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OPIAHUKAIIbIK XUMUA
OPIrAHUYECKAA XUMUA
ORGANIC CHEMISTRY

DOI 10.31489/2020Ch2/7-14

UDC 550.47 (075.8)

D.T. Abduletip, P.I. Urkimbayeva, G.A. Mun, Z.A. Kenessova, B. Khavilhairat

Al-Farabi Kazakh National University, Almaty, Kazakhstan
(E-mail: urkimbayeva.perizat@gmail.com)

Application of composite materials based on polyvinyl alcohol
in phytoremediation soil

Oil production, transportation, transshipment and storage lead to accidental soil pollution with oil products. To
solve this problem, the researchers proposed the possibility of using polymer films for the rehabilitation of oil-
contaminated soils. In the present work, in order to clean the soil from oil products, films based on polyvinyl
alcohol and chitosan were obtained, their main physical and mechanical properties were investigated. The re-
sults of IR spectrometric analysis showed good compatibility of the starting components. It was found that the
films obtained possess rather high indices of mechanical strength. Moreover, films containing 80 % synthetic
polymer — PVA showed the highest mechanical properties. The latter is apparently associated with the for-
mation of a network of intermolecular hydrogen bonds between chitosan and PVA, which favorably affects
their operational characteristics. Pollution modeling was carried out by applying oil to the soil of the Karazhan-
bass field. The resulting films based on polyvinyl alcohol and chitosan were used as recultivates, which were
applied in concentrations of 0.2 g/kg of soil. The effectiveness of remediation of oil-contaminated soils was
evaluated by measuring the content of oil products and conducting phytotests of the studied soil samples. The
results of the assessment of the degradation of oil products in the process of reclamation and the phytotesting
indicators obtained in the dynamics of the experiment allow us to conclude the effectiveness and feasibility of
using polymer films based on polyvinyl alcohol and chitosan to clean oil-contaminated soils.

Keywords: polyvinyl alcohol, chitosan, glycerol, polymer films, oil-contaminated soils, oil products, phytore-
mediation, remediation.

Introduction

Soil belongs to the most important natural resources, the state of which mostly provides the ecological
equilibrium of the planet. The main characteristic of the soil is fertility, which is formed by the microorgan-
isms’ activity. Economic activity contaminates oil, that leads to a decreasing in economic and potential fertility
[1]. Soil pollution by oil and oil products is currently an actual problem. Qil production from the bowels,
processing and transportation are not only technically difficult, but also dangerous processes, since it is im-
possible to preserve the natural environmental conditions during field development. Inevitably, each stage of
oil production is accompanied by an oil leak, which can cause irreparable phenomena. Chronic oil spills pose
a serious threat to the environment and human health [2].

Restoration of the environment with the help of plants is of wide interest due to the opportunities that this
technology opens up in the cleaning of contaminated areas. Over the past decade, phytoremediation has be-
come very popular, as this technology is much cheaper than methods based on the application of technology,
and is also used directly in the area of pollution [3].

The purpose of this work is to study the possibility of using composite materials based on polyvinyl
alcohol and chitosan for purification of oil-contaminated soil in the process of phytoremediation.

Cepus «Xumusi». Ne 2(98)/2020 7



D.T. Abduletip, P.l. Urkimbayeva et al.

Experimental

In our work we used polyvinyl alcohol (PVA) with molecular weights 72,000 and 145,000 kDa, chitosan
(CT) produced by «Fluka Chemie GmbH» (Switzerland), acetic acid and glycerin from «SCAT» (Kazakhstan)
without additional purification. The synthesis of polyvinyl alcohol and chitosan copolymers is described in
work [4]. In this article, initial polymer solutions are prepared in advance to obtain films based on a mixture
of polyvinyl alcohol and chitosan. To do this, in distilled water, the PVA suspension is dissolved at a temper-
ature of 70-75 °C, the chitosan suspension is dissolved in acetic acid at room temperature. After complete
dissolution of chitosan, a cooled PVA solution was introduced into the solution with constant stirring to ho-
mogenize the solution. After a certain time, continuing mixing, glycerin was added as a plasticizer. Before
molding, the resulting solution was kept at room temperature for 10 to 12 hours for de-airing and stabilization.
The films were formed in Petri dishes by evaporation of the solvent at room temperature for 1-2 days under
the drying cabinet. The mass of the films was 7-8 g. The films were obtained at different ratios of polyvinyl
alcohol/chitosan — 20:80; 50:50 and 20:80 wt.%.

Organic solvents (acetone, ethyl alcohol, benzene, a mixture of alcohol: benzene in a 1:1 ratio) and dis-
tilled water were used to study the solubility of films.

The IR spectra of the obtained films were recorded on an IR spectrometer with a Fourier Converter
(«LOMOW, Russia).

The mechanical properties of the films (tensile strength) were studied on a discontinuous machine
«TEXTURE ANALYSER» (UK) with a break rate of 10 mm/min, with a force of 20,000 kg.

To study the phytoremediation process, the experiment was carried out under laboratory conditions in
500 ml polyethylene cups filled with oil-contaminated soil (the oil content was 15g/500g, 30g/500g, 45g/5009
% of the total mass). In the experiment we used the oil from the Karazhanbas field.

To determine the oil content in the soil, we used the extraction method on the Soxlet apparatus. Extraction
of petroleum hydrocarbons from contaminated soil samples were performed after 60 days of their interaction
with each other. Benzene was used as a solvent. The flask with the solvent is heated to the boiling point of the
solvent, the vapors of which enter continuously into the cooler, into the ground mixture, dissolve the hydro-
carbon part and secrete from the mixture. After filling the extraction flask with a siphon tube, the solvent flows
in enters the flask. Before the solvent color is lost, the organic part is extracted. The sample from the extractor
is dried in a drying cabinet to a constant mass at a temperature of 60—70 °C. The mixture of the organic part
of the solvent and the oil residue is separated by simple distillation here.

Results and Discussion

Hydrophilic polymers, which include polyvinyl alcohol (PVA), are widely used in medicine, biochemis-
try, biotechnology. The possibility of their modification, including by mixing with other polymers, contributes
to the expansion of areas and efficiency of application of hydrophilic polymers. The most promising are mix-
tures of PVA with the natural polysaccharide chitosan, which can be obtained in the form of films from a
common solvent. It is established that this leads to an increase in the stability of the films, improves their
physical and mechanical parameters, etc.

In the proposed work, films based on polyvinyl alcohol and chitosan are obtained by mechanical mixing
of specified ratios of components, glycerin is used as a plasticizer. The ratio of the initial polymers was varied
in the preparation of films. Thus, films with the content of PVA/CT = 20:80, 50:50 and 20:80 wt.% were
obtained, the uniformity and transparency of which indicates the compatibility of the original components.
Moreover, an increase in the chitosan content in the initial polymer mixture affects the transparency: less
transparent films are formed. Pictures of the films are shown in Figure 1.

The compatibility of the initial components is indicated by the IR spectra of films based on PVA/CT,
presented in Figure 2 and in which you can see the presence of the composition of the two components of the
film. It is known that absorption bands of NH.-groups are present on the IR spectra of chitosan, as well as
absorption bands characteristic of the polysaccharide structure at 1,050 cm™ and 851 cm™ [5]. Intense fluctua-
tions at 1,645 cm™ and at 1,565 cm™, characteristic of the amide groups, indicates that the initial chitosan has
a high degree of deacetylation. In the spectra of PVA/CT mixtures, there are changes in the position and in-
tensity of the absorption bands: the presence of a weak absorption band of the carbonyl C=0 group at 1,735
cm? in the PVA spectrum indicates that part of the OH groups of the polymer is acetylated during dissolution
in acetic acid solution. Judging by the low intensity of this band and the high intensity of the OH-group band
(947 cm™), the degree of acetylation is very insignificant. An increase in the chitosan content in the mixture
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causes a gradual shift of the absorption band C=0 of the PVA groups at 1,735 cm™* (this band is absent in the
chitosan film) to the lower frequencies. This may suggest a possible interaction between the C=0 groups of
partially acetylated PVA and the active groups of chitosan. From the analysis of IR spectra, it follows that the
interaction of polyvinyl alcohol and chitosan leads to molecular interaction between the hydroxyl groups of
alcohol macromolecules and the amide groups of chitosan, and hydrogen bonds are formed according to the
scheme below.

1—80:20; 2 — 50:50; 3 — 20:80 wt.%

Figure 1. Films based on PVA/CT at different ratios of the initial components
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Figure 2. IR spectra of films based on PVA/CT

The solubility of these films in distilled water and in organic solvents was studied. The dissolution process
was carried out at room temperature for 24 hours. This study showed that films based on PVA/CT in organic
solvents such as acetone, ethyl alcohol, benzene, alcohol-benzene mixture, do not dissolve in distilled water
organic solvents. This is probably due to the impossibility of breaking the bonds between the polymers in the
macromolecule. Since organic solvents are unable to break the bonds of polymer macromolecules in the model.
While these polymers are dissolved in distilled water during the day due to the processes of solvation and
hydration. The effect of the molar mass of PVA on the solubility of films based on PVA/CT was established.
Thus, films with a molecular weight MW(PVA) = 72,000 are dissolved within 18 hours, and the solubility of
films based on PVA with a molecular weight of 145,000 is 24 hours (Table 1).
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Table 1
Results of mechanical stretching of the films of PVA/CT
Parameter Film ratio = PVA/CT, wt.%
20:80 50:50 80:20
Muw (PVA) 72,000 145,000 72,000 145,000 72,000 145,000
Pressure, MPa 37.44 61.78 22.21 33.76 57.60 29.47
Stretching, % 4.63 18.95 47.32 40.37 116.75 198.12
Young's modulus, kPa 1.9+5 1.445 2.345 2.0+5 2.945 2.945

The mechanical properties of the obtained films were investigated. All obtained films have good mechan-
ical strength. An increase in chitosan content leads to a decrease in elongation and an increase in the modulus
of elastic, and as a result, to an increase in brittleness. The highest rates of mechanical parameters were shown
by films containing 80 % synthetic polymer — PV A. The latter is apparently due to the formation of a grid of
intermolecular hydrogen bonds between chitosan and PVA.

The issues of remediation of oil-contaminated soils are relevant in connection with the rapid development
of oil and gas industry and infrastructure [6]. Increasing oil production continues to increase the risk of soil
contamination with oil. Every year, oil-contaminated areas expand, and land used for agriculture and forestry
remains unusable. Due to the high adsorption, oil can be observed in the soil for a long time, shifting the soil
balance from the equilibrium level. Plants are the key contributor to the high fertility of the soil. However,
unfavorable growing conditions on oil-contaminated soils of any plants, excludes the possibility of cleaning
such soils by phytoremediation. Natural polymers are not xenobiotics and their use is the most environmentally
and economically rational for exosystems.Their low cost and simple preparation technology together with high
performance properties make it possible to effectively clean the soil from oil products.

Chitosan is a natural biopolymer, an aminopolysaccharide, which has no pronounced substrate specificity,
which means approximately the same ability to bind both hydrophilic and hydrophobic compounds. Chitosan
has ion-exchange, chelation-forming and complex-forming properties [7]. Chitosan is similar in composition
to nonspecific organic compounds of soils, this eliminates the possibility of a negative impact on the processes
of decomposition, synthesis of organic compounds, humus formation.

We studied for the first time the possibility of using synthetic films based on PVA/CT for soil detoxifi-
cation with simultaneous planting of technical crops.

Modeling of biodegradation of oil products was carried out at temperatures of about 25-30 °C, simulating
the temperature regimes of the summer months in Atyrau, Mangistau and West Kazakhstan regions. The soil
selected within Almaty was subjected to researches. Soil sampling was carried out in accordance with State
Standard 7.4.3.01-831. The soil was freed from stones and roots of plants, dried in the absence of sunlight to
an air-dry state, sifted and placed in open containers. Pollution modeling was carried out by means of intro-
duction of oil of the Karazhanbas field into the soil and according to gradation of soils on degree of pollution
with oil products (OP) developed by V.S. Khomich [8], introducing oil before achievement of mass concen-
tration of oil products in the soil of 15¢g/500g, 309/500g, 459/500g that corresponded to the category «very
strongly polluted soils». The effectiveness of remediation of soils contaminated with oil products was esti-
mated by measuring the content of oil products and phytotesting of studied soil samples.

Phytotesting is based on the sensitivity of plants to exogenous chemical effects, which affects the growth
and morphological functions of test cultures. Dry seeds of the selected test cultures were placed at intervals of
1 cm in polyethylene cups (with mixed and moistened soil samples). As a control, samples of the studied soil
without the introduction of oil products were used. As indicators of the phytotest, test functions of the height
of seedlings were adopted.

The dynamics of changes in the concentration of oil products was evaluated by the method of their ex-
traction from contaminated soils. The analysis of quantitative composition of hydrocarbons of the Karazhanbas
oil was carried out on the soxlet apparatus. Analysis of changes in oil content in the studied soil samples
showed that during the first two weeks, the level of oil dropped significantly compared to the original values
as in the control sample (to 25.6 %) and in samples containing OP, which is obviously related to the first phase
of degradation of oil products evaporation of light fractions and photooxidation. At the same time, in soil
samples containing films based on PVA/CT, the loss of oil products on day 14 was 36.0 %.

After 14 days of the experiment, the achieved concentration of petroleum products in the control soil
sample (which does not contain petroleum products) remained almost unchanged until the end of the
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experiments. In soil samples with films, there is a decrease in the concentration of petroleum products. This,
apparently, indicates the end of the process of degradation of petroleum products in these conditions.

In soil samples with the addition of films based on PVA/CT, the dynamics of reducing the concentration
of oil products up to 21 days was approximately 40 %. It can be noted that the degradation of oil hydrocarbons
was accelerated by films based on PVA/CT, increasing the efficiency of soil purification from oil products in
comparison with the self-cleaning ability of the soil, the level of which was 25.6 %. In addition, the work
assessed the degree of soil purification from oil products. The data are presented in Table 2.

Table 2
The purification degree of soils contaminated with oil

Concentration of oil products Polymer Purification
in soil samples, g/500g concentration, g degree, %

15 0.1 86.9

30 0.1 82.3

45 0.1 78.7

In the process of transformation of oil products, intermediates are formed, which no longer fall under the
definition of «oil products» and are not taken into account in the gross definition of OP. At the same time,
these compounds can have a significantly greater toxic potential and have a positive ecotoxic effect. Carrying
out ecotoxicological phytotesting in addition to the instrumental method of assessing the content of OP in the
process of remediation allows to quickly and fully assess the environmental quality of the soil environment
[9]. Assessment of soil samples by indicators of test functions of test crops Figure 3 established the effective-
ness of using films based on PVA/CT as recultivants to reduce the level of oil pollution in the studied soil
samples.

T T T T T T T T T T T
0 10 20 30 40 50 60

T , days

1 — soil; 2 — soil with films; 3 — 15¢/500¢g; 4 — 30g/500g; 5 — 45¢/500g

Figure 3. Length of test plant seedlings in soil samples

According to the results of the study, the indicator «seedling lengthy for control soil samples without
films after 60 days was 10 cm in the case of reclamation of soil samples using films without refining waste,
the length of the seedling on day 60 of the study reached 17 cm after 60 days, the least phytotoxic effect (along
the length of the seedling) was observed for soil samples using films based on PVA/CT with a maximum
content of OP.
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The maximum length of the seedling is typical for soil samples uncontaminated by oil waste containing
films based on PVA/CT. Slightly different indicators for soil samples contaminated with oil products.

Probably, due to the presence of free amino groups in the macromolecule of the polymer, chitosan effec-
tively clears the soil, which is explained by the process of complexation of oil products by amino groups, with
the formation of polynuclear compounds. Also because of the abundance of hydrogen bonds between chitosan
molecules — not soluble in water, but swells in organic acids, in the swollen state is able to firmly hold various
intoxicants (pollutants).

The studies suggest that films based on polyvinyl alcohol/chitosan will be widely used in solving the
problems of cleaning soils contaminated with oil products. When PVA/CT films are introduced into the soil
as a remediant, they do not need to be collected and disposed of, as they are capable of undergoing enzymatic
degradation, increasing the level of natural soil carbon.

Conclusions

We obtained films based on polyvinyl alcohol and chitosan. By IR spectroscopy it is shown that polyvinyl
alcohol and chitosan form a mixture stabilized by a hydrogen bond. It is established that with increasing content
of polysaccharide in the composition of the film, their strength properties decrease. The results of the assess-
ment of degradation of oil products in the process of reclamation and phytotesting indicators obtained in the
dynamics of the experiment allow us to conclude about the effectiveness and feasibility of using polymer films
based on polyvinyl alcohol and chitosan as recultivants of oil-contaminated soils.
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J.T. Abnynerun, IL.1. Ypkimbaena, [.A. MyH, 3.A. Kenecona, b. Xasunxaiipar
IMoaMBUHWI CIUPTI Heri3iHAEri KOMIO3UIUAJIBIK MaTePHAIAAPAbI
TONbIPaK puTOpeMeTHANUACHIHIA KOJAAHY

MyHaiiabl eHIipy, TachbIMaNay, aybICTBIPBII THEY )KOHE CaKTay TONBIPAKTHIH MYHa# OHIMIepiIMEH aBapHsIbIK
JIacTaHybIHA oKen corambl. OCBl MocereHi menry OaphIChIHAA 3epTTEeYyIiiep MYHaMEH JIaCTaHFaH TOIBIPAKTHI
KaJIITbIHA KETipy YIIIH HOJIAMEPII YIIipIepai KoJIaHy MYMKIHIITiH YChIHFaH. Makarna/ia TObIpaKThl MyHai
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OHIM/IepiHEH Ta3apTya KOJJaHy MaKCaThIH/a OJIMBHHII COMPTI MEH XUTO3aH HETi31H/e YIAipyiep alblHFaH,
OJIapABIH HETI3Ti (HU3HKa-MeXaHUKAIbIK KacueTTepi 3epTrenreH. 3eprreyae MK-crnekTpoMeTpusuiblk Tangay
HOTIOKeNepl OacTankpl KOMIOHEHTTEPAIH JKaKChl YIIECIMIIUTITIH KopceTTi. AJIBIHFaH YIIipiep xKoFapbl Mexa-
HHUKAaJIBIK OEpiKTIK KepceTKilTepre ue exeHi aHbIKTanraH. COHBIMEH KaTap, MEXaHHKAIBIK HapaMeTpiepIin
GapbIHIIA )KOFaphl KepceTKimTepiHin KypambHaa 80 % cuHTeTnkansk noanmep-IIBC 6ap exeHiH ynmipiaep
kepcertTi. by xxarnaii xuro3an meH [IBC apackiHaarsl MoJieKyaapajblK CyTeri OaillaHbICTaphl TOPBIHBIH TY-
3iTyiMeH OaiiaHBICTHI GOMYBl MYMKIH, OYJI ONapAbIH KOJJAHBUTYy CHUITaTTaMalapblHa XKaFbIMIBI ocep eTei.
Jlacranynsl mozpenbaey Kapaxkan6ac keH OpHBIHBIH MYHAHBIH TOIBIPAKKA €HI13y apKbUIbI KYpriziani. [lomu-
BUHWJI CIIMPTI MEH XUTO3aH HEri3iHferi anbiHFaH yngipiaep 0,2 I/Kr TONMbIpaK KOHLEHTPALMIChIHA €HI131IreH
PEKYJIbTUBAHT PETiHIAEC KOJAaHbULABL. MyHaiiMeH JacTaHFaH TOMBIPAKTH peMenuanusuiay THIMIUIr MyHai
OHIMICPiHIH KYPaMBIH OJILICY XOHE 3ePTTENETiH TONBIPaK YArUIepiH pUTOTECTiNCY i )KYPrizy OaphichHIa Oa-
ramaasl. Kaiita KyHaprmaHAbIpy INponeciHAe MyHall eHIMJIepiHiH BIObIpayblH Oaraiiay HOTIDKENepi >KoHe
IKCIIEPIMEHT TUHAMHKACHIHA aJIbIHFaH (PUTOTECTIIEY KOPCETKIMITEpi MONMBUHIII CIIUPTI MEH XUTO3aH HeTi-
3iH7er1 MoJIMMepIIi IIeHKaIap/ 6l MyHAMEeH JacTaHFaH TOIBIPAKTHl Ta3anay YIIiH Haiifanany JbIH THIMIUTIr]
MEH OPBIHABUIBIFBI TYPalbl KOPBITHIHIIBI JKacayFa MYMKIHIIK Gepeni.

Kinm ce3dep.: NONMMBUHWI CHUPTI, XUTO3aH, TIMLEPHH, TOJTUMEPII YIAipIep, MyHaiiMeH JacTaHFaH TOIIPAK,
MyHail eHIMIEpi, GPUTOpeMeHaIs, peMeTuanusl.

J.T. Abnynerun, IL.1. Ypkumbaea, ['.A. MyH, 3.A. Kenecosa, b. XaBumnxaiipat

le/IMEHEHI/Ie KOMIO3UIMTUOHHBIX MATE€PHAIOB
Ha OCHOB€ IMOJIMBUMHUWJIOBOI'O CITUPTAa B (lmTopeMezmamm IHo4B

JloObI4a, TpaHCTIOPTUPOBKA, NMEpeBAIKa M XpaHEHHWE HeQTH NPHBOIAT K aBapUITHBIM 3arps3HEHHSM II0YB
HedrenponykramMu. [Ipn pemennn naHHOW HPOOGIEMBI HCCIIEIOBATEISIMH paccMaTpPHBANach BO3MOXKHOCTh
HNpUMEHEHHs TTOJIMMEPHBIX IICHOK U PeKyJIbTHBAIMK HedTe3arps3HeHHBIX 1T04YB. B Hactosmieit pabote ¢
HETBI0 OYMCTKH MOYBHI OT HE(PTETIPOIYKTOB MOTyUEHBI TNICHKH HAa OCHOBE MOJIMBHHUIIOBOTO CIIUPTA U XUTO-
3aHa, UCCIIEOBAaHbl UX OCHOBHBIC (pr3nKO-MexaHM4Yeckue cBoicTBa. Pesynprarel MK-criektpomMeTprudeckoro
aHaNM3a MOKAa3ajdd XOPOIIYI0 COBMECTUMOCTh HCXOAHBIX KOMIIOHEHTOB. OOHapyX€HO, YTO IOTydYCHHBIE
IUICHKU 00JIaJaloT JOCTATOYHO BBICOKUMH MOKA3aTe/sIMU MEXaHHIECKOH MPOYHOCTH. [IprdeM MakCHMalbHO
BBICOKHE TIOKa3aTelIM MEXaHMYECKUX ITapaMeTpOB MOKa3aH INIeHKH, copepxaruue 80 % CHHTeTHYECKOTo Io-
mamepa — IIBC. IlocnenHee, BUANMO, CBSI3aHO ¢ 00pa30BaHMEM CETKH MEXMOJEKYJSIPHBIX BOJOPOIHBIX
cBs3ell Mexay xuro3aHoM u [1BC, 4To GnaronpusTHO BIMSET Ha UX DKCIUTyaTallHOHHBIE XapaKTEPHCTUKH.
MopenupoBaHue 3arpsi3HEHHUs IPOBOAMIIOCH IOCPEIICTBOM BHeceHHUs B mouBy Hedtu Kapaxanbacckoro me-
cropoxaenus. [lomydeHHbIe INICHKN HA OCHOBE TIOJIMBHHHUIIOBOTO CITUPTA U XUTO3aHA MCIOJB30BANH B Kade-
CTBE PEKYJIBTUBAHTOB, KOTOPbIE BHOCIIINCH B KOHIEHTpauax 0,2 I/Kr mouBbl. DPPEKTUBHOCTh peMETHAIIIH
3arpsI3HEHHBIX HE(THIO ITOYB OIEHUBAIACH B XOJ€ U3MEPEHUs COMepkKaHus He(TEPOIYKTOB U MIPOBEACHHUS
(hUTOTECTHPOBAHUS HCCIIEAYEMBIX 00pa3IOB MOYB. Pe3ymbTaThl OLCHKH Jerpafanni HeTepoLyKTOB B IPO-
1ecce peKyJIbTHBAIMM M TTOKa3aTeNny (UTOTECTHPOBAHUS, ITOMYIECHHBIC B JHHAMUKE SKCIIEPUMEHTA, IT03BO-
JSAI0T CAeNaTh BbIBOJ 00 3P()EKTHBHOCTH U 11e1ecO00Pa3HOCTH MCIOIb30BaHMS MOJIMMEPHBIX INICHOK Ha OC-
HOBE MOJIMBUHHUJIOBOTO CIIMPTA U XMTO3aHa U OYUCTKU He(Te3arps3HeHHBIX MTOYB.

Knrouesvle cnosa: MOIVBUHUIOBBINA CIIUPT, XUTO3aH, INTMUIEPUH, TOJIUMEPHBIC IUICHKHU, He(bTeSanSBHeHHLIe
I104YBBI, HG:(l)Tel'I]f)O)Z[yKTLI7 (bI/ITOpeMe)II/IaLII/IH, peMmeauanys.
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N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine synthesis and structure

New stilbene fulleropyrrolidine has been synthesized by Ceo fullerene triple-component condensation with sar-
cosine and trans-4-stilbene carboxaldehyde in Prato reaction conditions. It was demonstrated that primary factor
having influence on this reaction final product yield is the homogeneity of the reaction medium. The highest
yield of N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine is observed when reaction performed in xylene and
reactive medium is heated. Synthesized compound structure has been studied by IR-, UV-, NMR 'H and 13C
spectroscopy as well as by two-dimensional COSY (*H-'H) and HMQC (*H-13C) spectra data. The purity and
individuality of obtained fulleropyrrolidine have been evaluated using HPLC analysis. N-methyl-2-(4-
styrylphenyl)-3,4-fulleropyrrolidine synthesis proceeds by the 1,3-dipolar addition to fullerene Cso mechanism
through formation of active azomethinilides. N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine and poly-N-
vinylpyrrolidone water-soluble complex has been obtained in dichloromethane. It was shown that complex
formation is outcome of fulleropyrrolidine solubilization by PVP chains and lactamic group physical interaction
with the fullerene sphere.

Keywords: fullerene Ceo, trans-4-stilbencarboxaldehude, sarcosine, fulleropyrrolidine, Prato reaction, NMR
specters, poly-N-vinylpyrrolidone, three-component condensation.

Introduction

Nowadays biological properties of fullerenes and their functional derivatives are massively researched
for the purpose of creating new pharmaceuticals and biomaterials based on them. Compounds found among
fullerene derivatives possess various types of pharmacological activity. The development of Ceo fullerene func-
tionally substituted derivatives synthesis methods is essential for creating new materials and obtaining biolog-
ically active substances. Fulleropyrrolidine derivatives obtained through Prato reaction are some of the most
promising for this purpose within the wide range of derivatives known today. This way, natural fullerene-
containing aminoacid derivatives, such as fulleropyrrolidineglutamine acid and fulleroproline, have been syn-
thesized. Some biologically active peptides and other derivatives advantageous for use in medicine and
engineering have been obtained based on them [1-3].

A highly promising fulleropyrrolidine research area is the study of pyrrolidine scaffold containing new
«pharmacophoric» groups [4]. One of such «pharmacophoric» groups is stilbene fragment, as stilbene
(1,2-diphenyletilene) functional derivatives are widespread in plant life and have been used in traditional med-
icine for a long time [5-8]. These compounds’ (as well as other arylpolyenes) electronic structure peculiarities
provide strong physiological activity and valuable physical-chemical properties for their molecules. Synthetic
stilbenoids with various functions and stilbenoid-containing polymers are used for the production of laser dyes,
sensors, light-sensitive markers and composite materials [9]. Stilbenoids show antioxidant, anticarcinogenic,
antibacterial and other therapeutic activities. Due to high derivative pharmacological activity stilbene fragment
is considered as one of privileged structure blocks while creating pharmacologically important substances [10,
11]. However, compounds containing both stilbene fragment and fullerene sphere are not sufficiently re-
searched.

Experimental

NMR H and BC (DMSO-ds) spectra were registered at JNM-ECA Jeol400 spectrometer (399.78 and
100.53 MHz respectively) regarding deuterated solvent carbon residual protons or atoms signals. IR spectra
(KBr) were registered at Nicolet 5700 spectrometer. The reaction progress and the identity of the synthesized
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compounds were monitored by TLC on Sorbfil plates (Russia). Plates development was done in isopropyl
alcohol — ammonia (25 % in water) — water (7:2:1), treatment by iodine vapor.

N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine (1). 200 mg Ceo solution (0.1388 mmol) in 20 ml xy-
lene was added to 57.81 mg (0.2776 mmol) trans-4-stilbencarboxaldehyde and 123.6 mg (1.388 mmol) sarco-
sine (reacting agents’ molecular ratio was 1:2:5 respectively). Reaction mixture was boiled for three hours at
110-120°C. After solvent removal residue was chromatographed on silicagel column eluting unreacted Ceo
and the product with toluene. Product yield was 14.7 mg (10.8 %). NMR spectra *H, 3, ppm (J, Hz): 2.87 s
(3H, H-6,6,6), 4.31d (1H, H-2ax, 2 9.2), 4.98 s (1H, H-5), 5.02 d (1H, H-2eq, 2 9.2), 7.0 d (1H, H-14, %] 3.6),
7.25t(1H, H-18,3)7.2), 7.27 d (2H, H-17,19, 3] 8.4), 7.34 t (2H, H-16,20, 3) 7.6), 7.47 d (2H, H-9,11, 3] 7.6),
7.57 d (2H, H-8,12, 31 8.0), 7.81 w. s (1H, H-13). NMR spectra *C, 8¢, ppm: 40.12 (C-6), 70.12 (C-2), 83.47
(C-5), 126.70 (C-9,11), 126.99 (C-8,12), 127.85 (C-18), 128.36 (C-14), 128.79 (C-16,20), 129.36 (C-13),
137.73 (C-15), 139.69 (C-10), 156.22 (C-7).

Complex obtaining technique (1a). 2 mg fulleropyrrolidinel solution in 2 ml xylene were added to
200 mg PVP in 3 mg xylene. Reaction mixture was stired for 30 minutes at room temperature. After solvent
removal the residue was dried in vacuum.

Results and Discussion

Considering stilbenoids and fullerenes derivatives’ scientific and applied prospects, we have performed
synthesis and NMR spectroscopic research of new fulleropyrrolidine structural peculiarities. Cgo fullerene,
sarcosine and trans-4-stilbenecarboxaldehyde triple-component condensation took place in Prato reaction con-
ditions. One of major factors having influence on this reaction final product yield is the homogeneity of the
reaction medium. So stilbenefulleropyrrolidine 1 synthesis was done in medium of various solvents such as
benzene, toluene, chlorobenzene and xylene and while reactive medium was heated for 4-5 hours. It is possible
that present in reaction medium amino acid (which is a zwitterionic compound) has negative impact on the
reaction rate (heterogeneity factor). The highest yield of target fulleropyrrolidine 1 was obtained in xylene
medium. Obtained fulleropyrrolidine 1 purity and individuality were analyzed using HPLC analysis.
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New obtained fulleropyrrolidine 1 structure was found using IR, NMR *H and 3C spectroscopy as well
as two-dimensional COSY (*H-'H) and HMQC (*H-*C) spectra data.

There are pyridine ring C-N bond lines and fullerene scaffold, C-H and N-H vibrational frequencies in
compound 1 IR spectra. Compound 1 UV spectra has 254, 319 and 431 nm peaks. Low intensity peak at
431 nm is typical for all Ceo fullerene [6, 8] closed adducts (Fig. 1).

40
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Figure 1. Compound 1 UV spectra

Compound 1 NMR *H spectra is characterized by three-proton singlet signal presence at 2.87 ppm of
H-6,6,6 N-methyl fragment protons in pyrrolidine ring. One-proton singlet signal at 4.92 ppm indicates pres-
ence of H-5 methyne proton in pyrrolidine cycle. Two one-proton duplicate signals appearance at 4.31 and
5.02 ppm with the same spin-spin interaction constant 2J9.2 Hz proves presence of two pyrrolidine ring H-2ax
and H-2eq protons (axial and equatorial) connected to fullerene nucleus. H-14 and H-13 protons of ethane
chain appear as one-proton duplicate at 7.09 ppm and 2J3.6 Hz extended one-proton singlet at 7.81 ppm re-
spectively. Aromatic protons H-18 and H-9,11 appear as one- and two-proton triples at 7.25 ppm and %J 7.2
Hz and 7.34 ppm and 3J 7.6 Hz respectively. H-17 and H-19 protons appear as two-proton duplicates at 7.27
ppm and 3J 8.4 Hz, H-9 and H-11 protons appear as two-proton duplicates at 7.47 ppm and 3J 7.6 Hz, H-8 and
H-12 protons appear as two-proton duplicates at 7.57 ppm and 2J 8.0 Hz respectively.
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Pyrrolidine ring signals with N-methyl substituent can be seen at 40.12 (C-6), 70.12 (C-2) and 83.47 (C-
5) ppm in compound 1 NMR BC spectra. Aromatic and unsaturated fragments carbon atoms resonated at
126.70 (C-9,11), 126.99 (C-8,12), 127.85 (C-18), 128.36 (C-14), 128.79 (C-16,20), 129.36 (C-13), 137.73 (C-
15), 139.69 (C-10) and 156.22 (C-7) ppm. Multiple signals in 136-148 ppm area belong to fullerene nucleus
sp?-hybridized carbon atoms.

Compound 1 structure was also confirmed by two-dimensional NMR COSY (*H-H) and HMQC (*H-*C)
spectroscopy data, which allowed finding spin-spin interactions of homo- and heteronuclear nature. Correla-
tions observed in molecule are shown in Figure 2. In compound 1 *H-H COSY pectras there are spin-spin
correlations through two bonds of methylene protons H2*-H?4 (4,31, 5.02 and 5.02, 4.31) ppm and through
three bonds of protons in adjacent methyne groups H®2°-H8 (7.34, 7.26 and 7.26, 7.34), H'®20-H*!! (7.34,
7.48 and 7.48, 7.34), and H3'2-H™? (7.56, 7.81 and 7.81, 7.56) ppm aromatic rings. Protons and carbon atoms
heteronuclear interactions through one bond were found using *H-*C HSQC for the following couples present
in the compound: H®-C®(2.87, 40.12), H?*-C?(4.31, 70.16), H*9-C?(5.02, 70.16), H>-C® (4.98, 83.47), H-C*
(7.10, 128.36), H8-C8(7.24, 127.84), H®20-C16:20 (7,34, 129.11), H*1-C%'! (7.48, 126.70), H3!2-C812(7.57,
126.99), H'*-C**(7.80, 129.36).

Figure 2. Compound 1 correlations in COSY (1H-1H) (a) and HMQC (1H-13C) (b) spectra

The insolubility of fullerenes in water is the main problem that impedes the biological studies of fullerene
derivatives and the creation of therapeutic agents based on them. One of the possible ways to overcome this
problem is to obtain water-soluble polymers approved for use in medicine, for example, with poly-N-vinylpyr-
rolidone.

In this regard, a complex of compound 1 with poly-N-vinylpyrrolidone in dichloromethane medium was
obtained:

_Hzc—iﬂ— . HzC’\\CH O \
gl . )

la complex formation proceeds as a result of fullerenepyrrolidine 1 solubilization by PVP chains and
lactamic group physical interaction with fullerene sphere. Obtained complex 1a dissolves well in water.

Conclusion

New stilbenefulleropyrrolidine has been synthesized by Ceo fullerene triple-component condensation with
sarcosine and trans-4-stilbenecarboxaldehyde in Prato reaction conditions. It was demonstrated that the
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homogeneity of the reaction medium is the primary factor having influence on this reaction final product yield.
The highest yield of N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine was observed when reaction per-
formed in xylene and reactive medium heated. N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine compound
water-soluble complex with poly-N-vinylpyrrolidone in dichloromethane has been obtained. Synthesized com-
pound structure has been studied by IR-, UV-, NMR H and *C spectroscopy as well as two-dimensional
COSY (*H-H) and HMQC (*H-C) spectra data.

The study was performed with financial support from Ministry of Education and Science of the Republic
of Kazakhstan (grant No AP05133157).
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A.E. Opinona, O.A. Hypkenos, C.JI. ®a3suioB, T.M. CeiinxaHos,
M.K. Ub6paes, C.K. Kabuesa, T.C. Omapor

N-MeTtui-2-(4-ctupuigenni)-3,4-gyneponuppoauinHHIH
CHHTe3i ’9He KYPbLIbIMBbI

CrunpOeHKYpamMbl  QyIUIEpOTUPPOIUANHIE OKeIeTiH mpanc-4-ctunpbenkapbokcanbaeruariy  Ceo-Gyit-
nepenre [Ipato peaknusichl GOHBIHIIA IUKIOKOCBUTY PEaKIMsCHI 3epTTeNTeH. byl peakiusaa COHFbl OHIMHIH
IIBIFYBIHA 9Cep €TETiH HeTi3ri (akTop peakIHsUIBIK OPTAaHBIH TOMOTEHAUIIrT OoJbI TaObutansl. N-MeTHiI-2-
(4-crupundennn)-3,4-dymieponuppouAHHHIH €H JKOFapbl IIBIFRIMBI KCHIJION OPTachIHAA PEaKLHs XKYpPTisy
JKOHE PEeaKIMSUIBIK OPTaHbI KbI3IBIPY Ke3inzae Oaiikamansl. CHHTE3JereH KOCBUIBICTHIH Kypbutbickl UK-, VK-,
SIMP H sxome C cnekrpockonus aaicrepimen, connaii-ak COSY (*H-H) sxone HMQC (*H-13C) exi emmemai
CHEKTPJIEPiHIH JAepeKTepiMeH 3epTTeNreH. ANbIHFaH (yJUIEpONUPPOIUINHHIE AapalbFbl MEH Ta3ajbIFbl
JXKTCX rannay sl KoJiaHa OTHIPHII, aHbIKTaaFad. N-metii-2-(4-crupundennn)-3,4-GyuieponupponunHHIH
TY31iIyi 6encenai a30MeTHHIIMATEPAIH apalbIK Ty3imyi apKeutsl Ceo QyIuiepeHiHe TUMOIISIPIIBI KOCHIIBIC MeXa-
HHU3Mi GoiibIHIIA XYypeai. [luxaopMeran opracsiHaa N-metun-2-(4-crupundenn)-3,4-QymieponuppouanH
nou-N-BUHIIITHPPOINAOHMEH KOCYIBIH Cy/la epUTiH KOMIUIEKCHI ajbIHFaH. KoMImtekcTiH ¢ysepeHomppo-
mumuai [IBIT Tis6ekTepiMeH comoOmIn3aIusiIay *KoHe JIJaKTaM TOOBIHBIH (yJUIepeHIiK chepamMeH (u3uka-
JIBIK ©3apa OPEKETTECYl HOTIKECIHIE Maiija 60IaThIHBI KOPCETINITeH.

Kinm co30ep: dymnepen Ceo, mpanc-4-cTnib0eHKapOOKCaIbIeruA, capko3uH, Gyiuieponupponuaus, [Iparo
peaktmsicel, IMP-criekTpiiep, moin-N-BUHIIIIMPPOIHIOH, YITKOMIIOHEHTTI KOHICHCALIHSL.

A.E. Apunosa, O.A. Hypkenos, C./]. ®a3puios, T.M. CelinxaHos,
M.K. UbGpaes, C.K. Kabuesa, T.C. Omapon

Cunre3 u crpoenue N-meTnia-2-(4-crupuadennn)-3,4-pyrieponuppoananHa

Nzydena peaknus [2-+3 ] UKIONPUCOEAUHECHUS mpanc-4-cTrnbOeHKapOokcanpaeruna k Ceo-yuiepeHy mo pe-
axrmu [Iparo, mpuBosmIas K cTIiIbOeHCoIepkameMy dymieponupponuauny. [TokazaHo, 4T0 OCHOBHEIM (hak-
TOPOM, BIMSIOIINM Ha BBIXOJ KOHEYHOTO MPOLYKTa B 3TOH PEaKINy, SIBISIETCS TOMOTCHHOCTh PEaKIIHOHHON
cpenpl. HawGomnee BBICOKHH BBIXOJ N-MeTHI-2-(4-crupuindernn)-3,4-QyeponuppoiiiuHa HabroaaeTes
IpH IPOBECHIH PEaKIUH B Cpe/ie KCUIIOIA U HArPEBaHUN PEaKIMOHHON cpenbl. CTpOeHNEe CHHTE3HPOBAaHHOTO
coeMHEHNs uccnenoBano merogamu UK-, YO-, IMP 'H u 13C cnekTpockonuu, a Takke JaHHBIMHU JIBYMEp-
Heix criektpos COSY (*H-H) 1 HMQC (*H-3C). YuctoTa M MHAMBUyATbHOCTH TIOMy4EHHOTO (yIIIepOonHp-
pOJTH/IMHA POaHATU3HPOBaHbI ¢ mpuMeHeHneM BOXKX ananuza. O6pasosanue N-mertun-2-(4-crupundenn)-
3,4-pynneponuppoanarHa NpoTeKaeT no MexaHusmy 1,3-aunosnsipHoro npucoeanHenus k ¢pymiepeny Ceo ue-
pe3 mpoMeKyTouHOe 00pa3oBaHNE aKTHUBHBIX a30METHHWINIOB. [ToyueH BOZOpacTBOPUMBINH KOMILIEKC CO-
enunennst N-metun-2-(4-crupundennn)-3,4-pyureponupponnania ¢ nonu-N-BUHAITHPPOIUIOHOM B cpejie
quxinopmerana. [Toka3aHo, 9To oOpa3oBaHNEe KOMIUIEKCA MPOUCXOANT B pe3yibTare comobmm3anun ¢ymie-
permuppomuanHa nensvu [1BI1 n ¢pu3ndeckoro B3anMoAeHCTBHS JTaKTaMHOM TPpYTITH ¢ (yIuiepeHoBo che-
poii.

Knrouesvie cnosa: dynnepen Ceo, mpanc-4-ctuinbdeHKkapOOKcaIbIerH]], CapKko3KH, (QyUIepOIUPPOIIHINH, pe-
axuus [Ipato, IMP-criektp, monm-N-BHHIITHPPOIHIOH, TPEXKOMIOHEHTHAs KOHICHCAIIUSL.
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Supramolecular inclusion complexes of functionally substituted N-benzylidene-
and allylidene- isonicotinohydrazides with oligosaccharides and their properties

This paper presents the results of a study of the synthesis and structural features of supramolecular inclusion
complexes of N-benzylidene- and allylidene- isonicotinohydrazides with cyclic oligosaccharides (with p- and
2-hydroxypropyl-B-cyclodextrins). The results of studying the synthesis and structural features of supramolec-
ular inclusion complexes of N-benzylidene and allylideneisonicotinohydrazides with cyclic oligosaccharides
(B- and 2-hydroxypropyl-B-cyclodextrins) are presented. The structure of the obtained supramolecular inclusion
complexes was studied using one-dimensional *H, 3C and DEPT NMR and two-dimensional spectroscopy of
COSY (*H-'H), HMQC (*H-'3C) and TOCSY (*H-'H). The formation of supramolecular inclusion complexes
was established on the basis of changes in the chemical shifts of the NMR of the substrate and receptor atoms.
Based on the analysis of spectral data, the proposed schemes of the obtained supramolecular inclusion com-
plexes are presented. It was found that the interaction of the studied hydrazone substrates with cyclodextrins
forms inclusion complexes 1:1 and 1:2 with the entry of the substrate molecule into the internal cavity of the
receptor. The resulting products are able to dissolve in water or form stable aqueous dispersions. The antiradical
effect of the synthesized supramolecular inclusion complexes with respect to the 2,2-diphenyl-1-picrylhydra-
zide radical was evaluated. Under the conditions of this test system, antiradical activity was detected in the
supramolecular complex of N-(diethylamino)benzylidene-isonicotinohydrazide. The concentration of the com-
plex was determined, capable of reducing the optical density of 100 uM of the test system solution by 50 %.

Keywords: oligosaccharides, hydrazones, cyclodextrin, inclusion complexes, NMR spectroscopy, substrate.

Introduction

A well-known drawback of many modern drugs is the rapid decrease in their plasma levels after reaching
peak metabolic destruction in the stomach of the body. This fact necessitates an increase in dose loads and,
accordingly, increases the likelihood of side effects. In this regard, one of the most important attributes of drug
delivery systems is the controlled release profile of the latter in the patient's body. Every year, many researchers
find that biologically active substances cannot be obtained from clinical trials [1-3]. Therefore, one of the
urgent tasks of modern pharmacological science is the targeted delivery of drug systems. Currently, biode-
gradable oligosaccharides (cyclodextrins) have been used to transport drugs [4—6]. Cyclodextrins (CDs) are
complex natural cyclic oligosaccharides consisting of D-glucopyranose residues connected by an a-1,4-
glycosidic bond. On the basis of wide distribution and commercial use, a-, - and y-cyclodextrins were ob-
tained, the macro rings of which consist of 6, 7 and 8 residues of D-glucose, respectively. They are unique
natural nanostructures equipped with a hydrophobic internal cavity and a hydrophilic external surface. They
are able to form various forms: micelles, vesicles and more complex forms. The formation of all these complex
forms is governed by a hydrophobic effect.

These are «molecular containersy that are capable of holding non-polar, non-ionized molecules of the
«guesty» substance in the internal cavity. This leads to the formation of complexes, which include a hydrophobic
molecule of the «guest» substance, a unique property to dissolve in the agueous phase due to the hydrophilic
outer surface of the molecular container [7-12]. Molecules of cyclodextrins contain both polar and non-polar
parts. They form very complex structures: micelles, vesicles, layers and more complex forms. The formation
of all these complex forms is governed by the hydrophobic effect [8-11].

The most common type of complex includes cyclodextrin and the drug/cyclodextrin (D/CD) complex in
a 1:2-1 ratio, which contains one drug (D), which forms a complex with one cyclodextrin (CD) molecule [13—
15]:
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K1

Cyclodextrins can form higher-order drug / cyclodextrin complexes, depending on the nature and struc-
ture of the ligand-substrate, in a 1:2 ratio:

Ko
D/CD +CD <~—= D/CD,

Currently, CDs are widely used in the food, cosmetic, pharmaceutical industries, in analytical chemistry,
and in protecting the environment from ecotoxicants and others [9-12]. Further prospects for the use of diabetes
in pharmacology and medicine are associated with the development of so-called targeted drugs for antitumor and
gene therapy [16-19]. If the receptor acts as a target, then the bioactive drug will be a ligand with respect to it,
i.e. a compound specifically interacting with the active center of the receptor. The formation of such a supramo-
lecular complex causes high selectivity and lower toxicity of the drugs. In this regard, in recent years, CDs and
their derivatives have been actively used for targeted drug delivery in the form of a molecular container. Such
encapsulation protects the «guest» molecule from damage by various reactive molecules and thereby reduces the
rate of oxidation, steric rearrangements, hydrolysis, racemization and enzymatic degradation, as well as enhances
its water solubility and, as a result, a more effective pharmacological effect.

For analysis of supramolecular inclusion complexes, the methods of proton magnetic resonance spectros-
copy on *H nuclei and nuclear magnetic resonance spectroscopy on *3C nuclei are mainly used. The most
informative method for confirming the formation of inclusion complexes is *H NMR spectroscopy [13-15,
20-24]. This analysis method allows one to fix a pronounced chemical shift in the vibrational spectra of H3,
H5 B-CD protons oriented inside the torus cavity, which is due to the placement of the «guest» substance
molecule in the hydrophobic cyclodextrin cavity. In this case, insignificant chemical shifts are observed in the
vibrational spectra of the H1, H2, and H4 atoms localized on the outer surface of the molecule.

The BC-NMR spectroscopy method allows one to detect chemical shifts in the electronic environment of
carbon atoms of the cavity of a cyclodextrin molecule resulting from the van der Waals and electrostatic inter-
action of the molecules of the «guest» substance with the molecules of the host substance [13-15]. With an
increase in the concentration of the «guest» substance in the system, a proportional increase in the chemical
shift in the vibrational spectra is observed, due to a shift in the equilibrium state towards the formation of
inclusion complexes [19-28].

Experimental

a-, B-, y- and 2-Hydroxypropyl-p-cyclodextrins were used by Fluka, 99 % pure. The *H and **C NMR
spectra of the compounds were recorded on a Jeol INM-ECA 400 spectrometer (399.78 and 100.53 MHz on
'H and **C nuclei, respectively) in a DMSO-ds solution at room temperature. Chemical shifts are measured
relative to the residual signals of protons or carbon atoms of DMSO-de.

In this work, we selected spectroscopic methods to study supramolecular complexes for the inclusion of
functionally substituted isonicotinic acid hydrazone with cyclodextrins (B-CD, 2-hydroxypropyl--CD). Hy-
drazones — N-(diethylamino)benzylidene isonicotinohydrazide (1), N-(2-bromo-3-phenyl)allylidenisonico-
tinohydrazide (2) and N'-((5-nitrofuran-2-yl) methylene) was chosen as hydrazone substrates isonicotinohy-
drazide (3). The procedures for the preparation of inclusion complexes of functionally substituted N-benzyli-
dene- and allylidene- isonicotinohydrazide (1-3) with - and hydroxypropyl-f-cyclodextrins were described
by us in [29-31].

Preliminary bioprognosis (1-3) using the PASS program showed high rates of their manifestation of an-
tituberculosis, antimycobacterial, antioxidant activity and inhibitors of glutaminophenylpurivate transaminase
and threonine aldolase. The above compounds (1-3) are characterized by their poor solubility in water. The
inclusion of substrates (1-3) in the cavity of the host molecule will increase the solubility of the substance,
improve bioavailability and contribute to obtaining more in-depth data on their biological properties.

H H
[\
O M7 Ox UNH, o) NH—N=CQNO
~ N H ?
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Results and Discussion

The NMR spectroscopic study of supramolecular inclusion complexes (4-6), obtained on the basis of
functionally substituted hydrazone (1-3) of isonicotinic acid and cyclodextrins, is based on determining the
difference in the values of chemical shifts *H and *C of substrates and receptor (a-, p -, y-CD) in the free state
and in the composition of complexes as a result of intermolecular interaction.

The NMR spectrum of an individual B-CD (Fig. 1) is characterized by the manifestation of six groups of
signals in the region 3.23-3.32; 3.45-3.60; 4.47-4.49; 4.77-4.78; 5.66; 5.71-5.73 ppm.

337
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\ // (H1) (OHE) (H6a.5) (H2 H4)
5.38.
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Figure 1. *H NMR spectrum of B-CD

Doublet signal in the range 5.71-5.73 ppm with a splitting of 4 Hz, it belongs to the proton of the hydroxyl
group at the C-2 atom. The proton of the OH group of a neighboring atom (OH-3) located in the internal cavity
of the B-CD molecule (6=5.66 ppm, doublet) also resonates in the low-field region. Doublet signal in the region
of 4.77-4.78 ppm corresponds to the proton H-1 3-CD. The location of this proton in a weaker field compared
to the protons of other CH groups is due to the influence of the oxygen atom. The hydroxyl group OH-6
resonates, splitting into a triplet with a center at 4.48 ppm. In the region of a strong field at 3.49-3.60 ppm
signals of protons H-6a, b of the methylene group are observed. High-intensity signal at 3.45 ppm corresponds
to the protons H-3 and H-5 of the glucopyranose link. In the range from 3.23 to 3.32 ppm. methine protons H-
2 and H-4 are manifested [8, 11, 23, 29, 30].

The carbon NMR spectrum of B-CD (Fig. 2) represents six signals of **C nuclei of the elementary unit.
In the strong-field part, the signal of the C-6 carbon atom appears at 60.41 ppm. Signals at 72.49, 72.85 and
7351 ppm are caused by C-5, C-2 and C-3 atoms, respectively. In the region of a weaker field at 82.02 and
102.41 ppm signals of carbon atoms C-4 and C-1 are observed, respectively, directly connected to the adjacent
glucopyranose link through the oxygen bridge.

Studying the one-dimensional spectra of -CD in the free and bound state) reveals the pattern of displace-
ment of all *H and *3C signals of the host molecule to the weak field region, which confirms the non-valent
binding with the guest.

For proton spectra, the largest difference in the values of the chemical shift (Ad = + 0.10 ppm) is charac-
teristic of the intraspheric protons N-3 and N-5, on the basis of which it can be concluded that an internal
(inclusion) complex with a substrate is formed. In the case of the carbon spectrum, the difference is more
significant and ranges from 0.05-0.25 ppm. Thus, the formation of supramolecular inclusion complexes is
established on the basis of changes in the NMR chemical shifts of the substrate and receptor atoms [28-33].
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Figure 2. 1*C NMR spectrum of B-CD

The study by NMR spectroscopy of supramolecular complexes is based on determining the difference in
the chemical shifts of H and **C of substrates (12-14) and receptors (B-CD, 2-hydroxypropyl -B-CD) in the
free state and in the composition of the complexes as a result of intermolecular interaction. By the magnitude
of the chemical shifts of the internal or external protons of the receptor, it is possible to reveal the formation
of internal (inclusion) or external (without inclusion) complexes, respectively. A change in the chemical shifts
of H and **C in the spectra of the substrates allows us to determine the direction of their entry into the cavity

of CD.

The structure of substrates for supramolecular self-assembly (1) and (2) was established based on the
results of *H and *C NMR spectroscopy obtained in DMSO-dg (Table 1, 2 (1) and 1, 3, 4 (2). One-dimensional
!H and C NMR spectra (1) and (2) was confirmed by two-dimensional correlation data of *H-'H COSY, H-

13C HMQC NMR spectra (Table 1).

Table 1
1H, 18C, 'H-'H COSY NMR spectroscopy data, H-3C HMQC substrates (1) and (2)
Sub- 3, ppm, J, Hz
strate H 13C 'H-'H COSY 'H-13C HMQC
1 2 3

1 1.06 t (6H, H-20,22, %J 6.9),
3.31-3.35 m (4H, H-19,21),
6.66 d (2H, H-14,16, %] 8.7),
7.48d (2H, H-13,17, %1 8.7),

7.77d (2H, H-3,5, 3] 4.6),
8.25s (1H, H-23), 8.72d (2H,

H-2,6, %] 4.6), 11.72 s (1H, H-9)

12.96 (C-20,23), 44.26

(C-19,21), 111.56 (C-14,16),

120.76 (C-12), 122.00
(C-3,5), 129.56 (C-13,17),
141.37 (C-4,11), 149.57
(C-2,6), 150.41 (C-15),
161.48 (C-7)

4
H1921-§2022 (1,03,
3.33; 3.32, 1.05);
HI317-[1416 (6,65,
7.48; 7.48, 6,66);

H35-H26 (7.76, 8.72;

8.71,7.77)

5
H?20:22_ (20,22 (1.03,
1293) Hl4,16_c14,16
(6.63, 111.53);

HlS,l?_clS,ﬂ (745’
129.54); H35-C35 (7.76,
121.92); H26-C%(8.70,

150.73)

2 | 7.38-7.43m (3H, H-15,19,17),
7.67 s (1H, H-13), 7.77 d (2H, H-
3,5,%1.8), 7.84 d (2H, H-16,18,
3)6.4),8.34 s (1H, H-11), 8.75 d
(2H, H-2,6), 12.19 s (1H, H-9)

119.50 (C-12), 122.07
(C-3,5), 128.99 (C-15,19),
130.01 (C-17), 130.34
(C-16,18), 135.04 (C-14),

139.37 (C-13), 140.85 (C-4),

149.53 (C-11), 150.90 (C-
2,6), 162.27 (C-7)

H16,18_H15,17,19 (740,
7.84;7.83, 7.43);
H26-H35 (7.76, 8.75;
8.74,7.77)

H519_ (1519 (740
129.31); HB3-C3 (7.67,
139.39); H35-C3° (7.76,

12207), HlG,lS_clS,lB
(7.85, 130.14); HH-C
(8.32, 119.49); H26-C2®

(8.74, 150.97)
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The ratio of the integral intensities of protons in the compounds under consideration corresponded to the
presented structures (1) and (2).
'H and C NMR spectra of B- and 2-hydroxypropyl-B-CD in the free state and supramolecular complexes
(4-6) based on them with substrates (1) and (2) are presented in Tables 2—4.

Table 2
Chemical shifts of *H and *C nuclei of the substrate (1)
and 2- hydroxypropyl-g-cyclodextrinin the free state (80) and in the complex (4) (8)
nﬁrtﬁl;ner Group q . oM 3C q .ppm 30 1q 455 |80 1380
Substrate (1)
2 CH 8.72 149.57 8.71 150.75 -0.01 1.18
3 CH 7.77 122.00 7.76 121.99 -0.01 -0.01
4 C 141.37 141.69 0.32
5 CH 7.77 122.00 7.76 121.99 -0.01 -0.01
6 CH 8.72 149.57 8.71 150.75 —-0.01 1.18
7 C 161.48 163.82 2.34
9 NH 11.72 11.63 -0.11
11 CH 141.37 141.69 0.32
12 C 120.76 120.94 0.18
13 CH 7.48 129.56 7.48 129.55 0 -0.01
14 CH 6.66 111.56 6.68 111.60 0.02 0.04
15 C 15041 151.53 1.12
16 CH 6.66 111.56 6.68 111.60 0.02 0.04
17 CH 7.48 129.56 7.48 129.55 0 -0.01
19 CH> 3.35 44.26 3.36 44.27 0.01 0.01
20 CHs 1.06 12.96 1.00 12.84 -0.06 -0.12
21 CH; 3.35 44.26 3.36 44.27 0.01 0.01
22 CHs 1.06 12.96 1.00 12.84 -0.06 -0.12
23 CH 8.25 8.26 0.01
2-HP-B-CD
1 CH 4.79 102.33 4.80 102.29 0.01 -0.04
2 CH 3.26 72.56 3.28 72.94 0.02 0.38
3 CH 3.70 73.56 3.73 73.55 0.03 -0.01
4 CH 3.18 82.11 3.21 82.20 0.03 0.09
5 CH 3.56 72.56 3.60 72.30 0.04 -0.26
6 CH; 3.56 60.40 3.60 60.43 0.04 0.03
Table 3
Chemical shifts of *H and *3C nuclei of the substrate (2)
and B-cyclodextrin in the free state (80) and in the complex (5) (8)
nﬁ;?tr)gr Group H b BC H 2 PR B5C H fom BC
1 2 3 4 5 6 7 8
Substrate (2)
2 CH 8.75 150.90 8.38 150.98 -0.37 0.08
3 CH 7.77 122.07 7.95 124.49 0.18 2.42
4 C 140.85
5 CH 7.77 122.07 7.95 124.49 0.18 2.42
6 CH 8.75 150.98 8.38 150.98 -0.37 0.08
7 C 162.27
9 NH 12.19 12.19 0
11 CH, 8.34 149.53 8.38 0.04
12 C 119.50
13 CH. 7.67 139.37 7.95 0.28
26 BecTHuk KaparaHgmMHCKoOro yHusepcureTa
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Continuation of Table 3

1 2 3 4 5 6 7 8

14 C 135.04 133.50 -1.54
15 CH 7.43 128.99 7.53 129.42 0.10 0.43
16 CH 7.84 130.34 7.95 131.17 0.11 0.83
17 CH 7.43 130.01 7.53 132.11 0.10 2.10
18 CH 7.84 130.34 7.95 131.17 0.11 0.83
19 CH 7.43 128.99 7.53 129.42 0.10 0.43

B-CD
1 CH 4,77 102.40 4,79 102.46 0.02 0.06
2 CH 3.26 72.83 3.27 72.93 0.01 0.10
3 CH 3.58 73.54 3.60 73.57 0.02 0.03
4 CH 3.28 81.98 3.31 82.07 0.03 0.09
5 CH 3.50 72.50 3.51 72.56 0.01 0.06
6 CH, 3.58 60.42 3.60 60.45 0.02 0.03
Table 4

Chemical shifts of *H and *3C nuclei of the substrate (2)
and 2- hydroxypropyl-p-cyclodextrin in the free state (80) and in the complex (6) (8)

nﬁrt&?; ; Group do, PpmM o, ppm AS=0-8¢
lH | 13C 1H | 13C lH | 13C
Substrate (2)

2 CH 8.75 150.90 8.78 149.72 0.03 -1.82
3 CH 7.77 122.07 7.87 124.04 0.10 1.97
4 C 140.85 140.25 —-0.60
5 CH 7.77 122.07 7.87 124.04 0.10 1.97
6 CH 8.75 150.98 8.78 149.72 0.03 -1.82
7 C 162.27 163.61 1.34
9 NH 12.19 12.19 0

11 CH, 8.34 149.53 8.38 149.72 0.04 0.19
12 C 119.50

13 CH. 7.67 139.37 7.87 139.64 0.20 0.27
14 C 135.04 131.18 -3.86
15 CH 7.43 128.99 7.52 129.00 0.09 0.01
16 CH 7.84 130.34 7.87 129.42 0.03 -0.62
17 CH 7.43 130.01 7.52 129.42 0.09 -0.59
18 CH 7.84 130.34 7.87 129.42 0.03 -0.62
19 CH 7.43 128.99 7.52 129.00 0.09 0.01

2-HP-B-CD

1 CH 4.79 102.33 4.80 102.36 0.01 0.03
2 CH 3.26 72.56 3.28 72.91 0.02 0.35
3 CH 3.70 73.56 3.73 73.53 0.03 -0.03
4 CH 3.18 82.11 3.21 82.01 0.03 -0.10
5 CH 3.56 72.56 3.60 72.91 0.04 0.35
6 CH; 3.56 60.40 3.60 60.66 0.04 0.20

Comparison of the integral intensities of *H NMR signals of substrate molecules (1 and 2) and receptors
(B- and 2-hydroxypropyl-B-CD) in supramolecular complexes (4-6) showed that in all cases «guest-host»
complexes are formed. During the formation of the supramolecular complex (4), changes in proton chemical
shifts in the cyclodextrin molecule Ad occurred to a greater extent in the internal hydrophobic protons H-3, H-
5, H-6. The protons H-1, H-2 and H-4 located in the outer hydrophilic surface have insignificant changes.

In molecule (1), the largest changes in the proton spectra are observed for the diethylamine protons H-20,
H-22, H-19, H-21, and also for the phenylidene protons H-14 and H-16. Screening during complexation re-
quires protons and aromatic pyridine hydrophobic protons H-2.6 and H-3.5. It can be assumed that the higher
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supramolecular interaction of guest and host molecules is carried out using the above-mentioned protons in
the process of complex formation (4) (1: 2) (Figure 3).

Figure 3. Estimated supramolecular inclusion complexes (4)

The screening of external cyclodextrin protons is probably due to the intermolecular interaction of hy-
drophilic protons with the external hydroxyl groups of 2-hydroxypropyl--CD, as well as the possible slight
formation of external complexes [19-24]. A significant change in the chemical shifts of the imine proton H-9
is probably due to hydrophilic interaction with its hydroxy groups of the receptor.

The supramolecular self-assembly of the substrate (2) with B- and 2-hydroxypropyl-p-CDs with the for-
mation of supracomplexes (5) and (6) was also accompanied by a change in the internal hydrophobic protons
of the CDs and a slight screening of the external protons of the receptor. In molecule (1), the largest changes
in proton chemical shifts occurred in the phenyl and pyridine fragments. When using B-CD-receptor as the
receptor, the greatest changes in proton chemical shifts were observed in the protons of the pyridine fragment
of the complex (5), while the use of 2-hydroxypropyl-B-CD in supramolecular self-assembly with substrate 2
leads to the greatest change in the chemical shifts of protons phenyl radical in the supracomplex (6). The
proposed models of supramolecular complexes (5) and (6) are similar in structure and are presented in Figure
4.

Figure 4. Estimated supramolecular inclusion complexes (5) and (6)

In the *H NMR spectrum of compound (3), the proton H4 of the furan fragment appeared as a single-
proton doublet at 7.29 ppm. with 3J 4.4 Hz. The remaining furan proton H3 resonated together with the pyri-
dine protons H15.19 with a three-proton multiplet at 7.76—7.79 ppm. The pyridine protons N-16.18 manifested
themselves as a two-proton doublet at 8.77 ppm. with 3] 5.6 Hz. The proton H8 at the unsaturated carbon atom
and the amide proton H10 appeared as single-proton singlets at 8.36 and 12.41 ppm. respectively.

In the *C NMR spectrum of compound (3), the signals of the carbon atoms of the furan fragment appeared
at 115.08 (C3), 11.61 (C4), 151.83 (C5) and 152.59 (C2) ppm. The signals of the carbon nuclei of the pyridine
ring are observed at 122.07 (C15.19), 140.35 (C14) and 150.99 (C16.18) ppm. The unsaturated carbon atom
C8 resonated at 137.20 ppm. Chemical shift signal at 162.53 ppm corresponds to the carbon atom C11 of the
urea group [28-30].

The structure of compound (3) was also confirmed by the methods of two-dimensional NMR spectros-
copy COSY (*H-1H) and HMQC (*H-*3C), which allows one to establish spin-spin interactions of a homo- and
heteronuclear nature. The observed correlations in the molecule are shown in Figure 5. In the *H-'H COSY
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spectrum of compound (3), spin-spin correlations are observed through three bonds of the neighboring me-
thine-methine protons of the H4-H3 furan ring (cross-peak coordinates, ppm: 7, 28, 7.76 and 7.76, 7.28) and
aromatic protons H15.19-H16.18 (coordinates of cross peaks, ppm: 7.78, 8.76 and 8.7, 7.77) pyridine ring.
Heteronuclear interactions of protons with carbon atoms through one bond were established using *H-*C
HMQC spectroscopy (Figure 5) for all pairs present in the compound: H4-C4 (7.27, 116.62), H3-C3 (7.75,
115, 04), H15.19-C15.19 (7.76, 122.10), H8-C8 (8.35, 137.21), H16.18-C16.1 (8.77, 150.96).

As a result of the studies, the supramolecular complexes (7) and (8) were first obtained on the basis of
functionally substituted N '- ((5-nitro-furan-2-yl) methylene) isonicotinohydrazide with cyclodextrins (B-CD
and 2-hydroxypropyl-B- CD).

a b
Figure 5. Correlation scheme in the spectra of HMQC (a) and COZY (b) compounds (3)

The study of supracomplexes with 3-CD (7) and 2-hydroxypropyl-p-CD (8) showed that in both cases
substrate inclusion complexes (3) with a cyclodextrin receptor cavity are formed. The greatest change in the
chemical shifts of protons in the process of formation of supra-molecular complexes occurs with the internal
protons H-3 and H-5 of the cyclodextrin cavity. In the formation of a substrate inclusion complex (3) with
B-CD, the greatest change in chemical shifts occurs with protons of the pyridine fragment. In the case of using
2-HP-B-CD, a proton of the furan cycle undergoes a greater change in chemical shifts. This indicates the entry
of the substrate molecule into the cyclodextrin cavity by the pyridine fragment in the case of using f-CD-Na
(Scheme 1) and the furanose cycle in the case of 2-HP-B-CD (Scheme 2).

©) ®)

Scheme 2. Formation of a supramolecular complex (8)
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The *H and **C NMR spectra of compound (3) in the free state and in the composition of supramolecular
complexes (7) and (8) obtained in DMSO-ds are presented in Tables 5 and 6.

Table 5
Chemical shifts of *H and *C nuclei of the substrate (3)
in the free state (60) and in the complexes (7) (81), (8) (62)
Atom Group 3¢ 'H
number o) o9 o1 Ad1= 81—09 02 Ad2= d2—09
2 >C< 152.59
3 CH 115.08 7.78 7.77 -0.01 7.90 0.12
4 CH 140.35 7.29 7.28 -0.01 7.26 -0.03
5 >C< 151.83
8 =CH 137.20 8.36 8.35 -0.01 8.38 0.02
10 NH 12.41 12.41 0
11 >CO 162.53
14 >C< 140.35
15 CH 122.07 7.78 7.75 -0.03 7.78 0
16 CH 150.99 8.77 8.75 -0.02 8.75 -0.02
18 CH 150.99 8.77 8.75 -0.02 8.75 -0.02
19 CH 122.07 7.78 7.75 -0.03 7.78 0

A comparison of the integral intensities of *H NMR signals of molecule (3) with B- and 2-hydroxypropyl-

B-CD in supracomplexes showed that in both cases complexes of the composition of one substrate molecule
per one receptor molecule are formed. The resulting products form a mixture capable of dissolving in water or
forming stable aqueous dispersions.

To obtain inclusion complexes of functionally substituted N'-((5-nitrofuran-2-yl)methylene) isonicotino-
hydrazide (3) with B-cyclodextrins, we chose the coprecipitation method, since this method is simple and easy
to implement.

Table 6
Chemical shifts of H nuclei of p- and 2-hydroxypropyl-g-CD
in the free state (60) and as part of complexes (7) (81) and (8) (82), ppm
B-CD 2-HP-B-CD
Atom number do o1 Ad1= 81~ do o ) Ad2= 8,- 8o
1 4.77 4.77 0 4.79 4.79 0
2 3.26 3.25 -0.01 3.26 3.27 0.01
3 3.58 3.52 —0.06 3.70 3.73 0.03
4 3.28 3.28 0 3.26 3.27 0.01
5 3.50 3.58 0.08 3.54 3.50 -0.04
6 3.58 3.55 —0.03 3.56 3.58 0.02
7 3.26 3.26 0
8 3.70 3.70 0
9 0.98 0.96 -0.02

In order to study the biological activity of the obtained supramolecular inclusion complexes (4-6), we
evaluated their antiradical effect against 2,2-diphenyl-1-picryl hydrazide (DPPH). The antiradical effect of the
presented samples was investigated in relation to the radical 2,2-diphenyl-1-picryl hydrazide (DPPH?).

For the initial assessment of the antiradical activity of the studied samples in the test with the DPPH
radical, a methanol solution of DPPH (100 pM) was used. To select substances with a pronounced anti-radical
activity, 2 ml of 100 uM DPPH methanol solution was mixed with 20 ul of the test object dissolved in DMSO
at a concentration of 5 mM. Thus, the final concentration of the test substance in the reaction mixture was 50
uM. 10 minutes after adding the solution of the test compound to the solution of the DPPH radical, we measure
the decrease in optical density at 515 nm. For substances capable of reducing the optical density by more than
30 %, a test was carried out for interaction with the DPPH radical in the final concentrations of the investigated
substances 100, 75, 50, 25, 20, 10, and 5 uM. After that, the concentration of the test substance was determined,
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capable of 50 % reduction in optical density — 1Cso (DPPH) (Table 7). In a control in a 100 uM DPPH solution,
20 pl of a DMSO solvent was added.

Table 7
The optical density of a solution of 100 pM DPPH radical after 10-minute incubation

with the test substance in a final concentration of 50 pM

No Connection cipher Optigal The_ r_nagnitut_je of the decrease in_optiqal density
B density of the initial solution of the DPPH radical, in % of control
1 4 0.535 52.3
2 (5) 1.094 2.5
3 (6) 1.058 5.7
4 Control (DPPH solution 1.122 -
without test sample)

From Table 7 we see that compound (4) in a final concentration of 50 uM reduces the optical density of
the initial solution of the DPPH radical by 52.3 %, and therefore, is promising for further studies. The remain-
ing compounds did not show pronounced antiradical activity under the conditions of this test system.

In the second series of experiments, we studied the ability of compound (4) and of ascorbic acid at various
concentrations (from 5.0 to 100 uM) to interact with the DPPH radical (Tables 8, 9). Using the calibration
curves, we determined the concentrations of compound (4) and of ascorbic acid, capable of 50 % reduction in
the optical density of a 100 uM solution of the DPPH radical. For compound (4), the 1Cso(DPPH) was found
to be 46.4 um. For ascorbic acid, the ICso (DPPH) was found to be 21.14 uM.

Table 8

The optical density of a solution of 100 pM DPPH radical after a 10-minute incubation
with compound (4) in final concentrations in the reaction mixture of 100, 75, 50, 25, 20, 10 and 5 uM

The final concentration of compound (4) Optical

No . . . ;
in the reaction mixture, uM density
1 100 0.079
2 75 0.275
3 50 0.491
4 25 0.723
5 20 0.798
6 10 0.907
7 5 0.963
Control (DPPH solution without test sample) 1042

Table 9

The optical density of a solution of 100 pM DPPH radical after a 10-minute incubation
with ascorbic acid in final concentrations in the reaction mixture of 25, 20, 10 and 5 pM

No The final concentration of ascorbic acid Optical

B in the reaction mixture, uM density
1 25 0.429
2 20 0.545
3 10 0.792
4 5 0.914
Control (DPPH solution without test sample) 1.042

Conclusions

Thus, supramolecular complexes based on functionally substituted N-benzylidene and allylideneisonico-
tinohydrazide with cyclodextrins (B-CD, 2-hydroxypropyl-p-CD) were obtained and their structures were stud-
ied by NMR spectroscopy. It was shown that the products obtained form a mixture capable of dissolving in
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water or forming stable aqueous dispersions. The antiradical effect of the synthesized supramolecular inclusion
complexes with respect to the DPPH radical was evaluated. The antiradical activity in the conditions of this
test system was shown by the sample (4). The concentration was determined, capable of 50 % reduction in the
optical density of 100 uM solution of the DPPH radical. For compound (4), the 1Cso (DPPH) was 46.4 uM.

According to our data, ICso (DPPH) (uM) for the reference sample, in this case, for ascorbic acid was
21.1 uM. The activity of the sample of compound (4), for which the ICso (DPPH) was equal to 46.4 uM and is
inferior to the reference sample of ascorbic acid.

According to the literature [18-26], the ICso (DPPH) (uM) for ascorbic acid is 27, for glutathione is 49,
for hydroquinone is 27, for trolled is 28, for a-tocopherol is 28. Thus, the activity of the compound (4) is
comparable to the activity of the glutathione known antioxidant.
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C.J. ®a3puios, O.A. Hypkenos, A.)K. Mykaiiesa,
T.M. Ceiinxanos, 3.T. lllynsray, ©.M. Kanxyman

DOYHKUMOHANIBI aybIcKaH N-0eH3UInIeH- JKIHe
AJIMIMIEHU30HUKOTUHTHAPA3HATEPAIH 0JTUT0caXapuATepMeH
CyNpaMoJIeKyJsIpPJbl KOChLIY KellleHepi skoHe oJIapAbIH KacueTrTepi

N-OeH3MIIICH- JKOHE AJUTMIIMACHU30HUKOTHHTHAPA3UATEPIiH IUKIIIK OJUrocaxapuarepMed (- xoHe 2-Tui-
POKCHTIPOIUII-B-IIMKIOAEKCTPUHAEPMEH ) KOCBLTY IBIH CYIIPaMOJIEKYIJIAPIIBIK KEIICHAEPiHiH CHHTE31 MEH KYpbI-
JIBIMJIBIK €PEKILIEIIKTEPiH 3epTTeY HOTHKENIEPi YCHIHBUTFaH. AJIBIHFaH CyTIPaMOJIEKYJIAPIIbI KOCY KeIIeHAepiHiH
KypbuIbiMbI IMP 6ip enmemai *H, 3C xone koc enmmemai COSY (*H-'H), HMQC (*H-'3C) sxone TOCSY (*H-
1H) cniekTpocKonHs SiCTEPiH KOJIIaHa OTHIPLII 3epTTeirel. CynpaMoIeKyJIapiibl KOCY KEUIEHAepiHiH Ty3iyi
cyOcTpar atroMaapbl MeH penentopiaapasH SIMP XUMUSIBIK BIFBICYBIHBIH ©3repy HeriziHzae OenrileHreH.
ChekTpJIik JepeKkTep/i Tajaay Heri3iHjae ajblHFaH CyNpaMOoJIEeKyISIpIbIK KOCBUIBIM KeIIeHIepiHiH 00mKaMIbl
cxemaiapsl OepiiareH. 3epTTeneTiH ruapasHHAi cyOcTpaTTapAblH HUKIOAEKCTPUHAEPMEH 63apa dpeKeTTecyi
Ke3iHze CyOcTpaT MOJIEKYJIaChIHBIH PEIeNTOP IBIH 1MIKi KybIChIHA eHyiMeH 1:1 sxoHe 1:2 kemmeHaepi Ty3ineTiHi
aHBIKTAJIFaH. AJIBIHFaH OHIMIEp CyJa epyre HeMece TYPaKThl Cy ITUCTIePCHsUIaphIH KypyFa KabinerTi. 2,2-am-
(enmt-1-muKpuI-ruipasu-pauKalFa KaThICThl CHHTE3/ICITeH CYIPaMOJIeKyJISIpIIbl KOCY KEIIeHIEPiHiH aH-
TUpaAUKaIIB! ocepi Oaramanapl. OCHl TeCT-XKyie KaFJaibIHAa aHTHPaTUKaIIbl OCICeHIUTIKTI TeK N-(auaTH-
JIAMHUHO)OeH3WINACHU30HUKOTHHOT UAPA3U/ CYTIPaMOJIEKYJIPIBIK KEIIeHi FaHa KOPCETTi.

Kinm ce3dep: onurocaxapuarep, TuApa3oOHIap, MIUKIOACKCTPHH, KOChUTY KemieHaepi, SIMP cniekTpockonuschl,
cybcTpar.

C.[. ®azpuios, O.A. Hypkenos, A.JK. Mykaiiesa,
T.M. Ceiinxanos, 3.T. lllynsray, A.M. XKanxyman

CynpamoJsiekyjasipHble KOMILUIEKCHI BKJI4YeHUs (PYHKIHMOHAIbHO-3aMelleHHbIX
N-OeH3u/IMIeH- U AJUTHIHAEHU30HUKOTHHOTHAPA3HI0B
€ 0JIMrOcaxapuJIaMM U UX CBOMCTBA

PaccMoTpeHsI pe3ynbTaThl H3yUeHUs CHHTE3a U CTPYKTYPHBIX OCOOCHHOCTEH CyIpaMOoIIeKy IIPHBIX KOMIIIEK-
coB BkoueHHs N-OeH3mmmieH- U TN ASHH30HUKOTHHOTUAPA3U/IOB C IIMKINIECKUMH OJIUTOCaxapHaaMu
(¢ B- n 2-rungpokcunponmi-B-nukaoaexcTpuHamu). CTpoeHue NoIydeHHbBIX CyTIPaMONIEKYIIIPHBIX KOMILUICKCOB
BKJIFOYEHHS U3YYEHO C IpUMeneHneM MetooB SIMP oxnomeproii *H, 3C u DEPT u gBymepHOit ciekTpocKo-
mau COSY (*H-H), HMQC (*H-13C) u TOCSY (*H-'H). O6pa3oBanue cynpaMoneKyIsSpHbIX KOMILIEKCOB
BKJIIOUCHHS BBISIBIICHO Ha OCHOBE M3MEHEHHI XxuMuueckux capuro SIMP atomoB cyGcerpata 1 penentopa. Ha
OCHOBAaHHUM aHAJIN3a CIIEKTPAJIbHBIX JAHHBIX NMPEICTABIEHBI IIPEANOJaraeMble CXeMbl MOJIYYEHHBIX CyIpaMo-
JIEKYJIAPHBIX KOMIUIEKCOB BKJIIOUEHMS. Y CTAHOBJICHO, YTO NPH B3aUMOAEHCTBUHM H3YyYaeMbIX THAPA30HOBBIX
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CcyOCTpaToB ¢ MUKJIOAEKCTPUHAMH 00pa3yloTCsl KOMIUIEKCH BKIodeHus 1:1 u 1:2 ¢ BXO)KIEHHEM MOJIEKYJIbI
cyOcTpara BO BHYTPEHHIOIO OJIOCTh perenTopa. [1oaydeHHbIe TPOAYKTHI CIIOCOOHBI PACTBOPATHCS B BOJIE MM
00pa3oBbIBATh YCTOHUMBBIE BOJHBIC AucniepcHu. OLEHEHO aHTUPaJUKAIbHOE ICHCTBHE CHHTE3UPOBAHHBIX CY-
MPaMOJIEKYJISIPHBIX KOMIUIEKCOB BKJIIOUSHHUS B OTHOLIEHHH 2,2 - i eHn- 1-mukpui-ruapasua-paaukaina. AH-
THpaIUKAITEHYI0 aKTHUBHOCTD B YCIIOBHSAX JAHHOH TECT-CHCTEMBI IPOSBIII TOJIBKO CYIIPAMOJICKYISIPHBIH KOM-
iekc N-(IuaTrIaMuHO )OS H3MIN ICHU30HUKOTHHOTUIpasu .

Kniouesvie cnosa: omurocaxapuabl, THAPA30HbI, IHUKIOJEKCTPHH, KOMIUICKCH BKJIIOUEHHUS, CIIEKTPOCKOIHS
SIMP, cybetpart.
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Investigation of intermolecular proton exchange of 3,6-di-tert-butyl-2-oxyphenoxyl
with N-phenylanthranilic acid by ESR spectroscopy method

In this work we studied the intermolecular proton exchange (IPE) reaction between the spin probe of 3,6-di-
tert-butyl-2-hydroxyphenoxyl (1) and the aromatic amino acid N-phenylanthranilic acid (N-PhAA). The exper-
imental spectra of the 3,6-di-tert-butyl-2-hydroxyphenoxyl-N-phenylanthranilic acid system were recorded us-
ing dynamic EPR spectroscopy. The studies were carried out in a non-aqueous indifferent solvent toluene in a
wide temperature range. The theoretical EPR spectra of the radical | — N-PhAA system corresponding to
various process rates were successfully simulated using the ESR-EXHANGE program. This program is written
in the modern version of the algorithmic language Fortran 90. The general line-form equation for the four-jump
model have been derived from the modified Bloch equations. The second-order rate constants for the intermo-
lecular proton exchange process between radical | and N-PhAA were determined by comparison of the exper-
imental and simulated EPR spectra. The iterative least squares procedure was used for computer analysis of the
kinetic data of intermolecular proton exchange and for obtaining activation parameters of the reaction. From
kinetic data it follows that N-phenylanthranilic acid has the lowest value of protolytic ability in comparison
with aminobenzoic acids.

Keywords: ESR-spectroscopy, spin probe, semiquinone radical, anthranilic acid, N-phenylanthranilic acid, 3,6-
di-tert.butyl-2-hydroxyphenoxyl, OH-acids, proton exchange reactions, Bloch equation.

Introduction

It is well known that amino acids play an important role in chemical and biological processes [1]. An-
thranilic acid (AA) is an indispensable participant in various biosynthesis processes. Currently, anthranilic acid
and its derivatives including N-phenylanthranilic acid are actively studied by both experimental and quantum-
chemical methods. Such interest is caused by the widespread use of these aromatic amino acids in both phar-
maceutical and organic chemistry and serves as the starting material for the synthesis of various substances
[2-4].

The stable semiquinone radical 3,6-di-tert.butyl-2-oxyphenoxyl (1) was used as acid spin probe for inves-
tigations of protolytic ability of different acids and bases such as carbonic acids, alcohols, tertiary amines,
alkaloids, nitrogen heterocycles in organic solutions [5-8].

Thus the aim of this paper was to investigate the protolytic properties of N-phenylanthranilic acid with
3,6-di-tert.butyl-2-oxyphenoxyl spin probe by ESR spectroscopy method.

Experimental

N-phenylanthranilic acid (C1sH11NO,, T = 182-183 °C) was purified by recrystallization of the acid
from ethanol [9].
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3,6-di-tert-butyl-o-benzoquinone (C14H200>) and 3,6-di-tert-butylpyrocatechol (C14H2,07) were purified
by recrystallization from tetrahydrofuran.

3,6-di-tert-butyl-2-hydroxyphenoxyl radicals was obtained by dissolving the mixture of 3,6-di-tert-butyl-
0-benzoquinone and 3,6-di-tert-butylpyrocatechol in toluene in vacuum. Toluene was dried by standard pro-
cedures before use [9].

ESR spectra were recorded on a RE-1306 spectrometer (X-band) using a temperature block in the range
of 200400 K. The theoretical EPR spectra were calculated using the modified version ESR-EXHANGE pro-
gram [10]. The program was written in Fortran language using the Visual Studio 2019 software package.

Intermolecular proton exchange can be represented for semiquinone radicals, taking into account the in-
tramolecular processes by the following schemes:

go e
D

Four-jump model and the modified Bloch equation is the basis of the developed program for the simula-
tion of the ESR spectra of the radical and comparison with experimental data. ESR spectra are calculated from
the coupling constants, the populations, the rate constants and the line widths of the all chemical configurations
of radicals. The obtained kinetic data are subjected to statistical processing by the least squares method [10].

Results and Discussion

Intermolecular proton exchange for 3,6-di-tert.butyl-2-oxyphenoxyl with N-phenylanthranilic acid taking
into account tautomeric transformations can be represented by the following scheme:

C(CHs); C(CH3)3
OH OH
* k
+ HAc ‘—2—‘ + HAc
ky
(0] O-
C(CHa)s C(CH3)3
ki || k kl“ k, (2)
C(CH3)3 C(CHa)3
of o)
* k
+ HAc ‘—;‘ * HAc
kZ *
OH OH
C(CH3)s o C(CHs); p

where A, B, C, D denote same forms of radical | differing spin of the hydrogen atom [8].

Studies were performed in a degassed, saturated solution of N-PhAA in toluene [11]. Figure 1 illustrates
the ESR spectra of the radical | with N-phenylanthranilic acid to the solution of toluene (N-PhAA concentra-
tion 0.09 mol/l) as a function of the temperature.

The ESR spectra of the 3,6-di-tert.butyl-2-hydroxyphenoxyl radical presented triplet of doublets with the
hyperfine interaction constants (hfc) of aromatic protons equal to as = 0.392 mT and with the hfc the proton
of the hydroxyl group equal to a+°" = 0.162 mT respectively. The broadening of the lines leading to a decrease
in the hydroxyl proton constant indicates the presence of intermolecular proton exchange and the transfor-
mation of the radical spectrum from a triplet of doublets to a triplet. An analogous dependence is observed in
the ESR spectra of the investigated radical and in the presence of others acids. In accord with the theory, such
broadening of the lines in the ESR spectra is accompanied by a decrease in the hyperfine interaction. As can
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be seen from Figure 1 the ESR spectrum of the radical undergoes a characteristic broadening of the lines
corresponding to the intermolecular proton exchange, broadening increases with rising temperature.

The resulting complex due to the hydrogen bond between N-PhAA and the radical is quite strong. This
effect slows down the rate of intramolecular tautomerism in the radical. This is evidenced by a decrease in the
intensity of the central components of the triplet (Fig. 1 e).

S -

U

Q

a — Kexch =3.56x108 mol-'st at 397 K; b — Kexen=2.76x108 mol-s? at 382 K; ¢ — Kexch =2.44x108 mol-lst at 374 K;
d — Kexch =1.33x108 mols?t at 351 K; @ — Kexch =3.11x107 mol-'st at 295 K.
Linewidth = 0.035 mT. Concentration of N-PhAA is 0.09 mol/Il

Figure 1. Left: Temperature-dependent ESR spectra of 3,6-di-tert-butyl-2-oxyphenoxyl + N-phenylanthranilic acid
in toluene, 290-400 K; Right: the simulated spectra

Kinetic parameters of 3,6-di-tert.butyl-2-hydroxyphenoxyl with N-phenylanthranilic acids intermolecu-
lar proton exchange were calculated using the program in the algorithmic language Fortran. The data obtained
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are presented in Table 1. The kinetic parameters of some acids are also presented in Table 1 [12-13]. The
Eyring plot gave a clear linear relationship between In kexch and 1/T with correlation coefficient r = 0.98

(Fig. 2).
8.25
8.15
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7.95 ®

7.85

Ig kexch

7.75
7.65 & &

7.55
2.50E-03 2.70E-03 2.90E-03 3.10E-03 3.30E-03

1/T

Figure 2. Eyring plot of the intermolecular rate constant (Kexcn) for 3,6-di-tert-butyl-2-oxyphenoxyl +
+ N-phenylanthranilic acid obtained from simulations of the ESR spectrum

Table 1
Kinetic parameters of the fast intermolecular proton exchange reactions between radical |
and various OH-acids in toluene
. kexch (293K), kOEXCh; Eal

Acid limol's Vimols kI/mol PKa
Benzoic (1.32+0.11)-108 6.01-10° 9.3£0.9 4.18
Salicylic (1.48+0.09)-107 8.57-10° 15.5+0.5 3.00
Anthranilic (L76+0.21)-108 9.34-10° 9.7+0.2 4.95
2-Aminobenzoic
3-Aminobenzoic (2.55+0.19)-108 7.22-10° 8.2+0.9 4.73
4-Aminobenzoic (2.93+0.15)-108 1.52-10%° 9.6+0.9 4.64
N-Phenylanthranilic a7 19
2-(Phenylamino)benzoic (3.15+0.20)-10 9.25-10 13.8+1.1 5.28

A comparison of the kinetic parameters of the proton exchange of N-phenylanthranilyc acid with similar
parameters anthranilyc acid shows that the exchange rate is slightly lower, and the activation barrier is higher
by 3 kJ / mol, as shown in Table 1. The decrease in the reaction rate is possibly associated with the formation
of a stronger intramolecular complex between the carboxyl group and amino group acid. A second benzene
ring conjugated to the nitrogen atom of the amino group acts on the complex being formed.

Conclusions

Comparison of the protolithic properties of N-phenylanthranilyc acid showed that the acid was the weak-
est acid submitted. The molecular structure of N-phenylanthranilyc acid presents coplanarity between the car-
boxylic group and the nitrogen atom of the aromatic ring. In turn the lone pair on the nitrogen atom is in
resonance with the aromatic rings. Perhaps that the molecular coplanarity is a consequence of the formation of
a hydrogen bond between the oxygen of the carboxyl group and the hydrogen of the amino group. The
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difference in the protolytic properties of anthranilic acid and N-phenylanthranilic acid is due to the influence
of the second aromatic ring bound to the nitrogen atom.

In addition, interpretation of the obtained experimental data requires the use of corresponding quantum
chemical calculations.
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C.H. Hukonsckuii, ®.0K. Adomikanosa, A.C. I'oj10BeHKO,
N.A. Ilycronaiikuna, A.C. MacaiumoB

3,6-1u-TpeT-0yTHII-2-0KcUeHOKCHIAIH N-peHNnTaHTPAHWI KbIIIKbLIBIMEH
MoJIeKyJIaapajbIK NPOTOoH aaMacybiH JIIP-ciekTpockonus daicimeH 3eprrey

Maxkanana 3,6-mu-tper-Oytmin-2-runpokcudenokcnn (I) Mmen N-peHUIaHTaHpaHUT KBIIKBUIBIHBIH CIHHIIK
30H/ apachbIHIaFbl MOJIEKYJIaapajblK MPOTOH anMacyblHbIH (MIIA) peakuuscsl 3epTrenreH. [lMHaMHKaIbIK
OIIP CHeKTPOCKOMHSCHIHBIH KeMeriMeH 3,6-aAu-TpeT-0yTuin-2-runpokcuipenokcun — N-(eHuTaHTpaHmI
KbIIKbUTEL (N-DAK) sxylieciHiH TaxiprOenik cieKTpiiepi TipkenreH. 3epTTey KYMBICTaphl KeH TeMIepaTypa-
JBIK TUana3oHIarsl Cychl3 HAN(depeHTTi Tomyon epitkiminae xypriziaren. ESR-EXHANGE 6arnapnama-
CBIH KOJIZIaHa OTBIPHIT, dPTYPII TEXHOJOTHSIIBIK JKbUIIaMabIKTapFa coiikec keneTin | — N-PAK pangukammst
xKyHeciniy Teopusutslk DIIP criektpiepi cotTi Typre moaenbaenai. barmapmama Fortran 90 anropurmaik Timi-
HiH 3aMaHayH HYCKACBIHJA Ka3bUFaH. TepT cexipMeni MO/eNbIe apHalFaH ChI3BIK (JOPMACHIHEIH >KaJIIbl TEH-
neyi Mmogudunuprierrer biox teHneynepineH anbiarad. Pagukan [ sxone N-OAK apacsiHmarel Mosiekynaapa-
JIBIK ITPOTOH aJIMacy MPOLECiHIH eKiHIII PeTTi )KbIIIaMABIK TYPaKThUIBIKTaphl TKIPHOETiK KIHE MOACIbICH-
rex DIIP criekTprepiH canbICTBIPY apKbUIbl aHBIKTa FaH. EH a3 KBagpaTTapblH UTEPaLHSIIbIK IPOIEAYpaCchl
MOJICKYJ1aapajblK MPOTOH ajJMaCybIHbIH KMHETHKAJIBIK MOIIMETTEPiH KOMITBIOTEPIIIK Talqay )KoHE peakius-
HBIH aKTHUBTEHY MapaMeTpliepiH ay YUIiH KongaHburraH. KuHeTnkanslk MaiiMertepaeH N-(eHnIaHTpaHuI
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KBIIIKBUTBI aMUHOOCH30M KBIIIKBUIAAPBIMEH CAJIBICTBIPFaH/Ia TOMEH MPOTOJIUTTIK KaOIJISTTUTIKKE Ue SeKSH T
aHBIKTaJIFaH.

Kinm ce30ep: DIIP crieKTpOCKONHACH, COHUHIIK 30H, CCMUXHHOH/BI PaIUKall, aHTPAHMII KBIIIKBLUTBI, N-(QeHu-
JAHTPaHWI KBIIIKBUTEL, 3,6-MU-TpeT-0yTii-2-okcudenokcmi, OH-KpIIKpUIIAP, MPOTOH aiMacy pPeakIuscChl,
Brox texneyi.

C.H. Hukonsckuii, ®.0K. Admikanosa, A.C. ["'omoBenko,
N.A. Ilycronaiikuna, A.C. MacainmoB

HccienoBanue Me:kM0J1€KYJIAPHOTO NPOTOHHOT0 00MeHa
3,6-1u-TpeT-0yTHJI-2-okcupeHokcuiia ¢ N-GpeHHIaHTPAHUIOBOI KUCJIO0TO#
MetoaoM JIIP-cniekTpockonum

B craTpe nccnenoBana peakust MEKMOJICKYJISIPHOTO IPpoToHHOTo o6Mena (MIIO) Mex Ty CIMHOBBIM 30HIOM
3,6-nu-Tpet-0yTHi-2-ruapokcuderokcunom (I) u apomaruueckold aMHHOKHCIOTONH N-(eHuIaHTpaHuIoBo#
kucnoroit (N-®AK). DKcnepUMEHTANIbHBIC CHEKTPBI CHCTEMBI 3,6-1H-TpeT-0yTHII-2-THAPOKCH(EHOKCHIT —
N-¢pennnanTpannIoBast KUCIOTa PErHCTPHPOBAIN € TIOMOIIbI0 quHamudeckoit DITP-cnekrpockomun. Hccne-
JIOBaHUS IPOBOMIIUCH B HEBOAHOM HHIU((HEPEHTHOM PACTBOPHUTENIE — TOIyOJIE B MIMPOKOM TEMIIEPaTypHOM
nmuana3one. Teoperuueckue cekTpsl DIIP cucremsr pagukan | — N-DAK, cooTBeTCTBYIOMNE pa3InIHBIM
CKOPOCTSIM TIpoIiecca, ObUTH YCIIEIIHO CMOJIENUPOBaHbI ¢ Hcmoib3oBanueM mporpammbel ESR-EXHANGE.
IIporpamMMa ObLTa HamKCaHa HA COBPEMEHHOW BEPCHHU alrOPUTMHUECKOTO si3bika DopTpan 90. Obmiee ypaBHe-
HHe (HOPMBI JIMHUM JUIS YETHIPEXIIPHDKKOBOM MOJENH ObUIO MOJIy4eHO M3 MOIH(UIMPOBAHHBIX ypaBHEHUIH
brnoxa. KoHCTaHTBI CKOPOCTM BTOPOTO MOpsAKA AU TIPOIecca MEXMOJEKYJSIPHOTO NPOTOHHOTO OOMeHa
Mmexny pagukanoM 1 u N-OAK Obutn onpeneneHs! MyTeM CpaBHEHHS SKCIICPHMEHTAIBHOTO M MOJEIEHOTO
criektpoB OIIP. tepaTtuBHas npoueaypa HAMMEHBIINX KBaAPATOB OblIA HCIONB30BaHA AT KOMITBIOTEPHOTO
aHaNM3a KHHETHYECKUX JAHHBIX MEKMOJIEKYJISIPHOTO IPOTOHHOTO 0OMEHa U MOMy4eHHs aKTUBAI[HOHHBIX Ia-
paMeTpoB peaknud. M3 KMHETHYECKMX NAaHHBIX CliexyeT, 4To N-(eHWIaHTpaHWIOBas KUCIOTa oOnamaer
HaMMEHBIINM 3HaY€HHEM IPOTOIUTHUECKOH CIIOCOOHOCTH 110 CPAaBHEHUIO C aMHHOOCH30HHBIMU KHCIIOTAMHU.

Kurouesvie crnosa: IIIP-crieKTpOCKONHSI, CIUHOBBIN 30H, CEMUXWHOHOBBIN pajiKall, aHTPAHUJIOBAsl KUCIIOTA,
N-deHnnanTpaHmIoBas KHCI0Ta, 3,6-au-TpeT-0yTHi-2-okcupeHokcmn, OH-KHCIOTh, peakiud TPOTOHHOTO
obOMeHa, ypaBHeHue bioxa.
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Thermal and electrochemical reduction of nickel (11) ferrite
under the influence of polymer stabilizers

Nickel (1) ferrite samples have been prepared by co-precipitation of metal salts in an aqueous solution without
and with the addition of polymer stabilizers (polyvinyl alcohol and polyvinylpyrrolidone) and further heat treat-
ment at 500 °C, 700 °C and 900 °C. Their structural-phase changes before and after using as catalysts in the
electrohydrogenation of acetophenone were revealed by X-ray phase analysis. Morphological features of the
obtained NiFe204 and NiFe204+ polymer samples were studied by electron microscopy. It has been established
that the addition of polymer stabilizer into the co-precipitation medium and its partial preservation in the com-
position of precursors (metal hydroxides and oxides) and in the formed nickel (1) ferrite have a noticeable
effect on the structural-phase constitutions of the samples prepared. Differences in the phase constitutions are
also depend on the heat treatment temperature of these samples. It was shown that, in contrast to nickel ferrite
synthesized without stabilizers, NiFe204 + polymer samples are partially reduced during heat treatment and
additionally in an electrochemical system with the formation of Ni- and Fe-Ni-containing composites. The
reduced samples of nickel (I1) ferrite were tested for their ability to exhibit electrocatalytic properties in the
electrohydrogenation of acetophenone. Their low electrocatalytic activity in this process was determined, which
is presumably conditioned by the structure of Fe-Ni-alloy particles with iron content predominant, as well as
by the presence of magnetite inhibited the activity of nickel particles.

Keywords: nickel (1) ferrite, co-precipitation method, heat treatment, electrochemical reduction, nickel and
iron zero-valence particles, electrocatalytic hydrogenation, acetophenone.

Introduction

Ferrites are magnetic oxide metal compounds with the general structural formula MFe,O4 (M = doubly
charged metal ion, for example, Cu, Ni, Co, Zn, Mn, Mg, etc.), in which magnetic and electrical properties are
combined peculiarly. It should be noted the ecological safety of these materials due to their high thermal stability
(melting and decomposition temperatures above 1500-1700 °C), lack of toxicity and insolubility in water.

Materials based on metal ferrites are widely used in instrument engineering, radio electronics, electro-
technical industry, in catalysis and other branches of science and technology. In catalysis, ferrites of transition
metals (Co, Ni, Cu, Zn) and their mixed compositions have been successfully applied. The particle size of such
catalysts is varied from 2 nm to several micrometers. Moreover, their magnetic properties allow easy to remove
them from the reaction system and repeatedly use them practically without loss of catalytic activity [1]. In the
literature, examples of the application of transition metal ferrites in catalytic reaction have been described,
such as decomposition of methanol into CO and methane or CO and H, oxidation of various alkenes, alkyla-
tion, dehydration, synthesis of quinoxaline derivatives, 1,4-dihydropyridine, etc. [2-4].

Nickel ferrite has an inverse spinel structure, when half of the iron cations occupies tetrahedral positions
in the crystal cell, while the other half and all Ni?* cations occupy octahedral positions. The location of nickel
cations in the crystal structure of NiFe;O;, is closely related to its magnetic properties. Nickel ferrite shows
itself as a super-paramagnet and applies as gas-sensors, magnetic fluids, catalysts, magnetic storage systems,
photomagnetic materials, site-specific drug delivery, microwave devices, etc. [5]. Recently the possibility of
monodispersed NiFe,O4 nanospheres using as a high-performance pseudo-capacitor [6] and electrode material
for a super-capacitor has been established [7].

Transition metal ferrites are produced by various methods, including thermal decomposition, microemul-
sion method, co-precipitation, hydrothermal, solvothermal and biological methods [8-11]. Low temperature
co-precipitation methods [12] and sol-gel processes [13], including the creation of complexes with the addition
of surfactants, have such advantages as a lower calcining temperature as compared to solid-phase synthesis,
simplicity of fulfilment, high che7mical homogeneity and purity of the materials obtained. The incorporation
of various type additives, which promote the formation of doped structures, into the base system composition
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is considered as a one of the chemical methods for improving the structural and magnetic properties of the
resulting ferrites. In research works [14-15], the effect of an organic stabilizer on crystallinity, phase consti-
tution and morphological features of nickel ferrite nanoparticles has been studied.

The purpose of this work is to study the structural-phase transformations of nickel (1) ferrite samples
synthesized without and in the presence of a polymer stabilizer during their heat treatment, as well as the
possibility of their electrochemical reduction with the formation of Ni°-Fe%-containing composites and their
electrocatalytic activity in electronydrogenation of acetophenone (APh) as a model compound.

Experimental

Dispersed nickel (I1) ferrite (NiFe,04) was synthesized by the co-precipitation method from agueous so-
lutions of metal salts according to the following procedure. A stoichiometric quantities of nickel nitrate
(Ni(NO3).-6H-0) and iron chloride (FeCls-6H20) (in a ratio of 1:2) were dissolved in 300 ml of distilled water
and the mixture was stirred for 30 min at 40 °C. Next 1M NaOH solution was poured dropwise to pH = 12
under constant stirring. The obtained brown precipitate was filtered and washed with distilled water heated up
to 50 °C. It was dried at 80 °C. The resulting dark brown powder was divided into three equal parts and heat
treated at 500 °C, 700 °C and 900 °C for 2 hours. It was crushed in a Tube Mill control at the same speed and
duration of grinding.

Nickel (II) ferrite samples with the addition of water-soluble polymers (polyvinyl alcohol (PVA) and
polyvinylpyrrolidone (PVP)) were obtained by dissolving metal salts in a 3 % polymer solution and co-pre-
cipitating by sodium hydroxide. The filtered precipitates were washed with distilled water having room tem-
perature. After drying the composites were also thermally treated at 500 °C, 700 °C and 900 °C during 2 hours.
The NiFe2O4 samples produced after heat treatment were crushed in a Tube Mill control.

The nickel and iron metals content in the filtrates after co-precipitation procedure was determined by a
selective complexometric titration [16-17]. According to the results of titration the lack of metal cations in the
obtained transparent filtrates was established, which indicate of their practically complete precipitation in the
form of the corresponding hydroxides or oxides.

The structure and phase constitution of the synthesized nickel ferrite samples were studied by X-ray dif-
fraction (XRD) analysis on a DRON-2 diffractometer. The morphological features of the nickel ferrite samples
were scanned on the TESCAN MIRA 3 LMU electron microscope.

The ability of NiFe,O4 samples prepared to electrochemical reduction and manifestation of electrocata-
Iytic properties by the Fe-Ni-composites were tested in the electrochemical system. The electrocatalytic activ-
ity of Fe-Ni-composites was studied in the process of electrohydrogenation of acetophenone, the product of
which is methyl phenyl carbinol (MPhC), a well-known fragrant substance with a wide range of applications.
Experiments were carried out in an electrochemical diaphragm cell in alcohol-aqueous-alkaline catholyte at a
current of 1.5 A, and a temperature of 30 °C. The cathode was a copper plate that was closely contacted the
bottom of the cell and served as a substrate for the applied nickel ferrite particles (by a weight of 1 g), platinum
gauze was used as an anode. The initial concentration of APh was 0.198M. The nickel ferrite samples deposited
on the cathode were fixed on it by an inner magnet and saturated with hydrogen (stage 1). During hydrogen
saturation the electrochemical reduction of metal cations could be occur. The duration of this stage (until the
ratio of the evolved gases is set to V(H2):V(O2) = 2:1) was varied from 10 to 200 minutes. Then organic com-
pound was injected into the catholyte and its electrocatalytic hydrogenation carried out (stage Il). The volume
of hydrogen (Vu,) absorbed on the stage |, and also the hydrogenation rate (W), hydrogen utilization coefficient
(n) and conversion of the hydrogenated compound (o) for the stage Il were calculated from the volumes of
gases evolved (oxygen and hydrogen). The hydrogenation products were extracted from the catholyte with
chloroform, and the extracts were analyzed on a Kristall-5000.1 chromatograph.

Results and Discussion

Structural-phase changes of NiFe,O., samples after heat treatment, and after electrochemical reduction
and use them in electrohydrogenation of APh are studied by X-ray phase analysis (XRD). The X-ray diffraction
patterns of nickel ferrite samples prepared without and with addition of polymer stabilizers are shown in Fig-
ures 1-3.

At the co-precipitation of nickel nitrates and iron hydroxide in an aqueous solution the following reaction
occurs:

Ni(NOs), + 2FeCls + 8NaOH — Ni(OH),| + 2Fe(OH)s| + 6NaCl + 2NaNOs 1)
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Then the dried powder of co-precipitated hydroxides of both metals is subjected to heat treatment at
500 °C, 700 °C u 900 °C for 2 hours. Upon reaching a temperature of 300 °C metal oxides are formed from
metal hydroxides:

300°C
Ni(OH); + 2Fe(OH); — NiO + Fe;03 + 4H20 2
At 500 °C nickel and iron oxides react with the formation of nickel (I1) ferrite:

. 500°C .
NiO + Fe20; — NiFe20s)] 3

The formation of the above phases is confirmed by XRD patterns of nickel ferrite synthesized without
addition of a polymer stabilizer (Figure 1, 1a). According to the XRD results, it was found that the samples of
nickel ferrite heat treated contain crystalline phases of nickel (I1) ferrite, as well as nickel oxide (NiO) and
hematite (a-Fe,O3) with low intensity peaks, as shown in Figure 1.
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uNiFe,O4 o o
A0-Fe,O3
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Figure 1. XRD patterns of NiFe,O4 samples treated at 500 °C before (a) and after (b)
electrohydrogenation of APh (1), at 700 °C (2) and 900 °C (3)

As follows from the given X-ray diffraction patterns, as the heat treatment temperature rises, the crystal-
linity of the present phases also increases. It has been established that in the compositions of all NiFe;0s
samples after electrochemical reduction attempt and their use as electrocatalysts, the phase transformations do
not occur (e.g. Figures 1, 1a and 1b). This indicates the inability of nickel (1) ferrite to electrochemical reduc-
tion under specified conditions and to manifestation of electrocatalytic properties in the studied process.

The addition of a polymer stabilizer into the co-precipitation reaction medium and its partial conservation
in the composition of precipitated metal hydroxides and oxides have a noticeable effect on the structural phase
constitution of nickel (I1) ferrite samples heat treated (Fig. 2 and 3). Differences in phase constitution are also
depended on the heat treatment temperature of these samples. Thus, the crystalline phases of metallic nickel
(Ni°) reduced from nickel ferrite by the products of PVA thermal decomposition appear in the constitution of
the NiFe.O4 + PVA sample treated at 500 °C (Figure 2, 1a):

3NiFe,04 + 4CO — 3Ni® + 2Fes0, + 4CO; (4)

In this case, the release of nickel from the NiFe.O4 crystal lattice is accompanied by the formation of
magnetite (Fes04). The crystalline phases of nickel are saved in this sample after the electrochemical reduction
(Fig. 2, 1b). The thermal treatment of a NiFe;O. + PVA sample at 700°C leads to partial reduction of not only
nickel, but also iron:

FesOs + 4CO — 3Fe + 4CO; (5)
which form the Fe-Ni-alloy (Fig. 2, 2a).
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Figure 2. XRD patterns of NiFe,O4 + PVA samples before (a) and after (b)
electrohydrogenation of APh treated at 500 °C (1), 700 °C (2) and 900 °C (3)

After electrochemical reduction the amount of reduced iron and its alloy with nickel increases with a
sharp decrease in the crystalline phases of magnetite. The constitution of the NiFe,O4 + PVA (900 °C) sample
after heat treatment (Fig. 2, 3a) is almost similar to the constitution of the NiFe,O4 + PVA (500 °C) sample
(Fig. 2, 1a), but crystalline phases of iron and Fe-Ni-alloy additionally appear during its electrochemical re-
duction. In so doing, magnetite also present in the composition of this sample.

Nickel (I1) ferrite samples synthesized in the presence of PVP and thermally treated at the same temper-
atures (NiFe,O4 + PVP) have similar phase constitutions (Fig. 3). The effect of this polymer stabilizer on the
electrochemical reduction of both metals from NiFe,O4 + PVP samples has a character similar to the PVA
effect. The most full electrochemical reduction of nickel (1) ferrite is achieved in the case of its preliminary
treatment at 700 °C (Fig. 3, 2a, 2b). As a result, the composite with Fe-Ni-alloy, metallic iron and Fe;O4 resi-
due in its constitution is formed.

The structure and morphological features of heat treated nickel (I1) ferrite samples were studied by elec-
tron microscopy using two electron detectors (SE, BSE). Obviously, in the BSE images the light areas are
metal formations (Fe°, Ni°, Fe-Ni-alloys), the darker ones are oxygen-containing metal compounds and impu-
rities in the sample (e.g. NaCl).

In the NiFe,O4 + PVA (700 °C) sample after electrochemical reduction and electrohydrogenation of APh
(Fig. 4, b), light areas are significantly more, than in the sample after heat treatment (Fig. 4, a), which con-
firmes the passage of additional reduction of both metals from NiFe,O, and FesO, formation in the electro-
chemical system. Meanwhile the oxygen content significantly decreases and the iron content increases. If after
heat treatment the particles of the resulting Fe-Ni-alloys had compositions with the ratio of metals Fe:Ni = 3:1,
1:1 and even 1:1.5 (i.e. with a high nickel content) according to the energy-dispersive X-ray spectroscopy
(EDS) analysis, then after electrochemical reduction these ratios changed to 6:1 and 5:1. The distribution of
metals in the surface layer of particles is also different (Fig. 5): iron is densely distributed over the entire
surface and nickel is more often distributed along the particle edge and in separate coagulates.
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Figure 3. XRD patterns of NiFe;O4 + PVP samples before (a) and after (b)
electrohydrogenation of APh treated at 500 °C (1), 700 °C (2) and 900 °C (3)

Figure 4. Micrographs of NiFe,O, + PVA (700 °C) sample after heat treatment ()
and after electrocatalytic hydrogenation of APh (b)
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Figure 5. EDS analysis of NiFe;O4 + PVA (700 °C) sample particles after electrocatalytic hydrogenation of APh

All the nickel (1) ferrite samples synthesized without and with polymer stabilizers and heat treated were
investigated for their ability to electrochemical reduction and manifestation of electrocatalytic properties in
the electrohydrogenation of acetophenone:

CsHs-C(0)-CHs + 2H* + 2¢~ — CsHs-CH(OH)-CHs (6)

The main resulting data of both stages of electrochemical experiments are given in Table 1. First the
electrochemical reduction of NiFe,O, samples was carried out, then electrocatalytic hydrogenation of APh on
forming Fe-Ni composites as electrocatalysts. For comparison, the results of electrochemical reduction of APh
on a Cu cathode, which proceeds with a relatively low process rate and conversion of the hydrogenated sub-
stance, not exceeding 22,1 %, are also presented here. In addition to methyl phenyl carbinol (equation (1)),
dimeric compounds were formed in the process.

Table 1

Electrochemical reduction of synthesized nickel (11) ferrite samples
and electrocatalytic hydrogenation of acetophenone in their presence

Metal contentin1g Electrochemical Electrocatalytic hydrogenation
. . of a ferrite sample, g reduction of ferrite of acetophenone
Nickel ferrite ;
Ni Fe T, min Vi, Ml W, mi Ha/min n, % o, %
' ' (0.=0,25) ’ ’

Cu cathode - - - - 1,0 6,9 22,1
NiFe204 (500 °C) 0.245 0.467 40 13.0 0.0 0.0 0.0
NiFe204 (700 °C) 0.252 0.481 20 8.8 0.0 0.0 0.0
NiFe204 (900 °C) 0.256 0.488 20 8.9 0.0 0.0 0.0
NiFe,04+ PVA (500 °C) 0.224 0.426 20 8.6 0.0 0.0 8.7
NiFe;04+ PVA (700 °C) 0.245 0.467 140 108.1 0.0 0.0 8.7
NiFe,04+ PVA (900 °C) 0.265 0.506 160 90.4 0.9 7.9 48.2
NiFe;04+ PVP (500 °C) 0.236 0.450 50 13.3 0.0 0.0 0.0
NiFe;04+ PVP (700 °C) 0.288 0.549 200 114.7 1.0 8.8 47.7
NiFe,04+ PVP (900 °C) 0.285 0.544 110 52.5 1.1 10.0 63.5

The carrying out of the stage of electrochemical reduction of nickel (1) ferrite samples can be controlled

by the volumes of absorbed hydrogen. According to data of Table 1, NiFe,O4 samples prepared without the
participation of polymers and thermally treated practically do not absorb hydrogen in the first stage, i.e. they
are not reduced electrochemically. During the preliminary heat treatment these samples also were not reduced,
and their constitutions were contained mainly crystalline phases of NiFe;O4 (Fig. 1). The same crystalline
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phases remain in their constitutions even after attempts to reduce them in the electrochemical system and, as
can be seen from the data in Table 1, they do not exhibit electrocatalytic activity during the electrohydrogena-
tion of APh — the second stage. The electrochemical reduction of APh does not pass in the presence of magnetic
powder of nickel ferrite because it has not electrocatalytic properties, and covers the surface of the copper
cathode holding onto it by an external magnet.

It has been established by the XRD analyzes that the NiFe.O4 + polymer samples are partially reduced
during heat treatment by the polymer decomposition products, and their additional reduction occurs in the
electrochemical system (Fig. 2 and 3):

3NiFe,04 + 26 + 8H* — 3Ni® + 2Fe304 + 4H,0 (For samples treated at 500 °C) @)
NiFe,O4 + 8e” + 8H" — Ni® + 2Fe? + 4H,0 (For samples treated at 700 °C and 900 °C) 8)
FesO4 + 6€” + 8H* — 3Fe + 4H,0 (For samples treated at 700 °C and 900 °C) 9

As can be seen from values of absorbed hydrogen volumes given in Table 1, the samples with heat treat-
ment at 700 °C and 900 °C undergo additional electrochemical reduction. However, only one sample
(NiFe204 + PVA (900 °C)) among the samples prepared with PVA exhibits the electrocatalytic activity and
only in relation to the APh conversion — it increases to 48 % (Table 1). The NiFe;O4+ PVP samples partially
reduced thermally are also reduced additionally in the electrochemical system (mainly, samples treated at
700 °C 1 900 °C) and they show the electrocatalytic activity slightly higher than samples with PVA (Table 1).

The low electrocatalytic activity of nickel ferrite samples synthesized in the presence of polymers and
partially reduced during heat treatment and additionally in an electrochemical system can be explained as
follows. Firstly, in samples of NiFe;O4 + polymer thermally treated at 500°C, the reduction of nickel (II) cati-
ons (Fig. 2, 1) is accompanied by the formation of magnetite (reaction equation (7)). It is possible that the
magnetite completely closes the reduced nickel, which leads to the loss of its catalytic activity. Secondly, in
the samples of NiFe;O4 + polymer (700 °C) and (900 °C) after thermal and electrochemical reduction, the
composites are formed consisting of reduced iron (Fe?), Fe-Ni-alloys, possibly reduced nickel and magnetite
residues (Fig. 2 and 3). According to previously performed experiments, iron skeleton catalysts were practi-
cally inactive in the electrohydrogenation of APh. Therefore, the reduced iron should not exhibit high electro-
catalytic activity in the studied process unless it interacts with other components of the composite as with
carriers. Magnetite also did not catalyze the electrohydrogenation of APh. In this case, particles of Fe-Ni-alloys
are formed with various compositions, but with a predominant iron content, as it was shown by X-ray spectral
analyzes. And such Fe-Ni-particles exhibited low electrocatalytic activity in the electrohydrogenation of APh.

Conclusions

Nickel ferrite (NiFe.0,) samples were obtained by co-precipitation method without and with the addition
of polymer stabilizers (PVP, PVA) followed by heat treatment at 500 °C, 700 °C and 900 °C. XRD analysis
shown that as a result of heat treatment of NiFe.O4 + polymer samples, the nickel and iron partial reduction
occurred due to the thermal decomposition products of polymer stabilizers of low content. The resulting Fe-
Ni-composites possessed magnetic properties and exhibited low electrocatalytic activity in the electrohydro-
genation of acetophenone, obviously caused by the structure of Fe-Ni-alloys particles with predominant iron
content.

This work was financially supported by the Ministry of Education and Science of the Republic of Kazakh-
stan (Scientific and Technical Program No. BR05236438)
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S.A. Bucypxanosa, E.A. Cob6onesa, H.M. NBanoBa, 3.M. MongaxmeToB

IMoaumepJiik TYpaKTaHABIPFLIIITAPABIH dcepiMeH HUKeab peppurtin (I1)
TEPMUSUIBIK KOHE JIEKTPOXUMUSIJIBIK KAJINbIHA KeJITIpy

Hukens (I1I) depputinig yiarinepi cyisl epiTiHIige HOMMMEpPIi TypaKTaHIBIPFBIITAp/Abl (TOJTUBHHUII CITUPTI
’KSHE TMOJMBUHWIMMPPOINAOH) KOCHAll jKoHEe KOCY apKbUIBI METT TY3AapblH Oipre TYHIBIPYMEH JXSHE
onaps! ozl api 500 °C, 700 °C xane 900 °C ke3iHge TEPMUSIIBIK OHACYIMeH anbiHFaH. OnapbIH KYpbUIbIM-
IbIK-(a3albIK e3repicTepi aueToeHOH b HIEKTPrHAPIICY/ e Oap bl KaTaIM3aTopIIap PeTiHIe KONaHy¥Fa Jie-
HiH >KOHEe KOJIAHFaHHAH KeiiH peHTreHo(a3anblK Tajjay OiCIMEH aHBIKTaNFaH. AJBIHFAH YATUIEpIiH
NiFe204 sxone NiFe204 + nonumep MOpHOIOTHAIBIK ePEKIIEeTIKTEPI IEKTPOH/IBIK MUKPOCKOIIHS dJIicTepiMeH
3epTrenreH. [lomuMmepi TypaKkTaHIBIPFRIIITE Oipre TYHABIPY OpTachlHA HTI3Y JKOHE OHBIH IpeKypcopap (Me-
Tangap THAPOKCHATEP1 KOHE OKCHATEP1) MEH KanbinTacatbiH HuKelb (11) ¢pepputi KypaMbiHa skapThUIail cak-
TaJTybl aJIbIHFaH YITIepaiH KYpPBhUIBIMIBIK-(ha3aiblKk KypaMbIHa aliTapIIbIKTai acep eTeTiHi aHbIKTanraH. da3za-
JBIK KypaMIapJarbl ailblpMallbUIbIKTap OCHI YIITUIEpIiH TePMUSUIBIK OHJECY TeMIepaTypachIMeH Ji¢ aHBIKTa-
naznpl. TypakTaHIBIPFEIITAPCHI3 CHHTE3AEIreH HUKenb (epputine kaparanaa NiFe2Os + monmmep yirinepi
TEPMUSLIIBIK OHJEY OaphIChIHIA KoHE KypambiHaa Ni- sxoHe Fe-Ni-koMMmo3uTTepiH KajiblITacThlpa OTBIPBII
JIEKTPOXUMISIIBIK XKYHe e skapThutail TOTBIKChI3Aabl. Kanmeina kenripinren Hukens (11) deppuriin yirinepi
aneTo()eHOH IBI ATEKTPOTHAPIICYAE HICKTPOKATAIUTHKAIBIK KACHETTEPAIH Maiiaa 60Ty KabineTiHe 3epTTesreH.
OTKi3iNreH ToXipuOenep apKbUIBI OCHI YIEpicTe ONapblH dJICi3 EKTPOKATATHTHKAIBIK KaCHETTepl aHBIK-
TaJI/IbL, OJ1 KypaMbiHa 6aceiM Gesiri Temip 6omatein Fe-Ni-6ankpiva GeexTepiniy KypbUIBICHIMEH, COHIai-
aK HUKeJb OeJIIeKTepiHiH OeNCeHUIINH TeKeHTIH MarHeTUTTIH 00JIybIMEH TYCIHIIPINTeH.

Kinm co30ep: uukens depputi (1), TyHABIPY 91iCi, TEPMUSIIBIK OHJIEY, YIEKTPOXUMUSIIBIK KaJIbIHA KENTIpY,
HHKEJIb MEH TeMIpAiH HyJ1b-BaJCHTTI OOIIIEKTepi, IeKTPOKATAIUTHKAIIBIK THIPHPIIEY, alleTO(EeHOH.
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Tepmuveckoe  3JTeKTPOXUMHYECKOe BocCTaHOBJIeHHe (peppurta Hukes (1)
10/ BJMSIHHEM MOJMMEPHBIX CTA0UIU3ATOPOB

O6pasmp! Geppura Hukens (1) momydeHs COBMECTHBIM COOCaXKIEHHEM COJIeH METAJUIOB B BOJHOM pacTBOpe
0e3 u ¢ 1o0aBICHHEM MOJMMEPHBIX CTa0MIN3aTOPOB (MIOJIMBHHIIIOBOTO CIMPTA M MOJIUBUHUINKAPPOIUIOHA) H
nanpHeideit tepmudeckoit o6padotkoit mpu 500 °C, 700 °C u 900 °C. Meronom peHTreHo(ha30Boro aHaimsa
BBISBJICHBI X CTPYKTYPHO-(a30Bble H3MEHEHHU JI0 ¥ [TOCIIe IPUMEHEHHMS X B KaUeCTBE KaTaIU3aTOPOB B HJICK-
TporuapupoBanun areropenona. Mopdorornueckue 0coOSHHOCTH Mony4eHHbIX 00pasioB NiFe:Os u
NiFe204 + nonmumep Uccae0BaHbl METOJIOM HICKTPOHHOW MUKPOCKOITHH. Y CTAHOBJICHO, YTO BBEACHHUE ITOJIH-
MEPHOTO CTa0HIN3aTopa B CPely COOCAKACHHS U YaCTHYIHOE COXPAaHEHHE ero B COCTaBe MPEKypcopoB (THI-
POKCHIIOB M OKCHJIOB METaILIOB) U (opmupytomerocs ¢peppura Hukens (II) okassiBaroT 3aMeTHOE BIMSHAE Ha
CTPYKTYpHO-(ha30BEIil cOoCTaB MOMy4eHHBIX 00pa3noB. OTimuns B (a30BBIX COCTaBAX ONPEACISIOTCS TaKKe
TeMIIepaTypoi TepMudeckoil 00paboTku 3THX 00pasioB. [lokasaHo, 4To, B oTiIHYME OT heppuUTa HUKETS, CHH-
TE3UPOBAHHOTO 03 cTabHIM3aTopoB, 06pasisl NiFe204 + momuMep 4aCTHYHO BOCCTAHABIMBAIOTCS B XOJIE TEP-
MHYECKON 06pabOTKH U TOTMONHUTEIBHO B DIICKTPOXUMHUECKO# cructeMe ¢ oOpasoBanuem Ni- u Fe-Ni-comep-
JKaIux KOMIo3uToB. BoccranoBneHnHsle 06pa3ubl peppura Hukens (1) nccnenoBansl Ha CIIOCOOHOCTH K MPO-
SIBJICHUIO SJICKTPOKATATUTHYECKUX CBOMCTB B AJICKTPOTUIPUPOBaHHH aneTo(eHoHa. IIpoBeACHHBIMH SKCIIE-
PUMEHTaMH yCTaHOBJIEHBI X CJa0ble 3JIeKTPOKATAIUTHIECKHE CBOWCTBAa B ATOM IIPOIIECCE, MPEINONIONKH-
TeNbHO 00yCIOBICHHBIE cTpoeHreM yacTull Fe-Ni-cIutaBoB ¢ npeobiianaiommM cofepKaHueM xKele3a, a TAKKe
HPUCYTCTBUEM MarHeTUTa, MHIMONPYIONIEro aKTHBHOCTh YaCTHI] HUKEIS.

Kniouesvie cnosa: deppur uukens (II), meton coocaxneHus, TepMUIecKas 00paboTKa, MEKTPOXHUMHUICCKOE
BOCCTAHOBJICHHUE, HYJIb-BAICHTHBIC YaCTHUIIBI HUKENS U JKelie3a, MEeKTPOKATATUTHIECKOe THAPHPOBAHHUE, alle-
TO(EHOH.
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Research of the influence of external factors on copolymers
based on unsaturated polyester resins

The article is devoted to the research of the influence of external factors on copolymers based on poly
(propylene fumarate phthalate) and acrylic acid. In this paper, the effect of organic solvents and pH of the
medium on the rate of swelling of synthesized copolymers is studied. The rate of polymer swelling depends on
many factors, including: the nature of the polymer and the solvent, the presence of electrolytes, changes in pH
and ambient temperature, the molecular weight of the polymer, and so on. It is assumed that the polymer
network of copolymers consists mostly of unsaturated polyester resin links. Research results show that the ratio
of monomer units in the copolymer significantly affects the susceptibility of the polymer gel to the pH of the
medium and the presence of organic solvents (DMSO, DMFA, ethanol). It is proved that changing the
properties of the comonomer allows you to obtain hydrogels that can swell or collapse due to changes in the
ionic strength or thermodynamic quality of the solution. By varying the ratio of comonomers of the links was
adjusted by the intervals of the swelling and compression of the polymer networks. The molecular weight of
poly (propylene fumarate phthalate)was determined by gel-penetrating chromatography. The identification and
composition of copolymers were determined by IR spectroscopy and HPLC, respectively.

Keywords: polypropylene fumarate phthalate, acrylic acid, radical copolymerization, polar organic solvents,
swelling, collapse, unsaturated polyester resin.

Introduction

Hydrogels are one of great interest in high-molecular compound research area in the recent decades,
because these polymers able to swell in water by a several values from the original volume. Ability to absorb
large amounts of water and bind dissolved low-molecular substances is a distinctive feature of these polymers.
The primary quality of these polymers is the possession of macromolecular segment chain having hydrophilic
properties of ionic and non-ionic or ampholytic nature [1-3]. Since the main hydrogel feature is the absorption
of extremely large amounts of water, this impacts its structure which has a three-dimensional grid form. These
grids structure resembles a linear polymer with sparse cross-linking points. In case of swelling in water dis-
tance between adjacent cross-linking points increases while the amount of the points remains the same. Such
behavior allows hydrogels to absorb large amounts of water with massive volume change.

Unsaturated polyesters are promising polymeric systems creation chemical agents which are obtained
from polyatomic alcohols and carboxylic acids by polycondensation. The key feature of unsaturated polyesters
is high copolymerization reaction ability (curing behavior) with vinyl monomers at room temperature without
high pressure or volatiles or other byproducts emission [4-8]. Due to this, unsaturated polyesters can be used
as chemical agents for synthesizing «intelligent» polymers widely used in medicine, pharmaceutics, biotech-
nology and many other areas of the living environment.

Previously we have obtained and researched poly(propylene fumarate phtalate) based polymeric hydro-
gels with high absorbing abilities. Obtained results suggest prospects of their use as water sorbents in crop
production [9] and efficient nanocatalysts [10]. However, it was interesting to continue researching in this area
with a view to a comprehensive in-depth study of this unique and important group of materials.

This work is devoted to new polymers based on unsaturated polyester — poly(propylene fumarate
phtalate) (p-PFP) with acrylic acid (AA) physical and chemical properties synthesis and research. Synthesized
specimens have been analyzed for medium pH change, organic solvents and their concentration change, as
well as initial composition of copolymers polymeric grid.
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Experimental

This article is a continuation of the work of the authors in this field (topic). The synthesis of an unsaturated
polyester resin and the preparation of copolymers based on poly (propylene fumarate phthalate) are described
in a previous article [13].

Cross-linked copolymer formation as result of p-PFP oligomeric molecule and AA radical copolymeri-
zation in presence of BP as initiating agent can be shown in the following diagram:
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Figure 1. p-PFP and AA radical copolymerization

p-PFP molecular weight was defined by light scattering method at NACH 2100 AN nephelometer [14]
and by gel-permeation chromatography, which is 2272 and 2394 atomic mass units.

Copolymers p-PFP and AA was identified by IR spectroscopy.

Contents of obtained copolymers were defined using high-efficient liquid chromatograph LC-20 Promi-
nence by Shimadzu (Japan) [15, 16]. In order to find amount of copolymers unreacted double bonds (degree
of unsaturation) bromide-bromate method was used.

Hydrogel swelling equilibrium degree was defined by gravimetric method. Sample swelling rate (o) was
calculated as ratio of swollen hydrogel mass at swelling equilibrium degree point to its initial mass in dry
condition [9, 10].

DMSO, DMF and ethanol were taken as solvents. The choice of solvents was based on the polarity of the
solvents.

Result and Discussion

The fundamental research related to radical copolymerization, which allows us to control the properties
of polymers, their structure and molecular mass, and providing more ways to obtain the desired properties of
polymers. As previously stated, the most desired products are unsaturated polyesters-based solidified with
vinyl monomers; they have specific physical-chemical and physical-mechanical properties. The p-PFP mole-
cules have unsaturated double bonds making which allows them to be used as a polymer matrix for obtaining
cross-linked polymers during copolymerization with reactive acrylic acid.

p-PFP is obtained by fumaric acid, phthalic anhydride and propylene glycol polycondensation [11-13].

Cross-linked copolymer formation as result of p-PFP oligomeric molecule and AA radical copolymeri-
zation in presence of BP as initiating agent shown in the previous work of the authors [13]

p-PFP — AA copolymerization results are shown in Table 1. Copolymer yield ranges from 83 % to 62 %.

As seen in Table 1, copolymers are enriched with AA components throughout the range of initial mix-
tures; also, yield and swelling rate decrease at lower amounts of the latter.
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Table 1

Copolymer content dependence on initial mixture content in process of p-PFP (M1) and AA (Mz)

[BP] =8-10°mol/m3, T =333 K

Initial monomer ratio, % by mass Copolymer content, % by mass vield. %
M; M, My M ’
10.22 89.78 6.77 93.23 83.70
25.00 75.00 20.34 79.66 78.73
50.00 50.00 44.17 55.17 79.33
73.91 26.09 68.42 31.58 71.93
90.00 10.00 86.67 13.33 62.09

Copolymers were identified by IR spectrum data according to Figure 1. Bands describing the range of
1450~1640 cm™ are related to C=0 bond. Meanwhile, p-PFP-AA copolymers IR spectrum absorption bands
at 1744 cm™ and 2951 cm describe C=0 and —CH> bonds, respectively, and peaks at 1107~1172 cm™ are
typical for C-O-C bond. Besides, absorption bands at 1447 cm and 1396 cm™ relate to -CH(CH) bond.
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Figure 2. p-PFP-AA IR spectrum

Polymer swelling rate depends on number of factors: nature of polymer and solvent, presence of electro-
lytes, change of environment pH and temperature, molecular weight of the polymer, etc. Here, pH change
influence on p-PFP and AA copolymer based hydrogel swelling is studied. Figure shows p-PFP-AA gels with
various molar compositions swelling dependence on environment pH change. It can be seen on the figure that
p-PFP and AA copolymer based hydrogels are highly sensitive to environment pH change (Fig. 2).

o

W

10

5 pH 6 7

Figure 3. Impact of environment pH on pH p-PFP and AA copolymer based hydrogels volume
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Provided experimental data show that when amount of p-PFP increases in copolymer, gel swelling ability
decreases. This is explained by growth of p-PFP chains in initial monomer mixture and reduction of swelling
ability due to increase of obtained copolymers cross-linking density. p-PFP-AA based gels dependence curves
on figures can be example of hydrogels enriched by acid groups depending on change of medium pH.

Increase of solution pH leads to improvement of copolymer water-absorbing abilities, which causes rapid
growth of hydrogel volume. Switching to medium solution pH alkaline area does not affect swollen cross-
linked polymer conformation. Therefore, p-PFP-AA copolymer hydrogels also show properties of
polyelectrolytes containing ionized acid groups with covalent compound in main chain. The main factor
defining researched gel swelling is simple electrostatic repulsion of charge COO" groups. Due to large amount
of hydrogen ions carboxyl group dissociation can be traced in acid environment and compact subchain
extremely close to each other, i.e. defining polymer gel collapse, is formed. Raise of precise saturated area
environment pH leads to carboxyl groups hydrolysis, thus leading to similarly charged functional groups re-
pulsion from each other.

In acid environment carboxyl group dissociation is suppressed, their dense conformation and, as a result,
polymer gel collapse are formed. According to experimental data, increase of AA in copolymer leads to in-
crease of gel swelling ability.

In the following research impact of organic solvents on p-PFP-AA 6,77:93,23 mol.% swelling rate was
studied in order to obtain more information about impact of various environment factors on researched saples
absorbing ability. As organic components dimethylformamide (DMF), dimethylsulfoxide (DMSO) and etha-
nol were used; their content in water solution ranged from 0.1 to 1.0 volume ratio (ng). Choice of these solvents
was based on their polarity difference.

It was found that excessive content of DMSO, DMF and ethanol leads to polymer chains attraction and
collapsing. Gel volume in this case depends on elements attraction; this is why volume difference between
collapsed and swollen gels increases. Besides, it was found that p-PFP copolymers are also highly sensitive to
thermodynamically weak solvents.

In described experiments testing was performed on copolymer samples selected in water and then grad-
ually added into water-organic mixture with pre-set ratio of components. When the polymer swells and the
concentration of organic solvent increases to a certain critical amount, the part of the solvent that provides
relative stability of the hydrogel is reliably supported by the micromolecules in the form of a solvation layer.
This allows to «shift» copolymer contraction to increase of organic components share in water-organic mix-
ture.

As the research results suggest, in case of increasing clarifying tub volume hydrogel swelling ability
reduces in water and organic solvent mixture, i.e. this is natural for charged polymer grids in subchains.

Polarity of solvents obtained in the researched work decreases from DMSO to ethanol. It should be noted
that polymer swelling in pure organic solvents also follows this pattern.
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Figure 4. Impact of organic solvents volume ratio (n0) on p-PFP-AA copolymer
based hydrogel swelling at molar ratio (20.34:79.66 mol.%)

54 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Research of the influence of external factors ...

250

200

150 -
——DMSO

—=—DMF
100 4 —&— Ethanol

i, ¥

50 1

0 02 0,4 0,6 0,8 1
QOrganic solvent ratio,, C.%

Figure 5. Impact of organic solvents volume ratio (n0) on p-PFP-AA copolymer
based hydrogel swelling at molar ratio (6.77:93.23 mol. %)
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Figure 6. Impact of organic solvents volume ratio (n0) on p-PFP-AA copolymer
based hydrogel swelling at molar ratio (68.42:31.58 mol.%)

It can be seen at graphs that nature of organic solvent has significant impact on copolymer swelling abil-
ity. Hydrogel collapse can be observed in ethanol, where its volume ratio is approximately 0.7 and DMF and
DMSO volume ratio is 0.9. It means that in a low polarity solvent collapse happens immediately, while in a
high polarity solvent contraction can be observed. Transition of gel particles from continuity to discreetness in
case of organic solvent change corresponds to change of solvent polarity.

Conclusion

Thus, the conclusion might be made that possibilities of control of physical and chemical properties of
polymers based on p-PFP, demonstrated in the work, allow to develop new polymeric materials of polyfunc-
tional destination. Copolymers of poly(propylene fumarate phthalate) and acrylic acid of various molar com-
positions have been obtained for the first time by radical copolymerization. Synthesized copolymers were
identified by IR spectrum data and were defined using high-efficient liquid chromatograph. The results of the
study, the influence of various factors (pH = 3-9, solvents DMSO, DMF, ethanol) on the swelling of the
polymers showed that the polymers exhibit the properties of polyelectrolytes and can be used as a sorbent in
purification and enrichment technologies.
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M.XK. bypkees, .M. XKymanazaposna, I'.K. Kynaiibepren,
E.M. TaxO0aes, I'.A. TypasiOek, 9.2K. XKakynOekoa

Kanpiknaran noam3gpupiai maipipJap HeridiHaeri comojgumepJiepre
CBIPTKBI (paKTOPIAPABIH dCEPiH 3epTTEy

Maxkana momu(miponmieHpyMapaTdTanar) koHe aKpHi KBIIIKBUIB HETi31HAET1 COMoIMMepIiepre ChIPTKHI (ak-
TOpJIApABIH 9CEPiH 3epTTeyre apHalFaH. ¥ ChIHBIIFAH )KYMBICTa OPraHUKAJBIK epiTkimTep MeH pH opTaHbIH
CHHTE3IEITeH CONOIUMEPIIEpIiH ICiHY KBUIIaMIBIFbIHA dcepi 3epTrenreH. [lomMep iy iCiHy KBUIIaMIBIFbI
KeTTereH (akropiapra GaiIaHBICTBI, OJIAPIBIH KaTapblHA: MTOJTUMEP/IiH jKOHE EPITKIMITIH TAOUFATHI, SJIEKTPO-
IUTTEpiH 6onysl, pH *oHe KopIaraH opTa TeMIEepaTypachIHbIH ©3repyi, MOJINMep/IiH MOJIEKYJIaIbIK Maccachl
XKoHe T. 0. )kaTanpl. JKyMBICTa COMOIMMeEpIIepAiH MOIMMEPITiK TOPHIHBIH KOIT 06JIiri KaHbIKIaraH moanddupii
aiblp OybIHIAPBIHAH TYpajbl el OoKaHFaH. 3epTTEy HOTHXKENIepi comoauMepIeri MOHOMepITiK OybIHaap-
JIbIH apa KaTbIHACHI MTOJMMEPIIiK TebAiH OpTaHblH pH-Fa KaObUIAAFBIIITHIFBIHA JKOHE OPTaHUKAJIBIK epiTKillI-
tepaiy (IMCO, IM®A, sranoxn) 6oxysIHa aliTapibIKTai ocep eTeTiHiH kopceTTi. COMOHOMEp KacHeTTepiHiH
e3repyl HOHIBIK KYIITIH HEMece epIiTIHIIHIH TepMOAMHAMUKAIBIK CAlaChIHBIH ©3Tepyi calgapblHaH iciHyre
HEMeCe CHIFBUTYFa KaOlIeTTi THAPOTeNbISPIl alTyFa MyMKIH/IK OCpeTiHi A0JIeIIeHTeH.

Kinm co30ep: nonunporunenpymapardranar, akpria KbIIKbUIbL, PaIHKAIIbI COTIOIMMEPIICHY, MOJSIPIIBI Opra-
HHKAJIBIK ePiTKIIITep, iCiHY, KOJUIAINC, KaHBIKIaFaH MOIMI(QUPII HIaibp.
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M.X. bypkees, I'.M. XKymanazapona, I'.K. Kynaiibepren,
E.M. Taxo6aes, I'.A. Typnbioek, 23.0K. XKakynoekoBa

I/ICCJIEJIOBaHI/le BJINAAHUSA BHCIIHUX (l)aKTOPOB Ha CONMOJIMMEPHLI
HA OCHOBC HCHACBIIICHHBIX l'[O.J'lI/I3(l)I/IprIX CMOJI

CraTbhs NOCBSIIEHA UCCIIEI0OBAHUIO BIUSHUS BHEIIHUX (PAKTOPOB Ha COMOIMMEPHI Ha OCHOBE MOJIH(IIPOTHICH-
(dbymapardTanara) U akpuIOBOW KUCIOTHL. ABTOPaMH M3YYCHO BO3/ICHCTBHE OPTaHHYCCKUAX PACTBOPHUTENCH U
pH cpenbl Ha CKOPOCTh HAOYXaHHS CHHTE3UPOBAHHBIX COMONMMEPOB. CKOPOCTh HAOYXaHUS TOJIMMEpa 3aBHCUT
OT MHOECTBa (DaKTOPOB, K YUCIY KOTOPBIX OTHOCSATCS MPUPOJIa TIOIUMEpPa U PACTBOPHUTEIIS, HATIYUE JICK-
TPOJIUTOB, U3MeHeHHe pH U TeMmeparypsl OKpysKarolieit cpebl, MOJIEeKyIIIpHas Macca moiuMepa u T.1. [Ipex-
MOJIaraeTcsl, YTO MOJMMEPHAs CeTKa COIOIMMEPOB MO OOJBIIEH YacTH COCTOUT M3 3BEHHEB HEHACHIIICHHON
noa3GUPHON cMOJBI. Pe3ynapTaTsl HCcne0BaHMi MOKA3bIBAIOT, YTO COOTHOLICHHE MOHOMEPHBIX 3BEHBEB B
COIOJIMMEPE CYIIECTBEHHO BIHUIET Ha BOCIPUUMUUBOCTH MOJMMEPHOTO el K pH cpenbl U mpUCyTCTBHIO Op-
raangeckux pactsoputeneit (AMCO, IM®A, stanon). Jloka3aHo, 4TO H3MEHEHUE CBOWCTB COMOHOMEPA 03~
BOJISIET MOJYYUTh THAPOTENH, CHOCOOHbIE HA0yXaTh WK Pa3pyLIaThCs BCICACTBUE U3MEHEHHUS HOHHOW CHIIBI
WM TEPMOJINHAMUYECKOTO KauecTBa pacTBopa. [IyTeM BapbUpOBaHUS COOTHOIICHHS COMOHOMEPHBIX 3BCHBCB
OBUTH OTpPETYJIMPOBAaHBI WHTEPBAJBI HAOyXaHHsS M CKATHS TOJMMEPHBIX CETOK. MoJeKyspHas macca
nonu(nponmieHpymapardranara) onpenesieHa METOJIOM relib-POHKKaroIIei xpomarorpaduu. Mnentuduka-
IIUSI ¥ COCTAB COTIOJIMMEPOB ObLIH YCTaHOBICHBI mocpencTBoM UK-crekTpockomnuu u BOYKX cooTBeTCTBEHHO.

Knioueswvie cnosa: nonmunponunendymapardTanaT, akpuiaoBas KUCIOTa, paJiKanbHask COMOIMMEPHU3aIis, 110-
JSIPHBIE OpTaHUYIECKHE PACTBOPUTENH, HaOyXaHue, KOJIIAIc, HEHACHIIEHHAs oMM (HPHAs CMOJIA.
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Features of sorption of rare-earth metals of cerium group by intergel systems
based on polyacrylic acid, polymethacrylic acid and poly-4-vinylpyridine hydrogels

The work is devoted to study of sorption process of cerium and neodymium ions by individual hydrogels of
polyacrylic acid (hPAA), polymethacrylic acid (nPMAA), poly-4-vinylpyridine (hP4VP) and intergel systems
on their bases. Obtained results show that sorption properties (sorption degree, polymer chain binding degree,
effective dynamic exchange capacity) of individual hydrogels of PAA, PMAA, P4VP are not sufficiently high:
sorption degree is not high that 65 %; polymer chain binding degree is not high than 55 %; effective dynamic
exchange capacity is not high than 4.5 mmol/g. Remote interaction of the polymer hydrogels in the intergel
systems provides significant increase (over 30 %) of the sorption properties. Sorption degree increases up to
93.50 %; polymer chain binding degree increases up to 76.50 %; effective dynamic exchange capacity grows
to 6.16 mmol/g. Such strong increase is a consequence of the mutual activation of the initial polymers in the
intergel systems during their remote interaction. Macromolecules undergo ionization with further unfolding of
the polymer globe with formation of optimal conformation for sorption of low-molecular ions.

Keywords: Intergel systems, remote interaction, polyacrylic acid, polymethacrylic acid, poly-4-vinylpyridine,
cerium ions, neodymium ions, sorption

Introduction

At present technologies of rare earth metals concentration and extraction in hydrometallurgy are based
on application of ion-exchangers [1-4]. However, ion-exchange resins do not have high extraction degree of
metals and their regeneration is a rather complicated process. The major drawback of ion-exchangers is their
regeneration, the process which is very complicated. It should be also noted that application of ion-exchangers
is directed to selective extraction of one metal. As known, industrial solutions usually contain several valuable
components. In this regard it is relevant to develop modern sorption technologies based on remote interaction
of functional macromolecules, in other words creation of selective intergel systems seems to be concerned as
the real alternative to the existing methods of sorption of rare-earth elements (mainly ion-exchangers) [5].
Remote interaction of functional polymers leads to significant changes of initial properties (conformational
and electrochemical) of the macromolecules. Also, it should be noted that there is strong increase of sorption
properties of the polymers in intergel systems due to transition into highly ionized state in result of mutual
activation of the macromolecules during remote interaction [6]. There is a formation of optimal conformation
during the process of remote interaction of rare-crosslinked polymer hydrogels in intergel systems. It was
found earlier [7-10] that rare-crosslinked polymer hydrogels in intergel systems undergo additional ionization
of the functional polymers during remote interaction. Such transfer provides significant changes in electro-
chemical, conformational and sorption properties of macromolecules [11-13].

Intergel system is a multicomponent system, which contains polybasis and polyacid. Intergel system is
presented on figure. As seen from the figure, two polymers interact with each other on the distance. The glass
filter has a pores, which are permeable for low-molecular ions and impermeable for hydrogels dispersion.
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Figure. Schematic illustration of typical intergel system

In this regard the aim of the paper is to study extraction properties (relatively to cerium and neodymium
ions) of intergel systems based on polyacrylic acid, polymethacrylic acid and poly-4-vinylpyridine hydrogels.

Experimental

Equipment. Rare-earth metals (REM) ions concentration in solutions was determined on spectrophotom-
eters KFK-3KM (Russia).

Materials. Polyacrylic acid hydrogel (hPAA) and polymethacrylic acid hydrogel (hPMAA) were synthe-
sized in presence of crosslinker (methylenebisacrylamide) and initiator (potassium peroxodisulphate — so-
dium tiosulphate) in water medium. Synthesized hydrogels were crushed into small dispersions and washed
with distilled water until constant conductivity value of aqueous solutions was reached. Linear polymer of
poly-4-vinylpyridine of Sigma-Aldrich company was initial reactant for further synthesis of the hydrogel
(hP4VP) in presence of divinylbenzene, which was subsequently used as polybasis. Based on the obtained
polymers the following intergel pairs: hPAA-hP4VP and hPMAA-hP4VP were made. The general experiments
were carried out in the corresponding salts solutions of cerium and neodymium (nitrates hexahydrates, con-
centration 0.005 mol/L).

Determination of the rare-earth metals. Measurement of the cerium and neodymium concentration in the
solution is based on application of the complexant arsenazo 11 [14].

Calculation of degree of sorption (extraction):

nzﬁ-loo%,

Cini — concentration before sorption of Ce or Nd, g/L; Cres — concentration after sorption of Ce or Nd, g/L.
Calculation of binding degree of the polymer chain:

0=-s.100%
A%

vsry — amount of links of the polymers, which participate in the sorption process of cerium or neodymium,
mol; v — total amount of links of the polymers, mol.
Calculation of effective dynamic exchange capacity:
\%

Q: srb ,

srbt
vsrh — quantity of sorbed cerium or neodymium, mol; msw: — mass of the sorbent (polyacid or polybasis or
intergel pair), g.

Results and Discussion

Nitrates of cerium and neodymium present in solution in dissociated state. In presence of individual hy-
drogels and intergel systems the following processes take place:
1) REM (cerium or neodymium) nitrate dissociation, ionization of heteroatom (nitrogen) by binding of
cleaved proton from carboxyl groups:
ME(NO3)3'6H20 — Me?t + 3NOs; + 6H,0
~COOH < ~COO + H*
=N + H" < =NH"*
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2) REM (cerium or neodymium) ions sorption by intergel system:

3~COO + Me* — ~COOz;Me
3=N + Me* — =N*;Me
where Me — rare-earth metal (cerium or neodymium).

Cerium ions sorption.

Sorption degree (Table 1) of cerium ions of the intergel system hPAA-hP4VP and individual hydrogels
of PAA and P4VP have different values (extraction degree of hPAA and hP4VP is not very high — no more
than 65 %). It can be said, that in presence of the only polyacid or polybasis the equilibrium is almost reached
at 24 hours of interaction, at this time sorption degree is 58.33 % for hPAA and 52.67 % for hP4VP. For the
next 24 hours the parameter in this case increases very slightly and the final values (63.33 % and 56.67 %) are
reached. In intergel pairs it can be seen that the phenomenon of mutual activation provides additional ionization
of the internode links of the initial hydrogels. Maximum sorption occurs at ratio hPAA:hP4VP=17 %:83 %
hydrogels ratio, at 48 hours of interaction 92.33 % of cerium is extracted by the intergel system.

Table 1
Sorption degree of cerium ions of intergel system hPAA-hP4VP
hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 [ 0:100
n(Ce), %

0 0 0 0 0 0 0 0
0.5 11.67 13.33 14.00 16.33 17.67 21.67 6.67

1 17.67 22.33 24.67 27.33 31.67 35.67 10.33
2 26.33 30.67 35.67 40.33 44.33 52.67 18.33
6 39.00 52.00 58.00 66.67 75.33 77.00 30.00
24 58.33 75.00 77.00 82.33 85.67 88.33 52.67
48 63.33 79.67 81.67 86.00 88.67 92.33 56.67

Polymer chain binding degree shows the amount of the active (which provides sorption of cerium) links
of the individual polymer hydrogels and the intergel system. Polymer chain binding degree is presented in
Table 2. Over the half of the links of the individual polymers of PAA and P4VP take part in sorption of cerium,
binding degree at 48 hours is 52.53 and 47.00 % respectively. Formation of optimal conformation in intergel
system for sorption of cerium occurs at ratio hPAA:hP4VP = 17 %:83 %. Binding degree is 76.59 % at 48
hours of remote interaction.

Table 2
Binding degree of polymer chain (relatively to Ce* ions) of the intergel system hPAA-hP4VP

hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 | 0:100
0(Ce), %
0 0 0 0 0 0 0 0
0.5 9.68 11.06 11.61 13.55 14.65 17.97 5.53
1 14.65 18.53 20.46 22.67 26.27 29.59 8.57
2 21.84 25.44 29.59 33.46 36.77 43.69 15.21
6 32.35 43.13 48.11 55.30 62.49 63.87 24.88
24 48.39 62.21 63.87 68.29 71.06 73.27 43.69
48 5253 66.08 67.74 71.34 73.55 76.59 47.00

Effective dynamic exchange capacity (relatively to Ce®* ions) of the intergel system hPAA-hP4VP is
presented in Table 3. The overwhelming majority of cerium is sorbed by hPAA and hP4VP during 24 hours,
at this time exchange capacity is 3.89 mmol/g and 3.51 mmol/g respectively. The further increase is very slight,
the final values can be seen at 48 hours of interaction, exchange capacity is 4.22 mmol/g and 3.78 mmol/g.
The parameter’s highest values are observed at ratio hPAA:hP4VP = 17 %:83 % after 2 days, effective dy-
namic exchange capacity is 6.16 mmol/g.
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Table 3
Effective dynamic exchange capacity (relatively to Ce®* ions) of the intergel system hPAA-hP4VP

hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 [ 0:100
Q(Ce), mmol/g
0 0 0 0 0 0 0 0
0.5 0.78 0.89 0.93 1.09 1.18 1.44 0.44
1 1.18 1.49 1.64 1.82 2.11 2.38 0.69
2 1.76 2.04 2.38 2.69 2.96 3.51 1.22
6 2.60 3.47 3.87 4.44 5.02 5.13 2.00
24 3.89 5.00 5.13 5.49 5.71 5.89 3.51
48 4.22 5.31 5.44 5.73 5.91 6.16 3.78

Process of cerium ions sorption by the intergel system hPMAA-hP4VP occurs less intensive due to the
fact that ionization of the initial polymers is complicated by the presence of bulky methyl substituent. VValues
of extraction degree of cerium ions are presented in Table 4. More than half of the sorbed metal is extracted
during 6 hours after the beginning of the sorption process. The final values of the parameter in case with
individual hPMAA and hP4VP are observed at 48 hours, the values are 60.33 % and 56.67 % respectively.
The optimal conformation for cerium ions sorption is formed at ratio 50 %hPMAA-50 %hP4VP. At 48 hours
of remote interaction at this ratio sorption degree is 89.33 %.

Table 4
Sorption degree of cerium ions of intergel system hPMAA-hP4VP
hPMAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 | 0:100
n(Ce), %

0 0 0 0 0 0 0 0
0.5 10.00 12.67 13.33 18.33 15.00 16.33 6.67
1 15.33 18.33 21.33 28.67 25.67 26.67 10.33
2 23.67 25.67 31.00 48.00 33.67 35.33 18.33
6 35.00 48.33 51.00 72.33 55.33 59.33 30.00
24 55.67 68.33 70.67 85.00 73.67 77.33 52.67
48 60.33 76.00 79.00 89.33 81.00 83.00 56.67

As can be seen from table 5, the part of active links of the individual hydrogels of PMAA and P4VP is
over 50 %. Such low values are directly connected with the fact that equilibrium between the nitrates of the
REM and the polymer hydrogels is reached rather fast. Additional activation of the internode links of the
macromolecules leads to strong growth of binding degree. The area of maximum binding of cerium ions is
ratio 50 % hPMAA — 50 %hP4V/P, the share of active links is 74.10 %.

Table 5

Polymer chain binding degree (in relation to cerium ions) of intergel system hPMAA-hP4VP

hPMAA:hP4VP, mol.% : mol.%
7, h 2000 | 8317 [ 6733 | 5050 | 3367 | 17:83 [ 0:100
0(Ce), %
0 0 0 0 0 0 0 0
0.5 8.29 10.51 11.06 15.21 12.44 13.55 5.53
1 12.72 15.21 17.70 23.78 21.29 22.12 8.57
2 19.63 21.29 25.71 39.82 27.93 29.31 15.21
6 29.03 40.09 42.30 60.00 45.90 49.22 24.88
24 46.18 56.68 58.62 70.51 61.11 64.15 43.69
48 50.05 63.04 65.53 74.10 67.19 68.85 47.00

Table 6 represents the difference in values of effective dynamic exchange capacity in presence and ab-
sence of the phenomenon of mutual activation. As was mentioned above, the equilibrium is almost reached at
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24 hours of interaction of individual (PMAA and hP4VP with the salt solution. This is evidenced by the fact
that the further increase is very low. As seen from the table, the significant increase in the intergel pair 50 %
hPMAA - 50 % hP4VP points to the high ionization degree of the initial polymer structures. Maximum values
of the exchange capacity are observed at this ratio at 48 hours of the remote interaction, exchange capacity is
5.96 mmol/g.

Table 6

Effective dynamic exchange capacity (in relation to cerium ions) of intergel system hPMAA-hP4VP

hPMAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 [ 0:100
(Ce), mmol/g
0 0 0 0 0 0 0 0
0.5 0.67 0.84 0.89 1.22 1.00 1.09 0.44
1 1.02 1.22 1.42 1.91 1.71 1.78 0.69
2 1.58 1.71 2.07 3.20 2.24 2.36 1.22
6 2.33 3.22 3.40 4.82 3.69 3.96 2.00
24 3.71 4.56 4.71 5.67 4.91 5.16 3.51
48 4.02 5.07 5.27 5.96 5.40 5.53 3.78

Neodymium ions sorption.

During the sorption process of neodymium ions there is an occurrence of the areas of minimum and
maximum sorption (table 7). The lowest values of the sorption degree are observed in case when there is
presence of only polyacid or polybasis in the salt solution, extraction degree is 61.60 % for hPAA and 54.67
for hP4VP. Significant increase of the parameter is seen at hPAA:hP4VP =83 %:17 % and
hPAA:hP4AVP = 50 %:50 % ratios, sorption degree is 93.59 % and 91.74 % respectively.

Table 7
Sorption degree of neodymium ions of intergel system hPAA-hP4VP
hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 [ 0:100
n (Nd), %

0 0 0 0 0 0 0 0
0.5 10.71 20.51 13.07 16.83 12.66 11.49 5.82

1 16.35 33.85 21.70 27.11 18.43 16.71 9.41
2 25.10 51.10 29.71 46.23 28.94 25.81 16.73
6 37.84 74.37 51.68 72.56 46.77 42.12 28.34
24 56.77 86.82 74.29 80.35 70.10 66.83 49.20
48 61.60 93.59 86.74 91.74 72.32 71.44 54.67

The part of active links (which take part in the sorption process of neodymium) of the individual macro-
molecules and the intergel pairs is presented in table 8. Obtained results show that the part of the active links
of hydrogels (PAA and P4VP) is over 50 %, this is consequence of the absence of the high ionization process.
The increase of the polymer chain binding degree is the intergel system occurs from 60 % to 73 %. It should
be noted that maximum values of the parameter (73.24 %) are observed at ratio 83 % hPAA — 17 % hP4VP at
48 hours of remote interaction.

Table 8
Polymer chain binding degree (in relation to neodymium ions) of intergel system hPAA-hP4VP

hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 | 0:100
6 (Nd), %
1 2 3 4 5 6 7 8
0 0 0 0 0 0 0 0
0.5 9.18 15.22 12.64 13.31 10.34 10.07 4.84
1 13.25 24.39 18.75 20.86 17.45 16.53 7.45
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Continuation of Table 8

1 2 3 4 5 6 7 8

2 17.98 39.98 30.24 34.59 25.68 23.61 14.31
6 30.37 60.57 51.91 58.79 44.33 40.12 22.62
24 46.73 70.45 68.34 68.24 60.11 59.48 41.83
48 50.15 73.24 68.35 70.91 64.37 62.85 45.66

Table 9 represents the impact of mutual activation phenomenon on effective dynamic exchange capacity.
The most of the metal is extracted by initial polymers (PAA and P4VP respectively) during 24 hours of inter-
action, exchange capacity is 3.81 mmol/g and 3.46 mmol/g. Further increase is not so strong and the final
values (4.13 mmol/g and 3.67 mmol/g respectively) are reached at 48 hours. The significant increase (over
30 %) of the exchange capacity is due to formation of optimal conformation in the intergel pair
83 % hPAA — 17 % hP4VP for neodymium ions sorption, at 48 hours of remote interaction the parameter is
6.03 mmol/g.

Table 9

Effective dynamic exchange capacity (in relation to neodymium ions) of intergel system hPAA-hP4VP

hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 | 0:100
(Nd), mmol/g
0 0 0 0 0 0 0 0
0.5 0.73 1.33 1.02 1.11 0.85 0.77 0.41
1 1.14 2.26 1.68 2.04 1.50 1.41 0.65
2 1.69 3.39 2.55 2.73 2.24 1.96 1.17
6 2.52 5.01 4.30 4.91 3.72 3.33 1.92
24 3.81 5.77 5.31 5.59 5.05 4.96 3.46
48 4.13 6.03 5.65 5.83 5.32 5.26 3.67

Sorption degree of neodymium ions of polymers (hPMAA, hP4VP) and intergel pairs (hPMAA:hP4VP)
is presented in Table 10. Comparatively to intergel system hPAA-hP4VP (Table 7) the values of sorption
degree are lower due to complication of the ionization process during unfolding of the macromolecular globe.
The most intense sorption occurs during 6 hours of interaction with the salt solution as for the individual
hydrogels of PMAA and P4VP as for the intergel system hPMAA-hP4VP. Sorption degree of neodymium ions
of individual hPMAA and hP4VP is 57.91 % and 54.67 % respectively, while 92.41 % of the rare-earth metal
is extracted at APMAA:hP4VP = 67 %:33 % ratio.

Table 10
Sorption degree of neodymium ions of intergel system hPMAA-hP4VP
hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 [ 0:100
n (Nd), %

0 0 0 0 0 0 0 0
0.5 8.33 15.72 19.89 11.71 9.60 9.13 5.82

1 12.18 25.61 31.46 19.83 15.12 14.32 9.41
2 18.56 42.40 47.71 27.34 23.61 23.05 16.73
6 31.25 70.86 73.05 46.76 38.85 38.41 28.34
24 51.71 78.10 83.90 70.29 60.11 58.23 49.20
48 57.91 90.63 92.41 84.33 70.72 69.45 54.67

The share of the active links of the following polymer structures: individual hPMAA and hP4VP and
intergel pairs (hPMAA:hP4VP) is presented in Table 11. The part of active links in below 50 % for the indi-
vidual hydrogels of PMAA and P4VP, polymer chain binding degree at 48 hours of interaction is 47.30 % and
45.66 % respectively. High ionization of the initial polyacid and polybasis at ratio 67 % hPMAA-33 % hP4VP
provides strong increase of binding degree, it is 71.56 % after 48 hours.
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Table 11
Polymer chain binding degree (in relation to neodymium ions) of intergel system hPMAA-hP4VP

hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 [ 0:100
0 (Ce), %
0 0 0 0 0 0 0 0
0.5 6.71 12.13 14.11 11.31 10.01 8.97 4.84
1 10.97 18.87 21.69 15.49 14.42 12.33 7.45
2 16.65 27.64 36.54 24.38 22.18 19.89 14.31
6 26.84 47.44 57.58 43.56 40.86 37.98 22.62
24 43.83 61.79 68.54 58.57 55.78 52.43 41.83
48 47.30 66.33 71.56 64.81 62.35 59.99 45.66

Comparison of the effective dynamic exchange capacities (Table 12) of the individual hydrogels of
PMAA and P4VP and the intergel system hPMAA-hP4VP shows that the remote interaction provides signifi-
cant increase of the parameter in the intergel pairs. The overwhelming majority of the neodymium ions is
extracted during 24 hours of interaction, exchange capacity is 3.86 mmol/g for hPMAA, 3.67 mmol/g for
hP4VP, 5.55 mmol/g for ratio 67 % hPMAA — 33 % hP4VP. Further increase (up to 48 hours of interaction)
is slight, the final values (3.86 mmol/g for (PMAA, 3.67 mmol/g for hP4VP, 5.84 mmol/g for 67 % hPMAA —
33 % hP4VP) are observed at 48 hours of interaction.

Table 12

Effective dynamic exchange capacity (in relation to neodymium ions) of intergel system hPMAA-hP4VP

hPAA:hP4VP, mol.% : mol.%
7, h 1000 | 8317 | 67:33 | 5050 | 3367 | 17:83 | 0:100
(Nd), mmol/g
0 0 0 0 0 0 0 0
0.5 0.56 1.03 1.17 0.91 0.79 0.73 0.41
1 0.87 1.67 1.86 1.58 1.35 1.1 0.65
2 1.43 2.19 3.14 2.07 1.98 1.56 1.17
6 2.22 3.87 4.79 3.51 3.33 3.07 1.92
24 3.59 5.03 5.56 4.75 4.62 4.43 3.46
48 3.86 5.39 5.84 5.25 5.11 5.01 3.67

As seen from the tables 1-12, the individual hydrogels (PMAA and P4VP respectively) do not have
sufficiently high sorption properties (in relation to cerium and neodymium ions) due to the rather fast equilib-
rium reaching between them and the corresponding salt solution. As can be seen from the tables, high ioniza-
tion degree and change of conformation of initial polymer structures during remote interaction with consequent
mutual activation provides significant increase (over 30 %) of sorption degree, polymer chain binding degree
and effective dynamic exchange capacity comparatively with individual hydrogels.

Conclusions

Based on obtained data on sorption of cerium and neodymium ions, the following conclusions can be
made:

1. Individual hydrogels do not have high sorption properties relatively to cerium and neodymium ions.
Sorption degree of cerium ions is 63.33 % for hPAA, 60.33 % for hPMAA, 56.67 % for hP4VP. Sorption
degree of neodymium ions is 61.60 % for hPAA, 57.91 % for hPMAA, 54.67 % for hP4VP. Polymer chain
binding degree (relatively to Ce®** ions) is 52.53 % for hPAA, 50.05 % for hPMAA, 47.00 % for hP4VP; bind-
ing degree (relatively to Nd** ions) is 50.15 % for hPAA, 47.30 % for hPMAA, 45.66 % for hP4VP. Effective
dynamic exchange capacity (relatively to Ce®* ions) is 4.22 mmol/g for hPAA, 4.02 mmol/g for hPMAA, 3.78
mmol/g for hP4VP; exchange capacity (relatively to Nd®* ions) is 4.13 mmol/g for hPAA, 3.86 mmol/g for
hPMAA, 3.67 mmol/g for hP4VP.

2. Mutual activation of the initial polymers provides their transition into highly ionized state in intergel
pairs, this transition is accompanied with significant increase (up to 30 %) of the sorption properties
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comparatively with individual hydrogels. The areas of maximum sorption are the following ratios:
hPAA:hP4VP = 17 %:83 % (m = 92.33 %; 6 = 76.59 %; Q = 6.16 mmol/g) and hPMAA:hP4VP=50 %:50 %
(M=89.33%; 0=74.10%; Q=5.96 mmol/g) for Ce* ions; hPAA:hP4VP=83 %:17 % (n =93.59 %;
0=7324%; Q=6.03 mmol/g) and hPMAA: hP4VP=67%33% (n=92.41%; 6=71.56%;
Q = 5.84 mmol/g) for Nd** ions.

3. Presence of bulky methyl substituent complicates the process of ionization of hydrogel of PMAA in
intergel system hPMAA-hP4VP, due to this fact the values of the sorption properties are lower comparatively
with intergel system hPAA-hP4VP.

4. Differences of the values of the sorption parameters in dependence of the aimed ion (cerium or neo-
dymium) are due to the differences of the main properties of these ions (atomic radius, polarizability, charge
density).

5. Changing the polymer molar ratios in the developed intergel systems provides possibility to control
«selectivity» in relation to each considered rare-earth metal. Developed intergel systems may be used at crea-
tion of innovative technologies for selective extraction of REM ions from industrial solutions.

Financial support of the study was made by Science Committee of Kazakhstan (projects of grant funding
#AP05131302 and #AP05131451).
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T.K. Ixymanunos, P.I'. Konnaypos, A.M. Manra3sl

Lepuii TOObIHA KATATHIH CHPEKKEP MeTAJIAPbIH MOJUMAKPUI KbIIIKbLIBIHbIH,
NMOJMMETAKPUJ KbIIIKbLUIBIHBIH K9HE 4-BUHUJINMUPUAUHHIH THAPOreibaepine
HeTi3/1eJIreH MHTEePreIiK sKyieJepMeH copoumsiay epeKieaikTepi

Makana xekenereH ruaporenaep noaunakpui KeIksuibl (ITAKr), momaveraxpuin kpikeiis! (IIMAKT), nonum-
4-punnnnupuud (I14BI1r) sxoHe Ochl reniepIiH HeTi3iHAe KyphUIFaH HHTEPreNai Kyienep nepuil skoHe Heo-
UM MOHAAPbIH cOpOIMsay mpoueci 3eprreyre OarpitTanrad. byran neitin IIAK, IIMAK, I14BII sxexeneren
THIPOTeNIePiHiH COpOLMSIIBIK KacheTi (copOmus gapesxeci, HONMMMEpITiK Ti30eKTepIiH OaillaHbIcy Aapexeci,
acepii JUHAMUKAJBIK KOJIEeMJIK CHBIMABUIBIK) aca >KOFaphl eMec eKeHi aHBIKTaJIbl COPONIMSUIBIK AdpeKeci
65 % TeMmeH; MoIMMepITiK Ti30eKTepIiH OaiaHbICy Aapeeci 55 %-maH skoFaphl eMec; oacepili JHHAMUKAJIBIK
KOJIEMIK CHBIMBLIBIFEI 4,5 MMOJIB/T TOMeH). MHTepreni xyiieneri HoMUMepIIiK THAPOTeIAEPiH KallbIKTaH
OpeKeTTeCcyi THAPOTeNIepAiH COPOLMIIBIK KACUETIHIH aHAaFrypibIM JKorapbulaybiHa (30 %-Fa >KybIK) BIKIAT
eteni. CopOuusutsik nopexeci 93,5 %-ra peitin; nonumepiik Ti30ekTepaiH OainaHbICy nopexeci 76,5 %-ra me-
fiH; acepiti AMHAMUKAJIBIK KOJIEM/IIK CHBIMIBUIBIFGI 6,16 MMOITB/T-Fa feiiin eceni. HTepremi xyiieaeri momiu-
MEPIIK THIPOTENAEpIiH KAIBIKTaH dpeKeTTecy Ke3iHIe OJapAblH e3apa aKTHBTEHYl calgapblHaH THAPOTes-
JepliH COpOMSIIBIK KaCHeTi KOFapblIaiiiel. MakpoMosieKyiajaap HOHH3aIMsIFa YIIBIPaiIbl, apbl Kapail mom-
MepJIiK TYHiHep aifHANIBI, TOMEHMOJICKYIaabl HOHIap/Abl COPOLHSIIAY YIIiH THIMII KYPBUIBIMIAP TY3€e/i.

Kinm ce30ep: uHTEpreni xKyiienep, e3apa 9peKeTTeCy, MOJUAKPUIT KBIIIKBUIBI, MOJMMETAKPUI KBIIIKBLIBI,
MOJH-4-BUHWITUPUINH, IEPUI HOHAPHI, HEOJMM HOHIAPEI, COPOIIHS.

T.K. Ixxymanunos, P.I'. Kongaypos, A.M. manra3zel

Oco0enHocTH COPOLMH peIKO3eMeJIbHBIX METAJIOB LIEPHEBOM IPYNIIbI
HHTeprejeBbIMU CHCTEMAMHU HA OCHOBE IMporeseil MOJIHAKPUIOBOH KHCJIOTHI,
NOJTHMETAKPWIOBOH KUCJIOTHI U NMOJM-4-BUHUINMPUAUHA

Cratpsl OCBSIIIIEHa U3YYEHHUIO Ipoliecca COPOLUY HOHOB LiepHs M HEOJMMa WHIMBUTY ATbHBIMU THPOTEIISIMH
nomakpuiaoBoit  kucnotel (TITAK), mommmeraxpuinoBoit kucnotsl (TIIMAK), monu-4-BHHUIUpUITHA
(rI14BII) 1 uHTEpreneBBIMH CHCTEMaMH Ha nX ocHOBe. [TorydeHHBIe pe3yIbTaThl TOKa3ad, YTO COPOIIOHHbIE
CBOMCTBA (CTENEHb COPOINH, CTENICHB CBA3BIBAHUS MOIMMEPHOH 1enH, 3G dekTuBHAs TUHAMIYecKass OOMEH-
Hasi eMKOCTh) HHAUBUIyanbHBIX ruaporeneii [TAK, IIMAK, [14BII HenocTaTo4HO BBICOKH: CTETICHh COPOLIUH
He BBIIIE 65 %; CTeNeHb CBSI3bIBAHMS ITOJMMEPHOH 1IN He BhIIe 55 %; 3¢ deKkTHBHas AUHAMIIeCKas OOMeH-
Hasi eMKOCTb He BhIIIe 4,5 MMOJIB/T. JJucTaHIMOHHOE B3aUMOAEHCTBHE TOIUMEPHBIX THAPOTENEH B HHTEpre-
JIEBBIX CHCTEMaXx IPHBOJHUT K CyLIECTBEHHOMY yBelanueHHI0 (0koio 30 %) copOLMOHHBIX CBOHCTB. CTeneHb
copOrun Bo3pacTaeT 10 93,5 %; cTeneHpb CBA3bIBAHUS MOJIUMEPHOH 1ienu — 10 76,5 %; apdekTuBHas nuHa-
MH4ecKkas 0OOMeHHasi eMKOCTb — 10 6,16 MMoJIb/T. Takol CylIecTBEHHBII POCT SBIISIETCS CIIEACTBUEM B3aKM-
HOH aKTHBallMK UCXOAHBIX ITOJMMEPOB B MHTEPIeNIeBBIX CHCTEMax BO BPEMsl X JIUCTAHIIMOHHOTO B3aMO/ICH-
cTBUS. MaKpOMOJIEKyIIbI OABEPTAIOTCS MOHU3AIMH C ITOCIIEAYIOMNM pa3BOpadNBaHIEM ITOJIMMEPHOTO KiTyOKka
¢ oOpa3zoBaHHEeM ONTHMAIBHOI KOH(MOPMaIUH AT COPOIH HU3KOMOJIEKYIISIPHBIX HOHOB.

Knioueswvie cnosa. HUHTEPTEIIEBBIE CUCTEMBI, TUCTAHIIMOHHOEC B3aI/IMOHCI>‘ICTBPIe, TOJIMaKpuioBasg KUCJIOTa, I10-
JIMMETAKPUIJIOBasA KHUCJIOTA, HOHI/I'4-BI/IHI/IHHI/IpI/IHI/IH, WOHBI LICPpUs, NOHBI HEOAUMA, COp6III/I$[.
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Application of cluster-associative model for calculation
of kinematic viscosity of metal melts

Metal melts are often used in the national economy and industry. Therefore the study of the physicochemical
properties of metals is given great attention. Especially researchers pay great attention to the study of viscosity,
since viscosity is of great practical importance in metallurgy. Studying the viscosity of molten metal, at the
same time, is essential scientific interest, since viscosity is the most structurally sensitive characteristic of the
melt. The study of viscosity through experiment is somewhat difficult because many metals melt at very high
temperatures. It is difficult to create such conditions without special equipment. Therefore many researchers
are looking for additional development based on alternative approaches to understanding viscosity. The authors
in their article consider a new concept of randomized particles and on this basis propose a cluster-associate
model for calculating viscosity without conducting an experiment. The authors give examples of calculating
the kinematic viscosity of some metals according to the model proposed in this paper. The results we received
show that the proposed model allows us to calculate the viscosity even at very high temperatures. A comparison
of the obtained results with experimental data shows the functionality of the proposed model. The proposed
model can be used to calculate the viscosity of liquid metals in a wide temperature range. The article also shows
the possibility of using this model for calculating the activation energy of a viscous melt flow.

Keywords: viscosity, chaotized particles, the degree of clusters association, cluster-associated model, liquid
metals, reference point, crystal-moving particles, the temperature dependences of the viscosity.

Introduction

The viscosity, which is the main characteristic of the liquid is unable to be strictly express in theoretical
terms based on different calculations of binding forces of particles, i.e. structural factors. The staff of Chemical
and Metallurgical Institute (Karaganda) has developed the concept of chaotized particles by applying the Boltz-
mann law [1].

According to this approach all three aggregate states of matter are considered from a unified point of view
on its unstructured component, that is, in all three states of matter there are crystal-like, liquid-like and vapor-
like particles.

Earlier in the article “Efficiency of applying cluster-associated model of viscosity of liquid metals” [2]
3 models of viscosity of liquid metals were given depending on the content of randomized particles.

Equation (1) represents the temperature dependence of viscosity with adjustment to crystal-mobile parti-
cles:

v, =v,TIT, @
where v, and T, — are kinematic viscosity and absolute temperature correspondingly for a certain reference
point, in principle, arbitrarily chosen as the most reliable experimental determination.

Equation (2) represents the temperature dependence of viscosity with adjustment to crystal-mobile and
liquid-mobile particles:

v,T.[exp(-T, /T,)—exp(-T, /T,)]
© T[exp(-T,/T)—exp(-T,/T)]

where T, and T, — melting and boiling temperature correspondingly.
Equation (3) represents the temperature dependence of kinematic viscosity with adjustment to all three

types of particles:
v, :Vr—Trexp(T—m—T—mj. (3)

; (2)

T T T

r
However, it is necessary to develop a generalized viscosity model taking into account the degree of asso-
ciation of clusters of crystal-moving particles.
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These models have been tested on all the available reference material on the viscosity of metal melts.

The need to verify each of the three models of the viscosity and to select the most appropriate procedure
complicates the data processing. This has prompted a closer look at the nature of the liquid state, while re-
maining within the concept of chaotized particles. It was found that the strong dependence on the temperature
can be explained by the formation of aggregated or associated elementary cluster compounds. We propose a
new model of viscosity:

v=v, (T, /T). (4)
Here the parameter a makes meaning of the association degree n-partial cluster compounds [2].
Experimental

This section is devoted to the studies of the temperature dependence of the viscosity of the pure metals
melts for which there are reference data. During the experimental data selection we rested upon the monograph
[3] and reference books by M.E. Drits [4] in two parts about the properties of the elements. But there were no
data about some elements viscosity.

The [3] with the reference to [5] provides data on the kinematic viscosity for cuprum at different temper-
atures. Melting and boiling points were taken from the reference book [4]. Their respective values are as fol-
lows: Tn = 1356 K and T, = 2846 K. We applied the closer data to the melting point T, = 1438 K and
vr = 4.85-107" m?/s as the fixed reference point. The viscosity calculation results for the four models are shown
in Table 1 and Figure 1.

Table 1

Comparison of experimental data [3] with the values of the kinematic viscosity of cuprum,
calculated by the models (1)—(4), v-107, m?/s

T v(exp) v(l) v(2) v(3) a v(4)

Tm = 1356 - 5.14 5.27 5.44 - 5.34
1438 4.85 4.85 4.85 4.85 - 4.85
1568 4.05 4.45 4.33 4.11 2.08 4.20
1653 3.84 4.22 4.05 3.73 1.68 3.85
1738 3.72 4.01 3.82 341 1.40 3.55
1823 3.44 3.83 3.62 3.13 1.45 3.28
T, =2846 - 2.45 243 1.54 - 1.57
R - 0.610 0.898 0.872 - 0.952

Table 1 and graphical comparison shows that the model (4) is more accurate to describe the temperature
dependence.

The average value of @ =1.65.

The average value must be checked for representativeness by the criterion of homogeneity of the set and
then used in equation (4) to obtain the calculated values and compare with the experimental ones by the cor-
relation coefficient.

The statistical homogeneity of the obtained set of values is evaluated by the Nalimov criterion:

X = Xy
max: = 1 rCI”
min n-—
S J—
(04"
(Xi_7)2
()= 2

where x.,, — is the mini/max value of the set; X — is the average value; S (x) — is the mean square error;
min
n — is the volume of the set.
We have met the homogeneity of the obtained range for a under the Nalimov criterion: S(x) = 0.312;
i = 1.598 < rer = 1.688.
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Model (4) can be used with a fixed reference point close to the melting temperature T, = 1438 K in the
kinematic viscosity of cuprum during the consideration of the association degree of cluster compounds as a
generalized model of melt viscosity in the full temperature range:

v=(0.080/T"% )+8.02-10°°, m?/s. (5)

The correlation coefficient of model (3) is 0.898 and of model (4) is 0.952. The correlation coefficient of
model (4) is higher; therefore it is advisable to use model (4) to calculate the viscosity. We can calculate the
viscosity in the considered temperature range with the following equation:

Ea
n AeXp( - j (6)
where E, — is the activation energy; R — is the gas constant; T — is the temperature; A — is the constant
proposed by Arrhenius.

The activation energy for the estimated data equals to E, =18450 J/mol, while the activation energy for

the proposed model will be Ea’ = 22133 J/mol
1107, m?/s
6 -
5 L

4t 1

0 ! . . L, Tk
1200 1800 2400 3000

v — kinematic viscosity; T — temperature; points — experimental data [3],
1 — by the model (1); 2 — by (2); 3 — by (3); 4 — by (4)

Figure 1. The temperature dependence of the kinematic viscosity of cuprum

Figure 2 shows the dependence of the logarithm of the kinematic viscosity of cuprum on the inverse
temperature.

-14,40 104T

-14,80 - °

-15,20 -
Inv

v — kinematic viscosity; 7 — temperature; points — experimental data, crosses — for model (5);
straight — according to the equation Inv =In A’+E_’ / (RT)

Figure 2. Logarithm dependence of the kinematic viscosity of cuprum on reverse temperature
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Results and Discussion

For magnesium the boiling and melting temperatures are known: T = 923 K, T, = 1380 K. The values
T, =973 Kand v = 7.01-10" m?/s are taken as a fixed reference point. The viscosity calculation results for the
four models are shown in Table 2 and Figure 3.

Table 2

Comparison of experimental data [3] with the values of the kinematic viscosity of magnesium,
calculated by the models (1)—(4), v-107, m?/s

T v(exp) v(1) v(2) v(3) a v(4)

Tm =923 8.33 7.390 7.467 7.779 - 8.026
973 7.010 7.010 7.010 7.010 - 7.010
1073 5.420 6.357 6.288 5.819 2.629 5.453
1173 4.390 5.815 5.745 4.946 2.504 4.339
Tp=1380 — 4.943 4.967 3.736 - 2.859
R - 0.609 0.668 0.934 - 0.922

From the Table 2 and graphical comparison it can be seen that the model (4) is more accurate in describing
the temperature dependence.

The average value of @ = 2.57. The increased degree of cluster association of metal atoms is a consequence
of the fact that, against the background of the ionic structure of metal melts, it is possible to form molecular
covalent bonds in them.

The uniformity of the obtained set for the Nalimov criterion is observed: S(x) = 2.568; r,,

max

=0.035 <

< e = 1.483.

Model (4) can be used with a fixed reference point close to the melting temperature T, = 973 K in the
kinematic viscosity of magnesium during the consideration of the association degree of cluster compounds as
a generalized model of melt viscosity in the full temperature range:

v=(0.337-10° / T**" )+ 4.47-10°°, m°/s. (7)
1107, m3/s

9 -

o
7 o

/l
5 f 2
3

3} 4

Tm To

I 1 1 1 )
1

900 1100 1300 1500 T,K

v — kinematic viscosity; 7 — temperature;
points — experimental data [3]; 1 — by the model (1); 2 — by (2); 3— by (3); 4 — by (4)

Figure 3. The temperature dependence of the kinematic viscosity of magnesium

According to equation (6), the activation energy is E, = 22915 J/mol, butitis E,' = 22150 J/mol for the

proposed model. Figure 4 shows the logarithmic dependence of the magnesium viscosity on the inverse tem-
perature.
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8 9 10 11 T,K
_13’8 1 1 J

-14,1 -

-14,4 -

-14,7 -

107, m?/s

v — kinematic viscosity; T — temperature; points — experimental data; crosses — for model (7);
straight — according to the equation Inv =In A'+E,’ / (RT)

Figure 4. Logarithm dependence of the kinematic viscosity of magnesium on the inverse temperature

The melting and boiling temperatures of barium were taken from the reference book [4] and draw up
Tm=983 K and T, = 1913 K. In the monograph [3] with reference to the source [6], smoothed experimental
data on the kinematic viscosity of barium are presented.

The fixed reference points was taken under T, = 1073 K and v = 4.564-10" m?/s. The calculation results
for the four models are shown in Table 3 and Figure 5.

Table 3
Comparison of experimental data [3] with the values of the kinematic viscosity of barium,
calculated by the models (1)—(4), v-107, m?/s
T v(exp) v(l) v(2) v(3) a v(4)
Tm =983 - 4.982 5.134 5.418 - 5.234
1073 4.564 4.564 4.564 4.564 - 4.564
1173 3.901 4.175 4.089 3.861 1.762 3.971
1373 3.067 3.567 3.440 2.920 1.612 3.105
1473 2.793 3.325 3.210 2.592 1.550 2.782
1573 2.577 3.113 3.022 2.327 1.494 2.510
1773 2.264 2.762 2.732 1.924 1.396 2.082
Tph=1913 - 2.560 2.578 1.712 - 1.849
R - 0.789 0.865 0.959 - 0.993
107, m?/s
7 ¢
5 -
A
3T 2
. 4
([
1 I 1 1 1 I
900 T 1200 1500 1800 To T.K

v — kinematic viscosity; T — temperature; points — experimental data [4];
1 — by the model (1); 2 — by (2); 3— by (3); 4 — by (4)

Figure 5. Temperature dependence of the kinematic viscosity of barium
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Table 3 shows that the experimental values and those calculated by model (4) are close. The Figure 6 also

shows that the model (4) is more adequate in describing the temperature dependence of barium viscosity.

The average value g=1.56.

We can see the uniformity of the obtained set for the Nalimov criterion as follows: S(x) = 0.137;
o = 1.365 < rer = 1.821.
Then considering the association degree of cluster compounds as a generalized model of melt viscosity
in the full temperature range it is possible to use the model (4) with a fixed reference point close to the melting
temperature T, = 1073 K in the kinematic viscosity of barium finding a confidence interval and rounding-off:

v=(0.0249/7"%*)+1.68-10°, m*/s. (8)
At the temperature range under consideration, the activation energy was calculated as E, =15889 J/mol,

butitis E,’ =17543 J/mol for the generalized model. Logarithm dependence of barium viscosity on the inverse
temperature is presented in Figure 6.

5 7 9 v-107, m2/s
-14,10 . .

-14,40 4
-14,70 A
-15,00 A

-15,30 - e

-15,60 -
T, K

v — kinematic viscosity; T — temperature; points — experimental data; crosses — for model (8);
straight — according to the equation Inv =In A’+E_’ / (RT)

Figure 6. Logarithm dependence of the kinematic viscosity of barium on the inverse temperature

Conclusions

If unstable solid nuclei — clusters consisting of a complex of crystal-mobile particles exist in the melt,
they are the ones to prevent the fluidity of metals. Thus, the viscosity of a liquid and its dependence on tem-
perature can be estimated through the clusters. This was the basis for generating a new semi-empirical gener-
alized model of the temperature-dependant viscosity of liquid metals having regard to both the formation of
clusters and the degree of their associativity, that is the stronger role of crystal-mobile particles.

Therefore, this model determines the viscosity over a wide temperature range.

The new semi-empirical model of viscosity has been tried out on 3 typical metals, for which the reference
data on the temperature dependence of viscosity are available. In the majority of cases, the generalized model
describes the temperature dependence of viscosity more adequately through the comparison with the experi-
mental data.
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A.IIl. Kaxxukenona, JI.b. Anmubues, A.b. CetitumbOeToBa, A.C. CmannoBa

KuHemMaTHKaJBIK TYTKBIP CYIHbIK MeTaJIFa
KJIACTEPJIi-acCOMATUBTI MOebAi KOJAAHYABIH THIMILTIri

Merasut KOpbITHATaPhl XaIbIK NIapyalIbUIbIFBIH/A XKIHE OHEpKACiNTe Ui KongaHsuiagsl. COHIBIKTAH MeTal-
JIapaslH (Qu3MKa-XUMASUIBIK KaCHETTEPIiH 3epTTeyre YIKeH KoHiI OemiHeni. Ocipece 3epTTeyNIiiep TYTKBIP-
JIBIKTHI 3epTTEyTe KoM KOHII Oeerni, ce6e0l TYTKBIPIBIKTHIH METAILTY pTHsia MPaKTUKaIBIK MaHbI3EI 30p. ba-
KBITBUIFAH METAJIBIH TYTKBIPIIBIFBIH 3€PTTEY YIIKSH FEUIBIMU KbI3BIFYIIBIIBIK Ty IBIPAIbl, COHBIMEH KaTap, TYT-
KBIPJIBIK OaJIKbIMAaHBIH KYPBUIBIMIBIK-CE31IMTANIBIK CHIIATTaMachl OOJIBIN TaObLIaIbl. DKCIEPHUMEHT apPKbLIBI
TYTKBIPJIBIKTH 3€pTTEY OipIiama KWBbIH: KOITeTeH METajaap eTe >KOFaphl TeMIlepaTypanapaa Oankuabl. Ap-
Haiibl )kabIbIKTapChI3 MYH/Iail JKaF Jailap/pl skacay KublH. COHIBIKTaH KOITEreH 3ePTTEYLIIIEp TYTKBIPJIBIKTHI
TyciHyre Oanama Tociiep HerisiHae KOChIMINA d3ipieMenep i i3neiai. ABTopiap Makaiaia XaoTH3alisIaH-
FaH OeJIIEeKTep/iH jKaHA KOHIICTIIUSCHIH KapacThIpFaH jKOHE OHBIH HETi3iHJIe IKCIePHMEHT XKYprizoeH, TyT-
KBIPJIBIKTEI €CETITey YILiH KJIacTepiliK-acCOIUATThIK MOJIeNb YChbIHFaH. Onap YCHIHBUIFaH YIITi O0HbIHIIA KeHOip
MeTaJIapAbIH KHHEMAaTHKAJIBIK TYTKBIPIIBIFBIH €CeNTey MBICATIAPhIH KeNTipreH. AJIBIHFaH HOTHIKeNepe YChI-
HBUIFaH MOJIENb ©Te JKOFaphl TEMIIepaTypa Ke3iH/e Jie TYTKBIPIBIKTHI ecenTeyre MyMKIHAIK Oepei. AJNbIHFaH
HOTIKENEPi SKCIEPHMEHTAIBI IEPEKTEPMEH CANBICTHIPY YCHIHBUIFAH MOJAENbBIIH (YHKIHOHAIIBIFBIH KO-
cerenti. ¥ CHIHBUIFAH MOZICIIB/II KEH TeMIIepaTypablK JUana3oH/a CYIbIK MeTaIap/blH TYTKBIPJIBIFBIH €CCITEY
YlIiH naiigananyra 6omnaasl. COHBIMEH KaTap, Makajiana OalKpIMaHBIH TYTKBIP aFbIHBIHBIH OCICEHIIpY dHEp-
THSCBHIH €CenTey YIUiH OCBl MOJIENbAl KOJAaHy MYMKIH/IT1 KOPCETINreH.

Kinm ce30ep: TYTKBIPIBIK, peTCi3AeNTeH OOIIIeKTep, aCCOIMPIICHIeH KIACTEPIiH A9pexKeci, KIacTepiii-acco-
IIMaTHBTI MOJIENi, CYHBIK MeTajiiap, penepilik HYKTe, KpUCTAJUIKO3FaJIbICTHI OeIIeKTep, TYTKBIPIIBIKTHIH TeM-
nepatrypara ToyeIIiri.

A.IIl. Kaxxukenona, JI.b. Anmubues, A.b. CetitumbOeToBa, A.C. Cmannoa

IIpuMeHeHUE KIACTEPHO-ACCOLMATHON MOIeJIH VISl pacueTra
KHHEMATH4Y€eCKOIi BA3KOCTH PaCIlJIABOB METAJJIOB

PacruiaBel METaIOB OBOJIBHO YacTO MCIOJIB3YIOTCS B HAPOJHOM XO3siCTBE M MPOMBINIIEHHOCTH. [ToaTomMy
HCCIIEIOBAaHUIO (PH3UKO-XUMHIECKAX CBOMCTB METAIUIOB yelsieTcs Oonbinoe BHUManue. OcoObIit HHTEpEC BBI-
3bIBAaeT M3YyYEHUE BSI3KOCTH, BBUJY TOTO, YTO OHA MMEET OOJIBIIOE MPAKTHYECKOE 3HAUCHNE B METAJUTyPrHH.
V3ydeHue BSI3KOCTH pacIuUIaBIEHHOTO MeTajula B TO XK€ BpeMs NMPEJCTaBIsieT M Hay4YHbBIH MHTEpecC, TaKk Kak
SIBJIETCSl HanboJiee CTPYKTYPHO-UyBCTBUTENIBHOI XapaKTepUCTHKOI paciuiaa. V3ydeHue BA3KOCTH C MTOMO-
IIBIO SKCIIEPUMEHTa HECKOJIBKO 3aTPYAHEHO: MHOTHE METaJUIbI IUIaBsTCS IIPH OYE€Hb BEICOKUX TEMIIepaTypax.
Co3zznaTs Takue yciaoBus 6e3 celuaabHOro 060pya0BaHus CI0XkKHO. 110 3TOH MpHYMHE MHOTHE HCCIIEI0BaTEIN
UIIYT JOTOJHUTEIbHbIE Pa3pabOTKH Ha OCHOBE AJIbTEPHATHBHBIX MOX0/J0B K IOHUMAHHUIO BSI3KOCTH. ABTOPBI
JTAHHOM CTaThH PACCMOTPEIIH HOBYIO KOHIETIIINIO Xa0TH3UPOBAHHBIX YaCTHUIL U Ha €€ OCHOBE MPE/IOKHIIN Kla-
CTEpHO-aCCOLMATHYIO MOJIEIIb JUISl pacdyeTa BI3KOCTH 0e3 NpOoBeAeHNUs dKCriepuMeHTa. OHH IIPUBENH IPUMEpPHI
pacyeTa KWHEMaTHYEeCKON BSI3KOCTH HEKOTOPHIX METAJIIOB 10 MpeioxkeHHOW Moaenu. [loimyueHHbIe pe3yiib-
TaThl MOKa3bIBAIOT, YTO JIaHHAs MOJEINb IT03BOJISIET BEIYHCIIUTE BSI3KOCTB Ja)ke IIPH OYEHb BBICOKHX TeMIlepa-
Typax. ConocraBieHHe TOJyYeHHBIX PE3yJIbTATOB C KCIIEPUMEHTAIbHBIMU JAHHBIMU YKa3bIBaeT Ha (QyHKIH-
OHAJILHOCTB Mpe/IaraeMoii MOJIeNH, KOTOPYIO MOYKHO HCIIONIb30BATh AJIs pacyeTa BSI3KOCTH )KUIKUX METAIIOB
B IIMPOKOM TeMIIepaTypHOM Jquarna3oHe. Takxke B cTaTbe MoKka3aHa BO3MOXKHOCTh IPUMEHEHUsI JAHHOH MOJIen
JUISL pacyeTa SHEPTUH aKTHBALIMH BS3KOTO TEUCHHS paciljaBa.

Kniouesvie cnosa: BA3KOCTb, XaOTHU3UPOBAHHBIC YaCTUIIbI, CTCIICHbL ACCOLMUPOBAHHOCTHU KJIACTCPOB, Klla-
CTEpHO-acconuaTHasd MOACIIb, ) KUAKUE METAJJIbI, pENIE€pHAst TOUKA, KPUCTAJUIONIOABUIKHBIC YaCTUIIbI, TEMIIEPA-
TYpHas 3aBUCUMOCTD BA3KOCTH.
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Low temperature gas-phase technology cladding powdered silicon carbide

A technology for applying a metal coating to the surface of powdered silicon carbide has been developed. For
this purpose, a film of copper phosphide is initially applied to the surface of the powder. The process consists
in wetting the powdered carbide with a solution of copper sulfate and subsequent treatment with gaseous phos-
phine. The resulting film of metal-like copper phosphide has sufficient electrical conductivity, and is also a
catalyst for the process of chemical nickel plating. This makes it possible to use chemical or electroplating
methods for plating the surface of powders with the necessary metal. Testing this technology in the laboratory
allowed obtaining a nickel coating that has the necessary adhesion to silicon carbide particles.All samples of
powders at various stages of the process were examined using a scanning electron microscope 1SM-6490-LV
(JEOL, Japan), which allows to obtain electronic images (photos) of individual areas (spectra) of the surface at
specified magnifications and chemical composition. The results of the scanning electron microscope study
showed that the nickel coating contains 7 % phosphorus and covers about 90 % of the powder surface, and the
estimated coating thickness is 0.8-1.0 microns. This makes it possible to use such silicon carbide powders in
the preparation of composite products or coatings. If necessary, the degree of closure of the powder surface can
be increased by re-performing the operation specified in this article. The article is intended for scientists and
researchers, who are also interested in the problems of obtaining composite coatings.

Keywords: silicon carbide, copper sulfate, phosphine, copper phosphide film, chemical nickel plating, compo-
site material.

Introduction

Modern production requires the creation of new engineering materials that can be used as special mate-
rials in fillers for composites. Such materials can be metalized dielectric powders that have thin-film metal
coatings on the surface. Combining the useful properties of dielectrics, such materials have unigue properties:
high strength, thermal and heat resistance, electrical conductivity and can be used as dual-use materials [1-5].

The main purpose of coating is to improve the retention of grain in the tool matrix, increase the thermal
conductivity of the working layer, which allows intensifying cutting modes and thereby increasing the effi-
ciency of the tool. This is especially important in the production of abrasive powders that can be used in the
manufacture of various tools, as well as an independent product.

In addition, the metallization of particles can significantly improve the process of feeding the powder into
the plasma jet, which has a positive effect on the uniformity of the formed coating, reduce the oxidation rate
of sprayed powders (for example, carbides), reduce the porosity of coatings, increase the adhesion strength of
coatings to the substrate and increase their wear resistance [6-8].

One used for this purpose is silicon carbide. Because of its increased hardness, silicon carbide is widely
used in engineering. On the basis of silicon carbide, lining wear-resistant plates, o-rings and bushings, reaction-
bonded ceramics are produced. Rings and bushings made of wear-resistant silicon carbide material are
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designed for sealing shafts and sliding bearings in pumps that pump oil, petroleum products, liquefied hydro-
carbon gases, organic solvents, neutral liquids, as well as acids (except fluoric acid) and salt solutions at tem-
peratures from —100 °C to +500 °C. The products are suitable for use in any designs of friction pairs with the
presence of lubrication or self-lubrication [9-11].

The literature describes many methods for applying metal films to dielectric materials that can be used
for applying films to silicon carbide. The most commonly used of these are so-called physical and chemical
methods. In the physical method, pre-molten metal particles are sprayed onto the coated surface with com-
pressed air or gas. Liquid metal particles on the way to the surface are partially cooled and only melt the
surface, sticking to it. A variation of this method is vacuum metallization [12].

For chemical deposition of metal coatings, reducing agents in the gas phase or compounds dissolved in
an electrolyte solution are used [13-15].

When using hydrogen gas as a reducing agent, the reduction reaction is carried out at a high temperature
of several hundred degrees. In this way, it is possible to obtain coatings from a fairly large number of metals,
but the need to have special equipment for heating and dosing gas mixtures limits the wide application of the
method.

Thermal decomposition reactions are often used for metallization in the gas phase. The most suitable
compounds for this purpose are metal carbonyls. During the reaction, under certain conditions, they decom-
pose, leaving a metal on the coated surface and releasing carbon monoxide, which can again be used to produce
metal carbonyl. That is, CO plays the role of a metal carrier reagent. This is not only convenient in terms of
production, but also minimizes the unproductive costs of auxiliary reagents, and eliminates environmental
pollution. The relative high temperature of the process and the high cost of metal carbonyls prevent the wide-
spread use of this method [9].

In chemical-electrolytic metallization [13-15], to create an electrically conductive layer, the dielectric
surface is activated by creating catalytic centers, which are then coated chemically.

Chemical-electrolytic technology has limitations associated with the use of expensive substances, the use
of high temperatures, and the inability to apply coatings on highly porous materials.

The above analysis shows that the task of developing effective methods for applying metal coatings to
powdered silicon carbide is relevant.

Experimental

In this paper, we consider the technology of metallization of silicon carbide powders by preliminary ap-
plication of metal-like copper phosphide (Fig. 1). At the same time, the process of obtaining a copper-phos-
phorus film is based on the reaction of reducing divalent copper with gaseous phosphine. To do this, first a
film of copper salt solution is obtained on the surface of the sample, and then this surface layer is treated with
phosphine. In this case, the film of the copper salt solution is converted to copper phosphide. Sulfates, nitrates,
and copper chlorides were investigated as copper salts. However, in most experiments we used the available
and cheaper copper sulfate.

1 3 5 7
e
2 4 6
_— - -
1 — separate particle of silicon carbide; 2 — wetting in a solution of copper sulfate;

3 — sorption layer of copper sulfate; 4 — treatment with phosphine; 5 — a film of copper phosphide;
6 — chemical nickel plating; 7 — nickel coating

Figure 1. Scheme of metallization of silicon carbide particles

The initial powders are degreased in a 15-20 % solution of hydroxide or sodium carbonate at a tempera-
ture of 40-500 °C until the surface of the particles is completely wetted, washed in hot running water. Then a
layer of metal-like copper phosphide is applied to the surface of the powder particles. To do this, the powder
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is immersed in a solution containing 100-200 g/l CuSO,4-5H20. The ratio of the volume of the powder to the
volume of the solution is 1:1.2-1.5 at concentrations of copper sulfate less than 100 g/l, the resulting copper
phosphide film will have: a thickness insufficient to build up the metal with a chemical or galvanic metal. At
concentrations of copper sulfate more than 200 g/l due to the formation of large crystals of copper sulfate in
the subsequent drying of the powder increases the heterogeneity of the thickness of the resulting films. The
remnants of the solution are not adsorbed by the surface of the powder is separated by filtration. After that, a
sorption layer of the solution with a thickness of 50—70 microns is formed on the surface of the powder parti-
cles. The powder is dried for 40-50 minutes at a temperature of 18-25 °C to create gas permeability between
the individual particles. The dried powder is placed in a sealed chamber and treated with phosphine gas. Phos-
phine for research was obtained by acid decomposition of powdered technical zinc phosphide. This phosphide
contains about 22 mass % of phosphorus and therefore it can be considered that the main component is zinc
phosphide with a small amount of free zinc.

When treated with phosphine in the metallization chamber a reaction occurs between phosphine and the
adsorption film of the copper sulfate solution leading to the formation of copper phosphide by reaction:

6CuSO; + 3PH3 + 3H20 — 2CusP + 6H2SO04 + H3POs (1)

A small amount of phosphine remains in the gas environment after its reuse, so this gas must be purified.
For this purpose, the residual gas was passed sequentially through a layer of copper carbonate and an oxidizing
solution (500 g/I of potassium permanganate). After this treatment, phosphine is not detected in the waste gas.

During the experiments, 10 g of skimmed silicon carbide powder was filled with 10 ml of CuSO4-5H>0
(200 g/l). After stirring for 5 minutes, the excess solution was filtered out. The powder was transferred to a
Petri dish and dried at room temperature until moist state (40-50 minutes).

A Petri dish with dried powder was placed in a sealed chamber. The air was forced out of the free space
of the chamber with nitrogen. Then phosphine was fed into this chamber by forcing it out of the bottle with
water. At the same time, phosphine was absorbed by the surface film of copper sulfate.

The phosphine treatment process took place at room temperature for several minutes.

Further build-up of the metal film was carried out by chemical Nickel plating in a solution of the following
composition: NiSO4-7H.0 — 30 g/l; NaH,PO, — 10 g/l; CH;COONa — 10 g/I, at an electrolyte temperature
of 90 °C for 30 minutes.

Samples of powders at various stages of the process were examined using a raster electron microscope
ISM-6490-LV (JEOL, Japan), which allows obtaining electronic images (photos) of individual sections (spec-
tra) of the surface at specified magnifications. The microscope made it possible to simultaneously obtain the
elemental compositions of the spectra in the form of a table.

Results and Discussion

Figure 2 shows an electronic image of carborundum powder after applying a film of copper phosphide.
The spectral analysis in Table 1 shows that the content of this phosphide (Cu+P) is about 44 %. However, the
entire surface of the powder has a light gray tone characteristic of metal-like copper phosphide and the presence
of silicon is due to the fact that due to the small thickness of the copper phosphide film in some areas, the
scanning probe partially captures the signals of the lower layer of silicon carbide. If this is the case, then after
the deposition of a sufficiently thick layer of chemical nickel, the signals of the lower layer should disappear.
In addition, the phosphide film has good adhesion to the carbide particles. This is due to the fact that the copper
salt solution penetrates all the pores of silicon carbide, which become gas-permeable as the solution dries.
Therefore, the course of the reduction reaction in the pores also provides good adhesion of the film with silicon
carbide.

Table 1

Elemental composition of carborundum powder

Element Weight, %
C 12.68
0 13.79
Al 0.92
Si 25.76
P 7.69
Cu 36.75
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1mm 3nekTpoHHoe uzobpaxenue 1 100Mem - - IneaTponmoe mobpawenme 1
Figure 2. An electronic image of the silicon carbide powder after application of a film of copper phosphide

Copper phosphide is a catalyst for the chemical Nickel plating process, so nickel deposition occurs on the
surface of silicon carbide particles covered with a phosphide film, including in the pores. This should also
provide the necessary adhesion of the coating to the base. In addition, the process of chemical nickel plating
on the surface of copper phosphide is characterized by increased gas release [16, 17]. This leads to some
fluctuations of the powder particles and contributes to the formation of a nickel coating over the entire surface
of the powder particles. Therefore, such a coating will provide the necessary adhesion between the carborun-
dum particles and the matrix in the preparation of the composite product or coatings.

The reaction occurring in this case is described by the following chemical equations:

NaH2PO; + H,O — NaH,PO3 + 2H* + 2e~ 2
NaH,PO; + 2H,0 — NaH.PO4+ Hy + 2H* + 4e” 3)
3NaH;PO; — 2e- — NasPO3+ 2P + 3H,0 (4)
5NaH2PO; — 4e- — NasPO4 + 4P + 2NaOH + 4H,0 (5)
Ni?*+ 2e~ — Ni (6)

2H" +2e > H; @)

As can be seen from these equations, the process of chemical nickel plating is accompanied by the release
of hydrogen. In addition, elemental phosphorus is also released, which gives the coating additional hardness.

Figure 3 shows the electronic image and the elemental composition (Table 2) of the powder after applying
a layer of chemical nickel. The estimated coating thickness is 0.8—1.0 microns.

This data shows that the nickel coating contains 7 % phosphorus and covers about 90 % of the powder
surface. This makes it possible to use such silicon carbide powders in the preparation of composite products
or coatings. If necessary, the degree of closure of the powder surface can be increased by repeated conduct of
the above operations.

1mm 3nexTpoHHoe uzobBpaxenme 1 100MKM

Figure 3. An electronic image of silicon carbide powder after application of chemical nickel
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Table 2

Elemental composition of silicon carbide powder after application of chemical nickel

Element Weight, %
C 7.18
0 2.38
Al 0.39
Si 13.22
P 5.48
Ni 71.35

In a similar work [18], a nickel coating was obtained by electrodeposition. This method is very well
known, but has its drawbacks. The main disadvantage is the reduced hardness and complexity of production.

Conclusions

Phosphine gas is used for applying metal coatings to powdered materials. Thus, for metallization of sili-
con carbide powder, an adsorption layer of copper sulfate solution is first created by wetting on its surface,
which is then transformed by phosphine treatment into a metal-like copper phosphide. Copper phosphide is a
catalyst for the chemical nickel plating process. This allows you to apply a layer of chemical nickel. Although
the thickness of the copper phosphide film is insignificant, it catalyzes the chemical nickel plating process
well. This allows you to apply a coating of the desired thickness to the surface of the silicon carbide powder.
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IT.A. A6aypazoBa, M.C. Caraes, lII.T. Komkap6aesa, K.A. Aman6aeBa, E.b. PaiibiMOexoB

YHTaK Topi3Ai KpeMHUH KapOMIiH KanTayablH ra3ogasabl
TOMEHTEMIIEPATYPAJIbI TEXHOJIOTHACHI

YHTaK Topi3al KpeMHUH KapOumiHiH OeTiHe MeTajul KalTaMachblH TOCEyIiH TEXHOJOTHACH d3ipieHreH. by
Makcat YIIiH YHTaK OeTiHe OacTankbina MbIc GOChUIIHIH KanTaMachH KOIaHa sl Y pAic YHTAK Topi3ai Kap-
6uaTi MBIC Cynb(ATHI epiTiHAICIMEH cyar, ra3 Topi3ai GochuHMeH eHneyneH Typaasl. by perre Ty3inerin
MeTaJul Tapizai MbeIC GochumiHiH KarTaMachl JKeTKITIKTI 3JIeKTp OTKI3TilliHe He, COHAaii-aK XUMHSUIBIK HH-
KeJIb/Iey TPOILECIHIH KaTanu3aTopsl 00k TaObuIaasl. by YHTaKTHIH O€TiH KaKeTTI MeTaJIMeH KalTayFa ap-
HaJlFaH XUMISJIBIK HEeMece TajbBaHUKAIBIK dIicTepl MaiifanaHyra MyMKIHIIK Oepemi. OCbl TEXHOJOTHSHBI
3epTXaHANIBIK JKaFJaliaa Tekcepy KpeMHUI KapOuaiHiH OeeKTepiMeH KaXeTTi ycTacysl 6ap HUKeIb KarTa-
MachIH anyFa MyMKiHIiK 6epai. [IpouecTin opTypii caThuiapbiHaa YHTaKTapAblH 6apibiK yiurizepi [ISM-6490-
LV (JEOL, XXamnoHust) pacTpibIK 3J1€KTPOHIBIK MHUKPOCKOII KOMETIMEH 3epTTeNreH. PacTpibIK 3IeKTPOHIBIK
MHKPOCKOI 9JIiCiIMEH XYPTi3UIreH 3epTTey HOTWKellepi HUKeNbIi KanTaMaHbIH Kypambiaaa 7 % docdop 6ap
JkoHe yHTaK OeriHiH mamameH 90 % jxa0aThIHBIH KOPCETTi, ajl KanTaMaHblH KanblHabFbl 0,8—1,0 MKM Ky-
paiiapl. Byi1 KoMITo3HIMSITBIK Oy bIMAap bl HeMece KalTaManapabl aly Ke3iHae KpeMHU kapOuiHiH OChIHAal
YHTaKTapblH KOJIIaHyFa MYMKIHIIK Gepeni. Kaker OoiraH jxarmaiina yHTaK OeTiH Kanray JopexeciH OChl Ma-
KaJlaJia KepCeTUIreH ONepanlrsIHbl KaliTa )KYpri3y apKbUIbI iCKe achIpyFa 0omaapl. Makana FansIMaap MEeH 3epT-
TeyLIijepre, COHIal-aK KOMIIO3ULIMSIBIK KalTaManapibl ajly MocelieepiHe KbI3bIFYIIBUIBIK TAHBITATHIH TYJI-
Fajapra apHaJIFaH.

Kinm ce30ep: kpemHmii kapOuzi, MbIC cyabdatsl, pochuH, MeIc GOCHUAIHIH KanTaMachl, XUMHSJIBIK HUKEIIb-
Jiey, KOMIIO3HIMSIIBIK MaTepUal.

IT.A. A6nypazosa, M.C. Caraes, I1I.T. KomkapbaeBa, K.A. Aman6aeBa, E.b. PaiibiMOexoB

HuskoremneparypHasi razogazHasi TEXHOJIOTUS JIAKHPOBAHUS
MOPOIIKOOOPA3HOr0 Kapouaa KpeMHUs

Pazpaborana TeXHONOTHSI HAHECEHHSI METANTMIECKOTO TOKPHITHS Ha MOBEPXHOCTH MOPOIIKOOOPA3HOTO Kap-
6uma kpemHus. [ 9TOH 1enu Ha MMOBEPXHOCTH IOPOINKA MEPBOHAYAILHO HAHOCAT IUICHKY (hochHma MeJi.
IIpomecc 3axmrogaeTcs B cMauMBaHHUHN ITOPOIIKOOOPA3HOTO KapOraa pacTBOPOM Cyb(aTa MEH U MOCIEMYIO-
nieit o6paboTke razoodpazHeM pocuaoM. OOpa3zyronIascs Mpyu 3TOM IUICHKa MeTauioo0pasHoro ¢ochuaa
MeJH 00J1aJaeT JTOCTaTOYHON AJIEKTPOIPOBOAHOCTEIO, @ TAKXKE SIBJIAETCS KaTaJu3aToOpOM IIpolecca XUMHYe-
CKOTO HHMKEJIMPOBaHUs. DTO JAaeT BO3MOXHOCTh MCIIOJIb30BaHUSI XUMUYECKUX WM rajbBaHUYECKHX METOJI0B
JUIS TUTAKMPOBAHMSI IOBEPXHOCTH ITOPOIIKOB HEOOX0MUMBIM MeTasuioM. [IpoBepka JaHHOH TEXHOJIOTHH B Jia-
0GOpaTOPHBIX YCIOBHUSX MO3BOJIMIIA MOTYYUTh HUKEIEBOE OKPHITHE, UMEIOIee HE0OX0AMMOe CIETUICHHE C Ya-
cTuIamMu KapOuaa kpeMHus. Bce 00pasiisl MOPOIIKOB Ha Pa3IMIHBIX CTAHAX MPOLECcca MCCISJOBAIICH TIPH
MOMOIIM PacTPOBOTO 3IEKTPOHHOTO MUKpockoma ISM-6490-LV (JEOL, SlnoHus), MO3BOJISIONIETO NOTy4aTh
3JIEKTPOHHBIE H300paXkeHus (poTorpaduu) OTACTHHBIX YYaCTKOB (CIIEKTPOB) MOBEPXHOCTH TIPH 33/1aBAEMBIX
YBETMYEHHAX I XUMHIECKHUH cOCTaB. Pe3yIbTaThl HCCIEIOBAHUS METOJIOM PACTPOBOTO 3JIEKTPOHHOTO MUKPO-
CKOIa ITOKa3aJii, YTO HUKEJIEBOE MOKPhITHE conepxHuT 7 % docdopa n 3akpsiBaet 0koio 90 % moBepXHOCTH
MOPOIIIKA, a pacueTHas TONLIMHA MOKpbITUs cocTaiseT 0,8—1,0 MkM. DTO faeT BO3MOXKHOCTh NIPUMEHEHUS
TaKHUX IOPOIIKOB KapOuaa KPEMHHs MPH ITOJYYEHHH KOMITO3MIMOHHBIX H3ENNi Wi NOKpEITHH. [Ipn Heob-
XOAUMOCTHU CTCNEHb 3AKPBITHUSA ITOBEPXHOCTHU MOPOIIKA MOXHO YBEJIMYUTL IIOBTOPHBIM IPOBEAEHUEM OIl€pa-
ITMH, yKa3aHHOI>’I B }IaHHOﬁ cratbe. CTaThs npeaHasHa4Y€Ha YUYCHbIM U UCCIIEOBATEIIAM, a TAKXKE JIMLaM, HHTE-
pecylomumMest pobIeMaMy OJyIeHHsT KOMITO3UIIHOHHBIX TTOKPBITHI.

Kniouesvie cnosa: xapoun kpeMHuus, cynbhat Meau, GocduH, mieHka Gocduaa Menu, XMMIIecKoe HUKEITHPO-
BaHHE, KOMITO3UIIMOHHBIA MaTepHall.
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Baromembrane technologies for purification of industrial wastes,
using pulse water treatment

In this article the data of the purification of water steam condensate of the LLP «Pavlodar Petrochemical Plant»
is considered. In the course of research multifunctional ion exchangers for pre-filters synthesized and were
studied. A pilot reverse osmosis unit was produced with a capacity of 600 L per hours, and had been tested to
clean steam condensate using a «Unit of Electromagnetic Treatment» (UET) and without it. The optimal treat-
ment mode of purification was selected to the separation of the concentrate 0.1 m? per hour. It was found that
after desalination of water acidity value of pH changed to acidic medium (permeate) or to the basic medium in
the concentrate tract, which associated by decreasing or increasing hydrocarbonate ions, accordingly, in per-
meate and concentrate. It was noted that the using of the UET at the inlet, led to a slight decreasing of the
operating pressure inside the reverse osmosis unit, while on the reverse osmosis unit without UET it corre-
sponded to the calculated value. It was established that the membranes used in testing by using the UET prac-
tically have no deposits on themselves, and without it they have a noticeable amount of contamination on their
surface. Thus, using the UET in the process of reverse osmosis desalination can significantly increase the ser-
vice life of membranes and maintain their selectivity, and the proposed method allows to achieve the required
water purification standards set by the plant.

Keywords: anion exchanger, static exchange capacity, process flow, membrane elements, selectivity, pilot re-
verse 0smosis unit, electromagnetic water treatment device, water sample, test protocol, antiscalant.

Introduction

Rapid industrialization and economic growth have significantly contributed to human welfare in the re-
cent decades in contributing to industrial pollution and eradication of the natural resources around the world.
In particular, the generation of large amounts of industrial effluents has considerably stressed the available
water resources, thus raising a great concern not only in developing countries, but also worldwide. There are
a number of pieces of evidence for subsequent toxic effects on aquatic organisms when industrial effluents are
dis-charged into the environment without an effective treatment [1, 2].

The environmentally friendly methods recently used for obtaining water are ion exchange and reverse
osmosis. These technologies can assure an obtainment of deeply purified water, with content of impurities
much below the maximum permissible values according to hygienic standards and even below the limits of
detection [3, 4].

Nowadays the membrane and sorption technologies are one of the most progressive and developing
branches in chemical engineering [5, 6]. High efficiency of the using membrane processes in various industrial
technologies, and their environmental compatibility contribute to rapid growth of the scientific and applied
research. Also, the number and range of manufactured membranes and units are increased, as well as it asso-
ciated in the funding allocated for these purposes in all economically developed countries. Membrane technol-
ogy in its modern form has been entering in our life since the 70s of the 20" century.

One of the reasons for the intensive development of the membrane technology is its relatively low energy
costs of separation processes [7,8]. In the forecasts of the world economy development, the membrane tech-
nologies are characterized as technologies of the future. The volume of their utilization in the economically
developed countries increases annually by 20-25 % [9]. Thus, membranes in reverse osmosis and ultra-filtra-
tion, as compared with the other methods (evaporation, freezing, distillation), make it possible to carry out
dehydration and concentration of the product, dispose of impurities, isolate the necessary substances and purify
solutions. Herewith, the energy consumption is significantly reduced.

Among the membrane processes, which have been intensively developing in the recent years, baromem-
brane processes, such as reverse osmosis, ultra-, micro- and nano-filtration, hold a special place, which is
connected with related to their universality and a wide range of application [10, 11]. They are characterized by
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such features as low energy consumption, simplicity of the equipment design, an ability to work at the ambient
temperature.

The Republic of Kazakhstan has the largest mineral and raw material resources and does not have suffi-
cient sources of fresh water. At the same time, a number of regions of our country have large reserves of
underground waters, which are not used for the needs of water supply due to the high content of salts, dissolved
in water. These waters can become sources of water supply only in case of their further desalination.

That is why, the development of methods for producing new membranes, which are the basis of the de-
salination equipment, is of a big practical importance [12].

This work aims at the purification of the water steam condensate of Pavlodar Petrochemical Plant LLP
(PPCP LLP), using the reverse osmosis method, combined with an electromagnetic water treatment device
(EWTD) for ensuring a minimum volume of the concentrate (no more than 10 %), and preventing an intense
salt deposition on the reverse osmosis membranes.

Experimental

Polyfunctional anion exchangers, based on aniline (A), benzylamine (BA) and polyethyleneimine (PEI)
were obtained by the condensation with PEI of epoxyamines, synthesized from A or BA, and ECH. First,
glycidyl derivatives of amines (epoxyamines) were synthesized from aniline (A) or benzylamine (BA), and
epichlorohydrin (ECH) in the presence of NaOH at the temperature of 50 °C for 6 hours:

H
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The polycondensation with PEI was carried out in a solution of dimethylformamide (DMF) at different
mass ratios, at the temperature of 60-65 °C for 5-6 hours, after which the reaction mass was baked at the
temperature of 100 °C for 16-24 hours.
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The elemental composition of anion exchangers (found/calculated), % for A-ECH-PEI: C —
73,32/73,86; H — 17,60/17,34; N — 5,89/5,60; O — 3,19/3,20 and BA-ECH-PEI: C — 70,72/70,92; H —
17,61/17,48; N — 7,81/8,09; O — 3,86/3,51.

The study of the main physical and chemical characteristics of ion exchangers, based on A-ECH-PEI
and BA-ECH-PEI has been carried out according to the GOSTs 1918073, 10898.1-74 and GOST 10898.5-
74 on the enlarged batches, obtained under the optimal conditions.
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Results and Discussion

In the course of our studies, we have synthesized and investigated polyfunctional ion exchangers for pre-
filters.

On the basis of the chemical analysis, the structure of the synthesized polymers may be represented as
follows:

—N—CH; —CH—CH,— {\I—CHZ—(IZH —CH—N—
|

CH, OH OH ICH2 (I:H2 OH (|3H2 OH |CH2
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| | OH
OH OH OH ?Hz
A-ECH-PEI BA-ECH-PEI

Table 1 shows the main physicochemical characteristics of the synthesized anion exchangers

A-ECH-PEI and BA-ECH-PEI.

Table 1

Main physicochemical characteristics of the synthesized anion exchangers

1 ili i 1 0
Anion exchangers COEwqci, Vep, grr]]emlcal stablllgyr:n SOIUtlonS’lc/)O% Thermal stability in
- 0,
based on mg-equ/g ml/g HaSO. NaOH H,0, water, %
A-ECH-PEI 4.83 4.5 92.5 94.9 70.1 95.0
BA-ECH-PEI 8.95 5.7 97.9 08.7 72.0 94.1

Note. COEncI — static exchange capacity of an anion exchanger by 0.1 n solution of HCI; Vs, — specific volume of an ion
exchanger.

Tests of efficiency of applying the electromagnetic water treatment technology have been carried out in
the process of the reverse osmosis desalination of the water steam condensate of PPCP LLP. It has been found
that with a decrease in the volume of the concentrate, the concentration of all salts in it increases, namely, the
hardness salts in the concentrate form microcrystals with their isolation on the surface of a membrane element.
As a result the productivity of the unit sharply decreases and the membrane elements should be «chemically»
washed or replaced. This problem may be solved either with the help of reagents, introduced into the initial
water, or with the help of magnetic pulse treatment of water in the process of reverse osmosis. To solve this
problem it is necessary to create the conditions, when only the emerging microcrystals of the hardness salts
will be in water, as if on a «magnetic pad», without isolating them on the membrane surface.

An electromagnetic transducer is designed for cleaning and protection against the deposits of the hardness
salts. It can be used both independently and as an addition to the existing water treatment systems. The control
unit has a printed board with a powerful electromagnet and a microprocessor, which generates electromagnetic
pulses and controls the change in the frequency range from 1 kHz to 25-50 kHz. Electromagnetic waves of
various lengths, amplitude and frequency, which vary over time, are transmitted through the wire-transmitters.
An electromagnetic pulse is concentrated in the volume of water flowing in the pipeline where the coil is
installed. Under the effect of electromagnetic waves, divalent cations of calcium and magnesium lose an ability
to interact with anions and form insoluble compounds. The converted calcium and magnesium cations lose an
ability to crystallize and precipitate. Herewith, the chemical and mineral composition of water does not change.

According to the goal to be sought, a set of documents for the test bench has been developed, including
two reverse 0smosis units, one of which is equipped with an electromagnetic water treatment device. A process
flow has been developed, according to the fact that the initial water enters the tank, where from the water is
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supplied to the two reverse osmosis units with a capacity of 600 I/h. In front of a high pressure pump — after
the tie-in point of the recirculation line — an electromagnetic water treatment device is installed on the pipeline
of one unit. The test bench operates in a closed circuit, i.e. permeate and brine return to their initial capacity.
The controlled parameters of the test bench are: the capacity of permeate, concentrate, recirculation line, dif-
ferential pressure at each circuit, TDS in the water steam condensate before the treatment, in permeate and
concentrate thrice a day.

During the next researches, tests have been conducted for the purification of the steam condensate, taken
from PPCP LLP, using EWTD and without it. An assembled pilot reverse osmosis unit with a capacity of 600
I/h is shown in Figure 1.

Unit No. 1 C1 PH EWTD F1  PH Unit No. 2

FO-F2

D2
D1

D2

C1 — initial water capacity PH — high pressure pump CVF 2-22

F1 — cartridge fine filter (LVR 3-36)
Unit No. 1(2) — reverse osmosis unit FO-F2 — flowmeter 100 — 1000 I/h
D1...D2 — Reverse osmosis device Im  EWTD — magnetic transducer

Figure 1. General view of a pilot reverse osmosis unit with a capacity of 600 I/h

Sampling of the steam condensate from PPCP LLP, amounting to 2500 L has been carried out. The ob-
tained samples have been submitted for a complete chemical analysis to an independent certified testing labor-
atory of «Kazecologiya» Scientific Research and Production Center LLP (Almaty). According to the test pro-
tocol, the composition of the obtained water samples is as follows (Table 2).

Table 2

Data of the chemical analysis of the steam condensate samples from PPCP LLP

Parameters Content
Salt content, mg/dm?® 238
Total hardness, mg-equ/dm?® 3.0
Iron, mg/dm3 50
QOil products, mg/dm?3 0.8
pH — value 7.24

The required standards for the purified steam condensate requested by PPCP LLP are presented in Ta-
ble 3.

Table 3
Required standards for the purified water steam condensate
Product Parameters Standard
Salt content, mg/dm?® No more than 40
Total hardness, mg-equ/dm?® No more than 5
Water steam 3
condensate Iron, mg/dm No more than 0.5
Qil products, mg/dm?® No more than 0.3
pH — value 6.8-7.5
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Tables 4, 5 show the results of the tests, carried out on the reverse osmosis unit, combined with EWTD
and without it.

During the tests at the pilot units, the optimal mode for desalinating the water steam concentrate has been
selected, whose gist is as follows: a water flow with a capacity of 0.7 m3h has been supplied to the inlet of the
high-pressure pump of the reverse osmosis units, the permeate output has been 0.6 m®/h, the discharge into the
concentrate circuit has been 0.5 m3/h, of which 0.4 m®h has been fed back to the inlet to the high pressure
pump via the recirculation circuit. Thus, the concentrate discharge has been equal to 0.1 m%h. Also, in the
course of the repeated tests, the optimal volume of water flow in the recirculation circuit of the reverse osmosis
units (0.4 m3/h) has been chosen.

It should be noted, that pH of the initial water has been equal to 7.24, after desalination of the water, pH
has shifted to the acidic medium (permeate) and to the alkaline medium on the concentrate circuit, which is
connected with a decrease and, respectively, an increase of hydrocarbonate ions in permeate and concentrate.
It has been noted, that the use of EWTD at the inlet leads to a slight decrease in the working pressure inside
the reverse osmosis unit, while at the reverse osmosis unit without EWTD, the working pressure corresponds
to the calculated one. This effect is explained by the effect of electromagnetic waves on the ability of divalent
calcium and magnesium cations to interact with anions to form insoluble compounds and their subsequent
precipitation on the working surface of the reverse osmosis membranes (which, as a rule, leads to an increase
in the working pressure as the membrane surface becomes polluted).

It has been found, that a pressure decrease is connected with a change in the salt content of the tested
water. The water temperature also has an indirect effect. With a temperature increase of the water for osmosis,
the medium becomes less viscous and dense, as a result, more mobile. This leads to the increase of the filtration
rate, which negatively affects the membrane life. To ensure the maximum possible mode of operation of the
membranes, it is necessary to have a temperature range between 15-20 °C.

The following statement is actual for expressing the dependence of the diffusion rate of water molecules
through the membrane walls, upon changing of the water temperature before osmosis: when the solution tem-
perature changes by one degree (decreases or increases), the specific flow rate of the medium reaches 3 % of
the set value. This change causes a negative effect on the filtration processes on the industrial scale, as the
0SmMOSis treatment units require constant capacity. The osmosis capacity is temperature dependent as follows:
a decrease in the temperature reduces the capacity, and when it reaches 4 °C, the rate drops approximately
twice.

Upon the completion, the membrane elements have been removed for visual inspection and determination
of the degree of microcrystal contamination. Figures 2—3 present the photographs of the membrane samples,
using EWTD and without it.
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Figure 2. Photo of the membrane samples Figure 3. Photo of the membrane samples
after the tests, using EWTD after the tests, without using EWTD
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Table 4

Results of the tests of the steam condensate samples on the reverse osmosis unit, combined with EWTD

Date | Time | AP [APoux | Qper | Qeonc | Qrec | __TDs, (mg/l) ____T.°C —— pH

bar | bar | m¥h | m%h | m%h [initial | perm. | conc. |initial | perm.| conc. |initial| perm. | conc.
09.12.1919.00| 6.8 | 68| 05 |0.07| 0.3 ]20.2| 12.0 | 143.7 7 7 7 7.24 ] 6.31 | 6.93
09.12.19112.00| 6.8 | 68| 05 |0.07| 0.3 |20.2 | 11.9 |143.7 7 8 8 7.24 ] 6.34 | 6.93
09.12.19115.00| 6.7 | 67| 05 |0.07| 0.3 |20.2 | 11.9 |143.7 8 8 8 7.24 ] 6.32 | 6.93
10.12.1919.00 | 6.8 | 6.7 05 |0.07 ] 0.3 |20.2 | 12.2 | 144.0 6 6 6 7.24 | 6.31 | 6.92
10.12.19|12.00| 6.8 | 6.8 | 05 |0.07 | 0.3 | 20.2 | 11.7 | 1442 6 7 7 7.24 | 6.34 | 6.96
10.12.19 |15.00| 6.7 | 6.7 | 05 |0.07| 0.3 | 20.2 | 12.0 | 1437 8 8 8 7.24 ] 6.34 | 6.93
11.121919.00 | 68 | 6.7 05 |0.07 | 0.3 |20.2| 12.0 | 1437 8 8 8 7.24 ] 6.34 | 6.93
11.12.1912.00| 6.7 | 6.7 05 |0.07 | 0.3 |20.2| 119 | 1437 8 8 8 724 6.32 | 6.94
11.12.19|15.00] 6.8 | 6.7 | 05 |0.07 | 0.3 | 20.2 | 11.7 | 144.0 8 8 8 7.24 | 6.32 | 6.92
12.121919.00 | 6.8 | 68| 05 |0.07 | 0.3 |20.2| 12.0 |144.2 7 7 7 7.24 | 6.34 | 6.96
12.12.1912.00] 6.7 | 6.7 05 |0.07 | 0.3 | 20.2 | 11.7 | 1437 7 7 7 7.24 ] 6.34 | 6.93
12.12.19 15,00 6.8 | 68| 05 |0.07| 0.3 |20.2| 12.0 |144.1 7 8 8 7.24 ] 6.31 | 6.93
13.12.1919.00 | 68 | 68| 05 |0.07| 0.3 |20.2 | 11.7 | 1437 8 8 8 7.24 ] 6.34 | 6.93
13.12.1912.00| 6.7 | 6.7 05 |0.07| 0.3 |20.2 | 119 | 1437 8 8 8 7.24 ] 6.31 | 6.93
13.12.19 |15.00| 6.7 | 6.7 | 05 |0.07| 0.3 | 20.2 | 12.2 | 1442 8 8 8 7.24 | 6.31 | 6.93
Table 5

Results of the tests of the steam condensate samples on the reverse osmosis unit

Date Time APin. |APout. Qperm. Qconc. Qrec. ___ TDS, (mC/I) ___ T, °C ___ pH

bar | bar | m%h | m¥h | m%h |initial | perm. | conc. | initial |perm.| conc. |initial| perm. | conc.
09.12.1919.00] 70 | 70| 05 | 0.07 | 0.3 |20.2 | 12.0 | 1424 7 7 7 7.24 | 6.40 | 6.98
09.12.19|12.00] 70 | 70| 05 | 0.07 | 0.3 | 20.2 | 12.0 | 1424 7 8 8 7.24 | 6.37 | 6.98
09.12.19]15.00| 69 | 69| 05 | 0.07 | 03 |20.2 | 12.0 | 1424 8 8 8 7.24 | 6.39 | 6.98
10.12.19]9.00| 7.0 [ 69| 05 | 0.07 ] 0.3 | 20.2 | 123 | 1421 6 6 6 7.24 | 6.40 | 6.99
10.12.19 12,00 7.0 | 70| 05 | 0.07 | 0.3 | 20.2 | 11.8 | 1420 6 7 7 7.24 | 6.37 7.1
10.12.19]15.00] 6.9 | 69| 05 | 0.07] 0.3 | 20.2 | 12.0 | 1424 8 8 8 7.24 | 6.37 | 6.98
1112191900 | 7.0 | 69| 05 | 0.07] 0.3 | 20.2| 12.0 | 1424 8 8 8 7.24 | 6.37 | 6.98
11.12.19]12.00] 6.9 | 69| 05 | 0.07 ] 0.3 | 20.2 | 12.0 | 1424 8 8 8 7.24 | 6.39 7.2
11.12.19]15.00f 7.0 | 69 | 05 | 0.07 | 0.3 | 20.2 | 11.8 | 1421 8 8 8 7.24 | 6.39 | 6.99
1212191900 70 | 70| 05 | 0.07] 0.3 | 20.2 | 12.0 | 1420 7 7 7 7.24 | 6.37 7.1
12.12.19]12.00] 6.9 | 69| 05 | 0.07] 0.3 |20.2| 11.8 | 1424 7 7 7 7.24 | 6.37 | 6.98
12.12.19]15.00f 7.0 | 70| 05 | 0.07 | 0.3 | 20.2 | 12.0 | 1421 7 8 8 7.24 | 6.40 | 6.98
13.12.19]9.00| 70 | 70| 05 | 0.07 ] 0.3 | 20.2 | 11.8 | 1424 8 8 8 7.24 | 6.37 | 6.98
13.12.19]12.00] 6.9 | 69| 05 | 0.07 ] 0.3 | 20.2 | 12.0 | 1424 8 8 8 7.24 | 6.40 | 6.98
13.12.19]15.00] 69 | 69| 05 | 0.07] 0.3 | 20.2 | 12.3 | 1420 8 8 8 7.24 | 6.40 | 6.98

It is seen in the above photographs, that the membranes, which have been tested, using EWTD, practically
have no deposits thereon, and those, tested without using EWTD, have a noticeable contamination on their
surface. Hence it follows, that the use of EWTD in the process of the reverse osmosis desalination can signif-
icantly increase the service life of the membranes, and maintain their selectivity.

Conclusions

Thus, a highly effective technology for purifying the water steam condensate of Pavlodar Petrochemical
Plant LLP has been developed on the basis of the reverse osmosis method, combined with the electromagnetic
water treatment device. During the tests at the pilot units, the optimal mode for desalinating the water steam
concentrate has been selected. It has been established, that the use of this technology, which is based on pulsed
water treatment technique, makes it possible to minimize the volume of the concentrate and contributes to
preventing an intense salt deposition on the reverse osmosis membranes. Herewith, a high efficiency of water
purification and an increase in the concentration coefficient are achieved and therefore service life of these
membranes is increased with preservation of their highly selective properties.

Cepus «Xumusi». Ne 2(98)/2020 89



E.E. Ergozhin, T.K. Chalov et al.

This work performed, using the grant of the Committee of Science of the Ministry Education and Science
of Republic of Kazakhstan Ne AP05131439 on the theme «Synthesis and modification of nano-structured ion-
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Cyabl MMIYJIBCTIK 6HIeyAe KOJIAHA OTHIPBII, OHEPKICINTIK aFbIHAAPABI
Ta3apTyAblH 0apoMeMOpaH/Ibl TEXHOJIOTHSIAPBI

Maxkanana «IlaBnomap mynaii-xumus 3aybited» JKIIC cy Oy KoHIeHCAaThIH Ta3apTy OOMBIHIIA IEpEKTep KeTi-
pinren. JKyprizinres 3epTreyiiep OapbIChIHAA AIJIbIH-aa Ta3ajay Cy3riiepiHe apHaIFaH NoIu(yHKIIMOHA b
HMOHUTTEP CHHTE3JCNTCH JKoHe 3epTTeired. Onimaimiri 600 Ji/c MUIOTTHIK KEPIOCMOCTHIK KOHABIPFbI Al bIH-
JIaJIIbl, OHJIA JJISKTPOMArHUTTI oHIey KypaisH (DOK) KosgaHa OTHIPHIT XKaHE OHCBI3 Oy KOHICHCATHIH Ta3ajay
OOMBIHIIA CHIHAKTAp KYprisinreH. TazamayAblH OHTAWIBI PeXMMI TaHAAN albIHFaH, o)1 OOWBIHIIA KOHIICH-
tparThl mbFapy 0,1 M%/car. kypaiinpl. Cy/bl TyIbUIAHIBIPFaHHAH Keilin pH KbIIIKBLUT opTara (epMeaT) sKoHe
KOHIIEHTPATTHI XKOJIa CUITIJI OpTaFa BIFBICYBI OPBIH NI, OYJI IepMeaT IIeH KOHIIEHTPATTarbl THAPOKapOoHaT-
MOHAAP/IBIH a3aI0BIMEH JKOHE THICIHIIIE YIFarobIMeH OaimaHbIcThl. DOK-HBI KipebGepicTe maiinanany kepiocMoc
KOHJIBIPFBICHIHBIH 1IIIHIET1 )KYMBIC KBICBIMBIHBIH a3/1all TOMEH/ICYiHe okeni, an DOK-CchI3 kepiocMOC KOHIBIP-
FBICBIHZIA OJ1 ecenTeNreHre caiikec kenai. DOK-HBI KoiaHy apKbUIbl ChIHAY MPOLECIHE MaijataHbuIaThIH
MeMOpaHaapbIH ic XKy3iHAe IeriHaiIepi koK, an DOK-Hbl maiinananbaca onapablH OCTiHIE JTACTaHYIBIH
eneyti MeJiiepi 6ap exeHi aHpIKTanraH. COHbIMEH, KepiocMOC Ty3ChI3IaHIbIpy npouecinae JOK-Hbl Koniany
MeMOpaHaapAbIH KbI3MET €Ty MEep3iMiH el1oyip apTTHIPHII, OJap.IbIH CEICKTUBTLIITIH CaKTayFa MYMKIH/IIK Oe-
pei, all YCBIHBUIFaH oJIic 3aybIT OPHATKAH CY/Ibl Ta3apTy CTaHAApPTTapbIHA KOJI XKETKi3yre KOMEKTeCe/i.

Kinm co30ep: aHNOHHUT, CTATUKAJIBIK aJIMACy ChIMBIMIBLIBIFbI, TEXHOJOTHUSIIBIK CXeMa, MEMOPAH/IBIK 3JIEMEHT-
Tep, CENEKTUBTLIIK, MAJOTTHIK KEPIOCMOC KOHJIBIPFBICHI, SJIEKTPOMArHUTTIK Cy Ta3apTy KYPHUFBICH, ChIHAK
ece0i, aHTHCKaJIaHT.
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BbapomeMOpaHHbIe TEXHOJOTHN OYNCTKH MPOMBINIJIEHHBIX CTOKOB
¢ MPUMEHEHHEeM UMITYJIbCHOI 00pPadOTKHU BOIbI

B crarse npuBeieHb! TaHHBIE 10 OYHUCTKE BOSTHOTO apoBoro koHneHcara TOO «IlaBmogapckuil HedTexnMu-
4eckuit 3aBo». B X01e IPOBEACHHBIX UCCIECA0BAHNH CHHTE3UPOBAHBI M HCCIIEIOBAHBI TOIH(YHKIMOHATbHbIC
HOHUTHI Ul (QUIBTPOB MPEABAPUTEIBHOH OYMCTKH. VI3roToBiIeHa MWIOTHAas OOpPaTHOOCMOTHYECKAas yCTa-
HOBKa, IPOM3BOAUTENHHOCTEIO 600 J1/4, Ha KOTOPO MTPOBEICHBI HCIIBITAHUS 10 OYHUCTKE ITAPOBOTO KOHCHCATa
¢ IpUMEHEHHeM prOopa >eKkTpoMarHuTHOU 06paboTku (I190) u 6e3 Hero. [TogoOpan onTUMAaIBHBINA PEXKUM
OYHCTKH, TI0 KOTOPOMY cOpoc KoHIeHTpara cocTasisn 0,1 M%/4. HaiiieHo, 4To TIociie OnpecHEeH s BOBI Mpo-
ucxoawi casur pH B kucIoTHYIO cpeny (IepMear) U B IETIOYHYIO Cpely Ha KOHIIEHTPATHOM TPAKTE, UTO CBSI-
3aHO C yMCHBIICHUEM U, COOTBETCTBEHHO, YBEIHIEHHEM THIPOKapOOHAT-HOHOB B IlepMeaTe U KOHIIEHTpaTe.
OtMmeueHo, uTo Hcnonb3oBanue [190 Ha BXxoe NpUBENTO K HE3HAUNTEIILHOMY YMEHBIICHUIO paboyvero aaBiie-
HUS BHYTPH 0OpaTHOOCMOTHYECKOH yCTaHOBKH, B TO BpeMs, KaK Ha 00OpaTHOOCMOTHYECKOH ycTaHOBKe Oe3
T150, 0HO COOTBETCTBOBAJIO PACYETHOMY. Y CTAHOBJICHO, YTO MEMOPaHBI, HCIIOJIb3yEMbIE B IIPOLIECCE UCTIBITA-
Huii ¢ mpuMeHenueM [130, npakTudecky He UMEIOT Ha ce0e OTII0KeHHH, a 6e3 ncnonpzoBanus [190 obnanarot
3aMETHBIM KOJIMYECTBOM 3arps3HeHHMil Ha UX oBepXHOCTH. TakuM 00pasom, ucrons3oBanue 1190 B npouecce
00paTHOOCMOTHYECKOTO OIPECHEHHs IO3BOJSCT 3HAYUTENIBHO YBEIMYUTh CPOK CIY)KOBI MeMOpaH U coxpa-
HHUTh UX CEJIIEKTHBHOCTH, a IPEIUIOKEHHBIN CII0CO0 OMOTAeT JOCTHYb TPEeOyeMbIX HOPM OYHUCTKU BOABL, BBI-
CTaBJICHHBIX 3aBOJIOM.

Knrouesvie cnosa: AaHUOHUT, CTaTUYCCKas oOMeHHas €MKOCTb, TCXHOJIOTHYCCKasA CXEMa, MeM6paHHBIe 9JIC-
MCHTBI, CCJICKTUBHOCTD, ITUJIOTHAs 06paTHOOCMOTI/I'leCKaH yCTaHOBKa, l'IpI/I60p SHCKTpoMaFHHTHOfI O6pa6OTKI/I
BOJFBI, Hpo6a BOJBI, IIPOTOKOJI I/ICHLIT&HI/Iﬁ, AHTHUCKaJIaHT.
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Review of methods for enrichment of phosphate raw materials in the world

With the development of the global economy, the consumer market for phosphorus-containing products is
growing. All existing deposits of rich phosphorites are being depleted. In this regard, there is a need to involve
in the production of low-grade phosphorites and substandard phosphate raw materials, which are currently little
studied and are not used. For the processing of substandard phosphorites, there is a need for new methods for
improving and enriching low-grade ores and removing impurities as much as possible in order to increase the
content of the target components and improve the suitability for processing. The article provides modern infor-
mation about the processes of enrichment of phosphorites in different countries. This information is fundamen-
tal for further research on the enrichment of Karatau phosphorites. The review is made mainly of two methods-
flotation (applicable for silicate phosphates) and the use of organic acids (for carbonate substances). The mech-
anisms of separation of substances during flotation enrichment and decomposition of carbonate minerals using
of organic acids are described. The advantages and disadvantages of each method are considered. It is estab-
lished that the choice of a certain method is determined by the mineralogical structure and chemical composi-
tion of phosphorites.

Keywords: phosphorite, deposit, chemical industry, production, enrichment, flotation, substandard raw materi-
als, low-grade ores.

Introduction

Phosphorites are sedimentary rocks with a content of P,Os — from 5 % to 30 %, a significant part of
which consists of phosphates close in composition to the Apatite group and are represented by hidden or mi-
crocrystalline formations. Natural phosphates serve as raw materials for obtaining elemental phosphorus and
its various compounds. More than 90 % of all extracted phosphorus is used for the production of mineral
fertilizers.

The world raw material potential of natural phosphates-apatites and phosphorites is estimated at about
30 billion t P,Os. Structurally, it is almost 95 % represented by phosphorites and only 5 % is accounted for by
apatites, and in Russia apatites are sharply predominant (80 %). Africa (Morocco, Tunisia, Western Sahara,
South Africa) holds the leading position in terms of reserves of phosphate ores, and America (USA, Peru,
Mexico, Brazil) is in second place. The Asian continent is characterized by the largest reserves of phosphorites
in China, Jordan, Mongolia, and Saudi Arabia. Australia has significant reserves of phosphorites. About 80 %
of the total world production (130 million tons of commodity ore) is accounted for by the United States, Mo-
rocco, Russia, Kazakhstan, and China. The leading producers of phosphorus concentrate are the United States
(36 million tons) and Morocco (20 million tons). The leading positions in the production of apatite concentrate
are occupied by Russia (4.5 million tons), Brazil (3 million tons), and South Africa (2.5 million tons) [1].

The Republic of Kazakhstan occupies the fourth place in the world in terms of reserves of phosphate raw
materials and is the largest phosphate raw material base in Eurasia. Today, about 45 deposits of phosphorites
have been explored. Among them, the resources of Karatau phosphorite ores are more than 15 billion tons of
P.Os, where the largest deposits are Zhanatas, Kokzhon, Koksu, Aksai and Akzhar. However, all the above-
mentioned countries of the world, including Kazakhstan, have depleted the resources of the rich in P,Os con-
tent. In this regard, the use of low-grade phosphorites is required, but their processing requires an enrichment
process [2].

Discussion

Usually, flotation, thermal (calcination) and mechanical methods are used for ore phosphorite enrichment
in practice. Flotation is of great importance as a secondary method of enrichment, and is used in the enrichment
of phosphorites. The method is based on the different ability of minerals to wetting with water. Through an
aqueous suspension of crushed solid ore, air is blown from below with small bubbles. Hydrophobic particles
of raw materials (apatite) adhere to air bubbles and are carried out with their help to the surface. The formed
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foam is collected in special receivers. The flotation concentrate is obtained after the destruction of the foam
solid residue. There are difficulties in the enrichment of sedimentary rocks (phosphorites) with carbonate im-
purities, since they are resistant to flotation.

For example, the enrichment of Karatau phosphorites occurs at the processing plants in Zhanatas and
Karatau city in the Zhambyl region. In many cases, these processing plants are enriched with phosphorites of
siliceous-carbonate composition and use a combined method-chemical-flotation and suspension-flotation. The
essence of the combined method is that at the first stage, after crushing the ore and screening the fraction,
suspension enrichment is carried out. In this case, a mixture of acidic sodium salts of aliphatic polyphosphoric
acids with the name «Flotol-7.9» is used as a flotation reagent. At the second stage, carbonate flotation of the
heavy fraction is carried out. Increasing the content of P,Os is achieved by the fact that the enrichment is
partially removed siliceous rock (with a light fraction and slime) and reduces the volume of slime, clay parti-
cles. This method was used for the phosphorites of the Aksai deposit, where the initial ore contained
P,0s521.6 %, MgO 3.48 %, and an insoluble residue 21.9 %. The overall results of the combined scheme were:
P,0530.2 %, MgO 1.75 %, insoluble residue 13.46 %. The obtained indicators of the content of basic sub-
stances indicate the suitability of the enriched product for further processing [2].

It is known that various collectors and depressants are used for flotation. Fatty acids [3], amphoteric
derivatives of amines [4] and others are considered as collectors and depressants. In Brazil, natural flotation
reagents such as coconut oil and starch were used to enrich low-grade phosphorites in the Itataya field, Ceara
state with a content of 17.34 % P,0s, 20.78 % CaCO; and 24.14 % SiO; for flotation [5]. As a result, the
content of P,Os in the concentrate at 80.8 % extraction reached 30.5 %.

In the same country, scientists [6] conducted a laboratory study using a collector in the form of soy bran
oil, Flotanol D25 (polyalkylene glycol ether foamer), sodium hydroxide, phosphoric acid, citric acid and
carbon dioxide. The initial composition of phosphorites: 17.73 % P,0s, 34.00 % CaCO3 and 24.14 % SiO-. In
the first stage, soy bran oil and Flotanol D25 were used to separate the insoluble residue. In the second stage,
the effectiveness of phosphoric and citric acid for the extraction of carbonates was investigated. When using
citric acid, the P,Os content reached 32.46 % (product yield 87.3 %), and when using phosphoric acid
P,0527.86 % (product yield 87.6 %).

A study of two-stage calcite flotation followed by phosphorite flotation was also conducted. For flotation
of calcite are used the same collectors — soybean bran oil, Flotanol D25 and carbon dioxide. The addition of
carbon dioxide is explained by the fact that it reduces the strength of hydrogen bonds and facilitates the ad-
sorption of the reservoir. For flotation of phosphorite used sodium hydroxide and soybean bran oil. As a result,
the flotation concentrate had 32.48 % of P,Os. The presence of carbon dioxide increased the selectivity of
calcite flotation in relation to phosphorite even when using a low collector dosage by suppressing the electro-
static barrier for adsorption of the anion collector [6].

The phosphorites of the Guizhou deposit (China) are classified by scientists as low-grade phosphorites
according to the content of P,Os 23.56 %, while this content belongs to ordinary ones. But nevertheless, re-
garding the phosphorites of this Deposit, research was undertaken on enrichment by the method of reverse
flotation, where rapeseed oil was used as flotation reagents in combination with the de-magnesium collector
EM-LS-01. By studying the flotation characteristics of various fatty acids, scientists obtained the flotation
agent EM-LS-01 by saponification, amidation and addition of surfactants. The effectiveness of the flotation
agent was proved on Guizhou phosphorites, where the results obtained flotation concentrate with P,Os 30.25 %
with a product yield of 90.63 %. The authors argue that it is necessary to study the composition and nature of
fatty acids, and deduce the hypothesis that the higher the content of linoleic acid in vegetable oils, the better
the performance of flotation [7].

The economic component of the flotation process is touched in the investigations of Chinese scientists.
They conducted research to reduce the dosage of flotation reagents using the gravity-flotation method for the
phosphorites of the Yichang deposit in Hubei province. In the first stage, using gravitational separation, it was
possible to obtain a gravitational concentrate with P,Os of 28.95 %. In the future, flotation was performed with
the resulting concentrate, where liquid glass, sodium oleate and sodium dodecyl sulfate were used as flotation
reagents for comparison. Because of its mineralogical structure, the main mineral in these phosphorites is
dolomite. In this regard, sodium dodecyl sulfate is a collector of dolomite. The study resulted in a flotation
concentrate with P,Os of 30.36 % with a product yield of 75.36 %. The improved gravity-flotation combined
process has proven to be effective in reducing the flow rate of flotation reagents from 6.1 kg/t to 3.9 kg/t with
similar separation results [8].
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Promising research on phosphorite enrichment is also being conducted in Africa. For example, in Zim-
babwe, The Mumbwa phosphorite deposit is 22.7 % in terms of the main component P,Os. In laboratory con-
ditions, flotation was performed using petroleum sulfonate as a collector. The results of the study allowed to
obtain a flotation concentrate with P.Os content of about 37 % at the optimal dosage of the flotation agent
1100 g/t [9].

Of the African countries in terms of phosphorite reserves, Tunisia stands out, where deposits of phospho-
rites are located in the Gafsa-Metlaoui basin in the South of the country. The Tozeur-Nefta field is a very
important resource for the economy of this country, where according to data there are 410 million tons of
phosphates. But it was not previously used in industrial scale because of the low content of P,Os (about 12—
16 %). Before flotation, the raw material underwent mechanical treatment, which resulted in raw materials
with P20s 15.5 %. Phosphoric acid was used as an anion collector to remove carbonate impurities. According
to the results of the study, the P,Os of the flotation concentrate was 27.1 %, but the CaO/ P,Os ratio of 1.71 is
high and makes the product unsuitable for industrial use [10]. In addition, use as a flotation agent is economi-
cally unprofitable due to the high cost.

In this regard, the following work is a study of the enrichment of phosphorites in Egypt, where phosphoric
acid was completely replaced by oleic acid mixed with kerosene (in a ratio of 1:1) as a collector. High-grade
sodium carbonate, hydrochloric acid, and bromoform were used as pH regulators for comparison. For labora-
tory research, crushed ore was used 0.25 mm + 0.074 mm. The P,Os content was 19.59 %. When using bro-
moform, the P,Os content increased to 33.43 %. But due to its toxicity, it is forbidden to use bromoform in
industry. Studies with a mixture of oleic acid with kerosene allowed increasing P20s up to 30 %. The mecha-
nism of interaction of this mixture with phosphorite is explained by the fact that at low pH oleic acid is essen-
tially present in the form of neutral molecules. Consequently, these neutral molecules physically bind to the
calcite surface, which is slightly positively charged, by hydrogen bonding with H.COs, improving the selective
flotation of calcite [11].

Also in Egypt the method of enrichment of phosphorites by acid leaching with the use of inorganic and
organic acids has been studied. Inorganic acids are strong in comparison with organic ones, and in the leaching
process carry away a part of the phosphorites, which are subjected to the action of a strong acid. For example,
the phosphorites of the Abu Tartour deposit (Egypt) have a P,Os of 21.8 %. 4 organic acids were selected for
leaching, namely acetic acid, tartaric acid, citric acid and oxalic acid. The authors note the cost-effectiveness
of using organic acids to remove carbonate impurities and the solubility/digestibility of phosphates in the final
product. The process of leaching with organic acids is carried out at relatively low temperatures and concen-
trations, since with an increase in the temperature of the process and the concentration of the acid, the transition
of phosphates to the solution is possible. The studies were conducted in laboratory conditions at room temper-
ature and reaction time equal to 30 min. The ratio of S:L, is respectively, 1:2. The concentration of the acid is
0.2, 0.8 and 1.4 M in terms of leaching efficiency, tartaric acid was the weakest, followed by citric and acetic
acid. The use of oxalic acid increased the P,Os content to 28 % [12].

Similar studies on the use of organic acids have been conducted in China. Phosphorites from the Xinhua
deposit with a P,Os content of 17.45 % were selected for study. The organic acids selected for leaching were
diluted, thereby reducing the concentration. This is due to the fact when water is diluted with organic acid, the
contact surface between the dolomite and the acid increases. Meanwhile, acids with high concentrations do
not react with calcium and magnesium carbonate due to the high polarity of the O-H-bond of the acid mole-
cules. In comparison with the previous work, the reaction time was increased to 40-60 minutes and the tem-
perature to 40 °C. At 30 minutes of reaction and at 40 °C, P,Os is reached 33.78 %. When increasing the time
already at 40 minutes revealed a slight entrainment of phosphates in the solution, but the removal of the car-
bonate component improved. The results of the study are confirmed by thermodynamic methods of analysis,
the data of which indicate the primary leaching of carbonates than phosphates [13].

Leaching with organic acids was also studied in Uzbekistan of Kyzylkum phosphorites of the Zheroy-
Sardar deposit with a P,Os content of 16.2 %. Acetic and formic acids were used as leachable reagents. As a
result of the conducted laboratory research, the optimal stoichiometric norm of acetic and formic acids was
established in the limit of 110 %, the time of 240 min and the temperature of 25 °C. The content of P,Os in the
final enriched product was 23.27 %, which is suitable for obtaining phosphorus and phosphoric acid. In this
case, the regeneration of waste acid, as stated here and in previous works is carried out with sulfuric acid [14].
The process of regeneration has not studied yet been fully, since the process of leaching with organic acids has
not introduced yet been into production anywhere in the world.
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Conclusions

The use of organic acids is characterized by high efficiency, low cost, simple operating conditions (room
temperature and atmospheric pressure), the possibility of organic acid regeneration, preservation of the surface
properties of the resulting phosphate. In addition, it does not cause any special environmental hazards due to
the produced by-product in the form of pure calcium sulfate (gypsum) in comparison with phosphogypsum
obtained by sulfuric acid decomposition. In industrial applications, organic acids have a weakly pronounced
corrosive effect.

In conclusion, the identification of new, technologically optimal, cost-effective, environmentally safe
opportunities for enrichment of substandard phosphorous raw materials and the implementation of the results
in production is an urgent task for researchers.
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E.b. PaiibiM6ekoB, Y. bectepekos, I1.A. A6nypa3oBa

9uiemjeri pocdar MUKIZaTHIH 0alibITY JAicTepiHEe HIOTY

JKahaHnplk 5KOHOMUKaHBIH JaMybIMeH (Gocqopibl eHIMAEpIl TYTHIHY HapbiFbl ocyne. Kaszipri kesmeri Oait
(ochopuTTepain KeH OpeIHIApH! capKbuTyna. OckiraH OaifmaHbICTE Kenel (GochopuTTep MEH KOHIUIHSIIBIK
emec (ocdar MUKI3aThIH OHAIPiCKE TAPTY KKETTUIIr TYBIHAQM B, O1ap Ka3ipri yakpITTa a3 3epTTeNreH jKoHe
KOJIJaHYChI3 xKaThIp. JKapamabuibirsl ToMeH GochopuTTepai KaliTa OHey YIIiH TOMEH CYPBINTHI KeHaepai 6a-
MBITYIBIH JKOHE MaKcaTThl KOMIOHEHTTEP/iH KypaMblH YJIFaUTy MEH KalTa eHJAeyre jKapaMbUIBIFbIH JKaK-
capTy MakcaTblH/a Kochajapabl OapblHIA KOIOJBIH JKaHa SAICTepiHe KaKeTTUIr TyblHAaiasl. Makanana
TYpIi enaepain Gochoput OaibITy mporecTepi Typaibl 3aMaHayn ManiMertep Oepinren. byn momimerrep Ka-
paray ¢ochopHTTEpiH 0J1aH opi OAMBITY Bl 3€PTTEY YIIiH HETi3re ABIHATHIH aKmapat 0oJbm Tadbitansl. Heri-
31HEH €Ki oJlic — QIoTanus (CHIIMKATTHI pocdarTap YIIiH KOJJAHBIIA IbI) dKOHE OPTaHUKAIBIK KBIITKBUTIAP B!
naiinanany (kapOoHATTHI 3aTTap yiliH). OIOTAlUSIBIK OalBITy KOHE OPraHUKANBIK KBIIIKBLUIIAPAbl KOJIaHY-
JaFbl KapOOHATTHI MHHEpaJJap/blH bIIBIPAaybl Ke3iH/Ae 3aTTap/AblH OeiHy MeXaHM3MAepi CHIIAaTTajFaH. Op
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TOCUIIIH apTHIKIIBUIBIKTAPBI MEH KeMIIiTiKTepi KapacTbipbutran. benrini 6ip oaicti tTanaay dochoputrepain
MMHEPAJIOTUSIIBIK KYPBUIBIMBIMEH XKOHE XUMHUSUIBIK KYPaMbIMEH OaiiIaHbICTHI €KEHI aHBIKTaJIFaH.

Kinm coe30ep: pochoput, KeH OpHBI, XMMHUSI OHEPKACiOi, oHAIpic, OaibITy, dioTanus, sxapaMAbLUIBIFEl TOMEH
MINKi3aT, TOMEH CYPBIITHI KEHAEP.

E.b. PaiteimOexoB, Y. becrepekos, [1.A. AGaypa3oBa

O030p MeTOon0B 0OOramenns pochaTHOro ChIpbsi B MUpe

C pa3BuTHEM ITI0OAIBHOM SKOHOMHKH BO3PAcTaeT MOTPEOUTENBCKUIT PHIHOK B (ochopconepikamiux MpoIyK-
Tax. Bce HBIHE CyIecTBYIONIIE MECTOPOXKICHNUS OOTaThIX (POCHOPUTOB NCTOIIAIOTCS. B CBSI3M € 9THM BO3HH-
KaeT HeoOXOAUMOCTh BOBJIEYb B MPOU3BOJACTBO OemHble (HochOpPUTH 1 HEKOHIUIHUOHHOE (ocdaTHOE CHIpbE,
KOTOpBIC B JAHHOE BPEMsI MAJIO H3Y4CHBI U HE HCTIONB3YIOTCS. [l nepepaboTKu HeKOHAUIMOHHBIX (ochopu-
TOB BO3HHMKAeT HEOOXOMMMOCTh B HOBBIX METOJAX YJYHYIICHUS M 00OTallleHUs] HU3KOCOPTHBIX PyIl M MaKCHU-
MaJIbHO BO3MO)KHOTO yJaJeHHUs IPUMecel B LeIAX YBEIMUYCHHUS COCPIKAHUS 1IEJIEBBIX KOMIIOHEHTOB H yJIyd-
IIEHMs! TPUTOJHOCTH K IepepaboTke. B craThe mprBeieHbl COBpEeMEHHBIE CBEAEHHS O IpoIieccax 000TaleHUs
(ochopuTOB paszHBIX CTpaH. DTH CBEACHHUS SIBJSIFOTCS OCHOBOIIOJIATAIOIINMH JUTS TATIBHEHIIINX HCCIIeJOBaHU I
oboramenus pochopuror Kaparay. Crenan 0630p NperMyIIECTBEHHO IBYX METOJOB — (ioTaiuu (mpuMe-
HUMO JUISl CHIIMKAaTHBIX (Oc(aToB) U MCIOIB30BaHHE OPraHMYECKUX KUCIOT (A1 KapOOHATHBIX BEIIECTB).
OnwncaHpl MEXaHU3MBI PA3JICICHNs BEIIECTB MPH (IIOTAIIMOHHOM OOOTAIICHHH W PA3I0KEHHH KapOOHATHBIX
MMHEpPAJIOB IPY IPUMEHEHHH OPraHWYECKUX KHUCIOT. PacCMOTpPEHBI NPEUMYIIECTBA U HEJOCTATKH KaXI0To
crocoba. YCTaHOBJICHO, YTO BHIOOD ONPEIEICHHOTO MeTo /1a 00YCIOBINBACTCS MUHEPATIOTHYECKUM CTPOCHHEM
1 XUMHYECKHAM COCTaBOM (OCHOPHUTOB.

Knrouesvie cnosa: Gpocdoput, MECTOPOXKACHHE, XUMUYECKast IIPOMBIILICHHOCTD, IPOU3BOJICTBO, O0OTaIlICHHE,
(utoTanusi, HEKOHIUIIMOHHOE CHIPhE, HU3KOCOPTHBIE PY/IbL.
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Synthesis and investigation of PLGA-based nanoparticles
as a modern tool for the drug delivery

The possibility of immobilization of the «Tamoxifen» antitumor drug in polylactide glycolide nanoparticles
was shown in this study. Nanoparticles based on a biodegradable and biocompatible polylactide glycolide
polymer were prepared by the simple emulsion method. Various concentrations of the drug substance and
stabilizer were studied to obtain nanoparticles with the best physico-chemical parameters (particle size,
polydispersity, degree of binding and release, biodegradation). Polyvinyl alcohol was used as a stabilizer in the
present work. The sizes of polymer nanoparticles determined by dynamic light scattering vary from 226.7 nm
to 397.2 nm with a narrow size distribution (the polydispersity (PDI) values were 0.01-0.2). The degree of
«Tamoxifen» binding to the polymer calculated by the UV spectrophotometric method (A = 275.5 nm) was
about 82 %, which makes it promising for application in drug delivery. The shape and morphology of
nanoparticles were studied with the help of scanning electron microscopy. The kinetics of drug release from
polylactide glycolide nanoparticles was studied under conditions simulating a biological medium. The general
character of the biodegradation of polylactide glycolide nanoparticles immobilized by «Tamoxifen» was also
studied by a viscometric method at different pH values and at 310 K.

Keywords: nanoparticles, polymer nanoparticles, polylactide glycolide, tamoxifen, simple emulsion method,
immobilization, drug delivery, polymers.

Introduction

At present modern pharmacotherapy is known to have many powerful drugs, but the results of treatment
often remain unsatisfactory. One of the factors that reduce the effectiveness of drugs is unfavorable biodistri-
bution, which can be due to difficulties in penetrating the focus of the pathology; which in turn leads to low
therapeutic effect. The relevance of this problem served as an incentive for the development of approaches to
the creation of various systems of targeted delivery of drugs. Polymer nanoparticles are of particular interest
among such systems. These are particles ranging in size from 10 to 1000 nm, combining qualities important
for carriers, such as stability and high capacity in relation to a wide range of drug substances.

Treatment of cancer based on nanotechnology has become one of the promising areas of biomedicine that
has been widely studied over the past few decades for providing effective and targeted delivery of chemother-
apeutic agents which allows to reduce the dose of the drug and minimize non-specific side effects. Nanomed-
icine in the field of cancer treatment overcomes the shortcomings of traditional drug delivery systems, such as
nonspecific biodistribution and targeting, lack of solubility in water, low oral bioavailability and low thera-
peutic parameters [1-3].

Various drug carriers (e.g., micelles, liposomes, and polymer-drug conjugates) have been developed to
enhance tumor targeting, drug delivery and controlled release in the past few decades. In particular, polymer
particles are of great interest in targeting a tumor site for application in cancer therapy. Nanoparticles can be
attached to small molecules of drugs and serve as drug carriers for delivering molecules to the targeted region
in the human body [4].

Polymers based on natural hydroxy acids such as glycolic, lactic, malic acid, etc. capable of degrading in
human body into harmless substances, are widely used as drug delivery systems [5]. Micro and nanoparticles
based on polyglycolic, polylactic acids, their copolymers and esters are used for targeted delivery of drugs for
awide variety of purposes. It was established that the ratio of lactide and glycolide units in the polymer affected
the release of the drug [6]. The release rate of hydrophilic preparations increases with an increase in the content
of glycolide units and decreases for lipophilic ones, if the release occurs before the polymer degradation pro-
Cess.
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An important feature of polylactides and polyglycolides is biocompatibility with human body tissues
which is due to enzymatic degradation of ester bonds based on derivatives of lactic and glycolic acids.

It has been established that polylactides with hydrophobic end groups degraded 2.7 times faster in vitro
and 4 times faster in vivo than polymers with hydrophilic groups [7]. A copolymer based on lactic and glycolic
acids [50/50 poly-(d,I-lactide-co-glycolide) (hominal)] is non-toxic and undergoes biodegradation in the hu-
man body with the formation of lactic and glycolic acids, the catabolism of which ends with the formation of
carbon dioxide and water [8].

In this regard, the purpose of this work was to study the possibility of binding nanoparticles of
poly-(d,I-lactide-co-glycolide) with the «Tamoxifeny antitumor drug in order to prolong its therapeutic effi-
cacy and reduce undesirable toxic effects.

Experimental

Preparation of poly-(d,l-lactide-co-glycolide) nanoparticles loaded with Tamoxifen drug substance by
the simple emulsion method

The poly-(d,I-lactide-co-glycolide) copolymer (PLGA) nanoparticles loaded with Tamoxifen drug were
prepared by the emulsion method, followed by solvent evaporation according to the following procedure. The
calculated amount of polymer was dissolved in an organic solvent, namely chloroform. The drug substance
was also dissolved in a mixture of ethyl alcohol and chloroform. The solvent mixture was combined to form a
diffusion phase. Then, the diffusion phase was added dropwise to the dispersing phase for ten minutes by
emulsification using an Ultra-Turrax T-10 homogenizer (IKA, Germany) with a syringe located directly in the
medium. The resulting oil-water emulsion was analyzed for particle size by photon correlation spectroscopy
(PCS). Then it was stirred on a magnetic stirrer for several hours at room temperature until all of the organic
solvent evaporated, leaving the cured nanocapsules in an aqueous medium.

Newly formed nanoparticles were centrifuged 2 times for 30 minutes at 14100 rpm (miniSpinplus 14500
centrifuge, Eppendorf, Germany) and washed with distilled water to remove all unbound drug.

Determination of particle size and polydispersity

The average nanoparticle size and their polydispersity were determined by the PCS method on a Malvern
Zetasizer Nano S90 instrument (Malvern Instruments Ltd., UK) at 298 K and 90° scattering angle. Each
nanoparticles sample was properly diluted immediately after preparation with a non-solvent. The average size
and polydispersity were measured three times for each series.

Determination of the binding degree and drug release of Tamoxifen from PLGA nanoparticles.

The binding of tamoxifen with nanoparticles was determined by the concentration of the drug in the
solution of the centrate. An analysis of the solution of the centrate was performed on UV-1800 SHIMADZU
using UV spectrophotometry (A = 275.5 nm). The solutions were diluted with water before measurement. An
in vitro drug release study was carried out in phosphate-buffered saline (pH =5.4; pH =7.4) at 310K for
3 days. Samples were removed from a thermostat and analyzed using UV spectrophotometry.

Results and Discussion

The emulsion method is used for polymers having hydrophobic properties. It is based on the dissolution
of the amphiphilic polymer in an organic solvent followed by the addition of water to form the primary emul-
sion, after which it is homogenized or sonicated to obtain a finely dispersed emulsion. The formation of an
emulsion is one of the key aspects of this method, due to the fact that the size of the droplets of the emulsion
is directly related to the size of the particles. It is connected with the curing of the particles after evaporation
of the organic solvent. Drug loading into nanoparticles of a PLGA copolymer was carried out as described
above.

Different concentrations of drugs (5 and 10 mg/ml) and surfactants (0.5 %; 1 % and 2 %) were used to
obtain polymer nanoparticles with satisfactory physico-chemical characteristics. As a result of encapsulation
of Tamoxifen in PLGA nanoparticles, the obtaned emulsion had a white tint without visible delamination. The
particles were analyzed for particle size by the PCS method directly after homogenization. The results of the
study of physico-chemical parameters of polymer nanoparticles are presented in Table 1.

The experimental results show that an increase in the concentration of the stabilizer leads to a shift in the
distribution towards large diameters. This is due to an excess of surfactants. Large particles and agglomerates
are formed when encapsulating the drug with a concentration of 5 mg/ml in the polymer matrix in the presence
of 1 % and 2 % surfactant. A decrease in the concentration of PVA (0.5 %) and an increase in the concentration
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of drugs (10 mg/ml) lead to positive results, namely nanosized particles (200-300 nm) were formed. The PDI
polydispersity index for all particles stabilized by PVA did not exceed 0.2.

Physico-chemical characteristics of PLGA nanoparticles immobilized by « Tamoxifeny

Table 1

PVA, DS, Average particle size, | NPs Polydispersity Degree of NPs yield, | Degree of release, %
% mg/ml d, nm (PDI) binding, % % pH=54 |pH=74
226.7 0.215
2254 0.189
0.5 10 296.2 0.206 69.0 52 25.3 34.1
226.1+0.66 0.203+0.013
485.2 0.054
486.3 0.125
5 4838 0.153 82.6 73 - 90.4
1 485.1+1.25 0.111+0.051
397.2 0.011
396.5 0.121
10 3958 0.136 62.0 68 214 30.2
396.5+0.70 0.089+0.068
779.2 0.244
778.3 0.298
2 5 780.1 0.321 78.0 61 - 38.0
779.2+0.90 0.288+0.040

Figure 1 shows the distribution curves of PLGA nanoparticles over diameters obtained by dynamic light
scattering. It can be seen from the above figures that PLGA nanoparticles have satisfactory physico-chemical
characteristics. The average particle size when using a PVA concentration of 0.5 % is 226.1+0.66 nm, for a
PV A concentration of 1 % is 396.5+0.70 nm, the polydispersity value is 0.215 and 0.011, respectively.

A monomodal particle size distribution was observed in both cases. The uniformity of sizes is an im-
portant problem in the preparation of nanoparticles, since the size affects the chemical and biological properties
of the nanoparticles. The formation of particles less than 300 nm in size is preferable due to a more favorable
pharmacological profile, prolonged kinetics in the circulatory system, and delayed release at the sites of action
[9, 10].

Given the effectiveness of encapsulation of tamoxifen in nanoparticles (NPs), their size and polydisper-
sity, PVA concentrations of 0.5 % and 1 % were selected for in vitro analysis of drug release and drug charac-
teristics.

The determination of the degree of drug binding to polymer nanoparticles is an important indicator char-
acterizing the quantitative volume of drug immaobilization in polymer nanoparticles. The degree of binding of
PLGA and tamoxifen nanoparticles was determined spectrophotometrically and calculated by the formula 1:

Degree of binding = (mass of drug substance in nanoparticles) / (total mass of drug) x 100 %. @

The results presented above in Table 1 indicate a significant effect of the concentration of PVA on the
most important characteristics of the system. The greatest values of encapsulation efficiency which were equal
t0 82.6 % and 78.0 % were observed at 1 % and 2 % concentrations of PVA respectively. But, despite the high
degree of binding and release, these PVA concentrations were not considered, since the average particle size
does not meet the requirements allowed for nanoparticles. Therefore, polymer NPs with the concentration of
PVA equal to 0.5 % and 10 mg of the drug were selected as the most effective one. Moreover, the degree of
binding was 69 % for a 0.5 % PVA concentration and the degree of binding was 62 % for a 1 % PVA concen-
tration.

The PCS method allows one to establish the distribution of NPs by their hydrodynamic diameters in an
aqueous suspension, while all particles are considered spherical. The method does not provide information on
the shape of the particles. It is necessary to use a set of experimental methods for a more complete characteri-
zation of low frequencies.
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Figure 2. Microphotographs of PLGA-based NPs samples stabilized by PVA
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Figure 1. Particle size distribution of PLGA NPs immobilized by Tamoxifen stabilized with PVA

For this purpose a number of nanoparticles samples were additionally investigated by scanning electron
microscopy. Morphological analysis of the samples was carried out with the help of a scanning electron mi-
croscope MIRA 3 LM TESCAN (Czech Republic) in the Laboratory of Electron Microscopy in collaboration
with the staff of the Physico-Technical Faculty of the E.A. Buketov Karaganda State University. Electron-
microscopic images were taken to confirm the data obtained by the PCS method, which are presented in Figure
2(a) and (b). Micrographs of nanoparticles samples show both single particles and their agglomerates. Systems
mainly consist of particles of the same size in the range of 200-400 nm, however, larger particles (larger than
500 nm) are also present in the system. We assume that they are formed in the process of aggregation of NPs
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Decomposition of polymer-immobilized complexes in a biological environment is an important condition
for their use. This is a prerequisite for the release of the drug from the polymer matrix as a result of the de-
composition of polymer nanoparticles. In general, the mechanism of drug release from polymer nanoparticles
may vary depending on the nature of the polymer. Decomposition of polymers can occur as a result of chemical
destruction of the chain and mechanical destruction of polymer nanoparticles.

In this work, the destructive nature of PLGA nanoparticles was carried out by the viscometric method at
310 K temperature and various pH values (5.4 and 7.4). The results of the study of PLGA nanoparticles are
presented in Figure 3.

The destruction of polymers occurs faster in vivo than in vitro, which is associated with biological effects,
as well as with the formation of an immune response. Chemical bonds in the macromolecules are broke down
in the process of destruction, and the degree of polymerization and the molecular weight of the polymer are
reduced. As can be seen from the figures, the destruction of polymer nanoparticles occurs very slowly depend-
ing on time. As a result of the destruction of polylactide glycolide the glycolic and lactic acids are formed [5].
It is seen that the viscosity of the medium decreases depending on the pH of the medium as a result of the
destruction of polylactide glycolide. And in the second system, that is, in a system with 1 % PV A concentration
(Fig. 3b), the destruction occurs very slowly, which is explained by a higher concentration of PVA and a larger
particle size compared to the first concentration.
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Figure 3. Viscometric study of the destruction of PLGA nanoparticles stabilized with PVA
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After studying the destruction by UV spectrophotometry, we analyzed the release profiles of tamoxifen
from polymer nanoparticles for two samples, over 3 days, under conditions simulating a biological state, i.e.,
in a phosphate-buffered solution (pH = 5.4; pH = 7.4) at 310 K temperature. The results are presented in Figure
4 (a) and (b).
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Figure 4. Dependence of the amount of Tamoxifen released from the PLGA NPs matrix
obtained in the presence of PVA

It is seen from the presented data that approximately 20—-30 % of the drug was released within 72 hours
from PLGA. In this case, the Kinetics of drug release in the medium pH = 7.4 is higher than at pH = 5.4.
A similar dependence was observed when studying the destruction of polymers. Studies have shown that drug
release became much slower after 74 hours for all samples. An emergency release of the drug of about 10—
20 % was observed for 10 minutes at the initial stage. Subsequently, the total yield of the drug reached 20—
30 % within 3 days.

Conclusions

Thus, PLGA nanoparticles immobilized by the anti-tumor drug «Tamoxifen» were obtained by the simple
emulsion method. The nanoparticles synthesized have satisfactory physico-chemical characteristics, which
makes them promising systems for drug delivery. The binding degree of polylactide-co-glycolide with anti-
tumor drug «Tamoxifen» was 60-80 %. Kinetics of release of the drug has prolonged profile which gave op-
portunity to work out less toxic forms of «Tamoxifen» with longer period of action.
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Jlapijtik 3aTTapabl TachIMAJIAAYAbIH 3aMaHAYH KYpPaJl peTiHae
PLGA Herizinaeri HaHoOO/IIIEKTEPAI CHHTE3/Iey KIHe 3epTTey

Makanana karepiiicikke Kapchl « TaMOKCHU(EH» NpenapaThiH MOJMIAKTHATIAKOIH] HETi31HIeT1 HAaHOOOIIIeK-
Tepre UMMOOWIN3AIHSIAY MYMKIHAIT KepceTinreH. buobiasipamans! sxoHe OuoyiineciMai moiauMep Heri3iH-
Zieri HaHOOOJIIEeKTep dMYIbCHs ONICIMEH aiblHFaH. JKakcapThUFaH (DU3UKO-XMMUSIIBIK KOPCETKIIITEPMEH
(OemmIexTepAiH oIIeMi, HOMUAUCIEPCTINIr, OaliIaHBICY XKoHE OOcall IIBIFY TOpeKeci, Onoaerpaaalisichl) Ha-
HOOOJIIEKTEP i aly YLIH A9PUTIK 3aTTHIH JKOHE TYPAaKTaHABIPFHIIITHIH OPTYPJi KOHIEHTPALMIApBl KOJIa-
HBUIFaH. ATallFaH )KYMBICTa TYPaKTaHJBIPFBIII PETiH/e MOJMBHHUI CIHPTI HMaijaNaHblUIFaH. [IMHAMUKAJIBIK
KapbIK MIANIy OIiCIMCH albIHFaH MOJUMEpPJi HaHOOeMmeKTepaiy ommemaepi 226,7-397,2 HM apaibiFbIHIA
KoHe eimieM OoibiHIIA Tapanybl Tap (momumucnepcritik maHzepi (PDI) 0,01-0,2) Gommer. YK-
cnekTpodoToMeTpITiK dictieH (A = 275,5 HM) aHBIKTaIFaH TAMOKCU(CHHIH TIOJIMMEPMEH OallTaHbICy opesKeci
mamameH 82 % Kypajpl KSHE OJ1 OHBIH ASPLTIK 3aTTap/blH TackMallayllbuIaphl peTiHae KojjaHyna 6ona-
IIAFBI 30p EKEHIIT1 KOPCETIITeH. DIIEKTPOHIB MUKPOCKOTIHS diciMeH HaHOOOMIIeKTepIiH popMacsl MEH MOp-
(hoNOTHACH XKoHE OMOJOTHSIIBIK OPTaHBI MOAETBICHTIH JKaFIaliia MOMMIAKTHATHKOIN HAHOOOIIEKTEpiHEeH
JIOPLTIK 3aTTHIH OOcCall MIBIFY KHHETHKACH 3epTTenred. CoHbIMEH KaTap, opTypii pH mornepinne 310 K tem-
nepatypana TaMOKCH(pEHMEH MMMOOMITU3aNHsUTaHFaH OJTHIAKTHAIMKONU HAHOOOIIIEKTepiHiH Onoaerpana-
IUSCBHIHBIH JKaJITbl CHIIATTaMalIapbl BUCKO3MMETPIIIK 9iCIIeH aHBIKTAFaH.

Kinm ce30ep: HaHOOOIIIIEKTEP, MOTUMEPITI HAHOOOIIICKTEP, MOJUIAKTH/TITUKOINI, TAMOKCU(EH, IMYIIbCHS
ofici, IMMOOWIIM3AITHSL, I9PiHI TaChIMAIAAY, TIOUMEPIIEP.

E.M. Tax0aes, T.C. XKymaranuesa, JI.JK. XKXamaposa, A.A. Arnapoek,
2.K. XKakynbexona, I'.K. Bypkeera, b.H. Kapumosa, C.b. )Kaytuxosa

CunTe3 M HccIeoBaHNe HAaHOYACTHIl HA ocHOBe PLGA
KAK COBPEMEHHOI0 MHCTPYMEHTA TPAHCIIOPTA JIeKaAPCTB

B cratbe moka3aHa BO3MOXXHOCTh MIMMOOHIM3ALIMU TPOTHBOOITYX0JIeBOr0 npemnapara « TamokcudeH» B HaHO-
YaCTHUIIbI MOMWIAKTHANIMKOINAA. HaHouacTHIIBI HA OCHOBE OHMOJETpagupyeMoro U OHOCOBMECTUMOTO ITOJIH-
Mepa HOJIMIAKTHATINKOIAAA OBUTH MOTyYeHBl METOIOM IIPOCTON SMYINIbCUH. [l MOTydeHUs] HAHOYACTHII C
HaWTyYIIHIMH (U3AKO-XUMHUYECKIMH ITOKa3aTeIsIMHU (pa3Mepa YacTHI], ITOJIHIANCIIEPCHOCTH, CTENIEHH CBS3bIBa-
HUS ¥ BBICBOOOXKIEHMS, OMoJerpaganyy) ObIIM HCCIEJOBAHBl Pa3IHYHbIE KOHI[CHTPAIUH JICKAPCTBEHHOTO
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BEIIECTBA U cTabuian3aTopa. B HacTosmel paboTe B kKauecTBe CTaOMIM3aTOPa UCIIOIb30BaH MONUBUHHUIOBBIH
crnupT. Pazmepsl momuMepHbIX HAHOUACTHIL, MTOTYYEHHBIX METOOM JHHAMUYECKOTO CBETOPACCESHMUS, BapbH-
pytotcs ot 226,7 uM 10 397,2 HM, ¢ y3KUM pacHpeeieHueM YacTHIl [0 pa3MepaM (3HaueHHs IOJIUANCIIEpC-
Hoctu (PDI) cocraBuimm 0,01-0,2). CreneHb CBsI3bIBaHMS TaMOKCH(EHa C MOJIMMEPOM, paccuuranHas Y d-
cnekTpodoToMeTpruIecKiM MeTotoM (A=275,5 HM), cocTaBmia 0koJo 82 %, 4To JnenaeT ero NepCreKTHBHBIM
TP UCTIONB30BaHUH I JOCTaBKH JIEKapcTB. MeTooM CKaHHpYIOLIeH 2IeKTPOHHOH MHKPOCKOIINY N3y4YEHBI
¢dopma u Mopdororus HaHouacTHL. MccnenoBana KHHETHKA BEICBOOOXKICHHS IIperapaTa N3 HaHOYaCTHIY O~
JMTaKTHATIIMKONIN/AA B YCIOBUSX, MOJEIHUPYIONMX OMosornieckyio cpeny. Kpome Toro, BHCKO3MMeTpHUe-
CKMM METOJIOM HCCJIEN0BaH O0mMil XapakTep OMOAErpagaiy HAaHOYACTHUII HONMIIAKTUATIIMKOIIH/A, IMMOOH-
JIM30BAaHHBIX TAMOKCHU(EHOM B pa3HBIX 3HaueHUsX pH cpens! mpu temmepatype 310 K.

Knrouegvie cnosa: HaHOYACTHLBI, TOJMMEPHbIE HAHOYACTHIIBI, IOIMIAKTHATIIMKOINA, TAMOKCU(EH, METOI
MPOCTOI SIMYJIbCHH, UMMOOHIM3AIINS, TOCTaBKa JIEKAPCTB, TOJINMEPHI.
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Presenting lecture materials in English using CLIL technologies

The article shows the integration of all four Content and Language Integrated Learning elements (content,
communication, cognition, and culture) into the «Chemistry of Elements of the Periodic Table» course. Second
year students of «5B011200 — Chemistry» major, Institute of Natural Sciences and Geography of Kazakh
National Pedagogical University named after Abai listened to lectures of the subject in English using CLIL
technology. The course of modelling a lecture using CLIL and results of the evaluation survey are presented.
The survey questions were aimed at researching of students’ motivation to study the course using CLIL tech-
nologies. Also, students’ satisfaction with the learning process and the relevance of the course were assessed.
The results of the test, which were carried out after the lecture are presented to consolidate the learned material.
The results show students' enthusiasm for the learning process and enrichment of their vocabulary with chem-
istry terms. The article will be of interest of chemistry teachers in higher and secondary educational institutions.

Keywords: teaching methods, inorganic chemistry, CLIL technology, lecture, questionnaires, test control, lan-
guage skills, integration.

Introduction

The practice experience of recent decades shows that the welfare of a country is determined by the avail-
ability of competent human resources. Such resources are formed by improving the level of knowledge ob-
tained in higher education institutions. Thus, teacher’s task is to find new effective technologies, forms and
methods of education, which allow to give students relevant knowledge.

In terms of multilingual education in Kazakhstan teaching basic subjects in English is an actual problem.
Since English is a foreign language, there is a problem of presenting materials at an affordable level for stu-
dents.

Dr. Vinke A. has identified both positive and some negative aspects of the transition to English in the
training of engineering students in Dutch universities. As an example, the workload and strain of teachers and
students have increased, thus quality of training of engineers as professionals has worsened. Moreover, the
quality of training has become highly dependent on the level of teacher’s English language skills, so students'
performance has slightly decreased. Studies at Korean and Japanese universities during the first decade of the
21st century have generally confirmed these findings [1, 2]. However, considering mentioned disadvantages
of teaching students in a foreign language, in terms of the current needs of the country, the demand for spe-
cialist who are fluent in English and knows professional terminology is increasing. Considering the world's
pedagogical experience, CLIL shows good results in solving this problem. Twenty years ago, the European
Union countries recognized CLIL as one of the effective technologies for the development of multilingualism
and have successfully applied it in both school and higher education [3]. Bilingual program like CLIL were
launched in the Murcia region of Spain in 2009, and since then it has established thorough the country as one
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of the best teaching technologies [4,5]. Coyle, Hood, and March [6] defined CLIL as a dual educational ap-
proach in which an additional language is used to learn and teach both content and language.

CLIL combines four elements, which authors [6,7] called ‘4C’ — content, communication, cognition,
and culture. Within the course «Chemistry of elements of the periodic systemy these elements are described
and presented as follows (Table 1).

Table 1
CLIL elements and their description within the course
CONTENT COGNITION CULTURE COMMUNICATION

Includes the basic concepts Involves thinking skills: Includes the student's com-|Includes improving the lan-
— electron configuration; — identification and classifi-|munication and civic posi-|guage skills of both teachers
—change of properties of ele-|cation of elements. tion: and students.
ments according to their group; |- data collection for lab re-|— group work;
— general descriptions of groups|port — lab safety;
and subgroups; — work presentation.

— structural features of atoms of
d- and f-elements
All these components are in constant communication with each other.

Considering all the advantages and disadvantages of CLIL, the decision to apply this technology in ele-
mental chemistry teaching was based on the fact that CLIL allows students to communicate more effectively
with each other using a foreign language, develop communication skills, thinking and creativity. Thus, the
main tool for preparing students is a lecture, but such types of work as a laboratory workshop, independent
work of students and consultations with the instructor are not excluded. In turn, with this knowledge, skills
and abilities, students can use them in the study of subsequent topics, practice and self-study.

The goal of our pedagogical experiment is to activate students ' cognitive creative activity and develop
their cognitive interest through CLIL training, involving students in independent practical activities. And also,
to interest students in the learning process by adapting the educational material to different levels of English
language proficiency, conducting questionnaires and testing.

Experiment

Pedagogical experiment was conducted in the English group of the 2" year students of Chemistry
Department, Institute of Natural Sciences and Geography of the Kazakh National Pedagogical University
named after Abai. Second year students of the specialty «5B011200 — Chemistry», listened to lectures of the
discipline «Chemistry of Elements of the Periodic Table» in the first semester of 2019-2020 academic year in
English using CLIL technologies.

According to the educational and methodical complex of the discipline the main task of the subject in-
cludes the integration of content (C) and language (L):

1. To know and formulate all basic stoichiometric laws of chemistry. Be able to apply these laws to solv-
ing computational problems; (C)

2. To be able to record the electronic configuration of any element on the basis of its position in the
periodic system; theoretically describe changes in the properties of elements in the period, as well as in rows
s, p, d, f-elements (common properties and differences); (C)

3. To be able to give in English a general description of the group, subgroup, basic chemical properties
of the element and its compounds based on the electronic structure of the element's atom; (L)

4. To know the chemistry of elements of the main subgroups; (C)

5. To know the structural features of atoms of d- and f-elements, physicochemical properties of simple
substances and features of chemical properties of their compounds. (C)

6. To be able to write laboratory report in English using a specific vocabulary; (L)

7. To present a report on laboratory work to a group of students in English. (L)

Presentation of lecture materials. As an example of CLIL implementation, let's consider lecture No. 10
«Elements of subgroup I1-B. Scandium, yttrium, thallium. Obtaining, properties, compounds». The lecture was
delivered using Hard CLIL, where teaching and learning is focused mainly on the content of the subject and
therefore oriented to the content [5]. Since the requirements for the content of the lecture have changed over
time, in addition to the fact that the lecture should have a systematic, consistent, and accessible presentation
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of the teaching material, it is necessary to visualize it; special attention was paid to the preparation of visual
and schematic teaching material using MS Power Point.

Considering the fact that students' English skills vary for certain reasons, the following measures have
been taken to avoid difficulties in understanding:

—a glossary of chemical terms has been compiled and integrated into the lecture (Table 2).

— the material has been adapted to different levels.

A glossary of chemical terms was integrated into the lecture in English and Russian, for better under-
standing of the term.

Table 2
Chemistry Terms Glossary

When a chemical substance leaches or is leached from a material, especially

Leach S : . :

soil, it is removed by the action of water passing through the material.
CyIl. BhIICTIaYNBATECIIb HepeBoa B pacTBOp (06LI‘{HO BOHHBIﬁ) OJHOTO WJIN HECKOJIBKHUX KOMIIOHCHTOB
TJI. BBIIICJIAYNBATh TBép)IOI‘O BCIICCTBA.

In the introductory part of the lecture the topic and questions were indicated (Fig. 1).

The questions of the lecture, presented in Figure 1, were discussed in the lesson, using various methods,
which in our opinion contributed to better learning and memorization of the material. The main attention during
the lecture was to the characteristic properties of the elements, which help to distinguish them from each other.
A table of physical and chemical properties of the elements was created to visually compare their characteris-
tics (Fig. 2).

Sc Y Tl
N210 lecture. Scandiumis a transition
Theme: Cntinton, e | Vo ies Tl o
Elements of subgroup 1I-B. Scandium, yttrium, thallium. i properties andexistenge 12 & 701€ caril transition
Receiving, properties, connections inthe same ores)
R R Color: silvery-white silvery-white silvery-gray
* phySI(?aI propertl?s Of elements Atomic weight: 449559 B8.9059 204.383
chemical properties of elements State: wlid wlid wolid
Melting point: 1540°C, 18132 K 1525°C, 1798 K 304°C, 577K
. discovery Of elements Boiling point: 2830°C, 3103 K 3340°C, 3613 K 1473°C, 1746 K.
isotopes Electrons: 21 39 81
Protons: 21 39 81
S
* the abundance of elements —-
. . . Electron shells: 2892 28.189.2 281832183
prOductlonl app"catlon Electron configuration:  [Ar] 3d1 452 [Kr]4d1 552 [Xe] 4f14 5410 652 6p1
Density 20°C: 3.0 glem® 4.47 glem® 11.85 glem®
Figure 1. Introduction to the lecture Figure 2. Comparison table of physical

and chemical properties of elements

Visual presentation of the lecture helps to increase the mastery of the teaching material in a foreign lan-
guage, so the slides show photos of discoverers, minerals, schemes of extracting materials from ores, applica-
tion, etc. (Fig. 3)

The radioactive isotope yttrium-90 is used
in radiation therapy to treat liver cancer
Gadolin isolated the and some other cancers.
yttrium within the
mineral, which was
later named gadolinite
in his honor. Yttrium
was named for
Yiterby.

Y-90 embolisation

Liver

Tumour

Microspheres
with Y-90

Aorta

Catheter

Johan Gadolin

Figure 3. Examples of visual follow-up of the lecture
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When developing the teaching material, the lectures used information from scientific articles, mono-
graphs, visual materials and other. Besides the description of the main physical and chemical characteristics,
the lecture contained general information about the stages of production of the elements, their cost to date the
(Fig. 4).

According to Mineral commodity summaries, global supply and
consumption of scandium are estimated at 10-15 tons per vyear.
In 2019, the price of scandium oxide (Sc203) with a purity of 99.99%
amounted to $ 5,000 per kg, and for metal - § 206 per gram

Uranium ores

Alkali conversion
Dissolution by HC1

Hydrolysis to remove
ThTiZrFeSi

Raffinate -
SeCly solution
Precipitation by HF

Precipitation by H;C;04 |

5cF;, ThF, precipitates
'

S0y

Leaching by H:80, —+ NaF solution

‘_I‘_

Filtrate

U extraction — U

|

it

Figure 4. Scheme of scandium extraction from uranium ores

In order to consolidate the information of the slides, the students were presented with a summary slide
with key data of the learned materials (Fig. 5).

Minerals: ’ Scandiumisa

thor tveitite, transition metal

m;ﬁzﬁ;l: : d andrare earth
Scandium was
Scisthe 36th discovered by
most abudent LarsF. Nilson
element in the in 1879, in
crust Uppsala,

Sweden.

Innature,
scandinm is
found

exclusivelyas
theisotope
458¢.

Figure 5. Review slide with key data

According to the results of the lecture, all the set tasks were achieved, and the goals of developing the
skills of communicative, informational and subject competencies as well. The students have acquired
knowledge of «Elements of subgroup 11-B: Scandium, yttrium, thallium. Obtaining, properties, compoundsy,
learned a lot of new terms in English, and worked in groups using play methods of learning.

Conducting a survey. A three-stage questionnaire was conducted to assess learning outcomes. The first
stage was organized at the beginning of the lesson, and the topics of the questions asked were aimed at re-
searching the motivation of students to study the course, assessing their satisfaction with the learning process
and the overall assessment of the importance of the course for the professional skills development. The survey
was attended by 22 students. Results of the survey are given below.
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1. Do you think your English is good enough to study this course?

2. How important is a course in elemental chemistry in English to your professional activity?
3. Have you previously dealt with CLIL training technology?

4. Do you know what does CLIL and its basic principles mean?

The second stage took place in the middle of the course. Questions explored satisfaction with the learning

process.

5. Are you satisfied with your teacher's English level?
6. Did you face difficulties in understanding new material?

The third phase of the survey was conducted to evaluate the course.

7. How satisfied are you with the implementation of CLIL techniques in this course?
8. Do you think your listening skills in English have improved?

Test control. After the lecture, students were offered a test control to assess the level of learning material.
Since the discipline is taught in a foreign language, it is much more difficult to assess the knowledge and skills
of students, it is necessary to assess the knowledge of subject terminology in English and the educational
thematic material. For this reason, tests were compiled in which students were asked to summarize their an-
swers within 15 minutes. Examples of the test assignments are given below.

Control questions

1. Describe the chemical element (3 points).
Yttrium is
Scandium is
Thallium is
2. Match the electronic configurations of elements (3 points).
Scandium [Kr] 4d1 5s2
Thallium [Xe] 4f14 5d10 6s2 6pl
Yttrium [Ar] 3d1 4s2
3. Match when and by whom the elements were discovered (3 points).
Thallium Lars F. Nilson in 1879, Sweden
Scandium Carl Axel Arrhenius in 1787, Sweden
Yttrium Sir William Crookes in 1861, London.
4. Write compound name, the formula, the description and application of the studied material in the ta-
ble (9 points).
Ne Name of compound Formula Description Application
1 Scandium fluoride ScFs White powder For the production of optical glass,
catalyst, electroceramics, lasers
5. Write about the toxic properties of thallium, and about precautions when working with it (2 points)

Results and discussions

By analyzing the answers shown in Table 3, it can be concluded that not all students were ready to study
the teaching material in a foreign language, but most students understood the importance of studying the course
of chemistry of elements in English. Students are not familiar with CLIL technology and its principles. The

teacher'

s English level satisfied 70 % of the students. And most students had no difficulty understanding the

material in English. Overall, according to the results of the survey the trends are positive.
It took 15 minutes to pass the test control. Figure 5 shows the results of the test on «Elements of subgroup
11-B. Scandium, yttrium, thallium. Obtaining, properties, compounds». On average, 14 out of 20 points were

scored.
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Table 3

Survey results

Answers and questions Graphical representation
1. Do you think your English is good enough to study this course?

Yes —27.2%

No—9.2%

Not sure — 63.6 %

2. How important do you think a course in elemental chemistry in English is
to your professional activity?

63,

The knowledge gained during the course is very important for future activi-
ties— 72.7 %

I think the impact of English on chemistry is slightly overrated — 18.1 %
Hard to answer — 9.2 %

3. Have you previously dealt with CLIL training technology?

Yes, | have — 0 %
No — 100 %

4. Do you know what does CLIL and its basic principles mean?

8 ‘9,2
a2
1]
1]
Yes— 0%
No — 100 %
2.7
0 4,610
1’8‘
4.6

5. Are you satisfied with your teacher's English level?

Yes, I’'m satisfied — 77.2 %
No, I’'m not — 22.8 %
6. Did you face difficulties in understanding new material?

Yes—31.8%
No, the materials were easy to understand — 45.5 %
Not sure — 22.7 %

7. How satisfied are you with the application of CLIL techniques during this
course?

Excellent — 0 % ‘
Good — 63.6 %

Satisfactory — 31.8
Unsatisfactory — 0 %
Very bad — 4.6 %

8. Do you think your listening skills in English have improved?

“
3

Yes —72.7 %

I don't see much change — 22.7

No — 4.6 %

Conclusions

According to the results of the pedagogical experiment, 63.6 % of students said that training using CLIL
technology is effective. Also, 45.5 % of students understood the material in English well, and 72.7 % of stu-
dents showed an improvement of their listening skills.

Therefore, it can be noted that students can show positive results in learning through integration with the
language of instruction. Implementation of the subject-language teaching method helps students to form a
whole view of the properties of the elements and the relationship between them. Subject-language integration

110 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Presenting lecture materials in English using CLIL technologies

performs a number of functions in teaching and their planning helps the teacher to successfully implement all
these functions, consider all types of independent work of students.

The use of CLIL technology is not a new practice. In our opinion, the use of CLIL technology allowed
us to get specific data that tells us about the students' enthusiasm for the learning process, enriching their
vocabulary and chemical terms.

In our opinion, the data obtained show that students are interested in the learning process and enrich their
vocabulary with chemical terminology in a foreign language, which in turn sets us the task of further optimi-
zation of teaching materials using CLIL technology.
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A.B. ApwiHoBa, /[.A. KaceimOekoBa, XK. K. Kopran6aena

CLIL TexXHO0JIOTHAACHIH KOJIAHY aPKbLIbl aFbLIIIBIH TiJTiHAEr|
A9pic MaTepUAJIbIH YCHIHY

Maxkanana «Chemistry of Elements of the Periodic Table» noninin men6epinge CLIL TeXHOIOrHACHIHBIH TOPT
3JIEMEHTIHIH OaiiJIaHbIChI, TIOH asACHIHIA Ma3MYH MEH TULAIH WHTerpanaanysl kepcerinred. CLIL konmany ap-
KBUTBI I9PICTi Kypy OapbIChl, COHJIali-aK Oaraiay cayajJHaMacChIHBIH HOTHKeNepi ycbiHbUFaH. Kolburran cy-
paKTap/bIH TaKbIPBIOB! CTYASHTTEP/IIH KYPCThI OKYy MOTHUBALIMSACHIH 3epTTEYTe, OKBITY YPAICIMEH KaHaFraTTaHy-
IIBUTBIKTEI Oaranayfa >KoHEe KociOW IaFablIapAbl KalBIITACTHIPY YHAEpici YIIIH KypCTHIH MaHBI3IBUTBIFBIH
JKaIbl Oaraayra OarpITTaFaH. OTKEH MaTepralabl OCKiTy YIIiH TEIHIAJIFAH TOPICTeH KEHiH TeCT YCHIHBUIFaH.
Tect HOTHXKENEP] CTYASHTTEPAIH OKY YPIiCIMEH, OJapIblH CO3IIK KOPHIH XHMUSUIBIK TEPMUHAEPMEH OaifbiTa
OinreHiH kepceTTi. Makana XMMHUSHBI aFbUIIIBIH TUTIHAE OKBITATHIH OpTa YKOHE JKOFaphl OKY OPBIHIAPHIHBIH
OKBITYIIBUIAPbIHA Malanbl. OJeMAIK Taxipuoere cyliene oTeipbin, CLIL TeXHOMOTMICHIH JapicTe KOJIaHy
apKBUTBI OVJT Moceseep i menyre MyMKiHaik Oepeni. AGaii ateiHaarbl Kazak YITTHIK MEAaroruKaiblK yHU-
BEPCHUTETIHIH JKapaThUIBICTaHy XoHEe reorpadust HHCTUTYThIHBIH «5B011200 — Chemistry» MamaHABIFbIHBIH
exinmi kype cryaenrrepi «Chemistry of Elements of the Periodic Table» nouin arpumusia Timinge CLIL koi-
JTAaHYBIMEH JI9piCTep ajibl.

Kinm ce30ep: oxpITy anicreMmeci, Oeifoprannkansik xumus, CLIL, nopic, cayanHaMa, TEeCTiK OaKpUIay, TIJIIK
TIaFIBUTBIK, KipiKTipy.

A.b. ApsiHoBa, [[.A. KaceimGekoBa, XK. K. Kopran6aesa

IIpeacraBiieHne JeKIIMOHHOT0 MATEPUAJIA HA AHTVIMIICKOM SI3bIKE
¢ ucnoJib30BanueM texunosoruu CLIL

B crartbe noka3aHa cBs3b ueTbIpex neMeHToB CLIL u mHTerpupoBaHue coaepkKaHus U s3bIka B paMKax JHc-
uummael «Chemistry of Elements of the Periodic Table». Crymentsl BTOporo Kypca CrHenHaibHOCTH
5B011200 — «Xwumus» MHcTUTYTa ecTecTBO3HAHUS U reorpaduu mpu Kazaxckom HalMOHAIBHOM IT€Iarort-
4EeCKOM yHUBepcUTeTe uM. Abast mpociymanu neknun qucuuiuiinasl «Chemistry of Elements of the Periodic
Table» na anrmuiickom si3bike ¢ npumenenneM TexHosnorun CLIL. IIpeacTaBieH X0/ MOCTPOCHHS JICKIUH C
ucnosb3oBanneM CLIL, a Takxke pe3ysibTaThl OIIEHOYHOTO aHKETUPOBaHHs. TeMaTHKa 3a1aBaeMbIX BOIIPOCOB
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OblIa HalleleHa Ha HMCCleloBaHWE MOTHMBALUH CTYIEHTOB, M3y4eHHE Kypca, OLEHKY YIOBIETBOPEHHOCTHIO
nporeccoM 00y4eHHs U 0010 OLICHKY 3HAYMMOCTH Kypca AJ1s nporuecca GopMHUPOBaHHUS MPOPECCHOHATBHBIX
HaBBIKOB. [IpeacTaBneHbl pe3yabTaThl TECTA, BBIMOIHEHHOTO TOCIIE POCTYIIaHHO IEKINH, IS 3aKpeTIeH S
NpOHAEHHOTO MaTepuaia. Pe3ynbTaThl TecTa IOKa3aan YBICYEHHOCTh CTYJICHTOB IpoIieccoM o0ydeHwHs1, 000-
ranieHye X CJIOBapHOTO 3araca XUMUIeCKUMH TepMHHaMu. CTaThsi OyJeT HHTepecHa IperojaBaTerIsiM XUMHUN
BBICIIIMX U CPEAHHX yUeOHBIX 3aBe/ICHHUH, 00yJaromuM Ha aHIJIHHCKOM SI3BIKE.

Kurouesvie cnosa: meronrka npenogaBanusi, Heopranndeckast xumusi, CLIL TexHosorus, nekuus, aHKeTupo-
BaHME, TECTOBBIIl KOHTPOJIb, SI3BIKOBBIC HABBIKM, HHTETPUPOBAHUE.
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Features of teaching Chemistry in English:
continuity of traditional and new technologies

The article describes the study results of the continuity of traditional and new technologies in teaching chem-
istry in English in secondary schools. In the study, alongside a variety of traditional methods, the CLIL method,
Content and Language Integrated Learning was explored to enhance pupils' interest in chemistry and to improve
their knowledge. Special attention was drawn to the learners' motivation, knowledge level and English language
proficiency during the study of chemistry. The ways to apply new approaches towards teaching chemistry in
English were considered and the practice of integrating chemistry and English on the basis of a new curriculum
was studied. Terminology, glossary, English language-based text work and calculation methodology were se-
lected for the classroom use of CLIL technology. At chemistry lesson pupils were surveyed and a pedagogical
observation was performed to determine the effectiveness of using CLIL technology. According to the survey
results the effectiveness of teaching chemistry in English was proven. Working on terminology and glossary
the learners’ interest in the subject was increased by using chemistry terminology in the classroom. The use of
CLIL approach is based on integrating language in teaching the subject content allowed the pupils not only to
gain information about the subject but also to master the language.

Keywords: CLIL method, teaching chemistry in English, Content and Language Integrated Learning, glossary,
terminology, English language based text, CLIL technology, a survey, traditional method.

Introduction

Nowadays the development of the future generation as an intellectual person and multilingual education
is an actual issue in the education system. The educational activity results of the implementation of the inter-
disciplinary connections are manifested in the expansion of pupils’ knowledge of universal character, the sub-
stantive content aspect enrichment of foreign language communication, their learning motivation increase,
individual development, self-education, and self-improvement.

The education system is improving and opening new horizons in accordance with modern requirements.
Consequently, this is a renewal of secondary education content. This requires the development and implemen-
tation of an education program allowing the gradual transition to a competency-based teaching model and the
application of non-traditional methods and forms of teaching organization, as well as the integrated teaching
of various disciplines. First and foremost, the consideration of interdisciplinary connections development in
the integrated teaching classroom is of paramount importance. Teaching language and subject content in an
interdisciplinary connection creates many opportunities for the development of cognitive tasks, suggestions
and the realization of learners’ creative potential [1].

In the context of teaching natural science disciplines, English is regarded as the most important language
in Kazakhstan since it forms the basis of the integrated teaching. The introduction of English into the integrated
teaching process is primarily focused on learners’ academic development during lessons and opportunities to
strengthen teaching taking into consideration their psychological conditions.

Several recent studies have considered the importance of investigation of integrated English teaching. In
their studies, G.lI. Belyaeva, E.A. Samrodova, O.V. Voron, and E.S. Zakirova have described the integrated
teaching methods of foreign languages for special purposes and analyzed their effectiveness. According to the
study result, in the opinion of the humanitarian specialty students, discussions, ICT (information and commu-
nication technology) and SCRUM (framework that helps groups to work together and encourages team to learn
through on a problem) were found to be the most effective methods of teaching foreign languages for special
purposes, while debates, ICT and round table discussions were estimated as the best ones in conformity with
the opinions of the teachers interviewed. According to the students' opinion, the «dilemma» method was de-
termined to be inefficient, while the CLIL (Content and Language Integrated Learning) method was found to
the most ineffective one by teachers [2]. This means that the CLIL methodology has not been fully investigated
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and needs to be improved. The results of the scientific literature analysis show that in modern educational
practice the most widely applied methods integrating English with traditional methods are project method
[3,4], case study [5, 6], brainstorming [7, 8], role method [9], round table [10], audio-linguistic method [11],
content and language of integrated learning (CLIL method) [12, 13].

Researchers have shown that the CLIL method provides a number of benefits to students, and its success
depends on the context in which the method is applied. In secondary schools, the research results were proved
to be effective, the CLIL method was found to have no negative effect on pupils’ English language proficiency,
L1 level, and subject knowledge; this, in turn, encourages pupils to become more active in the learning process.
The global need for language teaching, especially English, has given rise to the necessity of new approaches
towards language teaching. The CLIL method is a flexible and efficient way of responding to the needs [14].
Teaching a subject content integrating with English has aroused great interest in Kazakhstan, as the CLIL
method is expected to improve students' fluency in the English language and to impact on better preparation
for their future careers.

In her study, D. Recatala conducted works aimed at combining active methods of teaching introduced to
the physical chemistry course in a higher education institution in Spain, as well as integrating the subject
content in this discipline with the English language. In this study, a number of factors that influence the world
practice of teaching including the active teaching and the CLIL method in the physical chemistry class were
analyzed. Some examples of these include views related to the discipline, interest and motivation in the course,
attitudes towards the English language acquisition and overall students’ satisfaction with the learning process
[15]. In their works, B.A. Zhetpisbayeva and A.E. Kubeeva emphasized the effectiveness of using internation-
ally recognized CLIL technology and focused on the relevance of learning and mastering the technology by
future professional teachers. The essence of the Kazakh trilingual education model is the possibility of further
development of the trilingual education ideas of the CLIL technology in the educational process. There are
also survey results of higher education institution students and teachers who introduced trilingual education
into the learning process [16].

Despite the comprehensive description of the importance and benefits of integrated teaching in English,
the methods of teaching chemistry have been rarely studied. In this regard, to study the methodological basis
of teaching chemistry in English is of great importance.

The main purpose of the proposed study is to build students' knowledge and skills based on the continuity
of traditional teaching and new methods by taking into consideration the importance of teaching chemistry in
English in secondary schools. The research tasks are the effective application of new methods and techniques
in teaching chemistry based on the new curriculum; to illustrate and describe new methods, effective tech-
niques of teaching chemistry in English; the formation of pupils' knowledge and interest; the development of
learners' scientific vocabulary and the vocabulary related to the chemistry science.

Experimental

The pedagogical experiment of teaching chemistry in English was conducted among the 8™-grade pupils
of the specialized boarding school named after N. Ondasynov in Turkestan.

In the first lesson, the main attention was paid to chemistry rather than English. Therefore, the simple
terminology of the most common terms used during the chemistry class was applied.

Despite the fact that the textual work is one of the most significant ways in Content and Language Inte-
grated Learning both in terms of learning objectives and language objectives, all types of classroom activities
were applied in the lesson planning. When selecting the study material, original texts with a variety of styles
were selected to meet the pupils’ age requirements and language proficiency level. In teaching chemistry in
English, the relevance of teaching terminology, glossary, work on the text composed on the English language
basis and calculations were explored through the continuity of the CLIL method and traditional teaching meth-
ods.

A lot of work was accomplished on the terminology in teaching chemistry to stimulate the pupils’ interest.
The assignments were given to test previously obtained knowledge and for the acquisition of new knowledge.
The new CLIL technology was used in continuity with traditional methods, brainstorming and «Five Ws»
method to consider the significance of terminology in teaching chemistry in English. The terminology effec-
tiveness was defined by the questionnaire taken from the pupils after the completion of the following tasks:
The «brainstorming» method was applied to consolidate the topic that was covered at the beginning of the
lesson:

1. Define the concepts of protons, neutrons, electrons in English.

114 BecTHuk KaparaHguHckoro yHuBepcuTeTa



Features of teaching Chemistry in English ...

2. Write the words that correspond to the chemical bond.

Water; Bond; Electron; Chemistry; lonic; Flask; Filter; Book; Shell; Matter.

3. Find names of metals and write them below

1.0; 2. Zn; 3. Si; 4. Hy; 5. C; 6. Fe; 7. Ca; 8. Ne; 9. Na; 10. CI.

4. Write the symbols of the elements in 3 languages and calculate proton, electron, and neutron numbers

Al, Cl, F, Fe, Zn, O, H, P, Ca, Na, K, Ag.

This method contributed to the pupils’ knowledge acquisition speed and the accumulation of English
language knowledge. Due to this, they could easily find the chemical elements names and became more active
in the classroom.

«Five Ws» method is a method in which questions are asked in English by pupils in the classroom to
increase their comprehension of the topic and to develop their discussion skills.

1. Students answered in English the questions which were asked in Kazakh.

What is the salt of hydrochloric acid?

What is the element used for disinfection?

What is the substance consisting of two elements, one of which is oxygen?

How is the element type change called?

What is the lightest element?

2. Carbon is a metal or a (non-metal)

Iron, copper, sodium are (metals)

Oxygen, silicon, carbonare __ (non-metals)

Most of elements in Periodic Table are (metals)
Sulfurisa___ - (non-metal)

To determine the effectiveness of working on a glossary during the course of teaching chemistry in
English, a glossary «Electronegativity. A covalent bond» was given to the pupils in two languages:

Electronegativity is the ability of atoms to pull electrons towards themselves.

A chemical bond is the formation of a bond of chemical elements interacting with each other.

Cation is a positively charged particle.

Anion is a negatively charged particle.

An ion is a charged atom or group of atoms.

A covalent bond is a type of a chemical bond that involves the sharing of electron pairs between atoms.

Non polar bond is a bond formed between chemical elements with the same electronegativity.

A polar bond is a type of bond formed between atoms of various nonmetals.

During the lesson conducted using the glossary, the pupils learned to be more careful and to express their
ideas in a short and easy way. The glossary was prepared in two languages which allowed pupils to remember
the terms and definitions of chemistry in English. The results were positive. Initially, it was difficult for the
pupils since they had not been accustomed to working on the glossary prepared in two languages. Later, they
realized that the lesson was interesting and they also could benefit from using the time efficiently. The effec-
tiveness of the glossary in teaching chemistry in English was determined by the survey results taken from the
pupils.

The effectiveness of the text composed on the English-language basis in teaching chemistry in English
was also investigated by the Jigsaw method alongside the CLIL method [17].

An acid is a substance that produces H*(aq) ions when dissolved in water.

The commonest acids in the laboratory are sulfuric acid (H2SO4), hydrochloric acid (HCI) and nitric acid
(HNO:s). These are known as the mineral acids. Another common acid is acetic acid (acetic acid, CH3;COOH),
a smelly liquid that boils at 118 °C. Acetic acid is the chemical that gives vinegar its sour taste.

A base is a substance that reacts with an acid in solution producing only water and salt.

Generalizing:

acid + base — salt + water

This reaction is known as neutralization.

An alkali is a base that dissolves in water. A solution of an alkali contains the hydroxide ion, OH(aq).

Alkalis are usually hydroxides of metals. The common alkalis are the hydroxides of calcium, potassium
and sodium. They are all are ionic solids which completely dissociate into ions in water.

Ammonia solution is also regarded as an alkali because it contains the hydroxide ion.
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Bases which are insoluble in water include the oxides of metals such as magnesium oxide (Mg?*, 0%)
and copper (1) oxide (Cu?*, 0%) and organic compounds (compounds based on carbon) which contain nitrogen
atoms such as propylamine (CsH;NH>) [18].

The pupils were asked questions about the text and their acquisition of the text given in English which
was determined (Table 1).

Table 1

English language based text questions

Questions Yes No

Is the topic about bases?

Were alkaline metals written?

Are there any insoluble bases?

Are Arabic numerals used in writing the bases?
Was the work conducted through classifying bases?
Is it explained why alkali metals are caustic?

The CLIL method was applied in continuity with the heuristic method of teaching calculations by using
English in chemistry classes [19]. During the lesson some calculations were done only after the new topic had
been explained and the new words related to the lesson topic had been written in Kazakh and English.

Firstly, calculations on the first topic of «Solutions» were performed in Kazakh.

1. If 20 g of the substance is in 190 g of solution, find the mass fraction of the dissolved substance in this
solution.

2. How much salt and water are needed to make 300 g of a 35 % solution?

3. Calculate the mass fraction of the dissolved substance in the solution formed when 45 g of salt is
dissolved in 220 ml of water.

4. How many substances should be dissolved in 250 ml of water to prepare a 12 % solution by mass?

5. What is the mass fraction of 74 g of table salt dissolved in 274 g of solution?

The work with English terminology was carried out before starting the calculations in English. The ter-
minology found in the calculation was used to help the pupils to understand problems in English and to solve
them (Table 2).

Table 2

Terms used in the calculation

MaccanbIk yJiec Mass percentage
MoJISIpJIBIK KOHIIEHTPALHS Molar concentration
KebeiiTy To multiply
beny Divide
JIMCTHITBJICHT€H CY Distilled water
KatsiHac Proportion
BaiinanbicThl 60Ty To depend on
bepinreni Given

Ta0y kepek To find
HIbFapyKoJibI Way to solve
Epirensar Solute

Epitkim Solvent
Epirimrrik Solubility
Kansiknaran Unsaturated
Kanbikkan Saturated

A3 epui Slightly soluble

The problems given in English were solved after getting acquainted with the terms necessary for doing
calculations.

1. 20 g of sodium reacts with nitric acid. Find the mass of sodium nitrate.

2. 3.9 g of potassium reacts with oxygen. Find the mass of potassium oxide.

3. 25 g of salt is dissolved in 75 g of water. What is the mass percentage of salt?
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4. Find the mass of sodium carbonate to prepare 50 g of 7 % solution?

5. 25 g of salt was added to 200 g solution. What is the mass percentage of salt?

6. How much sodium nitrate should be taken to prepare 15 g of 30 % solution?

The increase in the pupils’ thinking ability was observed while doing chemistry calculations in English.

Results and Discussion

With a view to determining the glossary effectiveness in a pedagogical experiment conducted using the
CLIL method in the chemistry class, the learners were taken a questionnaire consisting of the following ques-
tions:

1. Did you like the lesson?

2. Has the glossary helped you to understand the text given in two languages?

3. Do you want to work with a glossary in the future?

4. Have you ever worked with a glossary?

5. Did you face any challenges in working with the glossary?

Most of the surveyed pupils supported the glossary efficiency in teaching chemistry in English, while a
few of them did not (Fig. 1). The survey result revealed that the pupils had a desire to work on a glossary and
working on the glossary had a positive impact on learning outcomes.

100
100
90 85,7
80
70
60
50
40
30
20
10
0
1 2 3 4 5
guestion | question | question | question | question
Yes 85,7 100 90,5 71,4 19
No 0 0 4,75 28,6 81
| face challenges in answering 14,3 0 4,75 0 0
EYes ®No | face challenges in answering

Figure 1. The survey results to determine the glossary work effectiveness

The pupils were surveyed to determine the effectiveness of working on the text in English, which was
used to develop language skills in integrated chemistry teaching. The questionnaire consisted of the following
guestions:

1. Did working hard with «an English text» exercise help you to develop your English language skills?

2. Have you ever worked with «an English text» exercise before?

3. Did you enjoy working with «the English text» exercise?

4. Was it fun to work with «the English text» exercise?

5. Did the English text help you to understand the lesson better?

Almost half of the pupils who were surveyed gave a negative answer to the question «Have you ever
worked with an English text exercise before?» This indicates that English has not been used before in teaching
chemistry. The rest of the questionnaire answers indicates that most learners liked working on the English text
and understood the lesson (Fig. 2).
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Figure 2. The survey results to determine the effectiveness of working on a text in English

The pupils were asked to complete the summative assessment (SA) according to sections 1 and 2 to
identify how their progression in knowledge, skills, and understanding related subject content is changed. The
summative assessment on the first section was taken before the experiment, i.e. when used traditional teaching
strategies. In the second section, the summative assessment was obtained after application CLIL method teach-
ing in the Chemistry classroom. The maximum score of the summative assessment task for each section was
15 points. 21 pupils took part in the tasks. The SA were used to evaluate effectiveness of the CLIL method.

By analyzing the pre- and post-experiment results it was observed upward in pupils' learning outcomes
after using the CLIL teaching method in the class. Before the experiment, the summative assessment average
score of the pupils for the first section was 9.76 points. When the experimental group was taught through the
CLIL method, the average score of the pupils for the second section reached 12.85 points. (Fig. 3). The aca-
demic performance of pupils in this group is explained by the fact that chemistry was taught in English in the
continuity of the traditional method and the CLIL method.

12,6
9,76
14
12
10
8
6
4
2
0
1st 2nd
summative summative
assessment assessment
The average final score on the
summative assessment 9,76 126

m The average final score on the summative assessment

Figure 3. Results of the summative assessment on sections 1 and 2 on the mastery of the lesson materials
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The peculiarity of teaching chemistry in English is to increase pupils' interest in chemistry and English
by using active teaching methods based on modern teaching idea. To implement this idea, the chemistry was
taught in English by applying the CLIL method for the first time in the specialized boarding school hamed
after N. Ondasynov in Turkistan. The study results allowed to change the practice of teaching the subject. The
use of CLIL methods was expanded to increase pupils’ interest in chemistry and to improve their comprehen-
sion of chemical terminology in English. The CLIL teaching method was applied in combination with active
methods («Jigsaw», «Five Wsy) and traditional methods which contributed not only assimilation and under-
standing of subject content but also the development of critical thinking, improving vocabulary and language
skills of the pupils. Implementation of the CLIL method teaching in Chemistry classroom based on the conti-
nuity of traditional methods and new technologies allowed the pupils to acquire chemistry in English thor-
oughly.

Conclusions

The application of the CLIL teaching method in the Chemistry classroom increases learners’ interest in
both subject and language context. At each lesson the pupils had the opportunity to access basic concepts and
skills relating to the subject content, to express their thoughts clearly and to enhance their knowledge. As a
result of the proposed research, it was proved that the implementation of CLIL teaching methodology develop
pupils’ progression in knowledge, skills, and understanding Chemistry subject content. It based on the princi-
ple to support and improve the pupils’ thinking process by teaching Chemistry subject content through English.
The survey results revealed formation not only content-learning outcomes but also language-learning outcomes
and the effectiveness of working on terminology, glossary, an English-language based text and calculations in
integrated teaching. As for features of teaching Chemistry in English, the CLIL approaches proved to be ef-
fective in developing subject competencies, develop multilingual interest and attitudes, increase motivation in
learning, interest in the subject and increased academic performance.

The integrated chemistry course takes teachers a lot of time to prepare for the lesson since teaching chem-
istry in another language requires much attention to be drawn to the subject, as well as the language. However,
the integrated approach towards teaching chemistry is more successful than the traditional one.
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P.H. Hypainmnaesa, A.)K. Baiicanosa, F.0. XKyman

XMMHUSHBI aFbUIIIBIH TLTiHAE OKBITYAbIH epeKIIeJiri:
AICTYPJIi KIHE KAHA TEXHOJIOT U CA0AKTACTBIFbI

Makanazia opTa MEKTENTe XUMHS TISHIH aFbUIIIBIH TUTIHIE OKBITYIBIH JOCTYPIIi XKSHE KaHa TeXHOIOTHsIIap ABIH
cabaKTacTBIFBI Typajbl 3epTTey HOTIDKeNepi cunartanrad. OKyIIbUIap/AbIH XUMHS MIOHIHE JIeTeH KbI3BIFYIIIbI-
JBIKTAPBIH apTTHIPY KoHE OUTIMIH XKeTUAIpY YIUiH TYpIi ToCTYpIi 9icTepMeH Oipre Kasipri )kaHa TeXHOJIOTHs
MoHIMeH TinAi Kipiktipe okpiTy — CLIL amici 3epTTenres. 3epTTey 0TKi3y Ke3iHAe CHIHBIITAFbI OKYIIBLIAPIBIH
XUMHS [IOHIH OKY Ke31HJeT1 OKYIIBIIapAbIH BIHTAChIHA, O1TIM IeHreiiepiHe KoHe Tl MeHrepy KabiieTTepine
epeKIIIe Ha3ap ayJapbUIFad. X UMM [TOHIH aFbUTIIBIH TUTIHAE OKBITYAA XKaHa oIC-TOCUIAep Al THIMII Naiaanany
JKOJIIApBI KapacTHIPBUIBII, XKaHa OKy OarIapiamMachl HEeTi3iHAe XHMMUS [IOHIH aFbUIIIBIH TUTiHAEe OaliIaHBICThIpa
okpITy Taxipubeci 3epaenenred. CLIL TexHosorusceiH cabax OapbICHIHAA KOJNIAaHY YIIIiH TEPMUHOJIOTHS,
TJIOCCApUil, aFbUILIBIH TUTIHAETI MOTIHMEH JKYMBIC JKOHE eCeNTeyJIep JKYprisy oiicTeMeci TaHIanFaH. XUMHS
cabarpiHaa CLIL TeXHONMOTWSCHIH KONIAaHYABIH THIMIUIITIH aHBIKTAay YIIH MEKTENl OKyIIbUIApbIHAH cayai-
HaMa aJbIHbII, IeAaroruKaiblK 0akplIay *KyprizinreH. JKyprisiiren cayanHaMma HOTH KeNepi OOMBIHIIA XUMUS
TIOHIH aFBUTIIBIH TUTIHAE OKBITYIBIH YTHIMABUIBIFBIHA KO3 KETKi3iUreH. TepMHHONOTHS jKOHE TIIOCCapUMEH
JKYMBIC XKacay OapbICBIHIAa TEPMHUHAEPII cabaKTa KOJIaHa OTHIPHII, OKYIIBIIAPAbIH XHMUS IIOHI OOHBIHINA CO3-
IIiK KOpbI K6OEHiI, TIOHTe JIereH KhI3BIFYIIBUIBIKTAphl apTKaH. MOTiHMEH jKyMBIC OapbIChIHAA OKYIIBLIAP.IBIH
aFBUIIIBIH TUTIHAE COIey, oifay HaFapIChl KaibnTackad. [1oH MeH Tingi kipikTipe okpiTyaa CLIL omiciH Kou-
JlaHy OKyIIbUIapFa oH OOMBIHIIA aKapaT alyMeH KaTap, Tl MeHrepyre ae MyMKiHIiK Gepi.

Kinm coe30ep: CLIL opici, XMMHSIHBI aFbUIIIBIH TUTIHIE OKBITY, IIOH MEH TNl KipiKTipe OKBITY, TII0CCapHH,
TEPMHHOJIOTHS, aFbUILIBIH TiTiIHAET MaTiHMeH jxyMbIc, CLIL TexHoyoruscel, cayanHama, A9CTYpIIi dJic.

P.H. Hypnunnaesa, A. K. Baiicanosa, I'.O. XKyman

Oco0eHHOCTH NpenoAaBaHusl XMMHUM HA AHTJINICKOM fI3bIKeE:
NMPeeMCTBEHHOCTh TPAJANIUOHHBIX M HOBBIX TEXHOJIOT Ui

B cratbe onmcanbl pe3yabTaThl HCCIEAOBAHUSA O IPEEMCTBEHHOCTH TPaAULUHOHHBIX M HOBBIX TEXHOJOIHH B
MpeTIoJaBaHUy XHMHUH Ha aHTJIMHCKOM sI3bIKE B cpeHeil mkoute. C eNbio MOBHIIICHNS HHTEPeca YIamuXcst K
IPEeIMETY U COBEPIICHCTBOBAHMS 3HAHHH [0 XMMUHM, HAPSILY C Pa3IMYHBIMU TPAJUIHOHHBIMHU METOIaMH, OBLT
m3ydeH Merox CLIL (uHTerprpoBaHHOE 0OyUeHHE MpeAMEeTa Ha A3bIKe COBPEMEHHOM TeXHOJoruu). B xoze
MPOBENICHUsI MCCIIEIOBAaHUsI 0c000e BHUMaHHE OBUIO YAENEHO MOTHBALMH YYAIIMXCS K M3YyYCHUIO XUMHUH,
YPOBHIO 3HaHHH U CIIOCOOHOCTH OBJIa[ICHUSI s3bIKa. PaccMoTpeHb! myTH 3 (heKTHBHOTO MCIOIB30BAHUS HOBBIX
METO/IOB M PHEMOB B TIPENOAaBaHNH XMMHHU Ha aHTIMHCKOM SI3BIKE 10 HOBOH y4eOHOH mporpamme. st uc-
none3oBanust TexHosorun CLIL B xoze ypoka Oblin BEIOpaHEI TEPMHUHOJIOT S, TIIOCCApHii, paboTa ¢ TeKCTaMH
Ha aHTJINICKOM SI3bIKE M METOIMKA IPOBEJICHUS BEIYHCIEHHMS. J]yist ontpeneneHust 3 (heKTUBHOCTH TPUMEHEHHS
texHosornn CLIL Ha ypokax XMMHM OBLT IIPOBEJICH ONPOC YYAIINXCS W IeJarorndeckuii KoHTpois. I1o pe-
3yJbTaTaM omnpoca Obuia JokasaHa 3(QEeKTHBHOCTD NPENoJaBaHnsl XUMHUHU Ha aHTIIHIICKOM si3bIke. B xone pa-
60ThI HaJl TEPMUHOJIOTHEH U TIIoccapieM HaOMIoAaeTcsl yBeIMUYeHNe CII0OBAPHOTO 3araca yJalmxcs o XuMHH
¥ TIOBBILICHHE MHTepeca K npeaMeTy. [Ipu pabote ¢ TekcToM y ydyamumxcsi cOpMUPOBAIUCH HABBIKU yCTHON
peuy, MBIIIUICHNS Ha aHTJIMHCKOM s3bIKe. VIHTerpanus npeaAMeTHOro U A3bIKOBOro 00y4YeHus MO3BOJIMIIA Y4a-
IMUMCS He TOJIBKO MONYYHTh HH(POPMAIIHIO 1T IPEIMETY, HO H OCBOHTH S3bIK.
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Kniouesvie cnosa: meron CLIL, 00yuyeHHe XMMUU Ha aHTJIIMHCKOM S3bIKE, HHTEIPUPOBAHHOE O00yUeHHE Mpea-
MeTa U S3bIKa, TII0CCapUil, TEePMUHOJIOTHUS, paboTa ¢ TEKCTOM Ha aHTTIMHCKOM si3bike, TexHonorust CLIL, onpoc,
TpaJULIUOHHBIA METOI.
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Group learning activities as a condition of implementing competence-based
approach to students’ inorganic chemistry teaching at university

The article presents the results of experimental testing the effectiveness of group learning activities of students
at Inorganic Chemistry laboratory classes. The future teachers had their classes according to a technique based
on research paper analysis findings with due account for practice of implementing the concept of group educa-
tional activity of senior pupils in Ukraine. The following issues were briefly addressed: special aspects of ac-
tivities performed by group learning individuals; educational result of inorganic chemistry students presented
in the form of general and special (occupational and subject) competences; preparation and order of laboratory
classes for small groups of students as subjects. The order, course and results of the pedagogical experiment
are presented. The results suggest that using the students' group learning activities is an effective tool for im-
plementation of the competence-based approach to inorganic chemistry educational process, which contributes
to lining-up the order and course of inorganic chemistry laboratory practicals. We wish to make a point that
using group learning for actualization of the competence-based approach to learning chemistry of students
requires certain methodological training of the faculty.

Key words: competency-based approach, the Inorganic Chemistry academic discipline, group learning activity,
group learning technique, group learning individual, students, academic staff, laboratory practicals.

Introduction

Teaching based on the competency-based approach is a global trend in higher and secondary education,
which has been supported by the United Nations (UN), the Organization for Economic Cooperation and De-
velopment (OECD) and other world communities for a long time [1].

The teaching process, which takes into account the above-mentioned trend, is a system of «scientific,
methodological and pedagogical measures aimed at the development of a personality by forming and applying
his/fher competenciesy» [2]. Based on the foregoing, the policy in the sphere of the national higher education is
aimed at the development of general and special (professional, subject) competencies of students [3].

This actualizes the problem of theoretical substantiation and practical implementation of competence-
based teaching at higher education institutions. We brought attention to a group learning activity of students
in the course of addressing this problem. In order to develop a group learning technique, it was fundamentally
important to answer the following questions:

— how to organize a group learning activity of students at inorganic chemistry laboratory practicals;

— what should be done methodologically for successful group learning;

—what is the role of academic staff in this process;

— what educational outcome should we expect.

The analysis of the national scientific sources made it possible to find out that the degree of development
of group learning of senior pupils as for the theory and methodology of teaching chemistry is much higher than
that of college students. O.G. Yaroshenko substantiated, among other things, the didactic concept of the group
learning activity of senior pupils on the basis of chemistry learning using the results of a continuous study of
the group learning activities at school [4], and developed a variety of learning and methodological support
instructions for teaching senior pupils in small groups [5-10].

A long-term pedagogical experiment [5, 11, 12] and mass introduction of group learning activity into
school practice confirmed its effectiveness.

Our study and the best domestic practices of senior pupil group learning brought us to the conclusion of
reasonableness of extrapolation of the main provisions of the high school group learning concept to the teach-
ing process at a college level. It is about approaches to forming small groups, the distribution of roles in a
small group, and the ratio of faculty leading role and independence of a group learning individual. However,
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the chemistry teaching process at college level, types and duration of educational classes, the chemistry learn-
ing goals, and the age characteristics of students differed significantly. That's why the possibility of a mechan-
ical transfer of a competence-based educational paradigm prevailing at the high school to the college level is
excluded. This fact brings a new problem, which consists in the necessity of theoretical substantiation and
methodological support to using group learning didactic potential for shaping general and subject competen-
cies of future teachers based on the experience of group learning at high school. We commenced solving this
problem with the analysis of previous relevant domestic and international surveys.

Domestic researchers focus mostly on using student group learning activities for development of collab-
orative communication skills, consider it as a framework for trainings, brainstorms, business games, educa-
tional projects, etc. [13-16].

Foreign researchers make an accent on learning, educational, social and organizational functions of group
classes, and contemplate the conditions for effectiveness thereof (comprehension of a collaborative objective
by a group member, correct lineup of the group in which each member has a positive experience of a certain
activity, and adoption of general collaboration rules by the team) [17]. J.R. Hackman (2005), R.M. Gillies and
M. Boyle (2010) conclude that group work contributes to effective acquisition of academic knowledge and
development of interpersonal communication skills [18, 19]. E.F. Barkley, C.H. Major, and K.P. Cross (2014)
instruct on small student grouping, the distribution of roles, the development of team spirit, addressing unex-
pected problems, and assessing students™ involvement in addressing team assignments in the recommendations
for teachers on organization and resourcing of effective collaborative classes. The authors also call attention
to the role of faculty in the organization of learning activity, the need to combine individual and collaborative
responsibility in grading group learning activities [20].

According to L. Rabekova and J. Hvorecky (2015), the collaborative learning activity is one of the com-
ponents of various student learning techniques intended for improvement of the quality of their professional
training [21].

As we see, researchers consider group learning activities mainly as the external side of the educational
process, the framework of which makes interactive learning possible. The fundamental difference of our ap-
proach consists in the idea that learning in a small group is considered as the activity of a uniform group
subject, which is a way of acquisition of the expected result. Therefore, it is about a group learning technique.
From the author’s point of view, the student group learning technique is a scientifically based, clearly planned,
substantively, methodically and procedurally supported process leading to achieving the expected result, which
is the formation of general and professional competencies.

Study object is an inorganic chemistry teaching process at higher education institutions of Ukraine.

Study subject is a student group learning technique used for implementation of the competence-based
approach to inorganic chemistry classes.

The purpose of the article is to explore a didactic potential of students' group learning activity in the
implementation of a competence-based approach to inorganic chemistry learning process.

The article objectives are to justify the group learning technique in the inorganic chemistry learning pro-
cess at higher pedagogical education institutions and to present quantitative and qualitative results of experi-
mental verification of systematic use of group learning activity of students, future chemistry teachers, at inor-
ganic chemistry laboratory practicals.

Structure of the article. The article consists of four parts. The first part presents the conceptual foundations
of the group learning activity of students, the relevance of the topic, its object, subject and purpose. The second
part describes the methods and material of the study and explains tailoring the pedagogical experiment con-
ducted at the Mykhailo Kotsiubynskyi Vinnytsia State Pedagogical University with involvement of students
of the first (High-School Instruction (Natural Science)) and the second (High-School Instruction (Human Bi-
ology and Health, Chemistry)) courses. The third part describes the results of the pedagogical experiment. The
fourth part is inclusive of conclusions basing on the results of the study.

Experimental

To achieve the goal and solve the tasks set, we used the methods of scholastic attainments: analysis,
description, interpretation, measurement, survey, questionnaire, test method, the study of educational docu-
mentation and documents regulating the teaching activities of the academic staff, the study of pedagogical
experience, experiment, comparison, generalization of the data obtained and mathematical processing thereof.

Let’s further characterize the organization of experimental learning. We guess the student group learning
technique has significant didactic potential for development of both subject and general competencies of a
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future specialist. We consider subject competency of inorganic chemistry students as a dynamic combination
of knowledge, skills, methods of activity and values in the field of inorganic chemistry, which determines the
ability of students to further effective learning and professional activity. We distinguish cognitive, activity-
and value-based components in its structure. Below we provide an example of subject competency components
presented as the results of studying the Hydrogen topic [22].

Cognitive component presumes the following actions: a student names hydrogen isotopes and com-
pounds; gives examples of hydrogen production reactions; describes the properties and distribution of hydro-
gen in the nature and classification of hydrogen compounds of chemical elements.

Activity-based component presumes the following actions: the student compiles electronic and graphic
formulas of the hydrogen atom, the equations of chemical reactions characteristic of hydrogen and appropriate
schemes of electronic balances; substantiates the place of hydrogen in the periodic system, its valency and
oxidation number; characterizes hydrogen by its place in the periodic system and atomic structure; experimen-
tally produces, collects and checks hydrogen for purity; follows the rules of safe hydrogen handling; solves
computational and experimental tasks.

Value-based component consists of the following actions: the student evaluates the role of hydrogen as
an environmentally friendly fuel; proves the practical significance of hydrogen and its compounds; compre-
hends the need to preserve his/her own health and the environment when using chemical compounds and the
importance of acquired knowledge for future professional activities.

The curriculum of Vinnytsia State Pedagogical University, the experiment home, provided 120 hours
(4 credits) for studying the Inorganic Chemistry discipline, of which 24 hours were lectures, 40 hours — la-
boratory practicals, and 56 hours were assigned for the independent work. The final control point was a pass-
fail exam.

Students independently shaped small learning groups consisting of 3—4 individuals of different progress
in each group and elected a leader (consultant) in order to apply the group learning technique at the preparatory
stage of the experiment. ‘A consultant is a group student nominated as an unofficial leader, which is respon-
sible for organization of collective activities for the most rapid and successful achievement of a goal’ [5, p. 31].
All members of the small group acted in turn as a consultant throughout the inorganic chemistry study period
in order to implement the principles of binary and professional orientation in teaching. The experimental tech-
nique presumed using both uniform (all groups perform the same task) and collaborative (each group performs
part of a task common for the academic subgroup) group work.

At the preparatory stage, the academic staff drew up tasks for the group work, developed interdisciplinary
communication cards for each topic, allowing to demonstrate the importance of learning material for further
education and professional activities and secure interdisciplinary integration in order to develop students' abil-
ity to systemic, critical thinking; analysis and synthesis; application of knowledge in practical situations.

One laboratory class in inorganic chemistry with collaborative student activity is designed for 2 academic
hours. There are the following stages of the laboratory class: motivation of collaborative activities; actualiza-
tion of knowledge; application of knowledge and formation of skills; knowledge control; reflections of the
group activity.

Let’s consider the types of activities of the learning process members at each stage. At the motivation
stage, the students attending the session consider and realize the purpose of the forthcoming collaborative
activity, the ways of achieving the goals, and the significance of acquired educational results for the future
professional activity. This is the shortest stage (3—5 minutes). The stage of knowledge actualization is desig-
nated for small learning groups. The consultant performs oral examination of students' theoretical knowledge
on the class topic and puts the points scored in the account card. At this stage the learning material is comple-
mented and updated through group learning activity in parallel with oral examination of knowledge and dis-
cussion of theoretical material. Meanwhile the teacher checks the students' performance of tasks of independ-
ent extracurricular assignment. The duration of the knowledge actualization stage is up to 20 minutes.

Students continue working in groups at the stage of application of knowledge and skill development: they
perform tasks and carry out laboratory experiments. Tasks prepared by the teacher must meet the following
requirements: consolidate the theoretical material of the topic; develop practical skills; promote development
of the ability to put knowledge into practice; and be differentiated by complexity. The importance of this stage
consists in promotion of a solid and conscious consolidation of theoretical knowledge, the formation of skills
and proficiency, and development of value-based orientations. For this purpose, the group members work col-
laboratively and actively helping each other, using, where necessary, supporting notes, algorithms, textbooks
and the like. Upon completion of the stage of knowledge application and formation of skills, the results of the
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collaborative class are summarized, collectively discussed, and, if necessary, corrected by the academic staff.
The duration of the work of students in small learning groups at this stage is 35-40 minutes.

The consultant assesses the group's work. The following types of students' collaborative activities are
subject to assessment: oral response at the stage of knowledge actualization; the quality of tasks performed at
the stage of knowledge application and skill development.

The next stage is designated for individual control by a teacher and final evaluation of results achieved
by students at the group laboratory class. At this stage, students individually complete written assignments or
tests that allow the teacher to check subject competency under the conditions of collaborative learning. The
duration of the knowledge control stage is about 15 minutes.

Upon completing the control assignments, students and the academic staff reflect on the progress and
results of group learning activity. At this stage of the class, a value-based component of subject competency
in inorganic chemistry is purposefully formed, as well as general competency (the ability to be critical and
self-critical, the ability to evaluate and maintain the quality of work, etc.) is developed. The reflection lasts
about 5 minutes. The final stage of the lab session is summarizing the results and informing the students of the
next topic and the tasks of preparation for the next class (about 5 minutes).

From the standpoint of both parties of the educational process (students and academic staff), the group
learning technique is actualized through interconnected actions aimed at achievement of the expected result

(Fig. 1).

PURPOSE —to model interaction of cooperative learning subjects
in inorganic chemistry study process

b

Education
process subjects

e

Academic staff

Small group

P
Group subject of Facilitator,

learning activity Role/fanction instructor

Performing grou . .
! igr P . Consultations, keeping
assignments, discussing Actions group communication
the results =

The result - formation of subject competency in inorganic chemistry students

Figure 1. Scheme of interaction of group learning subjects

We designed an experiment to compare the performance of students in the flipped classroom with the
traditional teaching. The pedagogical experiment involved 50 students, prospective teachers of Chemistry,
including 24 students enrolled in the educational program «Secondary education (Biology and Human Health.
Chemistry)» as an experimental group, and 26 students enrolled in the educational program «Secondary Edu-
cation (Natural Sciences)» as a control group.

The effectiveness of students’ group educational activities in the process of studying inorganic chemistry
was determined by using the following criteria:

1) developing subject competence in inorganic chemistry;

2) students ' satisfaction with the progress and results of training in small groups.

At the stage of preparation for the pedagogical experiment, we analyzed the curriculum and found out
what educational elements of the content of the discipline students have to learn. Under the educational element
of the content, we understand the knowledge, skills, and values that are developed in the process of teaching
inorganic chemistry. To get a complete picture of the effectiveness of the group learning technology proved in
the research, we measured the subject competence for each component: cognitive (knowledge, concepts, facts,
rules), activity (skills, methods of activity), and value (attitude, awareness). To identify the influence of group
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learning technology on shaping students' subject competence in inorganic chemistry, we conducted a statistical
comparison of the results in the experimental and control groups.

We developed a test measuring and defining the level of the cognitive component of subject competence
in inorganic chemistry. It contained 30 closed-form tasks of various types (multiple choice, determining the
sequence, and matching). The test allowed us to check up 50 educational content elements that make up the
students’ subject (special) competence in inorganic chemistry. According to the educational programs «Sec-
ondary education (Biology and Human Health. Chemistry)», and «Secondary education (Nature Sciences)»,
the cognitive component of the subject competences is formed by knowledge of the properties of the elements,
simple and complex inorganic substances; it includes the ability to use modern symbols and terminology in
chemical language, and understand the traditional names and trivial nomenclature of inorganic compounds. In
addition, it deals with the general structure and content of chemical sciences based on the teachings about the
structure of matter, periodic changes in the properties of chemical elements and their compounds, about the
direction of chemical reactions (chemical thermodynamics), rates of chemical processes (chemical kinetics)
and their mechanisms.

We measured and defined the level of shaping the activity component of students’ subject competence of
inorganic chemistry by observing the chemical experiments done by students in laboratory classes, analyzing
the way they solve chemical problems, do exercises, and perform cognitive tasks. Conclusions about forming
the activity component were also based on the results of observing the students design an experiment plan,
select the necessary equipment and reagents, assemble devices, do the experiment and formulate its results,
write down the equations of chemical reactions, solve computational and experimental problems, and observe
safety rules.

Shaping of the value component was proved by the students’ attitude to inorganic chemistry as a source
of knowledge, which not only increases their scientific potential, but also serves as a basis for successful
teaching activities at school. Here are the examples of professionally oriented tasks for out-of-class work used
to develop the value component of subject competence: 1. Analyze and compare the program of the standard
and advanced study of Chemistry concerning differences in inorganic chemistry knowledge level. 2. Using the
school textbook of the 11th grade (profile level), read the content of one of the practical works in the section
«Chemical Elements of Group V-Ax. Determine what knowledge and skills in the study of inorganic chemistry
you need to prepare for this practical work with high school students.

The level of shaping the value component was determined based on the results of analyzing the infor-
mation submitted by the student in their self-assessment map.

The effectiveness of students’ group learning activity in the process of studying inorganic Chemistry by
the criterion ‘Student satisfaction with the course and results of learning in small groups’ was determined
according to Z.l. Vasilyeva’s method presented in ‘Assessment of Satisfaction with Different Aspects of
Life’ [23].

Results and Discussion
Below are Table 1 and Figure 2 that summarize the quantitative analysis of the results obtained.

Table 1

Inorganic chemistry subject competency maturity of students in experimental and control groups

Subject competency components
Maturity of subject — erimeﬁ;?mtlve — _Actltv:t y-based - _ Vatlule—based
competency components P Control group PENMENtat! control group xpenmental | control group
group group group
g-ty % g-ty % g-ty % g-ty % g-ty % g-ty %
Low 4 16.6 6 23 5 20.8 5 19.2 2 8.3 9 34.6
Average 6 25 10 | 384 5 208 | 12 | 46.1 5 20.8 7 26.9
Sufficient 9 375 6 230 | 10 | 416 6 23 11 | 4538 8 30.7
High 5 20.8 4 15.4 4 16.6 3 115 6 25 2 7.69
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Figure 2. Inorganic chemistry subject competency component maturity of students in experimental and control groups

As you can see, the number of students with a sufficient and high level of subject competence in inorganic
chemistry for all components in the experimental group is larger than in the control group.

A generalized indicator of shaping the cognitive component of the students’ subject competence in inor-
ganic chemistry was the coefficient of knowledge assimilation, which was 0.71 in the control group and 0.8 in
the experimental group.

The generalized indicator of shaping the activity component of the students’ subject competence in inor-
ganic chemistry was chosen as the coefficient of mastering practical skills. In the control group, it was 0.64
and in the experimental group, it was 0.78.

A general indicator of shaping the value component was the coefficient of students' awareness of the
importance of knowledge in inorganic chemistry for further use in their future professional activities. This
indicator was 0.82 in the experimental group and 0.7 in the control group.

We also made a comparative analysis of the results of the final assessment of students in the experimental
and control groups for a course of inorganic chemistry, conducted according to the curriculum in the form of
a test. The outcomes are shown in table 2 and graphically presented in the histogram (Fig. 3). As we can see,
the results of the experimental group are higher in absolute and percentage terms.

Table 2
Results of final attestation of inorganic chemistry students of experimental and control groups

Number of students (Q-ty/%) assessed under ECTS scale
Student group F FX E D C B A
Qty | % |ty | % |gty| % |gty| % [gty| % |gty| % |gty| %
Experimental group - - 5 20.8 5 |208| 3 |[125| 6 | 25.0 20.8
Control group - - = | - 8 30.7 7 |269] 5 |192| 3 |115] 3 | 115

[¢;]

35 1

30 4

25 4

20 1

15 A

10 A

F FX E D C B A

M Experimental group H Control group

Figure 3. Results of final attestation of inorganic chemistry students of experimental and control groups
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For the purpose of a statistical conclusion on the reliability of the obtained results, Student’s t-test was
used for independent samples. The value of the t-test for the experimental sample is 0.843. Comparing it with
a tabular value at a significance level of 0.05, we concluded that there is a difference between the experimental
and control groups in shaping subject competence in inorganic chemistry.

The materials of the questionnaire survey of students, conversations with them, and observations of the
teachers taking part in the experiment informed about the satisfaction of students in the experimental group
with learning under experimental conditions. The coefficient of satisfaction with experimental training was
quite high 0.9.

The obtained results of the pedagogical experiment confirm the positive influence of group educational
activities of students on shaping the subject competence in the process of teaching inorganic chemistry.

Conclusions

The results of the study provided the basis for the following conclusions. The didactic potential of group
educational activities is diverse, which allows to develop effectively knowledge, skills, methods of activity
and values, as well as students' communication skills. The work of students in small educational groups in-
creases the motivation for studying inorganic chemistry, actualizes existing knowledge and promotes the de-
velopment of new one, creates conditions for the acquisition and application of skills, and increases the accu-
racy of a chemical experiment.

The results obtained in the study of shaping the students’ subject competence in inorganic chemistry for
each of the components (cognitive, activity, value), student satisfaction with the course and learning outcomes
of small groups indicate the multifunctional didactic potential of group educational activities. Its implementa-
tion in the process of teaching inorganic chemistry to future teachers increases the effectiveness of developing
subject competence in inorganic chemistry provides optimization of the scientific, methodological and effec-
tive components of the educational process.

The scientific novelty of the study lies in the fact that for the first time, the technology of group training
of students studying inorganic chemistry in institutions of higher pedagogical education is theoretically sub-
stantiated, methodically developed and experimentally tested.

The practical significance of the obtained results arises from the fact that scientific and pedagogical work-
ers of higher education institutions can use the educational technology substantiated in the study as a method-
ological guide in their own teaching activities.
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O.I'. Apomenko, O.A. bnaxko, A.B. bnaxxko, T.B. KopiieBarok

TonThIK OKY ic-OpeKeTi YHUBEPCUTET CTYAeHTTEePiHe O0eHOPraHNKAaJbIK XUMHUSIHbI
OKBITY/2 KY3BIPETTUIIK TICIJIAIL ICKe achIpyABbIH IIAPThI peTiHae

Makanazna 6efopraHHKaNbIK XUMUSHBI OKBITY OapbICBIHIIA YHHUBEPCUTET CTYACHTTEPIHIH TONTHIK OKY ic-ape-
KETIHIH THIMAUIITIHIH TOKIpHOETIK TeKCepy HOTIDKENEpi KeNTipiIreH. DKCIIEPUMEHTTIK OKBITY FBUIBIMH JKY-
MBICTap/bl TAJAy AEPeKTepiHe )oHe YKpanHaa KalblITaCKaH OKYIIbUIAPbIH TONTHIK OKY iC-OpeKeTiHiH Ty-
JKBIPBIMIAMACHIH iCKE aChIPY TOXXipHOECiHe HEri3/IeNTeH TEXHOIOTHs OOMBIHINA KY3ere achpbuirad. CTyaeHT-
Tep.i TONTHIK OKBITY TEXHOJOTHACHIHIA O11iM Oepy HOTIKENepiH KaJIIbl )KoHE apHaiibl (KOCINTIK, MOH/IK) KY-
3BIPETTUTIKTEp TYpiHAe any KapacTelpburaH. CyOBbeKTi CTYJIEHTTep/iH LIaFbIH TONTaphl OOJIBIN TaObLIATHIH
OeilopraHuKanblK XUMHUs OOMBIHINA 3epTXaHaNbIK cabaKTap bl JaibIHAY JKOHE OTKI3y KbICKAIla CUIIATTAJIFaH.
IMenarorukaiblK yHUBepcUTETTE «beifopraHuKaIbIK XMMHSD) TIoHI OOMBIHIIA 3epTXaHABIK cabaKTapaa TONTHIK
OKBITY CYOBEKTINIEpiHiH KBI3METIHIH epPEeKIIeNiKTepi allbUiFad. OTKI3IITeH MeIaroruKaiblK SKCIePUMEHTTIH
YHBIMIACTHIPBLTYBI, OAPBICH KOHE HOTIDKENEPi YCHHBUFAaH. AJIBIHFAaH HOTHO)KENIEP HETi3iHAe jKacaliFaH HeTisri
KOPBITBIH/IBl — YHHBEPCUTET CTYJICHTTEPiH OKBITY/Ia TONTHIK iC-OpeKeTTi Naiinanany OefopraHiKaIbIK XUMHS
OofipiHIIa OiTiM Oepy yIepiciHme Ky3BIPeTTUTIK TOCUIL JKy3ere achIpyAblH THIMI MIapThl OOJBIT TaOBUIAIbL.
HlarerH TONTApABI OKBITY OCHOpPraHUKANBIK XUMHS OOWBIHIIA cabaKTapIbl YHBIMIACTHIPYABI XKOHE OTKI3YAl
OHTAIaHIBIPAIbI, CTYACHTTEPIIH KOCiON KY3BIPETTUIITIH KaTBINTACTRIPYFa OH dcepiH Thrizeni. COHbIMEH Ka-
Tap, 6acka OKy MoHJepi OOMBIHIIA 3epTXaHABIK cabaKTap/aa )OFaphl OiTiM aTyIIbLIAPAbIH TONTHIK OKY KbI3-
METIH XY#Heni Typ/e naianaHyAblH OPBIHABUIBIFBI TYPaIbl KOPBITHIHABI kacanFaH. CTyJeHTTepre XMMHUSIIBIK
OimiM Gepyie KY3BIPETTITIK TOCIII iCKe aChIPy MaKCaThIHA TONTHIK OKBITY/IbI TalIaaHy FhUIBIMU-TICAAarOru-
KaJIbIK KbI3METKEpJIepICH OeNrii Oip omicTeMeNiK JalbIHABIKTHI Taal €TeTIHAIr aTal OTiJreH.

Kinm ce30ep: Ky3bIpETTiIK T, «beopraHUKaIbIK XUMUSD OKY IIOHI, TONTHIK OKY iC-OpEKeTi, TONTHIK OKBITY
TEXHOJIOTHSACHI, TONTHIK OKBITY CyOBEKTICI, CTyJEHTTEp, FhUIBIMH-TICarOTHKAIIBIK KbI3METKEpIIep, 3epTXaHa-
JBIK cabaKTap.

O.I'. Apomenko, O.A. braxxko, A.B. braxxko, T.B. KopimeBnrok

I'pynnoBasi ydueOHas1 1esiTeIbHOCTh KAK YCJIOBHE peajJu3alui KOMIIETEHTHOCTHOIO
N0JX0/1a B 00y4eHHH HEOPraHu4ecKoi XMMHUM CTYIeHTOB YHUBEPCUTETa

B craThe npuBeeHbI pe3yNIbTaThl SKCIIEPUMEHTANBHOMH MPOBEpKU 3P HEKTHBHOCTH IPyNIOBON Y4eOHOH es-
TENBHOCTH CTYAEHTOB YHHBEPCHTETa B MPOIECCEe M3YyUCHHUs] HEOPraHMYECKONH XMMHHU. DKCIEPHMEHTAIbHOE
00y4eHre OCYIIECTBISIIOCH IO TEXHOJIOTHH, 000CHOBAHHOM C yIeTOM JaHHBIX aHAJIM3a HAy9IHBIX paboT 1 Cllo-
JKUBIIEHCS B YKpanHe MPaKTUKU PeasH3aliy KOHIENINN TPYNIIOBOH YIeOHOH NeATeNbHOCTH MIKOIbHIKOB.
TexHoNOTHEN TPYNIIOBOTO OOYUEHUS CTYJEHTOB IIPELYCMOTPEHO MOTyYeHNE 00pa30BaTENbHBIX Pe3yIbTaToB
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B BU/Ie OOIIMX U CIIEHHATBHBIX (PO eccHoHaIbHbIX, IPEIMETHBIX) KoMIleTeHTHOCTeH. KpaTko onucaubl mos-
TOTOBKA U MPOBEJICHHE Ja00PATOPHBIX 3aHATUH 0 HEOPTrAHWYECKON XMMHH, CyOBEKTAMH KOTOPBIX SBIISIOTCS
MaJible TPYIIIBI CTYICHTOB. PacKpBITEI 0COOEHHOCTH ICSATEILHOCTH IPYIIIOBBIX CYyObEKTOB 00y4eHUS Ha J1abo-
PaTOPHBIX 3aHATHAX MO ydeOHOW nucnuiuiiHe «Heoprannmdeckass XMMUsD» B IIEAarormdeckoM yHUBEPCHUTETE.
IIpencraBieHsl opranu3anys, XOx U Pe3ysIbTaThl IPOBEJCHHOTO Mearorn4eckoro skcrepuMenTa. OCHOBHOM
BBIBOJI, CZICTIAHHEI HAa OCHOBE MOJTyYEHHBIX Pe3yJIbTaToB, HCIOIB30BAaHNE ITPYIIIOBOH YUeOHOH NesTeNbHOCTH
CTYJICHTOB YHUBEPCHUTETA ABJIAETCS () EKTHBHBIM YCIOBHEM peai3al[ii KOMIIETEHTHOCTHOTO ITOIX0/a B 00-
pa3oBaTeNbHOM Mpolecce 10 HeopraHnyeckoilt XuMun. OOyueHe MaIbIMU TPYIIIaMH ONTUMHU3HPYET OpraHu-
3aLMI0 U NPOBEJCHUE 3aHATUH [0 HEOPTraHWYECKOH XUMHH, TIOJIOKUTEIBHO CKa3bIBaeTcsl Ha (JOPMHUPOBAHUM
Hpo¢eCCHOHABHBIX KOMIIETEHTHOCTEH CTy1eHTOB. ClienaH Takke BBIBOJ O LIeJIeCO00Pa3HOCTH CHCTEMaTHye-
CKOT'0 UCIIOJIL30BAaHMS IPYIINOBON Y4eOHON AeATEIbHOCTH COMCKaTeNei BbICIIero 00pa3oBaHus Ha 1a00opaTop-
HBIX 3aHATHSX 110 IPYTHM Y49eOHBIM quciuIuimHaM. OTMEUeHO, YTO NCIIOIb30BaHHE TPYIIIOBOTO OOYUCHNS C
[ETbI0 PeaT3alii KOMIIETEHTHOCTHOTO IOAXOJa B XMMHYECKOM OOpa30BaHHMU CTYJEHTOB TpeOyeT OT
Hay4YHO-IIeJarOTHYeCKUX PaOOTHHKOB OIIPEIeNICHHOI METOJMIECKOH MOTOTOBKH.

Kntouegvie cnosa: KOMIIETEHTHOCTHBIN 10OAX0, ydeOHas qucuumuinHa « Heopranudeckas XUMHA», TPYNIIOBast
yueOHasi OeATeNbHOCTh, TEXHOJIOTHS TPYIIIOBOTO OOYYEeHWs, TPYIIIOBOH CyOBEKT OOydYeHHs, CTYACHTHI,
Hay4YHO-IIeJarorn4eckre paboTHUKH, T1aO0paTOPHbIE 3aHATHS.
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