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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukachl ¥ ITTBIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankachl:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XUMUS FHIIBIMAAPBIHBIH
JoKTOpBI, podeccop, KP ¥FA akagemuri, «Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOIIUHTTHIH
mupexropsl (Kaparanner, Kazakcran) H =11

ATI'ABEKOB Buaagumup EnokoBuu (6ac penaxTopiblH OpBIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
nokTopsl, npodeccop, berapycs ¥YFA akanemuri, JKana marepuaniap XUMUsICbI HHCTUTYTBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Yexust FhUIBIM aKaJeMHUSICHIHBIH DKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Mapadu areiHgarsl Ka3¥Y Y-npiy Oipiamn npopexropsl (Anmarsl, Kazakceran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®apmauesruxa daxysnpreTinin Papmakornosust
KadenpacsHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpus) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, @apmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus mokropst (PhD, (apmarerr), Pequnr yHuBepCHTETIHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kazakcran PecnyOmukacer WHaycTpust koHe WH(PAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa IIsFpic MeunuHa KoJulepKiHIH Tpodeccopsl, Xamaaps
yauBepcuteTiHig LLsrpic Mmequimnaa akynsreti (Kapaun, [Tokicran) H =21

®DA3bIJIOB Cepik IpaxmeTy.ibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XMUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp >KOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMESUIBIK TexXHONOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun arernarsr Xumust nHCTUTYTHI ([ymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(baky, O3ipoaiixan) H =13

TFAPEJIMK Xempa, ¢unocodus nokropsr (PhD, xwmmus), Xanplkapalblk Taza jKOHE KOJIIaHOAIBI
XMW OJIaFBIHBIH XMMHUS KOHE KOpIIaraH opTa OemnimiHiH npe3uaeHTi (Jlornon, Aarmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3ueHT HaronansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
Hayk, podeccop, akagemuk HAH PK, nupekrop MexayHapoHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), JOKTOP XMMHUYECKHX
Hayk, npodeccop, akanemuk HAH Benapycu, noderHslii aupexrtop MHCTUTYTa XMMHUH HOBBIX MaTepHaoB
(Munck, benapycs) H =13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB MyxameTKaan, JOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopexrop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmareBTHiyeckoro (akyisrera
Vansepcurera Cerena, upekTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuy HAIMOHAILHOTO IEHTPa HAYYHBIX
WCCIICJOBaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTra Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop dunocodun (Ph.D, dapmanesr), mpodeccop Yuusepcutera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraat Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Mpodeccop, WieH-KOPPECIIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommiemka Bocrounodd memmmmubel Xampaapia ans-Mapkuzaa,
¢axynsreT BocTouHoit MenuuuHbl yHuBepeutera Xamaapaa (Kapaun, [Takucran) H =21

®DA3bIJIOB Cepuk /IpaxmeToBUY, JOKTOp XHMHUYECKHX Hayk, npodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHOH paboTe MHcTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, UactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB J[Ixxypa6aii XaJaukoBU4Y, JOKTOp XHMHYECKHX HayK, mnpodeccop, axkazemuk AH
Tamxukucrana, Wuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKUX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aiimxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npezunent Otnena XUMUHM M OKpY’Karomieit
cpensl MexIyHapogHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15

«H3Bectust HAH PK. Cepusi XMuMUH M TEXHOJIOTHiD».
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RESEARCH OF THE PROCESS OF OIL DISPLACEMENT BY POLYMER
SOLUTION IN COMPLICATED GEOLOGICAL CONDITIONS

Abstract. The development of oil fields in the world is carried out using various
methods of stimulating the layer. In newly discovered fields, development work is
performed on behalf of the natural regime of the layer. The oil recovery factor (ORF)
is small. To increase the oil recovery factor, in most cases, they switch to the process
of oil displacement by water. Water injection leads to depletion of the field, early water
cut of production wells and a decrease in oil production in them. To further increase
of the recovery factor, it is necessary to switch to secondary and tertiary methods or
their combinations. These technologies should be energy efficient and inexpensive.
This article examines the displacement of oil from a depleted formation by a polymer
rim (polyacrylamide), which is pushed by a water-air mixture. The experiments were
carried out on a homogeneous formation model. Quartz sand was used as a porous
medium. The viscosity of oil at 20°C is 205 mPa.C, the density is 922 kg / m3. For
comparison, pure experiments were carried out, i.e. oil displacement only by polymer
rim of different concentration. Then experiments with the advancement of the polymer
rim with a water-air mixture.

Key words: Polymer, polyacrylamide, viscosity, mixture, water-gas, water-air
ratio, permeability, oil recovery, saturation, rim, lithological heterogeneity, geological
structure.
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K.T. Bucem6aeBa', A.C. Xaauena', E.H. Mammauio?, I.C. CaGbipoaeBal,
B.M. Hypaun6aeBa’®

'TII.EceHoB atbiaarbl Kacmuii MeMICKeTTiK TEXHOJIOTUsIIAP JKOHE HHKUHUPHHT
yHHBepcuTeTi, AKray, Kazaxcran;
2O3ipbaitkan ¥ arTeIK FeutbiMu AkaaeMusChIHBIH « MyHa# yoHe Ta3y WHCTUTYTHIHBIH
Kabar *KyHenepeHiH TuIpora3inHaMUKachhy 3epTxaHachl, baky, O3ipOaiixaH;
’Kacmmii ynuBepcuteti, Anmarsl, KazaxcraH.
E-mail: karlygasha bissemb74@mail.ru

KYPIEJI I'EOJIOTUSLJIBIK JKAFJIAUJIA TIOJUMEPIIK EPITIHIIMEH
MYHAMIbI BIFBICTBIPY YJAEPICIHIH 3EPTTEJIYI

AHHOTANUS: OIeMJIeri MyHall KeH OpPBIHAAPBIH UTepy, pe3epByapra ocep eTyIiH
OipHere 9ICTepiH KOJIJIaHy apKbUIbI JKy3ere achipbliajbl. JKaHamaH anibuiFaH KeH
OPBIH/IAPBIHBIHBIH Ka0aTTapelH Wrepy TaOWFH PeKUMre OainaHbIcThl. MyHalHabI amy
korpunmenti (KUH) ocel mponecke karbictel a3 Oonanel. Cebebi, MyHaHIpl amy
KOA(QUIMEHTIH apTTIPY YIIiH, KOTI XKaFaiiia MYHaIbl CYMEH BIFBICTBIPY MPOLECIHE
komeni. Cy/pl aiiiay TEXHOJIOTHSICHIHBIH dCEPiHEH, KEeH OPHBIHBIH/IA CAPKBLITY, OHIPYILI
YHFBIMAJIAp/I6IH MEp3iMiHEH OYPBIH CyJaHyblHA )KOHE MYHaH OHJIPICIHIH KYMBICHIHBIH
TeMeH IeyiHe oKeneti. MyHai bl any KodQQHUIUEeHTTIH oJlaH opi apTThIPY YILIiH eKiHIII
JKOHE VIIHII 9JicTepre HEMece OJIapIblH KOMOWHAIMsUIapblHA KOIly KakeT. by
TEXHOJIOTUSUIAP SHEPTHSIHBI YHEMJICHTIH yKoHE ap3aH 00ybl KepeK. byt sKyMbICBIMBI3Ia
MYHaMIBIH TayChUTFaH KaOaTbiHaH TonuMepi (TIoIMaKpruiIaMuI) cy-aya KOCIachIMEeH
aiilay apKpUIbl JKHETIMEH BIFBICYBI KapacThIpbuiaabl. ToxipuOernep OipTexkTi Kadar
Mojelnine Kypriziii. Keyekri opra peTiHae KBapil KyMbI aiaaiaHbuiabl. MyHaabIH
TyTKbIpiIbIFbl 20°C-ta 205 wmlla-ra TeH. Au, ThIFBI3ABIFBI 922 kr/m’. CalsbICTBIpY
MaKcarbIH/a 01pTeKTi ToXKiprueOe KYPri3isil, SFHH MyHaH 161 OpTY Pl KOHIICHTPALIHS IAF bl
MOJIMMEp JKHUEeTiMeH FaHa bIFbICTBIPY. ColaH KeWiH FaHa TOJHUMEPiH JKUETiH cy-aya
KOCTIaChIMEH JKbIJIKBITY TOXKipuOesepi »Kypriziii.

Tyiiin ce3aep: I[lomumep, moauaKkprIaMul, TYTKBIPIBIFEI, KOCIACKI, Cy-Ta3, Cy-aya
KATBhIHACKI, OTKI3TiIITIri, MyHail Oepyi KOpCETKilli, KAHBIKTBUIBIFBI, JKUETI, JINTOJO-
THSIIBIK TETEPOTCHIITIK, TEOIOTUSUTBIK KYPBUIBIM.
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HNCCIIEJOBAHUE ITPOIIECCA BBITECHEHUSA HE®THU
MNOJIMMEPHBIMU PACTBOPAMM B CJIOKHBIX 'TEOJIOTHTYECKHUX
YCJIOBUSAX

AnHoTamus: Pa3paboTka HEPTSIHBIX MECTOPOKICHHUH B MHUPE OCYIICCTBIISCTCS
C TPUMEHEHHEM pPa3IMYHBIX METOJ0B BO3JACHCTBHS Ha IulacT. Ha BHOBb OTKPBITBHIX
MECTOPOXKICHUIX pa3paboTKa OCYIIECTBISIETCS 32 CUET €CTECTBEHHOTO PEKMUMa IIIACTa.
Koadpunment nzpnedenus nedgru (KMH) npu aTom Hebonbimoit. s mossimenus KITH
B OOJIIIIMHCTBE CITy4aeB MEPEXOSIT Ha MPOLECC BHITECHEHHS HEPTH BOJOH. 3aKadyka
BOJIbl IPUBOJMT K HCTOIIEHHIO MECTOPOXKACHUS, MPEKIAEBPEMEHHONH 0OBOIHEHHOCTH
JNOOBIBAIOIINX CKBAXMH W CHWDKEHHIO J00buM HedTn B HuMX. s nanpHeiimero
noBsierns KMH Heo0XoauMo nepexoiuT Ha BTOPUYHbBIE U TPETUYHBIC METOBI MITH X
KOMOWHAIMHA. DTU TEXHOJIIOTHH JOJKHBI OBITH IHEProcOeperalomuMi U HETOPOTUMHU.
B nmanHOI crarbe paccMmaTpuBacTCsi BBITECHEHHE HE(TH W3 HWCTOLICHHOTO IUIACTa
OTOPOYKOHM TOJHMepa (MOoNHaKpHiIaMua), KOTOpast MPOTAJIKUBAETCS BOAOBO3AYIIHOM
cMmechio. OTBITH TPOBOIMINCEH Ha OJHOPOIHONW MOJIENH TU1acTa. B kauecTBe mMopHCTOit
CpeIbl NCITOIb30BAJICS KBAPIIEBLIH Mecok. Bsskocts HedTn mpu 20°C pasHa 205 mlla-C,
IOTHOCTD 922 kr/m*. J{is cpaBHEHHsI ObLIM MPOBEICHBI YUCThIE SKCIIEPUMEHTHI, T.C.
BBITECHCHHE HE(TH TOJBKO OTOPOUYKOW IOJMMEpa pa3HOW KOHIIGHTpalMel. 3arem
OTIBITHI C MPOABMKEHHUEM OTOPOUKH MOJIUMeEpPa BOAOBO3AYIIIHON CMECHIO.

KutoueBble cjoBa: mojnMep, MOJHAKPUIIAMHII, BA3KOCTh, CMECH, BOJIOTA30BBIH,
BOJIOBO3/IyIITHOE OTHOIIEHHE, MPOHUIAEMOCTb, HEe(TEOoTAaua, HACBIIIEHHOCTh, OTO-
pouKa, TUTOJIOTHYeCKasi HEOJIHOPOJHOCTh, T€0JIOTHYECKas CTPYKTypa.

Introduction. The practice of developing oil fields shows that the efficiency of the
development process is particularly affected by the complex geological structure of the
reservoirs and their lithological heterogeneity. Currently, the development of oil fields
with a complex geological structure and physic - chemical properties of fluids saturated
in productive reservoirs is carried out using active stimulation methods.

Timely identified causes of complications, which manifest themselves in various
geological and field operating conditions in a field with high-viscosity oil, are topical
problems. This is due to the fact that each working oil deposit of different fields differs
significantly from each other both in terms of the volumetric nature of the change in
the structural space of reservoirs, and technological and technological parameters. One
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of the most effective and promising methods for assessing the high viscosity of oil is
physical and chemical technologies based on the injection of polymer compositions.

The large-scale application of innovative technologies to enhance oil recovery, based
on the effective reduction of residual oil saturation while displacing oil with viscous
fluids, will provide long-term support for stable production from most oil fields at a
later stage of development. It is well known that the control of the viscosity of liquids is
achieved by using polymers. For these purposes, various grades of polymers are used.
Polymers are able to affect the rheological properties of water systems and form gels of
various densities (Kukin et al., 1982, Shevtsov et al., 2001, Polymers for oil extraction
et al.). The analysis of numerous works showed that the injection of polymers was
carried out both to increase production due to flow diverting actions, and as a water-
insulating material in production wells (Babaev et al., 2016, Manzhai et al., 2017, Toma
etal., 2017, Fedorova et al., 2012, Veliev et al., 2020).

Research Materials and methods. The use of polymer solutions allows the use
of various mechanisms for blocking or reducing the permeability of a water-saturated
porous medium. The limitation of water inflows in an oil well is explained by the
property of polyacrylamide (PAA) to adsorb on the surface of the pores or to form
crosslinked polymers that can clog the pores. A decrease in the mobility of the solution
was found with an increase in the concentration of the polymer (Sparlin et al., 1976,
Smith et al., 1970). Among the numerous works showing the effectiveness of polymer
flooding, there are works that deal with the low efficiency of polymer flooding at a later
stage of development (Aleazar-Vara et al., 2016). In the literature, there are a large
number of works devoted to the use of a water-gas mixture to increase oil production
from depleted formations (Drozdov et al., 2007, Mullaev et al., 2016). This article
discusses a technology based on the use of the above two technologies for stimulating
oil formations.

Research results. The studies were carried out on a model of a formation 0.84 m
long and 0.025 m diameter. Quartz sand with a fraction of less than 0.2 mm was used
as a porous medium. The initial data and the results of the experiments are shown in
Table 1. It can be seen from the table that the permeability of the porous medium in all
experiments was approximately the same. The initial oil saturation varied from 79.9%
to 85%. Initially, two experiments were carried out to displace oil from a depleted
formation with a polyacrylamide (PAA) rim. The experiments were carried out in the
following sequence. First, a depleted formation was created (stage I). For this purpose,
the displacement of oil from the formation was carried out by injection of distilled
water. Distilled water was used to eliminate the influence of salts in other waters on the
displacement process. After pumping 3-4 pore volumes of water and almost stopping
the presence of oil in the product coming out of the formation model, the displacement
process was completed. At the same time, there was still a sufficient amount of oil in the
formation. Table I shows the values of the oil recovery factor from the formation and the
residual oil saturation after experiments No. 1 and 2.
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Table 1 - Initial data and experimental results

PARAMETERS EXPERIMENTS
1 2 3 4 5

1 | Permeability:

by air, pm2 2,6 12,67(2,65|2,62 (2,57

by water, pm?2 1,8 |1,881,79| 1,8 [ 1,82
2 | Oil viscosity at 200C, mPa.C 205 | 205 | 205 | 205 | 205
3 | Oil saturation,% 85 |81,8(81,5|79,9 81,8
4 | Water saturation,% 15 |18,2]18,5]20,1 [18,2
5 | The volume of the rim of the PAA solution,% of the pore volume 43,8 (42,4141,2|41,4 42,4
6 | Concentration of PAA solution in the rim,% 0,5 10,25( 0,5 10,25 0,1
7 | Viscosity of PAA slug solution at 220C, mPa.s 188 | 38 | 188 | 38 | 12
8 | Oil recovery factor (ORF) for stage 1,% 53 43,7| 42 | 42 | 47
9 | Final recovery factor,% 78 | 50 |74,5| 67 [60,7
10 | Oil recovery factor,% 23 | 6,3 [32,5] 25 |13,7
11 | Residual oil saturation after stage 1,% 41,2 |51,5147,7|46,7 |44,8
12 | The amount of water released during stage I (V1), porous volume 4 |13,08|4,35|5,65(3,55
13 | The amount of water released during stage II (V2), porous volume 1,9 12,39|1,862,96 [2,92
14 | Water-air ratio, 10-3m3 / nm3 - - |79 85 [13,5
15 | Decrease in water cut, V1 / V2 1,89 1,29 (2,34 1,91 | 1,22
16 |Residual resistance factor, R 26 | 1,367 |38 |24

The volume of water taken for the stage was, respectively, in experiment No. 1 - 4
pore volumes, and in experiment No. 2 - 3.1 pores. volume. After that, we pump a slug
of polyacrylamide solution into the formation with a concentration of 0.5% (experiment
No. 1) and 0.25% (experiment No. 2). The fringe is pushed along the layer with distilled
water. The fringe of the polyacrylamide solution, depending on the concentration, has
a high viscosity (table 1, item 8), which is higher than the viscosity of water. This
contributes to a decrease in the mobility of the injected water, partial adsorption of
the polymer on the grains of quartz sand. All this leads to an increase in the residual
resistance factor and a decrease in water inflow at the exit from the formation model.
The residual resistance factor is determined by the formula:

R=np~nCl (D
np=APn /AP _, nq=q0/qrl 2)

where AP and q - are the pressure drop and liquid flow rate after injection of
polyacrylamide; AP and q_ - pressure drop and fluid flow rate before polyacrylamide
injection.The residual resistance factor was 2.6 in experiment No. 1, and 1.3 in
experiment No. 2. As can be seen from Table 1 and Fig. 1 (graphs 1 and 2), the amount
of water discharged from the formation model decreased by 1.89 times in experiment
No. 1 and 1.29 times in experiment No. 2. It should be noted that as the polyacrylamide
ridge advances, the polymer is adsorbed in the porous medium and diluted, which
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leads to a decrease in the viscosity of the solution. Partial water breakthrough occurs
towards the outlet end. This leads to an increase in the amount of withdrawn water and
a decrease in the volume of withdrawn oil. The final oil displacement ratio in tests No. 1
and 2 was 51 and 37%, respectively (Fig. 1, graphs 1 and 2). We see that the higher the
concentration of polyacrylamide, i.e. the more thickened the water on which the rim is
prepared, the higher the process indicators.
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amount of injected water in the pore volume, m3/m3

Figure.1. The dependence of the oil recovery factor from the volume of pumped water
1- experiment Nel slug injection in water volume interval 4,4-4,8 m*/m?
2- experiment Ne2 slug injection in water volume interval 3,4-3,8 m*/m>,
3- experiment Ne3 slug injection in water volume interval 4,3-4,5 m*/m’,
4- experiment Ne4 slug injection in water volume interval 6,5-6,9 m*/m°,
5- experiment Ne5 slug injection in water volume interval 3,9-4,4 m*/m’* .
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Figure 2. The dynamics of the sampled water in the experiments
I-experiment No. 1, 2-experiment No. 2, 3-experiment No. 3,
4-experiment No. 4, 5-experiment No. 5
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Despite this, there is still a fairly decent amount of oil in the formations: the residual
oil saturation was 30.6% in test No. 1 and 41.2% in test No. 2.

The results of these experiments show that for additional oil recovery from the
formation it is necessary to use new technology. One of these possible technologies is
discussed in this article.

The purpose of the experiments is to determine the efficiency of oil displacement
from a homogeneous formation by injection of a polymer rim and a water-air mixture.

Experimental studies were carried out in two stages. At the first stage, oil was
displaced with distilled water. The end of the first stage was determined by pumping
4-6 pore volumes of water through the formation or in the absence of oil in the product
taken at the outlet of the formation model, as in experiments 1 and 2.

Discussion. Thus, we get a depleted formation. Residual oil saturation in all
experiments was high, and oil recovery factor was not high (Table 1, items 8 and 11
and Fig. 1). Therefore, to ensure additional growth of oil from the depleted formation, it
was decided to switch to the injection into the formation of a rim of the polyacrylamide
solution, the movement of which is carried out by the injection of a water-air mixture.
The transition to the second stage was carried out by injecting a rim of a polyacrylamide
solution with a concentration of 0.1 into the formation; 0.25 and 0.5% and in the amount
0f 41.2-43.8% of the pore volume (Table 1). Pushing the polymer through the formation
is carried out with a water-air mixture. The use of a water-air mixture as a propelling
agent is caused by the ability of air (gas) and water to form an emulsion in the formation.
The viscosity of this emulsion differs from the viscosity of the injected water and, in
particular, from the viscosity of air (gas). The viscosity of the mixture in formation
conditions can be determined using the modified Einstein formula (Mullaev et al., 2016,
Voyutsky et al., 1976, Moldabayeva et al., 2021):

p =u (1+2,4R)  mPas 3)

where po - is the viscosity of water, mPa.s; Rc - volume fraction of air (gas) in the
water-gas mixture in formation conditions.

Rc — Vl'l'lf[
VinatVsaks. (4)

where V- is the volume of injected gas (air) in formation conditions, m3; V
volume of injected water, m>.

The increased viscosity of the water-air mixture should better push the polyacrylamide
solution into the formation and, therefore, more fully displace oil from the formation.
At the same time, the amount of withdrawn water decreases. Figure 2 shows this well,
and Table 1 (column 15) shows the degree of this decrease. Figure 3 shows the change
in the viscosity of the water-air mixture from the water-air ratio. We see that up to a
certain value of the water-air ratio, the viscosity of the mixture increases. Then they
stabilize. As we see, the beginning of the stabilization of viscosity values depends on

3aK.B.
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the concentration of the polyacrylamide solution. The lower the concentration of the
solution, the faster the maximum value is reached, and in the future, with an increase in
the water-air ratio, it remains practically constant. This is most likely due to the different
values of the residual resistance factor in the experiments (table 1).

peMm , mIla-c
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// / 1
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0 2 4 6 8 10 12 14 B10.m/um

Fig. 3. The dependence of the viscosity of the mixture on the water-air ratio

1-experiment No. 3, 2-experiment No. 5, 3-experiment No. 4

The lower the concentration and, accordingly, the residual resistance factor, the faster
the high-viscosity emulsion is formed in the formation. The high-viscosity emulsion is
less prone to thinning the rim, retaining its properties for a long time and therefore
better displaces oil at a low water inflow. There is an increase in the oil displacement
coefficient and a decrease in the amount of withdrawn water (Table 1 and Fig. 1.2).

Conclusion: Thus, we see that the use of a polymer solution slug and a water-air
mixture is an effective technology. It improves both the efficiency of oil displacement
from the formation and the reduction in water flow. This technology should show itself
well in layered heterogeneous formations.
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PABPABOTKA ®U3UOJIOI'MYECKHN AKTUBHbIX
BUOHAHOKOMIIO3UTOB HA OCHOBE KA3ZAXCTAHCKOI'O
MOHTMOPHJIJIOHHUTA

AnHoTanus. B craTbe ObUTH paccMOTpPEHBI METOI IMMOOWIIN3AI[H HOHOB cepedpa, a
MMEHHO KOJUTIaprojia B OMOHAHKOMITO3UT Ha OCHOBE OTEUECTBEHHOTO MOHTMOPHIIZIOHUTA
W MIPUPOJIHBIX TTIOJIMMEPOB, a TAKXKe BHICBOOOKICHUE UMMOOMIN30BAHHOTO aKTHBHOTO
BEIIEeCTBa B PacTBOP.

Honsl cepebpa UMEIOT OaKTEPULUAHYIO MIPUPOLY, TeM OoJiee, YTO UCIOIb30BaHUE
cepebpa B BUJIe HAHOYACTHII ITO3BOJIIET YIYUITUTE OAKTePUIIUIHEIN 2 (DEKT 1 CHUZHUTH
KOHLEHTpaLHUIO cepedpa, Tak KaK OHO HMMeeT OOJbIIYI0 YACIbHYIO MOBEPXHOCTb.
B xone uccienoBaHusi ObLIM IOJIYYCHBI KOMITO3UTHI, cojepxkainue 3%, 6%, 8% u
10% cmecu xommapron: MOHTMOPHWILIOHUT (AgMMT). Ongnako monmydyeHrue MpOYHBIX
OMOHAaHOKOMITO3UTHBIX INIEHOK COMPSIKEHO C TPYAHOCTSIMH, TOCKOJIBKY UCIIONb3YEMbIE B
JTAHHOM HICCIIEIOBAaHUH ITPHPOTHBIE TTOJTMMEPHI JIETKOPACTBOPHMBI B BOTHBIX PaCTBOPaX.
Pemenue stoit npoOneMsl 3akirodaeTcs B 3aMeHe HoHOB Na' nonamu Ca?* B anbrusare,
MTOCKOJIBKY aJIbIrUHAT KaIbIHA SBISAETCS BOIOHEPACTBOPHMBIM COETHUHEHUEM.

UccnenoBanusi, onvcanHble B JAHHOW CTaThe, MO3BOJISIOT MOIyYaTh Kak Ouopasina-
raeMbie, Tak M OHOJIOCTYIHBIC KOMIIO3UTHI U3 OTCYECTBEHHOTO MOHTMOPMILIOHUTA
Y HEJOPOTHX, AOCTYIHBIX MPHPOIHBIX TOIMMepoB. [Ipu B3amMomeicTBumM C BOAOH
OMOHAHOKOMITIO3UTHI HAa0yXaroT, CBS3aHHAsI TIOJIMMEpHasl 1IeTlb HAaYUHAET MOCTENICHHO
PaCIITUPSTHCS, UYTO ITO3BOJISIET BEICBOOOXK AATh HOHBI cepedpa. CKOpOCTh BEICBOOOKICHUS
AKTHBHBIX BELIECTB PEryaupyeTcs KOHIEHTpalueil MOHOB cepebpa B KOMIIO3UTaX U
pH cpenpr. CtenieHb BRICBOOOXKICHHSI HOHOB cepedpa, MMMOOMIN30BaHHBIX B PA3HBIX
KOHIICHTPAIUAX, aHAIM3UPOBaiu Tpu pazHoMm pH pactBopa, B TomM uymcne mpu pH
1,2; 5,0 u 7,4. YcranosneHno BiaussHUE pH M KOHIIEHTpalMK aKTUBHOTO BEIIECTBA HA
CTETIeHb BBICBOOOKICHHS cepedpa, T.e. YeM BhIIe ypoBeHb pH, TeM OombIlie MOHOB
cepedpa nepexoauT pacTBOp. Pes3ynbTarsl STHX MCCIEAOBAHNH TIO3BOIUIN YCTAHOBUTD
ONITUMANBHBIN pexXuM (pOPMHUPOBAHUS OMOHAHOKOMITO3UTOB W OTPENEIUTHh KHHETHUKY
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HaOyXaHUs THIPOTENeH U CTENeHb MPOYHOCTH OMOHAHOKOMITO3UTOB. [lonmy4eHHbIe B
CTaThe PE3yJIbTaThl JAFOT OCHOBAHUE PACCYXkIaTh O BO3MOKHOCTH BHEIPEHUS POM3-
BOJICTBa OMOHAHOKOMIIO3UTOB B PealibHOE MPOMBIIICHHOE MTPOU3BOJICTRO.

KuroueBbie ci10Ba: HOHBI cepeOpa, OMOHAHOKOMITO3UThI, MOHTMOPHIIJIOHUT, aJbI't-
HAT KaJbIUs, KOJIaprodl.

b. Kakpin*, b. AckanoBa, A. bakpiT, K. Mycadexon

On-®apabdbu areiHgarel Kazak ¥nrTeik YHUBepcuTeTi, AnMarsl, Kazakcran.
E-mail: zhakyp.botagoz@mail.ru

KA3AKCTAH MOHTMOPUWJIVIOHUTI HET'IBIHAE ®U3NOJIOT UAJIBIK
BEJCEH/JI BUOHAHOKOMIIO3UTTEPII AJTY

AHHoTanmus. Makanajza KyMiC MOHJIApbIH, aTall alTKaHJa KOJUIAPTOJIIbl OTAH IbIK
MOHTMOPHJUIOHHUT TICH TaOWFH ITOJIMMEPIIep HETi3iHAeTT OMOHAHKOMIIO3UTKE HTMMOOH-
JU3anUsIay oJIici, COHAal-aK WMMOOWIM3AlMsIAHFaH OEJCeHJI 3aTThIH EpITIHJIre
HIBIFYBI KAPaCTHIPBIIJIBL.

Kymic nongaps! 6akrepuuaTiK CHIIaTKa 1e, acipece KymicTi HaHOOeJIIeK TypiHae
KOJJIlaHy OaKTEepPHIMATIK ocepli JKaKCapTyFa J>KOHE KYMICTIH KOHIEHTPAIUSICHIH
TOMEHJIETYTe MYMKIiHTIK Oepesi, olTKeHI OHBIH YJIKEH MEHIIKTi Oeri Oap. 3eprrey
OapeicbiHna Kypambiana 3%, 6%, 8% xone 10% KouIaproi: MOHTMOPHIIIOHUT
(AgMMT) kocmiarapsl 6ap KOMIIO3UTTED aNBIHAEL. JlereHMeH, Oepik OMOHAHOKOMITO3HUTTI
IUIEHKaNap anxy KUbIHIBIKTApFa TOJbI, OUTKEHI Oy 3epTTeyae KOJMAaHbUIAThIH TaOUFH
MoJIMMeEpJIep CYIIbI epiTiHIepe OHal epui. byl MoceneHi menry yirid albriHaTTaFbl
Na' nongapsia Ca’" HOHIAPBIMEH aybICTHIPYFa Typa Kellli, O TKEHI KalbIUil b MHATHI
Cyzia epiMeHTIH KOCBUIBIC OOJIBIN TaObLIA B

Ocbl Makanajga CUNATTAJFAaH 3€pPTTEYJep OTaHIBIK MOHTMOPHUJUIOHUTTEH >KOHE
ap3aH, KOJDKETIMAI TaOWFM TONHMMEpNIEpACH OHONOTHSUIBIK —BIABIPAUTHIH JKOHE
OMOXETIMII KOMITO3UTTEPAlI aixyra MyMKiHmIK Oepemi. CymMeH opekerTecy Ke3iHme
OMOHAHOKOMITIO3UTTEPiCiHEe i, 0ailIaHBICTRITIONMMEPTI30eTi OipTiH e KeHEe e OacTal Ipl,
Oyl Kymic HMOHJApbIH WIbIFapyFa MyMKiHIIK Oepeni. Bencenmi 3arrapisiy OemnmiHy
KBUIJAM/IBIFBI KOMIIO3UTTEPAETT KYMiC HOHIAPBIHBIH KOHLEHTPALUSCHI KOHE OPTaHbIH
pH nenreiiiMen perreneni. OpTypii KOHICHTpausiapAa UMMOOITH3aUsUIaHFaH KYMIC
HOHAAPBIHBIH IIBIFY Topekeci epiTinainia opTypi pH, onsiH iminge pH 1,2; 5,0 xone
7,4 ke3inge tanpanrad. Kymictin OemiHin wwbiry aspexecine pH xone Oeicenai 3ar
KOHIIEHTPALMSCHIHBIH 9CEeP1 aHBIKTAJIBL, SIFHU pH HEFypiibIM *KoFapsl 0oJica, epiTiHire
KyMic HOHIIaphI Kebipek eteni. by 3eprreynepin HOTHKeNepi OMOHAHOKOMITO3UTTEP
TY3UTYiH OHTAMIBl PEXKUMIH OpHATYFa YKOHE TMIPOTENbACP/iH ICiHY KHHETHKACHIH
KoHe OMOHAHOKOMITO3UTTEPHAIH OEpIKTIK IopekeciH aHBIKTayFa MYMKIHIIK Oepi.
Makanasia anblHFaH HOTHXKeJlep OMOHAHOKOMITO3UTTEP OHIIPiCiH HAKThl OHEPKICINTIK
OH/IIPiCKE €HT13y MYMKIHJIIT1 Typajsl aifTyFa Heri3 0oJabl.

15



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Tyiiin ce3nep: Kymic HOHIAPBI, ONOHAHOKOMITO3UTTEP, MOHTMOPHIIOHUT, KaJIbIHH
albIrUHAThI, KOJUIAPTOJ.

B. Zhakyp*, B. Askapova, A. Bakyt, K. Musabekov

Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: zhakyp.botagoz@mail.ru

DEVELOPMENT OF PHYSIOLOGICALLY ACTIVE
BIONANOCOMPOSITES BASED ON KAZAKHSTAN
MONTMORILLONITE

Abstract. The article considered the method of immobilization of silver ions, namely
collargol, into a bionancomposite based on domestic montmorillonite and natural
polymers, as well as the release of the immobilized active substance into the solution.

Silver ions have a bactericidal nature, especially since the use of silver in the form
of nanoparticles can improve the bactericidal effect and reduce the concentration of
silver, since it has a large specific surface. During the study, composites were obtained
containing 3%, 6%, 8% and 10% mixtures of collargol: montmorillonite (AgMMT).
However, obtaining strong bionanocomposite films is fraught with difficulties, since
the natural polymers used in this study are readily soluble in aqueous solutions. The
solution to this problem is to replace the Na+ ions with Ca2+ ions in the alginate, since
calcium alginate is a water insoluble compound.

The studies described in this article make it possible to obtain both biodegradable
and bioavailable composites from domestic montmorillonite and inexpensive, available
natural polymers. When interacting with water, bionanocomposites swell, the associated
polymer chain begins to gradually expand, which allows the release of silver ions. The
rate of release of active substances is regulated by the concentration of silver ions in the
composites and the pH of the medium. The degree of release of silver ions immobilized
in different concentrations was analyzed at different pH of the solution, including at pH
1.2; 5.0 and 7.4. The influence of pH and the concentration of the active substance on
the degree of silver release was established, i.e. the higher the pH, the more silver ions
pass through the solution. The results of these studies made it possible to establish the
optimal regime for the formation of bionanocomposites and to determine the kinetics
of swelling of hydrogels and the degree of strength of bionanocomposites. The results
obtained in the article give reason to talk about the possibility of introducing the
production of bionanocomposites into real industrial production.

Key words: silver ions, bionanocomposites, montmorillonite, calcium alginate,
collargol.

Beenenue. B HacTosiee BpeMst cozianne OMOHAHOKOMITO3UTOB, T.€. THAPOTEIEBBIX
HOCHTEJICHl HOBOTO IOKOJIEHUS! ISl IPOJIOHTUPOBAHHOTO BBICBOOOKIEHUS BBEACHHBIX
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B HUX OMOJIOTMYECKH AKTHBHBIX BEIIECTB OCTAETCS aKTyalbHOW 3agadeld Ui uccie-
JIOBaHH B 00JaCTH XUMHH, MEIUIIUHBI U ()apMaKOJIOTHU BO BCEM MUpE.

BroHaHOKOMIIO3UTHI — 3TO MaTepUabl, COCTOSIIINE U3 PA3IUYHBIX OMONONIMMEPOB
U HaHOpa3MepHbIX coenuHeHuit (Alcantara, 2018). B mocnenHue nBa IeCATUICTHS
HCCIIeIOBATENI MPOSIBUIM OOJIBLION HHTEpeC K HCIOIb30BAHUIO HAHOIIMHHBIX
MaTepuaJioB, B yacTHocTH, MOHTMOpuiutonuTa (Bekaroglu et al., 2018). Dtot unrepec
B 3HAYWTEJILHON CTENEHU BBI3BAH M3-3a €r0 OMOCOBMECTHMOCTH, OMOCTAOMIBHOCTH,
pasnaraeMocTi, HeTOKCHYHOCTH U TIOBBILICHUS 3P(PEKTUBHOCTH JIEKApCTB B CHCTEMAX
nocraBku JiekapceTs (Zhang et al., 2017). M3BecTHO, 4TO MPHUCYTCTBHE HAHOPA3MEPHBIX
JUCIIEPCHBIX YAaCTHILI, TAKMX KaK MOHTMOPHJUIOHHUT, B ITOJIMMEPHOM MaTpuLe yIy4llaeT
TEPMOCTOMKOCTh, MEXaHWYECKYI0 IPOYHOCTh W (yHKIMOHANBbHBIE CBOMCTBAa Ha
OCHOBE TIOJTUMEpa, COXPAHsISA MPHU dTOM HX OmopasziaraeMocts (Lamba et al., 2018).
B cBf3u ¢ HHM3KOH CTOMMOCTBIO MarepuasoB, MPOSBICHHOW (YHKIHMOHAIBLHOCTBIO,
TEXHOJIOTUYECKOW pEHTA0eTbHOCTHI0, OMOHAHOKOMITO3UTHI CTAHOBSITCSI O4CHB BaYKHBIMH
B Hamre Bpems (Yun et al., 2015). Takue OMOHaAHOKOMITO3UTHI ITUPOKO MCIIONB3YIOTCS B
OonbHIMHCTBE OONacTel, Takux kak gapmanesruka (Depan et al., 2009), Guomenununa
(Reddy et al., 2017), Ouommactuxu (Alcantara et al., 2018), moxpertust (Bratskaya,
2009) u snexrponuka (Dewulf et al., 2009).

B mocniennue Togbl ObLIO MPOBEIEHO MHOTO HWCCIECIOBAHMI MOHTMOPHIUIOHHUTA.
MOHTMOPWIIZIOHUT 00J1aJaeT IMPEBOCXOAHBIMH XapaKTEPUCTHKAMHU, TAaKUMHU Kak
HaOyXxaHHe, KATHOHOOOMEHHas! CIIOCOOHOCTh, Aucneprupyemocts u T.A4. (Uddin, 2008),
Orarozapst cBoeil 0OIBILION YAEeIbHOI TOBEPXHOCTH, KOTOPAasi OYE€Hb OJIaroNpHUATCTBYET
agcop6ruu (Liu et al., 2007).

benToHuT OOnMazaer xopouied COBMECTHMOCTBIO C aJbIMHATOM Ojaromaps
BOJOPOHOW CBSI3U M 3JIEKTPOCTATUUECKOMY MPUTSDKCHHIO MEXKIY HUMH. AJIBIHHAT
HATpHs MPECTaBIIsIET cOOOW aHMOHHBIM OWoOpasziiaraeMblii MPUPOAHBIA TOIUMED C
ocrarkamu 1,4-fB-d-mMmaHHYpOHOBOH KHCIOTHI (010K M) U 0-1-TyTypOHOBOW KHCIIOTHI
(onox G) (Reddy et al., 2008). [Tomumep oOpa3zyeT TpeXMEPHBIN THIPOTeh 32 CUET
B3aUMOJICHCTBUS MEXKIY TPYIIOi KapOOHOBOH KUCIOTH (010K G) M IByXBaJICHTHBIM
NpOTHBOMOHHBIM (Hampumep, Ca*, Mg u Zn ?'), dopmupys CTpyKTypy SIMYHOU
KOpPOOKH, B pe3yJabTare IOJYy4aroTCsl CIIMTBhIE TI'MIPOTeNH, I03BOJISIOIINE KOHTPO-
JUPOBaTh BBICBOOOXKICHHE OMOaKTHBHBIX Mosekya (Wu et al., 2017). CumwuTtsle
OMOHAHOKOMITIO3HUTHI C KaJbIIMEM MO3BOJISIIOT 3alIUTUTh YYBCTBHUTEIBHBIC K KHCIOTE
aKTHBHBIE BEILIECTBAa OT JKEIYHOYHOI'O COKa M, CJIEJOBATEIbHO, BBICBOOOXKIATHCS B
camom kunieunuke (Reddy et al., 2016).

[Ipu pa3paboTke MaTepuansoB ¢ aHTHOAKTEPHAIBHBIM, OAKTCPUIIUIHBIM 3 derToM
OoJiplIOe BHUMAaHHUE ynenseTcs ToMy (akTy, YTO MHUKPOOPTaHHW3MBI aJalTUPYIOTCS
K Ppasiu4yHbIM YCJIOBUSIM UM OBICTPO MYTHPYIOT, YTO TPHBOIUT K HEKOTOPHIM
TPYAHOCTAM, TaKUM KaK CO3/aHHE HOBBIX COPTOB MAaTepHaliOB C YIIyYIICHHBIMH
cBoictBamMu (Dumitrescu et al., 2010). B cBsi3u ¢ 3TUM, KOMIO3UTHI Ha OCHOBE
cepedpa HaxOIAT LIMPOKOE IIPUMEHEHHUE, TIOCKOJIBKY OHHM 00/1a]al0T OYeHb XOPOLIMMU
0aKTEepUIIHBIMU CBOMCTBAMH, & TaKKE MaTepHallbl, HCIIOIb3YeMbIe MPU MOTYyYECHUH
JAHHBIX KOMIIO3UTOB JIETKO JOCTYIIHBI.
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CornacHo panee JIOKa3aHHBIM UCCIIeIOBAaHUSIM, MOHBI cepebpa
oOmajgany OJUTOJMHAMUYECKOH CIOCOOHOCTBIO OaKTEpPHIMIHOTO Xapakrepa, HO
MoCie psjfa HWCCICIOBAaHHA ObUIO 3aMEUYeHO, YTO OaKTepUIUAHOC (YHUUTOKCHHE
MHUKPOOPTraHU3MOB) MIM OakTepuoctaTuyeckoe (TOJaBlIEHHE paclpoCTpaHEHHS
MHUKPOOPTaHU3MOB) JCUCTBHE MOXKET OBITh YCHIICHO C MCIOJIh30BAHHEM KOJUTOMTHBIX
HaHOUaCTUIBl cepedpa. Mcmomb3oBanue cepebpa B QoOpMe HAHOYACTHI] MOXKET
VIYYIIUTE OaKTepUITUIHBINA d(Q(HEKT W CHU3UTH KOHIICHTPAIUIO cepedpa, MOCKOIBKY
OHO UMeeT OOJIBILYIO YAEIBbHYIO TOBEPXHOCTh. B 3aBUCHMMOCTH OT criocoba monyyeHus
HaHOYACTHUII cepedpa pa3mep JacTHIl Bapbupyerces oT 3 1o 100 am.

CyliecTBYIOT JICKQpPCTBEHHBIC CPEJICTBA, HW3rOTOBJICHHBIC HAa OCHOBE cepebpa
(Kommapro, mpoTaprod, JISMUC U Jp.) — OHU IPUMEHSIFOTCSl B METUIMHE HE OJTHY COTHIO
JIET, TeM HE MEHee, /IO HACTOSIIIEr0 BpEMEHH, Ipenaparkl cepedpa ¥ ero CoeTMHeHU He
MOy YMIIH AOCTATOYHO LIMPOKOTO PACIIpOCTPAaHEHUSI HU B MEAULIMHE, HA B BETEPUHAPUH.
OTyacTu 3TO CBS3aHO C CYHICCTBYIONIMM MpeayOekIeHHeM, YTO Mpenaparbl cepe-
Opa, peKOMEHAyeMble Uil CHelu(DUIeCKOd STHOTPOITHON Tepamnuu, JOCTATOUHO
Joporocrosiye. B 1efcTBUTENBHOCTH 3TO HE TaK, MOCKOJIbKY I[eHa OJJHOM JieueOHOMH
WA TIPOPUIAKTHYSCKON J103bI cepedpocoiepikaliero npemnapara He MPEeBhIIAeT Wi
Jla’ke MEHBIIIE CTOMMOCTH aHaJIOTHYHOH 03I COBPEMEHHBIX aHTHOMOTHKOB (Bukhanov
etal., 2014).

TToMUMO TIPUBEICHHBIX APTYMEHTOB PEIIAIOIINM SIBIISICTCS MEXaHU3M KOMILIEKCHOTO
0aKTEepUIUIIHOTO, BHUPYIULIUIAHOTO, (YHTHIMIHOTO H MPOTHBOBOCHAIUTEIBHOTO
JecTBUSI HOHOB cepebdpa. [Ipu aToM TepaneBTHyeckas 3pGEKTHBHOCTh HA CTOMMOCTD
3arpar Bo3pacTaeT B IoJib3y cepedpocoaepxkaniux npenaparos (Rodionov et al., 2005).

[TosToMy Ha (oHE TEepeoleHKHM MecTa AHTHOMOTHUKOB BO3POIMWIICS HHTEpEC K
anTucentukam. [locienHue MpencTaBiIsIOT XMMHYECKHE BellecTBa (HE3aBHCHUMO OT
HWCTOYHWKA TOTYYCHHUS W COCTaBa), O0JamaroIie MPOTHBOMHKPOOHBIM JICHCTBHEM
U UCTIONB3YIONIMECs JIIsl HAHECCHUsST Ha MOBPEKICHHYIO U HEMOBPEK/ICHHYIO KOXY,
CIIM3UCTHIE 00O0IOUKH, TIOJIOCTH M PAHBI B LEIISX JICUCHHSI U IPEAYIPEKICHUS Pa3BUTHS
MECTHBIX HH()EKIIMOHHBIX TOPAKCHUN U CETICHCa.

VYcTaHOBIEHO, YTO MOHTMOPHJUIOHUTCOAEPIKAIUE IIMHBL, MOAU(UIMPOBAHHbBIE
A30THOKHUCJIBIM cepeOpoM, 00IIaIal0T BBIPAXKEHHBIM OAKTEPUOCTATHYECKUM JICHCTBUEM,
MOAABIISIIOT POCT M oOpa3oBanue kojoHMH Salmonella dublin, Salmonella enteritidis,
Staphylococcus hyicus Ha noBepxnoctt MITA u Proteus vulgaris Ha kpoBsiHOM arape.
[Mony4eHnHast MOTU(PHUIIMPOBAHHAS MOHTMOPHIITIOHUTCOICPIKAIIAS [TIMHA C COJICPKAHUECM
cepebpa (ot 0.1 mo 4.35 macc. %) obnanaet 3PPEKTUBHHIMU AHTUMHUKPOOHBIMH CBOM-
CTBaMH, SIBIISICTCSI MEHEE 3aTPaTHBIM CIIOCOOOM TII0 HCIIOJIb30BAHUIO PEaKTHBOB,
o0opymoBaHus U IpooibKUTebHOCTH Tpotiecca (Bukhanov et al., 2014).

JKCNepUMEHTAJNLHASL YacTh U MaTepuajbl. B kauecTBe 00BEKTOB HCCIIEIOBAHNUS
OBUTH HMCTIOJIb30BAHbI TPEIBAPUTEIIHHO OYMIICHHBIA MyTeM JCKaHTAllMU TaraHCKun
OCHTOHHT, KoJiaproi, HatpueBas (opma kapOoxcumeTwemtono3sl (NaKMLI),
AIBIMHAT HATPHS, TIUIEPHH, XJIOPU KaIbIUs.

BenTonuroBas mmHa ObUIa OUYMINEHA MEpeld HCIoib3oBaHMEeM. OuncTka HE0O-
XOMMa JUIS YHAJICHHs] TPUPOJHBIX OPraHWYECKHX BEHIECTB, THIPOKCHUIOB H
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KapOOHATOB, MPUCYTCTBUE KOTOPBIX MOXKET YXYAIIUTh XapPaKTEPUCTHKH MOHTMO-
puiutonuTa. [IpoMBIBKa yaasieT U3 TIIHHBI H30BITOK COJICH, a TAKKE MEJIKYIO TPSI3b. DTOT
METOJI SIBIISIETCSI METOJIOM JICKaHTAIUH.

Hcnonp3oBaHne OTEUECTBEHHBIX M BO30OHOBIISIEMBIX MAaTEPHAIOB UMEET OOJBIIOE
3HAYEeHNE KaK C KOJOTHIECKOH, TaK ¥ C SKOHOMUYECKON TOUKH 3PEHHSL.

B tabmune 1 npuBeneH cocraB OCHTOHUTOBBIX ITMH TaraHCKOTO MECTOPOXKJICHUS,
Bocrouno-Kazaxcranckoit odmactu %. B manHO# paboTe OBUT HCTIONBE30BaH OEHTOHUT
14 ropuzoHTa.

Tabmuua 1 — CpegHuil XUMUYECKUH cOCTaB OEHTOHUTOBBIX ITHH TaraHCKOTO MECTOPOXKACHHUS,
Bocrouno-Kazaxcranckoii obiactu
Nerop. | SiO TiO, | ALO, | FeO, CaO MgO | K,O | Na,0 | H,O | IIIII | SO, 06m1.

2 2
10 | 5969 | 038 [ 14,16 3,78 281 | 2,84 [ 0,70 | 0,11 [ 824 [12,91] 028
1 [31,98- 0,1- | 0,96 [1,27-2,05] 0,22- | 0,13- [ 0,10 | 0,10 | - - -

93,43 | 0,75 36,63 | 0,53
12 | 5245 ] 020 [21,11 | 2,60 206 | 2,82 | 013 0,58 [11,34]12,37] 032
13 | 56,06 | 063 [ 1611 8,00 1,96 | 2,63 [ 006|045 [ 7,15 [10,97] 0,17
14 | 5548 | 030 [ 19,38 4,40 1,98 | 2,18 [ 0,14 ] 051 [ 849 [11,31] 0,18
15 [ 5956 0,78 [1492] 4727 2,12 | 226 [017]027 | - - 0,11

[lony4yenne OMOHAHOKOMIIO3UTHBIX IJICHOK Ha OCHOBE KOJUIOMIHOTO cepedpa.
[Inenku 6monanokoMmo3uToB Ha ocHoBe NaKMII, anpranara HaTpus ¥ KOJUTOMIHOTO
cepebpa noy4eHsl mo Metoauke (Zhakyp et al., 2020). Jlns 3TOro BogHBIE PacTBOPEI
NaKMII (3%), anbrunara narpusi (2%) u xjaopuna kanbius (1%) ObLTH MPUTOTOBICHBI
OTIEBHO. 3aTeM OHU OBUTH CMeIaHbl TIpu cooTHomeHnn 1:2:0,1. ImuHy cMermmBaIn
¢ koyutouHOM cepebpom B cootHomeHnu 1:0,037 (de Azeredo et al., 2013). Jlanee
BBOJIMIIM CMECh TIMHBI C KOJUIOWJHBIM cepeOpoM B MPUTOTOBICHHBIA pacTBOp B
koHUeHTpauuu 3%, 6%, 8%, 10% npu nepemMelmMBaHUM B MArHUTHON MEIIAJKe B
teuerne 20 munyT. [Tocne atoro 10 mMi1 Hoy4eHHOH CycrieH3uH ObLITH BHECEHBI B YAIIIKY
Iletpu ¢ quameTpom 85 MM, CMa3aHHYIO DNIMLEPUHOM, U BBICYIIEHA [0 MOCTOSHHOI'O
Beca npu 20°C.

Wzyuenne kuHeTHKH HaOyXaHus IeHOK. KiHeTHka HaOyXaHHs IJICHOK OTpe/iesieHa
0 CKOPOCTH HapacTamus ux Beca Bo Bpemenu (W). [lna storo 0,2 r (W) cyxoro
o0pasiia mieHoK Obiia 3amuTo 30 MIT OMIUCTIIMPOBAHHON BO/IBI cO 3HaYeHUs MU pH 1.2,
5.0 u 7.4. Ilo ucredenuu onpeneiaeHHoro BpemenH (t) mpu 20°C ObLI ONIpeiesieH ero Bec
(W) na ananutnyeckux BecaxKern (KERN & SohnGmbH, I'epmanus) ¢ TOYHOCTBIO
0,00011. st pacueta koHCTaHTH Habyxauus Kswell ucrons3oBana dpopmyma
W=W,

Kswell = W—o (1)

Kaxnoe 3nauenne Kswell siisieTcst cpefiHeit U3 Tpex ero 3HaueHHH.

W3ydenne KMHETUKN BBHICBOOOXKACHUSI HOHOB cepebpa. KnHeTnKy BHICBOOOXKICHS
HMOHOB cepelpa omnpeziesieHa M0 CKOPOCTH U3MEHEHHS €ro KOHIIEHTPAIUU B PacTBOpE
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(F=C/C_, rne C, — KoHLIEHTpalus BbICOOKIEHHBIX B MOMEHT BPEMEHHU t HOHOB Ag';
C,_ — MakcMMalbHO BO3MOJKHAs KOHLEHTPAlXs MOHOB Ag' NPH yCIOBUU BbIJEJICHUS
Bcex uoHOB). Jns storo 0,1 r Bo3mymHO-cyxXoro ooOpasua Obuto 3amuro 30 M
(PU3MOIOTHYECKOTO PACTBOpPAa M TEPEeMELIaHO C IOMOIIbI0 MarHUTHOM MeIIalKu
npu temneparype 20 °C. KonuenTtpauus moHoB Ag' ompeneneHa ¢ nomouipio YO-
cnekrpodoromerpa Agilent 8453E (“Agilent Technologies Deutschland GmbH”,
['epmanust) npu 1uymrHe BosHBI 405 HM € HCTIONIB30BaHUEM MTPEABAPUTEIILHO TIOCTPOCHHOM
KaJuOpOoBOUHOW KpHUBOii. [IOBTOpHOCTE SKCIIEpUMEHTA — TPEXKpaTHAS.

Onpeznenenne NPOYHOCTH TUIEHOK MpH yraape. [IpoyHOCTh MiIeHOK ompeseneHa Ha
npubopeKoncranrta Y1-A mpu yaape MeToaoM, OCHOBaHHBIM Ha Jie(hopMaLluy IICHKH
py CBOOOHOM MAJICHUH Ipy3a Ha MmIacTUHKY B cooTBeTcTBUM ¢ [OCT 4765-73.

Wcnpitanue nposoauiock npu temneparype 20+ 20C 1 0THOCUTENBHOMN BIAXKHOCTH
BO3ayXa 65+5%.

[Inenky momemanu Ha HAaKOBaJbHIO MoA Ooek. Ipy3 MogHMMaIM M C MOMOLIBIO
CTOTIOPHOTO BHHTA yCTAaHABIHMBAJIM HA ONpPEAETICHHOW BBICOTE, a 3aTeM Ha)KaTHeM Ha
KHOTIKY OCBOOOKAAJH TPy3, KOTOPBI cBOOOAHO MajnaeT Ha Ooek. boek mepexaet ynap
IUIEHKE, JIeXKallel Ha HakoBanbHe. [locie ynapa rpy3 nogHuManu, BBIHUMAIH TUICHKY 1
paccMaTpuBaji Ha HATWYHE TPEIIUH U TIOBPEKACHHH.

Ecmu nedekTsl oTCyTCTBOBaNM, TO HMCHBITAHWE MOBTOPSUIM, YBEJIMYMBAs BBICOTY
cOpacbiBanus rpy3a Ha 20-100 MM 10 Tex mop, Mmoka He 0OHApYKHUJIOCh pa3pylleHHe
IUIEHKH ITpu yaape. [loBTopHbIe HCTIBITaHK s TPOU3BOIAMIIHN KK/IBIH pa3 Ha HOBOM Y4aCTKe
mieHkH. [Ipu 3ToM Ha KaK70H yCTaHOBJIEHHOW BBICOTE OTpENieIeHNEe MTPOBOMWINCEH HE
MEHee Tpex pas.

[IpouHOCTh MIEHKM NPU yIape BhIpakaroT BelnunHOW B H x MM, o0o3Havaromei
MaKCHMaJbHYI0 BBICOTY B MHJUIMMETpax, C KOTOPOM Ha IJIACTUHKY MaJaeT Tpy3
Maccoii | Kr mpyu HOpMalbHOM YCKOPEHHH CBOOOJHOTO Na/leH!sI, HE BBI3bIBAsI IIPH STOM
MEXaHMYECKHUX pa3pylleHu (TPELIHH, CMATHS, OTCIauBaHMUs).

Pesyabrarpl. O0pa3ipl OEHTOHUTOBOW IIMHBI TaraHCKOTO MECTOPOXIEHHS ObLIH
MPOoaHaJM3UPOBaHbl C IMOMOIIBIO ONTHYECKOro Mukpockoma Leica DM 6000 m.
(pucyHok. 1) u ckaHupyromei 3mekTpoHHoil Mukpockonuu (COM) cucremsl Quanta
3D 200i Dual, ckanupyrormero snexktporHoro mukpockona FEI (pucyHok. 2).

Pucynoxk 1.1. Pucynox 1.2.

Pucynok 1 — Mukpogororpadus OSHTOHHTOBOH IIIMHEI HA ONTHYECKOH MUKPOCKOIIHI
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Kak BuaHO 13 monmyueHHbIX MUKpodoTarapduu Ha pucyHke 1 1 pucyHke 2, GEeHTOHUT
MMeeT dYemryiyaroe, MOPUCTOE CTPOEHHE, KOTOPOE IO3BOJIIET BBOAWTH AKTHBHBIC
100aBKH B MEKIAKETHOE POCTPAHCTBO TIIMHBI.

Pucynoxk 2.1. Pucynoxk 2.2.
Pucynok 2 — Muxpodortorpadust mpupomHoit 6eHTOHUTOBOH HHBI Ha COM

HaOyxanue nnenok. Hapucyske 3 moka3aHbl KpUBble KHHETUKN HAOYXaHHSI THAPOTEIIs
B 3aBUCHMOCTHU OT BPEMEHHU C PazIHyHbIMH KoHIeHTpauusiMu Ag-MMT. JloOaBienue
MMT 3HaYUTENBHO CHIKAST BOAOIOTIIONIAIOIIYO CIOCOOHOCTh HA0yXaTh THAPOTEICH,
npu yBenuueHuu cozpepxkanus MMT B rene creneHb HaOyXaHUs Telsisl MOCTENIEHHO
cHIKaeTcsl. Bo3aMo)kHast MpUYKMHA COCTOUT B TOM, YTO CTPYKTypa YHCTOTO THIPOTes
SIBJISIETCSL CJIOKHOM, HO cioucTast ctpykrypa MMT nenaeT BHYTPEHHIOIO CTPYKTYpPY
reJis onpe/iesIeHHOM TutacTuHYaTol cTpykTypoii (Bortolin et al., 2016), yTo ymeHbIaeT
MOPBI KOMITO3UITMOHHOTO refist. Kpome Toro, MMT BXOAUT B C€TUATYIO CTPYKTYpPY reist
JUIs1 B3aMMOJICHCTBHSI C BEICOKOMOJICKYJISIPHBIMU LICIISIMH, TAKUM 00pa3oM OrpaHHYUBast
ekt HaObyXaHusl U PACTSDKEHUST CETYATOH CTPYKTYPhI BBICOKOMOJICKYJISIPHBIX LICTIeH
B Iejie ¥, B KOHEYHOM HTOI'e, OUEBHIHO CHUYXKasi CBOWCTBO HaOyXaHMs T'HAPOTeNs.

. MHE

—+—3% AgMMT —m— 6% AgMMT e 8% AgMMT 10%% AgMMT

Pucynok 3 — Kuneruka HabyxaHus IIIEHOK, coaepxanux 3, 6, 8 u 10% Ag/MMT
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Kunernky BBICBOOOXICHUSI cepedpa, MOMHMO KOJIMYECTBEHHBIX TIOKa3aTelei,
MOXHO HAONIOAaTh MO M3MEHEHHIO I[BETa pPacTBOpa, B KOTOPBIA OBUIM TOMEUICHBI
ieHku. L[BeT pacTBopa MEHSIICS ¢ IPO3PaYHOro Ha CBETIIO KOPUYHEBBIN, YTO JIOKA3bI-
BaeT BHICBOOOK/ICHHE HOHOB KOJJIOUTHOTO cepedpa U3 TIICHOK (PUCYHOK 4).

Pucynok 4 — BeicBOOOXIeHIE HOHOB KOJUTAproJia B (hU3pacTBOp

C yBennuenueM konueHtpauun Ag-MMT u 3Hadenuii pH yBennumnBaeTcs 1 cTeneHb
BBICBOOOYK/ICHUSI HOHOB cepebpa (PUCYHOK 5 a-B), YTO MOJATBEPIKIACT BHILICYTOMSIHYTOC
YTBEpP)KICHHUE.

0,000002
0,0000015
= 0.,000001

0.0000005

0 =) 10 15 20
t, nene
——3% —®6% —4+8% ——10%

Pucynok 5a — Kunernka BbIcBOOOK1eHNsT HOHOB cepedpa npu pH 1,2

0,00002
0.000018
0.000016
0,000014
0,000012

] 0,00001
0,000008
0.000006
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Pucynok 5a — Kunernka BEICBOOOKICHUSI HOHOB cepedpa mpu pH 7,4
Pucynok. 5 — KuneTtnka BbICBOOOXI€HUSI HOHOB KOJUTOUIHOTO cepedpa (a — npu pH 1,2, 6 — npu pH
5,0, B —ipu pH 7.,4)

[pu onpeeIeHUU MPOYHOCTH MPH yape ObLITH MOTYUEHBI CICTYIONINE PE3yIbTaThI
(Tabmuna 2):

Tabnuua 2 — [Ipenen npouHOCTH OMOHAHOKOMIIO3UTOB

Konnenrpammst | Bricora magenns rpysa Becom 1 kr, MM | IIpouHocTs mieHku npu ynape, H*Mm
Ag-MMT, %

3% 200 1960
6% 250 2450
8% 250 2450
10% 300 2940

B Tabmume 2 MOXXHO YBHUIETH, UTO C YBEIMUCHUEM KOHIICHTPAIIUA OCHTOHUTOBOU
[JIMHBl MEXaHW4YecKas IPOYHOCTh COOTBETCTBEHHO yBennuuBaerca. Mcxoas wus
BTOPOTO 3aK0oHa HbIOTOHA, BBIYHMCIISIETCS TIPOYHOCTD IUICHOK MPH yAape 1mo Gopmysie
F = m*g. MakcumanbHasi MexaHHUYECKasi IPOYHOCTh NPH KOHLEHTpauuu riuHbl 10%
cocraBisier 2940 H*MMm. DTo mokasblBaeT, YTO IIHHSHBIE MaTepHajbl 00NagaroT
TAaKUMH YHUKQJIBHBIMHU CIIOCOOHOCTSIMM, KaK BBICOKasi MEXaHUUECKas IPOYHOCTD, U 3TH
Ka4yecTBa XOPOIIO UCHOJB3YIOTCA BMECTE € JIPYTMMHU MOJIMMEPAMU ISl YIIyUILIEeHUs UX
KavecTBa.

OOcy:xaeHue pe3yabTatoB. B ganHoli palore ObuUM M3ydeHBl KHHETHKH
HaOyXaHUs THJIPOTEJIC U CTENeHb BBICBOOOK/ICHMSI HOHOB cepeOpa W3 HUX, Tpeies
IIPOYHOCTH OMOHAaHOKOMIIO3UTOB. [loBenenue ruzpporenell npu HaOyXaHUM SIBIISIETCS
cloxkHBIM TipoueccoM. CormacHo nuteparypHeiM gaHHbIM (Enscore et al., 1977),
rporiecc HaOyXaHUs THAPOTEIeH B OCHOBHOM JICIUTCS HAa TPH HETPEPHIBHBIC YAaCTH.
Ha navanpHOM cTagMu reib HAXOAWTCS B CYXOM COCTOSIHHUHM C OOraTtodl IyCTOTHOM
CTPYKTYpOi. MoJeKynbl BOABI MOMAAaloT B Telb Yepe3 KanWUIIpHbIE TOPHI Tes U
HaOyXxaroT B pe3yJbTaTe accouuanuu ¢ ruapoduiabHbIMU rpynnamu rens. Ilocne toro,
Kak TOpBI Telisl MOMIOMIAI0T JOCTaTOYHO BOABI, MOJICKYJIbI BOABI M TUAPO(UIbHBIC
IPYIIIBI TeJIsl OCYILECTBIIIOT aCCOLMALIMIO M 3aT€M BXOIAT B CETUATYIO CTPYKTYpY Iejls,
4TOOBI 3aCTaBUTH MTOJMMEPHBIE LIETIN Tefisl pacciadnsaThes U HaOyxaTb. Hakonen, mocie
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MIOJTHOTO HaOyXaHWs TeJisl CBSA3aHHAs IMOJUMEpHAs LEb MOCTEIIEHHO PACIIUPSICTCS B
BOJIC, U CeTUaras CTPYKTypa MOJHOCThIO Ha0yXaeT /10 TeX MOp, MOKa reib He JOCTUTHET
paBHOBecHsl HaOyxaHus. [locieaHuil Mpolece MO3BOMSIET BBICBOOOXKIATHCS HOHOM
cepebpa 3 komro3ura. Ha pucyHke 5 ObUIM NPEACTABICHBI PE3yJbTaThl W3yUCHHS
KHHETHKH BBICBOOOXK/ICHHSI HOHOB cepebpa. Kak BUIHO Ha JaHHBIX PUCYHKAX, MPOIECe
murcst 7o 20 mHeH, 4To JaeT BO3MOXKHOCTH HMCIIOIB30BaTh OMOHAHOKOMIIO3HUTHI IS
IpernaparoB ¢ MPOJIOHTHPOBAHHBIM BBICBOOOXKICHHEM aKTHBHOTO Beliecra. Hanmune
HaHOPa3MEPHBIX JUCTIEPCHBIX YACTHII TUTIAa MOHTMOPWIIJIOHNTA B TOJTUMEPHOM MaTpPHUIIE
yIy4IIaeT TePMOCTONKOCTh, MEXaHUYECKYIO MIPOYHOCTh U (PYHKIIMOHATIHHBIC CBOWCTBA
MOJMMEPOB HA OCHOBE, COXPAHSIS TPH ATOM MX OHOpasiaraeMocTh. biaronaps nemeBusHe
MaTepuaioB, NPOJCMOHCTPUPOBAHHOM  (YHKIHMOHATBHOCTH, TEXHOJOTHYECKOH
SKOHOMHYHOCTH OMOHAHOKOMITO3UTHI TPHOOpETAaroT OONbIIOe 3HAuYeHHEe B Halle
Bpemsi. JlaHHBIE OMOKOMIIO3UTHI K TOMY K€ 00JIaJJat0T TEPMOCTOMKOCTBIO, MOCKOJIBKY
TJIMHUCTBIC CUIIMKAThI ABJIAIOTCA TCPMUYCCKUM 6apbep0M.

3axumouenne. Hayunas HOBH3HA MCCIICIOBAHKS 3aKITFOYAETCS B TOM, YTO C IIEIIBEO
pacipeHnst aCCOPTUMEHTa aHTUMHKPOOHBIX, OMOIMIHBIX MpPENaparoB M MPOIYKTOB
Ha OCHOBE KOJUTOMJIHOTO cepeOpa HAaHOYACTHIIBI KOJUTAproyia ObLTH MMMOOMITN30BaHbI
B CTPYKTYpPY CJIOMCTOTO CHJIMKaTa — MOHTMOPWUIOHMTA. [lonydeHHbie OMOHAHO-
KOMITO3UTBI HAa OCHOBE Ka3aXCTAaHCKOIO OEHTOHHWTA MOTYyT HaUTH IIPUMCHCHUC B
Pa3INYHBIX OONACTIX, TAKMX KaK JOCTaBKa JIGKAPCTB, MPOM3BOJCTBO AHTHUCENTHKOB,
YIAKOBOYHBIX MarcpuaaioB, B MCAULWHE, 61/IOTCXHOJ'IOFI/II/I, KOCMETOJIOTUHU U HI/IIIIGBOfI
MPOMBIIUIEHHOCTH, YTO JOKA3bIBAET UX MHOTO(YHKIIMOHATIHHOCTb.
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Ni-Co-Zr COMPOSITE CATALYSTS FOR PARTTAL OXIDATION OF
NATURAL GAS

Abstract. Reducing greenhouse gas emissions is one of the most important
problems facing humanity at the present stage. New active and selective Ni — Co - Zr
catalysts without precious metals were tested in the processes of oxidative conversion
of light alkanes into modern synthetic fuel - synthesis gas or hydrogen. Emissions after
their use are minimal. Ni — Co - Zr composite catalysts have been prepared by fast,
environmentally friendly high temperature synthesis. The morphology of the samples
was studied using X-ray phase analysis and electron microscopy. Tests of the oxidative
conversion of methane were carried out on an automated flow catalytic unit in a tubular
reactor with a fixed catalyst bed at 700 - 900°C. An Agilent 6890 N gas chromatograph
with software was used for on-line analysis of raw materials and reaction products. The
highest values for target products were obtained on the 47% Ni - 2% Co - 1% Zr - 50%
glycine - 36.15% Al - 13.85% Mg catalyst at 900°C. The yield of H, was 57.3%, the
yield of CO was 19.4% with a selectivity up to 84.2% for H, and 57% for CO, the H/
CO ratio = 2.8 - 2.9. It has been established that Ni-Co-Zr catalysts under experimental
conditions contain aluminates and metal alloys.

Key words: methane, catalytic oxidation, synthesis-gas, nickel, cobalt, zirconium.
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TABUTU I'A3/IbI KOMITIO3UTTI Ni-Co-Zr KATAJIM3ATOPJIAPBIHIA
HHAPIUAJIABI TOTBIKTBIPY

Annoramus. Kazipri tanga amamsar anaplHIia TYPFaH MaHBI3IBI MOceleNepIiH
0ipi — MapHUKTIK ra3nap NIBIFAPbIHIBUIAPBIH a3aiTy. JKeHin ankaHgapabl 3aMaHayH
CHUHTETHKAaJBIK OTHIH CHHTE3-Ta3Ffa HeMece CYTeKKe TOThIFa ailHally YpIiCiHIe *KaHa
Oercenai koHe cesekTHBTI Oaranbl Metamaapcbid Ni — Co - Zr karanu3aropiapsl
ceiHaNABl. Omapiapl  KOJJAHFAaHHAH KEWiHT1 MIbIFapbIHAbBUIAp a3aiabl. JKorapsl
TEMIIepaTypajibl CHHTE3 apKBUIBI )KbUIIaM SKOJOTHUsIBIK Ta3a Ni — Co - Zr KOMITO3UTTIK
KaTaJu3aropyiapbl JalbIHAAIIBL. YJITUIEpAiH MOP(OJIOTHACH PEHTICHIIK (a3aibiK
TajIay KoHE AIEKTPOH Bl MUKPOCKOMHUS apKbLibl 3epTTeii. 700-900°C temneparypaia
KaTalu3aTop/blH KO3FaIMalThIH KabaTel Oap KYOBIpIBI pPEaKkTOpAaH TypaTbiH
ABTOMATTAH/IBIPBUIFAH aFbIHJIBI KaTalU3/iK KOHJABIPFbIA METaHHBIH TOTBIFY aifHaIy
ypaici xypriziani. bacranker xkoHe peakuusi oHiMAEpiH on-line Tanxay yuriH H Agilent
6890 N ra3 6arnapiaMacbIMEH XKa0IbIKTaFa XpoMaTorpadbiHaa Kyprizinai. MakcarTsl
OHIM/JIEP/IIH €H JKoraprbl KepceTkimrepin any yira 900°C temneparypana 47% Ni -
2%Co - 1% Zr - 50% ruuH - 36,15% Al - 13,85% Mg karaau3aTopbIHIa ajlbIHIbL.
H,/CO =2.8-2,9 e3apa apakarbiHaceinaa H, mbireiver 57,3%, an CO - 19,4% Goinca
colikecinmme cenexrunrinikrepi H, - 84,2% neitin, CO 57%-ab1 Kypaasl. AJOMUHUNA
xoHe MeTaiul Kocnanapbl Ni — Co - Zr Karanu3aTOpbIHBIH KypaMblHAa Oap eKeHJITri
TOXKIpHOE KaFaalbIHAA AaHBIKTAIIIBI.

Tyiiin ce3nep: MeTaH, KaTalu3/liK TOTBIFY, CHHTE3-Ta3, HUKeJIb, KOOAJIbT, IUPKOHHIA.
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Ni-Co-Zr KOMIIO3UTHBIE KATAJIM3ATOPBI IIAPLHIUAJIBHOI'O
OKUCJIEHMS TPUPOJHOI'O I'A3A

Annoramnus. CHIKEHHE BBIOPOCOB NApHUKOBBIX Ta30B SBISIETCS OIHOM W3
BOKHEHIINX MPOOIIEeM, CTOSIIMX Ha COBPEMEHHOM JTare epe| yenoedectBoM. HoBbie
akTHBHBbIe M cejekTuBHBIe Ni — Co - Zr xaranu3zatopbl 0e3 J[paroleHHbIX METaJIoB
OBUIM HCIIBITAHBl B TIPOLECCAX OKHCIUTEIHLHOTO IPEBpAIleHHs JETKUX aJKaHOB B
COBpPEMEHHOE CHHTETUYECKOE TOILTMBO — CHHTE3-ra3 11ubo Bojopon. Beibpockr nocie
UX HCIOJb30BaHUsS MHUHUMANbHBL. Ni — Co — Zr KOMIO3UTHBIE KaTall3aTopbl ObLIH
MPUTOTOBJICHBI OBICTPHIM, YKOJIOTHUECKH YHCTBIM BBICOKOTEMITEPATYPHBIM CHHTE30M.
Mopdomnorust 00pa3lioB HcclenoBaHa € TMOMOIIBIO PEHTIeHO(A30BOro aHaln3a H
ANIEKTPOHHOW MHKPOCKOIIUH. VICIBITAaHUS OKUCIUTEIBHOTO TMpEBpallleHHs MeTaHa
IIPOBOAMJINCh HA ABTOMATU3UPOBAHHOW IPOTOYHOM KAaTAJIUTHYECKOH YCTaHOBKE B
TpyO4aToOM peakTope ¢ HeMOABMKHBIM ci1oeM Karanuzaropa mpu 700 - 900°C. I'azoBbIit
xpomarorpad Agilent 6890 N ¢ nporpamMMHBIM oOecriedeHHeM ObIJT UCTIONB30BaH IS
on-line aHanM30B CHIPhS U MPOAYKTOB peakiuu. Hambonee BHICOKHME MOKA3aTeNd IO
[eJIeBBIM MPOAYKTaM Noiy4deHbl Ha karamuzarope 47% Ni - 2% Co - 1% Zr - 50%
i - 36,15% Al - 13,85% Mg nipu 900°C. Beixox H, cocrasun 57,3%, Beixon CO
- 19,4% npu cenexruBroctn 10 84,2% no H, n 57% no CO, coornomenue H,/CO
= 2,8-2,9. YcranosineHo, uto Ni — Co - Zr KaTajau3aTopbl B YCIOBUIX 3KCIIEPHUMEHTA
coZieprKar aJIFOMUHATHI M CTIaBbl METAJLIOB.

KioueBble cioBa: MeTaH, KaTaJUTHYeCKOC OKHUCICHHME, CHHTE3-Ta3, HUKEIb,
KOOAJIbT, IIMPKOHHUH.

Introduction. In the course of its development, the world economy experienced
several energy surges, moving from charcoal and then hard coal to oil. At present, the
consumption of natural gas is growing rapidly. Previously, such energy transitions were
guided by cost competitiveness, but now the environmental aspects of the choice of
energy carriers are becoming important. In the face of the climate crisis, the global oil
and gas industry is turning towards a low-carbon future. Now the world community
is promoting the idea of decarbonization - the restructuring of economy and energy
systems in order to drastically reduce CO, emissions, which will reduce the burden
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on environment. The current level of technology does not allow abandoning the
use of traditional energy sources. However, even now it is possible to improve their
efficiency in order to reduce emissions. Natural gas is a promising alternative to oil due
to its huge reserves and the rapid development of exploration technologies. Currently,
processes for utilizing methane into various products are being actively developed.
Obtaining synthesis-gas for its subsequent use in production is an important step in the
transformation of natural gas into products.

There are three technological directions for processing natural gas into products
with increased added value: production of synthesis-gas (Siang, 2017: 6; Jalali, 2020:
15), direct catalytic conversion of methane to ethylene - oxidative condensation of
methane (Kassymkan, 2020: 6, Augaliev, 2021:7), direct catalytic oxidation of methane
to oxygen-containing products - alcohols and formaldehyde (Loricera, 2017:11). The
catalytic conversion of methane to synthesis gas, a key intermediate for the production
of liquid fuels and chemicals, is one of the most important ways to utilize methane.
Compared to other sources, natural gas may be one of the cheapest options for hydrogen
production.

There are three main methods for producing synthesis gas from methane:

- steam reforming of methane,

CH,+H,0=CO+3H, AH®, ;. =+ 206 kJ/mol (1)
- partial oxidation of methane,

CH,+0.50,=CO+2H,  AH°, =+ 35.6 kl/mol 2)
- carbon dioxide reforming of methane,

CH,+CO,=2CO +2H,  AH°,, =+ 247 kl/mol (3)

Each of the above methods has its own disadvantages and advantages. However,
they all have a common drawback: catalyst deactivation caused by carbon deposition
during the reaction. The most active noble metal catalysts for these processes are very
expensive. Nickel catalysts, on which high selectivities and yields with respect to target
products were also obtained, have been extensively studied in recent years. Regardless
of the high catalytic activity, nickel-based samples tend to deactivate due to sintering
and coking. Deactivation and sintering of the active metal requires refinement of Ni-
based catalysts with improved activity and stability. Despite the high performance
in this reaction, catalyst deactivation caused by coke deposition and sintering is still
a major problem because carbon formation in nickel catalysts is structure sensitive.
Therefore, modifying additives are usually used to reduce the size of the crystallites
or increase the interaction with the support. For example, oxides of alkali, rare earth
metals, belong to them.

Nickel catalysts have been extensively studied in the past decades (Ali, 2020: 12;
Adans, 2017: 10; Estiface, 2014:10), but insufficient research has been done on Co
(Horvath, 2017: 8; Ozkara-Aydinoglu 2010: 6; Zhumabek, 2021 a: 16), Ni-Co (Turap,
2020: 11; Wu, 2016: 16; Movasati, 2019: 9; Baizhumanova, 2020: 7) and Mn catalysts
(Kim, 2019: 6; Deorsola, 2016: 10; Zhumabek, 2021 b: 8; Kaumenova, 2020: 9). The
catalysts described above showed good characteristics in terms of activity and stability.
The carbon deposition of the catalysts was negligible even in the unreduced sample. The
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structure of fluorite is inherent in MnO , which exists in several valence states. (Kim,
2019: 6). The addition of zirconium improves the stability of the catalysts (Bespalko,
2020: 24). It can be assumed that Ni-Co-Zr/Al-Mg catalyst can provide good catalytic
performance in reforming of methane to hydrogen and carbon monoxide, as previously
reported (Tungatarova, 2021: 6).

Catalyst preparation. Ni-Co-Zr/Al-Mg catalysts were synthesized by SCS method. A
series of samples was prepared with varying content of Ni, Co, and Zr in the composition
of the catalysts. Certain amounts of nitrate salts: Ni(NO,),"6H,0, Co(NO,),"6H,0,
Zr(NO,),'5H,0, AI(NO,);"9H,0, Mg(NO,),"6H,0 and glycine (H,NCH,COOH) are
weighed for the preparation of catalysts. These salts are first ground in an agate mortar
and then mixed in a porcelain cup. Then 10 ml of distilled water is gradually added
to this mixture of salts. The resulting mixture is stirred in air for several minutes until
complete dissolution. The muffle furnace is preliminarily switched on up to 500°C. The
prepared mixture is transferred from a porcelain cup into a heat-resistant glass beaker
and placed in a heated muffle furnace. After 2-3 minutes, when the door of the muffle
furnace is not fully opened, combustion in the solution can be visually observed, in
which this mixture rises along the walls of the glass during rapid boiling. Glycine is
added to SCS catalysts to improve the combustion process. The presence of glycine in
the composition of the catalyst contributes to a change in the color of the solution to
brown during combustion. Then the glass is cooled in air and the finished catalyst is
placed in a glass bottle. Structures with a high concentration of defects in intermediate
and nonstoichiometric compounds are formed, which are one of the reasons for the high
activity of SCS catalysts. General view of the catalyst prepared by the SCS method is
shown in Figure 1.

£
Figure 1. General view of the catalyst prepared by the SCS method

Ni-Co-Zr/Al-Mg catalysts were also prepared by the impregnation method.
Titrated solutions of nitrates Ni(NO,),"6H,0, Co(NO,),"6H,0, Zr(NO,),-5H,O, and
Mg(NO,),"6H,0 were preliminarily prepared. Certain amounts of prepared solutions
are mixed in a porcelain cup. A pre-calculated amount of alumina carrier is added there.
The prepared mixture is thoroughly mixed in air, placed in a water bath and kept under
constant stirring for 5-6 h. The air-dry mixture is then transferred to a clean porcelain cup
and placed in an oven for 2 h at 250°C and then calcined for 2 h at 500°C. The catalysts
were characterized by X-ray diffraction (XRD) using CuKa, radiation on a Siemens
Spellman DF3 spectrometer, scanning electron microscopy (SEM) and transmission
electron microscopy (TEM).
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Catalytic activity studies. The tests of the synthesized catalysts were carried out in an
automated flow catalytic unit in a tubular quartz reactor with a fixed catalyst bed with
on-line analysis. The studies were conducted using the reaction mixture containing CH,,
0O,, and Ar to study the oxidative conversion of methane into synthesis gas at 700 - 900°C
and atmospheric pressure. The composition of the initial reaction mixture (CH, : O, :
Ar=34%: 17% : 49%) and the products were studied by the chromatographic method.
The initial mixture and reaction products were analyzed using a Chromos GC-1000
chromatograph with the Chromos software. Chromatographic peaks were calculated
using calibration curves constructed for the corresponding products using the Chromos
software for pure substances.

Results and Discussion. Investigation of the activity of catalysts based on the initial
mixture 47% Ni - 2% Co - 1% Zr - 50% glycine - 36.15% Al - 13.85% Mg, obtained
in the process of solution combustion synthesis (SCS), was carried out in the reaction
of oxidative conversion of methane. A mixture of gases 34% CH,, 17% O,, and 50%
(Ar+H,0), CH, : O, =2 : 1, in the temperature range 750 - 900°C was used to study
the oxidation of methane to synthesis gas. The results on the yield of hydrogen and CO,
as well as the selectivity for target products for these catalysts depending on the space
velocity (500 - 8500 h') at different temperatures (850 - 900°C) are shown in Figures
2a and 2b.

The yields of hydrogen and CO, their selectivity, as well as the H /CO ratio, which
plays an important role in the further synthesis of alcohols and hydrocarbons, were
determined on this catalyst by varying the temperature and space velocities from 500
to 8500 h'. It was shown that it is possible to obtain the highest rates of yield and
selectivity for target products at space velocities from 1000 to 2500 h''. For example,
up to 55 - 57.3% H,, 19 - 19.4% CO were obtained with a selectivity of up to 84.2%
for hydrogen and 57% for CO, the ratio H,/CO = 2.8 - 2.9 at GHSV = 2500 h™'. Similar
results were also obtained at a space velocity of 1000 h™'. It should be noted that the H,/
CO ratio is more optimal and corresponds to a value of 2.3 - 2.4. A further increase of
the space velocity or decrease leads to a decrease in process performance.

As a result of temperature variation, it was found that carrying out the process at
900°C allows achieving the highest values of both the yield and selectivity for H, and
CO. However, the H,/CO ratio slightly increases from 2.3 - 2.5 (T = 700 - 800°C) up to
2.8 -2.9 (T =900°C) at GHSV = 2500 h'!, Figure 3.
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Figure 2. Effect of varying the space velocity on the yield and selectivity by H, and CO at different
temperatures on the 47% Ni - 2% Co - 1% Zr - 50% glycine — 36.15% Al - 13.85% Mg catalyst: a — yield
of I- H,, IT - CO; b — selectivity for I - H,, Il - CO
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Figure 3. Influence of the temperature of the process of oxidative conversion of methane on the yield and
selectivity by H, and CO: a - H, and CO yield, b - H, and CO selectivity. 1 - H,, 2 - CO

It is known that the addition of water vapor to the reaction mixture in the processes
of oxidative conversion of methane often plays a positive role, softening the conditions
of the process, increasing the selectivity, and reducing the carbonization of the samples.
The addition of water vapor to the initial reaction mixture and variation of the CH, : H,O
ratio (1:0,1:1,1:0.5,1:0.3) were studied on the indicated catalyst compositions. It
was found that the addition of water vapor is insignificant, but reduces the production of

synthesis gas, while increasing the yield of carbon dioxide from 0.1% to 1.1%, Figure
4. The H,/CO ratio also increases from 2.8 to 3.3.
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Figure 4. Influence of water vapor content in the reaction mixture on the yield and selectivity of the
process by H, and CO: a— H, and CO yield, b — H, and CO selectivity; GHSV = 2500 h"!

In the next series of experiments, the composition of the catalyst was studied. The
following catalysts were tested, Figure 5:

1-47% Ni -2% Co - 1% Zr - 50% rumus — 36.15% Al — 13.85% Mg,

2 -35% Ni-10% Co - 5% Zr - 50% rmuuus — 36.15% Al — 13.85% Mg,
3-20% Ni - 20% Co - 10% Zr - 50% rmunun — 36.15% Al — 13.85% Mg,
4-16.7% Ni—16.7% Co — 16.7% Zr - 50% rmuuun — 36.15% Al — 13.85% Mg.
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Figure 5. Influence of the composition of catalysts on the yield and selectivity for H, and CO: a - H,
and CO yield, b - H, and CO selectivity. 1 - 47% Ni - 2% Co - 1% Zr - 50% glycine - 36.15% Al - 13.85%
Mg, 2 - 35% Ni - 10% Co - 5% Zr - 50% glycine - 36.15% Al - 13.85% Mg, 3 - 20% Ni - 20% Co - 10%
Zr - 50% glycine - 36.15% Al - 13.85% Mg, 4 - 16.7% Ni - 16.7% Co - 16.7% Zr - 50% glycine - 36.15%
Al - 13.85% Mg; GHSV = 2500 h'!

It is shown that the compositions with the highest nickel contents give the highest
results in terms of synthesis gas. Nevertheless, the selectivities for the target products are
quite high and the H,/CO ratio is the most optimal in comparison with the other sample
compositions (2.3 instead of 2.8 - 2.9) at 20% Ni content in the catalyst composition.

A decrease in the dilution of the reaction mixture (as a result of a decrease in the argon
content) reduces the yields for H, and CO, but significantly increases the selectivity for
products (for H, - up to 97-98%, for CO - 58-60%). The most optimal composition of
the catalyst, tested for 120 h, did not reduce its activity in terms of the main indicators,
Figure 6.

60 a b
80 uH?
R aH2 2 uCO
c\h40 aCO 3:' 60
= =
o B
B g
20 -
“ 20
0
24 48 7296 120 24 48 72 9 120
Experiment duration, h Experiment duration. h

Figure 6. Effect of the duration of experiment on the yield and selectivity by H, and CO: a - H, and
COyield, b - H, and CO selectivity; GHSV = 2500 h*!

Comparison of data on the oxidative conversion of CH, on catalysts with the
composition 47% Ni - 2% Co - 1% Zr - 50% glycine - 36.15% Al - 13.85% Mg prepared
by SCS and impregnation methods shows that the values of the process parameters are
close. However, in terms of commercial use, the catalyst prepared by the SCS method
has a greater advantage due to lower energy costs. The process of impregnation, drying
and calcination requires many hours of thermal procedures, which leads to an increase
in the cost of the catalyst.

X-ray diffraction studies have shown that all diffraction patterns are almost identical.
Reflexes 2.03; 1.76; 1.24 refer to Ni (ASTM 4-850), and the X-ray amorphous
component of the structural elements related to Co, Mg, Zr, Al was not detected. Figure
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7a shows films contaminated with particles ranging in size from 8 - 10 to 15 nm. The
microdiffraction pattern is represented by rings and reflections and can be attributed
to a mixture of phases: ZrO,,, (JCPDS, 17-385), ZrH, (JCPDS, 17-1424), CoAlO,
(JCPDS, 10-459), possibly Zr (JCPDS, 5- 665). Figure 7b shows a dense aggregate,
along the edge of which there are particles 5—8 nm in size. The microdiffraction pattern
is represented by diffuse rings and can be attributed to Ni,Zr (JCPDS, 4-835), MgNiO,
(JCPDS, 24-712), and to a lesser extent MgO, (JCPDS, 19-771). Images of highly
dispersed samples are presented in Figure 7c.

Figure 7. TEM (a, b) and SEM (c) images of Ni - Co - Zr - glycine - Al - Mg catalysts

Conclusion. In the present work, Ni - Co - Zr - glycine - Al - Mg catalysts prepared
by solution combustion synthesis and impregnation methods were active in the reaction
of partial conversion of methane into synthesis-gas. The optimal conditions for the
maximum operation of this catalyst are: 34% CH,, 17% O,, 49% (Ar + H,0), space
velocity — 2500 h' at the temperature of 900°C. 57.3% of H,, 19.4% of CO with
selectivity up to 84.2% for H, and 57% for CO, H/CO ratio = 2.8 - 2.9 were obtained as
a result of the research. Reducing the dilution of the reaction mixture led to an increase
in the selectivity for hydrogen up to 97 - 98%, and for CO - up to 58 - 60%.
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EXTRACTION OF SULFUR COMPOUNDS FROM MOTOR
FUEL WITH DEEP EUTECTIC SOLVENTS

Abstract. When burned in vehicles, organic sulfur compounds in motor fuels form
SOx, leading to severe environmental pollution and widespread health problems. The
desulfurization technology needed to produce very low sulfur petroleum fuels for road
transport is unavailable. World environmental organizations are setting increasingly
stringent sulfur standards, which means there is still some research on deep fuel oil
desulfurization.

Deep eutectic solvents (DESs), which appeared at the beginning of this century,
have become excellent extractants for the deep extractive desulfurization process due to
their low cost, ease of synthesis, environmental friendliness, and good biodegradability.
Studies have shown that deep eutectic solvents (DESs) are more efficient than traditional
ionic liquids (ILs). Therefore, it is better to use deep eutectic solvents for desulfurization.
Deep eutectic solvents (DESs) are two-component mixtures consisting mainly of a
hydrogen bond donor (HBD) and a hydrogen bond acceptor (HBA). By simply mixing a
HBA component (usually a quaternary ammonium salt or a metal salt) and a component
HBD (various alcohols, amides, amines, or acids), a homogeneous solvent is formed
with a lower melting point.

The parent components of deep eutectic solvents engage in a complex hydrogen
bonding network which results in significant freezing point depression as compared to
the parent compounds. The extent of freezing point depression observed in DESs is well
illustrated by a mixture of choline chloride and urea in a 1:2 mole ratio.

Key words: deep eutectic solvents, extraction, sulphur compounds, motor fuel.
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MOTOP OTBIHBIHAH KYKIPT KOCBIJIBICTAPBIH TEPEH
IBTEKTUKAJIBIK EPITKILITEPMEH BOJIII AJTY

AnHOTanuss. MyHail OTBIHIAPBIHBIH KYPaMbIHJIAFbl OPraHUKajblK KYKIpT
KOCBUIBICTAPHI KOMIKTEp/e KaHy ke3inge SOxX Ty3emi, Oyl KopliaraH OpTaHbIH KaTThl
JacTaHybIHA JKOHE JICHCAYJBIKKA KATBICTHI ayKbIMJBI MAceJeJiepre aiblll KeJesi.
Kasipri Tanma tac ol KeJIiKTepiHe apHaJIFaH 6Te TOMEH KYKipTTi MyHail OTBHIHAAPbIH
aly YLIH KaXeTTI KYKIPTCI3ACHAIPYIIH TEXHOJOTHICHI KOJIKETIMCI3 OOJIBIIT OTHIP.
OJeMIIK KOpIaFaH OpTaHbl KOpFay YHBIMIApBl KYKIPT KYPaMbIHBIH OapFaH CailblH
KaTaJl CTaHIapTTapblH Oenriiey YCTiHAe, OyJl JereHiMi3 MyHail OTBIHBIH TEpeH
KYKIpTCi3AeHAIpy OarbIThIHIIA 9711 Jie Oipa3 3eTTeyiep Tauan eTUICTIH/IITIH KOpPCEeTEIi.

XXI racelp OacbiHma maija OojFaH TepeH HBTEKTUKAIBIK epitkimrep (TOE)
KYHBl TOMEH, CHHTE31 KapamailbIM, SKOJIOTHSUIBIK Ta3a JKOHE YKaKChl OHMOJIOTHSUIBIK
BIIBIPAFBIIITBIFBIHBIH  ApKACHIH/IA TEPEH OSKCTPAKTHBTIK KYKIpTCI3ACHAIpY mpoleci
YIIiH TaMala KCTPaKIHUSUIBIK areHTTepre alHalbl. 3epTreyiiep KopceTKeHIeH, TepeH
aBTekTHKAIBIK epiTkimrep (TOE) aactypmi nonmsik cyiibikreikTapra (MC) kaparania
tuimzipek. COHABIKTAH KYKIPTCI3AEHAIPY/IE€ TEPEH OBTCKTUKAJBIK EPITKIIITEp
KaKCHIpaK.

Tepen sBrexTukansik epitkimrep (TOE) HeriziHeH cyTeri OaillaHBICHIHBIH JTOHOPBI
(CBJ) xoHe cyreri OaitnanbicbiHbIH akientopbiHan (CBA) TyparblH €Ki KOMITOHEHTTI
kocnanap. CBA KOMIIOHEHTIH *kail apanacTeIpy apKbUIbl (KeOiHece TOPTTIK aMMOHHH
TY3bI HeMece MeTasul Ty3bl) xkoHe CBJl Oap Kypampaac (apTypii CUpTTEp, aMHITED,
aMUHJIEp HEMEeCe KBIIIKBUIIAP), 9/IeTTe OalKy TemrepaTypachl Taza 3aTTapIblH OanKy
HYKTEJIepIHEH TOMEHIpeK OIpTEeKTi epiTKIII Ty3UIe .

TepeH SBTEKTHUKANBIK EpPITKIIITEPIH HETi3rl KOMIIOHEHTTEepi KypJeni cyTeri
OalTaHBICHl JKEIiCIHEe KaThICaJbl, Oy OacTarkbl KOCBUIBICTAPMEH CalbICThIpFaH/Ia
KaTy HYKTECIHIH a#tapibikTaii TemeHnjaeyiHe okeneni. DES-nme OalikanaTelH KaTy
TEMIIEPAaTYPaChIHbIH TOMEHJCYIHIH JIopeKeci XONHWH XJIOpWAI MEH HECEIHIp
KOCTACBIHBIH 1:2 MOJb KaThIHACHIHA KAKChl CYPETTENTECH.

Tyiiin co3mep: TepeH BTEKTUKANBIK €PITKIIITED, SKCTPAKIINS, KYKIPT KOCBUIBICTAPHL,
MOTOP OTBIHBI.
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W3BJIEYEHUE COEJJMHEHUI CEPBI U3 MOTOPHOI'O TOILJIMBA
INTYBOKUMHU OBTEKTUYECKUMU PACTBOPUTEJISIMU

AnHoTanus. [Ipy cxxuranny B TpaHCIIOPTHBIX CPEICTBAX OPraHNMYECKHUE COSTUHEHUS
cepbl B MOTOPHOM TOILIHBE 00pa3yroT SOX, YTO MPUBOIUT K CEPHE3HOMY 3arpsi3HEHHIO
OKpY’Kalolle cpenbl M IIMPOKO paclpOCTPAHEHHBIM MpoOIeMaM CO 3710POBHEM.
TexHomnorus necyabQypuzanun, HeoOX0AUMas AJIsl IPOU3BOJICTBA HE(DTSIHOTO TOILIMBA
C OYCHb HHU3KHM COJICP’KAaHHEM CEpHI JUIsi aBTOMOOHMILHOTO TPAHCIIOPTa, HEJOCTYITHA.
MupoBBI€ KOJIOTHYECKHIE OpPTaHN3alH YCTaHABIMBAIOT Bce OOsiee CTPOTHE CTaHAapThI
cofiepKaHMA Cephl, YTO O3HAUYAET, YTO BCE €IIle MPOBOASITCS HEKOTOpPbIE MCCIIETOBAHMS
10 TIIyOOKOH Necynbhypannuu MaszyTa.

I'myOokue sBrekTnyeckue pactBoputenu (I'OP), mosBuBIIMECsS B Hayane 3TOTO
CTOJIETHS, CTAJIM OTIMYHBIMU dKCTpareHTaMHu JiIsl poliecca TTyOOoKOH SKCTPAKTHBHOM
necynbQypuzanyu Onarogaps X HU3KOH CTOMMOCTH, TPOCTOTE CUHTE3a, IKOJIOTHYHOCTH
1 Xopolei bnopaznaraemoctu. McciaenoBanus mokasaiu, 9TO TIyOOKHE DBTEKTHUCCKUE
pactBoputenu (I'DP) Gonee 3pdekTHBHBI, YeM TPaJUIMOHHBIC HOHHBIC KHJIKOCTH
(M2K). TToatomy 1151 iecynb(ypu3aium Jydliie UCI0Ib30BaTh INyOOKHE 3BTEKTHICCKHUE
pPacTBOPHUTEH.

I'myOokue sBrexTHueckue pactBoputenu (I'OP) mpencraBngior coOol JByXKOM-
[TIOHEHTHBIE CMECH, COCTOSIINE B OCHOBHOM M3 JIOHOpa BomopoaHoil cesa3u (IBC) u
akmenropa Bomoponuoit ceszu (ABC). [IpocteiM cmemmBanueMm kommoHeHTa ABC
(OOBIYHO YETBEPTUYHOW aMMOHHMEBOW COJHM WM COJM MeTauia) u kommoHeHTa JIBC
(pa3nmUYHBIX CIUPTOB, aMHJIOB, AMHMHOB WJIM KHCIOT) 00pa3yercs TOMOTEHHBIH
pacTBopuTeib ¢ Ooliee HU3KOH TeMIeparypo MIaBIeHusI.

HcxonHple KOMIOHEHTHI TIYOOKHX 3BTEKTHYECKHX pPAacTBOPHUTENEH 00pa3yroT
CIIO)KHYIO CEThb BOJOPOIHBIX CBSI3€H, YTO TPUBOAUT K 3HAYUTEIHHOMY CHHKEHHIO
TEeMIepaTypbl 3aMep3aHHs 0 CPaBHEHHMIO C WCXOIAHBIMU coeAuHEeHUsMHU. CTerneHb
MOHW)KEHUSI TOYKW 3aMep3anus, HaOmomaemas B DES, xopomo wiroctpupyercs
CMEChHIO XJIOpUa XOJIUHA ¥ MOYEBHUHBI B MOJISIPHOM COOTHOITICHUH 1:2.

KioueBble ciioBa: TiyOOKHE DBTEKTHUECKHE PACTBOPHUTENH, OSKCTPAKLUS,
COEIMHEHHUS CePbl, MOTOPHOE TOTTUBO.

Introduction. Sulfur contained in fuel leads to the release of sulfur oxide (SOx)
when burning motor fuel. It is the most crucial contribution leading to acid rain, air
pollution, and human diseases because the SO2 interferes with the catalysts applied
in vehicle exhaust treatment systems, resulting in the increased emissions of nitrogen
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oxides (NOx) and total suspended solids (TSP). Hence, more and more countries have
established rigid rules to lower the sulfur content. Sulfur content in diesel and gasoline
has been slowly decreasing and is close to zero level for varieties of applications.

The combustion products of petrol fuels are water, nitrogen and carbon dioxide.
However, sulfur is one of the main pollutants in diesel fuel. Incomplete combustion
of fuel engines results in the emission of sulfur oxides (SOx), nitrogen oxides (NOx),
carbon monoxide, and hydrocarbons, which are the source of soot and fine particles
in air pollution. These air pollutants are the main components causing cancer, heart
damage, lung damage, and mental functioning problems (Al-Zahrani et all., 2015).

There is no doubt that sulfur compounds are amongst the most problematic
components present in crude oil which has a direct influence on the performance of the
distillation processes. Many methods were used to remove sulfur compounds in crude
oil but none of them are able to eliminate them completely (Babich et all., 2003). In fact,
sulfur content and the specific gravity of crude oil are the most important characteristics
which effect the oil price market.

Aromatic organosulfur compounds mainly include thiophene and its derivatives
which are more intractable than mercaptans and sulfides (aliphatic) compounds to
desulfurize in crude oils (Zhang et all., 2004).

0 QD

I'hiophene Dibenzothiophene
Thiane

S,

/

Benzothiophene

Nap 1thnb‘,n/nlhmphu

S '
methyl phenyl sulfide SH O
RSH: Mereaptane
RSR : Sulfides
RSSR : Disulfides

thiophenol diphenyl sulfide

Figure 1: Chemical structure of some sulfur containing compounds found incrude oil [Otsuki et all.,
2000].

Sulfur removal is essential during refining, because the liquid-phase is very corrosive
at high temperature which is a significant issue in combustion engines (Hugheya et all.,
2010). In addition, sulfur compounds are an issue during the refinery processes as well
as during storage, transportation and separation (El-Nady et all., 2012).
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Formation of sulfur species are clearly a major issue in air pollution, airborne
particulate emissions and endangering public health. Therefore, the removal of sulfur
compounds from diesel down to ultra-low ppm levels is of major importance [Srivastava
et al., 2012].The most important purpose for eliminating sulfur content from oil is to
reduce SO2 emissions producing upon combustion, which cause acid rain (Li et all.,
2009).

DESs, as ILs analogues, have emerged at the beginning of this century. In general,

S0 (2) = 12205 (g) — = S04 (2)
SO;(g) + H,O () ——= 11,80, (aq)

Various toxic and irritating fumes result from the decomposition of aromatic S-
compounds on heating (Duissenov et all., 2013). In addition, thiophenic compounds are
notorious as a poison for catalysts which are used to make oil-based products (Doctor
et all., 20006).

Owing to the lower reactivity of sulfur compounds in diesel oil with the removable
active catalyst, they are difficult to desulfurize. Moreover, sulfur compounds tend to
deactivate the performance of some catalysts used in refinery processes by blocking
catalyst active sites decreasing adsorption and slowing reaction [De-Souzaa et all.,
2009]. The allowable concentration of sulfur in diesel and gasoline fuel in vehicle
exhaust emission was lowered to 10 ppm in 2014 (Table 1) (McKinley et all., 2009).

Table 1: Sulfur content in diesel and gasoline fuel according to the European standard requirements.

Standard | The time of standardbeginning to work Sulfur content (ppm)
Diesel fuel Gasoline fuel

Euro 1 1994 (October) 2000 1000
Euro 2 1999 (October) 500 500
Euro 3 2000 (January) 350 150
Euro 4 2005 (January) 50 50
Euro 5 2009 (January) 10 10
Euro 6 2014 (September) 10 10

Separation of a solute from a liquid phase can occur through;
* evaporation (for a volatile solute)

» precipitation for solutes with low solubility

* adsorption on a solid substrate

* or liquid-liquid extraction with an immiscible solvent.

The first two options are not suitable for the extraction of sulfur-containing compounds
from oil and this project will focus on liquid-liquid extraction. For the extraction of
solutes from oil, a polar solvent is required but water is an unsuitable choice because it
impedes combustion in fuels and causes corrosion in lubricants. lonic liquids have the
advantage that they can be made immiscible with hydrocarbons but they can also show
significant solubility for heterocyclic compounds (EBer et all., 2009).

The aim of this chapter is to extract thiophene compounds (Th, BT, and DBT)
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from diesel and determine their partition coefficient (Kp) using different types DESs.
Initially, n-decane will be used as a model hydrocarbon to simplify the chemistry.
While a few studies have used DESs to extract thiophene compounds, nothing is known
about the thermodynamics of extraction and therefore it is impossible to predict which
DESs are optimal for the extraction process. This study will use classical equilibrium
thermodynamics to determine the effect of the hydrogen bond donor on extraction
efficiency (Li et all., 2009).

The first task for the extraction was to develop an analytical method that was
capable of accurately determining the number of thiophene species in the oil phase
following extraction. Two techniques were chosen from the literature. These were gas
chromatography-pulsed flame ionization detection (GC-FID) and UV-Vis spectroscopy.

Compared to other methods, GC-FID showed high sensitivity, good reliability, and a
wide dynamic range compared to other techniques. GC-FID chromatograms provide a
distribution modality of hydrocarbons in crude oils and gives a fingerprint of the major
oil components. In the FID detector, the gas sample is passed into a hydrogen flame
for combustion. The hydrocarbon concentration in the sample gas will affect the rate
of ionization which in turn is directly proportional to the current. An electrical signal
is produced when the ions are collected and this is used as a measure of the analytic
concentration (Zhang et all., 2009).

Principally, EDS depends upon the different partitioning of sulfur compounds
between the organic phase and the extractant phase. Extractive desulfurization (EDS)
does have some advantages in that it is simple and can be carried out at moderate
conditions (low pressure and temperature), without using a catalyst or hydrogen gas.
Secondly, EDS does not make any change to the structure of the chemical compounds
in the fuel oils and S- compounds can be re-employed as raw materials as showed in
Figure 2 (Gao et all., 2009).
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Figure 2: Extractive desulfurization.

The selectivity of an extractive solvent is an important factor in EDS design as it
controls efficiency, reusability, and recyclability. The difficulty with the technique is
regenerating the extractive solvent (Jeon et all., 2009).

Research materials and methods. DESs preparation method. For example, the
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DESs will be used choline salts as the hydrogen-bond acceptor (HBAs) and a range of
hydrogen-bond donors (HBD)s. The hydrogen bond donor (HBD) and salt are mixed
with respect to the specified HBD: salt molar ratio at a particular mixing speed and
temperature until a clear homogeneous liquid phase was produced. As DESs should
be prepared by mixing betaine with ethylene glycol, glycerol, and propylene glycol in
1:1, 1:2, and 1:3 molar ratios. Then, the mixtures will be stirred in a flask and placed
on a hot plate magnetic stirrer at 80 °C and 500 rpm for at least 3 hours until a colorless
homogeneous liquid will be formed. The same procedure should be employed to
synthesize other new types of DESs.

Extraction of organosulfur species by DESs. Initial studies can be carried out using
both GC-FID and UV-vis spectroscopy. At least six calibration curves should be made
using thiophene (Th), benzothiophene (BT), and dibenzothiophene (DBT) separately in
heptane, decane, and toluene in different concentrations.

Figure 2: Example of synthesized DESs.

Optimization of the T, BT, DBT extraction and (Kp) determination. A partition-
coefficient (Kp) or sometimes called distribution-coefficient (KD) is defined as the ratio
of concentrations of a compound (S- compound) in a mixture of two immiscible phases
at equilibrium. It is an important parameter for an extractive desulfurization process,
and the higher the partition coefficient is, the better the desulfurization performance of
an extractant.

In a work the corresponding partition coefficient of organosulfur species between
oil and DES will be derived and should be defined according to the following equation:

Sulfur species % = “x100 (1)
Co

where, C, is the initial concentration of T, BT, DBT or and their analogues in model
fuel, and C. is the concentration of remaining S-containing compounds in the oil phase
after the reaction began for a certain amount of time.
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Conclusion. DESs research is booming, and novel areas for applications are being
explored. One of these is the use of DES as an extraction solvent in petrochemistry.
Considering the advantage of DESs as highly selective solvents, the major area of
application is the targeted analysis of certain compounds. After several comparative
studies, it has been proven that DES is superior to other solvents in many aspects,
including non-toxicity and the possibility of synthesis at a low price. However, there
is still a long way to go before DESs might eventually replace the classical organic
extraction solvents used in preanalytic steps.
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HNCIIOJIB3OBAHUME COITYTCTBYIOIUX MPOAYKTOB
MACJIO)KUPOBOM NPOMBIIIJIEHHOCTH B ITIPOU3BOACTBE
INWHHOI'O PETEHEPATA

AHHoTanmusa. B naHHOW paboTe w3ydeHa BO3MOXHOCTh TPUMEHCHHS OTXOJIOB
MAacCJIOKUPOBOM TPOMBIIIICHHOCTH (JIMaTOMHUTA) B pelenType MOAU(DUIMPOBAHHOTO
LIMHHOTO pereHepara.

YuuThiBasi MOTEHLMAT MAaCIOKHUPOBBIX mpeAnpuartuii Kazaxcrana, Bompoc mepe-
pabOTKU BTOPUYHBIX PECYPCOB C IIENIBI0 CO3/IaHUSI OTEYECTBEHHBIX KOHKYPEHT-
OCIIOCOOHBIX TIPOJTYKTOB HA OCHOBE OTXO/IOB MACIIOKHPOBOW TIPOMBIIIICHHOCTH TOCTIE
HEUTpaIIM3alUl Macell U KUPOB ABISIETCA Ba)KHbIM. Y THUIIM3aUus JAaHHBIX OTXOZOB
MO3BOJINT CHU3UTh TEXHOTEHHOE BO3JCHCTBUE HA OKPYXKAIOLIYI0 CpEdy, a TaKKe
BOBJIEYb UX B HOBBII MPOU3BOACTBEHHBIN LIMKJI B KAUECTBE BTOPUUHBIX MATEPUAJIbHBIX
pecypcoB. Cozanue Ha UX OCHOBE MHIPEIUEHTOB JIJIsl TOJIYUYEHUS pereHepara mo3BOIUT
3aMEHUTH ACPUIMTHBIC U JJOPOTOCTOSIINE XUMUKATHI-T00aBKH, B TOM YUCIIE HA OCHOBE
He(TENPOIYyKTOB, YIyUIINTh TEXHOJOTHYECKHE CBOMCTBA pEereHepara npu COXpaHeHU!
WM K€ TMOBBIIICHUA HEOOXOIUMOTO YpPOBHsI (DM3MKO-MEXaHUYECKUX IOKa3arese, a
TAKXE MO3BOJIUT YMEHBIIUTh HATPY3Ky HAa OKPYKAIOLLYIO CPELY, IOITOMY MOUCK MyTEN
HCMOJb30BaHuUs OTXO0B ITPOU3BOACTBA PACTUTEIBHBIX MACEN B IPOU3BOICTBE PE3UHO-
texuuueckux u3aenuit (PTU) sBasercs akTyalbHON 3a7auell Kak ¢ IKOHOMHUYECKOH,
TaK U C DKOJIOTMYECKOM TOYEK 3PEHUSL.

Lenpro nanHOM pabOTHI SBISETCS H3YYCHHE BO3MOXKHOCTH MPUMEHEHUS JUATOMHUTA
— 0TX0JIa MaCJIOKHPOBOH MPOMBIIIIJICHHOCTH B KQ4eCTBE MOIU(UKATOPA B IPOU3BOJICTBE
LIMHHOIO pEreHepara U HX MCIOJIb30BAHUE B PELENTYPAX PESUHOBBIX CMECEH.

B nmonynpowmeiiiernsix yenopusix Ha TOO «Oxko-1llunay momyden moguduimpo-
BaHHBIN IIMHHBIN pereHepar ¢ 3aMEHOM JOPOTrOCTOSLIErO TEXHUYECKOIO yITEpoAa Ha
JIMaTOMUT— ICUICBBINA OTXO]T MaCJIOXKUPOBOH IPOMBIIIIIEHHOCTH. PacimpeHHbIe U3nKo-
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MEXaHMYECKHE UCTBITaHUS ONBITHBIX PE3NH MPUBENIN K BBHIBOAY O LEIECOOOPa3HOCTH
WCIIOJIb30BAHNSA JIMATOMHUTA B pELENTYpe PE3HMHOBBIX CMecel JUIs HM3TOTOBJICHUS
MTOJIPETHLCOBOI MPOKIIAIKH JKEIe3HOTOPOKHBIX TyTeH.

KiroueBble cjioBa: OTX0Z IIPOM3BOACTBA PACTUTEIBHOTO Macia, MHIPEAMEHTBHI,
perenepar, MoOAMGUIMPOBAHHBIM IIMHHBIA pEreHepar, JUAaTOMMT, MOAPEIbCOBas
MIPOKIIAJKA.
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[IMHA PETEHEPATHI OHIIPICTHIE MA OHEPKOCIBIHIH LJIECIIE
OHIMJIEPIH ITAMJAJIAHY

AHHoOTanmus. byJ skymbicTa Mait eHepkaciOi KaaAbIKTapbIH (IUaTOMHUT) MOan(UKa-
LUsUTaHFaH [IUHA PereHepaThIHbIH PELENTIHIe KOJIAaHy MYMKIHJIIT] 3epTTEIII.

KazakcranHbIH Mait eHepKaCiOiHIH aJIeyeTiH ecKepe OTHIPHIT, Maiiiap MEH Maiiapibl
OciiTapanTaHAbIpFAaHHAH KEHiH Mall ©HEPKOCIOIHIH KaJIBIKTAPHl HETI31HIE OTaHIBIK
Oacekere KaOiIeTTi OHIMIEPI KYPY MaKCcaThIH/Ia eKiHIIJTIK pecypcTap/Ibl KaliTa oHIey
Maceneci MaHbI3Ibl OOMBIN TaObLIAbl. Byl KamABIKTapIbl KoAETe kapary KopilaraH
opTara TEXHOTEHJIK ocepii a3aiTyra, COHIAH-aK oJaplbl eKIHIIUIK MaTephaIbIK
pecypcrap peTiHAe jKaHa OHMAIPICTIK HMKITe TapTyFa MYMKIiHIIK Oepeni. Onapabiy
HEri3iH/e pereHepar aiy YIIiH HHIPSIUCHTTEP JKacay TaIllllbl )KOHE KbIMOAT X UMHSIIBIK
KOCTIaJIap/ibl, OHBIH IMTiHAE MYHAW ©HIMaepi HETi3iHAe aaMacThIpyFa, (Hu3uKa-
MEXaHUKAJIBIK KOPCETKIMITEP/IiH KaKETTi JICHTeHiH caKTail OTBIPBIIT HEMECe apTThipa
OTBIPBIIL, PETEHEPATTHIH TEXHOJIOTHSUIBIK KACUETTEPIH XKaKCapTyFa, COHJIaii-aK KopIiaraH
opTara JKYKTEMEHi a3aliTyFa MYMKiHIIK Oepeni, COHABIKTaH pe3WHa-TEXHHUKAaJIBIK
oyiieiMaap (PTB) enpipicine ecimMaik Maiiapbl OHAIPICIHIH KaJIBIKTAPbIH Malialany
YKOIIAPBIH 13716y IKOHOMHKAIIBIK JKOHE IKOJIOTHSUTBIK TYPFBIIAH ©3€KTI Macelie OOJbII
TaOBUIAIEL.

Byt sKyMBICTBIH MaKcaThl — Mall ©HEPKICIOIHIH KAJABIFBl — JHATOMUTTI ITHHAIBIK
perenepar eHAipiciHne MoaM(UKATOp PETiHAE KONAaHy MYMKIHIITIH KoHE ONapiabl
pe3rHa KOCHaIapbIHBIH pelenTepiHe KOIIaHy OOJbIN Ta0bLIa b,

JKaprsinait enepkacinTik sxarnaiaapaa « xo-1unay XKIIC - e KbiMOaT TEXHUKAJIBIK
KOMIPTEKTI Mai ©HEpKaCiOiHIH ap3aH KalJIbIFbl — JUATOMHUTKE ayBICTBIPAa OTBIPHIIM,
MonuUKaIUsIaHFaH I[MHHAJIBIK pereHepar ambIHAbl. TokipuOemiK pe3nHaIapIbIH
KEHEHTUITeH (M3HMKa-MEXaHUKAIBIK CBHIHAKTAPBl TEMIip IKOJNJIAPIBIH PpPEelIbC acCTh
TOCEMIH jKacay YIIiH pe3WHA KOCIHAIAPBIHBIH PEHENTIHJE IUATOMUTTI KOJAaHY/IbIH
OPBIH/IBLIBIFBI TYPAJIbI KOPBITHIH/IBIFA OKEJII.

Tyiiin ce3mep: eciMiik Maibl OHIIPICIHIH KaJBIFbI, HHIPEAUCHTTEP, PEreHEpar,
Mo U UKAIMSUIAHFaH [IIMHA PEreHePaThl, JUATOMUT, PEJIbC aCThl TOCEMI.
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THE USE OF RELATED PRODUCTS OF THE FAT AND OIL INDUSTRY IN
THE PRODUCTION OF TIRE REGENERATE

Abstract. In this paper, the possibility of using fat-and-oil industry waste (diatomite)
in formulations of modified tire regenerate is studied.

Given the potential of fat-and-oil enterprises in Kazakhstan, the issue of processing
secondary resources in order to create domestic competitive products based on waste
from the fat-and-oil industry after the neutralization of oils and fats is important. The
disposal of these wastes will reduce the anthropogenic impact on the environment,
as well as involve them in a new production cycle as secondary material resources.
The creation of ingredients based on them for the production of regenerate will allow
replacing scarce and expensive chemical additives, including those based on petroleum
products, improve the technological properties of the regenerate while maintaining
or increasing the required level of physical and mechanical parameters, and will also
reduce the burden on the environment, therefore, the search for ways to use waste from
the production of vegetable oils in the production of rubber products (RP) are an urgent
task, both from an economic and environmental point of view.

The purpose of this work is to study the possibility of using diatomite - waste oil and
fat industry as a modifier in the production of tire regenerate and their use in formulations
of rubber mixtures.

In semi-industrial conditions, a modified tire regenerate was obtained at «Eco-Tire»
LLP with the replacement of expensive carbon black with diatomite - a cheap waste
of the fat and oil industry. Extended physico-mechanical tests of experimental rubbers
led to the conclusion that it is advisable to use diatomite in the formulation of rubber
mixtures for the manufacture of under-rail laying of railway tracks.

Key words: waste of vegetable oil production, ingredients, regenerate, modified tire
regenerate, diatomite, under-rail gasket.

Beenenne. B Hacrosiiiee Bpemsi B Halllel CTpaHe KOJIMYECTBO MOJIMMEPHBIX OTXO/I0B
COCTaBJIsIET 0oJiee OHOTO MIUIJTMOHA TOHH B TOJl, & MPOICHT WX HCIIOJB30BAHUS [0
CHUX TIOP MaJI. Y YUThIBAs CHCIU(PUUCCKIE CBONCTRA MOJTUMEPHBIX MATEPHAIIOB — OHH HE
MIOJIBEPTaroOTCsl THUECHUIO, KOPPO3HUH, TPOoOJieMa MX YTUIN3AIMKA HOCHUT, TIPEXKIIE BCETO,
skosioruueckuii xapakrep (Klinkov 2005).

W3BeCTHO, 4TO M3HOILICHHBIE IIMHBI MOT'Y T OBITh UICTOYHUKOM JICIIEBOTO OJIMMEPHOTO
CBIPBSI IPH MOy YCHU N U3 HUX PereHepara. PereHepaToM Ha3bIBaIOT POIYKT IIEpepadoTKH
PE3UHOBBIX OTXOJIOB, XaPAKTEPU3YFOIIUNCS CIIOCOOHOCTHIO CMEIIUBATHCS C KAy4yKOM U
WHIPEAUEHTAMU U MOJIBEPraThCsl MOBTOPHOM ByJikaHU3aluu. [1o cTpyKType, cocTaBy u

48



Volume 4, Number 453 (2022)

CBOHCTBaM pereHepar nog00eH pe3nHOBBIM CMECSIM, UCIIOIb3YEMBIM AJISl U3TOTOBIICHUS
HOBBIX m3fenuil. [Ipu pereHepanuu NMPOUCXOAUT TepMHUUECKas AECTPYKLHMS CBs3el
Cepbl, B pe3ylbTare 4ero MX CofepKaHWe B pereHepare ymeHsbluaercsi. OcHOBHas
4acTh BHOBb 00PA30BABILIMXCS CBS3EH B pereHepare sIBISETCS YIIepOa-yIIepOIHbIMU.
YckopuTenn pereHepandd pe3rH 00eCHeYrBalOT CHIDKEHHE IJIUTEIBHOCTH WIIH
TEeMIepaTypbl Mpolecca, YMEHbIIEHHE PacXola MATUYUTENS, YIyUYllleHHe TEXHHISCKHX
KauecTB pereHepara v pe3uH ¢ ero Jo0aBKkamMH. TeXHOIOrMYEeCKUE CBOICTBA PE3MHOBBIX
cMecell, cozeprKalluxX peresepar, ynydmatorcs. [loaTomy nmpu nesneHuu peresepara Ha
TEeXHUYECKUE MapKH yuuThIBatoTcsl 00a atux (akropa (Nikoljukin et all, 2011).

Bomnpocsl, cBsi3aHHbIE ¢ pereHepanneii 1 JaabHeHIINM IPUMEHEHHEM OTPab0TaHHBIX
LIMH ¥ PE3NHOBBIX W3IEIHIA, IMEIOT aKTyalbHOE 3HAYCHHE.

B Hacrosiiiee BpeMs OCHOBHBIM HaIlPaBJIEHUEM HX IEPEPAOOTKH SBISIETCS MOy YCHUE
MOIM(UIMPOBAHHBIX IIMHHBIX PEreHeparoB, MPUMEHSIEMBIX MPEUMYILECTBEHHO
B KayeCcTBE HAIOJHUTENS PE3UHOBBIX CMeceil M Kak J00aBKM B HEOTBETCTBCHHBIC
nznenus. biaromapsi COBEpIIEHCTBOBAHHUIO PELETITYP MOAU(PHLIUPOBAHHOTO IIMHHOTO
pereHepara ¢ NPUMEHEHHEM OTXOJOB MAaclIOKUPOBOW MPOMBIIIIEHHOCTH MOYHO
pemuThy mpobieMy TOBBILICHUSI pecypca padOThl PEe3MHOTEXHUUYECKUH H3IENUd U
TEXHOJIOTUYECKUX METOI0B uX usrotoBienus (Kalmataeva et all., 2022).

B nmannoif paGore m3ydyeHa BO3MOXXHOCTH NMPHMEHEHHS OTXOIa MAaCIIOXKHPOBOM
MIPOMBILUIEHHOCTH (IMATOMUTA) B PELENType IIMHHOTO pereHepara.

VYuuThIBas MOTEHIMAN MAaCIOKUPOBBIX Hpeanpustuii Kasaxcrana, Bompoc mepe-
PpabOTKMBTOPUYHBIX PECYPCOBCIENBIO CO3IaHNsI 0TEUeCTBEHHBIX KOHKYPEHTOCIIOCOOHBIX
MIPOAYKTOB HA 0CHOBE OTXO0/I0B MACTI0KHPOBON IPOMBIIIJIEHHOCTH IIOCIIE HEUTpaIn3aliun
Macell U JKUPOB SIBJISIETCS BYKHBIM. Y TUIIU3AIMS JaHHBIX OTXOAOB MO3BOJIUT CHU3UTH
TEXHOT'€HHOE BO3JIEHCTBHE Ha OKPY’KAIOIIYI0 Cpeldy, a TakkKe BOBJIEYb MX B HOBBIN
MIPOM3BOACTBEHHBIN UK B KAUECTBE BTOPUYHBIX MaTepualibHbIX pecypcoB. Co3nanue
Ha MX OCHOBE WHIPEIMEHTOB JAJIsi NMPOM3BOACTBA pEreHepara IO3BOJUT 3aMEHUTh
Ne(QUUUTHBIE ¥ AOPOTOCTOSIIINE XMMHUKAaThl-100aBKM, B TOM YHWCIE  Ha OCHOBE
HE(PTENPOLYKTOB, YIyUIINTh TEXHOJIOTUIECKHE CBOMCTBA pereHepara npu COXpaHeHUH
WM K€ TOBBIIICHUH HEOOXOAMMOTO YPOBHS (DPM3MKO-MEXaHMYECKUX IOKa3zaTelel, a
TaKKe MO3BOJIUT YMEHBIIUTh HArPy3Ky Ha OKPY’KAIOILYIO CPey, TOITOMY MOUCK IMyTel
HCIOJB30BAHNSA OTXOJIOB NMPOM3BOACTBA PACTUTENBHBIX Macen B mpousBoacTtse PTU
SIBIIIETCS] aKTyaJlbHOH 3a7adeil Kak ¢ 3KOHOMHYECKOM, TaK M C IKOJOTHYECKOW TOUYEeK
3pennst (Ospanova et all.,2017).

JuaToMuT SBISIETCS OTXOIOM, 00pa3yroIUMCs OCIe OTOCNIMBAHHS PACTUTENBHBIX
Macesl ¢ OMOLIBbI0 OTOGNBHBIX TIIMH (TpH O0TOENIKe Maciia MPOUCXOAUT OYHCTKA Macia
OT MPOIYKTOB OKHCJIEHUsI, METaII0B, (hoconunuaos, cieqos Mbul). OtpaboTanHas
orOenpHas TIMHA, coxepikarias macio (ot 25% mo 60%), momamaeT B OTBaJIBI Ha
TEPPUTOPUH  MacjonepepadaTh-BalOUINX NPEeANpUsITAH. J{MaTOMUT OTHOCHTCS K
orxonaM 4 kjacca omacHocTH. Ero omacHele CBOMCTBa 3aKiIO4alOTCAd B TOM, 4YTO
OH CIOCOOEH CaMOBO3TOpaThCsl MPH KOHTAKTE C BO3AYXOM B IMPOIECCE OKUCICHHS
a/IcOpOMPOBAHHOTO PacTUTENIBHOTO Macia. OOBIYHO OTBaJbl TUATOMHUTA-OTXO0/a TOPAT
B TEYCHUE MHOTHX MECALEB aHAJOTUYHO TOPEHUIO TOPQSIHBIX OTBAJIOB.
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B Hacrosimiee BpeMs HMEIOTCS CBEOCHHS IO HCIOJIB30BAHUIO JAWATOMUTA B
MIPOM3BOACTBE KHpIHYA, KEpaM3uTa, [eMeHTa, oJdu(]bl, ra300eToHa, MBUIBHBIX IIAaCT,
B KauyecTBe J00AaBKM B MarHe3WajbHOE BsDKYIIEE, 3aKIaJOYHBIC CMECH, IOPOKHBIC
OWUTYMBI, a TAK)KE B KOMOHKOPM.

Lenbto maHHOH paboOTHI SIBISAETCS MCCIEAOBAHUE BO3MOXKHOCTH TPUMEHEHHS
JMAaTOMHUTA B KauecTBe MOAM(HUKATOpa B MPOM3BOJACTBE HMIMHHOTO pEreHepara, U uX
HCTIOJIb30BAHUE B PELIENITYpax PE3MHOBBIX CMECEH.

MarepuaJibl 1 MeTObI HccJIeI0BaHus. B kauecTBe 00bEKTOB HCCIIEIOBAHUS
paccMaTpHuBaIm:

- TMaTOMUT — OTXOJl MacloKUpoBoi mpombiiieHHOcTH, TOO Apaii, . IlIbIMKeHT;

- MOAM(ULIUPOBAHHBIN IIMHHBINA pereHepar (tadmuua 1);

- peLenT pe3nHOBOM cMecH s moapenbcoBoit nmpoxiaaku Ol 356, II1328 TOO
«OxormHay (Tadnuna 3);

HccnenoBanusi mpoBOAMIN METOJAMH:

-nuddepennnansHoro TepMuueckoro ananusa ([ATA), TrepmorpadumerpuyecKoro
(TG) n muddepenunansHo-TepmMorpasuMeTpuueckoro (ATG) ananuza Ha mpudope
nepuBarorpad mapku «KDERIVATOGRAPH Q-1500D» (puc. 2).

-UK — cnoekrpansHoro anammsza Ha npubope UWK-Dyppe cmextpomerp
ShimadzulRPrestige-21 ¢ mpucTaBKoii HApyILIEHHOTO MOJIHOTO BHYTPEHHETO OTPasKeHUS
(HITBO) Miracle pupmsr PikeTechnologie (puc.3).

MUKpPOCKOTIMYECKHE MCCIIECAOBAHNS TPOBOAMIN HA UCCIIEI0BATEILCKOM KOMILIEKCE
Ha 0a3e MOJIMAIMHUCCUOHHOTO AEKTPOHHOTO MUKpockona Supra SSVP (POM, puc.1).

MonnbuuupoBaHHbINM IIWHHBIA pereHepar MoNydand B JBYXIIHEKOBOM CMECHUTENe
C OJHOBPEMCHHBIM OXJQKICHUEM TeIUIONepeaayeld dJIeMEeHTaM KOHCTPYKIHMU
JIBYXIIHEKOBOTO cMecuTens (Sagitova et all., 2022).

PesunoByto cmecr momyuanu Ha Badblax ([OCT 14333-79E  Banbims
pe3nHO00padaTHIBAIOILINE).

Pe3yabrarbl U ux odcy:xaeHue. MuHepalbHBI COCTaB AMATOMUTA ONPEICISIIH
meronamu POA u JITA.

Pesynbrarel POA mpencrasiensl Ha pucyHke 1. PentreHorpaduyeckuii anamms
MOKa3all HallMYue CAeAyIoluX sneMeHToB, %: O - 51,85: Na — 2,17: Mg — 0,18:
Al - 1,14: S1 — 41,55: P - 0,30: Cl — 0,84: K — 0,43:Ca — 0,27: Fe — 1,28 B urore
100.00%. CornacHO OaHHBIM PEHTIeHOrpaUUecKoro aHain3a, OCHOBHYIO YacTb
JMAaTOMHUTA COCTaBIsIeT peHTreHoamopdueiii kpemuesem (41,55%). Taxxke mmeercs
nvHust, oTHOCAmmUXCs K Fe,O,, 4To CBS3aHO ¢ pasioKeHneM HOHTPOHUTA U aMOP(HBIX
THATapHBIX (OPM JKesle3a, KOTOphIe B JalbHEHIIeM MPUAAIOT OKPACKy O00KKEHHOMY
IUaTOMHTY. DTO cornacyercs ¢ nureparypubiMu ganabiMu (Ubas’kina et all., http:/lib.
mkgtu.ru).
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Pucynok 1. Pentrenorpamma (POM) nuaromura

JomomauTensHy0o WHGOPMAIMIO O TMpOoIeccax, MPOUCXOMAIINX IPH Harpese,
nonyuniu npu ananuse kpusbiX TI' u ITT. KonuuecTBeHHOE onpeiesieHre U3MEHEHUS
MacChl IPOBOIMIH 110 KpuBEIM TT (puc. 2).
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Pucynok 2. Kpussre muddepennmansaenii Tepmudeckoro ananusa (JITA), TepmorpaduMeTpuaeckoro
(TG) u muddepennnanbHbIil TepMorpasumerpraeckoro (ITG) ananmmza o6pasnos quoramuta TOO

«Apait»
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[o pe3ynpraram gepuBaTorpaMMbl BEIIECTBEHHBIH COCTaB JUATOMUTA IPECTABIICH:

-onanom (SiO,*nH,0) — mux npu 150°C — neruaparanus (B 3aBUCUMOCTH OT
CTPYKTYpBI U IpuMecedl MoxkeT Jiexkath B obmactu 100-250°C) ¢ moreperr 1o 100%
BJIard MUHEpaa;

-kBapueM — muk npu 570°C — xapakTepHblii moaMMOpQHBIA mepexon [-KBapil
—>0-KBaplL;

- MOHTMOPHJUIOHMTOM B Bujle HoHTponuTa (Ca,Na)Fe, +[(Si,Al),O, ](OH),*nH,O
— a¢pdexr B obmactu 50-200°C — moreps MONEKYTIpHOH ((PU3MUECKH CBA3aHHOM,
MEKCIT0eBO ) BoIbI — 710 50% Beeit Bnaru munepana, sgdexr npu 530°C (8 obmactu 400-
600°C) — moTepsi KOHCTUTYLIMOHHOW BOJIbI U3 OKTAYIPHUYCCKUX CIOEB KPUCTATITIHYECKON
pemérky, 0e3 e€ paspyuwenus — no 5% Biuarn muHepaina, 3¢dexr npu 8§70°C —
paspylIeHrne KpUCTAJUINYECKON pelIETKY HOHTPOHHUTA.

Temneparypa nepBoro sddexra (pa3noKeHHE ONAIOBBIX MHHEPAJOB U yAaJIeHHE
(u3uyeckoil BOABI M3 HOHTPOHWUTA) M3MeHseTcs B mHTepBaie 150°C, temneparypa
BTOpOro 3¢dexra (yraieHne KOHCTHTYLHOHHOH BOABI M3 HOHTPOHHWTA) MEHSETCS B
unrepBasie 250 — 370°C, temmeparypa TpeThero muka (pa3jioKeHHWEe HOHTPOHHTA)
Mmensiercs: B uaTepBasie 830°C u Bhiie.

UK — cniekTpanbHblli aHaIM3 00pa3loB AMaTOMUTA (PHC. 3) MOKa3all, YTO OCHOBHBIE
MIPOSIBJICHHBIE Ha HUX TOJIOCHI OTHOCSTCS K BAJIGHTHBIM CBS35IM KPEMHHUS C KHCIIOPOJOM
u Bomopomaa ¢ kuciopojgom. Iloroca mormomienus ~1450cm!, cooTBeTcTBYyrOIIAs
negopMaliMoHHBIM KoseOanusiM rpynn OH — B BepmiMHax KpeMHEKHCIOPOIHBIX
TETPadAPOB, SIBIACTCS OTIMYUTENbHON 0coOeHHOCThIO cuimkaToB. Ha OH-rpymmax
CIIOMCTBIX CHJIMKATOB 10 MEXaHM3My 0Opa30BaHMs BOAOPOIHBIX CBS3€H BO3MOXKHA
a7icopOLuMs BOABI WIIM JPYTHX areHTOB C KHUCJIOPOJHBIMH aTOMaMH Ha TOBEPXHOCTH.
CornacHo iuteparypHbIM 1aHHbIM (Senika, 2013), y MOHTMOPHIIIOHNTA TOBEPXHOCTHBIE
rpynmnsl OH umerorcst TonbKo Ha «epuEepUTHBIX) ydacTKaxX YaCTHII.

B nuteparypubix nannbix (Chetverikova et all., 2015) uccnenoBanne ocodeHHOCTEH
CTPYKTYpbl auaroMuTa ¢ nomoiusto MK-cnekrpockonuu, nokasasno, yto UK-cnexTpsl
JMAaTOMHTA COOTBETCTBYIOT CIIEKTPaM CKPHITOKPUCTAIITUIECKUX U aMOP(U3UPOBAHHBIX
¢dopM KpemHe3eMa, MOCKOJIbKY OHU B OTIMYHE OT CIIEKTPOB KPUCTAUIMYECKHX (OpM
KpeMHe3eMa boliee «0eHbI», TOIOCH MOTTIOMIEHHS 10 CPABHEHHUIO C COOTBETCTBYFOILIUMH
nojgocaMi Kpucrammueckux ¢Gopm SiO, nud@ysHel M MeHee HMHTEHCUBHBI, HO
MOJIOKEHWE UX B CIEKTpE TOYHO COBMAJAET C IMOJOXKEHHEM aHAJIOTMYHBIX I10JIOC
B-xBapua. B wactHocTH, B o6mactu 1200 - 4000 cM-1 oOHapyKUBatOTCS MHTEHCHBHAS
nonoca npu 1200-1000 cm-1, oTHOCsIIasica K BaJeHTHBIM U AedopmannoHHbiM O —
Si— O u Si— O — Si konebaHusIM TETPa’APOB KPEMHEKUCIOPOAHOTO KapKaca; MeHee
WHTEHCUBHAS ToNoca-ayosier B obmactu 830-750 cm!, obOycnosnennas Si — O - Si
Koj1e0anusAMH Kojell u3 SiO,-TeTpasapoB; M CUIIBHBIE MOJIOCH! MIONIOMIEHHUs 0KOJIO 530
n 460 cM-1, oTHeceHHbIE K JeOopMallMOHHBIM Konebanusm SiO4-teTpasipo.
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Pucynok 3. CnekrporpamMmMa 1uaToMHTa

Ocobennocteio  MK-ciektpoB  nuaromura (puc.3) sBISETCS  MPOSIBICHHE
MOJIEKYJISIPHOM BOZIBI (B BHJIE ITOJIOC TIoTyomeHus B ooimactu 3750 — 3500 u 1580 — 1600
cM-1), Halmuue KOTOpoi B aMOP(HBIX ¥ CKPBITOKPHCTAIIIMUECKUX (POPMax KpeMHe3eMa
(B IaHHOM ciy4ae B COCTaBE JUATOMHTA) COIVIACYETCSI ¢ OOJNBIIOH PBHIXJIOCTBIO MX
CTPYKTYPBI C 10OBOJIEHO OOJIBIIUMH ITyCTOTaMH, JOCTATOYHBIMH JUISl pa3MEILCHUS B HUX
Moneky1 Bonbl. M3BectHo (Yuan et all., 2004), uro ocoOeHHAs CTPyKTypa AHATOMHUTA
OTJIMYAETCSI TE€M, YTO TUAPOKCHIIBHBIC TPYIIIBI COXPAHSIOTCS B TUATOMHUTE AAaXe MPH
narpesanuu 10 1000°C.

B cnekTpax CBEXMX pacTUTENBHBIX Macel OOBIYHO MPUCYTCTBYIOT WHTCHCHBHBIC
nosockl B oomactu ot 2800 1o 3000 cm™! — mostockl BasieHTHBIX Konebanuit rpymm C-H,
1720-1750 cm' oOycnoBiensl cmemenuneM konedanuii rpynn C-H u C-C, a takxke
cmemenueM konedanuii rpynn C-H u C=0 B mMonexynax >kupHbIX kucnot, 1400-1450
CM™' PacIoJIOKEHBI MOJOCH! IUIOCKUX Je(OpMaMoOHHbIX KoieOanuit rpynm C-H. Dtn
MOJI0CHI OOBIYHO UCTIONB3YIOTCS JU1sl TOATBEPKACHUS COCTaBa M HACHTU(PHUKALUN MaCel
metoaoMm MK-crekrpockornnu (Avilova, 2016).

B mponecce skcmmyaranmu M XpaHEHUS PACTUTENBHBIC Macia MOABEPraroTcs
OKHCJICHUIO, YTO TMPHUBOAUT K HAKOIUICHUIO B HHUX KHCJIOPOICOACPKAIIUX COEIH-
HEHUH — CIHPTOB, aJlbAETHIOB, KETOHOB, KapOOHOBBIX KHUCIOT. [losBieHne MOHO-
(YHKIMOHAJIBHBIX MPOAYKTOB OKHCIICHHS HA MEPBOM 3Tale MPHUBOIUT K YCKOPEHMIO
MOCIIETYIOLINX MPOLECCOB 3a CYET AaKTHBALMHM COCETHUX aTOMOB YIJIEPO/a BOSHUKIICH
(YHKIMOHAIBHON TPYNION W 00pa3oBaHUIO TeTepO(yHKIMOHAIBHBIX MPOU3BOIHBIX
QJIKAaHOB WJIM TPEJICNIbHBIX YIIICBOIOPOAOB.

Kak cnenyer n3 UK-criekTpoB AuaTtomMnTa, B COCTAaB Macia BXOAST apOMaTHUCCKUE
COETMHEHHS, KOTOpble 00yCIOBIMBAIOT TOSBICHNE B CIIeKTpe monoc 721, 1462, 1651,
3008 cm!. Cepus o0 C MPUHAICKHUT KAPOOHUIICOACPIKAIINM COSTUHEHUSIM —KUCIIOTaM
u anpaerugam: 1700, 1717, 1743 cm!'. B macne uMeroTcs COCAMHEHHUS, COMEPIKAIIIC
KpaTHBIE CBSI3U, Kak oquHOYHEIE (1638), Tak U conpshKeHHbIE ¢ KApOOHUILHOW TPYIIION
(anmbda, OeTa-HenpenenbHbIC KapOOHUIbHBIC coeuHeHus — 1651, 1685 cm™).
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B UK-cnexkTpax mpakTH4eCKH OTCYTCTBYIOT MOJOCHI OT cBoOomHbIX OH-rpynm u
HMEETCsl Ceprsl YIMUPEHHBIX Mojioc B oomactu 2500-3500cM™!, 4TO CBHIETENBCTBYET B
MoJIb3y 00pa30BaHMsI BOJOPOIHBIX CBS3EH KaK ¢ KapOOHWILHOW IPYIION KUCIIOT, TaK
1 anp/eruaoB. Hanmume ampaeruios, a He KETOHOB, BO3MOXKHO, 00yCIIOBIEHO TEM, YTO
oOpasyromiecs HenpeaeTIbHbIe COSTMHEHSI TIPETEPIIEBAIOT OKUCIIUTEIBHBIN pacmai 10
QJIBJICTHJIOB.

Takum 00pa3om, HCCIEAOBaHUS TUATOMHTA IOKAa3ald, YTO TUATOMHT MOMKET
00eCIeunTh TEXHUYECKIE XapaKTePUCTUKHU ATAJIOHHOTO pereHepara py UCIoIb30BaHUN
B MOJI(DHUITUPOBAHHOM IIUHHOM PETeHEPATEe BMECTO TEXHUYESCKOTO yIyieposia onaroaaps
HaJIMIHMIO B COCTaBe MUHEpatbHOU yacTH U Maciia. B TOO «3ko-1lluna» pa3padboran
rUOKHiA croco0 IMoydeHus: MOIU(PUIIMPOBAHHOTO IMWHHOTO pereHepara Ha OCHOBE
JOCTYITHOTO, ICIIEBOTO 0TX0a MAaCIOKUPOBOH MTPOMBIIUIEHHOCTH (IMaTOMHT) B MECTO
JIOPOTOCTOAIIET0 TEXHUYECKOTO yTIIepo/a.

B nomyuennslil mmHHBIN perenepar (Sagitova et all, 2022) no6aBunn MmoxupuKarop
(Tabm. 5). B kauecTBe MOomM(pUKaTOpa UCITOIB30BAIN JHATOMHIT - OTXOJ MACIOKHPOBOM
MPOMBITIUTEHHOCTH. CMeImMBaHWe KOMIIOHEHTOB (pereHepata ®W MomuuKaropa)
OCYIIECTBIISUIH B ABYXITHEKOBOM CMECHUTEIIE.

B nByX1I1HeKoBOM cMecHUTeNe TPOUCXOIUT CMEIIEHHE pereHepara ¢ MOIU(PHKaTOPOM
C OZIHOBPEMEHHO MPOUCXOIAIINMH PU3UKO-XUMUueckuMu peakuusimu (Dzhakipbekov
et all, 2021) Mexay akTUBHBIMH IICHTPAMH MaKpOMOJIEKYJI KaydyKa, B TOM YHCIIC
Pa3IMYHBIMA paJfKaliaMi, BO3HUKIIUMH B TIpOIlECCe NECTPYKIUH IMOIUMEPOB, U
MomuduKaTopaMu. B pesynprare TakMX peakIuil MPOWUCXOAWT CTPYKTYPHPOBaHWE
B TOJIMMEPHBIX IIETIOYKaX, YTO MPUBOAUT B KOHEYHOM HMTOTE K YIyUIIICHUIO CBOWCTB
perenepara — YBEJIMYEHHUIO BS3KOCTH U TOBBIMICHUIO (PU3HKO-MEXaHUIECKHX
IoKaszarenaeil pereHeparoB. Takoe AKTUBHOE IEPEMEIIMBAHUE IO3BOJISIET IOIYYUTh
TOMOTEHHYIO CMECh perenepara 1 Moan(uKaropa, yaydiuTh Ipoiecc Moau(uKaIi u
MOJIYYUTh MPOAYKT, OJHOPOIHBIN 110 CBOMCTBAM M BBICOKOTO KauecTBa. Jlanee, mo mepe
IIPOXOXKICHUSI CMECH 110 BHYTPEHHEMY 00bEMY CMECHUTEIIS, TeMIIeparypa MOHNKAETCH.
Ha Beixome u3 cmecutens MoAM(UIHUPOBAHHBIN peEreHepar HMEET TeMIIepaTypy
60-80°C. MHTEHCHBHOE OXJKJICHHUE OCYIICCTBISICTCS 3a CUET TEIUIONepeaaqn
BOJOOXJIKJACMBIX JJIEMEHTOB CMECHUTENs. bBBICTpOoe CHIKEHHE TeMIIepaTypsbl
pereHepara B JBYXIITHEKOBOM CMECHTENIE CHOCOOCTBYET MNPEKPAIICHHIO PeaKluii
JECTPYKIIUM MaKpOMOJIEKYJ KaydyKOB, YTO TAK)Ke MPUBOMUT K YIYUHICHUIO (HUIUKO-
MEXaHHYEeCKUX II0KaszaTesiell pereHepaToB. BrITpy3ka OCYIIECTBISETCS C TTOMOIIBIO
KOHIIEBBIX IITHEKOBBIX CEKIIUH, TPeOHU KOTOPHIX OPHEHTHPOBAHBI B TIPOTUBOTIOIOKHYIO
CTOPOHY, YeM I'PeOHH TPAHCTIOPTUPYIOLINX CEKLIUH CMECUTEIISL.

CocrtaB MoaAN(UIIMPOBAHHOTO pereHepaTa NpuBeieH B Tadnuue 1.

Ta6n1/111a 1. Cocras MOIII/Iq;)I/IIII/IPOBaHHOI‘O HIMHHOTO pereuepara, Macc.4.

KommoHeHTbI Cocras, macc. 4.

DrajioHn 1 2 3
[omy4eHHbII UHHBII pereHepar 100,0 100,0 100,0 100,0
TexHuueckuil yriepozn 3,38 - - -
Jnaromur - 2 3,38 5
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CornacHo Ta6J'II/II_IC 1 moxxHO CKa3aTb, YTO IPU MOJYUCHHUN MOI[I/I(I)I/IL[I/IpOBaHHOI‘O
IIWHHOI'O pereHepara ¢ UCIOJIb30BaAHUEM AUATOMUTA — OTXO/ MaCJ'IO)KPIpOBOﬁ IMPOMBIIII-
JICHHOCTH T€XHHYECKHUN yriaepon OBLI 3aMeHEeH Ooliee JACHICBBIM U MCHCC TOKCHUYHBIM
HaIlOJITHUTECIISAM.

B Ta6J'II/ILIC 2 MMpEeACTABJICHBI TEXHUYCCKNUEC XaPAKTCPUCTUKHU IMOJTYUYCHHBIX MO,[[I/I(bI/I—
UPOBAHHBIX PEICHEPATOB, a TAKIKE PCIreHCPATa.

Tabmuma 2. TexHu4yeckue XapakKTepUCTHKN pereHepara 1 00pasnos

TexHUYECKHE XapaKTePUCTUKK pereHepara u 00pasLos, C no6asienneM Moxudukaropa
TOJTyYEeHHBIX U3 pereHepara TEXHUYECKHii yriiepox | Jmaromut
Bsi3kocTh 0 MyHH perenepara, yci.exl. 48 49
YcnoBHast MPOYHOCTH NIPU pacTsHKeHUH 00pasios, MIla 5,7 6,8
OTHOCHUTENBHOE Y/UIMHEHHE TIPH pa3pbIBe 00pa3uos, % 200 220

CornacHo Tabmuie 2 MOXKHO KOHCTAaTHPOBATh TIOBBIIICHHE TEXHOJOTHYCCKUX
roKasaresieil perenepara u o0pasioB.

Hanee Hame uWccieqOBaHHE 3aKIIOYAIOCh B pa3pabOTKe pelenTypbl Pe3nHOBOM
CMECH ISl U3TOTOBJICHHSI TTOJIPEITBLCOBBIX MPOKJIIAI0K KEJIE3HOJOPOKHBIX My TEH.

W3 nonydeHHoro MoauQuIMpoBaHHOTO IIMHHOTO pereHepara Oblia W3rOTOBIICHA
pe3uHoBast cMech (Tabnuua 3).

HaTOO «3Okommmna» B penenType pe3nHOBON CMECH JJIsI U3TOTOBIICHHS TOIPETECOBOM
MIPOKIIAJIKU KENIE3HOAOPOKHBIX MyTEeH HCIIONB3YeTCs] MOAU(PHUIMPOBAHHBIA ITUHHBIH
perenepar.

Ta6numa 3. Penient uis u3rotoBieHus moapenscoBoi npokiaaku OIT 356, L1328

HaumeHoBaHMe MHIPETUECHTOB Maccossie yactu Ha 100 macc. 4.
Kayqyka
OTajoH 1 2 3
Perenepar 103,38 - = -
[MomyueHHBI MOIMGHUIMPOBAHHBIA IINHHEIN PereHepaT ¢ JUaTOMHTOM - 102,0 | 103,38 | 105,0
Cepa TexHHYECKas 23 2.3 2.3 2.3
Cynbhenamus 1] 1,0 1,0 1,0 1,0
Bbenuna nmuHKOBEBIE 2,7 2,7 2,7 2,7
HWroro 109,38 | 108,0 | 109,38 | 111,0

Pesynbrarh! uCTIBITAaHUH TOTyYEHHON PE3MHOBOW CMECH TPUBEICHEI B Ta0IUIE 4.

Tabnuma 4. Pe3ynbraTsl HCIIBITAaHAHN TTOTYYEHHON PE3UHOBON CMECH

HaunmenoBanue noka3zarenei Hopma Homep o6pasiia

OTasoH 1 2 3
VYenosaast npouHocTh, MITa (kre/cm2) He menee 7,0 (71,4)| 8,26 8,03 8,04 8,02
OTHOCHUTENBHOE YIUIMHEHUE, Yo He MeHee 250 287 280 283 280
OcrarouHoe yaauHeHue, % He Goree 20 11 12 14 13
Teepnocts no llopyA, yci. eaus. 58-73 63 64 69 65
VYenoBHAs MPOYHOCTH TOCIIE TEPMUYECKOTO
crapeHus B Bozayxe mpu remneparype 90°C B 6,53 6,28 6,29 6,27
Tedenue 72 yacoB, Mma (krc/cm2)
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H3meHeHme yCIoBHOM MPOYHOCTH MOCTE Tep-
MUYECKOTO CTapeHUs B BO3/LyXe IPHU TeMIlepa- Munyc 25% -20,9% | -21,6% | -21,8% | -21,7%
Type 90°C B Teuenue 72 yacos, %, HE MEHEE

OTHOCHUTENBHOE YITHHEHHE TIPH pa3pbiBe
MOCJIe TEPMHYECKOTO CTAPEHUs B BO3LYXE IIPH 227 222 223 220
temmeparype 90°C B Tedenue 72 gacos, %
VI3MeHeHre OTHOCUTENBEHOTO YUTHHEHHUS IIPU
pa3pbIBe MOCIIE TEPMUYECKOTO CTAPEHHS B
Bozayxe npu temneparype 90°C B Teuenue 72
yacoB, %, HE MEHee

muryc 30% -20,9% | -21,2% | -21,2% | -21,1%

Pacmmpennsie (hU3MKO-MEXaHUUECKUE WCTBITAHUS  OIBITHBIX PE3WH TPUBEITH K
BBIBOJIy O HauOOJbIICH [IeJIECO00PA3HOCTH UCIIOJIB30BaHUS OTXOJ0B MAaCIOXKHPOBON
MPOMBIIIIEHHOCTH B PELENTYPE PE3UHOBBIX CMECEH AJI1 U3TOTOBJICHUS NOAPEIbCOBOM
MPOKJIAJIOK KEJIE3HOJOPOXKHBIX NyTeH, TaK KaKk NpU HCHOJIb30BaHUM UIMHHOTO
pereHepara U MOAU(DUIIMPOBAHHOTO IMHHOTO pPereHepara MoKa3aTeid CBOWCTB PE3UH
MPAKTUYCCKH HE W3MEHSIOTCSA, COOTBETCTBYET HOpPMaM KOHTpoisa. ONTHMallbHBIE
(PM3UKO-XMMHUYECKUE MTOKA3aTeIIM PE3MHOBBIX CMecell HaOIOaauch MPU JO3HPOBKE
3,38 Macc.d. TMaTOMHTA.

BeiBoa. B nanHol paboTe n3ydeHa BO3MOXKHOCTh IPUMEHEHHUS IMaTOMUTA-0TX0/1a
MaCJIO)KUPOBOM TMPOMBIIUIEHHOCTH B PEIENnType MOIU(UIIUPOBAHHOTO ITUHHOTO
perexepara.

UccnenoBanus cocTaBa OMATOMHMTA IIOKa3al, YTO AUATOMUT MOXKET 00E€CIEYHUTH
TEXHUYECKHE XapaKTEPUCTUKU OTAIOHHOTO pereHepara MpH HCIOJIb30BAHUU B
MOJIUGUITUPOBAHHOM IIIMHHOM pPEreHepaTe BMECTO TEXHUYECKOTO yriiepoja Oiarogaaps
HaJMYHUIO B COCTaBE MUHEPAIBbHOM YacT 1 Macia. Hamu monyyeH MmoaudunpoBaHHBIN
IIMHHBIA pereHepar ¢ UCIOJIb30BAHUEM JIMATOMUTA. Pe3ynbTaThl MCIBITAHUM [TOKa3all,
YTO JTUATOMHT-OTXOJ] MAaCIOKHPOBOH MPOMBINUICHHOCTH 00ECIIEUNBAIOT TEXHUYECKUE
XapaKTePUCTHKH ITAJIOHHOTO pereHepara IpH UCIOIb30BaHUN B MOAU(PHUITUPOBAHHOM
LIMHHOM pEreHepare.

Pacmmpennsie (prU3MKO-MEXaHUYECKHE WCIBITAHUS OMBITHBIX PE3WH IPHUBEIN K
BBIBOJIY O HauOOJbINEH IeIeCO00pa3HOCTH HCIIOJIb30BAHUS OTXO/a MAaCIOKHPOBOMH
MIPOMBIIIICHHOCTH B PELENTYPE PE3UHOBBIX CMECEH AJI1 U3TOTOBJICHUS MOAPEIbCOBOM
MPOKJIAJIKH YKEJIE3HOIOPOKHBIX MyTEH.
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SYNTHESIS AND CHARACTERIZATION OF COMB-LIKE ALKYL
FUMARATE - OCTADECEN-1 COPOLYMERS

Abstract. Handling oils and petroleum products with high content of paraffins and
asphaltenes might cause problems especially when ambient temperature is lower than
the pour point. Polymers with comb-like structures such as polyalkyl fumarates with
long chain pending groups are considered to have pour point depressing properties.
However, alkyl fumarates with long straight side groups are difficult to homopolymerize.
Therefore, alkyl fumarates are usually undergo through copolymerization with other
comonomers. The literature review revealed that the studies on the synthesis of the
fumarate copolymers are limited. The current study focused on synthesis of alkyl
fumarate copolymers with octadecen-1 through solution polymerization. Alkyl fumarates
were obtained through esterification reaction between fumaric acid and fatty saturated
alcohols. The structures of the synthesized alkyl fumarates and copolymers were
confirmed using Fourier-transform infrared (FTIR) and Nuclear magnetic resonance
(NMR) spectroscopy methods. The intrinsic viscosity of the copolymers was measured
using capillary viscometer and the Huggins’ method. The melting points of the products
was also determined. The characterization of the synthesized alkyl fumarates and their
copolymers with the a-olefin confirmed their expected structures and properties. The
study helps to find optimal parameters to synthesize copolymers that have comb-like
structure with long side groups and might be used as pour point depressants for heavy
oils.

Keywords: comb-like polymers, alkyl fumarate copolymers, solution polymerization,
pour point depressants, wax inhibitors, intrinsic viscosity.
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AJIKNJI ®YMAPATTAP MEH OKTAJAEHEH-1-HIH COITOJIUMEPJIEPIH
CHUHTE3AEY KOHE 3EPTTEY

Annoranus. Kypambinia napagunaepi MeH acdanbTeH iepi Kor MyHal )koHe MyHai
OHIMJIEDIH TackMaiJiay Ke3iHae Maceneliep TYbIHAAaybl MYMKIiH, ocipece KopllaraH
OpPTaHBIH TOMEH TeMIlepaTypacklHaa Oy karmaimap >kuinen keremi. OchIHIan
Maceese/i menryaiH 0ip *oJibl — KYI HYKTECIH TOMEHJICTETIH JACTPECCOPIIBIK KOCIa
KoJZiany. ¥ 3bIH OyHipItik Ti30ekTepi Oap monuankui pymaparrapra yKkcac Tapak Topisi
MoJIMMeEpJIep JIenpeccopiap peTiHle KoJnaHy MYMKiHAiriHe ue. Bipak Ty3y y3biH
OyHipiik TapMakTapsl Oap ajakui (pymMaparTtap/bliH FOMOIIOJUMEPU3aINs PEaKIHIChIHA
Tycyl KublHFa corajbl. COHABIKTAH KeOiHece MyHJal ankui (pymaparrapsl Oacka
MOHOMEPJICPMEH COTIOJIUMEPIICHYTE YIIBIPATKbI3a/(bl. OJCOUCTTEPAl IOy allKWII
(dbyMaparThl COMOJMMEPJCP/IH CHHTE31 CalachlHIAFbl IIEKTEYNi 3epTTeYIepPIiH
O0ap ekeHiH kepcerTi. byyn makanma ankun (ymaparTel OKTajaeleH-1-MeH epiTiHji
KYHIHIE COMOJUMEpJICY PEaKIMIChIHA JKOHE ajbIHATBIH OHIMJICP/IH KacHETTEepiH
3eprreyre OarbITTanFaH. AKWin Gymaparrap GymMap KbIIIKbUIBIHBIH MaiiIbl KAHBIKKaH
OIpIHIIUTIK CIIUPTTEPMEH dTEPUPHUKAIIUS PEAKIUACH apKbUTBI abiHIbl. CHHTE3/IETeH
ankui (ymaparrap MEH OJIapJblH COMOIMMEpPIEPiHIH KYpbUIbIMAAPhl WHPPAKBI3bUI
(UK) ®ypbe CHEKTPOCKOIHICHI JKOHE SAPOJIBIK MArHUTTIK-pe30HAHCTHIK (SIMP)
CTIEKTPOCKOIHUSCH  apKblIbl pacTanbl. ConoiauMepiaepaiH MEHIIKTI TYTKBIPJIBIFbI
KalWUSIPIBIK BUCKO3UMETPMEH OJIIEHIN, XarrmHC oNiCiMeH TpaduK TYPFBIZY
apKbUTBI aHBIKTANIbl. COHBIMEH Karap, ajlbIHFaH OHIMJEP/IiH 0allKy TeMIeparypaiapsl
anpIKTanapl.  CuHTE3menTeH ankuia ¢Qymapartap MeEH OJapiblH  o-oneuHMeH
COTIOJIUMEPJICPIH 3€PTTEY KYTUITCH KYPhUIBIMIAP MEH KaCUETTeP Il pacTajibl. AJIbIHFaH
COTIOJIMMEPIIEPIiH 0anKy TeMmIeparypachl MEH MEHIIIKTI TYTKBIPJIBIFbI apachIHarbl
KOPPEJISIUS aHBIKTAIIbL. ByJT 5KyMBIC aybIp Maiiyiap MEH JKOFaphl KYIO TEMITepaTypachl
Oap MyHall eHimjepl YIIiH JCMPECCOPIIBIK KOCIHa PETiHIAe NakjaiaHyra OoJaThIH
y3bIH OYHIpiaik Ti30ekrepi 0ap TapakThl COMOJIMMEPIEPIIH CHUHTE3IHIH OHTAMIbI
napaMeTpliepiH aHbIKTayFa KOMEKTECEI].

Tyiiin ce3mep: Tapak Topi3ai moimMMmepiep, alkui (yMapaTThlH COMOJHUMEpIIEpi,
epTIHIIACT] TONMMepHU3alHs, JCPEcCOPIbIK Kocma, napaduHaep HHTHOUTOPIAPHL,
MEHIIIKT] TYTKBIPJIBIK,
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CHUHTE3 U UCCJIEJAOBAHUE N'PEBHEOBPA3HBIX COITIOJIMMEPOB
AJIKNJI ®YMAPATOB C OKTAAEHHEHOM-1

AnHoTamusa. OfHa U3 YacTBHIX MPOOJEM, BO3HUKAIOIIMX TMPH TPAHCIIOPTHPOBKE
HeTH ¥ He(TENPOAYKTOB TNpPU HU3KUX TEMIleparypax OKpYyKarolleH Cpebl,
00yCIIOBJICHa BBINIAJICHUEM KPUCTAJUIOB MapadUHOBBIX YIJIEBOIOPOAOB, KOTOPEIE,
CIIMTIASCH B KPYITHBIE YACTHIIBI, CO3/IAI0T MPOCTPAHCTBEHHYIO CTPYKTYPHYIO CETKY B
toruBe. llprMeHeHHe AenpeccOpHBIX MPUCAAOK TO3BOJIAET CHU3UTH TEMIIEPATYypy
3acteiBanug HepTH. [lonmumepsl ¢ rpeOHEOOpa3HON CTPYKTYpOW, Kak B ciydae ¢
MOJHANKUI (hymMapaTtaMu ¢ JUIMHHBIMHA OOKOBBIMHU 3BEHBSIMHM, UMEIOT MOTEHIHAIT IS
NPUMEHEHUSI UX B KauecTBE JEMPECCOPHBIX Mpucagok. OmaHako ankuia (ymaparsl ¢
NPSIMBIMHU JUTMHHBIMHA OTBETBJICHUSMHU CJIOKHO TOJBEPraroTCsi TOMOIIOIUMEPHU3ALINH.
[TosTomMy wamie Bcero Takwe ankuil (ymapaTbl MOABEPraroT CONOJIMMEPHU3AIHH C
JIpyTUMHU MOHOMepaMmu. JInTepaTypHblii 0030p MOKa3aj orpaHUYeHHbIe UCCIET0BaHMS B
00JacTH CHHTE3a CONOIMMEPOB aNKMI (hymMapaToB. JJaHHOE HCClIeI0BAaHNE HAIIPABIEHO
Ha CUHTE3 aJKWI (PyMapaToB € OKTaJeleH- 1 -0M cr1oco0oM MOoIMMEpHU3aIii B PaCTBOPE.
Ankun gymaparsl ObLTH MOTYYEHBI peakuuei srepudukanun GyMapoBoil KHCIOTHI ¢
JKUPHBIMH HACHIIIEHHBIMH TIEPBUYHBIMU criUpTamM. CTPYKTYpBl CHHTE3UPOBAaHHBIX
aNKuiI pyMapaToB M UX COMOIMMEPOB ObLITH MOATBEPKACHBI C ITOMOIIBI0 HH(Pa KpacHOM
(MK) ®ypbe CHeKTpoCKONHM M CIIEKTPOCKOMHEH sIepHO-MarHUTHOTO pe30HaHca
(SIMP). Xapakrepuctuueckasi BI3KOCTh COTIOJIMMEPOB ObLIa M3MEpPEHA KAMUJUIIPHBIM
BHCKO3MMETPOM M OTpesieleHa MeTofoM XarruHca. Kpome Toro, ObIIM M3MEpEeHbI
TeMIepaTyphl MJIaBIEHUS MOMyUYeHHBIX MPOAYKTOB. MccnenoBanne CMHTE3MPOBAHHBIX
ankuia (GymMapaToB W HMX COINOIMUMEPOB C 0-OJC(UHOM TOATBEPAMIN OXKHIACMbIC
CTPYKTYpBl U CBOWCTBa. BBIsSBIEHA KOpPENALUS MEXIy TeMIepaTypaMy TUIaBICHHUS
U XapaKTepUCTUYECKUMHU BSA3KOCTSIMM TOJNyUYE€HHBIX comoiaumepoB. [lanHas pabota
MIOMOYKET TPH OIpPEISICHUH ONTUMAJIbHBIX MapaMeTpoB AJIs CHHTE3a COMOJIMMEpOB
¢ TpeOHeoOpa3HON CTPYKTYpOH C JIMHHBIMH OOKOBBIMH 3BEHBSMH, KOTOpPbIE MOTYT
OBITh TPUMEHEHBl B Ka4deCTBE JENPECCOPHBIX MPHUCANOK JUId TKENbIX HedTell u
HETENPOIYKTOB C BBICOKMMH TEMIIepaTypaMy 3aCThIBAHUSI.

KuroueBbie ciioBa: rpeOHE0Opa3HbIE MMOIUMEPDI, COMOINMEpPHI alKui (ymapara,
MOJIMMEPU3alUsl B PACTBOPE, JCMPECCOPHBIC MPUCAAKH, HHIMOUTOPHI NapaprHOBBIX
OTJIOKEHHH, XapaKTepuCTHUECKask BA3KOCTb.

Introduction. Due to depletion of light crude oils worldwide nowadays there is a
tendency to produce and refine heavy oils with high content of paraffins and asphaltenes.
During production, transportation, and storage of heavy oils, problems arise because
of high viscosity and solid wax deposits that appear when operational temperature is
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below the pour point. Wax deposits usually consist of paraffins, asphaltenes and resins.
They might lead to flow pressure drop and full or partial blockage of pipelines. The
problem worsens especially during temporary shut downs when temperature and
paraffins solubility decreases and gel forms. One of the methods to prevent wax deposits
is to apply special chemical agents that decrease fluid viscosity and modify crystal
growth. These chemicals are called pour point depressants (PPDs), flow improvers or
wax inhibitors. They insert themselves inside crystal structures and change the growth
dynamics, shapes, and surface properties. These agents modify crystal growth patterns
by cocrystallization resulting in lowering pour point temperature and viscosity. Upon
addition of the wax crystal modifiers to oil the crystals growth stops earlier and their
surface shape becomes intrinsic. This shape in turn hinders intergrowth and interlock
of crystals. However, there is no general universal form of a crystal modifier since its
composition is specific to a crude oil type. Cocrystallization that helps widen operational
temperature range occurs between normal alkanes in oil and long straight alkyl side
chains of polymers used as flow improver (El-Dalatony et al., 2019:968).

In general, two types of copolymers have found application as chemical agents
that improve flowability of crude oil. They are polymers with crystalline/amorphous
diblock structure and comb-type polymers that are usually synthesised from esterified
dicarboxylic unsaturated acids with another co-monomer. The latter type has significant
advantage since they include both polar (carboxylic group) and non-polar parts (long
alkyl groups). This would help to affect both compounds that contributes low flowing
ability: paraffins being non-polar and asphaltenes that are considered polar (Jang et
al., 2007:13174). Polymers with comb structure have long pending hydrocarbyl groups
attached to the main chain. Thus, comb-like polymers have two types of structural units:
the backbone and long side chains. They have intermediate positions between linear and
branched structures. The comb-like polymers’ physical and chemical properties differ
from linear and branched structures (Plate et al., 1974:117).

Fumarates with long alkyl groups could be considered as an appropriate starting
compound for synthesis of PPDs. Presence of double bond in dialkyl fumarates (DRFs)
should give an ability to polymerize via radical polymerization mechanism where a
double bond reform as a single bond. However, as literature review revealed DRFs
with long alkyl groups do not homopolymerize very well. DRFs are considered to be
1,2-disubstituted ethylenes, and in the past it has been generally accepted that their
homopolymerization tends to proceeds with difficulties due to steric hindrance of the
substituents (Otsu et al., 1981:726). Further investigations revealed that DRFs do not
homopolymerise in the absence of radical initiator even under high temperature. DRFs
with alkyl groups of normal linear structure have low polymerisation reactivity and
number of carbons does not affect it (Otsu et al., 1988:549). Effect of different alkyl
groups on propagation and termination rate constants was studied. The results of the
experiments correlated with the previous studies: the bulky di-tert-butyl substituents
promote propagation reaction and suppress termination reaction (Matsumoto et al.,
1996:296). Fortunately, fumarate is successfully copolymerize with electron-rich
monomers like vinyl acetate (Borthakur et al., 1995:77), (Peng et al., 2002:66). Other
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studies focused on determining dependence between molecular weight of behenyl
fumarate-vinyl acetate copolymer on pour point depressing performance (Borthakur
et al., 1996:846). Copolymerizations of behenyl acrylate and behenyl fumarate in the
presence of benzoyl peroxide in toluene (Sarmah et al., 2003:2722), vinyl acetate and
behenyl fumarate by a bulk technique (Baruah et al., 2011:228) were reported. Prior
studies in the area of fumarate copolymers were limited by number of comonomers and
have not established dependence of their performance on the structure.

The objective of the research is to synthesize new type of copolymers of alkyl
fumarates with the a-olefin through solution polymerization technique and to characterize
the products that have potential to be used as pour point depressant for heavy oils.

Application of chemical agents as a method of mitigation the problem of solid wax
deposits during heavy oils transportation is efficient as long as the appropriate structure
of comb-like polymer is used. Thorough study of its synthesis and effect of reaction
parameters on the product properties facilitates the process of selection of the most
efficient pour point depressant.

Materials and Methods. The methods for synthesis of alkyl fumarates and their
copolymers, and carried analysis are given below.

Esterification: Dihexadecyl fumarate (DHDF), Dioctadecyl fumarate (DODF),
and dibehenyl fumarate (DBF) were synthesized through esterification reaction. The
reaction took place between fumaric acid and primary fatty alcohols in the presence
of p-toluenesulfonic acid at 120°C for 8 hours. The catalyst was applied in an amount
of 1% of the reactants by weight. The molar ratio of fumaric acid and an alcohol was
1:2. The reagents were dissolved in toluene in a stream of dry nitrogen. Dean—Stark
apparatus was connected to the reaction vessel to remove water that formed during
esterification. The reaction took place until the calculated amount of water was released.
The reaction solution was filtered in a hot state. Toluene was removed by vacuum
distillation. The product was rinsed with ethyl alcohol and dried in vacuum at 40°C up
to constant weight.

Copolymerization: The synthesized fumarates were copolymerized with octadecen-1
(ODC). The molar ratio of fumarate and ODC was 1:1. As an initiator of radical
polymerization benzoyl peroxide was used in an amount of 2% of the reactants by
weight. The monomers were dissolved in toluene. The concentration of the solution
was 40% by weight. Copolymerization reactions were carried at 75-85°C and with a
constant flow of nitrogen. The duration of the copolymerization was 15 hours. The
copolymers were purified by the same way as the esterification products.

Instrumental methods: Melting points of the obtained alkyl fumarates were measured
using OptiMelt - Automated Melting Point System (Stanford Research Systems, USA).
The measurements were made with open capillaries.

Structural features and functional groups of the products were characterized by FTIR
spectroscopy (Nicolet 5700) within a range of 4000-400 cm™'. The samples were prepared
by dissolving copolymers in xylene at a concentration of 20% by weight. In addition, 'H
and “C NMR spectra were obtained using a JNM-ECA Jeol 400 spectrometer operating
at 399.78 and 100.53 MHz, respectively. The samples for the NMR analysis were
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dissolved in CDCI, and their chemical shifts 6 were measured relative to the residual
protons or carbon atoms in CDCI,.

Intrinsic viscosity [n] of the synthesized copolymers were measured at 25°C with
an Ubbelohde type viscometer and by the Huggins’ plot method (Huggins, 1942:2718).
Different concentrations of copolymers solutions in tetrahydrofuran were prepared
(0.25; 0.50; 0.75; 1.0 % by weight). Relative viscosity is determined using flow times of
pure solvent and the solutions. Specific and reduced viscosities are calculated after that.
The plot was built indicating a relation between reduced viscosity and concentration of
the solution. Intrinsic viscosity was determined by extrapolation of the curve to zero
concentration.

Result and discussion. Characterization of the obtained products and data from the
measurements are given and discussed below.

Characterization: The Fig 1 show FTIR spectra of DODF and DODF-ODC
respectively.

S NETR—— g

a. b.
Figure 1. FTIR spectra of DODF (a) and DODF-ODC (b)

FTIR-spectra of obtained alkyl fumarates (Fig 1 a) have peaks at 3080 cm™! of the
C=C-H stretching vibrations and at 1681-1678 cm™ of the isolated double bond C=C
stretching vibrations. Weak intensity peaks at 1681-1678 cm™ are specific to trans-
disubstituted alkenes that corresponds to the structure of fumaric esters since fumaric
acid is a trans-isomer of butenedioic acid. Absorption bands characteristic for C-H
antisymmetric (v, ) and symmetric (v,) stretching vibrations at 2911 ¢m™ and 2852
cm’! are present in the spectra of the fumarates. The peaks at 1473 cm™ corresponds
to bending vibrations of C-H belonging to aliphatic groups. Characteristic vibrations
at 1750-1700 cm™ belongs to symmetric (v) stretching vibrations of C=O in esters
which is confirmed by presence of peaks at 1707 cm™'. Absorption bands at 1315 cm'!
corresponds to vibrations of O=C—O.

Compared to the FTIR spectra of alkyl fumarate monomers, the FTIR spectra of the
synthesized copolymers (Fig 1 b) do not contain stretching vibrations peaks of C=C-H
and C=C double bonds at 3080 cm" and 1681-1678 cm respectively. Meanwhile,
stretching vibrations of C=0 at 1707 cm™' of fumarate monomer spectra shifted to the
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wavelength of 1733 cm! at copolymers spectra. The reason of the shift is that electron
rich a-olefin comonomer has replenished electron deficiency of the alkyl fumarate. After
copolymerization density of an electron cloud of former double carbon-carbon bond
increased. As a result, inductive effect of C=0 has lost its strength. The FTIR spectra of
both alkyl fumarates and the copolymers has absorption bands at 722-718 cm™ which
corresponds to absorption region specific to fragments (-CH,) , at n>4. The resulting
FTIR spectra reveals that all specific functional groups are present in a structure of
alkyl fumarates and their copolymers. Absence of double bonds in the synthesized
copolymers indicates that copolymerization reactions were conducted successfully.
Figs 2 and 3 represent 'H and *C NMR spectra of DODF respectively.
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Figure 2. "H NMR spectrum of DODF

In the '"H NMR spectrum of DODF (Fig 2) terminal methyl protons H-21, 21, 21,
44, 44, 44 are observed by multiplet signal at 0.84-0.87 ppm with integrated intensity
of 6H. Unsaturated ethylene protons appeared as double proton H-22, 23 singlet at 6.82
ppm. Protons next to carboxylate groups were registered as four protons H-4, 4, 27, 27
multiplet at 4.15-4.18 ppm. Methylene protons H-5, 5, 28, 28 of dioctadecyl fragments
resonated as four protons multiplet at 1.63-1.66 ppm. Other methylene protons of
aliphatic parts were observed as intensive singlet at 1.23 ppm with integrated intensity
of 60 H.

—165.15 “E
N
—13369 -%
133.63 @
N

N

o O O O O O O P
>

o] 6557 -
|

Chemical St (porm)

Figure 3. 3C NMR spectrum of DODF

64



Volume 4, Number 453 (2022)

In the "C NMR spectrum of DODF (Fig 3) carbon atoms C-21, 44 of terminal
methyl groups are observed at 14.21 ppm. Methylene carbon atoms of dodecyl fragment
resonate at 65.57 (C-4, 27); 32.03 (C-19, 42); 28.50 (C-5, 28); 25.96 (C-6, 29); 23.79
(C-20, 43) ppm. Other methylene groups resonate at 29.47 and 29.80 ppm. Unsaturated
carbon atoms C-22 and C-23 appeared at 133.69 ppm. Carbon atoms C-2, 24 of carboxyl
groups resonated at 165.15 ppm.

Fig 4 shows 'H NMR spectrum of DODF-ODC.
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Figure 4. "H NMR spectrum of DODF-ODC
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Figure 5. *C NMR spectrum of DODF-ODC

In the 'HNMR spectrum of DODF-ODC copolymer (Fig 4) new bands have appeared
that were not observed in the "H NMR spectrum of the alkyl fumarates. For instance, the
bands at a region of 1.58-2.02 ppm are responsible for the presence of some methylene
protons adjacent to long methylene chains. Also, the singlet with broad absorption band
has appeared at 4.01 ppm that reveals proton next to carboxylate group. This proves
that the double bond of the fumarate monomer opened up during copolymerization.
Another newly appeared group of bands at the region of 4.88-4.98 and 5.77-5.79 ppm
corresponds to terminal protons of the former double bond of octadecen-1. All the
obtained spectra indicate that the synthesized alkyl fumarates and the copolymers have
the appropriate structures.

The data related to other alkyl fumarates (DHDF and DBF) and copolymers (DHDF-
ODC, DBF-ODC) are given in Table 1.
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Table 1. Data of spectroscopic analysis of alkyl fumarates and their copolymers

FTIR spectroscopy 'H NMR spectroscopy
Dialkyl fumarate/ | Wavenumber (cm™) of the absorption | Chemical shifts 6 (ppm) of the absorption
copolymer name bands signals
DHDF 3080, 1679, 2926, 2904, 2853, 1472, 6.82,4.15-4.18, 1.65, 1.23, 0.85
1393, 1711, 1314, 1167, 720
DBF 3079, 1681, 2924, 2906, 2850, 1472, 6.82,4.15-4.17, 1.65, 1.23, 0.85
1395, 1709, 1316, 1169, 718
DHDF-ODC |2919, 2850, 1729, 1467, 1238, 1169, 6.82,5.79, 4.89-4.99, 4.15-4.19,
923,717 4.01,2.01, 1.64-1.69, 1.58, 1.24, 0.88
DBF-ODC  [2920, 2851, 2820, 1733, 1465, 1256, 6.82, 5.79, 4.89-4.98, 4.16, 4.00,
1164, 995, 907, 722 2.02-2.00, 1.57, 1.23, 0.85-0.84.

The synthesized fumarates and copolymers characteristics. The melting point and
yield values for alkyl fumarates are given in Table 2.

Table 2. Synthesized alkyl fumarates and their measured melting points.

Alkyl fumarate Melting point, °C | Yield, % wt.
Dihexadecyl fumarate (DHDF) 61,7-63,6 93
Dioctadecyl fumarate (DODF) 70.1-71.2 89
Dibehenyl fumarate (DBF) 76.8-80.8 83

The tendency of melting point to increase as molecular weight of the pending alkyl
group increases is apparent. This corresponds to a general concept that melting points of
linear homologous compounds rises as number of methylene groups are added. It could
be explained by intermolecular forces that strengthens as more atoms are included in the
structure (Chickos, 2001: 562).

The results of determined intrinsic viscosity [1] and measured melting point values

of the copolymers are given in Table 3.

Table 3. Synthesized alkyl fumarate copolymers and their measured intrinsic viscosities

Copolymer Intrinsic viscosity [n], dL/g Melting point, °C Yield, % wt.
DHDF-ODC 0.0277 56.3-59.3 66
DODF-ODC 0.0203 45.8-47.4 37
DBF-ODC 0.0308 57.9-59.5 84

All the curves of built Huggins’ plot showed adequate linearity within a given
concentration range. No abnormalities were observed, all curves have upward
directions, indicating usual relationship between reduced viscosity and concentration of
the polymers in solutions.

One of the aims of the study is to define parameters for the synthesis of high
molecular weight alkyl fumarate copolymers. Intrinsic viscosity of a polymer in the
solvent is one of the two ways along with molten viscosity to measure an average degree
of polymerization. According to Mark-Houwink-Sakurada equation, intrinsic viscosity
is directly proportional to molecular weight of a polymer. Moreover, viscosity is
influenced by molecular weight distribution of a polymer. There is a direct relationship
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between intrinsic viscosity and a chain length (Sanches et al., 2005:690). It could be
concluded that the higher intrinsic viscosity of a polymer, the higher molecular weight
it has.

The results from Table 3 indicates that there is no apparent correlation between
molecular weight of the alkyl group of fumarates and intrinsic viscosity of the respective
copolymer. However, there is a correlation between melting point and intrinsic viscosity
of the copolymers. It is well justifiable since intrinsic viscosity is directly proportional
to a molecular weight of a polymer that affects important physical parameters such as
transition temperatures and mechanical properties. In addition, a size of side groups
pending from the main chain affects melting point of a polymer due to change in
flexibility of the chain (Bunn, 1955:330).

Conclusion. The three copolymers of alkyl fumarates with octadecen-1 were
synthesized by solution polymerization technique. The structures and specific functional
groups were confirmed by FTIR and NMR spectroscopy methods. The results of the
melting points and intrinsic viscosities measurements showed appropriate correlations.
The study could be used to find optimal parameters for efficient copolymerization of
alkyl fumarate copolymers. Generally, more study should be conducted to find optimal
conditions for synthesis of alkyl fumarate copolymers since their comb-like structures
make them appealing for application as pour point depressants.
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RAMAN SPECTROSCOPY OF GRAPHENE, GO, RGO

Abstract. Graphene is the main focus of research in many modern fields of science.
Graphene and its derivatives have excellent electronic, optical and mechanical properties,
which have aroused great scientific interest and potential for various applications. Raman
spectroscopy is one of the primary methods for characterizing graphene materials,
as it has significant advantages over other analytical methods. Raman spectroscopy
makes it possible to understand the quality of measured grapheme, including its
structure and conductivity and the presence of impurities. Also, it is a universal tool
for the determination and characterization of chemical and physical properties of these
materials in laboratory conditions and on the scale of mass production. The importance
of this method is such that most published articles on graphene studies have at least one
Raman spectrum. Therefore, we systematically consider the Raman spectroscopy of
graphene, graphene oxide (GO) and reduced graphene oxide (RGO) in this work. We
describe the essential processes of Raman scattering of all modes of the first and second
order in graphene, GO and RGO. In addition, shifts with different accumulation regimes,
multilayer respiration, G and 2D multilayer graphene modes are discussed. Methods for
determining the number of graphene layers, studying the Raman resonance spectra of
single-layer and multilayer graphene and obtaining Raman images of graphene-based
materials are proposed. The vast possibilities of Raman spectroscopy for the study of
the fundamental properties of graphene are described.

Key words: graphene, graphene oxide, reduced graphene oxide, Raman spectroscopy.
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I'PA®EH, I'O, TTO PAMAH/BIK CIHEKTPOCKOITUACHI

Aunnotanus. ['padeH KkenTereH 3aMaHayy FhUIBIM CallalapbIHIIAFbl HETI3r1 3epTTey
HBICAH/IBIPBIHBIH Oipi Oonbin TaObuiaabl. I'padeH oHe OHBIH TYBIHIBUIAPHI Tamalla
ANIEKTPOH/IBIK, ONTHKAIBIK JKOHE MEXaHWKAIBIK KacHeTTepre He OOJFaHJIBIKTaH,
oJlap YJKEH FBUIBIMU KBI3BIFYIIBUIBIK [I€H 9PTYPIi KOJJAHBICTAp/a JKOFapbl CYpaHbIC
TynsIpIipl. Paman criekTpockonusichl TpadeH Heri3iHieri Marepuaiiapibl 3epTTeyIiH
Heri3ri ojictepiHiH Oipi Oojbll TaObUIAAbI, OHTKEHI OHBIH 0OacKa aHaJIUTHKAJIBIK
ozlicTepre KaparaHja aiTapibIKTail apThIKIIBUIBIKTApbI 0ap. OnapIbiH €H MaHbI3IbIChI
YIITiHI JalbIHAAYIBIH KapanaibIMIBUIBIFG] )KOHE AJIbIHFAH aKNaparThiH YIIKEH KeJeMi.
Paman criekTpocKonusichl rpad)eHHIH CarachiH, Ta3aIbIFBIH )KOHE OHBIH KYPBUIBIMBI MEH
OTKI3IIIITIT1H, COH/Ial-aK KocnajapabiH 00ybIH TaliayFa MyMKiH ik Oepei. CoHbIMEH
KaTap, 3epTXaHalbIK )KOHE OHJIIpIC KaFaainapaa rpadeH Heri3inaeri MarepuanIapabH
XMMUSUTBIK JKOHE (PU3MKaJbIK KACHETTepiH aHBIKTAayFa JXOHE CHIATTayFa apHaJFaH
omOeban Kypasi. byn Tanjmay omiciHIH MaHBI3IBUIBIFBI COHINA, TpadeHal 3epTTey
OOMbIHIIIA JKapUsJIaHFAaH MakaiajgapiblH KeMIIlrinae keMm jercHae Oip Paman
crnektpi 6ap. CoHnpikTaH, Oyt xyMbicTa 0i3 rpadenHin, rpadeH okcuninig (['O) xone
TOTBIKChI3ManFad rpaden okcuainiH (TT'O) Paman criieKTpoCKONMSICHIH XKYHeni Typae
kapacteipambi3. [padenne, ['O xone TI'O-me GipiHIIi jKoHE EKiHIII PETTI peKUMIEp
coylneciHiH PaMaHIBIK IIaIbIpaybIHBIH MaHbI3IbI IporiecTepi cunarranradn. COHbIMEH
Karap, opTYpJii )KUHAKTAY pPexUMIEP] Oap KbUTKYyIap, Kom KadarTel rpadeHHiH G jxoHe
2D pexumaepi Tankpiananapl. Connaii-ak rpadeH KadaTTapbIHbIH CaHbIH aHBIKTAY, Oip
Ka0aTThl )KoHE Kol KabarTsl rpadeHHiH PaMaH pe30HaHCTHIK CIIEKTPIIEPiH 3ePTTEY JKOHE
rpad)eH HETi3iHIeri MarepuaifapaAblH PaMaH KeCKiHIEpIH aly dJicTepl YChIHBLIFAH.
I'padennin ipreyi KacHeTTEpiH 3epTTEyre apHajfraH PamaH CHEKTPOCKOIHUS 9JIICIHIH
KEH MYMKIHJIIKTEepi CHIIaTTaJIFaH.

Tyiiin ce3aep: rpaden, rpadeH okcuai, TOTHIKChI3NaHFaH rpadeH okcuai, Paman
CTHIEKTPOCKOITHUSICHI.
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PAMAHOBCKAS CIIEKTPOCKOIIUSA 'PA®EHA, I'O, BI'O

AHHoTamus. [padeH sBIIETCS OCHOBHBIM OOBEKTOM HCCIICJOBAHUH BO MHOTUX
COBpPEMEHHBIX 00JacTsX Haykd. [padeH M ero mpousBoIHbIE 00NAAAI0T OTIIMYHBIMH
JIEKTPOHHBIMH, ONTHYECKHMH M MEXaHWYECKHMH CBOMCTBaMH, KOTOpBIE BBI3BAJIU
OoMbII0M HAay4YHBIH MHTEpEC M OONBIIONW MOTEHIHAN JUIS Pa3iIHMYHBIX MPUIIOKESHUH.
PamaHOBCKasi CIEKTPOCKONUS SIBISIETCS OJJHUM U3 OCHOBHBIX METOJIOB MCCIIEJOBAHUS
rpa)eHOBBIX MaTepHAIOB, TaK KaK HMeEeT 3HAuMTENIbHbIE MpPEeHMYIIeCTBa Iepes
JIpYyTUMH aHATUTHYeCKUMHU MeToaMu. Harbosnee BaXKHBIMU U3 HUX ABJISIOTCS TPOCTOTA
MpOOOTOIrOTOBKK M OONBIION 00beM monydyaeMoil wuHpopmaiuu. PamaHoBcKas
CHEKTPOCKOIUS TIO3BOJIAET TOHATh YHCTOTY W KadecTBO M3MEpeHHOro rpadena,
BKJIKOYAsl €ro CTPYKTYypy M IIPOBOAMMOCTb, & TakXKe HaJuuue npumeceil. Takxke
OHA SBJSIETCS YHUBEPCAIbHBIM CPEACTBOM JUISl ONPEJIEICHUS U XapaKTEPUCTUKU
XUMHYECKUX U (PU3UUECKHUX CBOIMCTB ATHX MaTepHaJIOB KaK B JIJAOOPATOPHBIX YCIOBHSIX,
Tak W B MacmTabaXx CEepUHHOrO TPOU3BOJCTBA. Ba)XHOCTH 3TOro MeToAa TaKoBa,
YTO B OOJIBIIMHCTBE OIMYOJIMKOBAHHBIX CTAaTed IO HCCIIEA0BaHUIO rpad)eHa €CTh IO
KpaifHell Mepe O/IMH CIIEKTp KOMOMHAIIOHHOTO paccestHusl. B cTarbe paccmarpuBaeTcs
pamaHOBCKasi criekTpockonus rpadena, okcuaa rpadena (I'O) m BoccTaHOBIEHHOTO
okcuga rpadena (BI'O). Onucanbl BaKHBIC MPOIECCHl KOMOMHAIIMOHHOTO PACCESTHUYSI
CBETa BCEX MOJ| MepBoro u Broporo mnopsyika B rpadene, 'O u BI'O. Kpome Toro,
00CYXJaf0TCSl CABUTH C Pa3HBIMU PEXHMaMH HAKOTUICHHsI, MHOTOCIIOHHOE JIbIXaHUE,
pexxumbl G u 2D MHOrocunoiiHoro rpadeHa. [IpeiokeHbl Takke METObI OTIPeIeIICHUSI
KOJIMYECTBa CIIOCB rpadeHa, HCCICeOBaHUS CIEKTPOB PaMaHOBCKOTO pe30HaHca
OJTHOCJIOMHOTO M MHOTOCIIOWHOTO rpad)eHa M MOJTy4YeHHUs] pAMaHOBCKUX M300pakeHHH
MarepuaioB Ha ocHoBe rpadeHa. OmucaHbl IHMPOKHE BO3MOXXHOCTH PaMaHOBCKOM
CHEKTPOCKOIINY /71l M3y4eHHs (PyHIaMEHTaIbHBIX CBOMCTB rpadeHa.

KiroueBsble cioBa: rpaden, okcua rpadeHa, BOCCTAaHOBICHHBIH Okcua TpadeHa,
PaMaHOBCKasl CIIEKTPOCKOIIHS.

Introduction. Graphene is a two-dimensional (2d) hexagonal system of sp2 carbon
atoms with solid covalent bonds (Dreyeret al., 2010). Forming the van-der-Waals bonds
graphene can be layered in Bernal or rhombohedral form (Nicolosi et al., 2013). Single-
layer and multilayer graphene can be obtained by micromechanical exfoliation (Kumar
et al., 2021), chemical vapor deposition (CVD) (Fidanova et al., 2019) and epitaxial
growth on the SiC surface (Yazdi et al., 2016), and there are methods such as reduction
of GO, organic synthesis, and subjecting graphene to oxidation, hydrogenation,

71



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

fluorination, and other chemical functionalizations (Stankovichet al., 2007). Graphene
and its derivatives have excellent electronic, optical and mechanical properties, which
have aroused great scientific interest and potential for various applications (Jariwala et
al., 2013).

Inrecent years, interest in studying the fundamental properties of graphene has grown
due to the simplicity of fabrication and identification of structures (Kudaibergenova
et al., 2020). Raman spectroscopy is a relatively simple, non-destructive, non-contact
and fast measurement method for studying the inelastic scattering of light from a
sample surface at room temperature and atmospheric pressure (Scardaciet al., 2021).
Raman spectroscopy plays an essential role in the structural description of materials
based on graphene. Furthermore, it is an indispensable tool for understanding the
actions of electrons and phonons in graphene, which we can obtain by studying Raman
spectroscopy (Ferrari et al., 2013).

Raman spectroscopy has significant advantages over other analytical methods. The
most important of them are the ease of sample preparation and the large amount of
information obtained. Raman spectroscopy is a technique based on light scattering, so
all that is required to collect a spectrum is to point the incident beam exactly at the
sample and then collect the scattered light(Hidayahet al., 2017).

The purpose of this work is to study the exact identification of graphene and its
functional groups using the Raman spectrum method. Because vibrational spectroscopy
provides key information about the structure of molecules, such as the position and
intensity of bands in a spectrum, it can be used to study the molecular structure or
chemical identification of a sample.

Materials and Methods. Chemicals and apparatus. Graphite (purity >99%), sulfuric
acid (H,SO,), sodium nitrate (NaNO,), potassium permanganate (purity > 97%),
hydrazine monohydrate (NH,-NH_*H,O, purity =98%)were purchased from Sigma-
Aldrich.

Graphite, GO and RGO were described using the method Raman spectroscopy. The
measurements were performed using an Omegascope Horiba-AIST-NT system (with a
Raman spectrometer LabRAM HR Evolution) with a 532 nm laser.

Preparation of GO and RGO. Synthesis of GO was performed according to the
modified Hummers method (Hummers et al., 1958), as described in (Kudaibergenova
et al., 2022). The resulting GO solution was washed with HCl and water at pH 1.1, then
centrifuged and dried to constant weight.

The reduction of GO is described in (Kudaibergenova et al., 2022). NH,-NH,*H,O
was added to the colloidal suspension of GO(figure 1). The resulting mixture was stirred,
filtered and dried.
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Figure 1. Schematic image of the synthesis of graphene, GO and RGO.

Results and discussion. Raman spectra of graphite contain bands G (graphite) and
D (disorder). The synthesized GO sheets using the modified Hummers and RGO sheets
also are characterized by Raman spectroscopy (Figurel). It is known (Wuet al., 2018)
that three peaks are present in a typical Raman spectrum of graphene sheets: the first
peak D at 1351 cm-1, the second peak G at 1580 cm™!, and the third peak 2D at 2700 cm®
I. The ratio between the intensity of the G and 2D peaks (IG/I12D) estimates the number
of layers (Popov et al., 2013).

This IG/12D ratio is less than unity. The relationship between the D and G peaks
(ID/IG) assesses the imperfection of graphene layers. The prominent Raman signal at
1351 cm™! is attributed to the sp* defects in the sp?® lattice and related to the graphene
structure defects. A 2D peak at 2700 cm ! is attributed to the development of graphene
structure. In the Raman spectrum of RGO, the D, G, and 2D peaks appear at 1358, 1589
and 2709 cm™'. These peaks are associated with the known peaks for GO found in the
literature, and the obtained graphene sheets show strongly broadened D and G bands.
The intensity of the D peak increases after reduction (Hidayahet al., 2017). The most
noticeable in the Raman spectra of graphite materials are the G band appearing in the
region of 1582 cm™, the D band of 1350 cm’!, the D band of 1620 ¢cm™! and the G band
(or 2D) of about 2700 cm™! (for these the last three bands, this combination frequency is
equal to the frequency obtained using the wavelength of laser excitation at 514.5 nm).
The G band is a doubly degenerate phonon mode of symmetry E, in the center of the
Brillouin zone (BZ), which is a combination for sp? carbon networks. If the G band is
observed in Raman spectra, which means that the sample contains sp? carbon networks.
In contrast to sp® and sp carbon networks show characteristic Raman features at 1333
cm™ and in the range of 1850-2100 cm™ (linear carbon chains) (Kaniyoor et al., 2012).

The D’ band is associated with lattice defects, and therefore these bands are not visible
for highly crystalline graphite (Figure2, Table 1). Thus, the ratio of the intensities ID /
IG for the D-band and G-band widely characterises the number of defects in graphite
materials.

The prominent characteristic peaks in the Raman spectra of graphene and graphite
are G (~ 1580 cm™), D (~ 1330 cm™) and G’ (~ 2670 cm™). The G band arises due
to plane vibrations of sp? carbon atoms. Bands G, D and D’ are caused by disorders
resulting from exfoliation. Band D is associated with crystalline disease due to defects
in the lattice, and band G’ is the overtone of band D. Figure 2 shows Raman spectra of
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graphite, graphene oxide (GO), and reduced graphene oxide (RGO). It can be observed
that all three structures have defects (peak D at 1335 cm™!). The presence of defects in
graphene oxide due to violation of m-conjugation leads to GO becoming electrically
nonconducting. Removal of functional groups leads to the restoration of « - conjugation
and an increase in the material’s conductivity (Kudaibergenova et al., 2022).

Grafite (G)
- Graphene oxide (GO)
3000 o =] Reduction graphene oxide (RGO)
2500 -
2000 -
g
£ 1500 4
1000

o Ilixl 2000 3(*”
Raman =hift (cm ")

Figure 2. Raman spectrum of graphene, GO and RGO

Fluctuationsinthe frequencyrange 1500 cm™ are due to the presence of microcrystallite
fragments in the structure. For a qualitative comparison of particle defects, the ID / IG
ratio can be used. However, the intensity of the D and G bands of the studied samples
turned out to be commensurate, and the ID values are slightly higher than the IG values.
This also indicates a rather large number of defects in the sample. ID / IG = 1.03 for GO
and 1.11 for RGO (Table 1). For the graphite the value ID / IG = 0,38.

The G peak refers to tangential C-C stretching vibrations and is sensitive to stresses
in the local structure. Stresses can occur due to bending. In places of greatest curvature,
a decrease in the frequency of oscillations of the G mode is observed. Such a frequency
shift corresponds to tensile strains. Additionally, at the site of the greatest curvature,
an increase in the intensity of the D peak is observed. The D band also indicates the
presence of defects in lattice imperfections or the presence of impurity atoms. More
defects in the structure - a more intense peak. From the ID / IG ratio, the intensity of
one or another type of defect is determined. If the ratio is <1, then the defectiveness is
low, and the quality of the carbon material is high. Graphite has a ratio ID / 1G =0.38.

Group G occurs during the planar vibration of sp? carbon atoms and is a doubly
degenerate (TO and LO) phonon mode (E2g symmetry) in the center of the Brillouin
zone (Mallet-Ladeiraet al., 2014).

In the Raman spectrum of graphite, the most intense narrow peak, G, is at 1563 cm™!
(Figure2, Table 1). In the case of graphite with a large number of defects, a peak D
(disorder peak) appears at 1335 cm™ in the spectrum. The ID / IG ratio is associated with
the size of graphene crystallites in the basal plane, L, (Tuinstraet al., 1970):

La = (2,4 X 10710) }\44laser(ID/IG) -l )

where A is the wavelength of the exciting laser, equal to 514 nm.
We used the “Tuinstra Koenig Relation” ratio method to calculate the crystallite size
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using Raman spectroscopy. To calculate the number of layers of the obtained materials,
we used the practice of the ratio of the intensity of peaks D: G in the Raman spectra
(Table 1) (Tuinstra et al., 1970).

Determination of the thickness of graphene films is one of the most critical tasks in
their diagnosis since the properties of graphene substantially depend on the number of
its layers. Table 1 shows that with an increase in the number of layers, the intensity of
the G line increases while the 2D line broadens and changes its shape. Therefore, an
analysis of the 2D line shape in the Raman spectrum of graphene and an analysis of the
G-line intensity are used to estimate its thickness (Kaniyoor et al., 2012).

According to table 1, the intensity of the band G increases with the increasing
thickness of graphene oxide. These are used in the work of A. Geim to determine the
thickness of graphene materials with less than 10 layers for two-dimensional materials
(Geimet al., 2007).

In the frequency range ~ 2870 cm™, a G’ band appears in the Raman spectrum of GO
(Figure2 and Table 1). The Raman spectrum of graphene oxide differs from the graphite
spectrum in the intensity of the G’-band (~ 2870 cm™). It is because identifying the
number of layers in the graphene structure is carried out on the G’-band. In some cases,
instead of band D, you can use band G’ if the ID / IG ratio is> 1.

The broader and less intense G” band at 2708 cm™ (sometimes called the 2D peak
in the literature) in the RGO spectrum compared to the graphite peak at 2673 cm’!
suggests that the RGO sheets contain more defects than graphite, which also indicates
the ratio ID / IG = 1.11 (table 1). A wide 2D peak for GO was observed at 2670 cm™,
but with a significant increase in peak intensity (Figure2, Table 1). This fact confirms
the increase in the thickness and number of defects in GO due to chemical exfoliation
of graphite during oxidation. For single-layer graphene, the G band appears as a sharp
and symmetric peak, while it becomes wider with increasing thickness in several-layer
graphene (Kudaibergenova et al., 2022).

For example, the single-layer graphene (SLG) of a 2D band has a narrow and
symmetric peak. Figure 2 shows that the 2D peak for GO and RGO becomes wider and
more intense, i.e., with the chemical modification of graphite and reduction, the number
of layers in the material structure increases. Authors (Schuepferet al. 2020) explained
the nature of the expansion of the 2D band. Also gave a detailed description of the
fact that the multi-peak structure of the 2D band is associated with the dispersion of
n electrons. The intensity of the 2D band can be used to distinguish a monolayer from
5-10 stacked layers. The relative intensity ratio between the 2D and G bands depends
on the number of layers. 12D / IG can be used to understand the quality of graphene
samples quickly. (Camposet al. 2017) discussed that the bandwidth D is sensitive to
the effects of the curvature of graphene sheets, as well as some morphological changes,
which are also accompanied by a change in the Raman spectrum.

In the Raman spectra of the materials we obtained, there is a wide line at 826 cm™!
for graphite and an intense band at 833 cm™ for GO and 835 cm-1 for RGO (Figure 2),
which is shifted to the high-frequency region by 53 cm compared with a band at 782
cm! in the works, referred to C — H bending vibration of the ring (Camposet al. 2017).
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Table 1. Analysis of Raman spectra of graphite, GO u RGO

Sumple |Raman shift | Intensity |Pik identification I/, |Ly/I; |Crystallite size|L /I
(em™) L, (nm)
Graphite | 1563 1420 G 0.38 |0.61 |44.08 -
1335 540 D
1030 670 C-H
826 1260 CH,
2440 430 D+D”
2673 870 2D
GO 1561 2950 G 1.03 |0.51 16.26 2.1
1337 3040 D
1040 1620 C-H
833 2000 CH,
1800 1450 D’(light scattering on
the linear defects)
2670 1500 2D
2870 1600 G’
2992 1620 2D’ (D+G)
RGO 1583 2350 G .11 10.29 |15.09 -
1341 2600 D
1040 1040 C-H
835 1480 CH,
2708 680 2D
2946 700 2D’ (D+G)

The lines located in the regions of 1031 and 1073 c¢cm 'were assigned to the C — C
stretching associated with the respiration of the phenyl ring and possibly belong to the
vibrations of the side groups (Kudaibergenova et al., 2022). The line at 1030 cm—1 in
the Raman spectrum of graphite was assigned to plane vibrations of the CH, groups of
the ring. The line located at 1040 cm™ in the Raman spectrum of GO m RGO is also
due to stretching processes associated this line with C-C antisymmetric stretching along
the macromolecular chain. The position of this Raman line shifts toward lower values.
In our case, this band is present in the region of 1040 cm™ for GO and RGO (Figure2,
Table 1).

In work (Kudaibergenova et al., 2022), it was reported that the D line in graphene
at 1336.1 cm™! indicates that the graphene plate consists of 3-5 layers and can reflect
compression deformation, crowding, or cohesion of the side groups. We are inclined
to assume that the D peak in our Raman spectra of graphite at 1335 cm™ and the high-
intensity peaks at 1336.5 cm™ - GO and 1341 cm™ - RGO also reflect similar phenomena
(Figure 2, table 1).

The 2D peak is the overtone of the D peak, and the 2D peak is the overtone of the D
peak. 2D and 2D’ peaks are activated only if there are defects. The band at ~ 2440 cm’!,
presented only in the Raman spectrum of GO in Figurel we interpreted as D + D" (Table
1). The D + D" band was first represented in graphite. This band is a combination of a
D-phonon and a phonon belonging to the LA branch, visible at ~ 1100 cm™ in defective
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samples when measured by visible light and called the D" peak and is denoted as D +
D" (Mallet-Ladeira et al., 2014).

Thus, we have revealed the origin of the two-resonance two-phonon D + D" peak,
which can provide useful information for functionalization in determining the number
of layers in graphene (Schuepferet al. 2020). Raman peak at 2946 cm™ in the RGO
spectrum in Figure2 is associated with the D + G combination mode, and is also caused
by the disorder of the structure and is often referred to in the literature as 2D’ (Kaniyoor
et al., 2012). Raman spectra show the structural characteristics of the material and
information about defects, stacking of graphene layers and final crystallite sizes. Raman
peaks D and D’ are characterized by disorder, and the G’ band (Overtone of the D band),
is always observed in samples without defects (Hidayah et al., 2017). The identification
of these bands is necessary for understanding the mechanism of the formation of new
forms of sp? carbon materials. The most obvious difference in the intensity of the G’
band(or 2D-band) in2700 cm™', which in graphene exceeds the G band in intensity, and
in graphite, this ratio reverses (Kudaibergenova et al., 2022).

Another example of the high sensitivity of the Raman spectrum to the structure of
materials with lattice distortion at the crystal edge is the appearance of a rather intense
shoulder at 1800 cm™ in the Raman spectrum of GO, which indicates the presence
of carbon in the sp? state and the existence of linear defects at the crystal boundary
(Hidayah et al., 2017). We found that the ratio of the peak intensities of the D and D
‘line intensities caused by the appearance of sp? hybridization is ID / ID’= 2.1 (Table 1),
which indicates the presence of linear defects at the GO boundary.

GO reduction was carried out using hydrazine, which led to a change in the structure
of the material, which Raman spectra of graphite, GO and RGO (Figure 2).

The G peak corresponds to the high-frequency phonon E, . The D peak is due to the
vibrational modes of the six-atom rings and refers to the A]g symmetry. The intense peak
G, which relates to vibrations of the graphite lattice, showed a high-frequency shift of
the G band in the Raman spectrum of RGO (1583 cm™') compared with the G position
of the graphite band (1562 cm™) and GO (1561 cm™), which indicates an increase in the
concentration of free charge carriers (Kudaibergenova et al., 2022).

The blue shift of the G peak in the spectrum compared with the G band of graphite
(1562 ecm™) and GO (1561 cm™) increases the phonon energy Ezg. The increase in the
frequency of the G line in the RGO spectrum (1583 cm™!, Table 1) with increasing
electron concentration is explained by the fact that the more electrons are in the m *
band, the stronger is the contribution of the electron energy to the phonon energy E, A
quantitative expression for the change in the energy of the G line with a change in the
carrier concentration was obtained in the work (Hidayah et al., 2017).

Conclusion. In this study, we described the synthesis of RGO in two stages,
consisting of the preparation of GO from graphite by the modified Hummers method,
followed by the chemical reduction of GO with hydrazine monohydrate. The location of
the 2D band showed that the resulting GO appears to be multilayer, and also, the shifted
position of the 2D band confirms the presence of functional oxide groups that interfere
with the stacking of graphene layers. It was also found that after the reduction of GO to
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RGO, a small amount of functional oxide groups remains, which leads to the binding
of RGO. And the high intensity of the D band indicates that RGO has more isolated
graphene domains than GO, and also due to the removal of oxygen fragments from GO
after reduction. According to the results of Raman spectroscopy, it can be revealed that
GO was successfully synthesized and chemically reduced using hydrazine hydrate.
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PURIFICATION OF TECHNICAL SODIUM CHLORIDE FROM THE TASTY
TUZ DEPOSIT OF THE REPUBLIC OF KAZAKHSTAN

Abstract. Kazakhstan is one of the richest countries in Central Asia in terms of
reserves of natural sodium salts. One of the most important issues today is the purification
of sodium chloride salts from impurities for industrial, medical and domestic use. The
object of the study was a rock salt deposit. After determining the chemical composition
of the salt, a saturated solution was prepared and separated from mechanical impurities
by filtration. The barium carbonate method was chosen to purify the saturated solution
(brine). The chosen method is more expensive and less soluble than lime, lime-soda,
lime-sulfate methods. However, sodium chloride obtained by the barium carbonate
method is of high purity. Therefore, barium carbonate has been used to produce a high
purity salt, which is used in medicine, industry and industries that require very pure
salts. A saturated salt solution was prepared for purification. The saturated solution was
filtered from the mechanical mixture using a vacuum filter. Saline solution was poured
the filtered into a three-necked flask and place in a thermostat. Optimal parameters
of temperature and time for brine purification were determined by continuous stirring
of the solution in the thermostat. In practice, studies were conducted at temperature
intervals from 70 to 110°C and time of 15-40 min. The time and temperature at which
the degree of purification of sodium chloride showed the highest result were chosen as
optimal parameters. Several experiments with the selected parameter were carried out
and the composition of the finished product was analyzed. According to the results of
the study, the salt contains only Na” and Cl ions. According to the selected parameters,
the degree of purification of the brine with BaCO, is up to 99.9%.

Key words: sodium chloride, brines, table salt, salt purification, crystallization.
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KA3AKCTAH PECITYBJIMKACBIHJATBI «TACTHI T¥3» KEH
OPHBIHJIAFbI TEXHUKAJIBIK HATPUI XJTOPHUIIH TA3AJIAY

AnHoramus. Kazakcran Opra Asusiiarbl TaOUFM HATPUH Ty37apbl KeHepiHe Oai
MeMJICKEeTTepIiH Oipi. OHipicTe, MEAUIIMHAA J)KOHE TYPMBICTA KOJIJIaHY MaKCaThIH/Ia
HaTpUH XJIOPUIIHIH TY3[apblH KoCHajapjaH Ta3ajay Ka3ipri TaHIarbl MaHbBI3ZbI
Macenenepid 0ipi Oosbin TabbUIaabl. 3epTTey 00BeKTICi peTiHme «TacThl Ty3» KeHi
anbIH/IbI. TY3IbIH XMUSJIBIK KYPaMbI TOJIBIK aHBIKTAJIFaH COH, OHBIH KAHBIKKAH ePITIH/IIC
JAWBIHIAITBIN, MEXaHUKANIBIK KOCTIaJap/iaH Cy3y apKbUIbl OeJiHiIN ajdbiHabl. KaHbIKKaH
epITIHIIHI (TY3BIKTHI) Ta3anay YIIiH Oapuii — KapOOHATThI 9J1iCI TAHIAJIBIHBII aJIbIHIBI.
TaHnanbiHFAH 9JIIC OKTi, 9KTI — COMANbI, 9KTI — CyJab(aTThl SJICTepiHE KaparaHsa
KbIMOAT KoHEe OHBIH epirimriri TemeH. bipak Oapuii kapOOHATBHl O/iCIMEH AJIBIHFaH
HATPU XJIOP TY3bl Ta3aJIbIFBIHBIH JKOFApPBUILIFBIMEH epekiiencHeni. COHABIKTaH
MEAMIIMHA/A, OHIPICTE, aca Ta3a TY3Iap/bl KAKET €TETIH cajaiapaa KOJAaHbUIAThIH
YKOFaphbl TazalbIKTa TY3 ajy YIIiH Oapuil kKapOoHAThl MalaanaHbuAbl. Ty3/bl Tazanay
YIIIH OHBIH KAHBIKKAH epiTiHici aadbiHaanpl. KaHbIKKaH epiTiHAI Bakyym —
CY3TiHI MaiJanaHblll MEXaHUKAJIBIK Kocmagan cy3uiai. Cy3iareH TY3bIH €piTiHIICIH
YII MOWBIHABI KOJOara aybICTBIPHIN, TEPMOCTATKA OpHAJACTBIpanbl. TepMmocTarTa
epITIHAIHI Y3/IKCi3 apaacThIpy apKbUIbl 3epTTEY JKYMBICHIHA TY3/BIKTHI Ta3aiayJIbiH
ONTHMAJI/IbI TEMIIEPATypa )KIHE YaKbIT MOHIepi KapacThipbliasl. Taxkipubdene 70-110°C
apaJbIFbIHAHBl OHTAWIBI TeMreparypa MeH 15-40 MUH THIMJII yakbIT mapamerpliepi
KapacThIpbUIIbL. EH jKOFapbl HATPHU XJIOPUIIHIH Ta3alaHy A9PEKECiH KOPCETKECH YaKbIT
MeH TeMIeparypa ImamMachl THIMII MapaMeTp peTiHle TaHAalblHIbL. TaHJalbIHFaH
napametp OolbIHIIA OipHEeIe TIKIpUOe KONUBUIBII, NaiblH OHIMHIH KYpaMbIHA TaJIay
KacaJbIH/BL. 3epTTey HOTMXKeci OOWbIHINA TY3IbIH KypambiHaa Tek Na“ men Cl -
MOHJIapPbIHAH TYPATBIH/BIFbIHA K63 JKeTKi3UIal. TaHaanbiHFaH mapameTpiep OOMbIHINA
BaCO, — nen Tasananran TY3/bIKTBIH Ta3anaHy nopexeci — 99,9% neiin sxereTinmiri
AHBIKTAJIIBL.

Tyiiin ce3mep: HaTpuil XJIOpHIi, TY3IBIK, ac TY3bI, TY3IapAbl Tazanay, KpUcTaj-
JU3aIus.
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OUYUCTKA TEXHUYECKOI'O XJIOPUJA HATPUS MECTOPOXIEHHUA
«TACTBI T¥3» PECIIYBJIMKU KASAXCTAH

AnHoTanus. Kazaxcran sBisieTcs ofHON M3 caMbIX OoraTtsix cTpaH LleHTpanbHoit
A3uM 1o 3amacam NpHUPOAHBIX cosielt HaTpud. ONHUM U3 BaKHEHIINX BOMPOCOB Ha
CETOHSIIHNHN JIeHb SIBJIETCS OUMCTKA COJIEH XJIOpHa HAaTPHsI OT IPUMeECEeH [T TPOMBIIII-
JICHHOTO0, MEJTUIIMTHCKOTO M OBITOBOTO IipuMeHeHHsI. OOBEKTOM UCCIIEI0BAaHUS SBISIIOCH
MecTopoxkJieHne KaMeHHON comu «Tactel Ty3». Ilocne ompeneneHust XUMHUYECKOTO
COCTaBa COJIM TOTOBMJIM HACHIIIEHHBIH PACTBOP M OTIEIISIIIN €r0 OT MEXaHUYECKHUX MpH-
Mecei punbTpoBaHueM. J{J1s1 OUMCTKH HACKHIILIEHHOTO pacTBOpa (paccona) ObLT BEIOpaH
Oapuii-kapOoHaTHBIN MeTol. BeiOpaHHbIH crioco0 sBisieTcst 0ojice JOPOrMM U MEHEe
pacTBOPUMBIM, YEM H3BECTKOBBIH, HM3BECTKOBO-COJOBBIN, HW3BECTKOBO-CYIb(ATHBIH
cnoco6b!1. OHAKO XJIOPU HATPHs, TOTyUYeHHBIH METO/IOM KapOoHaTa Oapus, OTIHYaeTCs
BBICOKOU uncTOTOH. [loaTOMY KapOOHAT OGapuisi MCIOJIB30BANM JUISl TIONYUYSHHS COJU
BBICOKOW UUCTOTHI, KOTOPas UCIIONB3YETCs B MEAUIINHE, TPOMBIIINIEHHOCTH U B OTPACIISIX,
TpeOyIoNMX OYEeHb YHCTHIX cojieil. J[J OYMCTKM TOTOBMIJIM HACBHIIMIEHHBIH pPacTBOP
coii. HachIeHHbIH pacTBOP OT(GHIBTPOBBIBATIM OT MEXaHUYECKOM CMECH C ITOMOIIIBIO
BakyyM-¢uibrpa. OTOUIBTPOBaHHBIA COJNICBOH pacTBOp TEPENUIM B TPEXTOPIYIO
K0JI0y ¥ MoMecTIIIN B TepMocTar. ONnTUMalIbHbIE TapaMeTpPhbl TEMIIEpaTyphbl U BpeMEHH!
JUIS.  OYMCTKU paccolia ONpeNeii MPU HEMPEepPhIBHOM MEepEMENINBaHIH pacTBopa B
TepMmocTare. Ha mpakTuke mpoBOAMINCH UCCIEIOBAHNS TIPY MHTEPBAJIaX TEMIEPaTyphl
ot 70 no 110°C u Bpemenu 15-40 mun. B xauecTBe oNTUMaIbHBIX TapaMETPOB OBLITH
BbIOpaHBI BpeMsl M TemIleparypa, Ipu KOTOPBIX CTEMEeHb OYMCTKU XJIOpWIa HaTpHs
MoKa3aJl HaWBBICIINN pe3ynbTaT. bbIJI0 NMPOBEIEeHO HECKOIBKO 3KCIIEPUMEHTOB C
BBIOpaHHBIM TapaMeTpoOM U MPOAHAIM3MPOBAH COCTaB TOTOBOro mpoaykra. Ilo
pe3yibTaraM MCCIEAOBAaHUS COJIb CONMEPKUT Toiabko MOHBI Na“ u Cl. Ilo BEIOpaHHBIM
rapameTpam CTeneHb 04uCTKH paccona ¢ BaCO, cocrasmser 10 99,9%.

KuroueBble ciioBa: XJOpH HAaTpHs, paccolibl, TOBApeHHAs COJb, OUMCTKA COJIH,
KPUCTAJUTH3AIIHSL.

Introduction. World salt production exceeds 240 million tons per year and more than
60% of the total salt produced is used in industry, the main consumers of which are the
chlorine-alkaline and special chemical industries (Xingguo Luo, et all, 2020; A Khalil,
et all, 2022;). Sun-evaporated salt has been found to contain important impurities such
as calcium, magnesium, sulfate, bromide, iodide and other trace elements(F. Penha,
et all, 2020). The presence of such impurities may require further purification of the
accumulated salt to make it suitable for actual final use (Y. Shen, K et all, 2020). These
industries prefer high-quality industrial salt with established restrictions on calcium,
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magnesium, sulfate, bromide, iodide and other trace elements, as the use of such salt
reduces the cost of salt treatment and wastewater treatment. Sun salt is made from sea
water, ground salt, lake salt and a solution for mountain salt. In fact, saline rocks come
from the sea (X. Zhang et all, 2014; Z. Ren, 2021). All of these sources are a multi-
component saline system and are a storehouse of chemicals that contain more than 73
elements when dissolved in seawater. Therefore, it is important to obtain any of these
salts in pure form from these sources (Jingxin Shi et all, 2020; Z. Liu et all, 2021).

Materials and methods. High-purity sodium chloride is widely used in medicine
in the production of saline solutions, as well as as an adjuvant in the preparation of
various drugs. Technical sodium chloride usually contains K *, Ca 2, Mg 2, CO, %, SO,
% and others. At present, much attention is paid to the development of methods for their
purification of table salt for use in chemical, food and pharmaceutical industries. To
purify the salt, 500 ml of its saturated solution was prepared (Kadirbayeva A. A, et all,
2017). The saturated solution is filtered from a mechanical mixture using a vacuum filter.
The filtered salt solution was transfer to a three-necked flask and place in a thermostat.
Brings the temperature in the thermostat to 90 - 100°C. Then the pre-calculated BaCO3
salt is added and stirred for 25-30 minutes. At the end of the mixing time, the precipitate
is filtered through a vacuum filter. The filtered solution was evaporated at a temperature
of 100 - 108°C to a volume of . The resulting crystal is filtered through a Buchner
seed in a vacuum filter (Kucherov M, 2000). The salt crystals are dried in a drying
oven at 100-105°C for 25-30 minutes, weighed and chemically analyzed. The mother
solution is then re-evaporated to volume %, the formed NaCl crystals are dried, weighed
and chemically analyzed. The formed carbonates Ca, Mg were determined by chemical
analysis. Flame photometry, atomic absorption, Folgard method, complexometric
methods and volumetric methods were used to determine the chemical composition of
sodium chloride.

Results. The chemical analysis of the chemical composition of sodium salt from the
“Tasty tuz” deposit was carried out. The results of chemical and microscopic analysis
are given in Table 1 and Figure 1-2. Sodium chloride was found to be rich in Ca "2, Mg
2,80, *ions.

Table 1 - Chemical composition of table salt from Tasty tuz field (Ne 1)

Ne Na Cl AL O, SiO, MgCl, CaCl, CaSO,
Sample 1 37.04 57.26 0.85 0.75 0.75 0.75 0.63
Sample 2 34.87 54.70 1.34 1.47 1.425 1.554 1.53

lonHEA wkana 15896 umn. Kypeop: 0.000

Figure 1 - Microstructure of the Tasty tuz field obtained by 40 times increase of table salt (sample 1)
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Figure 2 - Microstructure of the Tastytuz field obtained by 40 times increase of table salt (sample 2)

Once the salt content was fully determined, a saturated solution was prepared
and separated from the mechanical impurities by filtration. The resulting brine was
chemically analyzed. Its results are given in Table 2.

Table 2. Chemical composition of salt after purification from mechanical impurities,%

Ne Chemical composition, %
CaO MgO SO 2" Cl Na
Sample 1 0,9 0,54 1,38 54,92 36,90
Sample 2 1,64 0,8 2,85 53,24 36,57

Barium carbonate was used to obtain a highly purified brine from mechanical
impurities.
The results of the study can be seen in Tables 3-4 and Figure 3-4 below.

Table 3 - The effect of temperature on the degree of purification of salt

Ne | Temperature, | The composition of salt The composition of salt | Degree of purification
°C before cleaning, % (120 g) | after cleaning, % (108 g)
CaO |MgO SO,? [CaO MgO | SO, [CaO |MgO | SO,?
1. 70 0.9 0.54 1.38 0.194 | 0.105 | 0.22 | 80.6 | 82.5| 85.6
2. 80 0.9 0.54 1.38 0.137 0.07 | 0.15 | 86.3 | 88.3 89.7
3. 90 0.9 0.54 1.38 0.005 |0.0018 | 0.006 | 99.5 | 99.7 | 99.6
4. 100 0.9 0.54 1.38 - - - 99.9 1999 | 99.9
5. 110 0.9 0.54 1.38 - - - 99.9 1999 | 999
105
=
3
AS 100 A}
5 95
Lz
3
& 9
=]
g 85
a
80
60 70 100 110

80
==Ca0 =@—MgO

90
S04-2

Temperature, °C

Figure 3. Temperature dependence of the degree of purification of salt
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Table 4-Changes in salt composition depending on time

Ne Time, The composition of salt The composition of salt Degree of purification
min before cleaning after cleaning
T CaO  |MgO SO,? Ca0 |MgO | SO, CaO MgO SO,?
1. 15 0.9 0.54 1.38 [0.008 |0.0042| 0.0012 99.2 99.3 99.2
2. 20 0.9 0.54 1.38 0.007 | 0.003 0.007 99.3 99.5 99.5
3. 25 0.9 0.54 1.38 - - - 99.8 99.8 99.7
4. 30 0.9 0.54 1.38 - - - 99.9 99.9 99.9
5. 40 0.9 0.54 1.38 - - - 99.9 99.9 99.9
. 100
=]
2
£99,8
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=%
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]
§D99,2
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R 99
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Figure 4. Changes in the degree of purification of table salt depending on the time

The results of chemical and microscopic analysis of purified sodium chloride are

shown in tables 5-6 and figures 5-6.
Table 5 - Composition of refined table salt of the Tastytuz field (sample 1)

Ne Element Mass % Atom,%
1 Na 36.87 47.39
2 Cl 63.13 52.61

Table 6 - Composition of refined table salt of the Tastytuz field (sample 2)

Ne Element Mass % Atom, %
1 Na 37.42 47.98
2 Cl 62.58 52.02

Cnektp 1

BnekTpoHHOE M30BPaKeHNE 1

onkas wkana 10357 man. Kypcop: 0.000

Figure 5 - Results of microscopic analysis of refined table salt of the Tastytuz deposit (sample 1)
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Figure 6 - Results of microscopic analysis of refined table salt of the Tastytuz deposit (sample 2)

Discussion. The barium-carbonate method was selected to purify the saturated
solution (brine). It is more expensive than lime, lime - soda, lime - sulfate methods and
its solubility is low (Myerson, et all, 2019). But sodium chloride is not only used in
food. It is widely used in medicine, in the production of other sodium salts. Therefore,
its purity must be very high (Farah Mohammadesmaeili et all, 2010). Therefore, barium
carbonate was used to obtain high purity salt. The solubility of barium carbonate is very
low, but when placed in a brine boiling at 90 - 100°C, it is possible to observe the release
of CO, gas. Therefore, after the release of CO, gas from barium carbonate, Ca and Mg
ions in the salt precipitate in the form of calcium and magnesium carbonates, and SO,**
precipitates in the form of barium sulfate, reacting with the released barium ion (Philipp
Nguyen et all, 2016; H. Dahmardeh et all, 2019).

The studies were conducted depending on the temperature of 70-110°C and time of
15-40 [9,16].

As the temperature rises, the degree of purification of the brine increases, ie at 70°C
the degree of purification from Ca ** ions is 80.6%, at 100°C it reaches 99.9%. It can
also be seen that the degree of purification from Mg ** ions is 82.5% at 70°C, equal to
99.9% at 100°C, respectively, the sulfate ion increased from 85.6% to 99.9%. Further
increase in temperature does not affect the degree of purification.

The change in time also affects the degree of purification. In 15 minutes the degree of
purification from Ca *? ions was 99.2%, in 30 minutes it increased to 99.9%. The degree
of purification from Mg *“* and SO, ions, respectively, ranges from 99.2 to 99.3% to
99.89 to 99.9%. Further increase in time does not affect the purification of the brine.
Therefore, the optimal setting for cleaning the brine is 90 - 100°C, 25 - 30 minutes.
Several experiments were performed on the selected parameter and the composition of
the finished product was analyzed. According to the results of the study, the salt contains
only Na "and Cl- ions. In conclusion, the optimal parameters for cleaning the brine with
BaCO, are 90 - 100°C, 25 - 30 min. The degree of purification is 99.9%.

Conclusion. Chemical analysis of the chemical composition of sodium salt extracted
from the rock salt field was carried out. For cleaning the saturated solution (brine), a
barium — carbonate method was selected. Although cleaning with barium carbonate is
more expensive than other methods, the purity allows you to get a very high salt. As
a result of the experiment, it was found that the optimal parameters for cleaning brine
with BaCO, are 90 — 100°C, 25 — 30 min. In the selected parameters, the degree of
purification was obtained — 99.9% sodium chloride.
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HAKOIIVIEHHUE U PACITPEJEJIEHUE TAXEJIBIX METAJIJIOB B
CUCTEME «I1IOYBA-PACTEHHE»

AHHOTanus. lccnegoBaHO KOJIMYECTBEHHOE COJIEPKAHME BOCBMH  TSIKEIIBIX
METaJIJIOB B COCTABE MOYBbI, HA PACTCHUSIX U IUI0JaX TOMaToB. OOBEKTOM UCCIICIOBAHUS
SIBJISUTMCH TEIUIMYHBIC TOMATHI M [10YBA, TIIE BO3/EIIBIBACTCS KyIbTypa. B mpobax mouss! u
KYJBTYPBI ONIPEIEIISUIN MATh TSHKENIBIX MeTaiuioB — Pb, Cu, Zn, Cr, Cd. [1o nonyueHHbM
JaHHBIM B MCCIIEAYEMOM MOYBE ObUIO BBISABICHO BBHICOKOE COICPKAHUE CBUHIIA, MEIH
u KaaMusi. Bmecte ¢ TeM KOHLEHTpaLusl 3TUX K€ METAJIOB ObUIa NPEBBILICHA Ha
pacTeHHsX W IUIonax ToMaroB. Tak, HauMOOJNBIIMH BKJIAJ B 3arps3HEHUs] PAacTCHUI
TOMATOB BHOCHT IIMHK ¥ CBUHEI — 12,4 1 8 MI/KT, cooTBeTCTBEHHO. KOHIIEHTpaIus Menu
u xpoma coctrasuiio 1,3 u 0,3 mr/kr, coorBercBeHHo, Kaamus — 0,56. KoHuenTpanus
CBUHIIA ITPEBbIIICHA U Ha ru1ofax TomatoB — 0,6 mr/kr mpu [TIK 0,5 u kagmus B 8 pa3 —
0,26 mr/xr mpu I[TIK — 0,03 Ha oBOIIHBIX KyabTypax. Takke aHanu3bl I0Ka3aiu, 9To U
KOHLCHTpALUs LIMHKA MIPEBbIILICHA B 7 Pa3, KOHIEHTpaLHs Meiu B 6 pas.

Takxe HaMu ObuTa paccunTaHa OMOAKKYMYJSIIHS (KOG PHUINEHT OMOIOTnYeCKOro
HAKOIUICHHS) KaK OTHOLICHHE CPETHETO COACPIKAHUS TSKEIIBIX METAJUIOB Ha PACTEHUAX
U IUIoJaxX TOMAaTOB K HX CpEeJHEMY colepKaHuio B mousax. [lo mpoBeneHHbIM
aHajM3aM ObLJIO BBIABICHO, YTO HAUOOJbIIEE HAKOTNICHUE MEIU M [IMHKA OTMEYCHO Ha
pacTeHusIX, a KaAMus IUI01ax TOMaroB. JIs Kakaoro u3 sneMeHTOB KoddduiuenTta
OMOJIOTMYECKOTO HAKOIUICHHSI Ha UCCIIeyeMON TEepPUTOPHUU B MOPSIKE YMEHBIICHHUS
obpasyer cienytomue psabl: Tomarer Cd > Cu > Zn > Pb; Pacrenus Cu > Zn > Pb > Cr
> Cd.

KiroueBble cjioBa: TsDKEIIbIC MCTaJlJIbl, 9KOJIOT'Us, [10YBA, 3aIrPA3HCHUC, PACTCHUS.
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«TOTBIPAK-OCIMIIK» "KYWECIH/IE AYBIP METAJIJIAPIBIH
JKUHAJYBI ’KOHE TAPAJIYBI

Annortauusi. Tonmblpak KypaMbIHIAarbl, ©CIMIIKTEp MEH KbI3aHaK JKeMicTepiHaeri
Ceri3 ayblp MeTaJJap/blH CaHJBIK KYpaMbl 3epTTEINi. 3epTTEy HBICAHBI JKbLIbDKAM
KbI3aHAKTaphl MEH JIaKbUl ©CIpUIreH TombIpaK OoJifbl. TOMBIPAK IEH JaKbLI
ChIHAMAJIAPBIHIA OccC aybslp MeTaul aHbktanasl — Pb, Cu, Zn, Cr, Cd. Anpiaran
MaiMeTTep OOMBIHINA, 3ePTTENTEH TOIBIPAKTa KOPFACHIH, MBIC )KOHE KaIMUHTiH YKOFaphl
Meutiepi aHbIkTanabl. COHBIMEH Karap, KbI3aHaK ©CIMJIIKTEepi MEH JKeMIiCTEepiHAe OChI
MeETaJJIap/IbIH KOHIIEHTPAIUSICHI aChII KeTTi. COHBIMEH, MBIPHIII TICH KOPFACHIH KbI3aHAK
OCIMIIKTEpiHIH JacTaHybIHA YJIKEH yJiec Kocansl —12,4 sxoHe 8 MI/KT, colikeciHie. Mbic
IIeH XPOMHBIH KOHIIEHTpamwsichl 1,3 xone 0,3 MI/KT Kypaasl, COWKeciHIIe, KaaMuid —
0,56. Kp1zanax sxkemictrepinne KopracslH korneHTpanusce 0,5 LHIDKK kesinme 0,6 Mr/kr
xoHe kanaMui 8 ece — 0,26 mr/kr kekeHic makpurnapeaa HIDKK — 0,03 ke3inge acThl.
Conjaii-ax, Tajaayliap MBIPBIIITHIH KOHIIGHTPAIHACH! 7 €Ce, MBIC KOHIICHTPAIUSCKH 6
ece apTKaHbIH KOPCETTi.

CoHbIMEH Karap, ©CIMIIKTEp MEH KbI3aHAaK >KEMICTEpPIHJICTI ayblp MeTaaap/abliH
opTrama KYpPaMBIHBIH TONBIPAKTaFel —OpTalla KypamMblHa KaTBIHACHI —PETIHAC
OMOAKKyMYISALUSHBI (OMOIOTHSIIBIK KUHAKTAY Kod(ummeHTi) ecenreni.

Tanmay OOWBIHINIA MBIC TICH MBIPHIINITEIH €H KOI >XHHAKTAIYbl OCIMIIKTEpIE,
al KaJMUMl KbI3aHaK JKEMICTEpiH/e Ke3[CCeTiHI aHBIKTAIJbl. 3epPTTEICTIH ayMaKTa
OMONOTHSITBIK JKUHAKTAy KOA(M(HUIMEHTIHIH opOip SJIEMEHTI YIIiH a3aro TopTiOiMeH
MbIHa1ai Katapiaapasl Kypaiasl: Cd > Cu > Zn > Pb kp13aHak sxemicinge; Cu > Zn > Pb
> Cr > Cd kpI13aHaK oCiMIIKTEpiHAC.

Tyiiin ce3aep: ayblp MeTangap, SKOJIOTHS, TOTBIPAK, JaCTaHy, OCIMIIKTED.

ZH.N. Kurganbekov'’, A.A. Utebaev', R.S. Muhamedov?
M. Auezov South - Kazakhstan University, Shymkent, Kazakhstan;
nstitute of genetics and plant experimental biology, Tashkent, Uzbekistan.

E-mail: jako 1590@bk.ru

ACCUMULATION AND DISTRIBUTION OF HEAVY METALS IN THE
SOIL-PLANT SYSTEM

Abstract. The quantitative content of eight heavy metals in the soil composition, on
plants and tomato fruits was studied. The object of the study was greenhouse tomatoes
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and the soil where the culture is cultivated. Five heavy metals, Pb, Cu, Zn, Cr, Cd, were
determined in soil and culture samples. According to the obtained data, a high content
of lead, copper and cadmium was detected in the studied soil. At the same time, the
concentration of the same metals was exceeded on plants and fruits of tomatoes. Thus,
the greatest contribution to the pollution of tomato plants is made by zinc and lead -
12.4 and 8 mg/kg, respectively. The concentration of copper and chromium was 1.3
and 0.3 mg/kg, respectively, cadmium - 0.56. The concentration of lead is exceeded
and on tomato fruits - 0.6 mg/kg at the maximum permissible concentration of 0.5 and
cadmium 8§ times - 0.26 mg/kg at the maximum permissible concentration - 0.03 on
vegetable crops. Also, analyzes showed that the zinc concentration was 7 times higher,
the copper concentration was 6 times higher.

We also calculated bioaccumulation (biological accumulation coefficient) as the
ratio of the average content of heavy metals on plants and tomato fruits to their average
content in soils. According to the analyses, it was found that the largest accumulation
of copper and zinc was noted on plants, and cadmium in tomato fruits. For each of the
elements of the biological accumulation coefficient in the studied area, in decreasing
order, it forms the following rows: Tomatoes Cd > Cu > Zn > Pb; Plants Cu > Zn > Pb
>Cr> Cd.

Key words: heavy metals, ecology, soil, pollution, plants.

BBenenue. Pe3koe yxydleHHE KOJIOTHUECKON CHUTyallMd MPAKTHUYECKH BO BCEX
peruoHax MHpa, CBA3aHHOE C AHTPOMNOICHHOW MAEITENbHOCTHIO YENOBEKA, IIOB-
JUSJI0O Ha Ka4eCTBEHHBIM cocTaB morpelmseMoil mumu. M3BectHO, uto or 60 10
80% mnoTeHIuaIbHO BPEIHBIX XUMHYECKUX BEIIECTB MOCTYMAET B OPraHU3M YeJo-
BEeKa C MPOAYKTAMHU NHUTAHUSA. XUMHUYECKHE U OHWOJOTM- YECKHE BEIIeCTBa IOIa-
JIAIOT W HAKalUIMBAIOTCS B MHUIIEBBIX NPOIYKTaX IO XOMy KaK OHOJIO- THYECKOU
neny, o0eCreunBaronieii 0OMEH BEIIECTB MEXKIy KHBBIMH OpraHH3MaMH, C OJHON
CTOPOHBI, ¥ BO3AYXOM, BOJIOI 1 OYBOM — € IPYroi, TaK U MUILEBOM LEIMHU, BKIIIOYAOIIEH
BCE ATAIIbI CeJIHCKOXO3SIICTBEHHOTO U MMPOMBIIUICHHOTO ITpou3Bo/icTRa (JIuiykos, 2015).

B cBsi3u OypHBIM pa3BUTHEM MPOMBIIIJICHHOCTH, SHEPIETHKU U TPAHCIOPTHBIX
KOMMYHUKAIU{, WHTEHCUBHOW pPa3paOOTKH TMOJE3HBIX HWCKOIAEMbIX, AaKTHBHOW
XUMU3AIUN CEJIBCKOTO XO3AUCTBA MPOUCXOAUT PE3KUU POCT YPOBHS 3arpsi3HEHUS
NPUPOIHOM Cpebl U B MEPBYIO OUepeab MOYB U pacTeHUl. B mocneanue necsaTuneTus
cpeau HanOoJiee ONacCHbBIX 3arps3HUTENeH BCE Yallle Ha3bIBAIOT TsHKENbIe MeTauibl. Ux
MUTpaIsl U IepepacnpeeicHe B KOMIIOHEHTAX dKOCUCTEM 3aBUCST KaK OT IIEJIOr0
KOMILJIEKCA MPUPOIHBIX ()aKTOPOB, TAK U OT HHTEHCUBHOCTH U XapakTepa TEXHOTeHe3a
(Tonkau, 2015). Tspxénble MeTaIIbl TEXHOTEHHOM TPUPOIBI MONAAAI0T HA TOBEPXHOCTD
[I0YB, W JaJIbHEHIIast X Cy/lb0a 3aBUCUT OT €€ XMMHUYECKUX M (PU3HMUECKUX CBOWCTB.
W3 mo4BBI OHU YCBaUBAIOTCS PACTCHUSMHU, KOTOPBIC 3aTEM MOMAJAI0T B MHUIILY.

YcTaHOBIEHO, YTO pacnpeaeicHUue TSHKENBIX METAIIOB B TEXHOTCHHO U3MEHEHHBIX
MOoYBaxX HE MOAYMHSIETCS 3aHUMAIOT BTOPOE MECTO IO CTENEHU OMACHOCTHU, YCTymast
MEeCTULIMIAM U 3HAYUTENBHO Olepexkas TAaKUEe IIUPOKO H3BECTHBIC 3arpsSi3HUTENH,
KaK JIByOKHCh YIJIepojia U Cepbl. B mepcrekTrBe OHU MOTYT CTaTh 0OJiee OMAaCHBIMH,
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YEeM OTXOJIbl aTOMHBIX JIEKTPOCTAHIIUN M TBEPJbIC OTXOJbI. 3arps3HEHUE METauIaMu
CBSI3aHO C WX IIMPOKUM HCIIOJIL30BAaHUEM B IMPOMBIIUICHHOM Tpou3BoacTBe. [louBa
SIBJIIETCSI OCHOBHOMW CPEJIOH, B KOTOPYIO MOMAAI0T TSXKEIbIe METAJLIBI, B TOM YUCIIC U3
armocdepsl u BogHOU cpenbl. OHa ke CIIy)KUT UCTOYHUKOM BTOPUYHOIO 3arpsi3HEHUS
MPU3EMHOT0 BO3/IyXa U BOJI, MMOMAIAI0NINX U3 Hee B MUPOBOIi OKeaH.

OCHOBHBIMHM HCTOYHHUKAMHU 3arpsi3HEHUS] MMOYBEHHOTO TIOKPOBA HA TEPPUTOPHUH
Kazaxcrana TsoKeNbIME METaJUIAMH  SIBJISIFOTCS  TIPSANPUSTHS YSPHOW M I[BETHOW
METAJUTypruH, TOPHOMOOBIBAIOIICH ©  IepepadaThiBAIONICH MPOMBIILICHHOCTH,
TEIUIOBBIC DJICKTPOCTAHIMK, TPAHCIOPT M JAp. B CBI3M ¢ 3TUM, 3arps3HCHHE
TEXHOT'€HHO-HAPYIICHHBIX MTOYB TSKEIBIMUA METAJUIaMU, OCOOCHHO B OOJIBIITUX TOPOAX
Y MPOMBINUICHHBIX [IEHTPAX, CTAJIO OJHOW M3 aKTyaJbHBIX IKOJIOTUYCCKUX MPOOIeM B
pecnyOnuke. B MpOMBIIUICHHBIX PETMOHAX CTPaHbl PACHPOCTPaHEHBI 3HAYUTEIILHBIC
oYarv aHTPOIIOTEHHBIX HAPYIICHUN U 3aTrPsI3HEHUS IIOYBEHHOTO TTIOKPOBA.

Lenp paboTBl — W3YyYUTh NPOIECCH HAKOIUICHUS M PACIPEACICHHS TSIKEIBIX
METAJJIOB B CUCTEME «II0YBa-PACTEHUE)» HA MPUMEPE TOMATOB.

Marepuajabl W MeTOABL. Marepuanbl JUIsl HCCICNOBaHHS ObUTH OTOOpaHBI B
XOJIe TOJICBBIX HCCICIOBAHMIA HAa TEPPUTOPHUSX OIHOTO U3 TEIUIMYHOTO KOMILIEKCA
r.IIbIMKeHT.

OOBEKTOM HCCIIEIOBaHUS SBIISUIMCH 1OYBA M TOMAaThl. [lJis aHanmu3a oTOupamu
3€JICHYI0 MacCy, BKIIFOUAOIIYE0 BCE OPTaHbl PACTEHUM. DTO MO3BOJISIET TIOIYYHUTh OoJiee
3¢ (EeKTUBHYIO XapaKTEPUCTHUKY, T. K. paclpe/ieliCHHe METaNIOB TI0 OpraHaM pacTeHUN
HepaBHOMepHO. [t oTOopa mpoO MOYBBI OBUIM 3aJI0KEHBI KITFOUEBBIC YYaCTKH, TIIE
poOBI MOYB OBUTH OTOOPAHBI METOIOM KOHBEPTA Ha IITyOMHY KOPHEOOUTAEMOTO CIIOs
0o 25-30 cm. JlaGopaTopHblii aHanu3 MpoO MO OMPEACTICHUIO TSHKEIBIX METaIoB
npoBowiIM Ha 0aze saboparopuu kadenpbl <«akomorus» FHxHo-Kazaxcranckoro
yHHBepcuTeTa uM. M. Ayesosa.

ConepxkaHue TSDKENIBIX METAJUIOB B 00pa3liax MOYBBI, PACTCHUSAX M TOMAarax
OTPENEIIOCH AaTOMHO-a0COPOIIMOHHBIM METOJIOM. B mpobax ornpenensiiu conep:xaHue
IIATH TSOKEJIBIX METAJUIOB Pa3IMYHOro Kilacca onacHoctu: [-ro kimacca onacuoctH (P,
Zn, Cd) u II-ro knacca onacHoctu (Cu, Cr).

Paccuer Ouoakkymymsiimu (k03(pPUIIMEHT OHONIOTUYECKOTO HAKOIUICHHS) Kak
OTHOIIICHUE CPETHETO COACPIKAHUS TSHKEIIBIX METAJUIOB B PACTCHUSX U HA TOMATaxX K UX
CpeIHEMY COJICPIKaHUIO B TIOYBAX OBLT POU3BEICH IO CICAYIONIEH Gopmyre:

Ce

K.=
c Cep

rie K — koo puiuent 6noaornieckoro HakoIIeHHUS;

C, — conmepkanne MeTajIa B pACTEHUH, MI/KT;

C,, — ConepKaHNe METaJIa B IOYBCHHOM ITOKPOBE, MT/KT.

Pe3ynbrarbl U o0cy:kaenne. OOBEKTOM HCCICNOBAHUS SIBISUIACH TEIUTHIHBIC
TOMATBI ¥ TT0YBA, TJI¢ BO3/ICIBIBACTCS KYJIBTYpa.

[IpeaenbHO JOMyCTUMBIE KOHIICHTPAIIMH TSHKEJIBIX METAJUIOB B IIOYBE M HA OBOIIAX
(Hopmatuss I1IK PK, 2004) npencrasnens! B Tadmuie 1.
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Ta6Jmua 1- HpCHeHBHO-HOHyCTI/IMaH KOHICHTPpaUUs TAXKEIIbIX METAJJIOB B COCTABE IMOYBLI U OBOIAX

DieMeHT Kiacc onacnoctu TIJIK
ImoyBa OBOIIH
Pb (cBuHel) 1 32 0,5
Cu (menp) 2 3 0,045
Zn (UMHK) 1 23 0,45
Cr (xpom) 2 6,0 0,2
Cd (xagmwuif) 1 0,5-2,0 0,03

B npobax ompenensin ATk TSOKENBIX MeTaiuioB — Pb, Cu, Zn, Cr, Cd. Pe3ynbrarst
aHAJIM30B TPECTaBICHBI Ha pUCYHKaxX 1-3.

36,1
35 29,2
30
g 25
520
SBE
10 3.1
S 2.8 2,1
0
Pb Cu Zn T

C Cd
AybIp MeTanap

Pucynok 1 — ConeprkaHue TSDKEIBIX METAJIIOB B TIOUBE

[To comepkaHHIO TSDKENBIX METAJUIOB B TIOYBE MOYKHO Pa3/IeiWTh HA 2 TPYNIBI —
MOBBIIIIEHHON KoHIeHTparu — Pb (36,1 mr/kr), Zn (29,2), Cd (3,1) npu npenenpHO
norryctuMoit Hopme 32, 23 u 0,5-2,0 Mr/kr, cootBeTcTBeHHO U HU3Koi — Cu (2,8), Cr
(2,1).

W3BecTHO, 9TO CBUHEI] M KaIMHIl OTHOCATCSA K OIHUM M3 T€X METaJUIOB, KOTOPHIE
MIPOSIBIISIFOT CHJIPHO BBIPAKEHHBIE TOKCHKOJIOTHMYECKHE CBOWCTBA JIaXe IPH CaMbIX
HU3KUX KOHIIEHTPAIUSIX W HE BBITOIHSIIOT KaKOW-1r00 moje3Hoi ¢pyHkunu. OHU He
SIBIISIETCS. HU JKU3HEHHO HEOOXOIMMBIMH, HU OJaroTBOPHBIMH, HO JIaKe€ B MallbIX
J103aX MPHUBOAST K HAPYIICHWIO HOPMAJIbHBIX METa0OJMUeCKHX (DYHKIMA OpraHu3Ma
(Konotomuuk, 2013).

Hamm ananm3el mokasaiw, 4TO ypOBEHb KOHIICHTpAIMH IIMHKA, MEIW W KaJIMUs
MIPEBBIIICHBI (PUCYHOK 3).

32
35
3
25
2
15
1

00 03 026
s o -
Pb

Cu Cr Zn Cd
AysbIp MeTanaap

C, mr/kr

Pucynok 3 — ConepixaHue TsHKEJIbIX METAJUIOB Ha IJI0AaX TOMATOB
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Ha pucynke 3 BUJHO, 4TO KOHLIEHTpALMsl CBUHIIA MTPEBBIIIEHA U HA TUI0JIaX TOMaToB
— 0,6 mr/kr mpu [1IJIK 0,5 u xanmust B 8 pa3 — 0,26 mr/kr npu [TIK — 0,03 Ha oBOmHBIX
KyapTypax. Taxke aHaJIM3bl TIOKa3aJdd, YTO U KOHLEHTPALUs IIMHKA MPEBBILIEHA B 7
pa3, KOHLEHTpauus Meu — B 6 pa3. XpoMa 0OHapyKeHO He ObLIO.

12,4

C, Mr/kr

0,3
' - =

Pb Cu Zn Cr Cd
Aysip MeTaniap

0

8

6

4 1,3 0,56
2

0

PI/ICyHOK 2-— CO,Z[ep)KaHI/Ie TSKEJIBIX METAJIJIOB HAa PACTECHUAX TOMATOB

AHanu3 BBISBICHHUS TSDKEIBIMH MeETajUlaMU [0Ka3ajl, 4TO HauOOJBIIMK BKIIAJ
B 3arps3HEHMs] paCTCHUH BHOCHT LIMHK U CBHHEL — 12,4 M § MI/KI, COOTBETCTBEHHO
(pucyHoxk 2).

KonnienTpanus meau u xpoma coctapmiio 1,3 u 0,3 mr/kr, cootBeTcBeHHO. Kaamust
- 0,56.

Hamu taxke Obuia paccuntaHa OMOaKKyMymsauus (KO(GHUIUEHT OHOIOTHYECKOTo
HAKOTUICHHS) KaK OTHOUICHUE CPETHETO COACPIKAHMSI TSKEIBIX METAJUIOB B PACTCHUSX
1 Ha TOMaTax K UX CPEJHEMY COACPIKAHHIO B OYBAX.

Pesynbrarel pacuera k03(h(UIMEHTOB OMOJIOTMYECKOTO HAKOMJICHHUS 1O CPEIHUM
BEJIMYMHAM COJICPKaHUSI METAJIOB B PACTCHUSX M IUIOAAX TOMAaroB MpPUBEACHBI Ha

pucyske 4.
0,8
05

0,5 0,4
0,4
0,3 0,22 0,2 ol 0.14 02
02 :
o1 .&1 |

0

Pb Cu Zn cr cd

B pacrenue ErTomar

PI/ICyHOK 4 — Cpe[[Hee 3HA4YCHUC KOB(i)(i)I/IHI/IeHTa OHOJOTMYECKOTO HAKOIUICHHS B pacTeHUAX U 1J1ogax
TOMAaTOB

[To ompenenenuto B.B. JTo6poBonbkckoro (JloOpoBonbckuii, 1998), a Takke cornmacHo
mkanel M.A. ABeccamamoBa (ABeccanmamoB, 1987), ecmu 10>Kc>1, To mpoucxoaut
HAaKOIUICHHE METAaJJIOB B PACTECHUSIX U, CIEAOBATENbHO, UX 3arps3Henue. Kak ciemyet
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Y3 JJAaHHBIX MPEJCTABICHHBIX HA PUCYHKE 4, HAnOOJbIIIee HAKOIUICHUE MEIU U IUHKA
OTMEUEHO Ha PACTEHHSX, a KaJMHUs — IUIOAaX TOMAaroB. J[Jis Ka)KAoro W3 3JIEMEHTOB
K03 dUTIIEeHTa OMOTOTHICCKOTO HAKOTUICHHS Ha UCCIIETYEMON TEPPUTOPHH B TIOPSIKE
YMEHBIIICHHS 00pa3yeT CICTYIOMIHE PSIIbI:
Tomarsr Cd > Cu > Zn > Pb;
Pactenus Cu > Zn >Pb > Cr > Cd

3akaouenue. Takium 00pazoMm, MOTyYeHHBIE TaHHBIC TIO OTICHKE CTETICHH ITOTIIOTICHHS
TSDKEJIBIX METAJUIOB TUTOAAMH TOMATOB M PACTEHUH W3 MOYB, CBUIETEIHCTBYIOT O TOM,
YTO HCCIIeAyeMas TePPUTOPHUS 3arps3HeHa W KOHIEHTPAIHS HEKOTOPHIX DIIEMEHTOB
MIPEBBIIACT MPEJIEITBHO JOMYCTUMYIO KOHIICHTPAIIHIO, YTO HEPUEMIIEMO JJIi TOMaTOB
Y APYTUX OBOIIEH, KOTOPHIE B OCHOBHOM MBI YIIOTPEOJIsieM B ITUIILY B CBEXKEM BHJIC.

Hamu ycTanoBIeHO, 9TO HANOOIBITHI BKJIA B 3aTPs3HEHUS PACTCHUN BHOCHT ITUHK
u cBuHel — 12,4 u 8 Mr/kr, cooTBeTCTBeHHO. KOHIICHTpaI¥si MET ¥ XpoMa COCTaBUIIO
1,3 u 0,3 mr/kr, cooTBeTcBeHHO. Kagmus — 0,56.

COpoc TsDKENBIX METAIJIOB B JIUCThS, CTEOMM W O0OJOYKY CEMsIH TOMAaTrOB B
MpoIIecce UX MEITNOPAINHA HOCUT HAKOTIUTEIHLHBIN XapakTep, 0CBOOOKIAs METAJIIBI OT
HAKOIUICHUS WX B IJIOJAX M sIApaxX ceMsH. TeM caMbIM caMOOpraHU3YIoIIas CUCTeMa
pacTeHull He 3arpsA3HIET CEMEHAa TOMATOoB.

[IpoBeneHHOE HicCcTeTOBaHME MTPETIONaraeT He0OXOAMMOCTh TPOBEPKH MEXaHNU3MA 1
BpPEMEHH BKITFOUCHHS CAaMOOPTaHU3YIOIIEH CHCTEMBI Ha 00pHO0Y ¢ HAKOTIIICHUEM TSIKEITBIX
METAaJUIOB BHINIEC YPOBHS UX CONEPKAHMSI B COCTaBE TOJBUIKHBIX BOJOPACTBOPHUMBIX
coequHeHH B mouBe. [Ipenmonaraercsi, 4T0 OJHUM M3 BEAYIIMX MEXaHHU3MOB TaKOM
peaknuu SBISETCS TPOIIeCcC MOCTeNIeHHOTo u3MeHeHns pH B cocTaBe crebneit Tomara.
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EHIKI CYTI - BUOJIOT'UAJIBIK TOJIBIKKYH/IbI IIUKI3AT

Annoramus. Ka3ipri yakpITTa CyT OHIMAEPIH OHAIPYAiH IIKiI HAPBIFbI KapKBIH/IBI
JaMbIIl KeJIeAl, elKki (epManapblHbIH CaHbl ©CYAE, CIIKi CYTIH ©HEPKACINTIK OHACY
yiBIMAACTBIpbUTYIa. BypbIH emKi InapyallbuIbIFBl CYT ©HEPKaciOl YIIIH epekiie
MaHbBI3Ibl €MecC eli, OWTKEHI eIIKiI MIapyallblIbIFBIMEH HETI3iHeH JeKe IIapya
KOXKaJIBIKTaphl aiHaNbICThI. COHFBI JKBUIIAPhl TYPFBIHAAPIBIH CIIKI CYTiHE JereH
KBI3BIFYIIBUIBIFBI AUTAPIIBIKTAl apTTHl. byJl HeTi3iHeH emiki CYTiHiH eM/iK KacHeTiHe
0ailIaHpICTBI, OHBI acKa3aH-IllIeK aypyJapblH, TYOEpKyJe3/li eMjeyre, ar3aliaH ayblp
MeTaAap bl MIbIFapyFa KoHEe COHBIMEH KaTap QJIEMJIIK TaKipuOene emki cyTi 6ananap
TaraMbIH OHJIIPY YIIiH KoyigaHaael. OcblFaH OalIaHbICTHI CYTKBIIIKBILIBI OHIMACPIIH
OHJIIPICIH KEHEUTY YIIIH eIIKi CYTiHIH TaFaM/JIbIK >KOHE OMOIIOTUSUIIBIK KYH/IBUIBIFBIHBIH
cara’jblK KOpCeTKIIITEPiHEe 3epTTeyIep KYPrizy ©3eKTi O0JIbIN TaObLIa bl

byn makanama 3eprrey HbICaHbl peTiHae Auatay OeKTepiHme SFHU AJMarhbl
oOnbiceiHbiH  Kapacaii aynanweiabiy 1llankap aysuibiHma opHanackaH «Galamilky
(hepMachIHIa OCIPLUTIT )KaTKaH 3aaHEeH TYKBIM/IBI €IIKUIEPIiH CyTi anbiHab. [LukizaTThiy
camacelH Oaranay Ke3iHJe CIIKi CYTiHIH (M3HKA-XHUMHUSIBIK JKOHE OMOXUMISIIBIK
KOPCETKIIITEPiH aHBIKTAayAblH CTaHIAPTTHI dicTepi KommgaHbuiael, omap «MEMCT
32940-2014 Ilwuki emki cyti. Texaukansik maprrap» xone Kenen omarpiasiy KO TP
033/2013 «CyT x0HE CYT OHIMIEP1» TEXHUKAJIBIK PErJIAMEHTIH/IE KeATipiireH. 3epTrrey
OaphICHIH/IA CIIKI CYTi IMKI3aThIHIaFbl AMUHKBIIIKBUIIAPBIHBIH, MAHbI3/Ibl MUHEPAJI/IbI
3aTTap/blH, JIOPYMEHICPAIH JKOHE Mal KbIIIKbUIIAPBIHBIH KYpaMbl aHBIKTAJIIBL.
AJBIHFaH HOTIDKENEP JKOHE OJapibl o/IeOMeT JEPEeKTEePIMEH CaJbICThIPMAIbI Tajay
€IIKi CYTiHIH MPOOUOTUKAIBIK KaCHeTi 0ap CYTKBIIIKBUIIBI OHIMICD OHAIPYTe apHAIFaH
OHMOJIOTHUSIIBIK, TEHICCTIPUITeH KYH/IbI IINKi3aT eKeHIH KOPCETTi.
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KYHJIBUIBIK, CYT Kypambl, 3aaHeH TYKbIMBI.
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GOAT’S MILK - WHOLE BIOLOGICAL RAW MATERIAL

Abstract. Currently, the domestic dairy production market is rapidly developing,
the number of goat farms is increasing, and industrial processing of goat milk is being
organized. In the past, goat breeding did not have much importance for the dairy industry
of Kazakhstan, mainly private farms were engaged in cattle breeding to meet the needs
of anarrow circle of people. In recent years, people’s interest in goat’s milk has increased
significantly. This is mainly due to the healing properties of goat’s milk and its use in the
treatment of gastrointestinal diseases, tuberculosis, the removal of heavy metals from
the body, as well as in world practice, goat’s milk is used for the production of baby
food. In that respect, it is relevant to conduct research of the nutritional and biological
value of goat’s milk on the qualitative indicators in order to expand the production of
fermented milk products.

In this article, the milk of the Zaanen goat breed of the Galamilk farm, located
in the foothills of Alatau, in the village of Shalkar, Karasai district, Almaty region,
was taken as an object of study. When assessing the quality of raw materials, we used
standard methods for determining the physicochemical and biochemical parameters of
goat’s milk, laid down in the “GOST 32940-2014 Raw goat’s milk. «Specifications and
the Technical Regulations» of the Customs Union TR CU 033/2013 “Milk and dairy
products”. The content of amino acids, important mineral substances, vitamins and fatty
acids in raw goat’s milk was determined during the research. The obtained results and
their comparative analysis with literature data showed that goat’s milk is a biologically
valuable raw material for the production of fermented milk products with probiotic
properties.

Key words: goat breeding, goat milk, nutritional value, biological value, milk
composition, Zaanen breed.
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KO3bE MOJIOKO - ITIOJIHOUEHHOE BUOJIOI'MYECKOE CBIPBE

AnHoTaums. B HacTosiee BpeMs 0T€UeCTBEHHbIN PHIHOK MPOU3BOICTBA MOJIOUHON
MPOAYKLIUU CTPEMHUTENIHO Pa3BUBAETCSA, YBEINYMBAETCS KOJMUECTBO KO30BOIUECKHX
(depm, opraHm3zyercsi MPOMBINUICHHAs IepepaboTka KO3bero Mojoka. B mpomutom
KO30BOJICTBO HE HMEJIO OCO0Oro 3HAa4eHUs JUIS MOJIOYHOW TPOMBIIUICHHOCTH
Kazaxcrana, B OCHOBHOM KO30BOJICTBOM 3aHMMAJIMCh YacTHbIC (pepMepcKue X03s1iCcTBa
JUIS YIOBJIETBOPEHMS MOTpeOHOCTEH y3KOro Kpyra Juil. B mociegHue roasl HHTEpeC
JIIO7IeN K KO3beMY MOJIOKY 3HaYUTEIHHO BO3pOoc. B 0CHOBHOM 3TO CBSI3aHO ¢ 11€7e0HBIMU
CBOMCTBaMH KO3BETO MOJIOKA M €r0 MPUMEHEHHEM TPH JICUEHUH KETYT0UHO-KUIIIETHBIX
3a0oneBaHmii, TyOepKyie3a, BBIBEACHNHN TAKEIbIX METAIJIOB U3 OpraHu3Ma, a Takxke B
MHPOBOH MPAKTHUKE KO3b€ MOJIOKO MUCTIONB3YETCs Il IPOU3BOJCTBA AETCKOTO ITUTAHUS.
B cBs3M ¢ 3THM aKkTyanbHBIM SIBJSIETCS NPOBEICHUE HCCIEJOBAHUN Ka4eCTBEHHBIX
MoKazareseil MuIeBod U OHWOJOTHYECKOH IIEHHOCTH KO3BEr0 MOJIOKA C IEJIbI0
paciipeHns MPOU3BOJICTBA KUCIOMOJIIOYHBIX TPOAYKTOB.

B nanHOl cTarbe B KauecTBE OOBEKTAa HCCIENOBAHUS OBUIO B3ATO MOJIOKO
3aaHeHCcKOW TOpojbl K03 (epmepckoro xossiictBa «Galamilky, pacnonoxeHHOTo B
npearopbsx Amnaray, B cene Illankap Kapacaiickoro pafiona AnMaTWHCKOW o0nacTu.
[Ipu oueHke kadecTBa CHIPbs HCIOIB30BAHBI CTaHIAPTHBIE METOIBI OIpEIeIeHUs
(PM3UKO-XMMHYECKUX M OMOXUMHUYECKHX MoKa3aresei KO3bero MojIoKa, 3aJI0’KEHHBIE B
«I'OCT 32940-2014 Momnoko ko3be cbipoe. TexHnueckue ycinoBusi» U TeXHHIeCKOM
pernmamente TamoxxenHoro cotoza TP TC 033/2013 «Mosoko ¥ MOOYHast TPOAYKITUS.
B xone nuccriegoBanuii onpenenaeHsl coaepKaHie aMUHOKHCIIOT, BaXKHBIX MHHEPAJIbHBIX
BEIIECTB, BUTAMUHOB M JKHPHBIX KHCIOT B CHIpOM KO3beM Mojoke. Ilomydennsie
pe3yabTaThl U UX CPaBHUTEIBHBIN aHAIN3 C JUTEPATypHBIMU JTaHHBIMHU ITOKa3aJH, YTO
KO3b€ MOJIOKO SIBJISIETCS OMOJOTMYECKH MOJHOLEHHBIM CBIPhEM JUISl NPOW3BOCTBA
KHCJIOMOJIOYHBIX MTPOAYKTOB C IPOOUOTHYECKUMHU CBOMCTBAMH.

KuroueBblie cjioBa: K030BOJICTBO, KO3b€ MOJIOKO, ITUIIIEBAs IIEHHOCTh, OMOIOTUYECKas
LIEHHOCTb, COCTAaB MOJIOKA, 3aaHEHCKas Mopo/a.

Kipicnme. CoHfbl >XKbUIapbl CIIKI IIapPyalllbUIBIFBIHA KOHE OJlaH aJIbIHATHIH
OHIMIepTe KbI3BIFYIIBIIBIK aHTApIILIKTal apTThl. JlyHHEKY31TIK CYTTi TYTHIHY KaFbIHAH
eIIKi CYTi CHUBIp CYTiHEH KeiliH exiHmi opbiHga. COHBIMEH Karap, KaJbIIThl eMip
CYPY YIUIIH €IIKi CHbIpFa KaparaHja 6 €ce a3bIKThI a3 KaXeT eTe[ll, aj oy Oip opraiia

98



Volume 4, Number 453 (2022)

0TOACBIHBIH KaXXETTUIITH KaHaFaTTaHAbIpaThIHAal cyT Oepeni. EmKki mapyalibuibiFsl
Kazakcran pecnyOiaMKachIHAAFbl AICTYPIIl Majl IapyallbUIBIFBIHBIH Oip canmacel. by
CaJIaHbIH OPKEHJIEYl peciyOiarKambI3aa Tay KeiparTsl (7,2 MiH.ra), Tactsl (18,2 miH.
ra) >KailbUIBIMHBIH OOJybl MEH eIIKi IIapyallbUIbIFbl ©HIMIEPiHIH HapbIKTa YJIKEH
cypanbIcka ue 6omysl (Sabdenov, et al., 2018).

Ewki cyTiH TYTBIHY CHBIp CYTiHE ajuleprusickl Oap Oajanapabl TaMaKTaHABIPYIa,
Oana emi3eTiH aHamapa )oHe XaJllbl ackazaH aypyblH emueyae mManbi3asl (Kapila, et
al., 2013). Emki cyTinne O6ananapablH Cyi MEH AaMybIHa Ka)KeTTi KONTEreH KOPEKTiK
3artap Oap (Gaucheron, 2011). Emki cyTiHIH KYHIBUIBIFBI OHBIH aJaM ACHCAyJbIFbI
YLIiH KOFapbl eMIiK KYHbUIBIFbIHA OalIaHbICTBl IYHUE XKY3iHIE OHBI TYTHIHY ©CTi
(Pal, 2014).

Emki cyri Korapel TaraMJIbIK KYHJIBUIBIFBIMEH, JKEHUT CIHIMJUIITIMEH JKOHE
THIIOAJUIEPreHUIIriMeH epekiue Taram Ooubin Tadsitans! (Feng, et al., 2019). Kypamsr
OolbIHIIA OJ aKybl3, Mail JKOHE JaKTO3aHBIH KOHIEHTPALMSChl OOWBIHIIA CHBIP
CYyTiHe yKcac, Oipak oJapiblH CIHIMJLUIIIT MEH TaFaMJIbIK KYHJIBUIBIFBIHA 9CEP €TETiH
aiipIpMarbUIBIKTaph! 0ap. EMiki cyTiHIH aMUHKBIIIKBIIIAPBIHBIH KYPaMbl MEH aKybI3JIbIH
KaliTarama KYpbUIBIMBI apaChIHaFbl allbIPMAILBIIBIKTAP CUBIP CYTIMEH CallbICTHIPFaHa
OHBIH aJIEPreH IiK TOTEHINANIBIH ToMeHaeTyre kemekreceni (Clark, et al., 2016). Emki
CYTiHIH Mail TYHIpIIIKTEpiHiH IUaMeTpi CHBIP CYTiHIH Mall TYHIpIIIKTEpiHEH Killipek
(opta ecenmneH colikecinie 2,76 xxoHe 3,51 MxMm) Ooubin kenesi. OChIHBIH apKachIHA
JIUTIOUTHKAJIBIK ePMEHTTEp Maii TYHipIIiKTepiHe OHal KO )KETKi3€ aa/bl, COHIbIKTaH
CILKi CYTiHIH Maibl )KoFapsl ciHiMainirimen cunarranansl (Kycia, et al., 2013).

Emki cyTi anMacThIpbUIMAaHTBIH aMHH KBIIKBULAAPbIHA: BAJIUH, JICHINH, U30ICHIIH
KOHE LHUCTUH, ructuaunre Oail. Kypambinma 67% KaHBIKIaFraH Mail KbIIIKbUIAAPHI
0ap, onap azam ar3achbIHBIH TiHAEPIHIE XOJISCTEPHHHIH TY3UIyiHe Kelepri jKacalThIH
Oipereil MeTabonukamiblK Kabinetke we. Emki cyti kypambiana 40 mr docdomumnmn
Oap. JlakTo3aHblH TeMeH Menmiepi Oyl OHIMII JIAKTO3aHBIH TO3IMCI3IIriHe
LIAJIBIKKAH afgaMIapra KojlaHyFa MYMKIHAIK Oepeni. KaHgarel KaHTTBIH KaJbIThI
JeHI'eliH yCcTan TYpy YLIIH elIKi CYTiHeH AadblHAalIFaH a3bIK-TYJIKTepAl mainanany
2-TUNTI KaHT JauabeTiMeH, IIIOKO3aFa Te3IMCI3IIKTIH Oy3bUIyBIMEH, CEMIi3IiKIeH
KOHE MeTaOONUKalbIK CHHAPOMMEH ayblpaThlH HayKacTapabl TaMaKTaHIbIpyda
TaralibIHAananbl. byt eHIM aF3aHbl TONBIKKaHbI aKybI3AapMEH, MaiilapMeH, MUHEPaabl
3aTTapMeH XOHE MUKPOAJIEMEHTTePMEH OalbITaabl, IEHCAYIbIK IIEH Y3aK eMip cypyre
kemekteceni (Temerbayva, et al., 2020). Ocbiran OaiyIaHBICTBI €Ki CYTiHIH Camachl
MeH KayiIlci3airine epekuie tajantap Kowbuiaabl. CyTTiH camachl TYKbIMFa, KachlHa,
CaJIMarblHA, a3bIFbIHA, JAKTAlUs Ke3CHiHe, MaychblMfa, KYTIMiHE >XOHE KOpIIaraH
OpTaHBIH TEMIIEpaTypachiHa OalIaHBICTHI ©3TE€PETiH CYT KypambiHa OaitnanbicTsl (Park,
et al., 2010).

uki cyT — cyT eHIMIEpiH OHIAIPYAIH HEri3ri IIWKi3aThl 0oibIm TalObuIansl. by
3epTTey/e CUIKi CYTiHIH KYpambl 3epTTeiIi. OHIMHIH TaFaMJIbIK KYH]IBUTBIFbI CallaHbIH
MaHBI3Ibl KOpCeTKImTepiHiy Oipi, 01 aKybl3gap, Maimap, Kemipcymnap, ASpyMEHIEp,
MUHEpalAbl 3arTap >KOHE OHIMHIH TaFaMJIblK KYHABUIBIFBIH KOPCETETiH INaFbIH
OHMOJIOTHSIIBIK OCJICeH/II 3aTTap bl KypaMmbiMeH cumartanazsl (Tutelyan, et al., 2016).
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3epTTey JKYMBICHIHBIH MakcaTbhl: NPOOMOTHKAJBIK KacHeTTepi 0ap CYTKBIIIKBLIIBI
OHIMJIEp aJly YIIiH KaKETTi €Ki CYTi MIUKI3aThIHBIH TaraMIbIK JKOHE OMOIOTHSUIBIK
KYHJIBUIBIFBIH CHUIIATTANUTBIH OPraHOJNENTUKANBIK, (U3HKa-XUMHUSIIBIK, OHOXUMUSIIBIK,
KOPCETKIIITEepiHe Tanaay Kyprizy.

3eprTey HbICAaHBI MeH diicTepi. 3epTTey HbICaHbI peTiHAe Ajaray OexTepiHae
sSFHU AnMarbl oOnbIckiHbIH Kapacaii aymanbiabiH Illankap aybuiblHOA OpHamackaH
«Galamilk» ¢epmaceiHbiH 3aaHeH TYKBIMIBI CLIKUIEPAiH CYT YATiIepl ajibIHIBL
«Galamilk» ¢epmacein 2019 xbutbl gopirepiep HeriziH KanaraH. Emkinzep yHemi
BETEPUHAPIIBIK-300TEXHUKAIBIK OaKblIayna.

Ewki cyTinig xumusuielk Kypambl MeH Kacuerrepi « MEMCT 32940-2014 Illuki
emki cyTi. Texaukansik maprrapy xoHe Kenen oparpiabig KO TP 033/2013 «Cyt xone
CYT ©HIMIepi» TeXHUKAIBIK periaMeHTi OOMbIHIIA OaraTaHIbl.

3epTTey KyMbIcTapbiHa Tangaynap opranonentukaislk (GOST 32940-2014, 2019)
¢usuka-xumusnblk (GOST 3624-92, 2001; GOST 26781-85 2009; GOST R 54758-
2011, 2012), ouoxumusinsik kepcetkimrepai (GOST 5867-90, 2009; GOST 3626-73,
2008; GOST 25179-90, 2015; GOST 3624-92, 2001; GOST R 54760-2011, 2019)
3epPTTEYAiH CTaHIAPTTHl JKOHE J>KaNIbl KaObUIJAHFaH OJICTEPiH KOJAaHA OTBIPHII
AJMaTbl TEHOJOTHSUIBIK YHUBEPCUTETIHIH « TaraMIbplk OMoTexXHONOrus» xoHe « Taram
KayiMci3airi» FUIBIMU 3epTTEY HHCTUTYTHIHBIH 3€pTXaHalapbIHAa KYPri3iili.

KypamplHaarsl ~ aMHHKBILIKBULAAD  MONLIEPIH — KammwiIspibl  dJIEeKTpodopes
onicimen, «Kamenb-105» snexTpodopes KOHIABIPFBICBIMEH aHbIKTaNAbl. Kanmuspist
anekTpodope3 omiCiMEeH aNbIHFaH HOTIKenepAl snbdapaH OarmapiaMacbMeH
engenai (M-04-41-2005, 2009). Maiinbl ¢a3acbiHbIH Mail KbIIIKBUIBIHBIH KYPaMbIH
anbikTay Kpucrammokc-4000M  xpomarorpadblHblH — KOMETIMEH —ra3-CYMbBIKTHIK
xpomarorpadusicel apKpUIbl Kyprizinai. CyTreri Maiina eputin A sxone E nopymennepi
(GOST R 54635-2011, 2013; GOST R 54634-2011), cyna epuria C nopymeni (GOST
30627.2-98, 99) cranpapt OolibiHmIa, an B ToObIHOarel aopymenaep memmepi M-04-
41-2005 omicremeci OoiibiHa «Kamenb-105M» KypbutFbicbiHAa aHbIKTanAb (M-04-
41-2005, 2009). CyTTeri MuUHEpanabl 3aTTap Kypambl, COHBIH ilIIHE KaIbLUH, MarHUH,
kanuii, Hatpui, Temipain (GOST ISO 8070/IDF 119-2014, 2021), dochopasix (GOST
31980-2012, 2012) maccanbIK yiectepl cTaHnapT OOMBIHINA aTOMIBI-aICOPOIIMOH/IBI
CIEKTPOMETPHSIIBIK O/1iCIICH aHBIKTAIBI.

ToxipueOenepnin OapibiFbl KeM JETeHIe OCC-TOFhI3 PeT KalTalaHa OTBIPBII
OpBIHAAJIBL. ATTBIHFaH HOTHIKEJIEP CTAHAAPTTHI 9iCTEpPMEH OHICIII.

3epTTey HITHIKENIepi KIHe OHBI Tajgay. MakcaTka >KeTy VIIiH TY>KbIPbIMIAIFaH
FBUIBIMU MIHJIETTEpPre COMKec TokKipueOelik 3epTTeyiep Kyprizuyi. bipinmn ke3eHe
EIIKI CYTi NIMKI3aTBIHBIH OPTraHOJENTHKAIIBIK KOPCETKIITEepi 3epTTeiii. 3eprreyre
AJBIHFaH €IIKi CYTiHiH YJTiiepi OpraHONeNTHKAIBIK KOPCETKIITepi OOMbIHIIA MbIHAH-
Jail HOTHOKENep KOPCETTi: CYTTiH J1oMi, Hici, TYCl MEH KOHCHUCTEHIHUSCHI TYPAKThI TYpAE
CILIKi CYTiHe TOH OON/bl, SFHH MIMKi3aTKa KOWBIIATHIH TajanTapAbl KaHAFaTTaHABIPAbL.

Emki cyTi mKKi3aTbIHBIH (U3HKa-XUMHSIIBIK KOPCETKIIITEPI, aIbIHFaH HOTHKENIepAi
CTaTUCTUKAIIBIK OHJICYJCH KeiliH |-KecTeae KenTipijreH.
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Kecre 1 — Emiki cyTi mmKi3aTeIHBIH (M3HKa-XUMHUSUIBIK KOPCETKIlITepi, n=9

KepcetkimTep HaxkTe! MoHZEP1 HK O6oiibramnma Tangay omicrepi
Keimkpuiabik, °T 16,0+0,2 MEMCT 3624-92

pH 6,67+0,05 MEMCT 26781-85
THIFBI3IBIFEL, KI/M? 1029+0,001 MEMCT P 54758-2011
Horwmxenep opraima manze ycbibiiaasl, p<0,05

1-kecrezeri Tanay HOTIIKEIEPIHEH eIKi CYTl YATUIEpiHIH TUTPIIEY KBIIITKBIIBIFBI —
16,0+0,2 °T, 6encennai KeIKeUIABIFEI pH MoHi — 6,67+0,05, TEFb3ABIFE — 102940,001
KI/M> GOJTaTBIHBIH KOPCETTI.

AnpIHFAH HOTIDKENEp 3aaHeH TYKBIMJABI CIIKI CYTIHIH yaTUlepi  Qu3nka-
XUMUSIIBIK KOPCETKIITEpl TaFaMFa apHAJIFaH IMUKI3aTKa KOWBIIATHIH TaJlalTap.Ibl
KaHaFaTTaHABIPABI KOHE CYTKBIIKBUIABI OHIMACP OHIIpiCi YIIiH IIUKi3aT peTiHIe
rmalananyra skapaMsl eKeHiH KOPCETTI.

TaraMIBIK KYHIBUIBIK — aJaMHBIH SHEPTHsFa JKOHE HETI3TT KOPEKTIK 3aTTapra
(hM3UOTOTHSIIBIK KAXKETTUTIKTEPIH KAMTaMachl3 €TeTIH TaMaK OHIMIEPIHIH JKHUBIHTHIFBI.
Anampmap YIIiH HETi3ri »Heprus Ke3i axkybI3fap, Maimap, kemipcynap. Emki cyTi
IIUKI3aTBIHBIH, ~ TaFaMIBIK ~KYHIBUIBIFBIH aHBIKTAy MAaKCATBHIHAA OHOXUMHUSIIBIK
KOpCeTKIMTepiHe Tanaaynap xxyprizinai. Hotmkeci ToMenmeri 1-cypeTTe KenTipinares.

100 + %

blaraaasn Kyprak 1aTThin ARYBIVIBIR Maiiaem JlakToaanein  Kaans a30TTLRI
MACCANBIK Yieci, MACCANLIK Yiecl, MACCANLIK yaeci, MACCANBIK yieci, MaceaAnkIK ylec, Maceansk yaeci,
Y % % % Yo %

Abcicca oCiHAe elIKi CYTi MIMKi3aThIHBIH OHOXUMHSIIBIK KOPCETKIIITEpi; OpMHATA OCIHAE ONapAbIH
Maccanslk yieci, %. HoTwxkenep opraiia cTaHIapTThl KaTeHi ecenrey Herisinae ansiHpl, n=7, p<0,05
Cypert 1 — Emiki cyTi IIUKi3aTHIHBIH OHOXUMUSIIBIK KOPCETKIIITEpi

CyperTeri HOTHXEIepICH 3ePTTEITCH CYT YATUICPIHACT! BUTFAIIBIH MacCalIbIK YiIeci
— 87,08+0,07%, KypFrak 3aTThIiH MaccaiblK yieci — 12,92+0,05%, aKybI3IbIH MacCalbIK
yraeci — 3,3440,02%, maitnpig Maccanslk yiaeci — 4,26+0,03%, 1akTo3aHBIH MacCallbIK
yaeci — 4,37+0,05%, sxanmsl a30TTEIH Maccalbik yieci — 0,56+0,02% O6oimsl.

CHBIp CYTIMEH CANIBICTBIPFAHIA, KETKITIKTI 36pTTEIIMETEH €IIKi CYTi aKybI3MaphIHBIH
AMHHKBIIIKBUIBIK KYPaMbBIH TaljIay HOTHIKEIEPl epeKIle KbI3bIFYIIBUIBIK TYIbIPaJIb.
[IMKi3aTThIH aMUHKBIIIKBUIIBIK KYPaMBIHBIH OpTallia allbIHFaH HOTHIKENIepl 2-KecTee
JKOHE aAHAUTHKAJIBIK MAaTepuaspl BU3yalH3allUsuldy YIIH XPOMATOTrPaMMAachIH
OcitHeney 2- cypeTTe KenTipisireH.
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Cyper 2 — Eniki cyTi MUKi3aTHIHBIH aMUHKBIIIKBUIIBIK KYPAMBIHBIH XPOMATOTpaMMack!
Kecre 2 — Emiki cyTi MMKi3aTHIHBIH aMHUHKBIIIKBIIIBIK KYPaMbl , N=5
Kepcerkimrep Meunepi, mr/100r HK OGoiibnima tangay sgictepi
AprUHUH 281+0,272
JIM3UH 297+0,135
TUPO3UH 161+0,078
(eHmIaNaHuH 172+0,082
e 193+0,096 Kannnif[i)ﬁ:elf;elff})};(bopes
JICUIIMH+U30JICULIMH 397+0,103 onici
METHOHUH 148+0,050 (M-04-38-2009)
BaJIMH 306+0,123
IIPOJIUH 372+0,180
TPEOHHH 19840,104
CepUH 212+0,071
aJTaHuH 182+0,047
DIIULIAH 92+0,031

Toxipubenik MomiMeTTepAl Tangay eMKi CyTi IIUKI3aTBIHBIH aKybI3JapblHAa
QJIIMaCTBIPBIIMANRTBIH AMUHKBIIIKBULAAPBIHBIH KOFAphl MeJIIIEpi 0ap eKeHIH KepceTen,
OyJI elKi CYTiH TaraMJbIK (PM3HOJIOTHS TYPFBICBIHAH OMOJOTHSIIBIK TOJNBIKKYH/ABI eIl
caHayFa MYMKIHZIK Oepei.

Kanpiknaran Mail KpIIIKbUIJAPBIHBIH KypaMbl OOHBIHINIA €IIKI CYTi CHBIP CYTiHEH
JKOFapbl, OipaK oyapIblH MeJIIepl aHa CyTiHe KaparaHna Oipmama TemeH. Emki cyti
LIMKI3aThIHBIH Mali KBIIIKBUIIBIK KYPaMBbIH 3€PTTEY HOTHKEJEPi 3 - KECTee KeNTipiireH.

Kecte 3 — Emki cyTi IMKi3aTBIHBIH MAHKBIIKBULABIK KYPaMBI , N=5

Maii KpIIIKbULAAPBI Meumuepi, % HK Ooiibinma tangay amicrepi
Maii kpiukpuist C, 2,43+0,05

Kanpon kpikeuist Co 2,01+0,01

Kanput KeIIKbUTBL C&O 1,86+0,01

Kanpuu pmikenien C, o 9,22+0,02 Kpucrammoke - 4000M xpomarorpad
JlaypuH KBIIIKBLITBI Clz:0 4,8340,03

Mupucrun Kpiukpuis C, o 9,07+0,05
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[Tenranexan Kpikpuibl C 0,82+0,001
[MansMuTHH KBIIKBLTBL C, 50 28,16+0,03
[Manbmuroselin Kpimkbuibl C 0,06+0,001
Maprapun Kpikpuist C, oo 0,69+0,02
Creaput Kplikpuibl C o 8,81+0,03
OnenH KBIIKBLIIbI Cl&1 24,18+0,03
Y - JIMHOJ KBIIIKBLIBI C]&2 0,009+0,001
JIMHOJIEH KBIILIKBLIbI Clg:3 0,82+0,02
ApaxuioH KbIIIKbLIbI C20:0 0,76+0,009
Hepsou kpiukeuist C,, | 0,008+0,001
Backa xasiFaH KpIIIKBUIAAD 6,26+0,03

3-KecTezeri IepeKTepii eCKepe OTHIPHII, 3aaHEH eIIKi CYTi YIrUIepiHiH KYpaMbIHAA KaHBIKIIAFaH Mai
KBIIKBUIIAPEIHBIH OJEUH KBIIIKBIIBI (Clg_]), JIMHOJIEH KBIIIKBIIbI (Cm) a3fan CUBIp CYTiHE KaparaHaa
JKOFapbI OONATHIHBIH aTarl OTKEH YKOH.

Emxi cyTinig KypambiHIa 0acka jkKaHyapiiap MEH aHa CYTi CHAKTHI Maiija jKoHe
CyAa epHTiH JopyMeHzep Oap, omap/ablH CYTTETri MeJmepi a3blFbIHa, CyFa, MayChIMFa,
KOpILIaraH OpTa JKaFjaiinapeiHa OaiIaHbICTBI ©3Tepil OTHIPAIBL.

By xympicTa emki cyTi mmkizareiHnarel B ToOeHmarel, C, A xoHe E cHAKTHI
TOpyMEHJIEpAiH MOJIIepiH aHBIKTAy YIIiH Taijuayiaap >Kypri3iami, HoTwxkenepi 3, 4 -
CypeTTep/ie KOpCeTiIre .

Temenzeri 3 - cypeTTe emKi CYTi HMIMKI3aTBIHBIH JOPYMEHIIK KYPaMbIHBIH THIITIK

XpOMaTorpaMMachl KeNTipiJireH.
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Cyper 3 — Enixi cyTi MUKi3aTBIHBIH 1OPYMEH/IK KYPaMBIHBIH THIITIK XpOMaTOTpaMMach
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2,5 ~mr/100r
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Abcryicca OCiHjIe Cy/ia epUTiH JopyMeH/ Iep; OpiHaTa OCiH/Ie oapabiH Mentepi, n=5, p<0,05.
Cypet 4 — Emki CyTi IIUKI3aTHIHBIH TOPYMEH/IIK KypaMbl

4 - cyperreri emki CyTi IIMKI3aTBIHJAAFBl Cyla €pPHUTIH JKOHE Maiaa epuTiH
JIOPYMEHEPAIH KYpaMblHa JKYPTi3UIreH Tangay HaTwkenepinen B, - 0,047+0,0094
mr/100r; B, - 0,054+0,023 mr/100r; B, - 0,310,062 mr/100r; C— 2,20+0,75 mr/100r;
B, - 1,11+0,222 mr/100r; B, — 0,036+0,007 mr/100r; B — 0,03+0,006 mr/100r; E —
0,09+0,003 mr/100r; A — 0,06%0,002 Mr/100r. 60FaHBIH KOpyTe OOTaIbI.

Munepanabl 3aTTapAblH JOPYMEHIEpP CHAKTHI SHEPTeTHKAIBIK KYHIBUIBIFBI JKOK,
OCBIFaH KapaMacTaH OJ1 aJIaMHBIH TiPIILJIiK OPEKETIHIH opOip Ke3eHAEPIHIe MaHBI3IbI
KBI3MET aTKapasibl.

Byt ’xyMBICTBI OpBIHIAY OapbICHIHAA €Ki CYTI MMKI3aThl KypaMbIHAAFsl OipKarap
MHHEPAJIBI 3aTTapFa TaIayliap KYPri3iii, 3epTTey HOTHXKEIEPiHIH opTaiia MOHIepi
5 - CypeTTe KeNTipiireH.

180 = mr/100r

160 +

140 +

120 +

100 4

80 1

60 +

40 T

20 4 '

; [ ,
Kansumii Marnuii Kanmii Hatpuii, mr Docop Temip

Abciicca ociHJe MHHEpalibl 3aTTap; OpAWHATa OCiHAe onapabiH meumepi, mr/100r. Hotmkenep
opTalia CTaHIapTThI KaTeHi ecenTey Heri3iHae anbiHabl, n=6 p<0,05
Cypert 5 — Emki cyTi IINKi3aTBIHAAFB MEHEPAJIIBI 3aTTap KYPaMbl
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S-cypeTTeri Tanjay HOTIDKENEpIHEH eIIKI CYTiHIH KypaMblHIa TIpUIUIK YLIH
MaHbI3]IbI 3JIEMEHTTED (dcceHnuanbabl anementrep): Ca, Mg, K, Na, P, Fe, sxerkimikri
MeJepe O0NaTHIHBIH KOPCETT1, OyJ1 OHBIH OMOJOTHSJIBIK KYH/IBUIBIFBIHA OH 9CEP eTEi.
3eprrenreH cyt ynrinepinae kanbiui — 128,67+1,17 mr/100r, marawmii — 16,79+0,55
mr/100 T, xkanmit —154,31£1,03 mr/100r, warpuit — 38,17+0,21 mr/100 1, docdop —
93,78+1,12 wmr/100r, Ttemip — 0,12+0,002 mr/100r Gonmpl. CyTTiH KypaMbIHJAFbI
MUHEpaAbl 3aTTapAblH MeJIepi MalJblH a3bIKTaHIbIPbUTYbIHA, CybIHA, TOIBIPAKKA,
MaJJblH JCHCAyJbIFbIHA, CYTTIH OHJENyiHe >KOHE CakKTay JXaraalblHa OaiIaHbICTHI
e3repim OTHIPaIbI.

3eprreynep «Galamilk» ¢epmachiHBIH anbiHFaH 3aaHeH TYKBIMIBI C€IIKI CYTi
LIMKI3aThIHAH CYTKBIIIKBUIABl OHIMICPAI OHIIpYyAl KEHEHTy mepcreKTUBaIaphl
0ap eKkeHiH KepceTTi. by peTte, cublpra KaparaHaa eLIKi CYTiHIH aJaM ar3achIHBIH
(DU3UONOTHSUIIBIK epPEKILENTIKTEpiHe KOOIpeK ColKec KeeTiHIH epeKIIe aTan oTKEeH JKOH.
OHBIH rUMOAJUIEPTeH/Il JKOHEe OUOTOTHAIIBIK ePEKIICTIKTEP] epeKIle KYHIbI.

Kopsitbinabl. Kemenai ToxipuOemiK-aHAIUTHKAIBIK 3€pTTEySep HOTHXKECIHIE
3aaHeH TYKBIMJIBI €ILIKI CYTi YITiIepiHiH (U3nKa-XUMHSIBIK KOPCETKIIITEPi 3epTTeni,
oJlap WIMKi3aTTaH TaJjall eTiIeTiH HOPMATHBTIK TajamnTapra coiikec keieni. Emki
CYTi IIMKi3aTbIHAAFbl AMHHKBIIIKBUIIAPBIHBIH, HETI3r1 JopyMEeHIEepAiH, MHUHEpasIbl
3aTTaplblH, Mail KbIIIKbUIJAPBIHBIH MOJIIEpPiH JKOHE KypaMblH aHBIKTAay HeTi3iHzae
CIIKI CYTiHIH TaraMIbIK XOHE OWOJOTHSUIIBIK KYHABUIBIFBI AHBIKTAJABI, OYJl OHBI
MPOOMOTUKANIBIK KacHeTTepl 0ap CYTKBILKBUILABI OHIMAEP ajyFa apHajJfaH IIUKi3aT
peTiHze naiiganany YLIiH YChIHYyFa MyMKIHIIK Oepexi.
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KOMITIO3UTTIK YHAAPABIH CAITACbI MEH KAYIIICI3AII'TH
BAKBLJIAY

AnHoTtanus. Kazipri yakpITTa a3bIK-TYJIKTIH OHOJOTHSUIBIK, KYH/IBIIBIFBIH apTTHIPY
TEHJICHIMSIAPBIHBIH YiTeciMi 013/ KOHAUTEPIIK OHIpiC YIIIiH 6CIMIIK MIHKI3aThIHBIH
JKaHa JOCTYPII eMec KO3JEepiH 137ieyre MaKOYp eTei.

YH eHIMJIepiHIH 0aCThI KEMIILTITT —OMOJOTUSIIBIK KYHIBUTBIFBIHBIH TOMeHIr. Onap
HETi3iHeH KeMipcylnap MeH Mailllap/lblH K31 OOJFaH/BIKTAH NIaMajaH ThIC TYTHIHY
JIUETANbIK 3aTTap MEH SHEPrus KYHIBUIbIFBI OOWBIHINA JUETAHBIH Tele-TeHAIrH
Oy3anel. Meicanbl, 100 T YHHaH jkacajfaH KOHAMTEPIiK eHiMIep agamHbiH Bl, B2
xoHe PP nopymMeHniepine KYHIENIKTI KaKETTUITiHIH 4-5% - JaH aciai/Ibl, aJl oJIap/IbIH
YKAJIITbI SHEPTETUKAIBIK KYH/IBUIBIKKA KOCKAaH ylieci OChl TYThIHY NeHredinae 18-20%
0oirybl MYMKiH. JKanmel eHiMIAepAl OHAIpyAiH NePCIeKTUBAIBIK OaFbITTapbIHBIH Oipi —
KOMIIO3UTTIK KOCHaIapbl KOJIaHy.

XaJbIKTBl camajibl JKOHE >KOFapbl TaraMJIblK KYHABUIBIFBI Oap YH eHiMmuepiMeH
TYpaKTbl KamMTaMachl3 €Ty MIHJETiH ICKe achlpy IIUKI3aT pecypcTapblH KelIeHI
naiananyra, MbIFapbUIaTBIH OYHBIMAAD aCCOPTUMEHTIHIH KYPBUIBIMBIH KETiIIIpyTe,
YHHaH >KacajfaH KOHAMTEPIK OHIMJAEpHi OHMIpy YIIiH IIMKIi3aTThIH JKaHa THIMII
TYPJIEPiH 131ecTipyre Heri3aeneai. OHIM acCCOPTUMEHTIHIH KYPBUIBIMBIHIA YH OHIMAEPI
MaHbI3/1bl OPBIH anajpl, onap OYyKin eHAipicTiH ken Oenirin Kypaiael. Kaszipri yakeitra
YH OHIMIEpi KaHT OHIMIEpiHeH KeliH eKiHIII OpbIH/IA.

¥HHAaH KacaJfaH  KOMIIO3WUTTIK  Kocmajap  eHiMaepAl  MHUHepajaapMeH,
JTOPYMEHICPMEH KOHE IUETAJIBIK TAIIBIKTAPMEH OalbITYFa BIHFalIbl OOBEKT OOJBII
TabbuIaAbl. KOMIO3UTTIK KOCHaHBIH HET13I1 peLenTypaiblK KOMIOHEHTTEpIMEH Karap
(Ompnaii yHBI, YHTAK KaHT, KYpFaK CYT) KOMIIOHEHTTEPIiH Oipi peTiH/e YHHBIH AoCTYpIi
eMec TYpJIepi, JKeMicTep MeH >KHJEKTep HEri3iHAeri Kon KOMIOHEHTTI YHTaK Topi3ai
x)apThiiai (abpukaTTap, TEHAECTIPUIreH KypamJarbl eHIMep ailyfa MyMKIHIIK
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OepeTiH JKCTpPyATay eHIMIepi KONJaHbUIaabl. ¥YHHAH JKacajlfaH KOMITO3UIMSIIBIK
KocnanapAbl KOJJaHyIbIH OPbIHIBUIBIFBI KeJIECi aclieKTiiepre 0ainaHbICThI:

— mKeM1 0acKapbUIaThIH KAMBIPABI JAWBIHIAY TPOIECIH KYPY KaKETTLTIr;

— TEXHUKA-d)KOHOMHUKAJBIK KOPCETKIITEPl KOFAphl KOCIMOPBIHIAP KBI3METIHIH
KQKETTUIIT], OHBIH IIIH/IE KOFaphl canajibl O©HIM acCCOPTHMEHTIH KEHEHUTY, ITHUEeTaIIbIK
KOHE eMIiK eHIMAep i eHxipyre OaraapiaHFaH Kol MaKCaTThl LIEXTap Kypy eceOiHeH;

— iCKe achIpy Mep3iMi y3aK JaiblH OHIMICPAIH carachblH TYPaKTaHABIPY OaFbITHIHIIA
LIaFBIH OHJIpiCTEP )KYMBICHIHBIH THIMJIUIITIH apTThIPY;

— DHEPTrus )KoHe eHOEK IIBIFBIHIAPBIHBIH TOMEH IEY1;

— KOCIIOPBIHHBIH CaHMUTAPJIBIK-TUT HEHAIIBIK KaFIaiblH JKaKCapTy.

¥HHaH jKacajfaH KOMIIO3MTTIK KOCMAJap HEri3ri oHE KOCHIMILIA IIUKi3aTThI
KOCHaHbIH 0apIbIK KOMIIOHEHTTEPiH OipKeJKi TapaTKaHFa JICHiH 3epTXaHaIbIK JKaFraaiaa
JTalbIH AT,

Makanasa KOMITO3UTTIK KOCIIAHBIH OPTaHOJENTHKAIBIK, (PU3HKa-XUMHUSIIBIK JKOHE
Kayimnci3aiK KOpCeTKIMTep dcepi KapaCcThIPhUIFaH.

Tyiiin ce3mep: OipiHIII CYpPHIITH OWIAll YHBI, HOKAT VHBI, KaCBIMBIK VHBI, KaHT
KbI3bJIIIA YHTAFbI, KOMIO3UTTIK YH.

B. Muldabekova, A. Toktarova*, R. Iztelieva, M. Atykhanova,
A. Seidimkhanova

Almaty Technological University, Almaty, Kazakhstan.
E-mail: aigerim.toktarova.1998@mail.ru

QUALITY AND SAFETY CONTROL OF COMPOSITE FLOUR

Abstract. Currently, the combination of trends in increasing the biological value
of food makes us look for new non-traditional sources of plant raw materials for
confectionery production.

The main disadvantage of flour products is the low biological value of these products.
They are mainly a source of carbohydrates and fats, so their excessive consumption
disrupts the balance of the diet in terms of dietary substances and energy value. For
example, 100 g of flour confectionery products do not exceed 4-5% of a person’s daily
need for vitamins B1, B2 and PP, and their contribution to the total energy value can be
18-20% at this level of consumption. One of the promising areas of gross production is
the use of composite mixtures.

The realization of the task of sustainable provision of the population with high-quality
and flour-milling products of high nutritional value is based on the integrated use of raw
materials, improving the structure of the assortment of manufactured products, searching
for new effective types of raw materials for the production of flour confectionery. Flour
products, which make up the majority of the entire production, occupy an important
place in the structure of the product range. Currently, flour products occupy the second
place after sugar products.
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Composite flour mixtures are a convenient object for enriching products with
minerals, vitamins and dietary fibers. Along with the main compounding components
of the composite mixture (wheat flour, powdered sugar, milk powder), non-traditional
types of flour, multicomponent powdered semi-finished products based on fruits and
berries, extrusion products are used as one of the components, allowing to obtain
products of a balanced composition.

The article examines the effect of the composite mixture on organoleptic, physico-
chemical and safety indicators.

Key words: wheat flour of the first grade, chickpea flour, lentil flour, sugar beet
powder, composite flour.

B.K. Myanat6exoBa, A.M.TokrapoBa*, P.A. U3teqneBa, M.b. ATbixaHoBa,
A.A. CeiigimxanoBa

AJIMaTUHCKUI TEXHOJIOTUYECKUI YHUBEpCUTET, Anmarsl, KazaxcraH.
E-mail: aigerim.toktarova.1998@mail.ru

KOHTPOJIb KAYUECTBA U BE3OITACHOCTH KOMIIO3UTHOM MYKH

Annotanusi. BHacrosmiee BpeMs coueTaHne TeHACH NN TOBBIIIEHN S ONOJIOrMYE CKOM
LIEHHOCTH MPOAYKTOB MUTAHUS 3aCTABISAET UCKATh HOBbIE HETPAAULIMOHHbIE HCTOUHUKI
PacCTUTEIBHOTO CHIPbS /U KOHIUTEPCKOTO MPOU3BOCTBA.

OCHOBHBIM HEIOCTaTKOM MYYHBIX HW3ICTHH SBISETCS HHU3Kasg OuoJIormyeckas
LIEHHOCTb 3TUX MpOAYKTOB. OHM B OCHOBHOM SIBJISIIOTCS HCTOYHHMKOM YIVIEBOJIOB U
JKHPOB, MOITOMY MX UYpE3MEpHOE MOTpebiIeHne HapyliaeT OalaHC palioHa C TOYKH
3peHus JUETHYECKUX BEIECTB U 3HepreTruueckoi nennoctu. Hampumep, 100 r MyuHbIX
KOHIWTEPCKUX W3ACIHNA He TNpeBBIAOT 4-5% CyTOYHOM NOTPEeOHOCTH YeloBeKa
B BuTamuHax Bl, B2 u PP, a ux Bkiag B oOLIyl0 SHEPreTHYECKYIO IEHHOCTh MOXKET
coctapisth 18-20% mpu 3ToM ypoBHe morpeOneHus. OAHUM M3 TEPCHEKTUBHBIX
HampaBiIeHUH TPOM3BOJACTBA BAJOBOM MPOMYKIUH SBISETCS  HCIOJIb30BAaHUE
KOMITO3UTHBIX CMECEH.

Peanuzanmst 3amaun  ycTOWYMBOTO OOECIICUCHMS HACEICHHUS KadyeCTBEHHBIMH
U MYKOMOJBHBIMH NPOTYyKTaMHM BBICOKOM NHIEBOM IIEHHOCTH OCHOBBIBA€TCS Ha
KOMITJIEKCHOM HCITOJIb30BaHUM CHIPBEBBIX PECYpPCOB, COBEPIIEHCTBOBAHUU CTPYKTYpPBI
ACCOPTHMEHTA BBITYCKAEMBIX M3JENUH, MOUCKE HOBBIX A(P(EKTUBHBIX BUAOB CHIPHS
JUIS TIPOM3BOJCTBA MYYHBIX KOHIMTEPCKUX H3Aenuil. B cTpykType accoprumeHnta
MPOIYKIIMHU BaKHOE MECTO 3aHUMAIOT MyUYHbIE H3/IEITHSI, KOTOPbIE COCTABIISIOT OOJIBIIYIO
yacTh BCEro NMPOMU3BOACTBA. B Hacrosiee BpeMsi My4yHble M3/€THs 3aHUMAalOT BTOPOE
MECTO IOCJIE CaXapHbIX U3ETUI.

KomnosuTHble cMecH W3 MYKH SIBISIIOTCS YAOOHBIM OOBEKTOM Ui OOOTalleHHs
MIPOAYKTOB MUHEpPAJIaMH, BATAMUHAMHU U MTUIIEBBIMU BOJIOKHaMU. Hapsiay ¢ OcCHOBHBIMU
peuenTypHbIMU KOMITOHEHTaMU KOMITO3UTHOM cMeCcH (TIILIEHNYHAs My Ka, CaXapHas mypa,
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CYX0€ MOJIOKO) B KaU€CTBE OJJHOTO M3 KOMIIOHEHTOB HCIOIb3YIOTCA HETPaJAULINOHHbIE
BUIBl MYKH, MHOTOKOMIIOHEHTHBIC MOPOIIKOOOpa3Hble MmonypadpukaTsl Ha OCHOBE
(GPYKTOB M SITOJ, MPOAYKTHI IKCTPYAMPOBAHHSA, MO3BOJISIOUIME IMOTYYaTh MPOIAYKTHI
cOaJaHCUPOBAHHOTO COCTABA.

Bcrartbe paccmarpuBaeTcs BIUSHNE KOMIIO3UIIMOHHON CMECH HA OPTaHOJIENTUYECKHE,
(U3UKO-XUMHUYECKHE U MOKa3aTesn 0€30MacHOCTH.

KuaroueBble ciioBa: Myka MIIEHMYHas IEPBOrO COpTa, MyKa HYyTOBas, MyKa
YyeyeBUYHasl, TOPOLIOK CaxapHOW CBEKJIbI, MyKa KOMIIO3UTHASI.

Kipicne. ¥HHan >xacanfaH KOHAMTEPIIK ©HIMIep-OapibIK Kac TONTapbl MEH
TYPFBIHAAP apachlHAa YJKCH cypaHbicka ue eHiMzep. OCbl TONTHIH ©HIMICPiHIH
ilIiHAe MeYeHbe eH Kol TapajfaH. bysl penent >knHaKTapbIHAAFBl OChI TONTHIH CaHBI
MeH opTypiiiiriMeH pacrananbl. COHIBIKTAH, JKANIbl MAaKCaTTaFbl XKOHE EMJIK-
npoUIaKTUKAIBIK YHHAH JKacajlfaH KOHAWTEPNIK OHIMAEPIiH camachlH, TaramIIbIK
KYHJIBUIBIFBIH apTTHIPY, aCCOPTUMEHTIH KEHEHTy MaHbI3Abl Oonbin Tabbutansl (Barad
M. 2018). bipak eHimJep/iH OacThl KeMIILUIIri-OJap/blH IIaMagaH ThIC TYThIHBLTYBI
a3bIK-TYJIK 3aTTapbl MEH DHEPrusl KYHIBUIBIFBl OONBIHIIA TaMaKTaHy PallMOHBIHBIH
Tene-TeHIITIH 0Y3aIbl.

ApHalibl )koHe QYHKIIMOHAJIbI MAKCATTaFbl YHHAH jKacaJIFaH KOHIUTEPIIiK OHIMIe Pl
Kacay YIIiH pelenTTe MIHMKi3aT KOMIIOHEHTTEPI MEH OH/AIPiC TEXHOIOTHICH MaHbI3/IbI
pen arkapanbl. Kasipri TeXHOJOTHSUIBIK cajiajia TYNKUIIKTI ©HIMJII ap3aHIaTaThlH
HeMece OHBI a3 KaIOPHUSUIBI €TETiH KONTEreH anMacTeIpreimTap 06ap. Keiine 6y cananan
3apiarmn mereai. [ urueHanbik HopMajgap MeH TYTBIHYIIBUIBIK KACHETTEp OHIM/1 Oaramay
Ke3iHJle YHHaH jKacalfaH KOHIUTEPIiK eHIMIEpIiH camachlHa KOMBUIATHIH TaJlarTap
eckepineni. Texnukanblk pernamentiieH, TII memece MEMCT-meH aHbIKTanaThiH
cama KepceTKimTepi eHiM TypiHe OaimaHbicThl. OpraHoOJIENTHKAIBIK KaCHETTEePIi
CUINATTaUTBIH cara KOPCETKIIITepi: CBIPTKBI TYpi, MilliHi, KYphUIBIMBI, 1oMi MEH Hici
OHJIpYLIiHIH TanantapbiHa coiikec kenyi kepek (Dorofejeva, et al. 2011). Tamax
OHIMEPiHIH KayilCi3air »kKaHe oapbl OHAIpY, CaKTay, TaChIMaJIay, OTKi3y JKoHEe Koaere
JKapary IpoLecTepi cajachlHa YHHAH KacalfaH KOHIAUTEPIiK OHIMACPIiH Kayinci3air
3aHHAMAaJbIK TaJanTapra COlKec KaMTaMachl3 eTiieni. Tamak eHiMIepi peTiHae YHHaH
KacaJlFaH KOHIUTEPIIK eHiMAepre KOHbUIATBIH perfIaMeHTTEIreH TajanTap MbIHagau
KypaybllITapMeH alKbIHIaNabl: TEXHUKAJIBIK TaJlanTap, THTHEHAIBIK TalanTap jKoHe
colikecTeHIipy KepceTkimTepi (Antipova, 2010).

MaceneHi mienryze JaiibiH ©HiIMHIH OMOIOTHUSUTBIK KYHABUTBIFBIH OAMBITY YIIiH YHHAH
KacaJFaH KOHIUTEPIiK OHIMIEeP/Ai OHIIpyAe JoCTYpIli KepriliKTi 0CIMIIK MHKi3aThIHAH
KOMIO3ULMSUIBIK  KOCTaJapAbl KoijaHy Oenrinmi Oip KbI3BIFYLIBUIBIK TYABIPAZIbL.
KoMIto3uTTiK KOCHachl JOCTYPIIi eMec MIMKi3aT OOJIbIN TaObUIabl, €H aJbIMeH Oumai
YHBIMEH CaJbICTBIpFaHAa TaFaMAbIK KYHIBUIBIFBI sKkoFapbl (Vasneva, et al. 2010). On
aKybI3apJblH CaNbICTBHIPMAJbl TYPHAE YKOFapbl KYpaMbIMEH, aMHUHKBIIIKBUIIAPBIHBIH
TOJBIK KUBIHTBIFBIMEH, COHBIH 1IIIHAC aJMaCThIPbUIMANTHIH, HHYIWH KaHTTapPBIHBIH,
MEHTO3aHJApAbIH, MaiIapAblH, MUHEpaSAaplIblH, JAWCTANBIK  TaJIIBIKTapIblH,
JTOPYMEHJEPAiH, OPraHUKaIbIK KBIIIKBUIIAPABIH TaOUFH KOCBUIBICTAP TYPIHIE >KOHE
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ar3ara )KaKChl CIHETIH TypiHJe O0ybIMEH CHITaTTaNaAbl. benrini OonraHai, TaraM/1arbl
aKybI3/IbIH KETICIICYIIUIIrl aJaM ar3achbHBIH JIeHCAyJBIFbIHA TEpic dcep eTeldi, ol
opTypii aypynapra okenyi mymkiH (Mayurnikova, et al. 2016). AxybI3aap ar3aja FaHa
eMec, COHBIMEH KaTap KaMbIpAbl JaibIHIayAaFbl TEXHOJIOTHSJIBIK TPOLECTE, A9M MEH
XOII WiCTi 3aTTapbIH Naiiga 60nybIHa, IeYeHbE Micipyae MaHbI3IbI POJI aTKapabl, Oy
TaMakK eHIMJIEpiHiH TYTHIHYIIBIIBIK KACHETTEPIHIH MaHbI3/Ibl POJIIH aHBIKTANUIBI.

Marepuangap men aictep. XKacbIMbIK )kKoHE HOKAT YHbI, KAHT KbI3bUILIA YHTAFbIHAA
aKybI3/IbIH, TUMUATEPIIH KaKChl Ko3i 00JbIN TaObUIaabl, ONapAblH KypaMblHaa Oumai
YHBIHA KaparaH/a MaHbI3Ibl aMUHKBIIKBUIAAPEI MEH Oacka Ja maiaaisl 3arTap Oap.
JKachIMBIK — eH KeHe Oenriii Oypiuak TypiaepiHin 6ipi. JKacbIMBIK oM/, aii1abl JKoHe
9KOJIOTHSUIBIK Ta3a. byJl ToHHIH epeKIIeNiri-oja HUTpaTTapAbl, PAAHOHYKIUATEPI JKOHE
Oacka J1a 3UAHIBI 3aTTapAbl KUHAMaKWAbl. OMIpIiK aMHUHKBIIIKBUIAAPE! 0ap >KachIMBIK
aKybI3bl ar3ara jxkakchbl ciHemi. 100 T TYKBIMHBIH 3HEPTeTHKAIBIK KYHIBUIBIFBI — 310
KKajl. JKachIMBIK HUTpaTTapbl, yibl SIEMEHTTEPAl, PAAHOHYKIUATEPAl KUHAMAKIbI
JKOHE OJIapJibl SKOJOTHSIIBIK Ta3a eHIM jen caHayra Oonanbl (Sadygova, et al. 2018).
JKachIMBIKTBIH Taligackl eTe 30p, Oy KYHIENIKTI JUEeTaHbl dpTapanTaHIbIPbIT KaHa
KolMal, JeHcayIbIKKa KaThICTBI KeHOip MacenenepieH apblilyFa KOMEKTECETIH KYH/IbI
KOpeKTiK oHiM. JKachIMBIKTBIH Mai1anbl KacueTTepi koOiHece akyblzra Oail eHIMHIH Oaii
KypaMbIMEeH TYCiHAipineai. XKacbIMBIK opTypili aMUHKBIIIKBUIIAPbIHA, MUHEpajiapra
XKoHe Jopymenzaepre Oail. byn eHiMHIH TaHFakalblll KacueTi Oap: OHZA SPTYPIi YIIbI
HeMece 3USHABI 3aTTap (PaJuoHYKIHITED, HUTPATTap KoHE T.0.) )KUHATIMaKIbI.

KacwiMbIK yHBIHBIH KypambiHAa 100 r kyprak 3atka makkanaa 160-630 mxr Bl
JIopyMeHi (THaMuH) Oosiaabl. AJaMHBIH TaraMblHIa THaMHUHHIH OOlMaybl aca aybIp
KYHKe JKOHE JKYPEK aypyJapbIMEH YINTACHII KaTaThblH HEBPHUTTIH alpbIKIIa TYpiHE
IMAIBIKTEIpaasl. OHEe OacTaraH >KachIMBIK TYKbIMaapbiHaa 404 mr-ra (%) nediin C
nopymeni 6oxast (Skurikhin I.M. 2008). Hokat yHbI cenen Mesmepi O0ibIHIIA OapIIbIK
OypIlaK JaKkbpUIIAPbIHBIH ilIiHAe OipiHIII OPBIH anajbl, OYJI aF3aHbIH OHKOJIOTHSUIBIK
aypysapra Te3iMALIIriH apTTeipansl. HokaT yHbIHAA Mail Memiuepi Oujaiira Kaparanaa
3,7 ece ken. Mall KbIIIKbULIAPBIHBIH OOJybIHA OalIaHBICTHI (OJIAP/BIH INIHICTI eH
MaHBI3AbIAPEl JIMHOJ JKOHE OJIEMH) XOJECTEpUH JeHreli, KaH YWBIFBIIITAPbIHBIH
naina 6oy Kayri, )KypeK — KaH TaMbIpJIapbl aypyJapbl MEH aTepOCKICPO3AbIH 1aMybI
temenaeiai (Cherkasova, et al. 2018).

ABBIK-TYJIIK ©HIMAEPIH OalbITy Ke3iHIe HOKAT aKybI3AapbIHBIH aMHUHKBIIIKBUIIBIK
KYpaMBbIHBIH TeTe-TeHIIriH eckepy KaxkeT. COHbIMEH, OypIIaK aKybI3bl aJaM ar3achl
YIWIH apruHUH MEH JIM3MHHIH OHTaWIbl KaThlHACBIHAA epekwmeneneni — 1:1,6,
HM30JIeHIINH KoHe JednuH — 1:0,6, MeTnoHUH xkoHe TuctuauH — 1:0,5. CoHabIKTaH,
OyplIaK KOCBUIFaH OHIMIEpE aKybI3 MOJIILEpi apThill KaHa KOMMal, olapblH canacsl
1 Kaxkcapapl.

Hokar nenmrtunsnin, pubodnasunniy (B2 nopymeni), TnamunHig (Bl aspymeni),
HUKOTHH MEH MAaHTOTEH KbIIIKbIIAAPbIHBIH, XOJIWHHIH jKaKChl K031 00J1bin Tadbutaas!. C
ButaMuHiHIH Memepi 100 r Guomaccara 2,2-20 Mr apaibiFbiHga Oonanbl (Matveeva,
et al. 2016).

Hoxkar cTpaTerusuiblk MaHbI3IbI )KOHE KYH/IbI TOHIi-OypIIaKThl TaKplIap KaTapblHa
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SHTI31IreH, ONapAblH Pejl a3bIK-TYJIKTIH TYpaKThl OHAIpiCiHIe, AYpbIC TaMaKTaHy
MEH eJIiH a3bIK-TYJNIK Kayilci3mirin kKamrtamacbid ertyfae. KonumuTeprnik eHimuep
epeceKkTep MeH Oaaiap apachlH/a JOMIIIK KACHUETTepiHe, OaFaIbIK KOJI KETIMILIITiHE,
TYTBIHY BIHFaWUJIBUIBIFBIHA, COHNIAI-aK TaMaKTaHy IoCTYpJIEpiHe OailaHbICThI YKOFaphI
CYpaHbICKa ue ekeHiri Oenrini. Konaurepiik eHiMaepai TYThIHYABIH OopTalia JSHreil
0ip agamra >KbUTblHA miaMaMmeH 21-23 Kkr Kypaiapl, an Oysl MeIepaiH KapThIChbIHA
XKYBIFbl YHHAH JKacalfaH KOHAUTEPIiK eHiMaepre keieni (Abuova, et al. 2017).

Byn  a3bIK-TYJIKTIH KEMIIITIri KOFapbl OSHEPreTHKANbIK KYHABUIBIFBI JKOHE
MHUKPOHYTPUEHTTEP KYpaMbIHIAFbl TEHIepiMCi3mik OONbI TaObuIagbl. BHOMOTHSITBIK
XKoHE (PHM3MONOTHANBIK KYHABUIBIFBIH —apTTBIPy MAaKCaTblHAA JKalmaid TYTBIHY
OHIMJIEPIHIH pelenTypalapblH/ia HOKAT JOHIH KalTa eHJIey OHIMJIEPiHIH KOCTalapbiH
KOJIJaHy MYMKIHJITiH IETENIIK KoHEe OTaHIbIK FalbIMIap OeICeHAl 3epTTell KaTbI.

Bipkarap 3eprreywinep TyTac YHTaKTajJfaH HOKATTBI ONApAbIH TaFaMIbIK J>KOHE
OMONOTHSIIBIK KYHABUIBIFBIH KAaKcapTy YILIIH KeKCTep, BadiH, KaHT JKOHE Y3aKKa
CO3BUIMAJIBI TIEYEHBE, TOPTTAp peuenTepinae Konganyabl yebiHans! (Renzyaeva, et al.
2021).

[Iukizar TypiepiHeH TypaTbiH |- cyphINThl OMaai YHBIHAH KacajFaH eHiMepre
apHaJIFaH KOMIO3UTTIK KOCTIaJap/bIH PeleNTypachlH kacay: OipiHII CypbINTHI Ouman
YHBI, HOKAT >KOHE ’KAaChIMBIK YHBI, KAHT KbI3bLJIILIA YHTAFBI.

3eprrey omictepi. Kenmeci HaKThI MIHACTTEP/l MISHIy KAXKET OOJIJIbI: IIMKI3aTThIH
TaFaMJbIK KYHABUIBIFBIH Taijay, OChl KOMIIOHEHTTEpIEH KOMIIO3UTTIK Kocmauap
Kacay, YCHIHBUIFaH KOMIIO3HMTTIK KOCHaJapAblH JaiblH ©HIMHIH camachblHa 9CepiH
Oaranay. BipiHmii cypbInThl OMIail YHBI, HOKAT ’KOHE KAChIMBIK YHBIMEH KaHT KbI3bLIIIA
YHTarblHBIH ~ KO3MOIIIEPIIK, (QU3MKO-XUMHSUIBIK KAacHEeTTepi JKOHE KayilcCi3mik
KOPCETKIIITEePi aHBIKTaJa bl

ABBIK-TYJIIK camachlH KaJlbINTACTBIPAThbIH (akTopiapra IIWKI3aT IEH eHAipic
TEXHONOTUSCHl >karaipl. LIIMKi3aTThIH camackl MEH TEXHOJOTHSUIBIK KacHueTTepi
KapThiiail QaOpukartapelH (KaMBIPJBIH) JKOHE JalblH eHIMIEpiH (TIeYeHbE)
KYPBUTBIMABIK-MEXaHUKAJIBIK KACUETTEPiH KaJIBIIITACTBIPYFa alTapibIKTall acep eTei.

Penenrtypanapabl a3ipiey Ke3iHIe IIUKI3aTThIH OPraHOJICNTHKAJBIK JKoHe (r3nka-
XUMUSUIBIK KOpceTKimTepi eckepineni. KOMmo3uTTi yHHaH 93ipJeHTreH NedeHbe YLIiH
HETI3ri MWHKi3aT — OIpiHILI CYPBINTHI OMJail YHBI )KOHE JKACHIMBIK YHBI, HOKAT YHBI.

KonganemarelH YHABI OpraHOJICNTHKANBIK JKOHE (U3UKAJIBIK-XUMISUIBIK —camna
kepcetkimTepi OoibiHma MEMCT 26574-2017 «Han miciperin Oupail  yHBI.
TexHuKaIBIK WapTTapy.

O/1e0u AepeKTepACH Ka3ipri yakbITTa ()Y HKIIHOHAIIIBI OHIMIEP/I] J)KacayFa MYMKIiH/TIK
OepeTiH kKaHa TaraMJIbIK MHTPEIUEHTTEpAl Taly Typaibl 3epTTeyiep ©3€KTi OOJBII
TaOBLUIABL.

XanbIKTBIH OapIiblK TONTAaphl apachlHAa aKybl3 — JHEPreTUKAIBIK TaMaKTaHYyAbIH
JKOFapbl JIeHreiline OalIaHbBICTBl aKybI3apMeH OalbITBUIFaH JOCTYpINi Tamak
OHIMEPIHIH pelenTypajapblH o3ipiey OpBIHIBI NIl caHalalbl, ojap ©3 Ke3eriHae
AMHMHKBIIIKBUIIAPBIHBIH KypaMbl OOMBIHIIA TEHAECTIPLTYl KepeK. OCIMIIK aKybI3bIHBIH
yJleci aziaM aKybI3bIHBIH PallMOHBIHBIH KapTHICHIHAH KEM 00JIMaybl KepeK eKEeHIH ecKepe
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OTBIPBII, OCIMJIIK aKyBI3bIHBIH jKaHa KO3IePiH KoHE OJap/blH aMUHKBIIIKBUIIAPbIHBIH
KYpaMBbIH KaKcapTy >KOJIapbIH i3/1ey MmepcreKTrBaibl 6onbin Tadbutansl (Bortsova, et
al. 2013).

Hormxenepi. OpraHonenTukanblk KepceTKimTep OOWbIHIIA YH  yiariiepi
JaKbUIIApAbIH OOTaHUKAIIBIK €peKLIeTiKTepiHe OalaHbICThI OJlapFa TOH e3repicrepre
e Oomapl. 3epTTeNeTiH MarepuanJapAblH KOJalChl3 aKaylapbl aHBIKTaJIFaH KOK.
Keneci xe3enze mmkizarka (pU3NKaIBIK-XUMHUSIIBIK ChIHAKTAD JKYPri3ijai. YHHBIH 9p
TYPJi TYpJIEpPiHiH BUIFAIBUIBIFE 8-1eH 12% - Fa JeifiH e3repeTiHi aHbIKTalabl, Oy
oJIapibl caKkTay )KoHe TachIManay MPOLECiHiH Oy3buTybIHa okenMmeiii. CoHbIMEH Karap,
3epTTeyae KOJMAaHbLIaThIH OIpiHIII CYphIN OMIai, HOKAT YHBI, )KACHIMBIK YHBI MEH KaHT
KbI3bLJIIIA YHTAFBIHBIH OPTaHOJETNITUKAIBIK )KOHE (PU3UKA-XMMHUSUIBIK KOPCETKIILTEPiHIH
aHaJM3IePiH AJIMaThl TEXHOJIOTUSUIBIK YHUBEPCUTETIHIH «ACTBIK OHIMIEPI KOHE KaiTa
OHJICY OHIPICIHIH TEXHONOTUAICH KadeapacbiHaa sxoHe « Taram eHIMIEpiHiH canacsl
MeH Kayirci3airin Oaranay »KeHiHJeT1 FBUIBIMUA-3EPTTEY» 3epTXaHalapbIH/Ia XKYPri3iii.
3epTTey HOTHXKENEepi 1-KecTeae KeTipiireH.

1-xecre. bunait YHBI, HOKAT JKOHC KAaCbIMbIK YHBIMCH KaHT KbI3bUIIIA YHTAFbIHBbIH CallaJIbIK

KepceTKimTepi
Kepcetkimtep CanablK KepceTKIimTepi
Bipinmi cypeim | JKachIMBIK YHBI Hoxar yHb! Kant
Ounaii YHbI KBI3bLIIIACK
VHTaFrbl
Tyci Ax Hemece Kbi3rpinr-capsl | Hokar yHbIHAa TOH | AKIIBUI-CYPFBIIT
CapFBIII PEHTI Oeryie,mipireH wmici
JKOK
Hici bunaii yasiHa JKaceIMBIK AKIIBIT capbl, Kant
TOH, OOTEH, VHBIHA TOH, HOKAT YHbIHA TOH | KBI3BUIIIACHIHA
KOrepreH Mici )oK | 0eTeH, Kereprex TOH, OOTeH,
Hici KOK KOrepreH uici
HKOK
Jomi Bunait romine JKacbIMBIK Hoxar yabiHa ToH | YJKaFbIMIBI, TOTTI,
TOH, OOTEH, JIOMiHE TOH, aIlbl, KBIITKBLT OeTeH, alpbl,
KBILIKBLUT JIOMI 0OoeTeH, allbl, JKoHE Oerje aoMi KBIIIKBLT JIOMI1
JKOK KBIIIKBLT JTOM1 JKOK JKOK
JKOK
KpIsipbl Kprusipes3 Kpisipesi3 Kpisipes3 Kpisipes3
blnrangeuieirsl, % 7,37+0,07 7,52 12,9+ 7,09+0,03
KBIIKBIUIIBUIBIFBL, TPAJT 1,0 1,4 9,1+ 1,6+0,1
Kynainiri, % 0,75+0,005 2,7 2,440,005 1,59+0,005
Kenimmeci, % 29-1aH Kol emec - - -

Opranonentukaislk kepcerkimrepi MemCT 13685-68 GotibrHiIa sxypri3iiui.
JKorappl OMONOTHSUTBIK IMIMKI3aTTHl KOJJIaHA OTHIPHIN, TaMak ©HIMACPIH OHIIpYIe
OJIAPIBIH JKAKCHI cara KOpCeTKIMTepi MEH JKOFaphl TAaFaMIbIK KYHIBLIBIFBIH KAMTaMAaChI3

€Ty KaXKeT.
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Kant ssandiia

Leypmenm
Ot vt

Cyper 1 - bujaii yHbI, HOKAT 5KOHE )KaChIMBIK YHBIMEH KAHT KbI3bLIIIA YHTAFbIHBIH
a — OipiHmI cypbIn Ouaail YHBI; 6 — )KaChIMBIK YHBI; B — HOKAT YHBI; T - KAHT KbI3BUILIACH] YHTAFBI

2-kecrte. buiaii YHbI, HOKAT KOHE KACBIMBIK YHBIMEH KAHT KbI3bLIIIA YHTAFBIHBIH XUMHSUIBIK KYPaMbl

Kepcetkimrep Bipiami cypem | XKaceimbik yHbI | Hokat yHBI | KaHT KbI3bIIIIIA YHTAFBI
Ouail YHb
blnranapubirsl, % 7,37+0,07 7,52+0,07 7,99+0,02 7,09+0,03
Maitnap, % 1,28+0,05 0,74+0,01 3,98+0,05 TabbuiMazsl
Axys13aap, % 12,96+0,02 21,80+0,02 19,60+0,03 1,32+0,1
Kewmipcy, % 68,64+1,00 57,12+0,18 51,24+0,02 -
Kynniniri, % 0,75+0,005 2,7+0,003 2,57+0,01 1,59+0,005
KpIIKBIIABIIBIFBL, TPa] 3,0 1,4 9,1+ 1,6+0,1
MuHepasl 3aTTap, Mr
KaJui,Mr 197,39+2,17 533,74+4,21 | 732,14+10,98 884,15+7,07
KaJIbIMH, MI 31,44+0,33 64,11+0,33 34,22+0,38 159,03+1,91
TeMip, MI 2,09+0,02 10,15+0,10 3,61+0,05 6,02+0,02
¢docdop, mr 135,66+1,49 395,1243,01 | 278,12+3,06 184,81+1,29
Jlopymenaep, Mr
B1 0,25+0,002 0,52+0,104 0,384+0,076 0,011+0,002
B2 0,08+0,004 0,16+0,067 0,083+0,035 0,020+0,008
PP 1,20+0,341 3,48+0,696 1,72+0,344 1,722+0,344

2-xectene kepcerireH «Taram eHIMIEPiHIH camackl MEH KayilCi3miriH Oaraay
JKOHIHJIET1 FHUTBIMU-3E€PTTEY» 3€PTXAHACBHIHBIH TalAdy HOTWKENEpiHe COWKec HOKAT
JKOHE JKAChIMBIK YVHBI, KQaHT KBI3BUIIIA YVHTAFBIHBIH aKyblI3, JOpyMEHACp, MUHEpaIIap
KOII eKCHJIIT1 JONEIACH TI. 2-KeCTeACH KOPIHIN TYpFaHIai, OypIIaK JaKbUIIaphl aKybI3Fa
0aii - »xaceIMBIK YHEI 21,80% - man, HOKat yHBIHIA 19,60%. Conpaii-ak, JopyMeHICPIIH
MeJIepl /1€ KOFapbl eKeHiH Kepyre Oonazpl. YKachIMBIK YHBIHAA OipiHIII CYPBIITHI
Ounait yasiMeH cansicTeipranaa Bl nopymeni 2 ece, B2 nopymeni — 2 ece, PP — 2,9 ece
JKOFaphl eKeHIH KopyTe 0onmaasl. bysr eHIMHIH TaraMIBIK KYHIBUTBIFBIH apTTHIPIBL.

TombIpaKTEIH KO KBUIABIK CApKBLUTYhl, KOPIIaFaH OPTAaHBIH JIACTAHYBI, MHHEPAJIIbI
THIHAWTKBIIITAP/IBI HT13Y JKOHE 6CIMIIKTEP/Il KOpFay KypailapblH Naiiagany oJapasiH
ACTBIKTA JKOHE OHBI OHJICY OHIMIEpIHIC XKWHATYbIHA OKelryi MyMKiH. ILImKi3arThrg
3USHCBI3ABIFBI MEH KayilCi3miriHe OHIAFbl OPTYPJIi 3arTapAblH (YIBI DIEMEHTTED,
MeCTUIUATED JKOHE T.0.) MONIIEepiH KajbIllKa KENTIpy apKbUIBl KOJ JKETKI3Iemi,
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oJlapblH HOPMATHBTIK MOHI THICTI KyKarTamada >ka3pUiraH. MHUKpOOMOIOTHSIBIK
cama KepceTKimTepi OapiblKk TaMak >KyHenepiHiH KayilCi3miri YOIiH IIenrynri
Oonbint TaOBLIaABl. YHOAFBl OPTYPAl (akTopiapAblH SCEpiHEH MHUKPOOHMOIOTHSIIBIK
MPOLECTEPAIH JaMybl Kerepyre, alibITyFa, KbIIIKbUIIAHYFa )KOHE ©31H-031 )KbUIBITYFa
okeneni. byn OainmaHpic 3epTTENETiH IIMKI3aTTHIH KayilCI3iriH KOPCETeTiH carma
KepceTKimTepiMeH anbikTanans! (Manning, et al. 2019).

Bipinmi cypeinThl Ougail yHBI, HOKAT JKOHE YKAaCBIMBIK YHBI MEH KaHT KbI3bUIIIA
YHTarbIHBIH (PYHKIMOHAJIBIK MaKCaTTaFbl OHIMIEP/Al OHIpY Ke3iHAe MIMKi3aT peTiHe
konmany Makcatbiaaa 2011 sxeurrbl 9 sxentokcannmarbl Kenen omarbiabiH (015/2011
KO TP «AcTbIK Kayinci3airi Typanbl») TEXHUKAJIBIK perlaMeHTIHIE perfiaMeHTTEreH
KayiMci3iik KepceTKilTepine Oaranay Kyprizy Kaxer.

3-kecre. bunait yHEI, HOKAT KoHE JKaCBIMBIK YHBI MEH KaHT KbI3bUIIIA YHTAFBIHBIH KAyINCI3AIriH
KOPCETEeTiH KOPCETKIIITEep

KepceTtkimepaiy ataysl, Bipinmi cypsin Hoxart yHb1 Kaceimbik yHbI | KaHT KpI3bUIIIA
eJmieM OipiikTepi Ounaii yHbl YHTaFbl
VYBITTHI 2JIEMEHTTEp, MI / KT
- KaIMHUI 0,07 0,0004+0,0001 TabbsuIMab! TaObuIMaIbI
- KOpFachIH 0,35 0,0009+0,00001 | 0,0005+0,0001
- MBIIIBSIK 0,15 TabObLaMa bl TaObuIMas! TabOblama sl
- CBIHAII 0,015 TaGpuIMaBI TaGbuIMagbl TaObuIMaIBI
MHUKOTOKCHHIEP, M / KT
-adnaroxcud B1 TaGbuvamer | TaGbuivamer | TaGbuimassr TaOblImans!
[lecTummarep, Mr/kr:
- XU (a, B, y - n3omepbr) TaObiIMaIbI TaObuIMaIBI TaObuiMa bl TaObUIMaIbI
- JAT xoHe oHbIH TaGpuIMaIb TaGbuIMa bl TaGbuIMaIBl TaGbuIMaIb
MeTaboIHUTTEPi
MukpoOHOIOTHSUTBIK KOPCETKIIITE
-KMA®A=M, KOE/ r 1*10* 18*10* 6*10* Tabb1Ma bl
- BI'KII (xomugopmanap) TabbrMas! Tabbrmae! TabbuTMane! TabbrmMae!
1,0 r eHiMJIC
- Ameitkel, KOE / TaObuIMaIb! TaObuIMa bl 3 Ta0ObuIMaIbI
-3en, KOE /1 TabbuIMasl TabbLaMa sl Tabblamasl TabbLama sl

¥H chiHaAMandapbl TOKCHKOJIOTHSUIBIK TYPFBIIAH Kayimnci3 OOJBIN TaOBLIaTHIHBI
aHBIKTAJIbl, OWTKECHI ONapAblH (U3UKA-XUMUSUIBIK, MHUKPOOHOJOTHSIIBIK >KOHE
rurueHanbik kepeerkimrepi CanlluH 2.3.2.1078-01, TP TC 021/2011 pernamenTrenren
TajanTapbiHa coiikec kenemi(3-kecte).

KoMmosuTTik KocnanapAblH OHIMAEPIH pelentypajia KOJIAaHy >KOFapbl TYTHIHY-
IIBUTBIK KacHeTTepl Oap eH JKOFapbl OPraHOJIENTHKAJIBIK KOHEe (PU3UKA-XUMUSIIBIK KOp-
ceTkimTepi Oap KOHAUTEPIIIK OHIMAEPIl amyFa MyMKiHIiK Oepeni (Popova, et al. 2019).

YCHIHBUIFAaH MOIMETTEPJICH KOPIHIN TYpFaHAaid, OipiHIII CYpBINTH Ougait
YHBI, HOKAT JKOHE JKACBIMBIK YHBI MEH KaHT KbI3bUIIIA YHTAFbIHBIH OapibIK Heri3ri
KepceTKilTep OOMbIHIIA KayilCi3MiK TalanTapblHa COWKec Kenemi, Oy oJapAblH
(hYHKIIMOHAIIIBIK MaKCcaTTaFbl OHIMIEP/Il xKacay Ke3iHJe Kayillci3 MHTPEJUEHT PETiHe
YCBIHYFa MYMKIHAIK Oepeni.
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KopbiTbinabl. XanbIKThIH ACHCAYJIBIFBIH CaKTay YLIIH AYpbIC JKOHE Maiaaibl
TaraMAapabl TYTBIHY MaHbI3bl. BYriHI TaHIa KajbIITacKaH Karjaifa OaiaaHbICTHI
aZlaMHBIH (PU3UKATBIK OCTICEHAUTITT TOMeH eI, ¥ HHaH )KacaFaH KOHAUTEPITIK OHIMIEP
HaApBIFBIH TajJail OTHIPBIN, OHIMJIEPIE KOMIO3HMTTI KOMIIOHEHTTEPJIH JKETKLUTIKCI3
MeJepi 6ap eKeHIIri aTam eTuIIi.

OyHKIMOHANABl MaKCaTTarbl ©HIMIEP OJapAbl >Kammail TYTHIHY YIIIH anMac-
THIPBUIMANTHIH KOMIIOHEHTTEPMEH >KacaJIFaH TaMaK ©HIMAEPIHE YChIHbIIA b

TyThIHYIBLIAPBIH JICHCAYIIBIFBIH €CKEPE OTBIPHITI, TUETAIIBIK KOHE (PyHKIIMOHAIIBI
TaMaKTaHy YIIiH apHaibl MaKcaTTarbl YHHAH JKacallFaH KOHAUTEPIIiK OHIMep 3aMaHayH
JMETOJIOT TapFa apHaJFaH

ApHaiibl XoHE (DYHKUMOHANObl MAaKCATTarbl YHHAH JKacaJiFaH KOHIUTEPIIK
OHIMEP/Ii Kacay YIIIiH PEEenTTe MHKi3aT KOMIIOHSHTTEP1 MEH OH/IIPIC TEXHOIOTHSICHI
MaHBI3/IbI POJT aTKapaJIbl.

YH eHiMzepiH TaOWFU OHIMJICPMEH OalbITYIIBIH XUMUSUIBIK 3aTTapFa KaparaHja
apTHIKIIBUIBIFEI  Oap. Tabwfu eHIMIEpAiH KypamMblHA aKybI3 3aTTapblHaH Oacka
TOpYMEHJIEp, MUHEPAJIbl Ty37ap jkoHe 0acka Ja KYHJbl TaFaMJbIK KOMIIOHEHTTEp
Kipelli JkoHe ojlap TaOWFH KOCBUIBICTAp TYpiHAE TaOMFU KaThlHACTA OOJAfbl, OHBI
OpraHU3M KAKChI CIHIpEe/i.

YHIBI KOHAUTEP OHAIPICIHAE YHHBIH KOMIIO3HUTTIK KYpPaMbIH KOJJIaHy TIIIOTEHHIH
M6JIILIEPIH a3aiTaabl JKOHE KaMbIPIbIH KYPbUIBIMIBIK-MEXaHUKAJIBIK KACUETTEPIH KOHE
JaiibIlH OHIMHIH carachlH jkakcapraabl. Ockuiaima, Ounail YHBIH ilIiHapa aybICTHIPY
KaMBIPJIbIH CepIiMIl KACHETTEPiHIH TOMEHCYIHE XOHE TIFOTCH MOJIICPIH a3alTy
apKBUIBI TUIACTUKTIH KOOCIOIHE OKee/Ii.

JKorapeima aWTBIIFaHIApIAaH KOPIHINM TYpPFaHIal, allbIHFaH HOTIDKENEp YHHAH
JKacaJiFaH KOHJUTEPIIIK OHIMJICP/l OHIIpyJAe KOMIIO3UTTIK KOCHaJapiaH YHIIbI
KOJIZIAHY/IBIH OPBIHJBUIBIFBIH KepceTeldi. bipiHmn cypeinTel Oupail yHBI, HOKAT
KOHE JKACBIMBIK YHBI, KaHT KbI3bUIIIA YHTaFbl aKybI3AApIbIH, ASPYMEHAEPIiH,
MHUKpPORJIEMEHTTEpAIH >koHe Oacka Ja maijaibl 3arTapAblH apKachblHIA aJIbIHFaH
OHIMIED eMJIIK OoHE TPO(UIAKTUKAIBIK TaMaKTaHy VIIiH YCBIHBUTYBI MYMKiH, OyII
(yHKIMOHAIBI MaKCcaTTaFbl YHHAH JKacaliFaH KOHAUTEPIIiK OHIMICPAiH aCCOPTUMEHTIH
KEeHeWTyre MYMKIHZIK Oepeni.
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INVESTIGATION OF THE SORPTION OF HEAVY METALS ON MODIFIED
COAL

Abstract. This study shows that the combined use of sulfuric acid as a stabilizing
additive and the unique porous structure of modified carbon (MC) makes it possible to
form associates of metal cations about 3 nm in size, uniformly distributed over the entire
surface of modified carbon (MC).

The choice of the optimal sorbent depends on the task set for the researcher. It has
been shown for the first time that the MC structure affects the formation and distribution
of Me(II) cations on the surface: two types of Me(Il) cations are observed: 0.5-3 nm in
size, localized mainly inside the MC pores, and larger particles (4-8 nm) located on the
outer surface of the MC.

To study the influence of modifier deposition conditions on the distribution of pores
in the porous structure and on the outer surface of the MC and on the activity of the
resulting sorbents, a series of modified carbon carriers were synthesized. The essence
of the approach consists in applying the active composition to the surface of an inert
nanostructured MC carrier. In this case, MU acts as a primary carrier that provides the
necessary textural characteristics, thermal and mechanical stability of the sorbent, and
also as a substrate for stabilizing associates of Me(II) cations.

The experimental part shows the study of the phase composition of samples by
X-ray fluorescence analysis (XRF). The results obtained will serve as the basis for the
creation of a sorption system for the adsorption of heavy metals from water of natural
and technical origin, including chemical enterprises, pharmaceutical, metallurgical,
underground parking lots, as well as for the treatment of waste water from chemical,
pharmaceutical and other enterprises.
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MOINPUKALUATAHFAH KOMIPAE AYBIP METAJIIAPIABIH
COPBIMSACHIH 3EPTTEY

AunHoTtamus. Byn 3epTrey >KYMBICBIHIA KYKIPT KBIIIKBUIBIH TYPAKTaHJIBIPFBILI
KocTa JkoHe Oipereii KeyeKTi KypblIbIM jkoHe Moaudukanusuianrad koMip (MK) perinne
raMaMeH 3 HM MeTaJlll KaTHOH/IapbIHBIH KYPBUTBIMBIH KYpyFa MYMKIHJIIK Oepei, )KoHe
Monudukanusinanran kemipain (MK) Oykin Oetine Oipkenki OeiHe.

Tuimi cOpOEHTTI TaHAay 3epTTEYIIIHIH aJibiHA KOWbUIFaH MaKCaThiHA OaHTaHbICTHI.
Aunram petr MK KypbUTbIMBIHBIH OeTKi KabaTsina Me(11) kKaTHOHIapbIHBIH TY31Ty1HE )KOHE
TapaiyblHa ocep eTeTiHi kepcetinreH: Me(ll) kaTmoHIApBIHBIH €Ki Typi OaiKanaib:
enmeMi 0,5-3 um MK keyekrepiniy imrinae xoHe MK coIpTKbl OeTiHIe OpHajdacKaH
(4-8 HM) ynkenipek OemmexTep. MoauduKaTopabl KOJIJIaHy KaFaaiiapblHbIH KeYeKTi
KypbUTbIMAarbl koHe MK chIpTKBI OeTiHIeri KeyeKTepliH TapallyblHa KOHE aJbIHFaH
COpOCHTTEepAIH OCJICEeHAUIINIHEe dCepiH 3epTTey YIUIiH OipKarap TackIMajaaylibLiap,
COHBIH ImNHAe MOMU(UKAIMSUIAHFAH KOMIp CHUHTE3ZeNl. 3eprrey Makcarhbl
HMHEPTTI HAHOKYPBUIBIMJIBI OOJIIIEKTEP/IIH TaChIMaJIaylIbICBIHBIH O€TiHe OelICeHIl
KOMITO3UITUSIHBI KOJIIaHy 0oJibIl TaObLIaabl. by xxarnaiina MK copOeHTiHe cunarrama
bEpeTiH 00JICAK, TEPMHUSIIBIK KOHE MEXaHUKAJIBIK TYPaKThUIBIFBIH, coHmai-ak Me(Il)
KaTHOH ayphlp METaJUIJapblH TYpaKTaHAbIPY YIIiH CyOCTparThl KaMTamachl3 €TETiH
0acTarKbl TACKIMAJIIAYIIBICHI PETIHJIC OPEKET €TEIi.

DkcnepuMeHTTiK Oerimie peHTreHodyopectenTTi Tannay (P®)omiciMen ynrinepain
(dazanblK KypaMblH 3epTTey KepceTiireH. HoTwxenep TaOMFU >KOHE TEXHHKAJBIK
IIBIKKAH CY/IaH aybIp METaJIap bl COPOLMsLIIAY YIIIiH, )KOHE JI¢ OHBIH IITTHIE XUMHUSIIBIK
KoCIimopbIHAap, (apMaleBTUKAIBIK, METAJLTYPrHSUIBIK, JKEpacThl aBTOTYPAKTapHI,
COH/Iali-aK XUMUSIIBIK, (JapMalleBTUKANIBIK KoHE 0acKa Ja KoCiOPhIHAAP/IbIH aFbIH]IbI
CYJIapblH Ta3apTy YIIiH COpPOLMSUIBIK KYHeHI KypyFa Heri3 Oojaabl. SIFHM 3eprTTen
OTBIpFaH Mo (UKAIMsIIAaHFAH KOMIP ayblp METaIUIIApAbl COPOLUSIIAYFa SKOTOT HSIIBIK
3aJ1aJIChl3, IKOHOMHUKAIBIK THIM/II COPOSHT PETiHJIe KONaHyFa YChIHBLIA/IbI.

Tyiiin ce3mep: ancopOums, mMoauduKanms, ayslp MeTangap, KaTuoH, MOAUQH-
KallMsJIaHFaH KOMIip.
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HNCCIEAOBAHUE COPBIMHU TAXEJBIX METAJIJIOB HA
MOJINPULINUPOBAHHOM VYIUIE

AHHoOTamusa. B paHHOM wHcCClIEIOBaHMM TIOKAa3aHO, YTO KOMOMHHPOBAHHOE
HCTIOJIb30BaHUE CEPHON KMUCIIOTHI B KAYeCTBE CTAOMIM3UPYIOLICH TOOaBKH U YHUKATBHOM
MOPUCTON CTPYKTYphl MOIUPHUIMPOBaHHBIA yroib (MVY) mo3BoisieT chopMupoBaTh
accoluarbl KaTHOHOB METaJJIOB pa3MepOM OKOJIO 3 HM, paBHOMEPHO paclpe/iesieHHbIe
0 BCeil MoBepXHOCTH MoauduunpoBanHoro yrst (MVY).

Bribop ontumansHOTO copOeHTa 3aBHCHUT OT 3a/1aud, MOCTABICHHOHN IeNu Iepes
uccnenosareneM. BriepBeie okazaHo, 4To cTpykTypa MY Biusier Ha (opMupoBaHHe
u pacupezaenenue katnonoB Me(Il) Ha moBepxXHOCTH: HAOMIOAACTCS 1B THUIIA KATHOHOB
Me(II): pasmepom 0,5-3 HM, JTOKaJTU30BAHHBIX MPEUMYIIECTBEHHO BHYTpU nop MY, u
Oosee KpyMHBIX yacTHIl (4-8 HM), HaXOAAIIMXCS HA BHEIIHEH moBepxHocTH MY.

Jiist uccneioBaHusI BIUSIHUS yCIIOBUN HAaHECEHUSI MOITM(PHUKATOPA HA paclpe/ieieHue
Op B NOPHUCTOW CTPYKTYpE€ M Ha BHEUIHEH MOBEpXHOCTM MY M Ha aKTUBHOCThb
MOJYYEeHHBIX COpPOEHTOB CHHTE3MPOBaHBI CEPUM HOCHTENEH, MOAM(UIMPOBAHHBIX
yriieii. CyTh TOAXO/1a COCTOUT B HAaHECEHWH aKTHBHOM KOMITO3WIIMU HA MOBEPXHOCTh
HMHEPTHOIO HAHOCTPYKTYPUPOBAaHHOrO Hocutesst MY. B nanHOM cityyae MY BeicTynaeTt
B pOJM TEPBUYHOIO HOCHUTENS, OOECHEeYMBAIOMIETO HEOOXOJUMBIE TEKCTYPHBIE
XapaKTePUCTHKH, TEPMHUUECKYI0O ¥ MEXaHHUECKYI0 CTAOMIBHOCTH COpOCHTA, a TaKkKe
MIOJTOXKKH [T cTabunu3anuu accouraToB karnoHoB Me(II).

B skcrniepuMeHTaNbHOM YacTH IMOKa3aHO u3ydeHHe (ha30BOro0 cocTaBa 00paslioB
METOJIOM peHreHo(yopecueHTHbIH ananu3 (PDA). [TomyueHHbIe pe3yabTaThl TOCITYKAT
OCHOBOM cO371aHNs COPOITMOHHON CUCTEMBI JIJIS1 a/ICOPOITHH TSKEITBIX METAJIIIOB U3 BOJIBI
MIPUPOHOTO U TEXHUYECKOTO MPOUCXOKACHHUS, B TOM YHCIIE XUMHUYECKHE MTPETPUATHS,
(bapmarieBTHUECKHE, METAIITYPTUYECKHUE, TTOI3eMHbIE TTAPKOBKH, a TAK)Ke JJISI OUMCTKH
COpPOCOBBIX BOJ| XUMUYECKHX, (DapMaIleBTHUECKUX U IPYTUX TPEATPUSTHH.

KuroueBble ciioBa: agcopOuus, MoauduKanus, TsDKETbIe METaUIbl, KaTHOH,
AKTUBUPOBAHHBIN YTOJIb.

Introduction. Methods of sorbent modification. Chemical modification. Chemical
modification methods are the most widely used, since they allow obtaining materials
characterized by increased resistance to various environmental influences and, as a result,
greater stability of the action of surface-modified materials. They are characterized by
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low energy consumption, no need for complex equipment and technologies, ensuring
the possibility of obtaining a given selectivity and capacity of the sorbent, as well as the
possibility of effective desorption with certain modifiers (Comier .2019)

In (Yuanyan, 2015) it was found that the surface treatment of the carrier also affects
the activity of sorbents during the adsorption of Me(II) cations. For example, by varying
the content of OH groups on the surface of the carrier, it is possible to achieve a higher
activity of the sorbent. In addition, using different methods of pretreatment of the carrier
and sorbent, it is possible to achieve different sizes of Me(Il) cation associates on the
surface, which also affects the sorption capacity (Makarova et al., 2019). MC belongs to
the class of ordered mesoporous surfaces (Zhao D. et al. 2019). Its structure is a system
of ordered cylindrical pores with a diameter of 6-8 nm (Fig. 1.5) (Sanz R. et al. 2018).
Due to its unique porous structure and surface properties similar to those of silica gel, it
is a very promising carrier for various sorbents (Belenova et al., 2015).

The authors of the work claim that the sorbent they use is quite effective, and its
porous structure promotes the adsorption of formaldehyde and acid vapors, which also
leads to an increase in the activity of the sorbent. In (Kataev et al.2016), the influence
of pretreatment conditions on the activity of the sorbent in the Me(Il) sorption reaction
on its surface is already being investigated. The authors of the work showed that, as
in the case of silica gel, pretreatment can have a significant effect on the activity of
the resulting sorbent. Also, the activity of sorbents modified with acids (LC/MC) was
studied during the adsorption of Me(Il) cations (Pyanova et al. 2017). This type of
sorbents is also quite effective in the adsorption of Me(Il) cations. Its activity can be
successfully varied by changing the processing conditions of the carrier, applying acid
and further processing of such a sorbent.

Thus, the use of surfaces as carriers for sorbents can be very promising. Depending
on the type of MC used, various indicators of sorption capacity can be achieved. In
addition, a wide range of porous structures makes it possible to significantly expand
the scope of application of acid-treated mesoporous systems, which is interesting for
practical use. Modified mesoporous ion-exchange resins and MC for sorption of Me(II)
is of great scientific and practical interest, but their practical application is limited by
low stability and specific surface area. Stabilization of this system on the surface of
highly porous MC is a promising approach for the synthesis of sorbent. In this context,
mesoporous carbon MC is of great interest, whose unique porous structure and high
specific surface area can positively affect the properties of the resulting system.

Sorption methods of concentration of metal ions.

A large amount of experimental data on the methods of concentration and separation
of metal cations have been generalized and presented in recent monographs by Y.A.
Zolotov, N.M. Kuzmin, L.N. Moskvin, L.G. Tsaritsina, A. Mitsuike (Salnikova et
al., 2000), including other authors (Gulevich et al., 2009). In these works, both for
concentration and for separation, basically the same methods are used. Of these, sorption
methods (ion exchange sorption and chromatography), extraction, flotation, deposition
and co-deposition, electrochemical, physical, physico-chemical and membrane methods
are often practiced.
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When analyzing natural and wastewater for the content of trace elements, the latter
are pre-concentrated and separated, most often using sorption methods, in which ion-
exchange and complexing sorbents are widely used, therefore, the search for effective
and cost-effective sorbents for analytical purposes is an urgent problem today. Carriers
modified by functional-analytical groups have found wide application in analytical
chemistry: they are used for concentration and determination of metal ions.

The high efficiency of sorption concentration makes it possible to determine traces
of metal ions in various objects using common laboratory equipment (photometers,
atomic absorption spectrometers with atomization in flame). One of the most promising
areas of modern analytical chemistry is the creation of hybrid methods of analysis. The
essence of these methods is the preliminary concentration of the analyzed substance,
followed by detection. The latter are used: photometry, luminescence, IR spectroscopy,
X-ray fluorescence, EPR, X-ray photoelectron spectroscopy (XPS), photoacoustic
spectroscopy, atomic adsorption spectroscopy (AAS), atomic emission spectroscopy
with inductively coupled plasma (AES-ICP), mass spectrometry with inductively
coupled plasma (MS-ICP) and others methods.

Pre-sorption concentration has a number of advantages over other concentration
methods.

Firstly, during sorption, substances are concentrated, which leads to a decrease in the
detection limit.

Secondly, the spatial separation of the molecules of the analyzed substance on a solid
surface should reduce the intermolecular interaction, leading to a decrease in intensity
and a change in the characteristics of the signal.

Thirdly, hybrid methods have great selectivity. This is achieved as a result of selective
absorption of the analyzed substance and its separation from interfering components.
Sorption concentration provides selectivity of micro-component selection, high
values of concentration coefficients, easy adjustment of process parameters. Sorption
concentration and separation of elements using modified ion exchange layers and MC
sorbents can be performed by static and dynamic methods (Nefedova et al., 2020). The
term “Sorbents modified with a mesoporous surface” refers to polymer (both organic
and inorganic) compounds, the structure of which includes functional groups capable
of forming stable associates and complexes with element ions (Bektenov et al., 2020).
Sorbents often modified with a mesoporous surface, along with chelate groups, may
also contain ion exchange groups. As a consequence, during the sorption of metals with
these sorbents, both the process of complex formation and ion exchange takes place.
The concentration of metal ions using modified ion-exchange layers and MC sorbents
is characterized by the simplicity and expressiveness of the concentration, shows high
extraction efficiency (so the distribution coefficients can reach 105-106). The use of
sorbents modified by ion-exchange layers and MC allows concentration from large
volumes of solutions to be carried out fairly quickly, for example, the transmission rate
of solutions can be 30-50 ml * min-1 (Gavrilenko 2016).

Recently, among the methods of concentrating metal cations from solutions, sorption
extraction with the use of modified ion exchange layers and MC sorbents is increasingly
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used. Bottom sediments, surface waters and soils are typical objects of chemical
analysis, for which methods based on modified ion exchange layers and MC sorbents
are used with high efficiency. The use of modified ion exchange layers and MC sorbents
in the process of sample preparation makes it possible not only to isolate metal ions,
simultaneously separating them from the sample matrix, but also to reduce the volume
of analysis, significantly reducing the number of preparatory stages of analysis and time
spent on their implementation; in some cases, the concentration of metal ions directly
from the sample can be used.

It should be noted that by now there is no single classification that would cover the
entire spectrum of such sorbents. This circumstance can be explained by a complex
composition, an extraordinary variety of structures and properties, which can also
strongly depend on the conditions of modification of the equipment. Nevertheless, it is
possible to distinguish certain basic classification features: the nature and structure of
the MC, the method of functionalization of the sorbent. The most well - known among
inorganic matrices: active carbons, ion-exchange resins and silica. lon-exchange resins
and their processing products (cellulose, viscose silk, pectins, lignin, chitin, chitosan,
etc.) are used as an organic polymer base for the synthesis of sorbents. Polymers of linear
or spatial structure obtained by polycondensation or polymerization (polystyrene and its
copolymers, polymetracrylate, polyethylenimine, polyacrylonitrile, polyvinylpyridine,
etc.) (Mentbaev et al. al., 2012).

Result and discussion. Study of the phase composition of samples by the XRD
method. Figure 1. shows radiographs from 2 to 90° for MC and T/MC samples. As can
be seen from the data in the figure, an amorphous MC reflex is observed for all samples
at 20 23°. On all radiographs, there is a small-angle reflex below 5°20, this reflex is
typical for carriers of type MC and characterizes the long-range order of the hexagonal
packing of the corresponding d, ,, (Marina et al., 2014). The intensity of the small-angle
reflex of the MC decreases with the introduction of sulfuric acid, which indicates a
partial decrease in the ordered porous structure due to the filling of the porous space
of the MC. In the case of a T/MC sample, the intensity of the reflex decreases more
strongly than in the case of T/MC-culf, which indicates a significant loss of order of
the porous structure. For the T/MC-culf sample, a slight decrease in the intensity of the
small-angle reflex may indicate a more uniform distribution of C in the MC structure,
which is consistent with the data of low-temperature adsorption.

.. O
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daso= 1.925 OKP = 5.9 Hm
doso= 1.912

T/MC-sulf
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Figure 1. Radiographs for test samples
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For T/MC samples, sulfuric acid reflections are observed in the 20 28.6, 32.9, 47.2,
56.3, 76.6, and 88.3° regions. For the sample prepared without the use of sulfuric acid,
the intensity of these reflections is higher, indicating the formation of larger particles
(OKP = 5.9 nm), compared with the T/MC-sulf sample (OKP = 3 nm) (Table 1).

Table 1. Properties of the studied samples

X-ray fluorescence analysis |ultraviolet | Absorption of H), m.mol/g (%)
Samples view

d,,A |Ad,A |OKP um|E_(3B) Surface (100-250°C) | Volume (100-200°C) | =
T/MC 1,912 10,002 [5,94+0.2 |3,2 294 (53,8) 252 (46,2) 546
T/MC-culf| 1,925 0,010 |3,0+0.3 [3,0 427 (77,1) 127 (22.,9) 554

An increase in the parameters of the interstitial distance for all reflections of the ES
phase and an increase in the value of Ad for the T/MC-culf sample (Table 1) indicate a
high concentration of defects in the ES particles in this sample.

Conclusions. Thus, based on the X-ray fluorescence analysis data, it can be
concluded that the introduction of sulfuric acid onto the MC surface without the use
of temperature leads to the formation of larger particles (~6 nm) compared to those
controlled by stabilization with sulfuric acid (3 nm). These data are in good agreement
with the results obtained by the method of low-temperature nitrogen adsorption.
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KOKOHIC JAKBIJIJAPBIHIATBI AYBIP METEJIJAPABI BUOTECTUIEY

Annoramusa. CuSO4, CdCI2 xone ZnSO4 ayblp MeTanJapbIHBIH ©CIMIIKTEP/IIH
OMIPILIECH/IITIHE 9CEPiH 3epTTey YIIIiH KUsp, KbI3aHAK >KOHE OypbIll TyKeiMAapsl 10-3,
10-4 >xone 10-5 MOIB/M KOHIICHTPAIMS IHUATIA30HBIHAAFEI TY3IApILIH THICTI epiTiH-
JIepiMeH ChIHAK HbBICAHJApPbl PETiHJE MaijaiaHbUIbl. bakpliay HYCKaiapblHaa -
Ta3apThUIFAH Cy, 0acka 3epTTeyliep/ie ayblp MeTanaap epiTiHiIepi KOMIaHbUIIbI. AybIp
MeTaJJIap/IbIH TYKBIM ce0y calrlachlHA JKOHE KHSIP, KbI3aHAK KOHE OYPHIII KOIICTTePiHIH
OMOMETPUSUIIBIK CUIaTTaMaJIapblHA OCEPIH 3epTXaHANBIK Oarajiay oJapiblH >KOFapbl
Jlo3aJ1ap/laFbl TEPIC 9CEPiH JKOHE TOMEH KOHIICHTPALMAAFbl bIHTAIAH IBIPYIIIBI 9CEPIH
kepceTTi. KekeHic makpIIapbIHBIH TYKBIMIAPE MeH Kemertepinin CuSO4, ZnSO4
xoHe CoCl2 acepine miekTi ce3iMTaNABIFBI OpTYpii. TYKBIMHBIH ©HY TIPOIIECi aybIp
METaJUT TY3AapbIHBIH dCepiHe TO3IM/I1 OOIIbI, aaiiia, KOHIICHTPAIHSHBIH )KOFapbIIay bl
OYJ1 KOPCETKIIITI JIe TOMEHICTTI.

Tyiiin ce3mep: ayblp MeTauIIap, YIbl 3Cep, TY3Iap KOHIICHTPALUSACHI, 31ITY.

A.A.YTtebaes!, JK.H.Kypranoexos', P.C.Myxamenon>
"TOsxHO — Kazaxcranckuii yauBepcurer umeHn M. Ayasoa, llIeivkent, Kazaxcran;
*MIHCTUTYT reHETHKU M DKCIIEPUMEHTAIBHON OMOJIOTHU PaCTeHUI,
Tamkent, Y30ekucraH.
E-mail: jako 1590@bk.ru
BUOTECTHUPOBAHMUE TAXKEJIBIX METAJIJIOB B OBOLIHBIX KYJIBTYPAX

AnHoranus. [y u3ydenus Biusaus TsoKenbix MetaiuioB CuSO4, CdCI2 uZnS0O4 Ha
YKU3HECMIOCOOHOCTh PACTCHUN B KAY€CTBE UCTIBITYEMBIX MCIIOIB30BAIU CEMEHA OTYPIIa,
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TOMaTa 1 Ieplia ¢ COOTBETCTBYIOIMMH pacTBOPaMHM COJIEH B AMana3oHe KOHIEHTpalnit
10-3, 10-4 1 10-5 monb/a. B KOHTPONBHBIX BapHaHTax MCIIOIb30Bajach OYMILECHHAS
BOJa, B APYTHX UCCIIEIOBAHUIX - PACTBOPHI TSDKENBIX MeTaJuIoB. JlabopaTopHast oLieHKa
BJIMSIHUS TSDKENBIX METAJJIOB HA KAayeCTBO TOCEBa CEMSH M OMOMETPUYECKHE Xapak-
TEPUCTHUKH paccajipl OTypLOB, TOMAaTOB U Meplia MoKa3ajla UX HEraTUBHOE BIMSIHHUE B
BBICOKHX [J103aX M CTUMYJHpYIOIlee AeHCTBUE B HU3KUX KOHLEHTpauusax. [Ipenensnas
YYBCTBUTEJIILHOCTh CEMSIH M paccajbl OBOLIHBIX KYJIbTyp K BosueiictBuio CuSO4,
ZnS04 u CoCI2 paznuyuna. [Ipouecc npopactanus ceMsiH Obll yCTOHYHB K BO3/ACHCTBHIO
COJIeM TSKENbIX METAJJIOB, OJHAKO MOBBIIIECHHE KOHIIEHTPAIMK TAK)Ke CHU3WIO ITOT
MOKa3aTeb.

KuaroueBble ciioBa: TspKeNble METAJUIBI, TOKCHMUYECKOE JeMCTBHE, KOHIEHTpAIHs
coJiei, u3MeJIbICHUE.

A.A. Utebaev!, Zh.N. Kurganbekov!'", R.S. Muhamedov>

M. Auezov South - Kazakhstan University, Shymkent, Kazakhstan;
“Institute of genetics and plant experimental biology, Tashkent, Uzbekistan.
E-mail: jako 1590@bk.ru

BIOTESTING OF HEAVY METALS IN VEGETABLE CROPS

Abstract. Cucumber, tomato and pepper seeds with corresponding salt solutions
in the concentration range of 10-3, 10-4 and 10-5 mol/l were used as test subjects to
study the effect of heavy metals of CuSO4, CdCI2 and ZnSO4 on plant viability. In the
control versions, purified water was used, in other studies - solutions of heavy metals.
Laboratory evaluation of the effect of heavy metals on seed culture quality and biometric
characteristics of cucumber, tomato and pepper seedlings showed their negative effects
at high doses and stimulating effects at low concentrations. The extreme sensitivity
of seeds and seedlings of vegetable crops to the effects of CuSO4, ZnSO4 and CoCI2
is different. The seed germination process was resistant to heavy metal salts, but the
increase in concentration also reduced this indicator.

Key words: heavy metals, toxic effect, salt concentration, grinding.

Kipicme. Omnepkocin TeH KeJliKk KOMMYHHUKAIMSIIAPBIHBIH KapKbIHIBL JIaMYBbI,
nainansl KasOamapasl UrepyaiH KapKbIHIBUIBIFBI, aybUl HIApyallbUIBIFBIH O€ICeHl
XUMUSUTAaHABIPY JKarlaiiblHaH TaOWFU OpPTaHbBIH, SFHU CH aJIIBIMEH TONBIPAK MEeH
OCIMAIKTEp/IiH JacTaHy AeHreHiH KypT skorapbuiarThl (Tamnas, 2013; SApmuiko, 1999;
[Ipycauenko, 2010; Kanmynosa. 1983; 6armopocsin, 2005). AHTpONOreHIiK Ko3AepacH
KEJIETIH 9pTYpJIi XMMUSUIBIK 3aTTap/AblH apachlHAa YIBUIBIFBI KOFApbl ayblp MeTajaap
epeKlIe OpbIH anajabl. Ayblp MeTajnap 3aTTapAblH OWOJOTHSUIIBIK aiHaJbIMbIHA
eHIl, aJaM ar3achlHAa >KMHAKTaTybl MYMKiH. OJapablH IIamMagaH ThIC XKHHAKTATYBI
TaOWFH KEIICHHIH TYTACTBIFBIH OYy3yAblH ceOemirici 6omybl MyMmKiH. EH ynbl aysip
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MeTalapra KaHIIEPOreHAIK KacueTi 0ap KaJMUi, KOPFAChIH, MBIPBILI, HUKENb, MBIC,
koOaneT Ty3napbl xkaraasl (Kammynosa, 1983). DkoxkyiieHiH Kypampaac OeikTepiHae
OJIap/IbIH MHUTPALUSCH] JKOHE KaiTa Tapaiybl TaOuru (akTopiaplblH OYKil KelleHiHe
Jie, TEXHOTEHE3/1iH KapKbIHbUIBIFBI MEH cUNaTbiHa Aa OainansicThl (HOcydos, 2014).

OciMIiK OCiHIH TeXemyi - ayblp MeTajAapiblH ©CIMIIKTEPre YbITThUIBIFBIHBIH €H
MaHBI3/IbI JKOHE OHAH aHBIKTaJIaThIH (TINTI K630€H Kapay apKbLIbl) KepiHicTepiHiH Oipi.
OpTypii TypiepMeH (COpTTapMeH, MeHOTHUNTEPMEH) JKYPri3iireH KemTereH 3epTxa-
HaJIBIK JKOHE ETiCTIK TOXIprOenep ayblp MeTalaapIblH oCepiHeH OCIMAIKTEpAe TaMbIpP-
Jap MEH ©pKEHAEPIiH CHI3BIKTHIK OJIIeMAepl a3ailbll, OMOMACCACHIHBIH )KUHAKTATYbI
TOMEH/ICHTIHIH KOPCETTI.

OperTe, ayblp METaIJapAblH JKOFAapbl KOHLEHTPALMACHIHIA OpPKEHAEP OCYiHIH
TEXeNyl, TaMbIpiapFa KaparaHaa ailkelH Oalikanajabl. OCBIHBIH HOTHXKECIHIEC OpKEH-
JepAiH OWIKTIri MEH JKamblpak TaKTalapbIHBIH KeJieMi Kimipeieni, )kep ycTi Myiie-
JIEpiHiH OMoMaccachl asasjibl, all JIOHII JaKbUIAapAa TYWIH apajblK Y3bIHIBIFBI J1a
azasapl. MeTangapAblH OCEepiHEH TYJIIOKTaphIHBIH MOJIIepi, COHIai-aK KemicTep
MEH TYKbIMJIAp MAacCCacChIHbIH TOMEHJICYi a3 MeJiepae Oaiikanasl, cebedi, omapbiH
Oy mymienepzaeri Medjiepi oxeTre a3 Oonanpl, aq TeHEPaTHUBTI MYLIEJepre Tepic
ocepi HeriziHeH >xaHama Typae eteni (Kacaruko, 1992). ®dorocuHTe3niH Herisri,
MaMaHIaHIBIPBUIFAaH OpraHbl OONBIN TaOBUIATBIH O KalbIPAKTBIH OCYiHE aybIp
MeTalaapbIH dcepin Oenek atam oTy kepek. Kopiuaran opragarsl OapIiblK 3epTTeNETiH
MeTanaap KOHUCHTPALUMSICHIHBIH KOFapblUiaybl (DOTOCHHTE3 JKOHE TpaHCIUpALHs
KapKbIHABUIBIFBl TOMEHJCYIHIH ceOemurinepinin Oipi OONbIN TaOBUIATBHIH >KalbIPak
TaKTallIaChIHBIH alTapibIKTall ToMeH eyine okeneni (Enusapbesa, 2017).

3eprrey omicrepi. Chiak Hbicanbl peringe CuSO4, CdCI2 xone ZnSO4 aywip
MeTalAapbIHbIH OCIMIIKTIH TipIIUNK KaOUISTTUIIriHE oCepiH 3epTTey YIIIH KHusp
(«babymkuH BHY4OK» cOpTbI), Kbi3aHak («HoBuuox» coptbl), Oypbim («Armant Fl1»
THOPUIBI) TYKBIMIAPHI ATBIHBI.

TyYKbIMHBIH ©HY 3HEPrusCbl MEH OHTITIriH aHblkTay. Tykeim 10-3, 10-4 >xone
10-5 MoONB/ KOHIIEHTPALMSACHIHBIH JHAla30HbIHIA COMKeC Ty3 epiTiHIIepiMeH
CynaHfaH cy3ri KaraseiHaa [letpu TabakmanapeiHaa ecipaik. bakpuiay — Ta3apTbuiFran
cy. Ynrinepai KyHII3ri »apblK apakarblHachl 16:8 OomaTblH KIMMATTHIK Kamepasaa
(SANYO) ecipinai. Oprama ecipy temneparypacsl 23°C. AM yBITTBUIBIK 19pEkKeciH
Oaranayra apHaJFaH IapaMeTpiep: OHy dJHeprusichl (©3), 3epTXaHabIK TYKBIM OHT I TIr
(36), MophoMeTpHUSIIBIK TapaMeTpiiep: OpKEH MEH TaMbIp Y3BbIHABIFBL, JKEp YCTI JKoHE
aCTBIHAAFbl OOJIIKTEP/IiH OMOMACCACHIHBIH XUHAKTAITYbl. OCIMIIKTIH OHTIIITITT MEH
OHY DHEPTHSCHI O1p YaKbITTa aHBIKTAJIBII, alibI30eH kopceTinai. On yuriH 25 TYKbIMIbI
TopT KaiTanmam (Oapnbirel 100 TYKpIM) caHam aifblK, OJapAbl TYKbIMHBIH acTbIHA
BUTFAJIIAaHIBIPBUIFAH CY3I1 Karas3blH Koibln, [leTpu TabakmanapsiHa OipKenKi skaibI.
Tabakmanapap! bUIFaIAaHABIPY KYH CaibIH XKYPri3iimi.

KpI3aHakThIH 6HY SHEprusicel - 6, Kusip - 3, OypbIi - 7; eHrimTiK THiciHme 10; 7
XoHe 15 KyHII Kypaiasl.

3eprTey HoTHKeJIEPi. 3epTTey HOTHXKENepi ayblp MeTangap (AM) epiTiHaiaepiHiH
YBITTBUIBIK J9PEkKECi OpTYpil TYKBIMIACTApFa JKaTaTblH ©OCIMAIKTED MEH CBhIHAK
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napamMeTpiH TaHAayra OallaHBICTBI eKeHiH KepceTTi. TYKbIMHBIH OHTIIUTIIT MEH ecy
SHEPTUs ayblp MeTallapAblH ocep €Ty peakUusichl OOWBIHIIA aWTapJIbIKTall epeKiie-
neneni. ConpiMeH, Oakputayra Kaparanaa 1075, 10 sxone 10° M koHIIEHTpanuschl 6ap
MBIC, MBIPBILI ’KOHE KaJMHI KOHIIEHTPALUSICHIHBIH )KOFapblIayblHaH OapIibIK 3epTTeyre
aIbIHFaH JNaKbULIApIAblH OHY SHEPTUSIChl MEH TYKBIM OHIIITIri TemeHaedi. TemeH
KOHIEHTPALUs, KepiCiHIIe, bIHTAJTaHBIPYIIBI 9CEp €TTi.

3epTxaHanbIK Karaaiaa Kusp, KbI3aHaK, OYpBHII TYKbIMAAPBIHBIH OHTIIITIT1HE, 6CYy
SHEPTUSIChIHA, OCYiHE >KOHE OMOMACCACHIHBIH >KMHAKTATybIHA ayblp MeETail Ty3[a-
PBIHBIH 9CepiH aHbIKTay OOMbIHIIA 3epTTeyiep Kyprizingi. Kusp Tykpimaaps! OoiibiHIIa
HOoTHXeNep 1-kecrene OepinreH.

1-xecte — 3epTXaHaIII)IK )Kaf/:[aﬁ;[a KUSIP TYKbIMBIHBIH OHTIIITITIHE KOHE ©CYy DHEPIrUsChbIHA aybIp METAJl

TY3IapbIHBIH dcepi

Hycxkanap Kusip, % Kpi3anak, % Bypsei, %
30 (SlE) 30 [S)E) 30 [S)E)
CuSO, 103 58 25 49 18 32 15
10+ 87 68 66 25 63 29
10 93 81 93 60 86 41
ZnSO, 103 78 36 33 20 52 19
10+ 81 65 41 42 75 31
10 91 70 68 49 92 42
CoCl, 103 72 33 30 18 45 31
10+ 93 41 56 39 76 46
10 95 56 61 37 90 57
H,O (6axpiay) 94 83 91 69 96 72

l-kecTe/ieH Kepin OThIpraHbIMbI3Jal, e yimbl ocepai 10° M CuSO, epiringici
KOPCETKEH, OYJI Ke3/1€ KU TYKBIMJIAPBIHBIH 6CY YHEPTHUACHI 25%, alT CY KbIIIaMIbIFBI
HeOopi 58% Kypazpl. CoHbIMEH KaTap KoHUeHTpausaHbH 10 xone 10-° Temenneyi ecy
SHEPrusChl corikeciniie 87 xoane 93%, an eHriTiri coiikeciuie 68 sxone 81% Kypabl.

ZnSO, GolibIHIIA 3¢PTXaHANIBIK OHTIIITII - 78, 81 sxoHe 91%, oHy sHeprusicel - 36, 65
xKoHe 70% coiikec keneni. ¥kcac notmxkenep CoCl, Ty3napbiHbIH KOHIEHTPALUACHIH A
na anbiHAbl. COHBIMEH, JKOFaphl KOHIEHTPAIUAAa KUSP TYKBIMBIHBIH 3€pTXaHAJIbIK
eHrimTiri 72% 0o0nca, TOMEHIETUITeH KOHIeHTpamusna eHrimtiri 93 sxone 94%
JICHIH >KOFapbuiajbl. OHY SHEPrUsiChl KOHIEHTpaIusFa OaiaHbicThl 33-TeH S56-Fa
neiin e3repai. bakeuiay HyckaceiHIa eHTITIK 94%, eHy sHepruscsl 83% Kypambl.
Kp1zanakrap yurin CoCl2 epITIHICI €H YIbI OOJNBIN MIBIKTHI, OUTKEHI 3epTXaHaIbIK
OHTIIIITIK )KOHE OHY PHEPTHUSACHI, TINTI TAJJAaHATHIH KOHIICHTPAUSIIAP/IbIH €H TOMEHT'1
NIeHreiinae ae, OaxkpUiay MHUANa30HBIHBIH MOHAECPIHEH TOMEH OOJIbI, ajl epiTiHIl
koHIeHTpanusicel 107 6oranma. coiikecinmie 30% xane 18% Gomapr. CuSO A epiTiHgici
YABUIBIFBI a3 OOJIBIN MIBIKTBI, aJI €H TOMEHT1 KOHIICHTPAIlHsIIa 3ePTXaHAJbIK OHTIIITIK
MeH OHY DJHEPTUSCHIHBIH MOHI coiikecinie 93% xone 60% Oomubl, Oyy Oakpliay
JIeHreiiMeH mapa-nap OOIbI.

Bypeim tykbiMaape! yirin CuSO, Ty3IapbiHbIH KOHIEHTPALMACH €H YJIbl OOJBIIN
IIBIKTHI.
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3epTxaHalbIK XKaFaaina Ty3ap/IblH SCEPIHEH OCKIHACP/IH OHY SHEPTHUACHI, OHTIII-
TIrIMEH, KaTrap eMipIIeH/IIT )KoHe OMOMaCCaHbIH )KUHAKTAIYHI (2-KecTe) J1a OaraiaHIbl.

2-xecte — Kusip kemerTepiHiH oMipIIeHIIriHe Ty31apabIH acepi

Hycxkanap OckiH, cM TambIp, cM
CuSO, 107 1,242,3 0,7+0,8
10 4,2+1,1 3,9+1,2
107 5,9+1,5 6,2+1,1
ZnSO, 107 2,3+1,2 1,4+1,1
10 3,5+0,9 2,6+1,0
107 6,1+1,3 3,9+1,2
CoCl, 107 1,743,2 1,3£1,0
10 2,3+1,7 1,9+1,5
107 3,9+1,1 2,9+1,4
H,O (6axpLiay) 5,741,6 6,8+1,3

Ockingep MeH TambIpiapiabiH ecyine 10° M HycKajapblHIa MbBIC HOHAAPhI €H
JKaFBIMCBI3 ocep erTi. Ochutaiiina, KUsipAarbl ©CKIH MEH TaMbIP Y3bIH]IIFIHBIH YIIFAFObI
1,2 xome 0,7 cm, Gakpnayna Tuicinme - 5,7 xone 6,8 cm 6omabl. ZnSO, xone CoCl,
epITIHAUTIepIHACTI OpKEeHIEP MEH TaMBIPJIap Y3BIHIBIFBIHBIH YIFAIOBI COJI YKOFAphI
tuicinme 2,3; 1,4 MM xone 1,7; 1,3 cM Kypajsl.

KoHIIEeHTpallUsHbIH TOMEHJICYIMEH KHUSPJBIH OPKCHJEPI MEH TaMbIpiapbIHbIH
ecyiH/e JKoFapbuIay ypaici 6aikanmsl. COHBIMEH, MBIPBIIT KOCBUTFaH epitiHmigeri 10
KOHI[EHTpanusaaa epkeH 3,5, tampip 2,6 cm 6omapl. Konnentparususr 1075-ke neitin
TOMEHJICTKECH Ke3/1e OyJI1 KepceTKimTep colikecinme 6,1 xone 3,9 cM 6omnIbl.

Kp1zanak kemerrepi yiris e AM KOHIIEHTPaNUSCHIHBIH KOFapbIIaybIMEH OCKIHAED
MEH TaMbIpJIapAblH Y3bIHIBIFBIHBIH KbICKApy YpAici Oaiikangsl (3 kecte).

3-kecre — KpI3aHaK KeIIETTepiHiH OMipLIICHIITH aHBIKTAY

Hyckanap OpkeH, cM Tameip, cM
CuSO, 107 0,5+0,9 1,1+1,0
10 1,9+1,3 1,8+1,04
10° 2,140,6 2,5£1,9
ZnSO, 107 1,9+0,6 1,6+0,6
10+ 2,3+0,5 2,0+0,4
107 3,5+0,6 32422
CoCl, 107 1,3+1,1 1,6+0,6
10 1,9+0,9 2,5+1,1
107 2,3+0,4 3,2+0,8
H,O (6axeutay) 3,2+0,9 3,6+1,1

KpI3aHaK TYKBIMAAPBIHBIH ©HYl ayblp METaJAap/AblH JCepiHe alTapIbIKTail
TO3iMIi OOJBIT IMIBIKTHI. KBI3aHAKTHIH TaMBIPBl MEH OPKEHIH OJIIIey Ke3iHIEe, MBIC
TY3/IapbIHBIH EPITIHAICIHIIE €H alKbIH TEXeIly OaiKasJbl, all MBIPBIII )KOHE KaJMUN
TY3/IapbIHBIH EPITIHALICPIHC 6cipy Ke3iHJe OYJI oacep TOMEH Jopexele OailKaraHbl
aHBIKTAJABI. MeTaul TY3/IapblHBIH KOcCIajgapbl 0ap epiTiHAieri TYKbIMHBIH OHYIHE
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xkacanran Tokipube CuSO, epiTinici €H TOMEHI1 KOHIEHTpauusiapaa yjibl OOJbIIN
LIBIKKaHBIH KepceTTi. COHBIMEH, Karap TYKBIMHBIH OHYl1 Ke3iHJe Yyibl 9Cep OHBIH
10 xoHueHTpaumschiHna Oacranabl. EH skorapsl Texeny 107 makcuManibl 103ana
OakpUIayMEH CallbICThIpFaHa OapIblK HycKallapaa OaiKanabl.

Bypsim kerieTTepiHiH OMIPIICHIITIH aHBIKTay HOTHXKeIepi 4-KecTene KeATipiireH.

4 xecte — BypsIln KemeTTepiHiy OMipIICH IITiH aHBIKTay

Hyckanap OpKeH, cM Tameip, cMm
CuSO, 107 1,5+0,5 1,1£1,0
10+ 1,5¢1,1 1,8+1,4
107 2,3+0,8 2,0+0,9
ZnSO, 107 2,5+0,5 1,0+0,7
10+ 3,1+0,9 1,4+0,8
107 4,2+0,7 3,1+1,2
CoCl, 107 2,1+1,1 1,4+0,8
10+ 2,3+0,4 1,8+1,2
107 3,6+0,7 2,2+0,8
H,O (xoHTpoJIB) 4,1+1,3 2,3+1,0

Conpimen, 10° M CuSO, epitininepinjie opkeH MEH TaMBIPJbIH OCyi colikeciHmie
1,5 xome 1,1 cm, 10* M - 1,5 sxone 1,8 cm sxane 10° M - 2.3 xoHe 2, 0 cM GOJzbL. ZnSO,
Oap Hyckamapaa OyJ1 KepceTkimTep Korapbl 00l TaMblp Ty3iny npomeci AM-HIH
opeketiHe eH ce3iMTan Oobi MBIKTEL. COHBIMEH, 0aKblIay OCIMAIKTEpIHIH TambIp
Y3BIHIBIFBI 2,3 €M, ©pKeH Y3bIHbIFbI 4,1 cM, ZnSO, epitinainepinae Oy KopceTKimrep
10 xome 10--1e 1,4-ke colikec kenui; 4,2 cM xoue Tricinme 3,1 xone 3,9. J{on oceingait
Ypaic koOanmeT Ty3aapsl 0ap HyCKazapaa caKkTaaraH.

TambipnapabiH AM KOHIICHTPAIUSICBIHBIH KOFapbLIaybIHA PEaKIUSICHIH oMOe0an e
canayra 00J1aJibl. MBIC, MBIPBIII JKOHE KOOATBT MOHIAPBIHBIH TOMECH KOHIICHTPAIIUSACHI
(10° M) eckinaepain MOpPGOMETPUSUIBIK MapaMeTpliepiHe bIHTATAHABIPYIIBI dcep
eTTi. JlereHMeH, 3epTTeITeH ChIHAK OOBEKTIICPIHIH PEaKIUsACH OipyKaKThI OOIMaIIbI.
Ocpunaiimna, CuSO, epitinainepinae 6apabIK TEKCEPUITeH NaKbLUIIAPAbIH OPKEHAEPIHIH
ocCyi 0aKpLIay HYCKaJIapbIHaH achil TYCTi. ZnSO, epITIHIICI €H KOIANIbI OOJIBII INBIKTHL,
oHJ1a OapIBIK ChIHAK OOBEKTiNIepi OaKpIIayFa KaparaHa dKOFapbl ©Cy KOPCETKIITepiHe
ve OOJIBI.

OcimMaikTep MEH OHBIH MYIIEIepiHiH OCyiH CHMATTaWThIH MaHBI3IAbl KOPCETKIIT
OromMaccaHbIH KUHAKTAITYB! 00BN Ta0biIans! (1-3-cyperrep).

Hyckanap OoifblHIIA ayblp METaIAAPIbIH  KOFapbl  KOHIICHTPAIMSCHIH/A
epiTiHIIepiHIe OpKeHAep MEH TaMbIpiap OMOMAaCCAChIHBIH JKOFapbUIaybl TEXKeJeIl.
AybIp MeTannmap TaMbIpIbIH ©cyiHe eH Texerim acep eteni. COHBIMEH, KbI3aHaK
komreTinge 10° M MbIC, MBIPBIII, KOOAIBT epiTiHainepinae oi - 0,9 6omasr; 1,9 xone
1,8 cm.Bipmeit myckamapma epitiamize 10° M—-10* 2,7 3,0; 2,1 xone 1,8 - TuiciHre
2,3 xone 0,9. 10° M CuSO,, ZnSO, xane CoCl -1e opKeH OGHOMACCACHIHBIH YJIFAIObI
1,3; 2,1 xone 2,1 eMm, 10° M-ge - 10* 2.4; 3,7 sxone 2.9 - 2,3; tuicinme 2,8 xoHe 1,5.
Baxpinayna Tamblp OMoMaccachIHBIH YIIFAIObBI 3,8; opKeHIepAiH ocyi - 3,6 cM 00mIbI.

131



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

mober  KopeHb ~ mober  KOpeHb ~ moOer  KOpeHb  mober  KOpeHb

¥3BIHABIFBL, CM
— (3] 5»3
— W (3} wn W )

=
W

10~ 10 10 KOHTPOJIb
B CuSOs EZnSO: EWCoCl:

Cyper 1 — KpI3anak OMOMaMMaChIHBIH KUHAKTAITYbI

Kusp xemertepi Onomacca ecy mapameTpiiepi OOHBIHIIIA 3epTTENTeH NaKbUIIAPIBIH
€H TypakThiChl Oomb BIKTEL. Ocekiraiima, 1032 M CuSO » ZnSO, xone CoCl,
epiTiHAiIepiHaeri TaMblp OMOMAacCaChIHBIH YJIFAlObl OaKbplJIayMEH canbICThIpranaa 17;
47 xone 36%, an epkenzep tuiciame 40; 88 sxone 94% 6omapt. 10° M epitinminepae
TaMbIp/bIH ocyi 134; 138 xone 153%, epkennep tuicinmre 112; 122 sxane 113% kypasl.

nober  KOpeHb  moGer  KOpeHb  moOer  KOpeHb  moGer  KOpeHb

¥ 3BIHBIFBL, CM

[ R . =) BN B CEN ]

—_

10— 10+ 10~ KOHTPOITb

B CuSOs ®ZnSO: ®CoCl

Cypert 2 — Kusip 6nomaccachlHbIH KHHAKTAITYbl

10 M MBIC, MBIPBIII, KOOAIBT €PIiTIHIAIIEPIHAEri KUSP TaMBIPBIHBIH KOIIETIHIE OJ
2,3 6ommer; 2,1 sxone 1,8 em 10°M — 10+ epitinaicinge Gipaeii nyckamapaa - 6,3; 8,0
*oHe 5,9 - 4,1; Tuicinme 5,1 xone 2,5. 10° M CuSO » ZnSO, xone CoCl,-ne epken
OroMaccachIHbIH YIIFatob! 2,3; 2,6 xone 2,2 cM, 10° M-me - 10 Tuicinmre 6,2; 8,4; 6,3
xkoue 4,3; 5,3; 2,9. bakpnayna TaMbIp OMOMacCaChIHBIH YIFAIObI 8,3; epkeHmep - 8,1 cm.

bypeim  kermrerTepiHiH OMOMACCACHIHBIH JKHHAKTATYbl OOMBIHINIA HOTIDKEIEP
3-cypeTTe KOpCeTireH.
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nober KOpEHb nober KOpPEeHb nober KOpEHb nober KOpEHb

¥ 3bIHBIFbI, CM
= > » »
— 9. N Wi w W S Wi W

=
[

10 10+ 10~ KOHTpOJIb

= CuSOs ®ZnSOs mCoCl:

Cyper 3 — BypsItr OnoMaccachlHBIH KHHAKTATYBI

Backa Hyckamapaarbl CHSKTBI, OaKbUldy HYCKACBIMEH CaJIBICTBIPFaHAa OyphIIITa
Jla TaMBIp JKYHECiHiH ecyiHiH Texenyl Oaiikanasl. MaceneH, MBIC, MBIPBILI, KOOAJIbT
10 M epitinginepinge Oypsim kemetinae o - 1,1 6omasr; 1,3 sxone 1,6 cMm. bipaei
nyckamgapaa 10°M-10* epitinainepinme tuicinme 2,7; 3,9; 2,8 sxone 0,5 - 0,5; 1,6 xone
2,1. 10°M CuSO,, ZnSO, sxone CoCl,-1e epken GuomaccachHbiH yiraobl 10° M 1,7;
2,6 xone 2,3 cM; an 10 koHneHTpanusaceiHaa Taicinmure 2,5; 4,6 xone 3,7 - 2,1; 3.3
xoHe 2.8. bakpuiayaa TaMblp OMOMAacCachIHBIH YIiFatobl 4,3; epkeHep - 4,5 cM.

Kopsitbinabl. CoHbIMEH, OapiblK 3epTTENETiH KopceTKimTepre (3epTXaHalblK
OHTIIITIKKE, 6CY YHEPrHACHl MEH OCKiHAepAiH eMipmenairine) 10~ aybip MeTanmapabixH
(CuSO,, ZnSO,, CoCl,) »xorapbl KOHIEHTPALMACH! KATThI ICEP ETEI.

BuomaccaHbIH yIFarobl ChIHAKKA aJIbIHFaH 00BEKTUIepAe, KOHIEHTpaLUsuIapaa )KoHe
aybUI MeTajiap Typiepi OOWbIHIIA A2 epeKIIeTICHEI].

Kusip, KpI3aHaK >koHe OYPBIII KOIIETTEPiHIH TYKbIMIAPBIHBIH ETiCTiK CaachlHa )KOHEe
OMOMETPUSUIBIK CHIIaTTaMallapblHa ayblp METaJAAaplblH SCEpiH 3epTXaHalbIK Oaranay
OJIapIbIH KOFaphI 103a/1a TEPiC 9CEPiH KOHE TOMEH KOHICHTPALUSAA bIHTATaHABIPY bl
acepin kepcerTi. KekeHic JakpLIapblHbIH TYKbIMAaphl MeH kemerTepinin CuSO,,
ZnSO, xone CoCl, ocepiHe IMEKTI Ce3iMTalAbIFbl OPTYpPIli. TYKBIMHBIH ©HY HpOLEC
aybIp MeTajiap TY3AapblHBIH 9CEpiHE TO3IMAIPEK OOJNBIN WIBIKTHL. AJsaiiaa, sKOrapbl
KOHIICHTpALUsIapAa OHBIH TO3IMIUIIrT TeMeHzeni. TYKbIMHBIH ayblp MeTajjapra
TO3iM1i 0OJTYBI OJIapbIH YPBIK KaOBIFbIH/IA dKMHATYBIMEH OalIaHbICTBI, OyJ1 SMOPHOHFa
yiabl acep erneiai. KekeHic Aakpuigapbl KOINTereH KepceTKiluTep OOWBIHIIA aybIp
MeTalAapbIH TY3apblHa 9pTYPIl Iopexkeae Te3imi Ooubin keneai. Ocpuiaiiiia, Kusp
KOILETTEpl KbI3aHAK JKOHE OYpBIIN ©CIMIIKTEPIMEH CaJIBICTBIPFAHJIA KOFAapbl METalll
KOHLECHTPALUSICHIHA €H Ce31MTall OONIb, a1 TOMEH KOHLICHTpaLUsIIap/a SPTYPIli ChIHAK,
peaxknusIapbiHa Colkec OapibIK ChIHAK 00BEKTiIepiHIeri MoHAEp OaKplIay MOHAEPiHEH
COJIl aChlIl KeTTi.
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Kusip, manraM, KpIpbIKKaOaT KOIIETTEpiHiH ayblp METall TY3IApbIHBIH SPTYpIi
TYpJiepiHEe peakUHsChl T€H €MECTIri aral eTy KepeK: €H YJbl 9CEp MBIC )KOHE €H a3bl
MeJIIIIEPi MBIPBIII KOCBUIFaH HYCKanapaa KepceTireH. 3epTTeseTiH Ty31apblH ocepiHe
OCIMIKTIH eKe MYLIeJepiHiH peakuusichl 1a opTypii 6onabl. Tamblp xyieci (Herisri
TaMBbIp KoHE OYHipIiK) eciMIIKTepre HOHAAP/Abl TaChIMAaJ Ay JKOJIbIH/A Heri3ri Keaepri
pETiHIE eH YJIKEH TeXeIyre YIIbIpaasl. OCKiHHIH ©CyiH 0acy COHIIAIBIKTHI MAaHBI3AbI
eMec, TINTi )KOFapbl KOHIIEHTPALs HYCKaJapbIHAA.

Ocputaiiia, >Kypri3iireH 3eprreyiaep Kbl3aHak, OYpBIII jKOHE KHUsIp ©CIMIIKTepiHe
ayblp MeETaJul TY3JapblHBIH ocep eTyiHAe aWTapibIKTali e3reprimrTik Oap eKeHiH
kepceTTi. CoraH KapaMacTaH 0ipre KOJJaHbUIATBIH 9/iCTep ayblp METaJLI TY3/1aPbIHbIH
Tepic HeMece OH 9CEpiHIH KeCKiHiH Oepeai jkoHe OepiireH ChIHAaK MapaMmeTpiepiHiH
ce3iMTaNABIFBIH Oaranay YIIiH 1€, Te3IMAlI ©CIMAIK Typiepli MEH COpPTTapblH TaHAAy
YLIiH Je naiananbplIybl MYMKiH.
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THEORETICAL STUDY OF THE GLYCEROL ADSORPTION FROM THE
BIOFUEL OVER TiO, CATALYTIC SURFACE

Abstract. The traditional fuel such as petroleum, natural gas and others could
be partially replaced by biodiesel. At the same time, the main problem for the mass
production of biofuel is linked to the glycerol which is a by-product of biodiesel and leads
to many chemical and engineering challenges. In this regard, there are various methods
to extract glycerol from biofuel including implementation of solvents, catalysts, and
others. Herein, we performed quantum-chemical computational study on the titanium
(IV) oxide-based catalyst activity for the adsorption of glycerol from biofuel in the first
part of our work. Then, we performed quantum-chemical computational investigation
on the transformation of glycerol into valuable product acrolein. The result revealed the
presence of strong chemical interaction between titanium (IV) oxide and glycerol of
biofuel in the adsorption process.

Key words: titanium (IV) oxide, glycerol, biofuel, adsorption, quantum chemistry.
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TiO, KATAJIMTUKAJIBIK BETI APKbLJIbI BUOOTBIHHAH

INIMIOEPOJIABI AICOPBLUAJIAY TPOLHECCIH TEOPUSJIBIK TYPFBIJIA
3EPTTEY

AnHoTtanus. J[ocTypai OTBIH, MbIcajibl, MyHad, TaOufu ra3 skoHe T.0. imriHapa
OMOaM3eIbMEH ayBICTBIPBUTYbl MYMKiH. COHBIMEH KaTap, OMOOTBIHHBIH >Kamman
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OH/JIIPICIHIH Heri3ri mpoOiieMackl OMOAM3EINBIIH jKaHaMa eHiMi OOJBIN TaObUIATHIH
KOHE KOITETeH XUMUSIIBIK KOHE WH)KEHEPJIIK KUBIHABIKTapFa OKeJeTiH MIHLIEPUHMEH
OaiinmanpicTbl. OCbIFaH OaiyaHbICThl OMOOTHIHHAH TIMLEPUH AlyAbIH OpTYPIl oaicTepi
0ap, COHBIH iMIHAE epITKIITepai, Karanu3atopiaapasl xoHe T.0. JKyMbICTbIH OipiHIIi
Oeunirinae OWOOTHIHHAH TIULIEpPHHAI aacopOuusuiay ymin TtutaH (IV) oxcunaine
HETI3[eNTeH KaTalnu3aTop OeNCEHAITIriHe KBaHTTBIK XUMISUIBIK €CenTey KYpri3iimi.
OpnaH KeliiH MIUIIEPUHHIH aKpOJICMHHIH KYHJIbI OHIMIHE alfHaTybl OOMBIHINA KBAHTTHIK
XUMHSUTBIK, €cenTey Kypriziunai. Hotwke amcopOrust nmpoueciniae OMOOTHIHHBIH TUTaH
(IV) okcuai MEH MIMLIEPHUH apachlHa KYIITI XUMHUSUIBIK 9CepIIeCyiH OOIybIH KOPCETTI.

Tyiiin ce3nep: turan (IV) oxcuni, muuepuH, OHMOOTBHIH, ancopOLUs, KBAaHTTHIK
XUMUSL.
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TEOPETHYECKOE UCCIIEJOBAHUE AJICOPBIINU ITIMIHEPUHA U3
BUOTOIIJIMBA YEPE3 KATAJIMTUYECKYIO IOBEPXHOCTD TiO,

AnHoTtanus. TpaguIIHOHHOE TOTUTHBO, TAKOE KaK HE(Th, IPUPOIHBII ra3 u Apyrue
MOXET OBITh YAaCTUYHO 3aMEHEHO OmonmmseneM. B TO e Bpemsi OCHOBHas mpobiema
MacCOBOTO MPOW3BOJCTBA OHOTOIUTMBA CBA3aHA C TIUIICPHHOM, KOTOPBIA SIBISCTCS
MOOOYHBIM TMPOAYKTOM OHWOMU3ENss W MPUBOJAWT K MHOTOUHCICHHBIM XUMHYECCKHM
U WHKEHEPHBIM MpoOieMaM. B CBSI3M C 3THUM CYIIECTBYIOT Pa3UYHbIC CIOCOOBI
M3BJICUCHUS TIIUIIEPHHA U3 OMOTOIIMBA, B TOM YKCJIEC C IPUMEHEHHEM PACTBOPHUTEIIEH,
KaTaJu3aTopoB W Jp. 3/1€Ch MBI MPOBEIN KBAHTOBO-XHMUYECKOE BBIYHCIUTEILHOEC
HCCIIeIOBAHNE AKTHBHOCTH KaTaan3atopa Ha ocHOBe okcuaa tutana (1V) mis ancopOrum
[IHIepUHa U3 OWOTOTUTMBA B MEPBOIl yacTW Hamied paboThl. 3aTeM MbI TPOBEIH
KBAaHTOBO-XUMHUECKOE BBIYHCIUTEIBHOE HCCIICAOBAHNE TPEBPAIICHUS TIUIICPHHA B
[EHHBIA MPOIYKT aKpoJeHH. Pe3ysbTar npeanosarai HaTHuUe CHITbHOTO XUMHYECKOTO
B3auMOICUCTBHS MEXKAy okcuaoM Tutana (IV) u muieprHOM OMOTOIIIMBA B TPOIIECCe
aJIcOpOITHH.

KioueBble cioBa: okcun turana (IV), mimnepus, OHOTOIUTHBO, acopOIHsl, KBaH-
TOBAast XUMHSI.

Introduction. The generation of biodiesel is rising in the global market in order

to replace a traditional energy source including petroleum, natural gas and others.
At this level, there are many existing advantages of biofuel including decreasing in
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greenhouse gas emission, cheaper in contrast with petroleum and natural gas, less-
flammable, renewable and others (Liang et al., 2013:139-145; Ferrero et al., 2016:495-
503; Baroutian et al., 2013:911-916; Cheng et al., 2011:3541-3549). However, the
accumulated generation of glycerol as a by-product during the biofuel production is a
main challenge. The glycerol is an unwanted impurity in the biofuel content that leads
to 1) difficulty during the storage, ii) fouling of the injector, iii) durability problem of
engine and others (Chhabra et al., 2021:3381-3392; Taufiqurrahmi et al., 2011:10686-
10694; Long et al., 2022:109-119; Santana et al., 2021:9185). Herein, there are much
ongoing research related to the transformation of glycerol into high value product. In
this regard, there are exist various methods to convert a glycerol into high value product
such as 1) esterification process, ii) hydrogenolysis method, iii) polymerization, iv)
etherification method, and finally v) dehydration method (Bora et al., 2016:560-568; Li
et al., 2016:98-194; Yuvaraj et al., 2019:301-307).

Due to this, the dehydration of glycerol into acrolein is an important method for
nowadays. This process can be achieved by the presence of solid catalysts. The final
product which is named as an acrolein is a crucially important chemical materials that
could be implemented in the acrylic acid production (Bateni et al., 2017:668-690).
Herein, acrylic acid is an important compound to get various polymers and an important
starting material for the methionine synthesis. Moreover, the conversion of glycerol to
acrolein is achieved by the removal of two water molecules over titanium (IV) oxide
catalyst and others (Crossley et al., 2010:68-72; Liu et al., 2018:375-380).

The glycerol has adjacent three hydroxyl functional groups, and consequently, it
is the simplest chemical structure to study glucose and other types of sugars in the
computational world. Consequently, a lot of experimental works were performed to
study the transformation of glycerol to acrolein. For instance, the generation of acrolein
from glycerol by titanium oxide catalyst is studied in more details (Gueddida et al.,
2020:20262-20269; Chakrabortty et al., 2020:675-690; Gao et al., 2009:356-361; Lee
et al., 2013:6-11; Alonso et al., 2010:1493-1513). Titanium (IV) oxide has a three
crystalline phase such as 1) rutile, ii) anatase, and iii) brookite. Herein, titanium (IV)
oxide with anatase structure is an important compound in the field of catalysts. Moreover,
the anatase structured titanium (I'V) oxide is having different types of advantages such
as thermally stable, less expensive, safe, and can be reused (Jabraoui et al., 2019:882-
892; De lima et al., 2020:4124-4130; Huang et al., 2016:490-497).

In this work, we are going to investigate titanium (IV) oxide’s absorption property of
glycerol from biodiesel. Moreover, the conversion process of glycerol into high value
acrolein product by titanium (IV) oxide catalyst will be investigated computationally
as well. We will use HyperChem computational package and PM3 approach to explore
molecular details of adsorption and transformation processes. In general, the electronic
structures, electrostatic maps, orbitals, bond length, and interaction energies related to
the adsorption of glycerol from biodiesel by titanium (IV) oxide and transformation of
glycerol to acrolein will be explored in this work.

Research material and methods. HyperChem with PM3 method was implemented
for quantum-chemical calculations. It is possible to evaluate the interaction between
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the titanium atom in TiO2 and the oxygen atoms in the glycerol molecule while the
glycerol was selected as an unwanted impurity of biodiesel, while the methyl linoleate
was a model for biodiesel. Moreover, acrolein was selected as a computation model
for high value product which was obtained during the transformation of glycerol. The
calculated parameters are electronic structures, electrostatic maps, orbitals, bond length,
and interaction energies. The 2D structures of above-mentioned compounds for titanium
oxide, glycerol, acrolein, and methyl linoleate are illustrated in Figure 1.

A) B)

O-‘.."chl;j \_,—f\.;-.:o

©  Ho ™y on . S ——

OH

Figure 1. The 2D chemical structures of A) titanium (IV) oxide, B) acrolein, C) glycerol, and D) methyl
linoleate.

Meanwhile, the adsorption and production energies were calculated using below
given formula:

adsorption B E(Ti02)+Glycerol+Biofuel)- (E(Glycerol)+E( Biofue1)+E(Ti02))

Production_ E(Ti02+Acrolein+Methyl linoleate) - (E(Acrolein)+E(Biofuel)+E(Ti02))
The models for computation were shown in Table 1.

Table 1 — The designed simulation system for study of glycerol adsorption from biofuel by titanium
(IV) oxide and a transformation of glycerol into acrolein

Titanium (IV) oxide Glycerol Methyl linoleate Acrolein

As found from table 1, the pure titanium oxide, glycerol, methyl linoleate, and an
acrolein as a catalyst, impurity, biofuel, and high value produces were simulated firstly.
Next, a mixture of titanium (I'V) oxide with glycerol, and methyl linoleate was simulated
as an impure biofuel purification process by titanium (IV) oxide catalyst. After that, the
mixture of titanium oxide catalyst with glycerol, methyl linoleate, and an acrolein was
simulated as a model for the acrolein synthesis process.

Results. The intermolecular interaction of absorption process of glycerol by titanium
(IV) oxide from biofuel. Firstly, we studied the adsorption of glycerol from biofuel
using a titanium (IV) oxide-based catalyst surface. The results were illustrated from
Figure 2 to Figure 4, and in Table 2.
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Figure 2. The electronic structures of titanium (IV) oxide, glycerol, and methyl linoleate.

(Methyl linoleate) | -
+
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Figure 3. The molecular electrostatic maps of titanium (IV) oxide, glycerol, and methyl linoleate.
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Table 2 — Energies for titanium (VI) oxide, glycerol, and methyl linoleate. Unit: kcal/mol
Glycerol Biofuel Titanium (IV) oxide + Glycerol + Biofuel
Energy (kcal/mol) -31376.50 -77595.70 -126605.00

The intermolecular interaction of transformation process of glycerol into acrolein by
titanium (IV) oxide from biofuel. Secondly, we studied the intermolecular interaction
of acrolein a produced high value product on the titanium (IV) oxide catalytic surface
in the presence of pure biofuel. The results were illustrated from Figure 5 to Figure 7,
and in Table 3.

[
{Methyl linoleate) «

+

"

{Titanium (IV) oxide catalyst) -"
- .’.‘.

?%“ (Acrolein production)

(Acrolein)

Figure 5. The electronic structures of titanium (IV) oxide, acrolein, and methyl linoleate.

+

(Titanium (IV) oxide catalyst)

Lg o

(Acrolein)

(Acrolein production)

Figure 6. The molecular electrostatic maps of titanium (IV) oxide, acrolein, and methyl linoleate.

141



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

HOMO LUMO

(Glycerol) w

By

(Methyl linoleate)

FUSSTENS N UT NS g

(Acrolein production) -ig - *ﬁ; .

Figure 7. The molecular orbitals of titanium (IV) oxide, acrolein, and methyl linoleate.

Table 3 — Energies for titanium (VI) oxide, acrolein, and biofuel model (methyl linoleate). Unit: kcal/
mol

Acrolein Biofuel Titanium (IV) oxide + Acrolein + Methyl linoleate
Energy (kcal/mol) | -20502.60 -77595.70 -115576

Discussion. In the first part of our work, we studied the optimized structures for
adsorption process in detail as can be seen in Figure 3. From Figure 3, we can note that a
titanium metal is chemically interacting with an oxygen atom of glycerol in the presence
of methyl linoleate as a model biofuel. Herein, we can note that the connection between
oxygen atom of glycerol and titanium metal is a main driving force for the adsorption
process.

Next, we studied the distribution of molecular electrostatic maps over a titanium
oxide surface as can be seen in Figure 4. From Figure 4, we can note that the charges
are located around oxygen atoms of glycerol and a titanium (IV) oxide.

From Figure 5, the HOMO-LUMO orbital distribution for adsorption process of
glycerol from biofuel by titanium (IV) oxide is illustrated. From there, we can note that
the HOMO orbitals are distributed around biofuel part, while the LUMO energies are
localized around titanium (I'V) oxide and glycerol compounds.

Next, we calculated the adsorption energy as below:

adsorption — ~1260605.00 — (- 31376.50 — 77595.70 - 15646 ) = -1986.80 kcal/mol,
which means a higher adsorption by titanium (IV) oxide.

In the second part of our work, we studied the optimized structures for conversion
process in detail as can be seen in Figure 5. From Figure 5, we can note that a titanium
metal is less chemically interacting with an acrolein in the presence of methyl linoleate
as a model biofuel. Herein, we can note that the result of conversion process is a
generation of acrolein.

Next, we studied the distribution of molecular electrostatic maps over a titanium
oxide surface as can be seen in Figure 6. From Figure 6, we can note that the charges are
located around entire biofuel, acrolein, and titanium (IV) oxide catalyst.
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From Figure 7, the HOMO-LUMO orbital distribution for adsorption process of
glycerol from biofuel by titanium (IV) oxide is illustrated. From there, we can note that
both HOMO and LUMO orbitals are located around titanium (IV) oxide.

Next, we calculated the product generation energy as below:

oroduction — ~113576.00 — (- 20502.60 — 77595.70 - 15646 ) = -1831.70 kcal/mol,
which means a generation of acrolein as a product.

Conclusion. In this study, the adsorption of glycerol from biodiesel by a titanium
(IV) oxide catalyst was investigated in the first part of our work, while the transformation
of glycerol into acrolein was studied in the second part of our work.

The result of our first computational study yielded that there were strong chemical
bond present between titanium cation of titanium (IV) oxide and an oxygen anion of
glycerol compound of biodiesel. This illustrated a strong absorption ability of glycerol
on titanium (IV) oxide catalyst surface in the presence of methyl linoleate as a biofuel
model.

The result of our second computational work yielded that there was a strong chemical
bonding between glycerol and titanium (IV) oxide, while the generated by-product was
acrolein.

This research might be useful to develop the catalysts for absorption of glycerol from
biofuel and conversion of glycerol into acrolein by a titanium (I'V) oxide.
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