarova. Development of Sorption
Technology of Composition Polymer Sorbents // International Journal of Advanced Research in
Science, Engineering and Technology. Vol. 7, Issue 10, October 2020. pp. 15414-15417

[9]. Feruz Tukhtaev, Dilorom Karimova, Ayzada Malikova, Dilnavoz Kamalova. Research Of
Kinetic Sorption Of Cu2+ Ions In CuSO4 Solution By Composite Polymeric Sorbents Under
Various Conditions // Journal of Advanced Research in Dynamical & Control Systems, DOI:
10.5373/JARDCS/V12SP6/SP20201058. Vol.12, Special Issue-06, 2020. pp. 505-511.

10. Ammzosa H.3., Kynmamesa II.A., Ommeros N.JI., Axmamxomos MN.JI. Studying the
influence of windway air flow on erosion of fixed soilds and sands of the aral //Y36ekckuii
XuMmIdeckuit sypHaIL. -2019, -Ne 2. C. 29-35 (02.00.00, No6).

Adizova N.Z., Kuldasheva Sh.A., Ahmadjonov I.L., Eshmetov I.D., Akbarov Kh.I. Fixing mobile
desert sands: definition of water resistance, mechanical strength and mechanism of fixing
//Bulletin of National University of Uzbekistan: Mathematics and Natural Sciences: Vol. 3: Iss.
1, Article 9 (02.00.00, Ne12).

11. Kuldasheva Sh.A., Ahmadjonov I.L., Adizova N.Z., Abdulkhaev T.D. Efficiency of Fixing
Mobile Sands for Solving some Ecological Problems of Desert Zones of Surkhandarya // Solid
State Technology, Volume: 63 Issue: 4, P-374-380. ((40) Researchgate).

12. Ammszosa H.3., Axmamkonos N.JI., Vemonosa A.T'., Kynmamesa IIL.A. Yya xynyanapuaa
KyuMa TYIPOK Ba KyMJApHM MyCTaxKaMJIAIIHUHT MyXyUM IlapamMeTpijiapd Ba yJIapHH
yprapumeuHr axamuatu //“Oax Ba TeXHOJIOTHIIADP TAPAKKUETH HJIMHN -TeXHUKABUI KypPHAJI,
2020.- Ne3.- 223-231 6eriap (02.00.00, Ne14).

13. I.L.Axmadjonov, A.l.Sharipova., A.B. Abdikamalova., Kh.I. Akbarov., Sh.A.
Kuldasheva Synthesis of new polimers for Fixings of Mobile Sands Alinteri Journal of
Agriculture Sciences 36(1) (2021).: P 356-361. DOI:10.47059/alinteri/V36I11/AJAS 21053
((1)Web of Science).

14. Axmvamxanos WU.JI., Anusosa H.3., Kyngamesa 1. A., 3akpernieHie moqBUKHBIX IIECKOB
IIyCTBIHHBIX perrnoHoB CypxaHIapbu ¢ IOMOIIBIO COJIECTOMKNX KOMIO3uITH //COOpHUK HAYIHBIX
crareil 1o mroraMm paboTel MesKBYy30BCKOIO HAYUYHOTO KOoHrpecca Bricimas mkosa: Hayunbre
nccsenopanusa Mocksa, -2020. - C.101-106.

1035



o . F - = = . -
GALAXY INTERNXI‘IONAL INTERDISCIPLINARY RESEARCH JEH{NAL (GIIRJ)
—— P : -~~~ -ISSN (E): 2347-6915

Vol 11, Issue 11, November (2023)

15. Kynamamesa IIILA., Axmamxomos WN.JI., Agusosa H.3., Cysawmos II.JI., Pammmmor A.A.
MexaHuamM  CTPYKTYpOOOpPA30BAHHS XHMHWYECKOI0 3aKpeIIeHHs IIOABMKHBIX  IIECKOB
KOMILIEKCHBIMU no0aBkamu // “Pecypco- m sHeprocOeperamliye, dKOJIOTHUYECKH Oe3BpeIHbIe
KOMIIO3UITMOHHBIE ¥ HAHOKOMIIOSUIIMOHHBIE MAaTepuasibl. Marepualibl peciryOInKaHCKOM
HaygHo- Axmamxonos M.J1. rexanueckoit koHpeperuu. (25-26 ampens) Tamkent. — 2019. —C.
147-149.

16. Amuszosa H.3., Kyamamesa III.A., Akmasosa A.I'., Cysanmos II1.J1., Pammmmos A.A. Opon
Cypxaumapé kyuMa TYOpPOK Ba KyMJIapyd MHHEPOJIOTHK, KMMEBHM Ba UCIEPC TapKuOJIapm
xycycuaru // XXI acp mHTeJeKkTyas €uiap acpd MaB3yCHOATH PeCIIyOJIMKa MJIMIN-aMaJIni
roHbpepernuacu (29-mapt) -2019. 107-109 Gerap.

17. Ahmadzhonov I.L., Adizova N.Z., Kuldasheva Sh.A., Suvanov Sh.D., Rashidov A.A.,
Kazbekov R. Influence of wind flow of air on erosion of fixed ground and sand of the aral sea //
COOpHHEK MATEpHAJIOB 5 MEKIYHAPOIHON HAYYHO IIPAKTHYECKON KOH@epeHInn «AKTyaIbHbIe
mpobJieMbl BHEAPEHUS MHHOBAIIMOHHOM TEeXHUKM MW TEXHOJIOTHMHM Ha IPeJIPUATHSIX II0
IIPOM3BOACTBY CTPOUTEJILHBIX MATEPHUAJIOB, XUMHUYECKOM MIPOMBIIIICEHHOCTY W B CMEMKHBIX
oTpaciaax» (24-25 mas) @eprana. — 2019. - C. 283-285.

18. Amnzosa H.3., Axmamxonos N.JI., Kymngamesa III.A. Oxosormueckre mpoOJIeMBI II0
3aKpeIlIEHHIO IIOABIKHBIX IIECKOB apaJa //«KopaKaJImoFHUCTOH peciryOIuKacuga KuME, KUMEBUMA
TeXHOJIOTHs, HedTrad Ba EHIMJI CaHOAT COXaJIapH PHUBOMKHHUHI H0J13ap0 MyaMMOJIAPKD
MaB3yCHIATH PeCcIyOInKa MIMHI-aMaruii kongepernmusacy, Hykye (24-mait) - 2019. - C. 74-76.
19. Axmamxoros N.JI., Anusosa H.3., Kyamamesa III.A., Investigation of the effect of the
wind air flow on the mechanical strength of the fixed Aral sands / XXI MenaeneeBcKkuii ches/
o obmiei u npukiaagHoi xumun, Tom-3, 2020. - C. 293.

20. Axmammonos M., Agusosa H.3., Kynnmamesa III.A., AxmaioBa A. BaaummoperiicrBus
MeJIMOPAHTOB -3aKpeIuTe el ¢ YacTHUIaMU Ilecka IrycThiHu // Marepualibl MeskIyHapoIHOM
HAYYHO IIPAKTUYECKOM MHTepHeT-KoHpepeHnn «TeHIe Ny 1 MepClIeKTUBELl PA3BUTHUA HAYKHA
¥ 00pa30BaHUA B YCJIOBHUAX ryrobasmsarum», 28 ceursaopa -2019 roma, Beim. 51. - C.294-297.

21. Axmamxonos WU.JI., Aqusosa H.3., Anusos B.3., [latiramos P.A., Kyanamesa III.A. Opox
Oyiim KyuMa KyMJIapuHU CYyB Ba OeH30s1 Oyrum Omiad ajgcopoOumsicu // PecnyOimmka wiammit
AHKYMAaH MAaTepHAJLUIapH TYILIaMU “X03MPrd 3aMOHIA TYIPOKIIYHOCIHK Ba JIeXKOHUMINK
myammonapu” (16 okTa6ps), - 2019. 141-142 Gerap.

22. Axmammonos N.JI., Anusosa H.3., Kynmamesa III.A., Aogukamamnosa A.B., Dmmeros
N.J., Bakpemnienne IOABMAKHBIX IIECKOB CO JHA OCYIIEHHOro Apajia C IIOMOIIBI0 COJIECTOMKIX
kommosuiuu // CoopHur TtpymoB I mesmpyHapomuoro Yaberxcko-Kasaxckoro cumiiosmyma
«AxTyaTbHBIe IPO0JIeMBl PA3BUTHA XUMHUUECKOH HAYKU U IIPOMBIILIEHHOCTIY, (24-25 oKRTa6ps)
Tamkent-2019. - C. 192-197.

23. Axmamxonos N.JI., Anusosa H.3., Kynmamesa III.A., Aogukamamosa A.B., Dmmeros
.., FOcymos #K.C. NccaeqoBanme BIMSHUN 3aKPEIISIONINX T00aBOK IJIS IIPeI0TBPAIIEHST
BETPOBOM 9PO3WHU 3aCOJIEHHBIX mecKkoB //Martepuassl PeciyOnukamckoit HayYHO TIPAKTAUECKOM
roH(pepernmnun «Hayka 1 mHHOBAIUA COBpeMeHHBIX YCJIOBUAX Y30ekucrana». (20 mas), Hykyce-
2020. - C. 84.

24. Axmammonos M.JI., Amusosa H.3., Kynmamesa II.A., Axusos B.3. Cho‘l hududlari
ko‘chma tuproq va qumlarining struktura-sorbsion xususiyatlariniva ularning

1036



GALAXY INTERNKTIONAL INTERDISCIPLINARY RESEARCH J fRNAL (GIIRJ )
~ISSN (E): 2347-6915

Vol. 11, Issue 11, November (2023)

mustahkamlovchi kompozisiyalar tanlashga ta'siri / Axamemur A.F. FammeBrHmur 90
wnurura OaFUIIaHTaH KAHAJTUTAK KUME (DAaHUHUHT J10J13ap0 MyaMMoJiapm» MaB3ycumaru VI
- PecniyOnuka niMuii-aManauii aH:KyMaHM MaTepuasaapu Tymiamu. Tepmus (24-26 ampens) -
2020. -C. 379-381.

25. Axvamxanos WU.JI., Agusosa H.3., Aonypaxumos C.A., Kyngamesa II.A., Aoqusos B.3.
Opos 6yitu Ba Byxopo-XuBa pervoHJiapu KydyMa TYHOPOKJIAPHHU Ba KyMJIAPUHH KOTHPHIIIA
VJIAPHUHT COPOIIMOH XYCYCHST/IAPHUHYU YPraHUIIHUHT axamusaTd // VHHoBalimoH TeXHHKA Ba
TEeXHOJIOTHUSJIAPHUHTI aTpod MyXHUT Myxodasacu coxXxacumard MyaMMO Ba MCTHKOOJLIaApH
MaB3yCHIATH XaJIKApO WM TeXHWK aHKyMaHH MIMHH numap tymiaamu. Tomkent (17-19
ceHTS0PD) - 2020. - 130-132 GeTitap.

26. Axmadjonov I.L., Adizova N.Z., Kuldasheva.Sh.A. The effectiveness of the combined
fixing of mobile soil and sands of the dried Aral Sea // International Symposium on Ecological
Restoration and Management of the Aral Sea.Virtual symposium. 24-25 November - 2020.

1037



