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SYNTHESIS AND INVESTIGATION OF THE DERIVATIVES OF
QUININE ALKALOID AS POTENTIAL INHIBITORS OF THE MAIN
PROTEASE SARS-COV-2 MP™

G.K. Mukusheva?, N.N. Toigambekova?, N.G. Bazarnova?, A.R. Zhasymbekova?, V.I. Potkin?,
A.S. Mazhitov*, M.S. Nurmaganbetova®

'Karaganda Buketov University, Karaganda, Kazakhstan
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3Institute of Physical Organic Chemistry of the National Academy of Sciences of Belarus,
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Abstract. Introduction. The appearance of severe acute respiratory syndrome (SARS-CoV-2)
created a pandemic in 212 countries. SARS-CoV-2 has a capability to encode cysteine proteases. The
goals is to consider the optimal methods of MP™ proteases for the development of anti-SARS-CoV-2
drugs. Methods. The structure of the synthesized compounds was established by *H and *C NMR, IR, and
UV. A detail of quantum molecular descriptors of the title compounds such as lonization Potential (IP)
and Electron Affinities (EA), Hardness (1), Softness (S), Electronegativity (i), Electrophilic Index (o),
Electron Donating Power (®-), Electron Accepting Power (o+) and Energy Gap (Eg) has been calculated.
Pharmacokinetic properties of the title compounds and their bioactivity were investigated. In the
following, a molecular docking study was carried out to screen for effective available compound, which
may work as a strong inhibitor for the SARS-CoV-2 main protease MP™. Results and discussion. The
alkaloid derivatives, such as, (R)-(6-methoxyquinolin-4-yl)((1S, 2R, 4S, 5R) -5-vinylquinuclidin-2-yl)
methyl 5-(p-tolyl) isoxazole-3-carboxylate and (R)-(6-methoxyquinolin- 4-yl ) ((1S, 2R, 4S, 5R)- 5-
vinylquinuclidin- 2-yl) methyl adamantane-1-carboxylate have been obtained in 86% and 91% yields,
respectively received. The total polar surface area of natural alkaloid derivatives has been observed in the
range of 42.31 - 77.70 A. Conclusion. The binding energy between SARS-CoV-2 core protease MP™ and
natural alkaloid derivatives has shown a good binding affinity. Therefore, the studied derivatives of
natural alkaloids can be used against SARS-CoV-2 main MP™ protease.

Keywords: main protease MP® SARS-CoV-2 synthesis, molecular docking, quinine derivatives,
pharmacokinetic properties, bioactivity.
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HET'I3I'T SARS-COV-2 MP° IMPOTEA3ACBIHbIH HOTEHIUAJIAbBI UHI'MBUTOPJIAPBI
PETIHJE XUHHUH AJIKAJIOUJbI TYBIH/bIJIAPBIHBbIH CUHTE3I )KOHE 3EPTTEYJIEPI
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Tyiiinaeme. Kipicne. Aybip xenen pecrnupatopisik cuHapoMusiH (SARS-CoV-2) maiiga Gonysr 212-nen
acTaMm ejie MaHISMUsHBIH naijga OoiybiHa okenin cokThl. SARS-COV-2 mucTeHHIIK MpoTeasaiapibl
KoJTay MyMKiHAIriHe ue. byi npoteasanapibiH O€ICEHAUIINIH MHIMOUpPIey BUPYCTBIH PEIUTHKALMSACHIH
GonapipMmaiiasl. Makcamor. MP® nporeaszanapeiabiy SARS-COV-2-re Kapchl npenapaTTrap/bl xKacayablH
OHTAMIIBI 9IicTepiH KapacTepy Odicmeme.. CHHTE3eNTeH KOChLTBICTapAbIH Kyphusickl MK, YK, *H u 13C
SIMP- cnekrpockomusi 9iici apKpuibl aHbIKTanAbl. MoHmany mnoreHnmansl (IP) »xoHE 3yeKTpOHBI
ykcactbIkTaphl (EA), KaTThUIBIK (1)), 5KYMCaKTHIK (S), 3IeKTpTepicTiri ([), 3MeKTpoGmIbaiK HHACKC (0),
NEKTPOHABI Oepy Ky (®-), SMeKTpoHAapbl KaObligay Kymi (w+) xoHe sHeprust amuakTbirsl (Eg)
CUSIKTBl aTajFaH KOCBUIBICTAPBIHBIH KBAaHTTHIK MOJIEKYJIAJbIK JECKPUITOpJIAphl ecenTenii. ATainraH
KOCBUIBICTAp/bIH (hapMaKOKHMHETHKAIBIK KAaCHeTTepl *OHE OJapiblH OWOAKTUBTININD 3eprreni. Opi
kapaii, SARS-CoV-2 uerisri M nmpoTea3achIHbIH KYIUTi HHTHOUTOPHI PETIHAE SPEKET eTe ajJaThlH THIMII
KOJI KETIMIi KOCBUIBICTBI TaOy VIINiH MOJEKYIalblK IOKHHT 3epTTeyi KYpridinmi. Homuowcenep men
mangsiray. (R) - (6- merokcuxunonun -4- un) ((1S, 2R, 4S, 5R) — 5 —BUHWIXUHYKIHANH -2- W) METHIT 5
- (m-tosm)) u3okcaszon -3- kapookcunar xoHe (R) - ( 6-meTokcuxunonuu -4- wn) (( 1S, 2R, 4S, 5R)-5-
BUHWIXHHYKIHINH -2 — W) METWJI alaMaHTaH-1-KkapOOKCHIIaT alKaJlOU]] TYBIHIBLIAPhI colikeciniie 86%
xoHe 91% IBIFBIMMEH cuHTe3aenin aneHpl. (R) - (6- Merokcnxunomuu-4-mn) ((1S, 2R, 4S, 5R) - 5 —
BUHIIXUHYKIUANH -2- W) METHA 5 - (I-TOJHIT)) HU30KCA30J1-3-KapOOKCHUIIAT 3aTBIHBIH YICKTPOPHIBIIK
unekcinin Moni 0.08615B TeH 6ombin, HykiIeoduIbal KacueT kepceTeTini aHbIKTansl. COHBIMEH KaTap,
SHeprust anmakThIFsIHBH MoHI (0.0997 3B) eH kinri OoiFaHIBIKTaH aHTHOKCHIAHT PETIHJIC JKaKChl OPEKET
ere amanpl. Tyorcvipoimoap. SARS-COV-2 Herisri mporteasacel MY MeH TaOWFM ajKalOWATap/abIH
TYBIH/BUIAPBI  APACBIHIAFbl OalIaHBIC JHEPTHSCH JKAKCHl OalIaHBICTBIPY JKAKBIHIBIFBIH KOPCETTI.
CoHpbIkTaH, TaOMFH aJKAJIOMATAPIBIH  3epTTenreH TyblHABUIapeiH SARS-CoV-2  wmerizri MP™
IpoTea3achlHa Kapchl KOJIJaHyFa Ooa bl

Tyiiinai ce3xep: SARS-CoV-2 werisri MP° mporeas3acbl, CHHTE3, MOJEKYJIAIBIK JOKHHT, XHHHH
TYBIHBUIAPHI, (PapMaKOKHHETHUKAJIBIK KaCHETTep, OMOOeNnCceH ik
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Hypmazanoemosa Monwyk Ceitimoséna — Xumus bliblMOapbIHblY KAHOUOAMbL, npogeccop

1. Kipicme

AysIp xenen pecrnmpaTopiblk cuHapoMmHblH (SARS-CoV-2) maiina Gomybr
Vxanp KajlacelHAa >KoHe 212-7eH acTtaMm ejije NaHIEMUSFa OKEIIIl COKTHI,
HOTIDKECIHE oeM OOWbIHIA 27 MIUTHOHHAH actaM nHpekius xone 900 000-ra
KYBIK anaMm Kaiteic Oomubl [1, 2]. SARS-CoV-2 Gayblp, ekrme, opTalblK XyHKe
JKOHE acKaszaH-iIeK Xyienepinge Oy3surynmap TyasipareiH PHK BupyctapsiHbH
caHartbiHa xkarazpl [3]. SARS-CoV-2 nuctenHaik nporeasanap/sl, COHbIH iITiH]IE
xuMoTpuricuH Topizai mucrennai (3CLP) Hemece Herisri mporeazanb (MP™)
JKOHE BUPYCTBIK T'C€HOMHAH >aHaJaH Makja OOJFaH BUPHUOHIBI Opay KOHE
BUPYCTBIK PCIUIMKALMS YIIH KKETTI KYPBUIBIMIBIK eMeC aKybl3Japra
TPaHCIAUSIIAaHFAH TTOMUTNPOTSHHIACPAIH MPOTEONU3Il KaTaIU3/eyre >KayarThl
nmamnauH Topi3ai nuctenH nporeazackiH (PLP) koaray mymkiagiriane ue [4]. by
MpoTea3anapAblH ~ OENCeHIUIriH WHTHOUpPIEY BHPYCTBIH  PETUIMKAIUSCHIH
OonaeipMmaiinel. by 3eprreyne SARS-CoV-2 Herisri nporeaza MP™ yiiin taburu
AJNKAJIOUITAP TYBIHABUIAPBIHBIH BIKTUMAJI UHTHOUPJICY CKPUHHUHII VIINIH €CenTey
oxici / in silico amici konaanbuiagsl. ADMET cumarramanapbl ajamra ery yiiH
TaHJaJIFaH WHTHOUTOPIIAPABIH YHIECIMAUIITIH KepceTy YIIH OaramaHajpl, ai
MOJICKYJaNbIK JOKUHT oHe TDT 3eprreynep onapablH PEaKTHBTLNITIH JKOHE
SARS-CoV-2 wHerisri MP® mporeazackiMeH OailaHBICYbIH Tanjay YIIiH
Konganbuiaabl. COHIBIKTAH, XUHUH AJKAJOWIbI HETI3iHIC *aHa OUOJOTHSIIBIK
OeJICeH Tl TYBIHABUIAPBIH CHHTE3/ICY MaHBI3IbI OOJIBIN TaObUIAIbI 5, 6].

2. Toxipubenik 60im

Xunun myvinovinapuin any 20ici. 0,008 monb xuauH CaCl2 (auxmopMeTaHIbl
TypaKTaHIbIPY YIIiH KonaaHbuiateiH 0,5% 3TaHOMIBI KO0 YIIiH) ycTiHae | KyH
ycranran 100 M Kyprak AuxyiopoMeraHna epitingi. AmeiHraH epitinaire 1.0 T
(0.01 momp) TtpwdTMamuH >koHe 0.009 momb 1,2-a301-3-KapOOH KBITIKBLIBI
HeMmece 1-agamMTaH-KapOOH KBIIIKBLIBI XJIOpUAI KOchliabl. Kocna 1 carar Goiibl
apamacteipbutbili, 20-23°C temmeparypama 15 cararka Kangslpsuigsl. Kocma
cymer (2 x 200 mur, 1 carat apanactelpy) oHe 5% HaATpuil TUApPOKapOOHAT
epitinaicimer (2 x 200 mi, 1 carar apanactbelpy) Kybuisl. OpraHukajiblk Kadat
Oeminin, cycei3 NapSO; ycringe xenrtipingi. EpiTkimn >xOMbUIABI, KalAbIK
reKcaHMeH 3(QUup KOCIachblHAH KpUCTAJIJAaHFAaH HEMece TYTKbIp Mail peTiHzae
OKILIAyJIaHFaH.

UK cnexkrpnepi Thermo Nicolet Protege 460 ¢ypwe -cnextpomerpinge KBr
Tyiipmikrepinge Tipkenni. *H xone C SIMP cnextpnepi Bruker Avance 500
cnekrpomerpinne (tuicinme 500 sxone 125 MI'm) DMSO-d6 xone CDCI3-te
aneraabl. Kamgeik epitkim curHaimaper [CDCls, & H 7.26, 6 C 77.2 wr/kr;,
DMSO0-d6, & H 2.5, § C 40.1 mr/kr] imki cTaHaapT peTiHe naiganaHsuigsl. °C
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SAMP cnextpnepingeri curnannapasl Taraiibianay DEPT TexHukacslH KongaHy
apKbUIbI OPBIHAAIIBL.

JlummaCckmiinin Oec epexeci [7] oCbl 3epTTey YIIIH TaHJAIFaH XWHUH
QIKAJIOUABIHBIH TYBIHABUIAPBIH 3€pTTEy VINIH mnaipanaHelinel.  [lapamerp
momiMerTepi  Molinspiration  Cheminformatics OarmapiaManbslK — KYpaJbIH
naiianany apkbuibl ecenteni [8].

3epTTeneTiH  KBIIKbULAAPABIH — OuoakTuBTUIiri  Molinspiration  oHiaiiH
OarapinaMaiblK KYpbUIFBICHIH (Www.molinspiration.com) naiganana oteipsi, G
aKybpl3pIMeH OaitmanbsickaH penentopra (GPCR  nwranm), WOHABIK apHa
MOIYJISITOPBIHA, SOPOJBIK PELENTOp JIMIaHIblHA, KWHAa3a WHTUOWTOPBIHA,
MpoTea3a WHTHOMTOpPBIHA JKoHE (DEPMEHT WHTHOMTOPHIHA KATBHICTHI OEIICEHALTIK
KOPCETKIIIIH ecenTey apKbpuIbl Oomkanabl. OpraHUKaIbIK MOJEKyJIanap YIIiH Oyt
OMONOTHSUTBIK OeJICeHIUTIK MoHJIepiH Oencenmi (> 0), oprama Oencenmi (-5.0
xoHe 0.0 apanbirbiHaa) sxoHe Oescenal emec (<- 5.0) men Tycinaipyre 0osaabl.

Herisri KOCBUIBICTapBIHBIH, ~ 0acTamKpl T€OMETPHSCHIH  OHTANIAHIBIPY
HyperChem (Version 8.0 Hypercube, Inc., Anbbepra, Kanama) kemerimeH
opeiHAANAEL. bapieik ab initio eceneynepi ymia Gaussianl6 xommasbuiAb! [9].
Kocsutsictapasia Mmonekynansik kacuetrrepi CAM-B3LYP/MidiX TeopusichIHBIH
neHreiimen ecenreni [10]. bepinreH KoCBUIBICTapIbIH HWOHIANY MOTEHIIHAIBI
(IP) men snexkTpoHAB! yKcacThIKTaphl (EA), KaTTBUIBIFBI (1)), )KYMCaKTHIFBI (S),
anekTpTepicTiri (W), 3AeKTpOoMIBIIK HHIACKCI (®), 2MeKTPOH Oepy KyaThl (®),
ANMEKTPOH/bI KaObutaay Kymn (o) xkoHe aHeprus ammakteirbl (E) CHAKTBI
KBaHTTBIK MOJICKYJIAJIBIK JIECKPUIITOPIAPBIHBIH MOH eI ecentermi [11].

I'eomeTpHUsIIBIK ONITUMHU3ALUS CYJIBI opraza OPBIHAAJJIBL.
OnraiiaHAbIpEUIFaH MOJIEKYJaNBIK KypbuibiMaap, JKTMO xone TBMO 6errepi
GaussView 06 GarmapiaMachblHBIH KOMETiMEH KepHeki Typae kepcerimmi [12].
Tabury aNKaJIOWATHIH TYbIHIbUIAPBIHBIH PKa Oospkay ymin Marvin version
16.2.29 (ChemAXxon, 2016) Koi1maHBUIIBL.

MonekynsapiiblK  JTOKMHT 3epTTeynepi AutoDock/Vina Kypaibl apKbLIbl
operHgae! (Trott and Olson 2010) [13]. Bekitinren nuranarapasiy OaiiaHBIC
sHeprusiapsl (4G, xkan/mons) baiinmaneic 3HEprUACHHBIH Gopmynacel 4G = -
RTLNK; apkpuibl anbinasl, MyHaarsl R = a3 typakreicsl (1.987-107 kkan/mons);
T = 298.15 K; K = texxey typaktsicsl. PubChem penosuropui («PubChem») pdb
dbopMaThiHIa TaljayFa KAKETTI TaKbIPBINTHIK OPTaHUKAIBIK KOCBUIBICTAP]IBIH
KYPBUIBIMBIH ally YIIIH MaialaHbuIIbI.

3. 3epTTey HOTHKeIEPi MeH TAIKbLIAHYBI

bi3 Oy skymbicTa IuxiopMmeTaHIarbl XUHUHHIH (1) OpTypii KBIIIKBUI
XJIOpUATEpIMEH, O06JMe TeMIepaTypachlHla TpPUITWIAMUHHIH KaThICYBIMEH
peakiusIapbia 3eprreaik (cyper-2). Cunte3 HoTmxkecinae (2) xone (3) enimaepi
coiikecinme 86% xoHe 91% MBIFEIMMEH aIBIHILL.
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Cypert 1 — XununHiz 1,2-a301-3-kapOoH KbINIKBUIBIMEH JKOHE TPUMETHIAMIHMEH CHHTE31

(R)-(6-memorcuxunonun-4-un)[(18S,2R,4S,5R)-5-6unuixunyxiuoun-2-
wrfmemun 5-(n-monun)uzoxcazon-3-kapooxcunam (2): IlerbiMbr 86%; Oair.T.
148-149°C; YK (MeOH ¢=6-10° M) Ama (log €) 233 (4.58), 278 (4.30), 317
(3.70), 332 (3.70); UK (KBr), cm™: v 3137 (CHusooxen), 3072, 3029, 2945, 2923,
2882, 2866, 1737 (C=0), 1622, 1592, 1513, 1460, 1446, 1316, 1295, 1265, 1240,
1206, 1172, 1136, 1112, 1084, 1037, 1020, 999, 947, 928, 851, 823, 715, 687,
677, 501 cmt; *H SIMP (DMSO-d6, 500 MI'w), &, ppm: & 1.41-1.50 (1H, M,
CH,), 1.53-1.62 (1H, m, CHy), 1.70-1.77 (1H, m, CH,), 1.78-1.84 (1H, m, CH),
1.98-2.07 (1H, m, CHy), 2.18-2.27 (1H, m, CH-CH=CH2), 2.37 (3H, ¢, Me),
2.40-2.49 (2H, m, CH2 + CH>), 2.82-2.90 (1H, m, CHy), 3.15-3.24 (1H, M, CHy),
3.50 (1H,kB, J = 8.3 ', CH-N), 3.96 (3H, ¢, OMe), 4.96-5.07 (2H, m, =CH>),
5.92-6.02 (1H, m, CH=CHy), 6.59 (1H, 1, J = 8.4 T'u, CH-0O), 7.37 (2Ha, 1, J
8.1T), 7.45 (1Hwwms, 11, J = 9.2, 2.6 T'rr), 7.97 (A1Hw, 1, J = 9.2 T'r), 8.72 (1Husum,
1, J =4.5T'm); ¥C IMP (DMSO-d6, 125 MI'u) & 21.59 (Me), 27.76 (CH,), 39.88
(CH-CH=CHy), 42.22 (CH.), 56.19 (OMe), 60.07 (CH-N), 76.30 (CH-O),
100.79 (CH), 102.69 (1CH), 114.92 (=CH>), 119.82 (1CH), 122.12 (1CH), 126.40
(2CHar), 130.44 (2CHar), 131.94 (1CH), 142.94 (CH=CHy), 148.14 (1CH),
172.21 (9Cw); MS m/z (lre;, %) 510.20 [M+H]* (52.7); Anain. ecemn. CsiHaiN3O4
(509.61): C, 73.06; H, 6.13; N, 8.25%; Ausik.: C, 73.44; H, 6.36; N, 8.11%.

(R)-(6-memoxcuxunonun-4-un)((1S,2R,4S,5R)-5-6unumxunykiuoun

-2-un) memunadamanman-l-kapookcunam (3) : 91% ak KaTThl 3aT OAIT.
162-163°C YK (MeOH ¢ = 5-10° M) Amax (log &) 232 (4.46), 279 (3.54), 320
(3.60), 333 (3.70); UK (KBr) v 3075, 2933, 2851, 1803, 1736 (C=0), 1621, 1591,
1508, 1470, 1431, 1344, 1227, 1156, 1103, 1079, 997, 973, 935, 855, 830, 717,
643 cml; 'H SIMP (CDCls, 500 MI'u) & 1.44-1.57 (2H, m), 1.64-1.78 (6H, m),
1.78-1.84 (1H, m), 1.84-1.89 (1H, m), 1.90-1.95 (6H, ™), 1.95-2.02 (1H, m),
2.02-2.08 (3H, ™), 2.23-2.31 (1H, m), 2.60-2.70 (1H, m), 3.03-3.17 (2H, M),
3.40-3.51 (1H, m), 3.88 (3H, ¢, OMe), 4.87-4.99 (2H, m, =CH>), 5.53 (1H, 1, ] =
4.1 I'u, CH-0), 5.68-5.77 (1H, m, CH=CHy), 7.21 (1Hsuu, 1, J = 2.5 '), 7.29
(IHeus, 1, J = 9.2, 2.6 I'm), 7.47 (IHwun, 1, J = 4.5 I'n), 7.94 (IH@un, 1, J = 9.2
I'u), 8.60 (1M, 1, J = 4.5 I'n); ¥C NMR (CDCls, 125 MI'n) & 21.99 (CH,),
27.77 (CHy), 27.84 (CH), 28.02 (CH), 36.48 (3CH>), 38.45 (3CHy), 40.08 (CH-
CH=CH,), 43.37 (CH.), 55.86 (OMe), 57.12 (CHy), 60.13 (CH-N), 72.10 (CH-
0), 101.50 (1CHuepun), 114.59 (=CH>), 118.64 (1CHusun), 121.65 (1CHypun), 131.71
(1CHwu), 141.95 (CH-CH=CH,), 147.71 (1CHymu), 36.57, 126.80, 144.39,
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147.76, 157.90, 173.56 (6Cxsapr); MS m/z (lrel, %) 487.30 [M+H]* (63.4); Anau.
ecer. Cs1H3sN2Os (486.66): C, 76.51; H, 7.87; N, 5.76%; Awnsik.. C, 76.81; H,
7.98; N, 5.52%.

Jlunuuckuiinin Oec epexeci OoWbIHINA OarajlaHFaH JOPUIIK YKCACTHIK TOPT
KapanaipiM (QU3MKaAIBIK-XUMUSUTBIK TIapaMeTp AHMaNa3oHbIMEH 3epTTeNiHim, (2)
KochutbichiHaa TPSA wmomi  160A, momekymanmeik cammarer < 500, cyreri
0aliIaHBICHIHBIH JIOHOPIAPBIHBIH CaHBI 5, CYTET1 aKIenTOpIapbIHbIH canbl < 10, n-
Oy3ymibuIbIKTap 1 ekeHi aHbIKTanabl. A, (3) 3aTBIHBIH MOJICKYJIANBIK CaIMaFbl
510, cyreri OaimaHBICHIHBIH TOHOPJIAPBIHBIH CaHBI 7, CYTEeri aKIenTOPIapbIHBIH
canbl > 10, N-0y3butybl 2 Gospl. J[opislik 3aTTBIH CYJNBI ePITIHIIACTI epirilTiK
(LogS) xacwerti ciHipy »oHe Tapaly cumartamaiapeiHa ocep ertemi. Cymarbl
epirilTIriH ~ MOJIeKyJalapAarbl  CyTeri  JOHOPJAPBIHBIH  CaHbl  PETiHIE
KapacTeipyra Oomansl. Cyreri OalIaHBICHIHBIH JOHOPBIHBIH KOI OOIyBl cynaa
JKOFapbl epiTiTIriH KaMTaMackl3 eTefli, Oy 3 Ke3eTiHAe KaH KypaMbIHa KaKChI
CiHyiHE XOHE OpEKEeTTECyiHe oKeJe/Ii.

(2) KOCBITBICHIHBIH MOJICKYJIANIBIK CaIMaFbl O€C KY3/€H a3 eKeHi aHBIKTAJIIB,
ochlmaiima Oyl KOCBUIBIC ~ YJIKEH  MOJCKyJalapra  KaparaHaa  OHai
TachIMaNAaHaabl, IUPQPY3UIIBIK JKOHE CiHipiieni nem Ooypkayra Oomafpl.
AWHaNIMa bl  OKOJIAKTApPAbIH  CaHBl  MOJICKyJajlaplarbl  KOH()OPMAaIUSIIBIK
e3repicTep YIIiH MaHBI3IBL. AYBI3IIa OHOXKETIMIUIIK KPUTEPHIATepi, aifHAIMaIIbI
JKOJIAKTap/IbIH CaHbl OHHAH a3 HeMece OFaH TeH O0JIybl KepeK. bapiibik 3epTTenreH
KypbUIbIMAapAa 1-geH 7-re JAeWiHri alHaJMajbl JKOJIAKTApIbIH CcaHbl Oap,
COHIBIKTAH  OJap  KOFapbl  KOH(POPMAIMSIBIK  WKEMIUTK  KOpCeTei.
TomonorusnbIK, MONMAPIBIK OSTIHIH ayJaHbl TSPUIIK 3aT MOJEKYJIachIHBIH CYTETi
OailJIaHBICTAPBIMEH KOPPENIALUsIaHabl. TOMONOTHSIBIK MOJIAPJIBIK O€TiHIH
ayJnaHbl IOPUTIK 3aTTapAblH MOJIEKYJaJapbIHBIH OHOXKETIMIUTITIHIH 6Te >KaKChl
KOpCeTKili OonbI TaObuiagbl. XHWHUH TYBIHIBUIAPBIHBIH KAJMbl MOJSPIBIK
OetiniH aynanel 42.31 — 77.70 A nuanazonsinna 6aiikasiel. AJBIHFAH HOTHXeENep
1-kecTene KepceTiireH.

Kecre 1 — Heri3ri kochuibicTapbIH (hapMaKOKHHETHKAIBIK KACUETTEPl

Kocsutsic | miLogP | TPSA | Natoms MW nHBA | nHBD N Nrotb | LogS
violations

2 6.63 51.67 36 486.66 5 0 1 7 -7.21

3 6.38 77.70 38 509.61 7 0 2 8 -6.43

Eckeprmenep —  mLogP: sumodunbainik; TPSA: sxanmel monsipiblk  OeTiHiH aynmansl; MBT:

Monekynspnelk canMak; NHBA: cyreri GainaHBICBIHBIH aKlenTopiapbeiHblH caHbl; NHBD: cyreri
OallyIaHBICHIHBIH JIOHOPJIAPBIHBIH CaHbl; N violations: Oy3bUIFaH €CipTKIre YKCacTBIK epeelNepiHiH
caHbl; Nroth: aitHammarer GaitnaneicTapabH caubl; LOgS: epirimik

(2) xoceureicbin GPCR jwrasa, HWOHIBIK apHa MOIYJISATOPHI, SIPOJIBIK
penenTopiap JUTaH], NpoTea3a HWHTUOUTOPHI, (EepMEHT WHTUOWTOPHI DPETiHIE
OHMOJOTHSUTBIK OCJICeH/TI )KOHE KMHA3a HHTUOUTOPBI PETIHJIE OpTalla OelICeH Il JIen
canayra Oomamsl. (3) kKoceuibickl GPCR nmramm, mpoTreasa MHTHOUTOPHI YKOHE
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(hepMEeHT WHTHOWTOPHI pETiHAC OWOJOTHSIBIK OCIICeHII >XOHE HOHABIK apHa
MOJYJISITOPBI, KWHA32 WHTUOUTOPHI JKOHE SIPOIIBIK PELEHITOP JIMTAHATAPbI PETIiHIC
opTaiia OeJICeH Il et caHayFa 0omnaabl (2-kecte).

Kecre 2 — Herisri KOCBUIBICTap[bIH OPTYPJ JOPUTIK MakcaTTapbl YIIIH OHONIOTHSUIBIK OEICEHIITIK

Ganapbl
GPCR Honnpik apHa Kunasa ALApormeii IIpoteasa DepmeHT
Kocbuibic PpeLenTopIst
JIMTaHj MOJYJIATOPBI HUHTHOUTOPBI J—— HMHTUOUTOPBI | HHTHOUTOPBI
2 0.25 0.11 -0.07 0.13 0.17 0.19
3 0.09 -0.10 -0.17 -0.14 0.08 0.00

IP moHzmepi TemeH KypwuibiMAap oHait ToThiFamsl (IPp= 0.1426 3B). (2)
KochUbiChl eH TemeHri (0.0428 5B) snekrtpoHmsl kakbiHIbiFbiHA (EA) we.
KimkeHTali 3HEpreTHKanblK CaHbUiay Oap MOJICKyla JKOFapbl XUMHSIIBIK
PCAKTUBTLTIKKE, TOMECH KMHETUKAJIBIK TYPAKTBUIBIKKA M€ JKOHE )KYMCaAK MOJICKYJIa
OoNbIN TaOBLIAABI, Al KATTHl MOJICKYJIaJa YJKEH OSHEPreTHKANBIK CaHbLIAy
0omanel. CoHABIKTaH, (2) 3aTBIHBIH AIEKTPOPIIBIAIK MHIEKCI Kimi MoHTe (1 =
0.08615B) ume OonraHIbIKTaH, TaOMFAThl OOWBIHIIA HYKJICODHIBII. 3-KecTere
kapacanpizmap, KH1 (0.0997 »B) ymin Eg moni e kimii. CoHablKTaH, Oy
KYPBUTBIM aHTHOKCHJIAHT PETIHJIE )KAKChI opeKeT eTe anaabl. pKa mpenaparTsbiH
HMOHJIaHY JIOPEXKECIH KOHE OHBIH CIHIPLITY IOPEKECIH aHbIKTaMIbI.

Kecte 3 — KocwutbictapabiH 3B-71e ecentenreH 31eKTpOHBIK KacHeTTepi

Kocbl

ok IP EA H S n Q o* oy Eq pKa
2 0.1426 0.0428 0.0498 0.0249 0.0927 | 0.0861 | 0.0460 | 0.1387 | 0.0997 | 6.61
3 0.2048 0.0602 0.0722 0.0361 0.1325 | 0.1215 | 0.0642 | 0.1967 | 0.1445 7.45

Herisri KOCBUTBICTap/ABIH JIOKHHT JKOHE CBHIPFY JKBULAAMIBIFBI 4-KecTese
kepcetinred. Cyteri OaiinaHbICTapbl MEH CTEPUKAIBIK OpPEKETTECYJIEepHAiH
MaKCHUMaJI/Ibl CaHbI KYLITi OaiJIaHbIC SHEPTHACHIH PACTal bl

Kecre 4 - SARS- CoV-2 MP Herisri npoTeasacs! 6ap 2 jxaHe 3 MOJICKYJIaJIbIK JOKUHTIH TalIaybl

baiinansic Texey CeIpry H- Crepukaibii
Jluranrap SHEPTHSACHI, TYPaKTHICHI KepceTKium, | GainaHsicTap osapa
Kkan/mons (ki), oM Kxkasn/monb CaHbl apeKeT;rsgzInepmH
2 -8.2 0.98 -86.903 2 8
3 -8.8 0.35 -136.080 7 14

3eprTeyre ajblHFaH KOCBUIBICTAP €H JKaKChl OaiaHBICTBIPY DHEPTHSCHIH
XKOHE OpPTYPIIi OpeKeTTecysepi, COHBIH INIHJEC CyTeri OaiyaHbICTAphIH KOHE
SARS-CoV-2 wHerisri MP® mnpoTea3achIMEH CTEPUKAIBIK OpEKeTTeCyJepai
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KepceTeTiHi aTan oTinil. (2) xoHe (3) KOChUIBICTaphl TEXKEY KOHCTaHTanaphl -8.2
xoHe -8.8 kkan/monp OonraH kezne SARS-CoV-2 werisri MP° mporeasacbiMeH
OaitmaHpICy SHeprusichl Tuiciamie 2.28 xoHe 0.35 MKM eKkeHiH Oaiikayra Ooaibl.

4. KopbITbIHIBI

(R) - (6-merokcuxunonmuu-4-mn) ((1S, 2R, 4S, 5R) — 5 — BUHHIXUHYKIUIAH
— 2 -un) merwa (IR, 3S)- agamanTan -1- xap6okcumar (2) xome (R) - ( 6 —
MeTokcuxuHomuH -4- un) ((1S, 2R, 4S, 5R) - 5- BUHHUIXUHYKIUIUH — 2 - W)
METHI 5-(TI-TOJIII) H30KCa30-3-KapOokcmiar (3) KOCHUIBICTAPEl CHHTE3IETIHIIT
aBIHIBI. (2) 3aThiHBIH HOHAaHy moTeHmans! (IP) 0.2095 3B xoHe Oyl KypbUThIM
AHTHOKCHIAHT pETiHae opekeT ere ananasl. CoHbIMEH Kartap, (2) KOCBUIBICHI €H
ToMmeHri MoHre wue (®0=0.08619 »5B) OosraHIbIKTaH TaOWFaThl OOMBIHIIA
Hykneoduisai. (2) Kocsumbickiaaa TPSA 160A Temen, MoneKyTanbK caaMarsl <
500, cyteri OalmaHBICBIHBIH JOHOPIAPBIHBIH CaHBl < 5, CyTeri aKIEeNTOPHIHBIH
caupl < 10, aifHanManbl WKeMJIi OalJaHbICTApABIH CaHbl > 5 OOJNATHIHBI
AHBIKTAJBIHABL. 3epTTeneTin muranarapasiH SARS-CoV-2 werisri mporteasza MP©-
Fa YKaKCHI )KaKbIHABIFBI Oap ekeHi aHbIKTanael. SARS-CoV-2 Herisri mpoTea3acsl
MP™ sxone (2), (3) KOCBUIBICTAphI YIIiH OaiJIaHBICTBIPY DHEPTHsIIAPhI -8.2 kKoHE
8.8 KKkan/mMomb, THiCiHIIE Texkeny TypakThickl 0.98 xone 0.35 MKM OOJFaHIBIKTaH
OJIAPJIBIH apPAChIH/IA JKaKChl OalTaHbICY KaKBIHABIFBI Oap eKeHIH KopceTe/i.

Kap:xbLianapipy: 3eprrey xymbicel Kazakcran PecrmyOmukackl FrutbiM xoHE >KOFapbl OifiM
MHUHHUCTPIITT FBUIBIM KOMHTETIHIH TIpaHTTBIK KapKbUlauablpy OoiibiHma NeAP19674667 sxobackiMeH
Kap>KbUIAH IBIPBLIIBL.

CHHTE3 U UCCJIEJOBAHHE ITPOU3BOJHBIX AJIKAJIOHUJIA XMHUHA B KAYECTBE
MOTEHIUAJIbLHBIX UHTUBUTOPOB OCHOBHOM MPOTEA3BI SARS-COV-2 MPRO

I.K.Myxywesa'", H.H. Toiizambexosa’, H.I'.bazapnosa®, A.P.)Kacvimbexoea', B.H.IlTomxun?®,
A.C.Mascumoe®, M.C.Hypmazanoemosa*

'Kapazanounckuii ynuepcumem umenu axademuxa E.A.Bykemosa, Kapazanoa, Kazaxcman
2Anmaiickuil 2ocyoapcmeennwul ynueepcumem, bapuayn, Peceii

SUncmumym gusuxo-opeanuueckoii xumuu HAH Benapycu, Munck, Pecnyénuka Berapyce
4Kaszaxcxuii nayuonanouwiii nedazo2udeckuil ynueepcumem umenu Abas, Anmamet, Kazaxcman
E-mail: mukusheval977@list.ru

Pe3tome. Bsedenue. TlosiBIIeHUE TSHKEIOr0 OCTpOTro pecnuparopHoro cunapoma (SARS- CoV-2) BeizBaio
nangemuio B 212 crpanax. SARS-CoV-2 o6ianaer criocoOHOCTBIO KOAUPOBATH IIUCTEHHOBBIEC MTPOTEA3HbI.
Llenv pabomwi. PaccMOTpeTh ONTHMAlIbHBIE METOIbI HCHONIb30BaHus mporead MP s paspaboTku
npenaparoB npotuB SARS-CoV-2. Memoowi. CTpoeHHe CHHTE3MPOBAHHBIX COECIMHEHHH YCTaHOBJIEHO
meronamu UK, YO, *H u ¥C SIMP- crnekTpockonuy. BbUIM paccyMTaHbl KBAHTOBBIE MONEKYNAPHbIE
JIECKPHITOPBI HA3BaHHBIX COCIUHEHMI, TaKHie KaKk NoTeHnuan noHusanuu (IP) u cpoacTBo k ameKTpoHaM
(EA), Tepmoctb (1), MATKOCTb (S), 2MEKTPOOTPULATEIBHOCTh (W), DIEKTPOGHIbHBIA HHAEKC (),
CHOCOOHOCTb OTJABaTh IEKTPOHBI (-), CIOCOOHOCTh MPUHUMATH AIEKTPOHBI (1) M dHEPreTHYeCKUH
paspeiB  (Eg). HccrmemoBaHel (apMaKOKMHETHYECKHE CBOMCTBA HA3BaHHBIX COCOWHEHMH M HUX
Guosornyeckasi akTUBHOCTb. Jlajee OBLIO NPOBEJEHO HCCIEAOBAHHE MOJICKYIAPHOTO IOKUHTA JUIs
BBIsABJICHUS 3(()EKTUBHOIO JOCTYIMHOIO COEIHMHEHMS, KOTOPOE MOXKET MOXKET JIeHCTBOBATh KaK CHIIbHBIH
nHrUOuTOp OCHOBHOH mporeassl MP® SARS-CoV-2.  Pesynemamer u obcyxcoenue. IlomydeHsl
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MPOM3BOJIHBIE ankaiounaa, takue kak (R) - (6- meroxkcuxunmommn — 4 -un) (( 1S, 2R, 4S, 5R) -5-
BUHIWIXUHYKIUIUH -2 -WiI) MeTwn S-(m-Toimi) ) u3okcason-3-kapGokcmnar (2) u (R) - ( 6 —
MeTtokcuxuHoiuH — 4 - uin) ((1S, 2R, 4S, SR) — 5 — BUHUIXUHYKIUAMH — 2 -WT) MeTUIaaManTad — 1 -
kapOokcunar (3) ¢ BeixomoM 86% u 91%, COOTBETCTBEHHO. Y CTaHOBJICHO, YTO BemlecTBO (2) mposiBisieT
HyKJIeo(puIbHbIe cBoWicTBa. KpoMe TOro, OH MOXXET XOpOLIO ACHCTBOBATh KaK aHTHOKCHAAHT Oiarojmapst
HauMeHbllel BemuuuHe sHepreruueckoil menu (0.0997 3B). 3axnrouenue. DHeprus CBSI3M MEXKIY
ocHoBHo# mpoteasoir MP® SARS-C0OV-2 1 npon3BoIHBIME ajKaJOW/a MMoKa3zajia Xopoiuy adhduHHOCTh
cBsi3biBaHus. TakuM 00pa3oM, W3yueHHbBIC MPOU3BOAHBIC AJKAJIOWAA MOTYT OBITh HCIOJIB30BAHBI IS
HOTEHIMATFHOr0 IPHMEHEHHUS IIPOTHB OCHOBHOIT Iporeassl MP® SARS-CoV-2.

KiwueBble cioBa: ocHoBHas mporeaza MP® SARS-COV-2, cuHTEe3, MOJCKYJSPHBIA JIOKHHT,
[IPOU3BO/IHBIC XUHUHA, (JapMAKOKHHETUYECKUE CBOMCTBA, OHOAKTUBHOCTb.

Mpyxkywesa I'ynum Kenecoexoena Kanouoam xumuueckux Hayk, accoyuuposanuwviil
npogheccop

Toitzambexosa Hypuzam Hypocanosna PhD ooxkmopanm

bazapnosa Hamanwsa I’ puzopvesna Jloxmop xumuueckux Hayx, npogheccop

Kacvimoexoea Aiizepum Peicoexosna PhD ooxmopanm

Ilomkun Bnaoumup Heanoeuu Jlokmop xumuueckux Hayx, npogeccop

Maosicumos Anuwep Cadviposuu Mazucmpanm

Hypmazanoemoea Manwyk Celiumoena Kanouoam xumuueckux nayx, npogpeccop
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SYNTHESIS, BACTERICIDAL AND FUNGICIDAL ACTIVITY
OF N-(4-METHOXYPHENYL) ACETAMIDE AND N-
PHENYLACETAMIDE DERIVATIVES

E.S. Sycheva!”, D.B. Markina!, M.S. Mukanova?, L.A. Boltayeva?, O.T. Seilkhanov®

LJSC« A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan
2Zh. Zhiembaev Kazakh Research Institute of Plant Protection and Quarantine, Almaty, Kazakhstan
3Sh. Ualikhanov Kokshetau State University, Kokshetau, Kazakhstan
E-mail: yelena-sycheva@yandex.kz

Abstract. Introduction. Particular attention in the cultivation of industrial and agricultural crops is
paid to the fight against pathogenic fungi, which not only lead to significant yield losses, but they are also
dangerous to humans. The purpose of this work is the synthesis of biologically active compounds in the
series of aromatic dithiocarbamic acids based on N-(4-methoxyphenyl)acetamide and N-phenylacetamide
and the study of their antifungal and antibacterial activities. Results and discussion. Biologically active
aromatic  sodium dithiocarbamates have been synthesized by the reaction of (N-(4-
methoxyphenyl)acetamide and N-phenylacetamide) with carbon disulfide in the presence of NaOH in
ethanol at 22 °C in 78 and 85% yields. Thioanhydrides have been synthesized by the acylation of sodium
acetyl(4-methoxyphenyl)carbamodithioate and sodium acetyl(phenyl)carbamodithioate with acid
chlorides (benzoic, 3,4-dimethoxybenzoic, 2-bromobenzoic, and 4-nitrobenzoic) in chloroform at a
temperature of 22 °C. The structure of the synthesized compounds has been established on the basis of
elemental analysis data, IR spectra, *H and **C NMR spectroscopy. Conclusion. Antifungal and
bactericidal properties of the synthesized compounds were studied against phytopathogenic fungi and
bacteria Fusarium oxysporum and Pectobacterium carotovorum bacteria. It has been found that sodium
acetyl(4-methoxyphenyl)carbamodithioate exhibits high fungicidal and bactericidal activityies compared
to the control and standards tetramethylthiuram disulfide (TMTD) and Fitolavin. It has been established
that sodium acetyl(4-methoxyphenyl)carbamodithioate at a concentration of 0.4% has a high fungicidal
activity and completely inhibits the growth of the Fusarium oxysporum phytopathogen. The maximum
zone of inhibition (18 mm) of Pectobacterium carotovorum bacteria has been at a concentration of 0.4%.

Keywords: N-phenylacetamide, dithiocarbamates, thioanhydrides, fungicidal and bactericidal
activity
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1. Introduction

In agricultural practice, the main control means against plant fungal diseases,
which guarantees high yields, the preservation of seed material and the quality of
agricultural products, is still fungicide treatment.

Dithiocarbamates receive considerable attention due to their biological
activity and their key role in agriculture [1, 2]. Mancozeb, maneb, ziram,
metiram, zineb, ferbam are well-known dithiocarbamate fungicides that are
widely used in agricultural practice as antifungal agents for cereal and legume
crops, vegetables, fruits and ornamental plants [3, 4].

Dithiocarbamate pesticides are used to treat and prevent a wide range of
plant fungal diseases such as powdery mildew and septoria leaf spot, late blight,
downy mildew, gray mold, scab and bacterial spot [5-11]. Their use improves
seed yield and quality as a post-harvest treatment to prevent fungus or mold
causing food rot during storage or transport. Dithiocarbamates are non-systemic
fungicides that remain on the surface of crops after treatment and prevent fungus
growth without penetrating into plant tissue.

In this regard, there is an increasing interest in the synthesis of new
dithiocarbamates with a wide spectrum of action, which have a protective effect
against diseases and adverse factors.

2. Experimental part

The progress of the reactions and the purity of the products were monitored
by thin-layer chromatography on Silufol UV-254 plates with the display of spots
of the compounds with iodine vapor, eluent ethanol:acetone/hexane (1/3). IR
spectra were recorded on a Nicolet 5700 spectrometer in tablets with KBr. The
melting points of the compounds were determined on a Hanon MP450 instrument.
The H and BC NMR spectra of the compounds were recorded on a JNM-ECA
400 spectrometer (Jeol) with the operating frequency of 400 (*H) and 100 MHz
(13C) of the deuterated DMSO-ds and CDCls solutions. All reagents and solvents
were received from Sigma-Aldrich and used without further purification.
Elemental analysis was carried out on a Rapid Micro N Cube elemental analyzer
(Elementar, Germany, 2015).

Sodium acetyl(4-methoxyphenyl)carbamodithioate (1). A solution of 2.4 g
(0.06 mol) of NaOH in 5 ml of distilled water was added to a mixture of 10 g
(0.06 mol) N-(4-methoxyphenyl)acetamide in 40 ml of ethanol. Then a solution of
4.6 g (0.06 mol) carbon disulfide was added dropwise. The reaction mixture was
stirred at r.t. at 22 °C for 4 h. The solvent was distilled off in a water-jet pump
vacuum. The product was purified by recrystallization from acetonitrile. Yield of
compound 1 was 17.27 g (78.5%), R¢0.83 (ethanol). Found, %: C 45.55; H 3.95;
N 5.47; S 24.23. Ci0H10NNaO-S,. Calculated, %: C 45.61; H 3.83; N 5.32; S
24.36. NMR H spectra (DMSO-ds), &, ppm: 1.95 (s, 3H, CHs); 3.62 (s, 3H,
OCHs); 6.77 (d, 2H, Ary); 7.42 (d, 2H, Ar,). NMR *3C spectra (DMSO-ds), 5,
ppm: 24.2 (CHs); 55.6 (O-CHzs); 114.3, 121.2, 132.9, 143.6, 155.6 (Ar); 168.5
(C=0); 230.6 (C=S).
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Sodium acetyl(phenyl)carbamodithioate (2). Yield 14.6 g (85%), Rs 0.80
(ethanol). Found, %: C 46.45; H 3.55; N 5.87; S 27.33. CoHsNNaOS,. Calculated,
%: C 46.34; H 3.46; N 6.00; S 27.49. IR spectra (KBr), v, cm: 1651 (C=0), 1036
(C=S), 685 (C-S). NMR **C spectra (DMSO-ds), 5, ppm: 24.3 (CHs); 119.7,
129.0, 139.2 (Ar); 169.4 (C=0); 230.6 (C=S).

Benzoic acetyl(phenyl)carbamothioic thioanhydride (3). A solution of 1.2 g
(0.0085 mol) of benzoyl chloride was added dropwise to a solution of 2 g (0.0085
mol) sodium acetyl(phenyl)carbamodithioate in 25 ml of chloroform with stirring.
The mixture was stirred at room temperature of 22 °C for two hours. The solvent
was distilled off in a water-jet pump vacuum, the product was isolated by
recrystallization from hexane. Yield 1.49 g (56%), R¢ 0.62 (acetone/hexane, 1/3),
an oil. Found, %: C 60.85; H 4.27; N 4.35; S 20.41. C1sH13NO>S,. Calculated, %:
C 60.93; H 4.15; N 4.44; S 20.33. IR spectra (KBr), v, cm™: 1695, 1787 (C=0),
1004 (C=S), 683 (C-S). NMR “C spectra (CDCls), 5, ppm: 24.5 (CHz); 128.1,
128.4, 129.6, 130.6, 134.5, 134.7 (Ar); 166.6 (CH;C=0); 171.8 (SC=0); 205.0
(C=9S).

3,4-Dimethoxybenzoic acetyl(phenyl)carbamothioic thioanhydride (4) was
synthesized in a similar way. Yield 2.4 g (75%), R 0.24 (acetone/hexane, 1/3),
m.p. 92 °C. Found, %: C 57.65; H 4.67; N 3.69; S 17.21. CigH17NO.S,.
Calculated, %: C 57.58; H 4.56; N 3.73; S 17.08. IR spectra (KBr), v, cm™: 1664,
1761 (C=0), 1059 (C=S), 605 (C-S). NMR *H spectra (CDCls), 5, ppm: 2.11 (s,
3H, CHs); 3.89 (s, 6H, OCHs); 6.91 (d, 1H); 7.03 (t, 2H); 7.22 (t, 1H); 7.50 (d,
1H); 7.57 (s, 1H), 7.74 (d, 1H). NMR 3C spectra (CDCls), 8, ppm: 24.3 (CHa);
56.1 (OCHs3); 110.6, 112.5, 120.3, 124.3, 125.3, 128.9, 138.2, 148.5, 149.1 (Ar);
169.6 (CHsC=0); 170.7 (SC=0); 203.1 (C=S).

2-Bromobenzoic  acetyl(phenyl)carbamothioic thiocanhydride (5) was
synthesized in a similar way. Yield 1.85 r (88%), Rs 0.67 (acetone/hexane, 1/3),
m.p. 80 °C. FOUHd, %: C 48.65;: H 3.19; N 3.69; S 16.35. CisH1,BrNO,S;.
Calculated, %: C 48.74; H 3.07; N 3.55; S 16.26. IR spectra (KBr), v, cm™: 1691,
1784 (C=0), 1022 (C=S), 628 (C-S). NMR H spectra (CDCls), 5, ppm: 2.13 (s,
3H, CHs); 7.05 (t, 2H); 7.25 (t, 1H); 7.42 (t, 2H); 7.49 (d, 1H); 7.80 (d, 1H). NMR
13C spectra (CDCls), 8, ppm: 24.5 (CHs); 120.1, 124.3, 128.9, 129.4, 132.0,
138.17, 141.1 (Ar); 169.1 (CH3C=0); 184.3 (SC=0); 202.7 (C=S).

4-Nitrobenzoic acetyl(4-methoxyphenyl)carbamothioic thioanhydride (6) was
synthesized in a similar way. Yield 1.27 r (49%), Rs 0.47 (acetone/hexane, 1/3),
m.p. 109-110 °C. Found, %: C 52.42; H 3.79; N 7.09; S 16.35. C17H14N20sS.
Calculated, %: C 52.30; H 3.61; N 7.17; S 16.43. IR spectra (KBr), v, cm™: 1687,
1765 (C=0), 1055 (C=S), 678 (C—-S). NMR *H spectra (DMSO-dg), 3, ppm: 1.95
(s, 3H, CHzs); 3.64 (s, 3H, OCHs); 6.78 (d, 2H); 7.42 (d, 2H); 8.09 (d, 2H); 8.22
(d, 2H). NMR C spectra (DMSO-ds), 8, ppm: 24.1 (CHs); 55.6 (O-CHs); 114.2,
121.0, 124.0, 131.1, 133.0, 150.5, 155.5 (Ar); 166.2 (CH3C=0); 168.2 (SC=0);
201.7 (C=S).
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The fungicidal activity of the synthesized compounds was studied at the
Kazakh Research Institute of Plant Protection and Quarantine named after Zh.
Zhiembaev.

The study of fungicidal properties was carried out by the disk-diffusion
method on Potato Dextrose Agar (PDA). Test object: pure culture of the fungus
Fusarium Sp. Paper discs 10 mm in diameter were placed in Petri dishes with
PDA agar medium at a distance of 2 mm from the edge of the dish and at an equal
distance from each other, impregnated with a solution of the test substance.
Afterwards micromycetes were sown in Petri dishes on a nutrient medium by the
surface method. Incubation lasted for 7-14 days in a thermostat at a temperature
of 27 °C. The presence of a inhibition zone of fungal growth was noted after 3
days. At the end of the incubation was measured the zone of fungal growth
inhibition around the disk.

Determination of bactericidal properties was carried out by the well method
on Potato Agar (PA). Test object: pure culture of bacteria Pectobacterium
carotovorum, which was identified by PCR analysis. A daily culture of the test
object was inoculated into Petri dishes with a nutrient medium, turbidity standard
was 10°. In the center of the Petri dish inoculated with the test object, 12 mm
wells were made, into which solutions of the compounds were added. Petri dishes
were placed in a thermostat at a temperature of 25-26 °C, which was optimal for
bacterial growth. The presence of a zone of inhibition of bacterial growth was
noted after 2 days.

Lab experience options:

Control (water);

TMTD (standard), (0.4%);
Phytolavin (standard), (0.5%);
Compound 1 (0.1%, 0.2%, 0.4%);
Compound 6 (0.1%, 0.2%, 0.4%).

agrwdE

3. Results and discussion

The aim of the study is the targeted synthesis of new potential biologically
active aromatic dithiocarbamic acids.

Sodium dithiocarbamates were obtained by reacting amines (N-(4-
methoxyphenyl)acetamide and N-phenylacetamide) with carbon disulfide in the
presence of NaOH in ethanol at 25 ©°C. Sodium acetyl(4-
methoxyphenyl)carbamodithioate 1 (78.5%) and sodium
acetyl(phenyl)carbamodithioate 2 (85%) were individually isolated after
completion of the reactions and appropriate treatment of the reaction mixtures.

New carbonyl derivatives of thioangirides were synthesized by acylation of
sodium dithiocarbamates. Acylation of dithiocarbamates 1, 2 was carried out by
reacting sodium acetyl(4-methoxyphenyl)carbamodithioate 1 and sodium
acetyl(phenyl)carbamodithioate 2 with acid chlorides (benzoic, 3,4-
dimethoxybenzoic, 2-bromobenzoic and 4-nitrobenzoic) in chloroform medium at
a temperature of 25 °C within 3 h.
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As a result of isolation from reaction mixtures, thioanhydrides 3-6 were
obtained individually in 49-88% yields, respectively.

H3C
>:0 CSuNaOH i > N> O Rycoct < >
Ri— >—NH 1
C,H;0H \C:S CH3C1

/

NaS
1,2 > 0
Ry
1: Ry =0OCHj;; 2: Ry =H; 3:R; =H; R, =C¢Hs; 4: R; =H; R, =3,4-(OCH;),C4Hj;
5:R; =H; R, =2-BrC4Hy; 6: R; = OCH3; R, =4-NO,C¢Hy;

The composition of the synthesized compounds was confirmed by elemental
analysis, thin layer chromatography and physicochemical characteristics. The
structure of the compounds 3-6 was established based on the analysis of IR and
1H, 3C NMR spectroscopy data. The characteristic signals of protons and carbon
atoms in the synthesized molecules 1-6 are presented in the experimental part.

The synthesized compounds 1 and 6 were tested for antibacterial activity
against the phytopathogen Fusarium oxysporum and bacteria Pectobacterium
carotovorum (Table 1, Figure 1).

Table 1 - Fungicidal and bactericidal properties of compounds 1 and 6

Preparation Concentration, % Suppression zone, mm Suppression zone, mm
Fusarium Sp. P. carotovorum

Control (Water) - -
TMTD (Standard) 0.4 5
Phytolavin 0.5 - 4
(Standard)
Compound 1 0.1 10 12

0.2 17 15

0.4 clean 18
Compound 6 0.1 - 3

0.2 - 3

0.4 - 3
Note — «-» - No zone of suppression of fungal and bacterial infection.

Analysis of the test results shows that compound 1 exhibits the highest
fungicidal and bactericidal activity compared to the control and standards TMTD
and Phytolavin.

The highest degree of antimicrobial activity was shown by compound 1 at
the concentration of 0.4% against Fusarium Sp. completely inhibited the growth
of the phytopathogen and P. carotovorum the zone of inhibition was 18 mm.

It was found that sodium dithiocarbamate 1 has a high antimicrobial activity
against Fusarium Sp. and Pectobacterium carotovorum. Whereas dithiocarbamic
acid thioanhydride 6 showed no activity.
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)

Control (water)

Compound 1 (0.1%) Compound 1 (0.2%) Compound 1 (0.4%)

7

)

Compound 1 (0.1%) Compound 1 (0.2%) Compound 1 (0.4%)

Figure 1 — Fungicidal and bactericidal properties of compound 1.
4. Conclusion
As a result of this research, new thioanhydrides of aromatic dithiocarbamates
based on N-(4-methoxyphenyl)acetamide and N-phenylacetamide were
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synthesized. The structure of the compounds was established based on the
analysis of *H and *C NMR spectroscopy data. It was established that sodium
acetyl(4-methoxyphenyl)carbamodithioate has a high antibacterial activity
compared to the well-known preparations TMTD and Phytolavin.
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Pe3tome. Bseoenue. Ocoboe BHUMaHME IIPU BBIPALIMBAHUM TEXHHUYECKHX M CEIbCKOXO3SHCTBEHHBIX
KyJbTYp ynensercs 0opb0e ¢ NaTOreHHbIMU IPUOAaMHM, KOTOPBIE HE TOJBKO MPUBOASAT K 3HAUUTEIBHBIM
MOTEePsSM YPOXKAaHOCTH, HO W ONACHBI JUIsl uenoBeka. [lenvlo OanHoll pabomei SIBISETCS CUHTE3
OUOJIOTMYECKH aKTHBHBIX BEIIECTB B PS/ly apPOMATHUCCKHX AUTHOKApOAMIHOBBIX KUCJIOT Ha ocHOBe N-(4-
Merokcuenmn)aneramuna 1 N-peHwnanerammpa, ¥ M3ydeHME WX  IPOTHBOIPHOKOBOH M
aHTHOAKTepHaNbHOW  aKTUBHOCTH.  Pezyabmamer  u  o6cysucoenue.  BHOTOTHYECKH — aKTHBHBIC
apoMaTHyYecKUe IUTHOKapOamMaThl HaTpusi C BbIXxozamu 78 u 85% CHHTE3MpOBaHBI B3aUMOJCHCTBHEM
amuHOB (N-(4-meroxcudennmm)aneramuna u N-phenylacetamide) ¢ cepoyrieponom B mpucyTcTBUH
THUAPOKCHIA HATPHS B JITWIOBOM crnupTe mpu Temiepatype 22 °C. TuoaHrHIpHasl CHHTE3MPOBAHBI
alIMpOBaHreM aneTui(4-MeTokcudeHun)kapdamoauTiHoara HaTpus u aneTuia(heHmn)kapoaMouTHOATa
HaTpus XJopaHrujapunamu (OeH30WHBIN, 3,4-TMMETOKCHOCH30WHBIH, 2-OpoMOeH30WHBIH W 4-
HUTPOOEH30lHBIN) B cpene xiopodopma mpu temmneparype 22 °C. CTpyKTypa CHHTE3MpPOBaHHBIX
COEIMHEHUH YCTaHOBJICHA HA OCHOBAHHMH JTAHHBIX MJIEMEHTHOTO aHaim3a, K-CIeKTpoB 1 CIeKTpOCKOITHH
AMP H wu BC. 3axwouenue. W3ydeHs TIpOTHBOTPUOKOBEIE M OAKTEPUIMIHEIE CBOKMCTBA
CHHTC3UPOBAHHBIX COCWHEHMH B OTHOIICHHM (HTONMATOrCHHBIX IpuOOB M Oakrepmii Fusarium
oxysporum u Pectobacterium carotovorum. BersiBiieHo, uTo anerun(4-MeToKCH(pEHMI)KapOaMOIUTHOAT
HATpPUsI POSIBIISET BBICOKYIO (D)YHIHLHMIHYIO U OAKTEPUIUIHYIO aKTHBHOCTB 110 CPAaBHEHHIO C KOHTPOJIEM
u oranoHaMu TerpaMeruntuypamaucynsdun (TMT) u dutonaBun. YcraHoBieHO, 4TO aueTui(4-
MeToKcH(eHMT)kapoaMoIuTHoaT HaTpust B KoHueHTpauuu 0.4% obnamaet BBICOKOH (yHTHIMIHOM
aKTHBHOCTBIO U TIONHOCTBIO MHTHOYPYET pocT duromaToreHa Fusarium oxysporum. MakcumansHast 30Ha
nnarubuposanms (18 mm) Gaxrepuit Pectobacterium carotovorum cocrasuna npu konuentpamuu 0.4 %.

KnroueBsie cioBa: N-¢enunaneramun, AuTHOKapOaMaTbl, THOAHTHIAPHIBI, (yHrUUMAHAsS U
OaKTepHIUIHAS AKTUBHOCTh

Cotueea Enena Cepzeesna Kanouoam xumuueckux Hayk

Mapxuna /lapus bazapoexogna Mazucmp mexnuueckux Hayx

Mpyxkanoea Mepyepm Cucenbekoena  Kanouoam xumuueckux Hayxk

bonmaeea JIazam Azabaesna Mazucmp cenbckoxo3sCMEEeHHbIX HAYK

Ceiinxanoe Oncac Tynezenosuu Mazucmp ecmecmeerHbIX HAYK
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TYBIHABLIAPBIHBIH, CHHTE3I, OJIAPAbIH BAKTEPUIIUATIK KOHE @ YHTULIUATIK
BEJCEHLIITT

E.C. Cviuesa *", /I.5. Mapxuna *, M.C. Mykanosa *, I A. Bonmaeea?, O.T. Ceiinxarnos *

10.B. bexmypoe amvinoazel xumus uiabiMoapsl uncmumymot, Anmamot, Kazaxcman

VK. JKuembaes amvindasor Kasax ecimoix Kopeay dicare Kapanmur euliblMu 3epmmey UHCHUmymol,
Anmamut, Kazakcman

811 Yanuxanos amwvindaser Koxwemay memnexemmix ynueepcumeni, Kexwemay, Kazaxeman
E-mail: yelena-sycheva@yandex.kz

Tyiiinaeme. Kipicne. TeXHHUKAIBIK XKOHE aybUIIIAPYaIIbLIBIK AaKbUIIAPBIH ©CIPY KE3iHAe MaTOreHIiK
caHpIpayKyJIaKTapMeH Kypecyre epeKIiie Ha3ap ayaapbliaibl, OV OHIMIUTIKTIH alTapIIbIKTal KOFaTybIHA
OKeIlIN KaHa KoiiMaii, agamuap yuiH ae Kayinri. XXymeicmory maxcamor N-(4-MeTokcudeHmI)aneTaMu
neH N-deHunaneraMu] HEri3iHIe apOMATHKANbIK AWTHOKApOAMUH KBILIKBUIIAPBIHBIH KAaTapbIHAAFbI
OHOJIOTHSIIBIK OCJICeH/I 3aTTap/bl CHHTE3/ICY JKOHE OJIap/IblH CaHBIPAyKYJIaKKa Kapchl )KOHE OaKTepusFa
Kapchl OEJICEeHIUIITIH 3epTTey 00ibIn Tabbutanbl. Haomuoicenep scone manxvinay. buonorusnbeix 6encenai
apOMAaTUKANBIK HATpHUil OUTHOTHOKapOamartapel 78 koHe 85% wbiFeiMven amumszepain  (N-(4-
metokcudenmn)aneramuaa xone N-denennaneramua) kykiprkemipreknen NaOH kateichiHma 3Tui
crmpringe 22 °C  TeMmeparypaga CHHTE3ZCTIN QJIBIHABL. THOAHTHAPUATED HaTpuil aneTwi(4-
MeTOKCH(EeHHIT)KapOaMOIUTHOATHI JKOHE HaTpui anermi(peHnn)kapOaMoINTHOATHIHBIH
xnopanruapuarepmet (0eH30ibl, 3,4-TMMETOKCHOCH30MIIbI, 2-0pOMOCH30MIbI KoHE 4-HUTPOOCH3OMIIBI)
xmopodopm opraceiHga 22 °C  Temmeparypaga auuiaey apkpuibl cuHTe3genai. CHHTe3menreH
KOCBUTBICTAP/IBIH, KYPBUIBIMBL 371eMeHTTIK Tanaay, MK-crektpiepi, IMP 'H sxone 3C cnektpockonuschl
Herizinge monenueHmi. Kopeimeinows. CHHTE3IENTEH KOCBUIBICTApABIH Fusarium oxysporum skone
Pectobacterium carotovorum (uTOIATOreH/I CaHBIPAYKYJIaFbIHA KOHE OAKTEpHSChIHA CaHBIpAyKyJlaKKa
Kapchl jkoHe OaKTepUIMITIK KacueTTepi 3epTTelinii. bakplmayMeH jkoHE TeTpaMeTHITHYpaMAUCYIb(UI
(TMTL) JKOHE ®dutonaBuH 3TajOHAapbIMEH caJbICTBIpFaHa HaTpui anermi(4-
MeTOKCH()EHMIT)KapOaMOIUTHOATHI JKOFaphl (DYHTUIHMITIK JKOHE OaKTEPUIMATIK OCICEHAITIK KOPCETKEeHI
anpikTanapl. ChlHAKTAp HOTWKeCiHAe Hartpuil —anermwi(4-merokcudenun)kapbamoantroatst  0.4%
KOHLICHTPALMSACHIHIA JKOFapbl (GyHTHIMUATI OeNCeHAUTKKe He eKeHHiri skoHe Fusarium oxysporum
(uTONATOreHIHIH OCIMIH TOJIBIKTal TeXEUTIHI aHBIKTANIBL. Pectobacterium carotovorum 6akTepUsICHIHBIH
MaKCHMaIIbI Texeny aiMarsl (18 mm) 0.4 % KoHIEHTpaIHsAaa OOIIbL.

Tyiiin ce3nep: N-¢penunaneramun, IuTHOKapOamMarTap, THOAHTHUAPUATEP, (GYHIMIMATIK OKOHE
OaKTEepUIUATIK OEICEHITIK

Cuviueea Enena Cepzeesna Xumus 26116IMOAPBIHBIY KAHOUOAN b

Mapxkuna /lapus bazapoexosna Texnuxanvlx eblubimoap macucmpi

Mykanosa Mepyepm Cucenbexosna — Xumus eblmbIMOAPbIHbIY KAHOUOAbL

bonmaesa JIazam Azabaesna AyvLn wiapyauviivlesl 6L1bIMOapbIHbIY MASUCTP]

Ceinxanos Onocac Tynezenosuu Kapamuiivicmarsy 2bi1biMOapbIHbIY MALUCMPIE
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COMPARISON AND SELECTION OF MEMBRANE MATERIAL FOR
THE SUPERCAPACITORS, BASED ON AQUEOUS ELECTROLYTES

0.Kaupbai, K.Maldybayev, T.Kan, M.Kiyatova, S.Kokhmetova, A.Kurbatov, F.Malchik”

Center of Physical-Chemical Methods of Research and Analysis,
Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail:frodo-007 @mail.ru

Abstract. Introduction The development of new batteries, their components, and their control
systems is an important task in our days. One of the most important parts of electrochemical current
sources are electrodes (cathode and anode), electrolyte, membrane, and the corps itself. The
membrane/separator is an important part of electrochemical energy storage devices such as
supercapacitors and batteries. However, the transport processes, which limit the rate capability of the
charge/discharge are more pronounced for the supercapacitors, which can be charged in seconds, unlike
batteries; therefore, a more detailed selection of the material and porosity of the membranes is required for
them. The purpose. Using the method of cyclic voltammetry to develop a method for assessing the
contribution of additional membrane resistance. Methodology. Cyclic voltammetry at various scan rates
(from 1 to 100 mV/s) has shown that at the low scan rates there is no significant contribution of the
membrane to the overall electrochemical response, however, at the high scan rates, their significant effect
is observed due to the additional resistance of transport processes in the electrolyte. Results and
discussion. As a result of a comparative analysis of 4 membranes (commercial and that are available in a
laboratory) it has been determined that the membrane based on PVdF has the least additional resistance in
the concentrated solution of LiCl, while in the concentrated solution of NaClO4TF4050 has the least
additional resistance. Conclusion. In general, for preliminary electrochemical studies, the possibility of
using not specialized membranes under certain conditions has been shown.

Key words: membrane, cyclic voltammetry, transport processes, membrane resistance, comparative
analysis
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CPABHEHUE U IOJABOP MATEPUAJIA MEMBPAHBI JUISI CYIIEPKOHJAEHCATOPOB HA
OCHOBE BOJJHbIX 3JIEKTPOJINTOB

O.111. Kayvinoai, K.M.Manowvioaes, T.B.Kan, M.K.Kuamoea, C.T.Koxmemosa,
A.IL.Kypoamos, ®.H.Manvuux”

Llenmp ¢uzurko-xumuueckux Memooos uccie0osanus u ananusa, Kasaxckuil HayuoHa b1l
yuusepcumem um. anb-Papabu, Anmamul, Kazaxcman
E-mail: frodo-007@mail.ru

Pe3ome: Bgedenue. PaspaboTka HOBBIX Oarapeil, MX KOMIUICKTYIOUIMX W CHCTEM WX YIIPaBICHUS
SIBISICTCSL BaXKHOM 3ajaveil B Hame Bpems. OJHUMH M3 BaXHEHIIMX dYacTed 3JICKTPOXUMHUYECKUX
HCTOYHUKOB TOKA SIBJIIFOTCS: 3JIEKTPOABI (KaToJ W aHOJ), DJICKTPOJUT, MeMOpaHa M caM KOpIIyC.
MewmOpana/cenapaTop SBISETCS Ba)KHBIM KOMIIOHEHTOM JJIEKTPOXMMHMYECKMX HAKOMUTENEeH DHEepPruH,
TaKMX Kak cynepkojeHcaropbl W Oarapen. OIHAKO TPAaHCIOPTHBIE MPOLECCHI, JIUMUTHPYIOIIHE
CKOPOCTHBIC XapaKTCPUCTUKH 3apsja/pa3psana, Ooliee BBIPAXKCHBI IS CYNEPKOHICHCATOPOB, KOTOPHIC
MOT'YT 3apsDKaThCsl 32 CEKYHBI, B OTIMYUE OT OaTapeii, IoITOMy K HUM NPEIbsBISETCS Ooiee NeTaIbHBIN
moa0op MaTepuana W MOPUCTOCTH MeMOpaH. [[ens. MeTOIOM NMKIMYECKOH BOJBTAMICPOMETPHUU
pa3paboTaTh CHOCOO OLEHKH BKJIaJa JOMOJHUTEIBHOTO CONPOTUBICHUS MeMOpaHbl. Memodonoeus.
[ukyecKkue BOJIbTAMIIEPHbIC MCCIEAOBAHMS TIPH PA3IMYHBIX CKOPOCTAX pa3BepTku (o1 1 ;o 100 MB/c)
MOKa3aJIM, YTO TP HU3KUX CKOPOCTSAX Pa3BEPTKH HE HAOJIIOJAeTCsl 3HAUMTENBHOTO BKJIAJa MEeMOpaHbI B
OOIMH 3IEKTPOXUMHUYECKUH OTKIIMK, OJHAKO INPU BBICOKMX CKOPOCTSIX PA3BEPTKM HAOMIOAAeTCs HX
3HAYUTENIBHOE BJIMSHUE, OOYCIIOBICHHOE JIOMOJHUTEIBHBIM COMPOTHBICHHEM TPAHCIIOPTHBIX MPOLECCOB
B JIEKTpoiuTe. Pesynbmamul u o0cysxcoenue. B pesynbraTe CpaBHHTEIBHOTO aHaIM3a 4 MeMOpaH
(KOMMEpUYECKUX M TeX, KOTOpble €CTh MO PYKOH B J1a00paTOpUM) ONPEAENeHO, YTO HAaUMEHBIIUM
JIOTIOJTHATEIILHBIM CONPOTUBIICHHEM o0siagaer MemOpaHa Ha ocHoBe PVAF B KOHUIEHTPHPOBAHHOM
pactBope LiCl, a B konueHrpupoBanHoM pactBope NaClOs — TF4050. 3axmwouenue. B uenom, mis
MPE/IBAPUTEIBHBIX AJIEKTPOXMMHYECKHX HCCIICNOBAaHUH IIPH ONpPEACNICHHBIX YCJIOBHSX IOKa3aHa
BO3MOYKHOCTB MCIIOJIb30BaHHSI HE CIELMATM3UPOBAHHBIX MEMOpaH, a MOAPYYHBIX (HHIBTPOB.

KuaroueBble ciioBa: MeMOpaHa, IMKIOBOJBETAMIICPOMETPHSI, TPAHCIOPTHBIE IMPOLIECCHI, CONPOTHBIICHUE
MeMOpaHbl, CPABHUTEIBbHBIA aHAIIH3

Kayvinoaii Onscac Hlvinzoicyno Mazucmp xumuu, Maradwiuil Hay4HwIll COMPYOHUK
Manowvioaee Kaiivipzanu Mypamoeuu Maeucmp, mraowiuii HayuHeiti compyoHUuK

Kan Tamvana Braoumupoena Bakanasp xumuu, mraowuii nayunviii compyoHux
Kuamosa Mapiwcan Kyanviuibaegna Mazucmp xumuy, MAAOWIUL HAYHUHBII COMPYOHUK
Koxmemosa Cayne Tanzamoena Mazucmp xumuy, MAAOWIUT HAYUHBIL COMPYOHUK
Kypoamoe Anopeii Ilemposuu Jlokmop xumuueckux Hayk, npogeccop
Manvuux @eoop Hzopesuu PhD dokmop

1. BBenenue

Konpnencaropsl ¢ 3amacaHueMm 3apsiia B JBOMHOM 3JIEKTPHUUECKOM CIIOE,
M3BECTHBIC TaKXKe KaK CYMEePKOHICHCATOPBI, PACCMATPHUBAIOTCS KaK OJHO U3
OCHOBHBIX YCTPOMCTB JJIsi TIepepabOTKU U COEPEIKEHUS DJICKTPHUSCKON IHEPTrUU
Hapsay ¢ OarapessMd W TOMIMBHBIME dneMeHTaMu [1,2]. CymnepkoHaeHCcaToph
MOTYT OBITh UCIIOJIb30BaHbI KaK CaMOCTOSITEIbHBIC yCTpOMCTBa
XpaHCHUS/BBIJICICHAST  DHEPTUW  JIUISl  DJEKTPOTPAHCIIOpTa,  MMOPTATUBHOU
SNIEKTPOHMKH U Jp. [2], Tak ¥ COBMECTHO ¢ OarapesMH MpH MapauieIbHOM HIN
MOCJIEI0OBATEILHOM MOAKIIOUEHUH JJI1 KOMIIEHCALIMM MOIIHOCTH YCTpOICTBA.
OCHOBHOW  OTIMYUTEIIEHONH  XapaKTEPUCTUKOW  CYNMEPKOHACHCATOPOB  OT
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nepe3apspKacMbIX TajJbBAHUYECKUX 3JEMEHTOB SIBISIETCS BBICOKAsl yAeTbHas
MOIITHOCTb, OBICTpOE BpeMs 3apsiia/paspsina (10 HECKONBKHUX CEKYHJ) M BHICOKHI
pecypc mmkimpyemoctu (mo 1000000 mmkmoB) [3]. Tem He MeHee,
CYNEPKOHIEHCATOPBI MO-TIPEKHEMY CTPAAalOT OT HU3KOHM IJIOTHOCTH SHEPTHH —
Manasi eMKOCTh ycTpoiicTBa. KoHIeHCaTOpBI ¢ JBOWHBIM JIEKTPUYECKUM CIIOEM
XpaHAT DJHEPTHIO B TPHIJIEKTPOMTHOM Cloe (IIEKTPOM/IIEKTPOIIUT) 3a CUYET
AJIEKTPOCTATHYECKUX CHJI, B TO BpeMs Kak TMCEBIOKOHJCHCATOPHI 00JIAJal0T
OpYyTUM  MEXaHH3MOM  XpaHEHUs DOSHepruu. OTo OblcTpas  oOpaTuMas
noBepxHoctHass Red/OX peakiuis, OJHAKO YAEIbHBIC MOIMHOCTh W DHEPIHS
CYIIEPKOH/ICHCATOPOB U MICEBIOKOHICHCATOPOB COMOCTABUMBI [4].

Kak u mo0ast 37eKTpOXHMHYECKasi CHCTEMa MpPeoOpa3oBaHUsl XUMHUECKON
SHEPTUU B DJEKTPUUECKYIO, CYNEPKOHIEHCATOP COCTOMT W3 5 OCHOBHBIX
JJIEMEHTOB: KaTOJ, AaHOA, MeMOpaHa, JJEKTPOJIUT H KOPIyC YCTpOMCTBa.
AOCOJIIOTHO BCE OCHOBHBIC IEPCUYHCICHHBIE KOMITIOHCHTBHI BAXKHBI W TpPH
HEJIOCTaTOYHOM AOpabOTKEe MOTYT JIMMUTHPOBAThH MOKA3aTENN BCETO YCTPOHUCTRA.
OcCHOBHOE Ha3HA4YeHUE MEeMOpPaHbI — MPEJOTBPANICHUE IEKTPOHHOTO KOHTAKTa
MEX]y DICKTPOJAMH C COXPaHCHHEM BO3MOXKHOCTH MOHHOTO oOMeHa. OHaKo B
3aBUCUMOCTU OT THUIIA CYINCPKOHACHCATOPOB MCM6paHa MOXKET ABJIATBCA U
6apbep0M A1 NPOHUKHOBCHHA ONPCACIICHHOIO BHAA HOHOB M3 aHOAHOIO
MPOCTPAHCTBA B KATOTHOE MM HA00OPOT.

CymectByeT OOJIBIIOE KOJMYECTBO TOPHUCTBIX MAaTepUalioB, CHOCOOHBIX
BBITIOJHATH POJIb MeMOpaHbl JUId CYNEepKOHAEHCATOPOB, OJHAKO OCHOBHBIMHU
KOMMEPUYECKUMH BapHaHTAMU SIBIISTIOTCS [EJUTFOJIO3HOOYMAaXKHbBIE, TOJIMMEPHBIC
MeMOpaHbl  (TIOJIUITPOTHIICHOBBIE, TMOJUITUIICHOBbIC, (PTOPOIMIACTOBBIE) W HA
OCHOBE CTeKTOBOJIOKHA [5]. CretyeT yYuTHIBATH HECKOJIBKO KITFOUEBBIX (PaKTOPOB
mpu BbIOOpE MEMOpaHbl Ui CYNMEPKOHICHCATOPOB: TOJIIUHY, MOPUCTOCTS,
YCTOMYMBOCTh HA pa3pbiB, CMAYMBACMOCTb JJIEKTPOJIUTOM, XHUMHUECKYIO
CTOMKOCTh B BBI6paHHOM QJICKTPOJIUTE. TOHHII/IHa U NOPUCTOCTH 3HAYUTCIIBHO
BJIIMSIOT HAa MOIIHOCTHBIE IIOKA3aTENU CYIEPKOHIEHCATOpa, TaK KaK MOIYT
JUMHUTHPOBATh CKOPOCTh TMEPEHOCAa HWOHOB; Majas TOJIIIMHA TPUBEAET K
MEHBIIEMY  CONPOTUBICHHIO, a 0OoJee BBICOKAas TMOPHCTOCTh  OyJeT
CHOCOOCTBOBATh OBICTPOMY MEPEHOCY MOHOB MEXKAY dJIEKTPOJAMH.

Takum oOpazoMm, BBIOOp MeMOpaHBI AJsl CyNEpKOHAEHcAaTopa SIBISETCS
OTBETCTBEHHOM 3amayeil. IlpuueM mpu wHCClIEOOBAaHMH HEMOCPEACTBEHHO
JNEKTPOIHBIX MaTepHaioB (KaToJa WM aHOoAa) HEOOXOIUMO OBITh YBEPEHHBIM,
qTO0 MeM6paHa HE BHOCUT OTpPULATCIBHOTO BKJIaga B SHCKTpOXI/IMI/I‘IeCKI/Iﬁ
OTKJIMK. 3a4acTyl0 B J1aOOpaTOPHBIX MCCIEIOBAHUAX DJIEKTPOJHBIX MaTEpHUalIOB
CYNIEPKOHACHCATOPOB IIPU MCIIOJB30BAHHWU PA3HBIX JJICKTPOJIUTOB HE YIACIIAIOT
JIOCTATOYHOTO BHUMAaHHS BHIOOPY MeMOpaHBI JJisi cymnepkoHaeHcaTopa. OmgHako
3TO MOJKET HOBJIMATH Ha HIEKTPOXUMHUYECKUH OTKIIMK MPH BBICOKHX CKOPOCTSIX
pasBepTku (UuKnIn4eckas BojbTamnepoMeTpus (LIBA)) wmnm npu ucHbITaHUM
BBICOKUMH TOKaMU (TanmpBaHocTaTuaeckuii ananms (I'CA)).

B nanHO# craThe TOKa3zaH NpUMEp BIMSHUS MEMOpaHBI U CIOCOO ee
noxdopa s cymepkoHaeHcaropa MeromoMm L[BA, a Takke BO3MOXHOCTDH
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WCTIONTF30BAHUS TOIPYYHBIX MOPUCTHIX MAaTEpHUANIOB B KadecTBE MeMOpaH s
TOYHBIX JJA0OPATOPHBIX UCIBITAHUH CYIIEPKOHIEHCATOPOB.

2. DKCNepUMEHTAJbHAS YaCTh

B pabGore wcciaemoBanel 4  BHma — MeMmOpaH/cemapaTOpoB IS
CYNEpKOH/IEHCATOPOB Ha OCHOBE BOJHBIX OJIEKTPOJIHMTOB:  IIEIUTIOIO3HO-
oymaxubiit cenapatop TF4050 u VL100 (Nippon Kodoshi Corporation, Smnonus);
¢unpTpoBanbHas Oymara — cunss enta «O00 Menuop XXI» (filter); punpTp Ha
ocHoBe PVdF (Durapore® Membrane Filter, 0,45 wmxwm). [yis wucneitaHus
MeMOpaH HCIONBb30BAIM  TPEXINIEKTPOAHYIO — sdeiiky tuma «T-cell» ¢
MOCTOSTHHBIMH KOMITOHEHTAMH STYEHKH, KOTOPBIE HE JTOJKHBI BHOCUTH N3MEHEHHS
B DIIEKTPOXUMHUYECKHAN OTKIUK MeTonoM [[BA. B xadecTBe pabouero siekTpona
BeicTynan 2D matepuan TisCoTx «MXeney», MeTon CHHTE3a U OCHOBHbBIC (DH3HUKO-
XUMHYECKHE XapaKTEPUCTUKH KOTOPOTO OMHUCAHBI B [6].

BcnomoratenbHBIN 3I€KTPO]] — YIiIepoaHas TKaHb ¢ H30BITKOM 10 €MKOCTH
OTHOCUTENIBHO Padodvero J3JeKTpoja. OJEKTPOJ CpaBHEHHS — CTaHAapTHBIN
xmopcepeopstubiii amextpon (Ag/AGCI). B xadecTBe 35I€KTPONIMTA HCIIOIB30BAN
Haceiiendbie  pactBopel LICI (= 14 M) u NaClOs (= 10 M), kortopsie
3apeKOMEH/IOBANIN ce0s KaK BOAHBIC dNEKTPosuThl uisi Li 1 Na ncTouHuKoB ToKa
C pacuIMpeHHbIM OKHOM  3JeKTpoxumuieckoit cradumsHocTH  (O2C),
coorBerctBeHHO  [7,8].  Bce  aKcmepuMEHTBI Uit JOCTOBEPHOCTH
BOCTIPOM3BOAWIIMCE MO 2 pa3za. DiekTpoxumudeckue ucnbiTanus LIBA Obun
BeIMONTHEHB! Ha mpubope Biologic SP-300. Jlnst uccnemoBanust MOpGOIOTHH
MeMOpaH OBbLT KCIIONB30BaH onTHYecKuid MUKpockon Leica DM 6000 M.

3. Pe3yabTaThl M 00Cy:KIeHNE

OcHOBHas WJes JNaHHOW CTaThbM — IOKa3aTh BO3MOXKHOCTH HCITOJIb30BaHUS
OOBIYHBIX MeMOpaH/cenapaTopoB JJs JTOCTOBEPHBIX JTA0OPATOPHBIX HCIBITAHUI
MaTeprajIoB CYMEPKOHEHCATOPOB, a TAKXKe MOKa3aTh CIOCOO CpPaBHEHUS BKJIana
MeMOpaHBI B AIEKTPOXUMHUUCCKUHN OTKIMK MeTtogoM LIBA. Jlnst aToit nenu Obutm
BEIOpaHBI  JIBE KOMMepYeCcKHue [EJUTION03HO-OyMakHbIE ~ MeMOpaH®hl,
WCTIONB3YIONIMECS JJII METAJUI-MOHHBIX Oarapeil Ha BojgHOW ocHOBe: TF4050 m
VL100, a Takxke OOBIYHAS LEJUIIOJI03HO-OyMarkHas (UILTpOBaJIbHAS Oymara
(manee — filter) u oObruHbBI MeMOpaHHbIit GuIbTp Ha ocHOBe PVAF.

ToNmMHI HCCIeTyeMbBIX MEMOpaH, H3MEPEHHBIE MUKPOMETPOM, COCTABIISIOT
50, 80, 140 u 120 mxm mus TF4050, VL100, filter u PVdF, coorBercTBenHo.
CTpyKTypa UeIUTF0I03HBIX MeMOpaH MpeICTaBlIeHa BOJOKHUCTOW COCTABIISIONICH,
KoTopass W o00pa3yeT MOpbl TNpH IEepPeKPelMBaHUM BOJOKOH. Hammenbimas
TOJIIMHA BOJIOKOH JIO BEIMYHMHBI HAHOPAa3MEPHBIX HAOIIOAAeTCs JUII MEMOpPaHBI
TF4050. MemOpansr Filter u VL100 mmeror 6ojiee paBHOMEPHBIE BOJIOKHA C
auamerpom ot 2 1o 20 mxm (pucyHok 1a,b,c). Mopdonoruto u nopucrocts PVAF
¢unbTpa He ynaércs U3ydnTh NMPHU JAHHOM YBEIMUYCHUH, OJTHAKO IPOU3BOIUTEIH
3asBJISET, UTO CPpEAHUI qruaMeTp mop pasBer 450 um (pucynok 1d).
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Pucynok 1- Mukpodotorpadun uccieayeMpix MeMOpaH, OIyYCHHbIC HA OIITUYECKOM MUKPOCKOIIE:

a) TF4050; b) VL100; c) filter; d) PVAF ¢usbtp.

By mUKINYEeCKOW BONbTaMIEepHOM kpuBo# Matepuana Ti3CoTx, kKak u
MHOTHX DJJIEKTPOIHBIX MAaTepUANIOB OO0JaJAIONIMX MEXaHW3MOM HAKOIICHHUS
3apsiia B JBOWHOM 3JIEKTPUYECKOM CIIO€, MPEACTABIAET COO0H MPSAMOYTOJIBHYIO
dopmy [6,8,9]. MemOpana B JaHHOM Clydae WrpaeT poiib cermaparopa H He
JOJDKHA BIHMATH HAa (GOpPMY KPHUBOH TNMPH HU3KUX CKOPOCTSIX pa3BepTKH, IJIe
1 y3uOoHHBIEC OTPAaHUICHUS HE BBIPAXKECHBI.

OpHako mpu OONBLIMX CKOPOCTAX pa3BepTKU (OOJbLIME IUIOTHOCTH TOKA),
rae auddy3noHHbIE OrpaHrueHHs Oojiee BBIpaXKEHBI, MeMOpaHa MOXKET BHOCHTD
JOTIOJTHUTENILHOE COMPOTHBIICHUE MBIKCHHIO COJIbBATHPOBAHHBIX HOHOB OT
MOJIOXKHUTEINBHOTO 3JIEKTPOoJa K OTpHLATeNbHOMY M Haobopor. Ha pucynke 2
npencrasieHsl rpaguku [IBA xpuBbix marepuana MXene B TpexanekTpomHon
sueiike B onekrpoiurax LIiCl u NaClOs Tlpu OTHOCHTENBHO MEAJICHHON
ckopoctH pa3BeépTku (1 MB/C) HabGmogaroTcs NpsMOYTronbHbEIE (JOPMBI KPUBBIX U
MPAaKTUYECKU TIOJIHAsE MX CXOJUMOCTb BHE 3aBUCHMOCTH OT MeMOpaHbl, YTO
CBUJIETENILCTBYET O  HECYIIECTBEHHOM BKJaJe MeMOpaHbl B  TOJHOE
COIIPOTHUBIICHUE 3JICKTPOXUMHUUECKON SUEHKN IIPH TAKOM PEXHME.

JBa oOparumbeix mmka (-152 mB karommeii; + 172 MB aHO#mHBI),
MPOCIICKUBAIOIINECS TOJIBKO B JIUTUH XJIOPUIHOM 3JIEKTPOJIUTE, COOTBETCTBYIOT
JIe/MHTEKAISIUHA  JeCONbBATUPOBAHHBIX KATHOHOB JIUTHS, YTO TPHUBOAHUT K
PE3KOMY M3MEHEHHUIO MEXKCIOEBOI'0 PAcCTOSHUS MEXAY IutactamMu MXene. 1o
HEOOBIYHOE TIOBEJICHHE TO3BOJISCT BHEAPUTHCS JIOTMOTHUTEIEHOMY KOJIUYECTBY
WOHOB JIUTHSI TIPU TOJOXHTENBHBIX TIOTCHIMANIAX, TEeM CaMbIM YBEIWYHBas
KOJIMYECTBO  3allaCeHHOW  3HEPruH, 4YTO  BBIPAXKAETCs B  MOSBICHUU
JOTIOMHUTENBHBIX TMKOB Ha [IBA kpuBoii [10].

[Ipn yBennueHHH CKOPOCTH pPa3BepTKH OoJiee BBIPAKCHHO IPOSIBIISIOTCS
TPAHCHOPTHBIE OTPaHUYEHUS B BJIEKTPOJIMUTE, YTO BBIPAXKAETCS B YMEHBIIECHUU
o01Iell HaKOIUIEHHOM €MKOCTH B IBOMHOM 3JIEKTPUYECKOM CJIO€ M B U3MEHEHUH
(hOopMbI KpUBO#A, MOCKOJIBKY HA0JIIOIAETCSI CY)KEHUE TPAMOYTOIBHON (POPMBI.
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Pucynoxk 2 — [IBA xpussie Matepuana MXene B koHueHTpupoBaHHEIX aekTponutax LiCl (a) u NaClOg
(6), v=1 mB/c, 5" nux.

JlononHUTEIFHOE CONPOTUBIICHUE, HAKIAbIBAIOIIEECs] IMPHU  yBEIMUCHUU
CKOPOCTH pa3BEpTKH, H3-32 TPAHCHOPTHBIX OIrPaHWYEHUIl BBIpaXKaercsi B
«CTJIaXHUBAaHUW» YIIIOB MpAMOyronbHOH ¢opmel [IBA kpuBoit [3,11] 1o
MPaKTUIECKH JUTUTICOMTHON (OPMBI, KaKk BUIHO Ha mpuMepe Marepuana MXenec
memOpanoit PVAF B 00oux anekrponurax (pucyHnok 3). [IBA kpussie ¢ npyrumu
MeMOpaHaMH BBITJISIAT aHAJOTHYHBIM 00pa3oM, HO TIOJIHOW CXOAMMOCTH B
(dopMe KpUBBIX C Pa3THMYHBIMA MeMOpaHaMH NP BHICOKOW CKOPOCTH Pa3BEPTKH
yke He HaOJIro1aeTcs, TakKe Kak B CIydae ¢ Mo CKOpocThio pa3BepTku 1 MB/C
(pucyHOK 2), 4TO 00CYKACHO HIKE.
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Pucynoxk 3 — IIBA kpussie matepuana MXene B konteHnTpupoBannbix anekrpoiurtax LiCl (a) u NaClO4
(6) c memOpanoii PVAF npu pa3inuHbIX CKOPOCTSIX Pa3BEPTKH.

CyuiectBeHHOe pasinuue B hopMe KpuBbIX HaOmogaercs ¢ 10 MB/C u Bbiie
JUI  pa3jiMYHbIX MeMOpaH, OOBACHSIOIIEeCS Pas3IMYHBIM BKIAJIOM B oOIiee
COMPOTHBIICHUE  Mpollecca  3apsga B DIeKTpoiute.  JIMMHTHpOBaHHUE
3apsfa/paspsaa  JBOMHOTO 3JCKTPUYECKOrO CJIOS TOBEPXHOCTH MaTepuala
MXene mnpu WCIONB30BAaHUM PAIMYHBIX MEeMOpaH OOBSCHAETCS WOHHO-
MPOITYCKHON CITOCOOHOCTHI0 MEMOpaH, 3aBUCSINEH HE TOJBKO OT IOPUCTOCTH U
TOJIIMHBI, HO M OT BO3MOXKHBIX B3aWMOJCHCTBHIA NPOXOMSIINX HOHOB C
MaTepuaioM MeMOpaHbI (JIEKTpocTaTHUecKre, aacopounonnsie u ap.) [loatomy
IIPH MCIIOJIb30BaHUU PA3IMYHBIX MEMOpPaH MPH BHICOKOH CKOPOCTH Pa3BEPTKH MbI
MOXXKeM HaOJNIOaTh HEKOTOPBIH BKIJIAJ JOMOJHUTEIHLHOTO COMPOTHUBICHUS
(pucyHnok 4).

W3 paccMOTpeHHBIX KPUBBIX Ha PUCYHKE 4 BUIHO, YTO MEMOpaHa HA OCHOBE
PVAF npmaer wHaumenbimii Bkimaag B oOmiee  compotuBienue B LiCl
KOHIICHTPUPOBAHHOM 3JICKTPOJIUTE, B TO € BpPEeMs OHA 00JagaeT XyIIIHMHU
mokazaressimu B NaClO4 snextponuTe.
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Pucynok 4 — IIBA kpussie Mmatepuana MXene B koHeHTpupoBanHbix snekrpoautax LiCl(a — 10 MB/c;
b — 100 MB/c) u NaClOa (¢ — 10 MB/c; d — 100 MB/c) ¢ pasnnaasiMu MmemOpanamu, 5 muki.

VYBenuuenue Bkiaga memOpansl Ha ocHoBe PVAF B oOriee compoTuBieHue
MIPU CMEHE DIIEKTPOIIUTA MOXKET OOBICHATHCS KaK Pa3IMYHBIM B3aUMOACHCTBHEM
Na* u ClOs moHOB ¢ MaTepuasioM MEMOpPaHbI, TaK ¥ HX PA3IHYHON MPOIMYCKHOM
CIOCOOHOCTBIO B THIIPATUPOBAHHON (opMe uepe3 Mopsl MEMOpaHbl B CPaBHEHUU
cLi*uCl.

Kommepueckass memOpana TF4050 B nuTHeBOM »3ieKTpoiuTe oOnamaeT
HEMHOTr0 OOJIBLINM CONPOTHBIICHHKE 110 cpaBHeHuIO ¢ PVAF, onHako B HATpHEBOM
JNEKTPOJITE OHA WMMEET HAWIydllhe MoKa3aTenu (PUCYHOK 4, CHHSS KpuBas)
MO3TOMY, B HAlleM CIIydae OHa SBIISeTCs Oosee yHUBepcaabHOW. MeMOpaHbI
VL100 u oObraneii Gubtp (filter) nmeroT Hauxy/mme mokasaresiu B TUTHEBOM
AJIEKTPOJIUTE M CPEIHUE TOKa3aTeNll B HATPHUEBOM JIIEKTPOJIUTE (OTHOCHUTEIHHO
JPYTUX BHIOpAHHBIX MEMOpaH).

Hcxons u3 mpoBeAeHHOTO MCCIEAOBAaHHS, MOXKHO C YBEPEHHOCTBIO CKa3aTh,
YTO BBIOpAHHBIE LEIUIIOJIO3HO-OyMakHbIe MEMOpaHbl, KAK KOMMEpYecKue, TaKk 1
OOBIYHBII TOPHUCTHIH GUIBTP, a TarKke MeMOpaHa Ha ocHoBe PVAF npuromusr mis
AIIEKTPOXUMHYECKOTO HCCIICAOBAHHUS MATEepUaioB CYNEPKOHICHCATOPOB MpHU
HU3KUX CKOpOCTSX pas3BepTku MetogoM LIBA. Opnako mpu wuccnenoBaHUU
CKOPOCTHBIX XapaKTePHCTHK 3apsijia/pa3psaa v Jsl [UITENFHOTO ITHKIUPOBAHUS
HEOOXOJIMMO HCITONIb30BaTh  CIIEIMAIH3UPOBaHHBIE MEMOpaHbl JUIsi MeTalll-
WOHHBIX Oatapeil (Ha OpraHUYecKOW WM BOJHOW OCHOBE), MPUYEM UIS KaXKIOTO
KaTtuoHa OynyT cBou TpeboBaHuA i1 MeMOpanbl. MccnenoBannas MmeMOpaHa Jist

31



KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

¢unbTpoBanus Ha ocHoBe PVAF Takke mpurogHa B KadyecTBe cemaparopa Ui
JeTalbHOTO UCCIIEIOBAHUS TUTUH-NOHHBIX CYNIEPKOHACHCATOPOB.

4. 3akn04eHue

B pabotre mokaszaH cpaBHUTENBHBIH aHAIN3 MeMOpaH Ui METajul-MOHHBIX
CYNEpKOHIEHCAaTOPOB Ha BOAHOM ocHoBe. [loka3aHo, 4TO BUA MeMOpaHbI
CYIIECTBCHHO BIIUSIOT HA 3JICKTPOXUMHUYECKHH OTKIMK B CBSI3H C BO3PACTaHUEM
BIIMSIHUSI TPAHCTIOPTHBIX OTPAaHHYEHHUN B DJICKTPOJIMTE MPH BBICOKHX CKOPOCTSIX
pa3BepTKU WM IUIOTHOCTAX TOKa. [loka3aHO, YTO BO3MOXKHO HCIOJb30BaTh
MOIpYYHbIE MEMOpaHBl KaK MOPHUCTHIA IEIUTF0NI03HOOYMAKHBIA (BT WIIH
¢unetp Ha ocHoBe PVAF i  mpeaBapUTENbHBIX — AIIEKTPOXUMHUYECKHX
WCCIEIOBAaHUN MaTepHajoB CYMEpPKOHJEHcAaTopa IPH HHU3KUX CKOPOCTSIX
pa3BepTKH, Iie MeMOpaHbl HE BHOCAT CYILIECTBEHHOIO BKiIaga. OUIbTp HA OCHOBE
PVdF mnaubomee moaxomuT sl JAETalbHBIX HCCIENOBAHAN MaTepHAIIOB
cynepkonaeHcaropo B BogaoM LiCl anexrponure.

®uuancuposanune: JlanHoe wuccrnenosanne QuHancupyercs KomureToM Haykn MUHHCTEpCTBA
obpasoBanus 1 Hayku PecniyOnuku Kasaxcran (rpaat Ne AP09058354).

Buaaroagapuoctu: Bripaxxaem Omaromapuocts Nippon Kodoshi Corporation 3a mpemocTaBienune
mem6pan TF4050 u VL100.

Konduukr nurepecos: B paGore oTCyTCTBYET KOH(IMKT HHTEPECOB MEXK/LY aBTOPAMHL.

CVYJIbI 9JIEKTPOJIMTTEP HET'T3IHAEI'T CYIIEPKOHAEHCATOPJIAPT'A KAKET
MEMBPAHA YIIIH MATEPUAJIABI CAJIBICTBIPY ) KOHE TAHIAY

O.111. Kayvinoaii, K.M.Manowioaes, T.B.Kan, M.K.Kuamoesa, C.T.Koxmemosa,
A.I1.Kypbamos, @.H.Manvuux”
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aHOJ), OJJISKTPOJIUT, MeMOpaHa »>KoHe JeHeHiH o3i. Makcamvi.MeMmOpana / cemapatop — Oy
CyHepKoJIeHCcaTOpIap MeH OaTapesuiap CHUSKTBI JJEKTPOXMMHSIIBIK SHEPrHsi KOHMalapblHBIH MaHBI3/bI
Kypamzaac Oemiri. Aumaiima, akkyMmyJsiTopiapiaH adbIpMaIlbUIBIFBI Oip CEKyHJI IIIiHAe 3apsaTayra
GOJIaTBIH CYNEPKOHACHCATOPIAP YIIIH 3apsATHIH/PaspsATHIH JKbUIAMIBIK CHUIIATTaMalIapblH IICKTCHTIH
TachblMaliay TPOLECTepl aHAFypJbIM alKblH, COHIBIKTAH OJlapFa MeMOpaHaJapIblH MaTepHalbl MEH
KEYeKTUIIrH erKeH-TerKeli TaHaay ychlHbUIansl. Makcamel. JKyMpIcTa IUKIIIK BOJIBTAaMIICPOMETPHS
siciMeH MeMOpaHaHBIH KOCHIMINIA KeJIepTiciHiH yieciH Oaranay oici kepceTiireH. Homuowcenep.Op Typii
Kalbuty >kbuLamMabIFbiHIarsl (1-gen 100 MB/c-ka neifiH) HUMKIAIK BOJBTAMIIEPOMETPUS 3epTTeyliepi
TOMEHT1 KalbUTy KbLIIaMABIFBIHIA MEMOPaHAHBIH JKAJIIbl AJIEKTPOXUMHSIIBIK PeaKIUsira aiTapibikTait
yJieci JKOK eKEHiH KOpCeTTi, ajaiiia »OFapbl alblUly KbULIAMIBIFBIHAA OJapIblH alTapibIKTail acepi
OalikanmaJpl, OJ AJIEKTPOJMTTEri TachIMajjgay IPOLECTepiHiH KochIMINa Kkexeprici. 4 MeMOpaHaHbI
canbicThipMalibl Tanmay Hotwkecinge: TF4050 sxome VL100 wnemmonosa-kara3 cemaparopsl (Nippon
Kodoshi Corporation, JKamouwmst); cysri karasst — "OOO melior XXI" kex Ttacmacer (filter);
nonuBuHIIHAeH(TOpUN Herizinneri cysri (PVAF) (Durapore ® Membrane Filter), PVDF wnerizinneri
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kanbikkaH LiCl epitinaizeri MemMOpaHa €H a3 KOCHIMIIA KapChUIBIKKA W€ CKSHIIr aHBIKTAJIbI, al
KOHIeHTpauusutanran  epitingize  NaClOs —  TF4050.  Kopwimeinowr.XKanmel, — anjgbiH-ana
JNIEKTPOXUMUSIIBIK 3ePTTEYIIEp YIIiH apHaiibl jxacanFaH MeMOpaHanap/sl emec, Oenrini Oip xaraaiinapaa
MMIPOBH3ALMSIIAHFAH CY3TLIep i KOJIIaHy MYMKIHJII KepCeTiareH.

Tyiiinai ce3mep: MeMmOpaHa, LMKIOBOJIBTAMICPOMETPHUS, TachIMaliay IpoLecTepi, MeMOpaHaIbIK
KapCBUTBIK, CaIBICTHIPMAIIBI TAIAAY

Kayvinoaii Onorcac Illvinzvicynot Xumusa mazucmpi, Kiuti o1161MU Kbl3MEmKep

Manowvivaes Kaiivipzanu Mypamoguu Xumus mazucmpi, Kiwi 2b116IMu Kbl3memkep

Kan Tamvana Braoumupoena Xumust baxanaspi, Kiui 2blibIMU KblzMemkep
Kusamoea Mapacan Kyanviuubaesna Xumusa mazucmpi, Kiuti 2ol161MU Kbl3MEmKep

Koxmemosa Cayne Tancamosna Xumus mazucmpi, Kiwi 2bl1biMu Kbl3mMemkep

Kypoamos Anopeii Ilemposuu Xumus 2anvimoapwinsly OOKmMopi, npogeccop
Manvuux @edop Hzopesuu PhD ooxmop
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TRANSPASSIVE AND ABNORMAL DISSOLUTION OF TITANIUM
ELECTRODES IN HYDROFLUORIC ACID AQUEOUS SOLUTION

R.N. Nurdillayeva®, Sh.D. Abdukamalov’, A. Bayeshov?

'Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan
2D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, Kazakhstan
E-mail: raushan.nurdillayeva@ayu.edu.kz

Abstract. Introduction. One of the urgent problems of electrochemistry is the reuse of the
production waste of a relatively expensive metal — titanium, which’s in demand in mechanical, aircraft,
cosmonautics, nanotechnology, and other industries. The purpose of this work is to study the abnormal
cathodic and transpassive anodic dissolution of titanium in a hydrofluoric acid solution. Methodology. The
electrochemical dissolution of direct current polarized titanium in HF solution is shown. The electrode
spaces are separated by an anion exchange membrane. The electrolysis has resulted in forming of titanium
Ti** in the anode, while the cathode space has included Ti®** due to titanium chemical dissolution. The
influence of main electrochemical parameters has been studied. Results and discussions. The current
efficiency of anodic dissolution has risen with an increase in the current density, its maximum value
(82.5%) has been observed at 800 A/m?. The current efficiency has been raised by changing the HF
concentration from 0.1 to 0.6 mol/l, and its maximum value of 78% was observed at 0.6 mol/l. Titanium
dissolves by forming Ti%* along with Ti** in the anode with an increase in temperature. In this case, Ti*
current efficiency decreases up to 48% while Ti%* apparent current efficiency increases. With an increase
in the electrolysis duration to 2.5, the current efficiency decreases to 47.6%. Conclusion. The kinetic
parameters of the electrode process have been determined: reaction order (~1) and activation energy
(55.34 kd/mol). The value of the activation energy reveals that the reaction proceeds in the kinetic regime.

Keywords: electrolysis, titanium electrode, hydrofluoric acid, titanium fluoride, abnormal
dissolution, transpassive dissolution.
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THUTAH 3JIEKTPOJATAPBIHBbIH ®TOPCYTEK KbIIIKbIJIBIHbIH CYJIbI
EPITIHAICIHAETTI TPAHCIIACCHUBTI )KOHE AHOMAJIb/IbI EPYI

P.H. Hypoinnaesa®, I1I]]. A6dyxamanos *, A. Baewog *

'Kooica Axmem Hccayu amvindazvl Xanvikapanvix kazax-mypix yuusepcumemi, Typxicman, Kazaxcman
2]1.B. Coxonbexuii amvinoazer Kanapmaii, Kamanus sicone Dnexmpoxumus Uncmumymor AK,

Anmamul, Kazaxcman

E-mail: raushan.nurdillayeva@ayu.edu.kz

Tyiiinaeme. Kipicne. MarnHa xacay, aBUaTEXHHKa, FapbIL, HAHOTEXHOJIOTHS YKOHE 0acKa J1a @HEepKaCiIl
cajlanapblH/ia YJIKeH CypaHbICKa He, CaJbICThIpMalbl KbIMOAT METalll — THUTAHHBIH OHAIPICTIK
KaJJIBIKTaphlH Taijjara acblpy Kas3ipri TaHAa SJIEKTPOXMMUSIHBIH ©3€KTI MocenenepiHiy Oipi Oobim
TabbuIafibl. 3epmmey Mmaxcamol: (PTOPCYTEK KBIIKBUIBIHBIH EPITIHAICIHACT] THUTaH SICKTPOBIHBIH
aHOATHIK ayMaKTa TpPaHCIACCUBTI jKaFjaiila »KOHE KaTOATBIK ayMaKTa aHOMAlbIbl €pyiH 3eprTey.
Odicmeme. TypakThl TOKIICH TMOJSpU3AlMsUIaHFAaH THUTaH dnekTpoapinbiH  HF  epitinniciageri
JNEKTPOXUMUSUIBIK €pyl KOpCETUIreH. DIEeKTPOATHIK KEHICTIKTEp AHMOHHUTTI MeMOpaHaMeH OemiHi.
DnexTponus motwkecinge Ti** WOHmapel, am KaTox KeHIiCTIriHAe THTAHHBIH XMMHSIBIK epyiHe
Gaitnanpictel Ti%* noHmapwl TysineTiHi anbiKTanasl. Homuodicenep swcorne manday. TOK THIFBI3IBIFBIH
apTThIPFaH/ia aHOATHIK MNOJIPU3ALMSIAHFAH TUTAH epYiHIH TOK OOMbBIHINA MIBIFBIMBI APTHIN, OHbBIH
MakcHMaIasl MoHi (82.5%) 800 A/M? Tok THIFBI3ABIFEIHAA Oaikammsl. HF xonmenrtpamuscea 0.1 - 0.6
MOJIB/JI apajbIFbIHAA ©3[ePTKEeH/Ie TUTAH epYIHiH TOK OOMBIHIIA IIBIFBIMBI JKOFApbUIAll, OHBIH MaKCHMal
MoHi 0.6 MOIb/1 KOHLeHTpauusa 78%-1bl Kypaasl. TemrepaTypaHbl ®KOFapbUIaTKAHA AaHOATBIK ayMaKTa
tutan snexrpoasl Ti** monnapeiven xoca Ti®* MoHmapbin Ty3e eputiHairi anbikranasl. byn kesme Ti**
HMOHJAPBIHBIH TOK OOWBIHINA IIbIFBIMBI 48%-Fa JeHiH TeMeHerN, an Ti%* HMOHJAPBIHBIH KOpaMall TOK
OOMBIHIIA INBIFBIMBI €NIEYJI apTaThIHIBIFBl KOPCETULAl. DNEKTPOIM3 Y3aKTbIFbIH 2.5 caraTka JeiiH
apTThIpFaHa TOK OOMbIHIIA WIBIFRIMHBIH 47.6%-Fa neiiin TeMeHuelmi. KopvimvlHobl. DIEKTPOITHIK
MPOIIECTIH KMHETHKAJBIK MapaMeTpiiepi: peakuus pertimiri (~1) MeH aktuBTeHIipy sHeprusicel (55.34
k/DK/MOJB) aHBIKTANIbl. AKTUBTEHIIPY DHEPTUACHIHBIH MOHI DPEaKUHSHBIH KHHETHKAJIBIK PEXUMIC
KYPETiHIH KepceTe/i.

TyiiiH ce3aep: >JIEKTPOIN3, TUTAH JIEKTPOIBI, PTOPCYTEK KBIMIKBUIBI, TUTAH (TOPHIi, AHOMAIBIEI epy,
TPAHCIACCHUBTI epy

Hypoinnaesa Paywan Hypoinnaxpizer  Xumus 2bliblMOGPLIHLIH KAHOUOAmMbI, npogheccop

Aooykamanoe Illaxsaod Jayremynot TMO05324-Xumuss ~ 6inim  bepy — 6a20apramacbiHbly
Mazucmpanmol
Baewoe Aooyani Xumus evineimoapeinbiy dokmopul, npogeccop, KP ¥FA
Axademuei
1. Kipicme

TutaH — KubIH OANKWTBIH, WUNTIILNTITT JKOFaphl, >KeHIT MeTayul. Temipre
KaparaHna 1.75 ece *eHiJI, JIeTeHMEH THTAaHHBIH OEpIKTIri TeMip/iKiHe KaparaHa
4 ece xorapsl, 0anky Temneparypacsl 1668°C [1]. KanbsinTsl sxaraaiiia oi THTaH
JUOKCUJIIHIH KOPFAHBIII IUICHKACHIMEH KallTajlfaH, COHBIH apKachblHOa TUTaH
ciiTiiepaeH 0Oacka KeINTereH opTajapja KOppo3usfa Te3iMii, JereHMeH
¢dropcyTek KbIIKbUIBIHBIH 1%-1bIK epITIHIICIHIH ©31H1e KapKbIHIbI €pHIi, OYJI
EpeKLIENiK TUTAaHHBIH (TOPHI HOHAAPHIMEH KeIIeHlI KOCBUIBICTap TY3yiMeH
Tycinaipineni. Kenrteren KpIIIKbUIAApAa, TINTI HaTia CYHBIFBIHIA €piMEH],
(dbropuaTi KBIIKELIALI opTaga TiFs Ty3e oTeipein epumi [2].
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Tutan Ttaburarra Tapainybl OoHbiHIIA 9-opbiHAa. JKep KbIPTHICBIHIAFBI
canmak meepi 0.57% [3]. Taburarra keH Tapajica Na, Kas3ipri TaHaa OHBIH
KpIMOAT MeTanfap CaHaThlHa eHyiHIH cebebi — THTaH eH#ipici Typii
TEXHOJIOTHSUTBIK, KHBIHIBIKTAPMEH >KOHE YJIKEH IIBIFBIHAAPMEH iCKE achIpbUIAIbI.
Ocpl cebenTi TUTaH KaNIbIKTapblH OHACY OHE OJapbl Naigara acelpy — ©3€KTi
MacenenepAiy Oipi. bipak KanmelKTapapl eHaey O0ipa3 KUBIHIBIKTAD TYFBI3AIbL,
cebebi TuTaHHBIH O0anKy TemIepaTypachl JKOHE arpecCHMBTI OpTaiapra
TYPAaKTBUIBIFBI ©T€ XOFapsl [4].

TutanHblH (GTOPCYTEK KBIIKBUIABI OPTAaNaFbl 3JIEKTPOXMMUSUIBIK €pyiHe
OallTaHBICTBI JKYMBICTAp MEH OJeOHeTTep JKOKTHIH Kachl, IeTeHMEH Oacka
KBIIKBUIIApDMEH KhIIIKbUIIAHFAaH (PTOPUATI OpTafarbl TUTAHHBIH aHOATHIK €pyi
OoiibiHIa Oipkatap JxkymbicTap Oap [5-6]. OcCBbl BIEKTPOXUMUSUIBIK —€py
HOTIDKECIHIE  aNbIHYBl ~ KYTUIETIH THUTaH  (QTOPHUATEPiHIH  KaCHUETTEpiHe
OaifmaHpIcThl eHOekTep ne Oap. Mreicamsl, P. M. Jlxebactu xone P. Bumus o3
3epTTeyiepiHne TUTaH (GTOPUATEPiHIH MeXaHWKalblK Kacuertepin [7], an, C.
Kanr TiF3 xxone TiCls yHTaKTaphIHBIH CyTeTiMEH opeKeTTecy OeICeHIUTIriH KaH-
xakTel 3eprrereH [8]. CoHmaii-ak, THTAHHBIH TYPJi OPTaJarbl aHOIATHIK CPYiHIH
3aHABUIBIKTAPBIH 3epTTEy OOMBIHINA JKYPri3iireH xkxyMeIcTap na 6ap [9-14]. bizaix
QNJIBIHFBI  3ePTTCYNEPIMI3I  KapacTBIPAThIH 00JICAaK, KYKIPT KBIIIKbUIBIMECH
KBIIIKBUIIAHFAH Kanuid OpOMUI epITIHAICIHIE aHOATH MOJIIPU3AIMIIAHFaH
TUTaH epyiHiH TOK OOWBIHIIA IIBIFBIMBI 1.8%-11aH acalThIHBI aHBIKTaIFaH [4].
Ochl 3eprTeyjiep KOTEpreH Maceile — TUTAaH KOCBUIBICTAPBIH ©HIPICTIK
KaJJBIKTapiaH eHIIpy TEXHOJOTHACHIH Xacay i3aeHici. An, O. b. baemos nen
OHBIH IIOKIPTTEPiHiH TUTaHFa OallIaHBICTHI 3ePTTEYJIePiHiH FHUIBIMH JKaHAIBIFBI —
aifHBIMAJIBl TOKIIEH MOJISIpU3alMsIIaHFaH TUTAHHBIH TaJOTeHU/ITI opTaja epyi [15,
16]. [erenMeH, THUTaHHBIH aWHBIMAIBI TOKIEH MOJSPH3ANMIIAHYbl Ke3iHAeT]
MpOLIECCTEPAl JKAKChl TYCIHY YIIIH TYPaKThl TOKIEH HOJISIpU3alMsIaHFaH
TUTAHHBIH €PYiH aJIbIH-aJIa 3ePTTeY KOKETTIITT TYbIHAaHIbI.

2. JKCNepUMEHTTIK 06J1iM

TuTaHHBIH TPaHCIIACCHUBTI aHOATHIK €pyiHiH TOK OolbiHIIA MIBIFBIMBI (T1)
MEH O3JICKTPOATAPIBIH €py KbULAAMIBIFbIHA (L) — mok mouiebizoviebiubiy (i),
@mopcymex KuluKbLIbl Konyenmpayusaceinoly [HE], anexmponus y3axmoievinvly
(z) xoHe epimindi memnepamypaceinwiy () acepi 3eprrenai. AHOM KOHE KaTOM
MaTepHaiapbl peTiHAe KaJbIHABIFEI | MM THTaH IJIaCTHHAJIAphl KOJIAAHBUIIBI,
OpKAMCBICHIHBIH keke ayfaaHbl — 1.27-10° M2, DneKTpoim3miH KaTOATHIK KOHE
AHOJTHIK KEHICTIKTEpIHJEC TY3UICTIH HOHIAPJBIH apajacyblH OOJIbIpMay
MaKcaTbIHJA 3JIEKTPOJIM3 KEHICTiri aHMOHUTTI MemOpanamen (MA-40, Peceii)
OemiHAl. DNEKTPOJAUT peTiHAE (TOPCYTEK KBIIKBUIBIHBIH CYyJbl epiTiHaici
KOJTaHbuIbl. DTopcyTeK KBIKBUIBIHBIH IIBIHBIMEH peakiusiacy KadileTiHe
0aliIaHBICTBl KYMBIC IUIACTHKAIBIK YALIBIKTA JKYPri3iiai. DIeKTponu3al xy3ere
aceIpy yuriH TypakTsl Tok ke3i perinae SUNTEK 3000BA (Kpritait) 3epTxananbik
aBrorpancopmaropeina (JIATP) sxanranran KBPC5010 (Kprtait) auoarsr
Keripiieci maiaanaHpusl. TOK THIFBI3ABIFBIH OakpuIan oTeIpy yimia CA3020-2
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(Peceit) ammepmerpi, KepHeynmi emmey MakcaTelHaa B7-78/2 (TaiiBanb)
BOJBTMETPI KOJNIAAHBUIABI (cypem 1). DIEKTPOATAp CAIMAarbIHBIH ©3TepiCiH
anpikTayqa — Shimadzu AX-200 (OKamonus) aHaJIMTHUKAIBIK — Tapa3bl
KOJJAHBUIABL.  JJNEKTpoiuT epitingicingeri Ti**  HOHZapeIHBEIH —MemepiH
aHBIKTayJa IIEPMAHTAHATOMETPHSUIBIK aHamm3 omici [2], an Ti** wommapem
anbikTayaa ¢porokonopumeTpusiibik (KDOK-3, Peceit) omic [17] KonmaHbUIABL

Cypert 1 — DiekTponu3 KypbUIFBICHIHBIH MPpUHIUIHAIB! cxemackl: 1 — JIATP, 2 — nuonTs! kemipiue,
3 — ammiepmetp, 4 — KiiT, 5 — BOIbT™METp, 6 — KaTOA, 7 — aHOM, 8 — AaHMOHUTTI MeMOpaHa.

3. HoTuxkeiep :koHe Ta11ay

ANIpIH-ana KYPTi3UIreH KaH-)KaKThl 3€pTTEyNIep THTAH AJIEKTPOBIHBIH
AHOJTHIK ayMaKTa TPAHCIIACCUBTI €PH OTBIPBIIL, Ti*" HOHIAPBIH, KATOATH ayMaKTa
XUMHUSIIBIK aHOMAJIbJIbI KapKbIHIbI €pyi OpBbIH anbin, Ti%* HOHAApBIH Ty3eTiHiH
KepceTTi. Karonrsl monspusanysuiaHFaH THTaH SJIEKTPOABIHBIH ayMarbIHIaFbl
5JIEKTPOJIUTTIH KYITiH-Xackul Tyci (cypem 1) xoHe aHamu3 HoTwkenepi Tis*
WOHBIHBIH  TY3UIETIHIH KepceTeldi. AHOATH  TONSpU3ALMSUIAHFAH — THTaH
ANIEKTPOJBIHBIH ayMaFbIHJAFbl DJIEKTPOIUT TYCIHIH e3repMeyi jKoHEe aHaIn3
noTrKkenepi Ti** MOHBIHBIH TY31ITeHiH KOPCETTI.

AHOITHIK KEHICTIKTE KaJbINTHI XkarFaaiina Ti*" MOHbI FaHa aHBIKTAIIBL. AHON
oeringe TiO. tysimin (1-peaknusi), TpaHCIACCHBTI >Karjaiija epUTIHIITIH
KepceTedi, JeMek, OyJl Jkarjaija TUTAHHBIH €pyl THTaH JUOKCHUIIH TY3Y
CTAIMACH apKbUIBl (DIEKTPOXUMHMSUIIBIK, COCBIH XUMHMSUIBIK) icke acambl (1, 2-
peakuusiap):

3Ti + 2H;0 — 46 — TiO, + 2H* (1)
TiO2 + 6HF — H[TiFg] + 2H,0 2

AJ'I, KaTOATBHI  MOJIIpU3alvdIaHraH  TUTAHHBIH OKCI/I,I[TiK IIJICHKaChI
TOTBIKCBI3AAHBIII, OHBIH XHWMUAJIBIK epyl OpPbIH aJIaabI. B¥J’I XUMUSIIBIK €pYy
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AIIEKTPONIU3 YPIICIHAE KOCAJIKbl peakmus OOJbIN TaObLIafbl, SIIEKTPOATapAAFHI
HETI3r1 ANEeKTPOXUMUSIIBIK YpIICTep TOMEHJeri TeHaeyiaep OoibiHma xypeni (1
XKoHe 2-peakuusyiapasiH OipikkeH TeHaeyi 3-peakmusiaa kenTipinai). Ocel Kke3aeri
KaTOATHIH Kapa Tyci 4-peakiusja O6OJIHTeH CYTCKTIH THUTaHMEH OpPEKETTECiI
TUTaH TUAPUAIH TY3yiMEH TYCIHIIpineni.

A(+): Ti + 6F — 48 — [TiFg]? E°=+1,190 B (3)
K(): 2H* + 28 — Hat 4

Turan  anektpoaraper 0.5 M dTopcyTekre  TYpakThl  TOKIICH
MOJSIPU3AIMSIIAHBIN, MOK — Mbl2bl30blebinbly  aHOATHIK  epydin  THI  men
AIEKTPOATAPABIH €py JKbUITaMIbIFBIHA ocepi 3eprrengi (cypem 2). Tok
TRIFBIB3ABIFBIH  200-800  A/M?2 apaneirplHAa  aprTeipranga  THI  77-82.5%
apanbIrsiHaa 6asty sxorapbuiaasl (1-xuceix). TI < 100% 601ysl KOCBHIMIIIA OHIM —
oTTerinin Goninyine GaitmansicThl. i < 200 A/M? kesinae Ti®* mongaps! na Ty3inmi.
A i > 800 A/m? kesinge TII Tomenneni. Connaii-ak, nonspusanussantaran (v°)
TUTaH MEH aHoAThI V(A) koHe karonTsl V(K) monspuzanusianrad TutanabH 0.5
M (ropcyTeKTeri epy KbUIIaMABIKTaphl caablcTIpbuLab: V0= 320 r/M%-car., TOK
ThIFbI3ABIFBIH 200-1000 A/M? apansirsiaaa keteprenae v(K) 228-416 r/m?-car. (2-
gucolx), an v(A) 69-349 r/m?car. (3-xucwix) apansirbiHga apTkaH, oyn Tadensb
TeH eyl OOMBIHINA 7 )KOFaphIIATKAH/A MTOTEHIHAIAP/IbIH TEPIC MOHTE BIFBICYBIHA
0aiiIaHBICTHI.

TIII, % |@1) TIHI (Ti**) A2)v(EK) H3)vA) v, I/M*car
188 ] TII (Ti**) = 0.0084i + 75.604 - 700

30 g PN L7 S g [0

70 v(K) = 0.2255i + 210.36 - %

gg : ( R2=0.9077 | Eevererss"" B ;% - 400

40 4 e G SR "k 300

o0 T e S(A) — 0.3751i - 7.4803 200

10 . > " R2-09994 [ 100

0 — 0

0 200 400 600 800 1000

ToK TBIFBI3IBIFEI 1, A/M?
[HF] = 0.5 M, t=0.5 car., t=25°C

Cypert 2 — TuraH 321€KTPOATAPLIHBIH €pY JKbULAAM/IBIFBl MEH aHOATBIK €pYyiHIH TOK OOMbIHIIA
IIBIFBIMBIHBIH TOK THIFBI3IBIFbIHA TOYEIALIITI.
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200 A/M? TOK TBHIFBI3IBIFBIHAA THTAH SIEKTPOATAPHIHBIH epy KbUITaMIBIFBI
MeH aHonTel epydiH THI-Ha ¢hmopcymex KbluKblibl KOHYEHMPAYUCHIHBIY dCEpi
seprrenai (cypem 3). Konnentpanustsr 0.1-0.6 MOJTB/IT apanbIFbIH/A 63T€PTKEHIC
tuTaHHbH aHoATHIK epyiHiH TI 27-nen 78%-ra (l-xucwix), v(K) 50-men 241
r/m?-caratka (2-xucwolx), an v(A) 24-ten 70 r/m*-caratka neiiH (3-KucbiK) apTThI.
®DTOPCYTEK KBIIIKBUIBI KOHIICHTPALMSACHIHBIH apTybl THTAaHHBIH €pyl YIIiH
KOJIaIbl sxaraai Tyabipansl. OChl TOYENIIKKE COWKEC aHONTHIK epyAiH (Topua
noHAapbl OoibrHma pertimiri 0.87-re (~1) TeH OOMAaTBHIHBI AHBIKTAIABL AJI,
¢dTopcyTekTiH KoHLeHTpauuschl 0.6 MOJIB/JI-IeH KOFaphl OOJIFaH/IA, a3 MeJIIep e
Ti® wmonmapblHBIH Ty3iireHi Oaiikanapl, Oyl TUTAHHBIH XUMHSJIBIK €pireHiH
KepceTesi.

TII, % (@) TIII (Ti*) A2)vwXK) H3)vA) v, I/M*-car
gg ] THI(Ti**) = -316.14i% + 316.72i + 0.1058 [ 2(5)8
70 - RJ:Ofsz&l} “)":-45E8 ;s'izu'}ms 72i-16 85: 300
60 1 > R? = 0.9983 © 150
50 - e O S 2 C 200
40 - e T > - 150
30 < e V(A) = -282.34i2 + 282 861 + 0.0945[

0] I .= R? —0.9878 - 100
10 ] : ...... Beaeeeeeret [ Beaeeeenes Weoereaess 3 : 50

0 —_— . —_— 0

0 0.1 0.2 0.3 04 05 0.6
[HF], mons/i

iti = 200 A\M2, ©=0,5 car., t=25°C

Cypet 3 — TuTaH 31€KTPOATAPBIHBIH epPY KbLUIIAMIBIFbI MeH aHOATHIK epyiHiH TIL-HbrH dTopcyTex
KBIIIKBITBI KOHIICHTPALUSICBIHA TOYEIIIITI.

Toxk ThIFBI3ABIFEL 200 A/M?, (TOpPCyTEK KhINIKBUIBIHBIH KOHIIEHTpausIchl 0.5
MOJIb/JT  Ke3iHmeri aHoAThIK epymiH TIHI MeH aiekTpoaTapiblH — epy
KBUTAM/IBIFBIHA DJIEKTPOJIAT memMnepamypacsinsbiy acepi 3eprrenmi. KampimTer
JKaraiija aHOATBIK KEeHICTIKTeH Ti%* MOHIAaphl aHBIKTAIIFAH JKOK, TEMIIEPATypPaHbl
25-70°C apanbIFbIHAA ©3TEPTKEHAe aHOA Ti°" MOHIApBIH Ty3€ OTBIPHIN, €Y
KbULIaMIBIFbl  69-man 1388 r/m%caratka neifiH apTThl. AN KaTOATBHIH e€py
KbULIaMaplFbl  228-meH 888  r/m*caratka  jeiiH JKOFappUIafbpl.  AHOI
KEHICTIrHAET epITIHAIHIH aHaJIM31 TeMIepaTypaHbl )KOFapblaTKaH1a epiTiHIiIe
6ip yaxeitra Ti%" xone Ti*" nonmapeinbiy Ty3inetinin kepcerti. TemmeparypaHb
25-70°C apanbirbiaa e3reprkenae Ti*t nongapeinbiy Tysityinin T 77%-nan
48%-ra neiiin Tomenzen (cypem 4 a, 1-xucwix), an Ti®t HOHZAPBIHBIH KOPHIMAT
TOK OolibiHIIa MIBIFBIMBI 0%-1aH 1130%-Fa neitin (2-xucwix) apTThi.
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TII, % T
* 70 e 3) TIL (sxainms) a) ) LgTIl 0)
1200 4 |4 2) TIII(Ti*Y) i 3 3.35 E_Fﬂ:34.75 & JlK/MoITh
] s R ) 3.25
1 |m1) THI(Ti)
1000 1 = 3.15 E
800 3.05 =
1 THI(xanms!) = 22.882t - 417.95 { i
600 - R> = 0.9945 2.95 i
1 : - I T'TI(Ti3") = 23.421x - 508.86 285
o P THICT ")R: oS0l ro0ola | 3 25 27 29 31
200 1 e R2=0.8972 =K
0 et Weceaseneas L TTTETrTeN I N Berrrrennns " |

10 20 30 40 50 60 70t, °C
iri = 200 A\w2, [HF] = 0.5 M, t=0.5 car.

Cypert 4 — @ropcyTeK KbIIIKBUIBIHBIH CYJIbI €piTIHAICIHET] THTAHHBIH aHOATHIK OIS PU3AIHSIaHYbIHBIH
TII-HBIH TeMIiepaTypaFa TOYeIIUTIT.

Tok OolipiHma mwbIFEIMHBIH, 100%-1aH  acybl THTaHHBIH (TOpPCYTEKTE
XUMUSUTBIK €pyIMEH TYCIHAIpineai. AJBIHFAaH MAJIIMETTEep HETi3iHJe aHO PEeTiHAe
KOJIIAaHBUTFaH THUTaH JJIEKTPOABIHBIH €py IMPOLECIHIH aKTUBTEHAIPY SHEPTHUSCHI
ecenTeni, OHBIH MoHI 34.75 kJIk/Monb-re TeH OOJIaTBIHBI AHBIKTANBIII,
KAHETUKAJIBIK PSKUM/IC )KYPETiHi kepcetini (cypem 4 6).

Tok TteIFBBABIFE 200 A/M?, 0.5 M (hropcyTeKkTeri THTaHHBIH aHOMATHIK
epyinin THI-Ha snexmponus ysaxmuievinviy acepi 3eprreni. Dnextponusai 0.25-
0.5 carat apanbirbiaa xyprisreaae THI 65-ten 77%-ra neitin apThin, ofaH api
2.5 caratka jeiiH xanracTeipranna 47.6%-ra neliin TeMeHneni. bacrankpiaarsl
TII >xorapeutaysl Ti** MOHIAPBIHBIH OCEPIHEH BJIEKTPOJUT OTKI3MIIITITiHIH
apTybIMEH, aj opi Kapad TOMEHJIeyl THTAHHBIH €pyiHE BIHFAMIbl JKaraan
XKacaWThlH (PTOPCYTEK KBIIKBUIBI KOHIEHTPALUSACHIHBIH peakius OapbIChIHIA
azatopiMeH TyciHmipinni. CoHpaii-ak, 3JEKTPOATAp apacblHAAFbl KepHEYHIiH
OacTankpia SKCoHeHNmanAsl azaiem (0.3 carar imiame 63 B-tam 14 B-xa
NeitiH), cOoHaH COH TypakramnatelHAbIFel (15+1 B) ambikTammel. byn Turan
WOHNIAPBIHBIH ~ KOHIIEHTPAIMACH  JKOFapbUIaFaH/la OTKI3TIMITIKTIH  apTybIHA
0aiiJIaHBICTHI.

4. KopbITBIHABI

DTOpPCYTEK KBIMIKBUIBIHBIH CYJIbI €PITIHAICIHIACTI THUTAHHBIH AHOITHIK €PY
3aHJBUIBIFBl JKOHE aHOMAJbJIbl KaTOATHIK epy epeKImendiri kepceTiuumi. TuTtaH
AQHOJIBIHBIH ~ TPAHCIACCHUBTI  €PYIHIH TOK OOWBIHINA IIBIFBIMBIHA  HETI3Ti
napamMeTpIIEpIiH 9Cepi 3epTTeN . DIEKTPOATAPABIH MakcUMai bl epyi 1000 A/m?
TOK THIFBI3BIFBIHIA TIPKENiN, oJapsiH KeuaaMasrsl V(K) = 416 r/m?-car., v(A)
= 349 r/m*car. GONaThbIHBI aHBIKTAIAbL. Jler€éHMEH TPAHCIACCHUBTI aHOATHIK
epyliH €H JKOFapel TOK OoMbIHINA WBIFBIMEL  (82.5%) 800 A/M?> TOK
TeIFBI3ABIFBIHAA 0.5 M dTopcyTekTe OeiMe TemriepaTypachlHIa TipKenIli, TOK
THIFBI3ABIFBIH OJaH Opi apTTHIPFaHAa TOK OOMBIHINA IIBIFEIMHBIH TOMEHACHTIHI
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Oalikanmel. A, (GTOPCYTeK KBIIIKBUIBIHBIH KOHIICHTPAIMACHIH apTThIPFaH/Ia
TATAaHHBIH YII BAJCHTTI HMOHAAp TYy3€ OTBIPBII epyi A€ Koca KYPeTiHMIri
aHpIKTaAbl. CamanblK JKOHE CaHMBIK Tanjgay HOTHKeJepl aHOATHIK ayMakra
OenMe Temmeparypachinaa Tek Ti**, an sxoraprel Temneparypana 96% Ti®" xone
4% Ti* noHmapBIHBIH TY31IETIHAINH KOPCETTi. AJl, KATOATHIK ayMaKTa THTAHHBIH
tek Ti®* MOHZAPBIH Ty3e EPHUTIHAIrI aHBIKTAIABI. DIEKTPOIMT TEMIIEpPaTypPachiH
JKOFaphUIATKaHAa, XUMUSUIBIK €pYIiH KocapiiaHa KYpyiHe opall 3JIeKTPOATHIH
epyl KypT xorapbuiafbl. DTOPCYTEKTI OpTafarkl TUTAHHBIH AHOITHIK EPYIHIH
peakusi peTi ~1-re TeH OONATHIHBI OHE OHBIH AKTUBTCHIIPY 3SHEPTUSCHIHBIH
34.75 x/I>x/MOIIb €KEHI aHBIKTAIIIEL.

Kapxkbuianaeipy: 3eprrey Koxka Axmer Slcaym arbiHzarbl  XalbIKapaiblK — Ka3aK-TYpIiK
YHUBEPCHUTETIHIIC BIHTAJbBI FBUIBIMH-3EPTTEY JKYMbICTapbIHBIH HieHOepinae xyprizinai (KP ¥MFTCO
tipkenren MemirekerTik Tipkeiny Homipi Ne 0120PKH0185).

Myagejep KaKTbIFbIChI: ABTOpJap OChl MakajaJa ally[bl Tajan €TeTiH aBTopiap apachlHAa
MY/IIENep KaKTHIFBICHI )KOK JIeT MOTiMICHII.

TPAHCITACCUBHOE U AHOMAJIBHOE PACTBOPEHUE TUTAHOBOI'O 2JIEKTPOJIA B
BOJIHOM PACTBOPE ®TOPUCTOBOJIOPOJHOMN KUCJIOTHI

P.H. Hypounnaesa ', IILJ]. A6oyxamanos ', A. Baeuos*

Medicoynapoonwiii kasaxcko-mypeyxuii ynusepcument umenu Xooxcu Axmeoa, Typxecman, Kasaxcman
240 Unemumym monnuea, kamanusa u snexmpoxumuu umenu JI.B. Cokonvckoeo, Anmamet, Kasaxcman
E-mail: raushan.nurdillayeva@ayu.edu.kz

Pe3ome. Bgeoenue. OpHOW W3 aKTyalbHBIX MPOOJEM SIEKTPOXUMHH  SIBISICTCS MOBTOPHOE
UCIIONb30BAaHHE MPOM3BOACTBEHHBIX OTXOIOB CPaBHHTENBHO IOPOTOTO MeTallla — THTaHa,
BOCTPeOOBAHHOTO B MAIIMHOCTPOCHHH, ABHATEXHHKE, KOCMOHABTHKE, HAHOTEXHOJIOTHH H B IPYIHX
OTpaciixX MpPOMBIIICHHOCTH. [lenv  ucciedosanus: U3ydeHHE aHOMANIbHOIO  KaTOOHOTO |
TPaHCIIACCUBHOTO AHOJHOTO PACTBOPEHHsS TUTAHOBOTO 3JIEKTPOAA B pacTBOpe (HTOPUCTOBOJOPOAHOU
KUCIIOTBL. Memooul. IlokazaHO 3IEKTPOXUMUYECKOE PACTBOPEHHE IOIAPU30BAHHOTO MOCTOSHHBIM TOKOM
TUTAHOBOI'O 3JIEKTPOAa B pacTBope (HTOPUCTOro BOJAOPOAA. DIEKTPOAHBIE IMPOCTPAHCTBA Pa3/IENICHBI
aHMOHMTOBOM MEMOpaHOH. YCTaHOBJIEHO, YTO B PE3yJbTaTe HJIEKTPOIN3a B AHOJHOM IIPOCTPAHCTBE
obpasytorcs nonsl Ti**, a B kaTonHOM NpocTpancTBe — HOHBI Ti®* BeleICTBHE XMMHYECKOTO PACTBOPEHHS
TuTana. Pezynemamel u odcysucoenue. Ilpu yBeIMUYEHWH 3HAYEHMS IUIOTHOCTH TOKA BBIXOJ MO TOKY
aHOJIHOT'O PAaCTBOPEHHUS] TUTAHA IOBBILIAETCS, U €r0 MakcUMalbHoe 3HaueHue (82.5 %) Habmomaercs npu
mwiotHocTH Toka 800 A/m2. Tlpu usmenenuu xonuentpamu HF ot 0.1 10 0.6 MO/ BBIXOZ MO TOKY
BO3pacTaeT, M €ro MakcuMaibHOe 3HauyeHue 78% HaOmonganock npu KoHueHtpaimu 0.6 MO/
VCTaHOBIEHO, YTO NIPU IOBBHINICHHNU TEMIIEPATYpPhl THTAHOBBIM 3NIEKTPOJ PACTBOPSCTCS, B AaHOIHOM
[pocTpaHcTBe 00pasys MoHBl Ti°* mapsmy ¢ umomamu Ti**. Ilpu sTom Bbixom mo Toky uoHoB Ti*
cumkaetcst 10 48%, a Kaxyuuiics BrIxosl o Toky noHoB Ti®* suauntensHo Bospactaer. [Ipu yBenuuenun
MIPOJODKUTENFHOCTH JIEKTpOiaM3a 10 2.5 BBIXOJ IO TOKYy CHIKaercs xo 47.6%. 3axuouenue.
OmpereneHsl KHHETHYECKHE ITapaMeTphl 3IEKTPORHOIO IpoLecca: MOpAmoK peakiuu (~1) u sHeprus
aktuBauuu (55.34 x/Dx/Monb). 3HaueHUE SHEPrMU aKTHUBAIMM YKa3bIBA€T HA NMPOTEKAHHUE pPEaKLHu B
KHHETHYECKOM PeKHMeE.

KiioueBble cjioBa: 37IEKTPOJIN3, TUTAHOBBIH 3J1€KTPOJ, (PTOPUCTOBOAOPOIHAS KUCIOTA, (PTOPH] TUTAHA,
aHOMAJIbHOE U TPAHCIIACCUBHOE PACTBOPEHHE
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INVESTIGATION OF THE WETTING EFFECT OF SURFACTANTS OF
VARIOUS NATURE IN THE BITUMEN COMPOSITION
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Abstract. Introduction. Asphalt concrete coverings are short-lived and are destroyed under the
influence of the external factors. The insufficient degree of adhesion at the interface between the
bituminous binder and the hard surface of the mineral material causes a low hydrophobicity of asphalt
concrete coatings, which is the main cause of damage and premature wear of the roadway. The purposeis
to establish the influence of various modifiers on the processes of wetting the surface of crushed stone
with a bituminous composition, as well as to study the regularities of the influence of modifiers on the
hydrophobicity of bituminous films.The methodology of this work included experimental determination of
the wetting contact angle 6 of a solid surface by the lying drop method at T=298 K.Results.Increasing the
AC-2K content in bitumen from 0 up to has 1% reduced the contact wetting angle by 11.31° (relative to
the base version without the modifier) to 114.35°. The AC-2 modifier contributes less to improving the
wettability of the surface of the basic crushed stone with bitumen; with Cm=1%, the contact wetting angle
is reduced to 118.68°. The amino derivative AC-2K (Cm=1%) has the greatest water-repellent effect
among the studied modifiers, increasing the wetting edge angle up to 99.07°.Conclusion. The ultrasonic
cavitation-derived AC-2K can be recommended for use in asphalt concrete coatings as an adhesive
additive, which provides a good wetting effect of bitumen in relation to the surface of the mineral filler
while also increasing the hydrophobicity of bitumen films.
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1. Introduction

The most common type of road coverings are asphalt-concrete mixtures
based on bitumen. One of the most important requirements for the road bitumen
properties is a high adhesive ability, which allows the mineral filler particles to be
retained. Furthermore, bitumen, which fills cracks on the surface of mineral
particles, has water-repellent properties and prevents moisture from destroying
the mineral structure of the material [1-2]. Inadequate adhesion at the interface
between the bituminous binder and the hard surface of the mineral material causes
low hydrophobicity of asphalt concrete coatings, which is the primary cause of
roadway damage and premature wear [3]. The inability of bitumen to wet mineral
material results in a low adhesion. This is especially true for acidic crushed stone
[4].

Bitumen composition contains a variety of functional groups, allowing it to
be modified with various additives. The addition of various modifying agents to
bitumen can intensify the processes of wetting the solid surface with bitumen and
increase the hydrophobicity of the surface, films formed by it [5-10].

Polymer additives are currently of great interest in terms of bitumen
modification. This is primarily due to the fact that synthetic polymer material
production is increasing at a rapid pace each year. Another important
consideration is that the process of modifying bitumen imparts useful properties
in the operation of road surfaces, which are typical of polymers: elasticity,
ductility, strength, and resistance to aggressive environments [11-12]. Polymer-
bitumen binders (PBB) have been widely used in advanced countries over the last
15-20 years; in Europe, this figure is around 20%, while in the US, it is around
15%. The use of PBB in the production of asphalt mixes extends the service life
of coatings and lowers the cost of road repairing [13]. Meanwhile, Kazakhstan is
rich in raw materials and has a large amount of petrochemical wastes, which
allow for the synthesis of surface-active modifiers with the possibility of using
them as cheap, effective, and competitive additives in bituminous compositions.
The addition of modifiers to asphalt concrete coatings improves the performance
characteristics such as frost and heat resistance, hydrophobicity, and strength.
Adhesive polymer additives help to improve a binder distribution on the surface
of the mineral filler [14-18].

Thus, the addition of modifying additives allows for fine-tuning of the hard
surface wetting processes and influence of the hydrophobic properties of
bituminous coatings.

The goal of this study has been to determine the effect of various modifiers
on the wetting processes of bituminous compositions.

This has necessitated a research into the wetting processes of various mineral
fillers, depending on the quantitative content of the polymer in the bitumen; -
research into the regularities of the influence of modifiers on the hydrophobicity
of bitumen films.
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2. Experimental part

Viscous road bitumen of the BND 90/130 brand (GOST 22245-90) was used
in the study. We used:

- mineral filler-crushed stone of two different types: acidic alaskite (red
granite crushed stone) and basic dolomitized limestone (gray crushed stone);

- the following modifiers:

1. polyphenylsiloxane (PPS) (GOST11066-74);

2.mamine-derived surfactant AC-2, obtained by amination of cubic
petrochemical residues KON-92 [19].

3. amino derivative of the surfactant AC-2K, synthesized, using the same
method as AC-2, but with the addition of ultrasonic cavitation.

The surfactant AC-2 was prepared in accordance with TU 655-RK
05606434-001-2000 and the recommendations in the patent link [19]. The
reaction of carbamide amination of cubic residues of KON-92 (a mixture of
esters, organic acids, and alcohols) in the presence of glacial acetic acid was the
basis for the synthesis. One part of glacial acetic acid was added to ten parts of
KON-92. The reaction mixture was brought to a boil and held for 5 minutes. After
that, 5 parts of urea were added. The mixture was separated in a dividing funnel
after cooling (the target product was the upper fraction). AC-2K, a surfactant, was
synthesized, using the same technological scheme, but with the addition of
ultrasonic cavitation. The frequency was kept constant at 60 kHz.

The wetting contact angle, defined as the angle between the solid surface and
the tangent at the point of contact of the three phases, was a criterion for
experimentally determining a wetting capacity of the liquid (Figure 1 a, b).

a b
Figure 1 — Images of a drop on a solid surface: a —a drop of water on a bitumen film; b-a drop of bitumen
on the surface of crushed stone.

The lying drop method was used to measure the contact angles of wetting the
surface of bitumen films with water. The effect of the additive concentration in
bitumen on the wetting processes was investigated using an ACAM series device.

3. Results and Discussion

The quantitative contents of modifying additives have an effect on the
wetting index of crushed stone of various types, as shown in Figures 2-3.
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According to the results of the analysis, the surface of the crushed stone is
lyophobic to bitumen. The edge angle on the surface of red granite rubble is
126.87° in the absence of modifiers in bitumen, and 125.66° in the case of gray
rubble. The greatest wetting activity of the modifiers is demonstrated in relation
to the basic nature's surface. Modifier concentrations of 1% account for the
maximum wetting effect (the minima in Figure 2, curves 1, 2, 3). A comparison
of the depth of the extremes at a given concentration (Cn=1%) reveals that the
greatest decrease occurs in the presence of AC-2K. Thus, increasing the AC-2K
content in bitumen from 0 up to 1% has reduced the contact wetting angle by
11.31° (relative to the base version without the modifier) to 114.35°. The AC-2
modifier contributes less to improving the wettability of the surface of the basic
crushed stone with bitumen; with C,=1%, the contact wetting angle is reduced to
118.68°. When modifying bitumen, PPS has recorded a significantly smaller
decrease in the wetting contact angle at a higher concentration (Cn=2%) - by 2.4°
(from 125.66° up to 123.26°).

130 e’o

116 +

114 4

|
- Cm, %

Figure 2 - The effect of the modifier concentration on the contact angle of wetting of the surface of
crushed stone of basic (1, 2, 3) and acidic (4, 5, 6) nature: 1,4 — AC-2K; 2,5 - AC-2; 3, 6 — PPS.

Outside of these concentration zones (Cn>1%), there is a significant increase
in 0 for the composition of bitumen with two types of amino derivatives, as well
as a significant decrease in wetting. As the concentration of AC-2K in the
composition has increased (over 6%), the wetting contact angle begins to
approach that of unmodified bitumen (6=126.02° at Cn=8%). A similar
phenomenon has been observed with an increase in 6 in the AC-2K content of
more than 6%. The addition of more than 2% of PPS to the bituminous
composition had no effect on the wetting ability of the gray crushed stone surface.

The wetting activity of modifying additives Has been lower in red granite
rubble than in gray rubble (Figure 2, curves 4, 5, 6). Another feature of this
surface is the leveling of the difference in the wetting activity between all
modifiers, which has been established for the basic nature surface. When the
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quantitative content of AC-2K in bitumen has changed within the same limits
(Cn=2%), the values of 0 on the acidic surface has decreased only by 2.81°
relative to the base version, which is four times less than the effect of the same
modifier on the basic surface.The AC-2 modifier contributes to the reduction of
the wetting contact angle to a lesser extent; the greatest reduction is achieved at
Cm=2% (6=1.63°).

The maximum wetting activity of PPS on the surface of red granite rubble
has been observed when the modifier content in bitumen ranges from 2 to 4%.
The wetting angle has decreased by a very small amount (6=1.52°-1.54°) in this
zone of polyorganosiloxane concentration and has amounted to 125.35-
125.37°.The linear sections of the wetting isotherms in the presence of the
modifiers (Figure 2) have been approximated by an equation 1 of the form:

cosO = z Cr+c05s6o, (D)
costo — the cosine of the angle formed by the bituminous binder without a

modifier;
Z — constant.

(.'m. °/o

0,3
0,35
0,4

0,45

coso

-0,5

0,55

0,6 —
0,65

Figure 3 — The effect of the modifier concentration on the wetting index of basic (1, 2, 3)
and acid (4, 5, 6) crushed stone: 1, 4 — AC-2K; 2, 5— AC-2; 3, 6 — PPS.

When we differentiate equation (1), we get:

dcos6/dCrn=z 2

Table 1 displays the corresponding z values.
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Table 1 — The value of the wetting ability criterion of z additives in relation to the surfaces of the acidic
and basic nature of crushed stone

Nature of crushed stone AC-2 AC-2K PPS
Gray crushed stone (plagiogranite) 0.103 0.17 0.027
Red crushed stone (alaskite) 0.018 0.028 0.021

According to the data analysis, the addition of AC-2K most effectively
contributes to the reduction of surface tension at the interface between the phases
“bituminous composition - gray crushed stone”. This is demonstrated by the
composition's maximum wetting capacity, dcos6/dCac2«x=0.17 (Table 1). The
compensation of excess surface energy at the interface with gray crushed stone is
lower in the AC-2 compositions than in the AC-2K compositions. The wetting
ability of such compositions is dcos6/dCac-2=0.103, which is 1.7 times less than
the similar characteristics of bitumen modified by AC-2K. PPS has a negligible
hydrophobic effect (dcos6/dCeps=0.027). The effect of changing the surface
tension at the interfacial boundary “bitumen-modifier-red crushed stone” is less
pronounced for the same compositions. All additives have a similar bitumen
wetting ability on the surface of red crushed stone (0.018-0.028), which is an
order of magnitude lower than their ability to wet gray crushed stone.

In the absence of the modifiers, the contact angle of wetting the bitumen
surface with water is 95.05°, according to experimental data (Figure 4).
According to the well-known Young's equation [20], the surface is hydrophilic
when 6=90°. If the surface tension at the bitumen-gas boundary (cb-g) is less than
the surface tension at the bitumen-water boundary (cb-w) and 6>90°, water does
not wet the surface of bitumen, indicating that bitumen has water-repellent
properties. As a result, the bitumen surface (6=95.05°) is located on the
wettability/non-wettability boundary.

The addition of the surfactants to bitumen has resulted in an increase in the
wetting contact angle in a narrow concentration region (Figure 4). AC-2K
exhibits the greatest water-repellent effect with a low modifier concentration
(Cn=1%), with a value of 0, increased by 4.02° relative to the base version and
totaling 99.07°. (Fig. 4, curve 1). A slight deterioration in the water-repellent
properties of bituminous compositions and stabilization of wetting edge angle
values have been observed outside of the specified concentration area. AC-2 has a
lower contribution to the increase in hydrophobicity of bituminous films
(AB=1.56° at Cn=1%). PPS has almost no effect on the hydrophobization of
bituminous film surfaces (Figure 4, curve 3).

When the modifiers are introduced, the obtained wetting isotherms act as the
detectors of changes in the intermolecular interactions within the bitumen
structure. The formation of the mixed spatial structures in a narrow concentration
range (Cm<1%) contributes to the weakening of the intermolecular interactions
within the compositions, resulting in an increase inf. As their concentrations rise
further, the system becomes less discrete, resulting in a slight decrease and
stabilization of the wetting contact angle.
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Figure 4 — The effect of the modifier concentration on the edge angle of wetting of bituminous films:
1-AC-2K;2 - AC-2;3-PPS.

Thus, the amino derivative AC-2K (Cm=1%) has the greatest water-repellent
effect among the studied modifiers, increasing the wetting contact angle to
99.07°.

4. Conclusion

The amino derivative AC-2K has been discovered to possess the greatest
effect on the wetting processes of the mineral fillers and the hydrophobicity of
bituminous films of the studied modifiers. The addition of 1% of AC-2K to
bitumen has reduced the wetting angle by 11.31° (relative to the base version on
the surface of the grey crushed stone) to 114.35°. Of the two varieties of amino
derivatives, the one synthesized with ultrasonic cavitation shows the best wetting
effect.

The water-repellent properties of the bituminous compositions are enhanced
(A6=4.02°)in the narrow range of concentrations of the modifier AC-2K (with
Cn=1%).

The ultrasonic cavitation-derived AC-2K can be recommended for using in
asphalt concrete coatings as an adhesive additive, which provides a good wetting
effect of bitumen in relation to the surface of the mineral filler, while also
increasing the hydrophobicity of bitumen films.

BUTYM K¥PAMBIHJAYBI OP TYPJII CUIIATTAT'bI BETTIK BEJICEHAI 3ATTAPJbIH
CYJIAHY O9CEPIH 3EPTTEY
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Tyiiingeme. Kipicne. AcanbTOeToH XaObIHAApPHI KbICKA MEP3iMIi JKOHE CBHIPTKBI (HaKTOPIIApIbIH
oCepiHeH IKOMbUIambl. BUTyMzbl OaillaHBICTHIPFBINI MEH MHUHEpAJbl MaTepHUANIbIH KAaTThl OeTi
apacelHiarbl UHTEp(eiicTe aAre3usHbIH JKETKITIKCi3 aopexeci achanbTOETOH KaOBIHIAPHIHBIH TOMEH
ruApoGOOTEUIBIFEIH  TYABIpAJbl, OWI JKOJI TOCEMiHIH 3aKbIMIAHYBIHBIH JKOHE MEp3iMiHCH OypbIH
TO3YBIHBIH Herisri ce6ebi 6oubl TabbuIanbl. Op TYpil MoAH(HKAISUIAYIIBl AaTCHTTEP/l CHIi3y apKbUIbI
OMTYM KYypaMbIH OHTaWIaHABIPY KaTThl OCTTI OUTYMMEH CyJiay MPOLECTEePiH KYIICHTII, O Ty3eTiH OeTTiK
IUICHKAJIAp/blH ~ THAPO(GOOTBUIBIFBIH  apTThipa  anajabl. byn  KYMBICTBIH — Makcamuvl—  9pTYpIi
MOAN(HUKATOPIIAP/ABIH KUBIPIIBIK TAcThIH O€TiH OMTYMMEH Cyjay IpOLECTEpiHe oCepiH AaHBIKTAy,
COHBIMEH KaTap MOAWU(UKATOPIAPIbIH OWTYM IUICHKAIAPBIHBIH THAPO(GOOTHUIBIFBIHA dCep €Ty
3aHIBUIBIKTApBIH 3epTTey. Memodonoeuscel. Bbyn 3eprreynin omictemeci—T=298 K kesinme jxaTkaH
TaMILbI 9JICIMEH KaTThl OCTTIH 0 CynaHybIHBIH IIETKI OYPBIIBIH KCIEPUMEHTTIK aHBIKTAY/Ibl KAMTBIBI.
Homuowcenep. butymnarsr AC-2K xypambiabiH O-meH 1%- fa neiliH apTybl CyJaHYBIHBIH IISTKI
OypbrmbiH1 1,31°-Ka (MomudUKaTOPCHI3 HETI3ri HYCKaMeH cajibicThiprania) 114,35°-ka neiliH a3alTThL.
AC-2 moaubukatopsl a3 Adpexe[e HEri3ri KUBIPUIBIK TacThlH OETiH OMTyMMEH bUIFaIaHIbIPY/IbI
xakcapryra bIKnan ereni; Cyw=1% cynanybsiHbIH 1eTki Oypbiubl 118,68°neiiin Temenneini. I1PC
OMTYMBIH ©3repTy Ke3inae xorapbl KoHueHTpauusaa (Cyw=2%) CylaHybIHBIH IIETKi OYpBIIIbIHBIH
alitapiblkTail a3 TemeHnzeyi Oaikammbi-2,4° (125,66°-123,26°). AC-2K amun TysiHasicel (Cy=1%)
3eprrenareH Moau(uUKaTopiap apachlHIa ©H VIKEH Cy OTKI30eHTiH ocepre ue, CyNaHYBIHBIH MICTKI
OypsiubiH 99,07°neltin apTThipansl. Kopbimeinovl. burymra 1% AC-2K eHrizy buranganiblpy OypbIIIbIH
11,31°-ka (Heri3ri KUBIPMIBIK Tac OETIHIET] Heri3ri Hyckara KaTbICcThl) 114,35°-ka neiiin azailTTel. AMUH
TYBIHJBUIAPBIHBIH €Ki TYPIHIH IMIIHEH YyJIbTPaAbIOBICTHIK KABUTALMS apKbUIBI CHHTE3JCIAreH TYpl €H
JKaKChl BUIFAIIAHIBIPY OCepiH KepceTedi. buTym mieHkamapeiHblH Cy ©TKi30eiTiH kacuertepi AC-2K
MOAN(HUKATOP KOHIIEHTpAIMACHIHBIH Tap auana3zoHbiHga (Cu=1%) xorapbutaiigel (A0=4,02°). AC-2K
YIBTPaABIOBICTBIK KABUTALMS apKbUIbI abIHFaH ac(haIbTOCTOH >kaObIHAAapEIH/A Ka0bICKaK KOCIa peTinie
naiianany YCbIHBUTYbl MYMKiH, OYJ OMUTYM IUICHKAIapbIHBIH TUAPOPOOTHUIBIFBIH apPTThIPAa OTBIPBIIL,
MHHEpPAJIIB! TOJNTHIPFBIITHIH OCTiHE KaTBICTHI OUTYMIIbI CyIaybIH XKAKChl CEPIH KAMTaMachl3 eTefi.

Tyiiinai ce3nep: acdanbTOETOHIBI KaOBIHAAP, OUTYM, MHUHEPAIbl TONTHIPFHIIITAP, MOAU(DUKATOPIIAD,
OUTYM KaOBIKIIATAPBIHBIH aAT€3UsCHI, CYIAHYbI, THAPO(POOTHUIBIFBI
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Pe3tome. Bseoenue. AcdanbToOeTOHHBIC MOKPHITHS HEJOJITOBEUHBI M Pa3pyIIAIOTCS 0] BO3JEHCTBHEM
BHeUHUX (akTopoB. HenocraroyHast cTeneHb aAre3uy Ha rpaHuLE pasziena MeXay OUTYMHBIM BSOKYLLIUM
U TBEpAOHl IIOBEPXHOCTHIO MHHEPAIBHOTO MaTepHana OOyCIaBIMBAeT HU3KYI0 THAPOGOOHOCTH
ac(aabTOOCTOHHBIX MOKPHITUH, YTO SABISIETCS OCHOBHOM NMPUYMHON MOBPEXACHHUS U IPEXJEBPEMEHHOTO
U3HOCA JIOPOMKHOTO MOJIOTHA. [[ens NaHHOW pabOThl - YCTAaHOBUTDH BIMSHHME Pa3IMYHBIX MOAU(PHUKATOPOB
Ha MPOLECCHl CMaYMBaHUS MTOBEPXHOCTH 1IEOHS OMTYMOM, a TaKkKe U3Y4UTh 3aKOHOMEPHOCTH BIMSHUS
MOIH(HKATOPOB Ha TUAPOGOOHOCT, OWUTYMHBIX IUICHOK. MemooOonozus IaHHOTO WCCIEIOBAHUSL
BKJIIOYAJa 3KCIICPHMEHTAIbHOE OIpEIENICHHe KPaeBOro yria CMaduBaHHUAO TBEpHOHl IOBEPXHOCTH
MeTonoM nexainer karmm npu T=298 K. Pesyavmamer. YBennuenue copepxkanus AC-2K B dutryme ¢ 0
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10 1% yMeHbIIMIIO KpaeBoi yrona cMauMBaHus KoHTakTa Ha 11,31° (mo cpaBHeHuio ¢ 6a30BOi Bepcuei
6e3 moaudukaropa) a0 114,35°. Monuduxarop AC-2 B MeHbIIEH CTENEHN CIHOCOOCTBYET yIyYIICHUIO
CMa4ruBaeMOCTH MMOBEPXHOCTH OCHOBHOTO I1eOHs outymoM; nipu Cy=1% yron cMaunBaHUs yMEHBIIACTCS
no 118,68°. AmunomnpousBogHoe AC-2K (Cy=1%) ob6nagaeTr HauOONBIINM BOAOOTTAJIKHUBAIOLIUM
3¢ PeKTOM cpear M3yYeHHBIX MOAU(HUKATOPOB, YBEIUUUBAs yroa cMmaduBaHus 10 99,07°. 3akmouenue.
W3 1ByX pa3HOBHIHOCTEH aMHHOIPOM3BOJHBIX T, KOTOPAsk CHHTE3UPOBaHa C MOMOILBIO YIbTPa3BYKOBOI
KaBUTAllMM, JEMOHCTPUpPYET HAWIydlmuid cMauuBaronmii 3¢¢exr. Bomoorrankuparomue CcBoicTBa
OMTYMHBIX IUJICHOK mnoBbimiaroTes (A0=4,02°) nmpu y3xoM auamna3oHe KOHIeHTpauuii Mmoaudukaropa AC-
2K (mpu Cw=1 %). IlomyueHHblli ¢ nOMOLIBbIO YIbTPa3BykoBoW kaBuTauuu AC-2K Moxker ObITH
PEKOMEHJIOBaH ISl UCIOJIb30BaHUs B ac(haibTOOCTOHHBIX MOKPBITUSIX B KAUECTBE are3MBHON J100aBKH,
KoTopasi obecriednBaeT Xopomuit 3(¢GekT cMauuBaHMs OHTYMa [0 OTHOLICHHIO K IOBEPXHOCTH
MHHEPAIBHOTO HAMIOIHUTENS, OJJHOBPEMEHHO MOBBILIAs THAPOGOOHOCTs GUTYMHBIX IUICHOK.
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SELECTIVE SORBENTS BASED ON
DIAMINODICYCLOHEXYLCROWN ETHERS
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Abstract: Introduction. Macromolecules with crown ether groups are a fundamentally new type of
sorbents, whose active centers are ligands,which retain electrical neutrality in the process of simultaneous
binding of cations, anions, or organic compounds. The purpose of this work is to create new selective
sorbents based on diaminodicyclohexylcrown ethers, and to study their complexing properties with
respect to alkali metal ions. Methodology. To study the composition and properties of the products of the
synthesis of crown ether-containing sorbents, chemical and physicochemical methods of analysis have
beenused: infrared spectroscopy, atomic absorption spectrophotometry. Results and discussion. Under the
chosen conditions, when using diaminodicyclohexyl-18-crown-6, polycrown ethers have been obtained
with a content of crown ether grains of 1.42 mmol/g, when using diaminodicyclohexyl-24-crown-8, the
content of macrocyclic groups was 1.24 mmol/g. The extraction of alkali metals under the static
conditions by grafted sorbents based on various macrocycles has been studied. The high values of the
distribution coefficients of alkali metals (Na+, K+, Cs+) by the synthesized sorbents in an acidic medium
have been shown. Conclusion. It is known that the amino group promotes the formation of a polymer,
which swells in water. It has been noted that the use of sorbents, based on polymers, which swell in water
when metal salts are removed from the aqueous medium, leads to an increase in the sorption capacity of
the sorbents by facilitating an access of metal ions in water to the active areas of the immobilized sorbent.

Keywords: polymeric sorbents, sorption, crown ethers, selectivity, copolymer of styrene and
divinylbenzene
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JUNAMUHOIUKJIIOI'EKCUJIKPAYH-O®UPJIEP HEI'I3IHJIE CEJEKTUBTI COPBEHTTEP
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Tyiiingeme. Kipicne. KpayH-3¢up Tontapel Oap MakpoMoJeKylanapiblH OeJICeHIl OpTalibIKTaphl
KAaTHOHIAP/IbIH, AHUOHAAPIBIH HEMeCe OpraHUKalbIK KOCBUIBICTApJblH Oip Me3ringe OailinaHbiCy
IpOLECiHEe IEKTPIIK OeHTapanThIFbIH CAKTAHTHIH JIMTaHATAp OONBII TAaOBUIATBIH COPOCHTTEPAIH
MIPUHIMITI JXaHa TYpiH Oungipeni. Byn owcymvicmely Makcamsl TAAMAHOJUIUKIOTCKCHIKpayH-3(pHpIIep
HETI3IH/e JXKaHa CEJICKTUBTI COPOCHTTEp Kacay >XOHE ONap/blH CUITUIIK MeTal HOHIAapblHA KaThICTHI
KOMIUIEKC Ty3y KacHeTTepiH 3eprrey. Oodicmemeci. Kypambinma kpayH-3¢upi 6ap copOeHTrepai
CHHTE3/ICy OHIMJICPiHIH KypaMbl MEH KACHETTEPiH 3epTTey YILIIH XUMHSUIBIK JKOHE (DU3MKA-XUMHSIIBIK
Tangay oicTepi: HHMPAKBI3BLUT CIIEKTPOCKOMNUS, aTOM/IBIK - a0COPOLHSIBIK CIIEKTPOPOTOMETPHS dicTepi
KonnaueuAbl. Homuoicenep ocone manksinay. lluknoanudartel  kpayH-adupnepai  CTUponR  MeH
JIUBHHWIOCH3O0JIBIH MAKPOKEYEKTI XJIOPMETHJICHICH COIOJIMMEPIHE XHMUSUIBIK €Ty IKYPri3uifi.
Tanpanran mwapTrapia AUaMHHOIUIMKIOreKCHI-18-kpayH-6 naiinananran ke3ne 1,42 MMOJIB/T KpayH-
3¢up TOOBI Oap momUKpayH-3GHUpIEp aNbIHIbI, JHAMHHOIUIUKIOreKCUI-24-KpoH-8 KongaHFaHaa
MaKpOLHUKIAIK TONTapAblH Meiepi 1,24 MMonb/T 6onabl. OPTYpii MakpOLUKIAEP HEri3iHIae eriireH
CcOpOEHTTEep apKbUIBI CTATHKAJIBIK JKaFAaiaa CUITII MeTangap/asl copouusuiay 3eprrenii. Keimksur oprana
CHHTe3JeNreH copOentrepmer cintinik Mmertammapasiy (Na*, K*, Cs") tapany rospdunuentrepinin
JKOFapbl MOHJIEpl KepceTinred. J{naMuHoANIUKIOreKCi-18-kpayH-6 jKoHe AUaMHHOIUIUKIOreKCHII-24-
KpayH-8 HEri3iHAeri CiATLl MeTaul MOHJAApblHA apHAIIFaH XaHA CEJIEKTUBTI COPOEHTTEp aJbIHABL
OpTYpJli MAaKpOLUMKIJEP HETI3IH/AE eriireH COpOCHTTEPMEH CTaTHUKANBIK JKaFiaia CUITII MeTalgapsl
Gemin amy 3eprrenmi. Kopsimeinosl. Kypambiaaa kpayH s¢upiepi 6ap cyiabl epiTiHAUIEpACH METasl
HWOHAAPBIH aly THIMIUIINIHE aMHUH TONTApbIHBIH OONysl ocep eremi. AMHUH TOOBIHBIH Cyda iCiHETiH
MOJIMMEPAl OHJIpyre BIKMaJl eTeTiHi Oenrimi. Metamn Ty3lapbelH Cyibl OpTajaH LIBIFapy Ke3iHzae cyna
ICIHeTIH ~ moJMMepiiep  HeEri3iHAeri  CcopOeHTTeplIi  KONJaHy CyJdarbl  METalll  MOHJApBIHBIH
AMMOOMIN3AIMsIaHFaH COPOCHTTIH OeCeH Il KepiiepiHe KeTyiH JKeHinaery eceOiHeH copOeHTTepaiH
COpOLMSUTBIK ~ KAaOIMETiHIH JKOFapbhUIayblHA OKeNleAl. OPTYpJai MaKpOLUKIAEp Heri3iHge eriireH
COpOEHTTEpMEH CTAaTHKANBIK >Karjaija cinrini Meranpapabl Oesnin amy 3eprrenii. CoHbIMEH KaTap
KBIIIKBUIABIK ~ OpTaa CHHTE3ZCNreH COpOeHTTep OOWBIHIIA CINTUNIK  METanfapiAblH  Tapaiy
k03 hUIMEHTTEPiHIH )KOFapbl MOHIEPI KOPCETLITEH.

Tyiiin ce3nep: nommmepiik copOeHTTep, COpOIMs, KpayH-3QHpIiep, CENCKTHUBTUIIK, CTHPOJ JXOHE
JUBHUHUIOCH30J COMOIUMEPI

Kypmananues Mycipenbex Kypmananiynot — Xumus 2bl1blM0apbiHbly OOKMOPbI, Npogeccop

bexmenos Hecinxan Abycanaposuu Xumus vinbimoapvinbiyy 0OKmMopbl, npogeccop
Caovikose Kanam Amupkynoeuu Xumus mazucmpi
1. Kipicne

CoHFBl KBUIIAphl ©3iHIH E€peKIlle KYPbUIBIMBbIHA OalIaHBICTBl KpayH
a¢uprepi XUMUSHBIH KONTEreH CallachlHJa KOJIJaHy aschl KeHeuronme. ATar
aliTKaHJa Jopi-NOpMEKTEPAl JKETKi3yJe, epiTKIITepl IIbIFapyja, KOCMETHKa
OHJIIPICIHIE, MaTepHaiaTaHy, Karajiu3, O0eily, COpOLMSIBIK Kacheri Oap
COpPOCHTTEp WIBIFAPY JKOHE OPTraHUKANBIK CHHTE3Jle KCHIHEH KOJIIaHbpuTyAa. by
KOCBUTBICTApIBIH 0acTBl E€PEKIIeIiri - OJapIbIH OpTYpPJi OpPTaHUKAIBIK KOHE
OciiopraHuKanblK KaTHOHIAphl 0ap CENEKTHBTI KOHE TYPAKTHI KEIIECHIEP TY3y
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kaOineri. COHOBIKTaH KpayH 3upiepi ra3 XxpoMatorpadusiCbiHIa CTalliOHAPIIBIK
¢a3za perinae naiifanaHpLTybl MYMKiH, COHBIMEH KaTap oJap CiITLII KoHe CiITii
KEp METaNJapbIHBIH KaTHOHAAPBIH AaHBIKTAy J>KOHE Oy VIIiH KaTHOHIBIK
Xpomarorpadus >koHe COpOLHs YIIiH KYHAbI 00Jbin Tabbutaabl [1-5].

Maxkpouukinai monudgupiepit, atan aiTKaHaa, KpayH-3QHUpIepIiH epeKiie
(hmM3uKa-XUMISUTBIK, KacheTTepi 6ap, OUTKEeHI oiap CUITIII MeTaaap Ty3IapbIMEeH
KOMIUIEKC TY3yTe, oJICI3 TMONAPNBl OPraHUKANBIK epiTKilTepae a3 epuTiH
TY3[apIblH  epirilTiriH  JKOFapbUIaTyFa, COHAAH-aK OpTYPJi  TOJSIPIIBIK
epiTiHALIepIeTi HOHBIK KYITApAbIH KYHiH e3repTyre Kabinerri [6-8].

TTommaGupiik MaKpOIMKIASPMIH CUITLI JKOHE CUITLII-)KEp MeTalIapbIHBIH
KaTHOHAAPbIHA KAThICTHI KOMIUIEKC TY3Y KaoOineTi skorapbl. Onapasl THiMII Oedin
meFapya Oenrini Oip Merangap YIIiH CENeKTHBTI KpayH-3Qupiep HeriziHueri
copOeHTTepi KojmaHy OypblHHaH Oepi ycoiHBUTFaH. Onapapl KOJJaHy Taljay
CXEMaChlH alTapiBIKTal >KEHUIIETell JKOHe Kypeli KypaMIsl epiTiHAilepaeH
MeTaJll KaTHOHBIH 06JIiI alyFa MyMKiHIik 6epeni [9-12].

Kypamberana xpayH-adupiepi koHe OJNapIblH aHAIOTTaphl 0ap MOJMMEPIIK
COpOCHTTEP/II ally SMICTepiH eKi YJIKeH Tomka Oexyre Oomampl. CiNTiimik MeTan
WOHJAPBIH CENEKTHBTI COPOLMSIIBIK KOHIEHTpALMsIAy YIIiH KOBaJCHTTIK
0aliIaHpICCHI3 TUIMKIOTeKCI-18-kpayH-6 koHE OHBIH TybIHABUIAPHI [13, 14]
Heri3iHaeri OipkaTap cOpOEHTTep aNbIHABI, alaiia OJapJbIH aWTaPIBIKTAH
keminitikTepi O0ap. EH ammbiMeH, Oyin JuIUKiIOrekcui-18-kpayH-6-HbIH cyna
KETKUTIKTI JKOFaphl epITiliTiri, OHBIH COPOUMSIIBIK JKYHEIeH IIaibUTybIHA
oKeJeml.

Byn  JKYMBICTBIH MakcaTbl JHAMUHOAWIMKIOTEKCHI-18-kpayH-6 KoHe
JTUAMUHOAMIIUKIIOTEKCHII-24-KpayH-8 HETI3iHJE JKaHa CEJICKTHBTI COPOCHTTEP
’Kacay JKOHE OJapIblH CUITUIIK METalll MOHJAAphIHA KATBICTBI KOMIUIEKC TY3Y
KAaCHETTEePiH 3epPTTey OOJBIT TaObLIAIBI.

2. Toxipubenix 60im

[7] oxyMmbIcTarpl oficKke CcolKeC IHAaMUHOJUIMKIOTEeKCHI-18-kpayH-6
(JAOLI'18K6) sxoHe auamMHHOAMIMKIOreKcHiI-24-kpayH-8 (HAJLII24K8)
anbtHpl. Kypameiaga 18,4% ximop 6ap ctupon MeH TUBHHWIOSH30IBIH (XMC,
8%  AUBMHUIOEH30JI)  XJIODMETWIJICHTEH  COMOJUMEpl  KOJIAHBUIIBI.
Hukmnoanudartel  KpayH-3QupiaepAiH aMuH  TybIHABUIAPBIHBIH ~XMC-MeH
opekertecyi muokcanasl opraga NaHCOs; kateicysiMen 90°C 8 carar 6oiibl
MOJIMMeEP: KpayH KOCBUIbIC TeH 1:1 MOJISIPIIBIK KaThIHACKIH/IA apaliacThipa OTHIPHIIT
KYPrizingi. Anmacy ChIHBIMJIBUIBIFBI a30T MeIiepiHeH xoHe [13] xympicTa
cUnarTajraH 9jic OovbiHIIa aHbIKTaabl. Na, K, Cs noHIapbIHBIH COpPOLHsIaHy
MpoIleciH 3epTTey OeJMe TeMIlepaTypachlHIa apaiacThipa OTBIPHIN, HHUTPAT
TY3/1apbIHBIH CYJIbl €pITIHIIEPIHEH CTAaTUKANBIK XXaFgaiaa xyprizingi. CopOouus
KMHETHKAachl —IMIEKTEYJl epiTiHAl Kesiemi omiciMeH 3epTrenai. Meramn
WOHAAPBIHBIH ~ aFbIMAaFrbl  KoHmeHtparuscel (Ct) «KBaHT-2» aTOMIBIK -
abcopOUMsIIBIK CIEKTPOGOTOMETPIHAE aHBIKTANABL. Tapamy KoaQQHUIUeHTI MbIHA
(dopmyna GOMbIHIIA ecenTeNIi:
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myHarbl Co — 6acTankel epiTiHgieri CITITK MeTanIap KOHIEHTPAIMSIChI, MI/JT;

C — copbuusaan KeHiHTi epiTiHIiNer CINTINIK MeTaIaap KOHIEHTPAIUACKL, MI/JI;

V — copOuusira anplHFaH OacTankbl epiTIHAIHIH KelieMi, MJI, M — copOILusFa alblHFaH COPOCHTTIH
maccacel, T, UK — cnekrpnepi KBr tabnerkanapsinna Vector-22 ®ypbe-CHEKTPOMETPIHAE Ka3bUIbII
aJIBIH/IBL.

3. HoTm:kesiep MeH TaJIKbLIay

Kon keTiMIli CHHTETHKANBIK MOMUMEPJEPAiH alxyaH TYPIIT OJapIsiH
KpayH- DJQupiepai WMMOOWIM3AIMsUIAy YIIIH TachIMalaylibuiap peTiHae
KeHiHeH KOJIaHbLIysIH KaMTamachi3 eteni [13-15]. Kypameraga 18,4% xmop 6ap
CTHpPOJ MeH auBMHWIOeH30mAbIH (8%  IUBUHMIOEHON) MaKpOKEYEeKTi
commommmepia (XMC) xommaansik. Kypampiaaga kpayH-3¢upi 6ap COp6CHTTCp,Z[1
CUHTE3ICY YILiH 013 OipiHmi per ajraH TMIIKIIIL
JMaMUHOUIINKIOTeKCUIIKpayH-2(Upiepl epeKile KbI3BIFYIIbUIBIK TYABIPAIbI,
OWTKEeHI OHBIH €H JKOFaphl JJIEKTpoH Oepy KaOimeri Oap [7]. XMC-mix
KOPCETINTeH KpayH-3(pupiepiMeH opeKeTTeCy peakIisIchl Keieci cxema OObIHIIa
Kypeni:

CcH-CcH & p:gf\(j/%oj:)\ + NaHCOs5
el

n

CH,Cl

JT CH - CH;,

CH> — C NH,

ﬂ

[Tonumep TackiMangaymibl OETIHACTI MaKPOIMKIIEPIH UMMOOHIH3AIUACH
HK-crieKkTpocKomust XKoHE 3JEMEHTTIK Taluay apKpUIbl pactanasl. Kypambeiamga
Makpoukin 0Oap copbentrepain MK —cnektpinge 1350, 1219,1135 cmt
aiiMarbplHIa KapanaibiM >¢upimik Oainansictapasly —C— O — C— BaneHTTUIIK
TepOeiCTepiHiH ©31He TOH JKYThUIy JKOJakTapel Oap, NHy— TomnTapbiHbIH
BAJIEHTTIIK TepOemicTepinin MHTEHCHBTI *)uimikrepi 3325, 335 cm ophanackan.
CH.Cl —tonrtapeinbiy 1273 sxoHe 673 cm cumarTamManblk KULTIKTEPiHIiH
copOeHTTe OOJIMaybl HMMMOOWIM3ALMSHBIH TEPEH IKYPreHiH JAdierueii.
Tannanras maprrapaa AHAMHUHOAUIMKIOTEKCHI-18-KpayH-6 maiinananran ke3jie
1,42 mMMonb/T KpayH-3dup TYHipiiikTepi 0ap MoIMKpayH-3(pUpIep anbHIBI, al
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JTUAMUHOAMIIUKIIOTEKCUI-24-KpayH-8 KOJJaHFaHJa MaKpPOIMKIIIK TONTapPIbIH
meuepi 1,24 mmons /T 6omnmer (1- kecte).

1-Kecte — Kpayn-a3¢upnepai nMMoOmIH3anusIay HOTIKEIEpI

Kpayn-adup Epitkimm Temnepa- Kpayn-adup AJnMacy ChIibIMIBLIBIFBI,
Typa, °C MeJmiepi, % MMOJIB/T

JAILI'18k6 JIM®DA 90 48.5 1.18

JAJLI 1 8x6 JIHOKCaH 70 36.2 0.88

JAIT18x6 JTMOKCaH 80 50.2 1.22

JAIT18x6 JTMOKCaH 90 58.4 1.42

JAALT24k8 JTMOKCaH 90 54.1 1.24

Kectene KenTipinreH HOTIDKENEpACH MOJUMEPre CHIeH KpayH-dQup
TOOBIHBIH ~MeIIIepi JKOFapel MoHTe wue Oomapl. byraH MakpokeyekTi
COTMIONIMMEP/IIH peii ocep ereTi gen Ooipkam alTyra Heriz Oap. I[lomumep
MOJIEKyJlaJlapbiMEH  WUMMOOWIM3alUsUIaHFaH  KpayH-dQupiep  HerisiHmeri
COpOEHTTEPIIH COPOIMSITBIK OENCEHILTITT 3ePTTEIIi.

CopOnusHBIH =~ KWHETHKAJIBIK  3aHABUIBIKTAPBIH  aHBIKTAY  YIOIH  a30T
KBIIIKBIIBIHBIH KOHIICHTPAUACHI 1 M OO0JIaThIH epiTIHAUIECPACH CUITLII MeTaiiap
aNpIHFaH COpPOEHTIIEH Oein JKbIFapy Xyprisinmi. Mertamn KaTHOHIAPBIHBIH
COPOMSAIBIK KWHETHKAChl COPOCHT YITIJIEpiHIH HUTPAT TY3AAPBIHBIH CYIIbI
epITIHALIepIMEH JKaHACYBIHBIH OPTYPJi Y3aKThIFbIHAA 3epTTenai. Toxipube
cOpOeHT TOJNBIFBIMEH KaHbIKKaHIIa >kyprizinai. CopOumsi mporeci Oenrimi 6ip
apanbIKTa YATiep aiy >KOHE epITiHAi/eri MeTayul KaTHOHIAphIHBIH C KaabIK
KOHIIGHTPAIMSICHIH OJIIIIEY apKbUTBI 3€PTTEIII.

Cinrinmik  Merangapabiy Tapany kodgduuuenti (1) dopmyna OolibiHIIA
ecenTeni. AJBIHFAaH METAIAbI COPOIHMSIIAY/ IbIH KUHETHKAJIBIK KUCHIFBI 1- )KoHE 2-
cCypeTTepie KOpCeTiIreH.

200
200
1
20 o0
3 =2 150 f 2
= 150 =2
) )
2 2 100 | 3
£ 100 2
=] =]
8 2 s
= o 2
g 50 g
L L
3 S
2 4 6 8 10
T, h
Cyper 1 — JILT'18K6 T0o6BI Oap copOeHTTIH Cyper 2 — JILII"24K8 To6bI Gap copOeHTTIH
CUITLITIK MeTaJlAap sl copOLusiiiay KHHETUKACHI: CUITLITIK MeTaJAap bl cCOpOLMsIay KHHETHKACHI:
1-K*; 2-Cs*; 3 - Na*. 1-Cs*; 2 - K*; 3-Na'.
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CopOeHT TeH CINTUIIK MeTayl TY3Aaphl epiTIHAICIHIH JXKaHacy  YaKbITHI
aacopOIusl TPOIECIHIH KUHETHKAIBIK 3aHIBUIBIKTAPBIH 3€PTTEYMIH MAaHBI3bI
napametpi O6ousbin Tabbuiaasl. CyperTeH anramksl 120 MUHYTTa KpayH- 3QUpiHiH
Oetinge 60C amCcOpOIMSITBIK YIacKeIepaiH Kol O0IybIHa OailTaHBICTHI afcopOIns
MPOLIECIHIH  KBUINaMIBIFBl  JKOFAPBUIAWTHIHBIH ~ Kepyre ©Oomanel. JKaHacy
YaKBITBIHBIH OJIaH 9pi YIFAIOBIMEH MOJIMMAKPOIMKIIIH KeyeKTi OeTi copOaTrneH
OIpTIHACT TONTHIPHUTYbIHA OAMIAHBICTBI aJCOPOLIUS KBULAAMIIBIFBI TOMEHICHII
JKOHE aICOpOIHs Tporeci Teme-TeHmikke keteni. XKanmel copOrust  yakbITel 10
caraTThl Kypaiinel. JJAJILI 18K6 Gap copOeHT yuIiH KeJeci CeIeKTUBTI KaTtapiap
tabputap:: K* > Cs™ > Na* sxone JAIIII24K8 6ap copbenr ymin: Cs™ > K™ >
Na*.

Kepin oThIpFraHBIMBI3Iall, CHHTE3ENTEH XKaHa COPOCHTTEp YIIiH KaTHOH-
MaKpOIIMKII ~ KYPBUIBIMJIBIK ~ COWKECTIK NPHHIMUIN  CaKTaJiFaH, SFHUA Oy
KOMIUICKCTEp METaUl HWOHBIHBIH MeJiepi KpayH-3>QUpi MOJCKYIAChIHBIH
KYBICHIHBIH OJIIIIEMiHe JKaKbIH OOJIFaH/Ia €H TYPaKThI O0JIaIbl.

AnbIHFaH COPOCHTIEH CUITLIIK MeTalaplablH COPOLHUSIBIK H30TepMachl
3epPTTENCTIH KOHIEHTpAIMsl JMala30HbIHIA JKOFapbl CEJICKTHUBTUIIKTI JKOHE
copOums OOMBIHIIA DKCIIEPUMEHTTIK JAepekTep JIeHrMiop MonemiMeH >KaKChl
CUMATTaNaThIHbl  aHBIKTANJIBL.  AIIBIHFAaH  COpPOEHTTEp  apKbUIBI  CLITLI
MeTaJIJIap/IbIH COPOLIMS N30TEPMAChIH KYPY HOTHKEIEPi 3-CypeTTe KEeITIPUITeH.

A, mmol/g

10 20 30 40

Cypet 3 — JILT'18K T0OBI 6ap cOpOSHTTIH CUITLIIK MeTaAapbl COpOLHsIay H30TEpMaCHL.
1-K*2-Cs* 3-Na"

Kpayn-3¢up 10051 Oap xaHa COpOSHTTEPAIH CUITLUIIK METa1ap HOHAAPBIMEH
METHJI CIUPTI OpTachlHIAa KOMIUIEKC Ty3y KabOinmeri 3eprrenai. Kommiekc
TypakThUIbIFbl [10] sKyMbIcTa KOpCETiNreH djic OOWBIHINA aHBIKTAI/BI. 3epTTey
HOTHXKeNepi 2-KecTeae KenTipiiii.
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2-Kectre — CopOeHTTepAiH CINTUIIK METaul KATHOHJAPhIMEH KOMIUICKCTEPiHIH  TYPaKThUIBIK
koHcranTtanapsi (Ig K)

KpayH *3(1)I/Ip TOOBI | MoHoMepJIiK JIMraHzg

9 TosiuMepJIiK JIMraHzg
Na* K* Cs*
JILI'18K6 4.25 5.97 4.40
4.60 7.20 5.16
JILI24K8 2.36 3.53 4.15
2.74 3.82 4.60

Kecregeri momimerTep ambiHFaH COPOCHTTEPIiH KOMIUIEKC Ty3y KaoOinmeTi
JKOFaphbl eKeHiH KkepceTei. [lonuMepiti MaTpuiia MaKpPOIUKIIIK KOChUIBICTAP IbIH
Kypaeni KOMIUIEKC Ty3y KaOileTiHe aWTapibIKTaii ocep eTeni, SFHH KopIi
TONTAP/IBIH JOHOPIIBIK aTOMIapBIMEH ©3apa dpeKeTTecyi OaiIaHbICThI apTTHIPA bl

Kypawmbiana kpayH s¢upiepi 6ap cyibl epiTiHIUIEpASH MeTall HOHIApbIH
aly TUIMIUTITiHE aMHH TONTAapBIHBIH OONybI ocep eredi. AMHH TOOBIHBIH cyna
iCIHeTIH moNMMepAl eHAIpyre BIKMAN eTeTiHi Oenrim. MeTamn Ty3JapblH CYIBI
OpTajaH IIbIFapy Ke3iHAe CyAa iCIHEeTiH MoJMMepliep Heri3iHaeri copOeHTTepi
KOJIJIaHy CyJIarbl METa/ll HMOHAAPBIHBIH HMMMOOWIM3AlUSAIAHFaH COPOCHTTIH
OenceHi JKepliepiHe JKeTyiH JKEeHIIeTy eceOiHeH COpOCHTTEpIiH COpPOIUSIIBIK
KaOiJeTiHiH >KOFapbulayblHa okenenmi. Ochbumaiiina, KOJDKETIMAI  TOJIMMEpIi
TachIMAIAAYIIbIIApAa  MAKPOUMKIAI  WMMOOMJIM3ALMSUIAYIbIH  YCHIHBUIBII
OTBIpFaH THIMJI 9/iCi MOJUMEPAHAIOITHIK TYPJACHIIPYJIEP apKblUIbl KpayH-3(up
TONTAapbl MEH aMHH TOINTAPHIHBIH JXOFapbl KOHIEHTpAUMACH Oap TYHipHIKTi
COpPOCHTTEp alyFa MyMKIHJIIK Oepe/i.

4. KopbITBIHABI

JuamuHogumukinorekcni-18-kpayH-6  sxkoHE  IHaMUHOIUIMKIOT€KCHII-24-
KpayH-8 HEri3iHJeri CulITil MeTaul MOHAapblHA apHAIFaH JXaHa CEJeKTHBTI
copOeHTTep aNbIHABL. OPTYPJi MAKPOLUKIAEP HEri3iHIe eriireH copOeHTTepMEH
CTaTHKAIIBIK JKaFaiaa ClITuTi MeTanaapapl Oemin ary 3eprrenai. CoHbIMEH KaTap
KBIIIKBULIBIK OPTaJia CHHTE3/ICTeH COPOCHTTEp OOMBIHINA CUITUTIK METaNIap IbIH
(Na, K, Cs) Tapany xod(hQUIMEHTTEPIHIH >XOFapbl MOHJEpPl KOPCETIITeH.
HJAJILI'18K6 6ap copOeHT yuIiH Keneci CelIeKTHUBTI Karapiap TaObuigsl: K+ >
Cs+ > Na+ xone JJAILII'24K8 6ap copbent ymrin: Cs+ > K+ > Na+

CEJIEKTUBHBIE COPBEHTBI HA OCHOBE JTUAMMWHO/JJUIHUKJ/IOTEKCHJIKPAYH-
9PUPOB

M.K. Kypmananues', H.A. Bexmenos >, K.A. Cadvixoe®*"
Y40 «Anmamunckuii mexnonocuveckuil yuugepcumemy, Anmamet, Kazaxcman
2 AO «HMucmumym xumuveckux Hayx umenu A.B. Bexmyposay, Aimamel, Kasaxcman
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“E-mail: kanat.sadykov.80@bk.ru

60


mailto:kanat.sadykov.80@bk.ru

ISSN 1813-1107, eISSN 2710-1185 M1, 2023

Pe3srome. Bseoenue. MakpoMonekynsl € KpayH-3QHPHBIMH = TIPYINIAMH IPEACTaBIAIOT  COOOI
MPUHLHUITHAIGHO HOBBIH THUI COPOCHTOB, AKTUBHBIMH LEHTPAMH KOTODBIX SIBJISIOTCS JIMT'AHJIBI,
COXPAHSIOIINE IEKTPOHEHTPAIBHOCTE B IPOLECCE OAHOBPEMEHHOTO CBSI3bIBAHHMS KATHOHOB, aHHOHOB
WM OPTaHUYECKHX COCAUHCHHH. [lenvlo Oannoli pabomuvl SBISETCS CO3AAHUE HOBBIX CEJNCKTHBHBIX
COpOCHTOB Ha OCHOBE AMAMUHOIULUKIOICKCHIKPayH-3(GUPOB U U3y4EHHE HX KOMILIEKCOOOPA3yIOIIHX
CBOMCTB 110 OTHOLICHHIO K MOHAM LIEJIOYHBIX METalioB. Memoodonocus. Jns u3ydeHus cocTaBa U
CBOMCTB TPOJIYKTOB CHHTE3a KpayH-d(QHp COIEp)KalIMX COPOCHTOB MCIIOJIb30BaHBI XHMHUYECKUE U
(GU3UKO-XUMHYECKIE METOAbl aHanmu3a: HHQpaKpacHas CICKTPOCKOINS, aTOMHO-aOCOpOIMOHHAs
ciekrpodoromerpus.  Pesymvmamul  u  obcyscoenue.  OCyIeCTBICHa  XUMHYECKas IPHBHBKA
LUKI0aTU(paTHUECKUX KPayH-3(UPOB Ha MaKPOIOPHUCTHIH XJIOPMETHIMPOBAHHBIN COMOIMMED CTUPONIA U
JUBHHWIOCH3071a. B BBIOpaHHBIX YCIIOBHUSX MPH NPUMEHEHHH AMAMHHOIMIUKIOreKcui-18-kpayH-6
MOJTYYEHBI TTOIUKPayH-3(QUpBI C COJlepIKaHUEM KpayH-3(UPHBIX Kpym 1,42 MMOJIB/T, IPH UCILIBL30BAHUU
JTMAMUHOAULVKIOTEKCII-24-KpayH-8  COAep)KaHHE  MakKpOLMKIMYecKux rpymn 1,24 MMOJB/T.
HccenenoBaHo u3BJIEYEHHE LICIOYHBIX METAUIOB B CTATHYECKUX YCJIOBHUSX COpPOEHTAaMH NPUBUTOrO THIA
Ha OCHOBE DPAa3JIMYHBIX MaKpOLUKIOB. [TokazaHbl BBICOKHE 3HA4CHUS KODGUIMEHTOB pacIpelelcHHs
menounsix MetawioB (Na*, K*, Cs*) cuntesupoBanHbIMEH copOeHTaMd B Kuciol cpeme. ITokaszana
9 }eKTUBHOCTh MONYYEHHOrO COpPOEHTa ISl W3BJICYEHHsS KAaTHOHOB IEJOYHBIX METaJJIoB.
3akniouenue. Ha 5(QQPeKTUBHOCT H3BIIEUEHHUS HOHOB METAUIOB U3 BOAHBIX pPAacCTBOPOB,
comepxamux cioxHble 3¢upsl Kpayna, Binmser Hammuyue amuHorpymm. M3BecTHO, YTO
aMUHOTPYINIa CIOCOOCTBYET OOpa3OBaHMIO IOJHMMEpa, KOTOpHIH Habyxaer B Boje. bbuio
OTMEYEHO, 4YTO NPHUMEHEHUE COPOECHTOB HAa OCHOBE MOJUMEPOB, HabyXaloMmHUX B BOAE HPH
yAaleHHUU COJiell MEeTaJIOB W3 BOJHOW CpeJbl, NPUBOAUT K MOBBILICHHIO COPOMMOHHON
crnoco6HOCTH COpOEHTOB 3a cyeT OOJerdeHuss AOCTyNa MOHOB METAJUIOB B BOJE K aKTHBHBIM
ydacTKaM MMMOOMIN30BaHHOTO copOeHTa. VccinenoBaHO pa3[eleHHE IIEIOYHBIX METAJIOB B
CTATHYECKMX YCIOBHUAX C MOMOIIbIO IPUBHUTBHIX COPOCHTOB Ha OCHOBE pa3IHMYHBIX
MaKpOLMKIOB. B To xe BpeMs st cOpOCHTOB, CHHTE3UPOBAHHBIX B KHCIIOH cpeje, MOKa3aHb
BBICOKHE 3HaYCHUS KOI()(PUIUEHTOB pacIpeeICHNs MEeJIOYHBIX METAJIIOB.

KiroueBble cjioBa: moiaMMepHble COPOEHTBI, COpOLMs, KpayH-3(HUpBI, CEIEKTUBHOCTb, COIOIMMEP
CTHUpOJIa ¥ AUBUHHIOEH30I1a

Kypmananuee Mycpenoex Kypmananuesuu  JJokmop xumuueckux Hayx, npogeccop

bexmenoe Hecunxan Absycanaposuy Joxmop xumuneckux nayx, npogheccop
Caovikosé Kanam Amupxynoeuu Mazucmp xumuu
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SYNTHESIS OF CALCIUM CHLORIDE FROM TECHNICAL LIME
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Abstract. Introduction. Calcium chloride is a popular product for oil/oil, gas, chemical, chemical-
pharmaceutical, forest, construction and other industries. The purposeof this work is synthesizing calcium
chloride from low-quality limestone, calculating the material balance of its production process, and to
studying the possibility of using CaCl. in the oil industry. Methodology: Infrared spectra have been
recorded on an infrared spectrophotometer in the spectral region of 225-4000 cm*. The basic hydrochloric
acid method has been selected for producing calcium chloride from technical lime. The synthesis and
purification of the CaCl. solution have been carried out according to the known method.Resultsand
discussion. Theexperiments have shown that calcium chloride enhances the anti-corrosion properties of
the seawater well-killing fluid. The highest degree of protection (89.83%) has been observed at the 35%
concentration of CaCl. due to the chemical composition. Introducing CaClz into wastewater increases its
mineralization and overall hardness, resulting in the formation of a more aggressive environment and an
increased corrosion rate. Conclusions:A feasibility study of the process of obtaining pure calcium chloride
from technical raw materials has been carried out, the material balance of this process has been calculated,
and it has been shown that the cost of the resulting CaCl. does not exceed the cost of 1 ton of pure CaCl:
on the market of services.

Key words: calcium chloride, technical lime, well-killing fluid, corrosion rate, corrosivity.
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CHUHTE3 XJIOPUJA KAJIBIUA N3 TEXHUYECKOM U3BECTH

V.JK. /Incycunéexos ', P.M. Yepnaxosa ', P.A. Kaiiinéaeea*", I' Ill. Cynmanébaesa *,
H.A. Kykcuna 2 H.H. Koxcabexosa *

A0 «HMncmumym xumuueckux nayxk um. A.5.Bexmypoea», Anmamu, Kazaxcman

2 Kazaxckuii Hayuonanbuwiil meduyunckuii yuusepcumem um. C.J]. Acgpenousposa,
Anmamer, Kazaxcman

E-mail: raushan_1972@mail.ru

Pe3ome.  Bsedenue.  XJIOpHCTBI  KanbLMil  SBISIETCS ~ BOCTPEOOBAHHBIM — MPOAYKTOM ISt
HedTeno0bIBatoNIeil/Heh TeIPOMBICIIOBOM, I'a30BOH, XMMHYECKOH, XHMMUKO-()apMaleBTHICCKOI, JIECHOM,
CTPOUTENIBHOM M APYTUX MPOMBIIUICHHOCTEH. []envto 0annotll pabomul SBISETCS CHHTE3 XJIOPUIA KaIbIUs
U3 HU3KOKAYECTBEHHOIO H3BECTHSKA, PacueT MaTepHalbHOro OajlaHca Mpolecca ero IOJNYYeHUs u
n3ydyeHue Bo3MoxkHocTH npuMeHeHust CaClz B HedrenoObiBatolieil NpoMBIIIIEHHOCTU. Memodonoausi:
UK-crieKTphl CHUMAaIN Ha MHQPAKPACHOM CHEKTPO(QOTOMETPE B CHEKTpalbHOI o6nactu 225-4000 cm™,
Cunte3 u ounctky pactBopa CaClu3 TeXHHYECKOH M3BECTH MPOBOMMIA COJSTHOKHCIOTHBIM METOZOM.
Pesymomamuiu  06cysicoenue.Onpitel nokaszamu, uto CaCloycunmBaer aHTHKOPPO3HOHHBIC CBOWCTBA
KUJIKOCTH TJIYIICHHs, NPUTOTOBJICHHON M3 MOPCKOH Boxbl. Ilpu 5TOM HamOonbluas CTCNCHb 3alUTHI
(89.83 %) ormeuena npu kouuentparmu CaClz paBHOit 35 %, 4T0 00YCIOBICHO XUMHIECKAM COCTABOM.
Beenenune CaClz B CTOUHYO BOAY, MOBBIIIACT €€ MUHEPATU3ALMIO U OOIIYIO KECTKOCTh, YTO PHUBOAUT K
oOpa3zoBaHuio OoJiee arpecCHMBHOW Cpe/ibl U K YBEIMYCHHIO CKOPOCTH KOppO3uH. Bwigoowi:IIpoBeaeHo
TEXHHKO-DKOHOMUYECKOe 060ocHOBaHHe mpouecca noiydenus: uncroro CaClz M3 TEXHHYECKOTO ChIPbs,
paccunTaH MaTepHalIbHBIH OalaHC JaHHOrO IpoIlecca U INOKAa3aHO, YTO CeOECTOMMOCTD HMOIyYECHHOTO
CaCl: ne npesbimaer croumoctd 1T uncroro CaClz Ha pbIHKE yCITyT.

KuiroueBble cioBa: XJIOpH] KallblUs, TEXHUYECKasi M3BECTh, )XKUAKOCTh TIIYHICHUS, CKOPOCTb KOPPO3HH,
KOPPO3UOHHAsI aKTUBHOCTh

Ymupzax Kymacunoeuu /icycunoexos Ynen-xopp. HAHPK, npogheccop, dokmop
MeXHUYeCKUX HayK

Pauca Muxainosna Yepuaxosa Jloxmop mexnuueckux nayx, npogeccop
Paywian Anuoberxoena Kaitvinoaesa Kanouoam mexnuueckux nayx

Tuma lllamunvesna Cynmanoaesa Kanouoam mexnuyeckux nayx

Hpuna Anexcanoposna Kykcuna Mazucmp

Has3zvim Hypzyowiposna Koscabexkosa Kanouoam xumuueckux nayx

1. BBenenne

XJIOpUCTBIN  KaNblUK  SABJISCTCS  BOCTPEOOBAHHBIM  MPOIYKTOM  JJIst
HedTe00bIBarOIIeH/HeQTEMPOMBICTOBOM, ra3oBoil [1-3], XUMHUECKON, XHUMHUKO-
(bapmarieBTHUECKOM, JIECHOM, CTPOUTENIHHOM U Jp. TpoMbIiuieHHOCTH [4-7, 3]. B
crpoutenbctBe 00aBka CaCl, B 0eTOH ycKOpsieT CXBaThIBAaHHE W YCAIKY
LIEMEHTa, pACHIMPSAET TEMIepaTypHbId HMHTEPBA 3aJIMBKH OETOHA, a TaKXe
YBEIUYMUBAET JOJITOBEYHOCTh M HAJEKHOCTh BO3BOJUMBIX KOHCTPYKIIMM.
XJIOPUCTBIN KaJbIMM HCHOJIB3YETCsA IS OOCCHBUIMBAHHUS IPH DKCILUTyaTalluu
MECYaHbBIX U TPABUIHBIX JOPOT.

B HedTe- u razomodkiBaromiei mpompinuieHHocTr CaCl, mpumensiercs s
npurotoBiaenus xuakocT raymenns (OKI') HeTAHBIX M Ta30BBIX CKBAXHH IMPU
HX PEMOHTE, NMPOMBIBOYHBIX JKUIKOCTEH s OypeHHs HE(PTIHBIX M Ta30BbIX
CKB2)KWH, B Ka4eCTBE KOMITOHEHTa TaMIIOHAXXHBIX PAaCTBOPOB IPH yCTPOHCTBE
HEe(PTSIHBIX CKBaXHH, B KauecTBE pearcHra JJisi WHTCHCH(HKAIUK TPOIECCOB
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nedptenoobrun [1-3]. UcnonszoBanneCaCl, mis npurotosnenus JKI' mo3sonser
paboTtaTh IpH OTPUIIATEIBHBIX/MUHYCOBBIX ~ TEMIIEPaTypax, COXPaHSTh
KOJUIEKTOPCKHE CBOMCTBA PacTBOpPa, CTAOMIM3UPOBATH €€ TUIOTHOCTh, 00ECIIeYnTh
XOpOIIYI0 TPOKAYMBAEMOCTh, BBICOKYIO BOJIO- M IUIAMOYJCPKUBAIOIIYIO
cnocobHocth K[ M €e MHEPTHOCTh MO OTHOIIEHUIO K XOPOIIO PacTBOPHMBIM
mopomam [8-9].

B TpOMEBITIIIEHHOCTH XJIOpW TPOM3BOMAT Kak OE3BOIHBIN XIIOPHUCTHIH
kanpimii CaCl,, Tak w B Buae ruaparoB — CaCl-2H,0, CaCly-4H,O u
CaCl,-6H,0. Tlocienuuii sBIsSCTCS HEYCTOWYHNBBIM COSAMHEHUEM U MPU HArpeBe
BBIJIETISIET BOY.

ChipbeM JUIsl TIOJAYYCHHS XJIOPHJA KaJbI[MS CIY)KUT COJISHAs KHCIOTa W
BBICOKOKAUECTBCHHBIN M3BECTHSIK C HU3KUM cojiepykanueM npumeceit MgO, SiOp,
S u P. Omnako 6Gonee skonomuuno CaCly mosiydaTh M3 HH3KOKAYeCTBEHHOT'O
M3BECTHSKA WJIM HM3BECTHCOAEPIKAIIETO OTXOAd, WIH € OTXOAOB COJIOBOTO U
XJIOpaTHOTO  Mpou3BOoAcTB. llpomecc  momyueHWss — xjopujga — KajubLus
COJITHOKHCIIOTHBIM METOJIOM C HWCIIONb30BaHHEM HHU3KOKAYEeCTBEHHOTO CHIPhS
(TEXHUYECKOTO W3BECTHSAKA HMITM W3BECTHCOMEPIKAIIECTO OTXO/a) 3aKIF0YaeTCs B
pacTBOpPEHUM CBHIpbS B COJITHOM KHUCJIOTE C MOCIEAYIOWENH OYUCTKOU
obpasyrorerocst «ceiporo» pactsopa CaCl, o mpumeceit U B 00€3BOKHBAHHN
ero. Ilpogykr momydaercs Oojee YHUCTHIM, YeM U3 OTXOMAAIINX >KHUAKOCTEH
COJIOBOI'O WJIM XJIOPATHOT'O MPOM3BOJCTBA. HHU3KOKAUECTBEHHBIN W3BECTHSK WU
M3BECTHCOJCPIKAIIMIA OTXOJ UMEIOT MEPEeMEHYMBBIA COCTaB M XapaKTEPH3YIOTCS
collep)kaHueM pa3HooOpa3HbIX mpuMeceld. Mcxons w3 3TOro, BO3HUKAET
HE00XOJMMOCTh B MICCIIEIOBAHUH BO3MOXXHOCTH IMOyUEHHS] YHCTOTO XJIOPUCTOTO
KaJIbIUS U3 TEXHUUECKOHM M3BECTHU C IMOBBIIIEHHBIM COJICPKAHUEM IIPUMECEH.

Lenvio pabomuiIBISETCS CHHTE3 XJIOPHJIA KATBIUS M3 HU3KOKA4eCTBEHHOTO
W3BECTHSKA, pacyeT MaTepHallbHOTO OallaHca Tpolecca MW H3Y4YCHHE
Bo3mokHocTr ipuMmenenust CaCl, B HeTe100BIBaAIOIIEH TPOMBIIICHHOCTH.

2. JKCNepUMeHTAILHAS YacTh

21.]'[5[ MOJIY4YE€HUA YUCTOIrO0 XJIOpUAa KajJbLWA HCIIOJIbB30BAJIM TEXHUYCCKYIO
n3sectb (TH).

[Iponecc momyyeHusi OE3BOJHOrO XJIOPHAA KajJbLUSl  OCYILECTBISUIN
CIICAYIOIIUM 00pa3oM:B PEaKTOp BHOCUIIM pacueTHoe konudectBo 14%-noit HCI
COJISTHOM KHCJIOTBI, 3aT€M BBOAWJIM TEXHUYCCKYHO H3BECTbH B 3aJaHHOM
cootHomennn T:0K=1:5 [10]. Cmecp mepememmBanu B TeueHue 30 MUH mpHu
MOCTOSIHHOM o00beMe M jajee (WIBTPOBAJM HEPACTBOPUMBIA ocamok. Js
OYHNIICHUS OT HpHMeCCﬁ COC)II/IHeHI/Iﬁ JKeie3a, Marausgd U aJJlOMHHUSA U Cy.]'II)(baT
aHMOHA BBOJWJIH XJIOpU Oapus B CyXOM BHJE MPH ITEPEMEITNBAHUH.

[Ipu nobaBke xnopuaa 6apust Bce cysbhaTsl OCRKAAIOTCS B BUAE CYIb(ATOB:

FeSO4+ BaCl,= FeCl,+BaS04| 1)
MgSO,+ BaCl,= MgCl>+BaS0a,| 2)
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Ilocie ocaxaenns cynb(aToB, OTAETSUIA HEPACTBOPUMBIA OCTATOK U
HarpeBaJy PacTBOp, Aajiee HEHTPAIN30BAIN H3BECTh-IYIIOHKOH IO CIIeIYIOIINM
peakuusam:

MgCl,+Ca(OH), = Mg(OH); +CaCl; 3
FeCl,+Ca(OH), = Fe(OH), +CaCl, (4)

[Ipu 5TOM, THAPOKCHABI METAUIOB BBHINAJAIOT B OCAIOK U OTAEIIIOTCS
orctauBanueMm [11]. B panpHelimeM QuUIbTpaT CyIIMIM M MONYyYaId B YUCTOM
Buze xnopun xaneist CaCly. Tomydenne xmopuaa Kanbiasas w3 TU mpoBoaumu
COJITHOKHCIIOTHBIM METOJIOM C TMocHenymmeil ounctkoii pactBopa CaCly mo
H3BECTHOM MeToauKe [12].

Nnentudukanuio Chipbs U MOJYYCHHBIX 00pa3IOB OCYIIECTBIISIIM METOJIO0M
HK-cnekrpockonmu  HaumHppakpacuom  crektpodoromerpe(Nicolet 5700
«ThermoElectron», CIIA) B cnekrpansHoii obmactu 225-4000 cm™. Tlepen
custueM UK-cniektpoB uccnenyemoe BemecTBo B konmuyectse 0,4-1 Mr BBOAMIU
B HaBECKY OPOMUCTOTO KaJIMs M TIOCJIe IPECCOBAIIN B TAOJIETKY.

3. Pe3yabTaTtsl u o0Cy:K1eHUE

UK cnekrpockonuueckuii aHanu3 cbipbst [13,14] mokasai, 4To 4acTOTHI Y
705; 875 u 1423 cm! coorBercTByIoT Vv KOneGanust CO3 rpynmbl B H3BECTHSIKE,
KOTOPBIN SBISIETCS OCHOBHOM (hazoit (pucynku 1, 2). Ha Hanmnume HeOOMBIIOTO
npucyrctBus  HpO  yKaseiBaeT MaJlOMHTEHCMBHAas dvactora y 3643cm™,
npuHaaexkanias v konebanusm OH rpymims.

1423
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Pucynox 1 — MK-criekTp UCXOAHOM TEXHUYECKOH N3BECTH.
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Pucynok 2 — VK crektp o6pasia CaCly, moxy4eHHOro 13 TeXHHIECKON H3BECTH.

Wnentudukanus sxenroir npumecn B TU mokaszan mnpucyrcrBue FeCOs
(1429; 1421; 740 cmt), MgCOs (1460; 1448; 1429 cm™) u KpHCTAIHYECKOTO
kanbuuta (713; 875;1418; 1414 cm?). To ects TU npuroana aus cuntesa CaCl,.

UK cnekrpockonmyeckuii anamu3 monydenHoro CaCl, mokasanm, d9to
IIMpOKast Tojioca moromenus B obnactu (3441-3425) cm? npumamnexur v
xonebanusam HyO, a wactora y 1626 cm? coorserctByer & koneGanusam HoO
(pucyHok 2). Xnopuay KaJlbLHs COOTBETCTBYIOT €1a00 MHTEHCHBHBIE YAaCTOTHI Y
2170cm™ u B 06mactu (1469-1425) cm™, a Takke MHTEHCHBHAS YacToTa y 523 M
[15]. Cootrnecenue wactor UK cnekrpa momyuennoro CaCl, ¢ nureparypHbiMu
JaHHBIMHU [ 16] yKa3bIBalOT Ha MOJIYYEHHE YUCTOrO XJIOPUAA KabIIHs.

I[lo  momydyeHHBIM  pe3ynbTaTaM  MpeIoKeHa  HPUHIUNHATbHAS
TEXHOJIOTHYECKasi CXeMa IMOMy4YeHHs XJIOPHCTOTO KalblUi W3 TEXHUYECKOU
U3BECTH (PHCYHOK 3), KOTOpasi UCKIII0YaeT cTaauio ocBerienus pacteopa CaCl ¢
npUMeHeHneM (GIIoKyIsTHTOB [17].

TexXHOIOTHYECKHI MpOIECC BKIIOYAET CIEAYIONINE CTaJuu: Pa3IoKEeHUe
TEXHUUYECKON u3BecTH ¢ 14% CONSHON KHCIOTOH; HEWTpanu3aluss M O4YMCTKa
KHCJIOTO PAacTBOpa XJIOPHCTOTO KaJlblMA; OTAEJCHUE CYyIb(paToB ¢ H00aBKOH
XJIopuia Oapus; OTIeNIeHHe XJIOPHUCTOrO KAIBIUS OT THAPOKCHIOB; (HIbTpAIIHs
pacTBOpa XJIOPHCTOTO KaJbIHs; BBIAPKY U Cylika unctoro pacrsopa CaCls.

Mamepuanvusiti 6airanc u MexXHUKO-d9KOHOMUYECKoe 000CHO8aHUe npoyecca
NOMYYEHUS YUCTNO20 XI0PUOA U3 MeXHUUEeCKOU uzeecmu

IIporecc moxy4eHNns YUCTOrO XJIOpHIa KAIbLUS BKIIOYAET CTaINH:

1) pasnokeHHe TEXHUUECKOH u3BecTH 14 % CONSHOM KUCIOTON;

2) OYHUCTKY «CBIPOTO» PACTBOPA;

3) GuIbTpaIHIo, T.€. OTAEIEHIE BEITABIINX CYIb(PAaTOB U THAPOOKHUCEN;

4) BoImapka u cyika arctoro pacrsopa CaCly;
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Pucynok 3 — [IpuHIMIHAIbHAS TEXHOMOrHYecKas cxema noiydenns CaClz M3 TeXHUUECKOM U3BECTH.

Pacuer marepuanbHOro OanaHca mpollecca IMOJYyYSHHS YHCTOIO XJIOpHIA
KaJIbIMsl U3 TEXHHUYECKOM M3BeCTH TpoBejieH 1o [6, C. 864-867].
IIpu pacuere MatepuanbHOTO OamaHca (TabNMUIBIl, 2) B3ATH CIETYIOIINE

IIoKa3aTcJIn:

Tabauna 1 - MarepuansHblii 6anaHc

3arpaueHo KT % [MoxyueHo KT %
Texauueckast 100 17.45 | T'a3 u mapbl, BBIACTHBIIHECS MIPH 85.47 14.91
U3BECTh PAa3I0KCHUN

HCI (36.5 %) 21255 | 37.09 Ocanok (BaSOs, rumpokcust Me) 58.83 10.26

H20 259.5 45.28 ITapsl, BeLIENMBIINECS IPH CYIIKE 390.50 68.14
BaCl, 0.653 0.114
Iymonka 0.412 0.072

ToBapHbIil IpoayKT 38.32 6.69

Htoro 573.12 100 Htoro 573.12 100

Ta6auua 2 — Pacxoxsbie koadurmentst Ha 1 T (1000 kr) npoaykra (CaClz)

DJIeMeHTHI 3aTpat IToka3zaTenu
TexHuueckast U3BECTh 2.61
HCI (36.5 %), m 0.55
H20, m 0.68
BaClz, m 0.002
Ilymionka, m 0.001
DnekrposHeprusi, KBt/4 20
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1) pacxon texuuueckoit  u3Bectd — 100.0 kr;

2) pacxon cousiHO# kucnotsl (36.5 %) — 212.55 xr

3) pacxox Bomsl — 259.5 KT

4) pacxon xjopuctoro 6apus (moporiok) — 0.653 kr

5) pacxon nymonku (Ca(OH),) — 0.412 kr

CebecTouMOCTh MOJIyYCHHOTO XJIOPUIA KAJIbLUS U3 TEXHHYECKOW H3BECTH
coctaBsieT 98.16 taHr/kT (98160 THI/T).

[Tonmy4eHHBI XJOpHI KaIbIUA HCOBITAH B JAa0OPaTOPHBIX YCIOBHSX B
KadecTBe TexHojormdeckor JKI, mpuMmensemor B HeTeHOOBIBArOIICH
MIPOMBIIIJICHHOCTH [UIS TIyIIEHHUS CKBaXHH.

Uccnenopanne KOppo3MOHHON aKTUBHOCTHU COCTABOB KUIAKOCTEW TITyIICHUS
¢ mobaskoit CaCly mpoBOAMIM TPaBUMETPHUSCKMM METOJOM Ha CTaIbHBIX
IJIACTHHAX TI0 OOUIETIPUHATON METOJUKE B MOPCKOW W CTOYHOW Boje. Bribop
TUTIOB BOZBI 00yCIIOBIIEH OTCYTCTBHEM HoS 1 HeTenmpoaykToB B MOPCKO# BOAE U
UX HU3KUM cojaepkaHueM B crouHoi Boje (0,1 mr/n HoS wm 3.19 wmr/n
He()TEMPOAYKTOB), UYTO HWCKIIOYaeT oOpa3zoBanmio FeS w  moBswimaer
KOppO3HUOHHYI0 akTUBHOCTH JKI', mpuroToBNneHHyo Ha ux ocHoBe. B Tabmure 3
MPUBEACHBI PE3YIbTaThl U3MEHEHUS VoppB 3aBUCIMOCTH OT KOHIICHTPAIMU COJIN
XJiopyaa KajJblud B UCCIICAYCMbBIX TUIIAX BO.

Tabauua 3 — Bausaue KOHIEHTpAMK XJIOPHIA KAIbIUSI Ha CKOPOCTh KOPPO3UU B MOPCKOM M CTOYHOM
BOJI€, IPOIODKUTENILHOCTD HCTIBITAHUS 14 cyTOK

Ccaciz, % Macca 00pa3uos, r [oreps P, r/em® | Vkop Vkopps Z, %
Mo, 10 Mot mimocne | MACCH p-» MM/TO1L
. Am r/em?*
OIIBITA Tzoce CHATHS \
ONBITa | OTIO- KOop, I cyr

JKEHHH
Mopckast H20, npopomkureabHOCT UcTibITanus 14 cyTok

25 6.7150 | 6.8168 6.6828 0.0322 1.147 1.190 0.084 34.55
30 6.5542 | 6.5646 6.5472 0.007 1.205 1.204 0.018 85.77
35 6.4383 | 6.6423 6.4333 0.005 1.209 1.206 0.013 89.83

mopckast H:O | 6.7549 | 6.8254 6.7057 0.0492 1.015 1.014 0.128 oTc.

CroyHas HZO, TIPOAOJIKUTEIIBHOCTD UCIIBITAHUS 7 CYTOK

25 6.6964 | 6.7142 6.6130 0.0834 1.190 0.434 0.481 oTc.
30 6.5379 | 6.5513 6.4805 0.0574 1.205 0.299 0.331 oTc.
35 6.8552 | 6.8754 6.8343 0.0209 1.205 0.108 0.120 oTC.

crounas H2O 6.6691 6.6821 6.6571 0.0120 1.015 0.062 0.069 oTcC.

Ycranosneno, uto pobaska CaCl; B Mmopckyro Bomy ot 25.0 1o 35.0%, o
KOHIICHTpAINH, 00€CTIeUNBAONICH 3aJaHHyI0 TUIOTHOCTE JKI', CHIDKaeT CKOpOCTh
B (1.53-9.85) pa3 110 cpaBHEHHUIO ¢ KOHTPOJIBbHBIM OMbITOM (6e3 no6aBku CaCly). B
1o Bpems kak BBeaecHue CaCl; B crouHylo BOAy B mpemenax TexX ke
KOHIICHTpAINi yBeINMIUBaeT CKOopocTh MeTauia B (1.7-7.0) pa3 mo cpaBHEHHIO C
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KOHTPOJIBHBIM ONBITOM. OMBITEI MOKA3alIH, YTO XJIOPUCTHIM KaJIBLUM YCHIUBAET
aHTUKOppo3uoHHBIe cBoiicTBa JKI', MPUTOTOBIEHHONW HAa OCHOBEMOPCKOW BOJBI.
[Tpu 3ToM HaubombIas crenens 3amuThl (89.83 %) oTMeueHa nMpy KOHIEHTPALH
CaCl; paBuoii 35 %.BeposiTHO, Takoe MOBEICHUE XJIOPHUIA KAIBIMS B MOPCKON
Bozme oOycnoBineHo ee xumuyeckuM coctaBoM. Copepikanne Cl° moHOB B
mopckoii HoO na 21642 mr/n menbine, 9em B ctounoil H2O, a SO4% noHOB - Ha
2559.53 mr/xn Gonbie.

B urore cymmapHas MUHepalu3anysi ¥ o0mias )KeCTKOCTb MOPCKOW BOJE B
3,1 pa3 menpme, 4eM B cTO4HOH. [lo-BuamMomMy, B MOpPCKOW BOXE XJIOPHI
KaJbllMsl HMHUIHMHUPYET Tpolecc O0pa3oBaHUs caMOpa3pyLIaloLIeics TBepaon
dassr [18], BenenctBue vero XKI' Ha OCHOBE MOPCKOM BOBI MPOSIBISCT HU3KYIO
KOPPO3UOHHYI0 aKTUBHOCTH [19]. CKOpOCTh KOPPO3UH MOPCKOM BOJIBI C I00ABKOM
CaCl, He TmpeBbIIACT YCTAHOBJICHHBIH HOPMATHB (CKOPOCTh KOPPO3UHU
HCCIIEAYeMbIX COCTAaBOB HE MJOJDKHA IPEBBIIATH YCTAHOBJICHHBIH HOPMAaTUB
(0,10-0,12 mm/rom)) [19], mostomy ucnons3zoBanue CaCl, siBsieTCs 1Oy CTHMBIM
IpY NPOBEICHUHM BHYTPHUCKBAXHHHBIX OIEpaldil COTJacHO TpeOOBaHUSM.
Beenenne ke CaCl, B crounyio BOIy, MO-BHIMMOMY, TIOBBIIIACT €€
MUHEpaTU3alii0 U OOIIYyI0 JKECTKOCTh, YTO NMPHBOAMUT K 00pa3oBaHMIO Oosee
arpecCUBHOM Cpellbl U K YBETHUEHHUIO CKOPOCTH KOPPO3UH.

4. 3akin04eHue

[IpoBeieHO TEXHHKO-3KOHOMHYECKOe 0OOCHOBAaHHUE IMpoIecca MONMyUSHHUs
YHUCTOrO XJIOPUIA KAJIbIIMS U3 TEXHUYECKOTO ChIPbs, PACCYMTAH MaTePUaTbHBIN
OanaHCc JaHHOTO Mpollecca M MOKa3aHO, YTO Ce0ECTOMMOCTh MOJYYEHHOTO
CaCl; ne npessitnaet croumoctu 1T unctoro CaCl, Ha pbiHKe yCyT.

TEXHUKAJIBIK OKTEH KAJIbIUA XJOPUIIH CHHTE3AEY

Y.K. Kycinoexos 1L PM. Yepuarosa L P.A. Kaiivinoaesa®", I'.111. Cynmanoaesa 1
H.A. Kykcuna 2 H.H. Koscaberosa *

YA.B. Bexmypos ambinoasgel Xumus binbimoapsl uncmumymsot AK, Anmamer, Kazaxcman
2C J. Acghenouspos amvindasv Kazax ynmmoix meduyuna yrusepcumemi, Anmamul, Kazaxcman
E-mail: raushan_1972@mail.ru

Tyiiinaeme. Kipicne. Kanpiuit xnopuzi — MyHait/MyHal KoCINIIUIri, ra3, XumMus, papMaleBTHKa, OpMaH
MIapyaIIbUIBIFBL, KYPBUIBIC JKOHE 0acKa Ja calaiap YIIiH TaHbIMal eHiM. byn ocymeicmuy maxcamvr —
caracsl TOMEH OKTacTaH KalbIHil XJTOPUAIH CHHTE3/eY, OHBI OHAIPY IPOLECiHIH MaTepUaIIBIK OaTaHCHIH
ecerrTey xoHe MyHail enepkacibinae CaCly maiinamany mymkingiria 3eprrey. Odicmeme: UK crextpiepi
225-4000 cm? criekTpItik aliMakTa MEQPAKBI3LLT cieKTpodoToMeTpae anbin bl Texaukansik okren CaClz
epITIHAICIH CHHTE3/Iey JKOHE Ta3apTy TY3 KBIMIKbUIBI dJicTeMe OOMbIHINA XYprisingi. Homuoicenep men
nixipmanac. Toxipube KepceTKeHIeH, KaJIbIMHA XJIOPWAI TEHI3 CYbIHaH JalbIHAAIFaH COHIIPY
CYIMBIKTBIFBIHBIH KOPPO3UsIFa Kapchl KaCHETTEpiH Kylleiteni. Bys peTTe eH jkorapbl KOPFaHBIC JdpeKeci
(89.83%) xumumsutblk Kypamra Oaitmanpictel CaCly 35% KOHIEHTpauuschiHaa OalKaIabl. AFBIHIIBI
cynapra CaClz eHriy OHbIH MHHEpaJJaHybIH >KOHE JKalllbl KEPMEKTUIINH apTThIpajbl, OyJI arpeccuBTi
OpTaHBIH MHaiifa GOIybIHAa XOHE KOPPO3MS JKbUINAMABIFBIHBIH JKOFApbUIAayblHA OKelendi. Kopbimbinobvi:
TexHuKanblK IIMKi3aTTaH Ta3a KalbIUH XJIOPHIIH aly NPOLECIHIH TEeXHUKAIBIK-3KOHOMHKAIBIK
HeTi3/1eMeci JKYPri3ifim, Oy1 MpoLecTiH MaTepraIablK OanaHchl ecenTedin, HaTmkecinae ansiaran CaClz
KYHBI KbI3MET KopceTy HapbIFbiHa 1 ToHHa Ta3a CaClz KyHBIHAH acTIaWTBIHBI KOPCETiN L.

71


mailto:raushan_1972@mail.ru

KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

Tyiiin ce3mep: KanbLUil XJIOPWAl, TEXHHKAJBIK OK, ONTIPETiH CYHBIKTHIK, KOPPO3HS JKbLIJAM/IbIFbL,
KOppo3us

Kycinoexoe Omipzak JKymacwinynv KP ¥FA koppecnondenm myweci, npogeccop, mexnuxa
2bLILIMOAPLIHBIY OOKMOPbL

Yepnakosa Pauca Muxaiinoena Texnuka bLibIMOAPbIHLLY OOKMOPbL, NPogheccop

Kanvinoaesa Payuian Onidekkpizol Texnuka bl1bIMOGPbIHBIY KAHOUOAMbL

Cynmanébaesa I'uma Illamunvkpizol Texnuka 2bl1bIMOAPbIHBIY KAHOUOAMbL
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Abstract: Introduction. The sorption capacity of modified carbon has been investigated; the
possibility of creating a sorbent for iron (I, 111) in water bodies with a purified water yield of up to 0.01
mg/l has been shown. The purpose of the work. To create a new cheap sorbent based on sulfougl, to study
its sorption characteristics by the method of solid-phase photometric determination of Fe (I, I1l) with a
low detection limit. Methodology. The sorption capacity with respect to iron ions (I1, I11) modified with
sulfougl has been studied. The sulfogroup used as a modifier has been used in the photometric
determination of Fe (I, 111) and has been used in the analysis of waters for the total iron content. Results
and discussion. Today, thousands of sorbents are produced with various matrix materials, functional
groupings, methods of their fixation, containers, mechanical properties, grain and other characteristics.
The choice of the optimal sorbent depends on the task assigned to the researcher. Conclusion. When
choosing a sorbent, it is necessary to take into account the concentration mode. Thus, after the sorption
extraction under the static conditions, the sorbent concentrate should be easily separated from the mother
liquor; when used in the dynamic mode, it is undesirable to use strongly swelling sorbents, as well as too
small fractions of sorbents. The development of simple methods of water purification from heavy metals,
in particular, from the widespread iron (l1, 111) cation in natural and drinking waters is an important task of
analytical chemistry.
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1. Introduction

Sorption methods are based on complexing reactions on the solid phase of
metal ions with a reagent [1, 2]; the well-known, well-proven sorbents based on
coal are usually used for their implementation [3]. The known modifications of
coal sorbents are presented in [4]. Currently, modified coal (sulfougl) ave been
specially developed due to their possible subsequent use in small-sized household
filters for the sorption water purification. Sulfougl is porous adsorbents, and is
used in several industrial processes. These carbons have often been used to adsorb
pollutants present in the gas or liquid phases in order to control environmental
pollution, remove organic compounds, or remove toxic metal particles [5]. The
whole variety of the obtained carbon sorbents can be classified according to
various criteria: the nature of the feedstock (solid, liquid, gaseous), production
methods, structural and textural (porosity, surface, pore size and distribution)
characteristics and applications. For industries such as leather, textile,
metalworking, battery, pigment and metallurgy, toxic metal ions are widely used,
which can have an impact on the environment. Moreover, toxic metal ions can
accumulate in microorganisms, flora and aquatic fauna, thereby introducing these
metals into the food chain and increasing the risk of health problems in humans
[6]. The removal of metal ions can be achieved using various techniques,
including precipitation, adsorption, ion exchange, membrane processes,
electrodialysis and reverse osmosis [7]. Among them, sulfocarbon adsorption is a
very effective method due to the large available surface area and the
characteristics of modified coal. In addition, modified coal can be obtained from
several natural carbonaceous materials at a relatively low cost [8].

2. The experimental part

The initial solutions, containing iron (ii), iron (iii) 0.1 mg/ml were prepared
by dissolving precise attachments of Mora salt (bda.) and iron-ammonium alum
(ch.d.a.), respectively, in sulfuric acid solutions. The solutions with lower
concentrations were obtained by dilution on the day of using. For the preparation
of buffer solutions, ammonium acetate, acetic acid (all h.d.a.) were used [9].
Modified coal was obtained by the method, described earlier [10].

The sorption of iron ions with sulfocarbon was studied in a static mode. To
do this, the studied solutions and modified coal plates were placed in vessels with
lapped stoppers. Then the vessels were shaken on an electromechanical vibration
mixer until sorption equilibrium was established. The sorption value (a, mg/g)
was calculated by the formula:

(Co - [C]) -V
a=———"""—"
m
where C, - the concentration of the detected compound in the aqueous

solution before sorption (mg/ml), [C ] the concentration in the solution after
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sorption (mg/ml), V - the volume of the analyzed solution (ml), m - the mass of
activated carbon (g).

The equilibrium concentration of iron ions was determined photometrically
according to GOST [11]. The determination of the sulfogroup was carried out
using a developed photometric technique, based on the absorption of the dipyridyl
complex of iron (I1). The Baer's law is fulfilled with an excess of iron (1) metal
ion under the conditions of complete ligand binding into the complex (A=540 nm,
CFe?* = 0.1 mg/ml, Cgip= 0.016+-0.16 mg/ml, pH=4).

The optical density of the solutions was measured, using a photo colorimeter.

3. Results and their discussion

To obtain information about the nature of the interaction between coal and
sulfuric acid, an isotherm (figure 1) and the kinetic reaction curve (figure 2) of
the sulfogroups from an aqueous solution have been obtained. The sorption
isotherms have two ascending sections and a plateau between them. The first
growth site on the isotherms corresponds to the ionic coordination of the
sulfogroup, and the second to the formation of a covalent bond between the
sulfogroup and the coal surface [12]. It can be seen from the kinetic migration
curve of the sulfogroup that structural changes occur in the first few minutes,
as evidenced by the extremum in this area. This is due to the incorporation of
the reagent into the matrix and the formation of a new structure [13]. The
samples of natural coal after immobilization of the sulfogroup retain their
sorption capacity.

a. mg/g 2. mg's

0,8 ; T
06| 3
0,4 2

0,24 1 4

0,0 v T v T T 0.0

¢, mgfml t, min

Figure 1 — Isotherm of migration of the sulfogroups to the ~ Figure 2 — Kinetic curve of the formation of

coal surface (opm=0.6 g, V=30 ml). the covalent bonds of a sulfogroup on the
surface.
The sorption properties of sulfougl with respect to iron ions (Il, I11) have

also been presented in the form of a kinetic curve (figure 3).

The kinetic curve of the sorption of iron ions by the modified sulfougl has
a classical appearance, which indicates the absence of structural changes in the
process of iron extraction (1, I11). Probably, the main interactions observed
during the sorption are due to the formation of bonds between iron ions and
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oxygen of the sulfogroup. The time to establish equilibrium with a volume of
50 ml of test water is approximately 10 min.

The quantitative extraction has been achieved at the concentrations from
0.5 mmol/g at a pH of 6.0-7.0 and with an increase in the surface concentration
to 4 mmol/g, little changes, which is due to the ratio of the number of the
surface sulfogroups and the content of cations in water (figure 4).

a.mg'z R, %
. 100
0.04 4 1
80
0,03 4
60 -
0.02 - 40 +
0,01 - 20 1
o | I L pH
00 ‘ - ‘ ; : 1 2 3 4 5 6 7 8
10 20 30 40 50
t.min
Figure 3 — Kinetic curve of iron (11, I11) sorption Figure 4 — Dependences of the degree of
by sulfocarbon. extraction of Fe(ll,111) on pH at the surface

concentration of the sulfogroups, mmol/g: 0.1 (1);
0.5(2); 1 (3);4 ().

At the surface concentration of the sulfogroups of at least 0.1 mmol/g, the
sorbent quantitatively extracts iron in the pH range of 5.5 — 8.0, which
corresponds to the acidity of most surface waters of Kazakhstan. Under optimal
concentration conditions, the distribution coefficient is 5-103 — 1-104 cm?®/g.

With an increase in the concentration of surface groups, the pH range of
guantitative iron extraction (I, 1) shifts to the acidic region due to the intrinsic
acidity of the sulfogroups. The confirmation of iron sorption (I1, 111) due to the
interaction with the surface sulfogroups, the minimum sorption value is less than
10% in the entire studied pH range on the unmodified coal. A significant sorption
is observed at pH greater than 9, which corresponds to the formation of iron
hydroxocomplexes and their deposition on the developed surface of the
unmodified coal.

The range of concentrations of iron (11, 111) 20 — 500 mg/l has been chosen so
as to cover the concentrations in the natural surface waters of Kazakhstan. It has
been found that with the help of the proposed matrix, iron (I, 111) sorption is
possible with a decrease in its concentration to 0.01 mg/l (the sample volume 50
ml), which is 1/30 MPC for drinking water (0.3 mg/l) [14]. The technique has
been tested in the analysis of mineral water from a natural source. The results of
the determination of iron (II, 1) ions by photometric method with 1,10 -
phenanthroline in mineral water are presented in Table 1, and indicates the
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correctness of the obtained results and the possibility of using modified
sulfocarbon for the sorption purification of water from iron (11, I11) ions.

Table 1- Results of the determination of iron ions (I1, I11) (n=3, P=0.95)

Iron content, mg/l Found by phot(_)metric method
Test ’ after sorption, mg/ml
Before sorption Sr Fe (11, 111) Sr
Mineral spring water 7045 0.03 0.04+0.01 0.10
Lake water 8+3 0.15 0.07+0.02 0.12
Swamp water 52+3 0.02 0.05+0.02 0.16

The results of the study have shown a possibility of the sorption
concentration of iron ions from an aqueous solution in the form of a complex with
the sulfogroups on the surface of activated carbon. It has been shown that semi-
guantitative determination of iron ions is possible, the relative standard deviation
in the region of small iron contents (I1, 111) does not exceed 0.16.

The most important indicators of the feasibility of using sorbents for
analytical purposes are the quantitative extraction of elements, the speed of
establishing sorption equilibrium when they come into contact with a metal
solution, as well as the ease of its subsequent desorption. The pH range of
quantitative extraction (> 99%) in static mode is for Fe (Ill) — pH 3.0-8.5. The
sorbed iron cations in the static mode are quantitatively desorbed with 1 M nitric
acid solution.

R.%
100 [

80 |

60 -

40 |

20 |

0 1 2 3 4 5 6 7 8 9 pH

Figure 5 — The degree of extraction of iron ions from the surface of the sorbent into the solution
depending from the pH.

4. Conclusion

The obtained results 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,
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underground parking, as well as for the treatment of waste waters of chemical,
pharmaceutical and other enterprises. Since there is no sorption of iron ions at pH
< 1.0, therefore diluted 0.1-2M solutions of nitric acid have been considered as
desorbing solutions. The quantitative desorption of Fe (I11) in the static mode does
not depend on the nature of the acid and is achieved by using 10 ml of 1M HNO:s.
The sorption-desorption cycles of iron ions have been carried out to determine the
sorption properties of the synthesized modified coal. The sorbent retains its
sorption properties for at least 5 sorption-desorption cycles.
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Tyiiingeme. Kipicne. MomudukanusianFad KeMIpIiH COpOUMSIIBIK KaOijeTi 3epTTeNii; Ta3apThUIFaH
cynbiH mibiFeiMbl 0,01 Mr/n geiiin Gonatein cy obbekrinepinae Temipre (II, III) copOuusibik Tazamay
KepceTinreH. JKymvicmoly maxcamsl. YKaHa SKOHOMHKANBIK THIMII TaOWFU 3aJIaJICBI3, KON JKETIMII
copOeHT jkacay, KOHE OHBIH CcOpOLMUIBIK KaOuterrimiriniH aubikray meri Fe (II, III) xarter ¢asanst
(hoTOMETPHUSIIBIK ~aHBIKTAy omiciMeH 3eprTrey. Oodicmeme. JKympicta MOAUDUIMPICHIEH KOMIip
(cymbdoxemip) temip (II, III) moHmapsiHa KaTBICTBI COPOLMSUIBIK KAaOULIETTiNIK OOMBIHIIA 3epTTEYIEp
xyprisingi. Momudukarop perinne cynaspoxemipmer Fe (11, 111) MoHBIH (OTOMETPUSIBIK aHBIKTAyIa
KOJITaHBUTAbI J)KOHE CYJBI XKaJIbl TeMip KypaMblHa Tajjiay Ke3iHjAe KOJaHbUIAAbl. Hamuoicenep swcame
mankblaay. BYriHTi TaHma opTypIi MaTPUIAJIBIK MaTepHanaapsl, GyHKIMOHAIIB TONTAMAaJIaphl, OJIap.Ibl
OekiTy oficTepi, KOHTEiHEpepi, MEXaHUKAIBIK KAaCHETTepi, JAOHEpl jkoHe Oacka chmarramanapbl 6ap
MBIHAaFaH copOeHTTep wwIbiFapbuianbl. OHTAWIBl COPOEHTTI TaHmay 3epTTEYIIiHIH ajIblHa KOMBUIFaH
MiHzieTKe OainaHbicThl. COpOEHTTI TaHAay KeOiHece MUKPOKOMITOHEHTTIH TaOWFaTHIMEH aHBIKTANAIbl —
OyJ1 KOMITOHEHTTIH epiTiHiae 60y GopMackl, HOHHBIH HEMECE MOJICKYJIAHBIH MOJIIePl MEH 3apsibl, Oy
(dopmanblH (QYyHKIIMOHAIABI TONTAPMEH HeMece Tikeleld COpOCHTTIH OeTiMeH opeKeTTecy KaOiieri.
Tyoicoipoim. CopOEHTTI TaHIaraHAa KOHLCHTPALUs PEXUMIH eckepy KaxeT. COHBIMEH, CTaTHKAaJbIK
KarJaina copOLMSIIBIK SKCTPAKUMIAH KeHiH COpOEHT KOHIIEHTPAThl epiTiHIIIeH OHal OeuliHyl Kepek;
JMHAMUKAIBIK PEKUMAE KOJJaHFAaH Ke3[e KATThl iCiHeTIH COpOeHTTepai, COHIal-aK ThIM KillIKeHTait
copOeHT (pakuusUIapblH KOJJaHy KakeT eMec. BipiHIII KajaM KOHIEHTpAauums, all eKiHII Kajgam
Ta3apThUIFAH CYJIBIH CalachlH Oakpuiay CHEKTPO(POTOMETPHS, aTOMIBIK aOCOPOLMSIBIK CHEKTPOCKOIHS
(AAC), mHIyKkTHBTI GaillaHBICKaH IUIa3MAJIBIK aTOMIBIK 3MHCCHSUIBIK crektpockonus (ADC-UCII),
UHIYKTUBTI OaiinanbickaH muiasManslk MacccrekrpoMerpust (MC-HCII) cusiKThl CHEKTPOCKOMMSUIIBIK
aaicTep OONMYBI MYMKIH apajiac d/icTep/e KbUIIaM JKOHE HKOFAaphl JKbULAAMJBIKTHI KOJNAAHY MYMKIHJITI
eckepieni. Cynpl ayblp METalIapAaH, aTan aiiTKaHaa TaOuFW JKoHe aybl3 cynapnarsl skanmsl Temip (11,
III) kaTHOHBIHAH Ta3apTYABIH JKEIeN >XOHE KapamaibiM oIicTepiH jkacay aHAIUTHKAJIBIK XUMHSHBIH
MaHBI3/Ibl MiHJIETi OOJIBII OTHIP.
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Pe3tome. Bseoenue. HccnenoBana cOpOLMOHHAs CIIOCOOHOCTH MOAMMHMIMPOBAHHOIO YIS, IIOKa3aHa
BO3MOXXHOCTH co3zanust copbenra s sxenesa (11, 111) B BogHBIX 00BbeKTaX ¢ BBIXOIOM OYHUIICHHON BOJBI
o 0,01 mr/n. Ilens pabomsi. Co3aaTh HOBBIH ACIICBbI COPOCHT HA OCHOBE MOAUGDHUIIMPOBAHHOTO YIJIs
(cynboyronp), H3y4uThb €ro  COPOLMOHHBIE  XApPaKTEPUCTHKH  METOJOM  TBepAo(ha3zHOro
¢oromerpuueckoro omnpexenenust Fe (Il, 11) ¢ Huskum npepenom oOHapyxenus. Memoodorocus. B
paboTe TpoBeNeHBI UCCIEIOBAHMS COPOIMOHHOM CIIOCOOHOCTH MO OTHOIIeHHIO K noHam skenesa (11, 111)
MOANGUIIMPOBAHHEIM yrieM. Mcnonb3yemblii B kauecTBe MoaupHUKaTOpa Cylb(orpymmna ucronb3yercs
npu poromerprueckom onpeaenenun Fe (11, 111) u mpumensiercs mpu aHanu3e BoJ Ha o0Iee COEpPIKAHUE
xenesa. Pezynomamer u o6cyscoenue. Ha CeromHsIIHUA JEHb BBITYCKAIOT TBHICSYM COPOEGHTOB ¢
Pa3INYHBIMU MaTepuajaMd MaTpHLl, (yHKIMOHAIBHEIMU IPYNIMPOBKAMH, CHOCOOAMHU UX 3aKpPEILICHHS,
E€MKOCTSIMH, MEXaHHYeCKHMMH CBOMCTBaMH. BbIOOp ONTHManbHOrO copOeHTa 3aBUCHUT OT 3aJadyH,
MOCTaBJICHHOH Iepe]] uccienoparteneM. B Hemanoil creneHu BbIOOp copOeHTa omnpesensercs NpupoIoit
MHKPOKOMITOHEHTa — (OPMOIi CyIIECTBOBAHNS 3TOrO KOMIIOHEHTA B PACTBOPE, pa3MepOM U 3apsJOM HOHA
WJIX MOJICKYJIBI, CHOCOOHOCTBIO 3TOH ()OPMBI BCTYNATh B PeakUuy ¢ (GYHKIHOHAIBHBIMU TPYIIIAMU HIN
HETIOCPENICTBEHHO C MOBEPXHOCThIO copOeHTa. 3axniouenue. Tax, mocie cOpOLMOHHOTO M3BJICUCHUS B
CTATUYECKHX YCJIOBHSAX COPOCHT-KOHIIEHTPAT IOJDKEH JIETKO OTHEIATHCS OT MATOYHOTO PacTBOpa; HPH
HCIIONIb30BAaHUM B JMHAMHYCCKOM PEXKUME — HEKENATeIbHO HCIONIB30BaTh CHIBHO Halyxaromue
COpOEHTBI, a TAaKXKe CIHUIIKOM MelKHe (pakuuu copOeHTOB. B KOMOMHHpPOBAaHHBIX METOIHMKAX, TIIE
MEPBBIM LIarOM SIBJISIETCS KOHIIEHTPHPOBAaHHE, a BTOPHIM KOHTPOJb Ka4eCTBA OYUIIEHHOW BOJBI MOTYT
BBICTYIIATh CIICKTPOCKOIMYCCKHE METOJbI, TaKue Kak CIICKTPO(GOTOMEpHs, aTOMHO-abCOpOLMOHHAs
crexrpockonus (AAC), aTOMHO 3MHCCHOHHAS CIIEKTPOCKOINS C HHAYKTUBHO CBSA3aHHOI Mma3Moit (ADC-
HCII), macc-crieKTpoMeTpHs ¢ UHAYKTUBHO cBs3aHHOMN m1azmoil (MC-HCII), yunuTsiBaeTcsi BO3MOXKHOCTh
GBICTPOrO W KOJUYECTBCHHOTO IIOMPOBAHNS JIEMEHTOB. Pa3paboTka SKCIPECCHBIX M MPOCTBIX METO/IOB
OUYHUCTKU BOJBI OT TSDKENBIX METaJUIOB, B YaCTHOCTH, OT pacrpocTpaHeHHoro katuoHa sxenesza (11, 111) B
MIPUPOAHBIX U MUTHEBBIX BOJAX SABILIETCS BaXKHOM 3a1aueil aHATMTHYECKOH XUMHUH.

KiroueBslie ciioBa: copOuus, acopOus, CopOeHT, KOMITIIEKCO00pa3yrolue, MOAN(PHKALIUSL

Mpypsaxacvinosa Hazeyno Cammapkynosna PhD ooxmopanm
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[TpaBuna odopmiteHns cratei B XKypHaie
«XUMMYECKHUI ’KYPHAJ KASAXCTAHA»

1. OBIIIME ITOJIOKEHUSA

Kypnan «Xumuueckuit xypraan Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BEITycKaeTcs opaeHa TpymoBoro KpacHoro 3mamenn AO «/HCTUTYTOM XHMHYECKUX
Hayk mM. A.b. bextypoBa» 4 pa3a B rog M myOIuKyeT pabOTHI IO MIMPOKOMY KPYTY
(yHAaMEHTANbHBIX, TPUKJIAJAHBIX ¥ WHHOBALMOHHBIX NCCIEJOBAaHUN B 00JACTH XUMHHU U
XMMHUYECKOH TEXHOJIOTUH.

S3BIKM TyONMUKAINK: Ka3aXCKUW, PYCCKHUH, aHTIHicKkmid. JKypHanm WHAEKCHpYeTCS
KazaxcraHnckoit OHOMMOMETPHYECKONW CHCTEMOH H BKIOYCH B llepedeHb wW3IaHUA,
pekomeHayeMbix Komurerom 1o KoHTposto B cdepe o0OpazoBaHMS W HayKH
MunucrepcrBa o0pa3zoBaHust M Haykd PecnyOmuku Kazaxcran pns myGnukauuu
OCHOBHBIX pE3yJIbTAaTOB HaquOﬁ JCATCIBHOCTHU.

W3nanue uMeeT Caeayroue pyopuKu:

1. O063opHbIe cTaThu 10 20 IEYaTHBIX CTPAHHUI]

2. OpuruHanbHBIE cTaThH (10 8—10 MeYaTHBIX CTPAaHUIT)
3. Kparkwue cooOmenns (qo 4—5 nedaTHBIX CTPaHHMIL)

2. IPEJICTABJEHME CTATEM

Pemakiyst mpuHUIMaET cTaThi OT Ka3aXCTAHCKHX M 3apyOeKHBIX aBTOPOB. B memax
nonynspuzannu JKypHana, peIakIiMOHHONW KOJUIETHel MPUBETCTBYETCS MPUEM CTaTeill Ha
AHIJIMICKOM SI3BIKE.

Jnsi perucTpauuy M NMyO0JIMKaNMHM CTAaTBU MaTepuall CTaThH NPENCTaBIAETCS B
pelaKkiMI0 uepe3 CHCTeMy OJIIEKTPOHHOM moja4u cTaTthl Ha caiite JKypnana
(https://www.chemjournal.kz/) B komIiekTe O CIIEIYIONIMMHU JOKYMEHTAMM:

1. DnekrponHas Bepcus cratbu B popmarax Word u PDF co BCTpOGHHBIMHU B TEKCT
TaOIUI[AMH, CXEeMaMH, pUCyHKamu (¢aiin moimkeH OBITh Ha3BaH MO (haMWIIMK TIEpBOTO
aBTOpa Ha aHTJIMHCKOM SI3bIKE).

2. ConpoBoUTEIFHOE MHCHEMO, a/ipecoBaHHOE B Penakiio XnMHYecKoro xypHaia
Kazaxcrana or opraHm3anuu, B KOTOPOH MJaHHOE WCCIICOBAHUE BBINOJHEHO, C
YTBEpK/IEHHEM, YTO MaTepHaJ PYKOIHCH HUTAE HE ITyOJIMKOBAaiCs, HE HAXOAWTCA Ha
paccMOTpeHHH JJisl ONYOJIMKOBaHMS B JPYIHX JKypHalax M B Marepualax CTaTbH
OTCYTCTBYIOT CEKPETHBIC JJaHHbIE. B CONPOBOIUTEIILHOM MHChME YKa3bIBAIOTCS CBEIICHUS
00 aBTOpe Ay KOppecnonaeHmu: Damusns, UMs 1 OTYECTBO aBTOpA, CIyKeOHBIN axpec
€ YKa3aHHEeM IT0YTOBOTO MHICKCA, a/Ipec AIEKTPOHHOI mouTkl, Teredon u ORCID.

3. Bcee craThm, omy0aukoBaHHBIE B XuMHudeckoM xkypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOmukyroTcsl B OTKpPHITOM Jgoctymne. UYToObl obecneduTh
CBOOOIHBIA JIOCTYI 4YHTaTelIsM M TMOKPHITH pPAacxoJbl Ha SKCIEPTHYIO OLEHKY,
pelaKTHpOBaHUe, IOJJIEpPXKaHUE CalTa >KypHaua, JOJTOCPOYHOE AapXMBHPOBAHUE U
BeJCHHE JKypHajla, B3uWMaeTcs IulaTa 3a oOpabotky crareu. I[lpaBuia omatel 3a
oITyOJIMKOBaHKME IPUHATOHN K II€4aTH CTaThH HaXOIATCS B OTAEIBHOM JOKYMEHTE Ha caiite
XKypnana «Ormnata 3a onyOJIMKOBaHHE).

4. Crarbe IpycBauBaeTCs PETHCTPALIMOHHBIN HOMEp, KOTOPBIH coo0IIaeTcs aBTopam
B TEUCHHE HEJEJH MOCIIE MOJyYeHUs] YKA3aHHOTO MEepeyHs JOKYMEHTOB; Ha 3TOT HOMEpP
HEOOXOANMO CCBIIATHCS IPH MEPETIHCKE.
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5. IpuHATEIM K Te4YaTH CTaThsIM TIpHCBaWBaeTcs NH(POBOH umeHTH(HUKATOP
(DigitalObjectldentifier — DOI).

6. YuuTpiBas HEBO3MOXHOCTh NPOBOJWTH CTaThbll HAa Ka3axCKOM SI3BIKE depe3
CHCTEMY aHTHIUIAruar, OyOyT YYWTHIBAThCS (DOPMYIHUPOBKH DPEICH3EHTOB W PEIICHHE
U3JaTeIbCKON KOJUIETHH.

7. CtaTb 1OIKHBI OBITH 0OPMIICHBI COTJIACHO IIA0JIOHY, KOTOPBIH MOKHO CKadaTh
B pazzene «OTHpaBka MaTepuanaoBy» Ha caiite Xumuueckoro XKypnana Kazaxcrana.

3. CTPYKTYPA NYBJIMKALIUIA

3.1. B Hauase 0030p0OB, OPMIMHAJIBHBIX CTaTell M KPaTKUX cOOOIEeHMII Ha
MIepBOH CTPOKE YKa3bIBACTCS HOMEp 10 YHHBEPCATBHOW NECATUYHOHN KiaccuuKarmn
(YAK mmm UDC), cooTBeTCTBYIOIINIA 3asBICHHON TeMe. J{aeTcs mponucHBIMU OyKBaMu B
BEPXHEM JIeBOM yriy. Takke Ha MEpBOH CTPOKE CIIpaBa IPONMCHBIMU OyKBaMu
nonmyxupHeIM mpupoM Ne 14 ykaseBaercs Ha3paHme kypHama XUMHUYECKHM
KYPHAJI KA3AXCTAHA (KA3AKCTAHHbBIH XHUMHUsI JKYPHAJIbBI,
CHEMICAL JOURNAL OF KAZAKHSTAN), ron, Homep.

3.2. Jlanee uepe3 CTPOKY MPUBOAUTCS MEXTYHAPOIHBIN CTaHAAPTHBIA CepUaNbHBINA
HoMmep xypHana (ISSN 1813-1107, eISSN 2710-1185) u Ha cnenyromei cTpoke cieBa
npusoautcs DOI: xoTopslit OyieT UMEeTh 3HaUeHUE 1OCIIe IPUHITUS CTaThH K N1eYaTH.

3.3. Hanee, mocine OTCTyHa CTPOKH YKa3bIBaeTCs 3arjiaBHe CTAThM IPOIHCHBIMU
OykBamu, mpudrt Ne 14 — momyKHpHBIH, BbIpaBHHBaHHE TEKCTa MO LEHTpY. Ha3panwue
JOJDKHO MAaKCHMaJIbHO IOJHO M TOYHO OIMCHIBATh COJCP)KAaHHWE CTAaThH, BKIIOYATH
KJIFOUEBBIE CII0BA, OTPAXKAIOIINE HANPABJICHUE W/MIM OCHOBHOHN PE3yJIbTaT MCCIIE0BAHUS,
HO B TO € BpeMsI ObITh KOPOTKHM H SICHBIM U HE COJIEPKaTh COKPAIICHUH.

3.4. lanee, mociie OTCTyNa CTPOKH, YKA3bIBAIOTCS HHULHUAJIBI M (paMuaIuu aBTopa(-
OB) CTpOYHBIMH OykBamu, TPUPT Ne 12 mMoIyKUPHEIA, KYpCUB, BRIPABHUBAaHUE TEKCTA TI0
uentpy. ®amunus aBropa, C KOTOPBIM CJIEAYeT BECTH IIEPENHCKY, IOJDKHAa OBITh
orMedeHa 3Be3n0ukoit (*): C.C. Camaesa™, A.M. /[ncyoananuesa.

3.5. Uepe3 ctpoky mpudprom Ne 12, cTpoyHbIMH OyKBaMH, KypCHUBOM C
BBIPAaBHUBAHHMEM TEKCTa MO IIGHTPY CJIEAYI0OT HaMMeHOBaHMe(s) opraHu3anmmu(ii) C
yKa3aHHEM YacTH Ha3BaHUS OPTaHU3AIMH, KOTOPAask OTHOCUTCS K MOHATHIO IOPUIMUECKOTO
nuna (B aHMVIMHCKOM TEKCTe HEOOXOOMMO YKa3bIBaTh O(QHIMANBHO MPHHATHINA IEpPEeBO
Ha3BaHU:), TOPOJ, CTpaHa. B aHrmmiickoM BapHaHTe agpecHbIe CBEIEHHS JOJKHBI ObITh
TIPE/ICTaBIICHBI HA aHTJIMICKOM SI3bIKE, B T.4. TOPOJL M CTPaHa.

Crpokun ¢ QaMwiusiMH aBTOPOB W Ha3BaHWSMHM OpraHU3alUil  cojepKar
HAJICTPOYHBIE MHJIEKCH (Tmocie QaMwiIMM W Tepel Ha3BaHWEM OpraHW3aluy),
yKa3bIBalolIHe Ha MECTO pabOThI aBTOPOB.

Ha cnenytommeii crpoke KypcuBHBIM HauepTanueM, mpudt Ne 12, ¢ BElpaBHUBaHHEM
TEKCTa 10 IEHTPY YKa3bIBAETCs AIEKTPOHHBIN aapec Il IePETHUCKH.

3.6. Pe3tome (Abstract, Tyiiingeme) cocrout u3 Kparkoro tekcra (He menee 150—
250 cmos, mpudt Ne 12) Ha s3p1Ke crarthi. AbStract myGmukyercs B MEXIyHAPOIHBIX
6a3ax, TaHHBIX B OTPBIBE OT OCHOBHOTO TeKcTa. Pe3toMe NOmKHO OBITH aBTOHOMHBIM, BCE
BBOJUMBIC 0003HAUECHHSI U COKPAIIEHUS HEOOXOAMMO pacIu(poBaTh 371ECh Ke.

[IpuBeTcTBYETCS CTPYKTYpHUPOBAaHHOE PE3IOME, MOBTOPSIONIEE CTPYKTYPY CTaTbH H
BKITIOYAIOIICE: GBeOeHUe, Ueau U 3a0ayu, Memoobl, pe3yibmamsl U 00cydcoeHue,
3akaodeHue (6b1600bt). B TO ke BpeMs, IIeIH U 3aJja4dl ONHMCBHIBAIOTCS, €CIIM OHU HE SICHBI
U3 3ariaBHs CTaThbU, METOMABI CIEAYET ONUCHIBATh, €CIM OHHM OTJIMYAIOTCS HOBU3HOU. B
pe3toMe BKJIIOYAIOTCS HOBBIE PE3yNbTaThl, UMEIOIUE JOATOCPOUYHOE 3HAYCHUE, BaXKHbIE
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OTKPBITUS, ONPOBEPrarollie CYLUIECTBYIOIINE TEOpUH, a TaKXkKe JaHHbIC, HMEIOLIHe
npakTudeckoe 3HayeHue. ClieyeT HCIONb30BaTh TEXHUYECKYIO (CIEHHAaJIbHYIO)
TEPMHUHOJIOTHIO Balllel AUCIIUIUINHEL.

Pestome naercs 0e3 ab3alHOrO OTCTyHa CTPOYHBIMH OyKBaMH; OHO HE JIOJDKHO
coJiep)kaTbh HOMEpa COeTMHEHHH, 3KCIIEpUMEHTAIbHBIC JaHHBIE M CCBUIKU Ha JIUTEPaTypy.
Pe3rome TOIBKO OZHO — B Ha4aJle TEKCTa.

3.7. Janee Ha si3bIKE CTaThU 0e3 a03aIlHOTO OTCTYIA CTPOYHBIMH OYKBaMH MIpH(TOM
Ne 12, BeIpaBHHBaHHE TEKCTA IO JICBOMY KPAro MPHBOIATCS KJII0YeBbIe ¢JIoBa (OT 5 10
10 mT.), obecreunBaromue HanboIee MOITHOE PACKPHITHE COACPIKaHUS CTAThH.

3.8. B kparkux coobmeHusx npuBoautcs pesiome (150-200 cnoB), KITtO4eBEIC
CJIOBa, HO JEJICHUS Ha pasjensl He TpeOyercs. JlaeTcs TEKCT KpaTKoro COOOIIECHHS Ha
OJTHOM M3 TPEX SI3bIKOB C BBINONHEHNEM TpeboBaHuii k Y /IK, Ha3BaHUIO cTaTbu, MEPEUHIO
ABTOpPOB, HAMMEHOBAHUI OpraHU3alWi, B KOTOPbIX OHU PabOTaIOT, YKa3aHUIO aBTOpa JJIs
nepenucky. B TekcTe KpaTKoro cooOLIeHWs] NPHUBOASATCS KOHKPETHBIC CYIIECTBEHHO
HOBBIC Ppe3yJbTAaThl, Tpeldylolue 3aKpenyieHUsl INPUOPUTETa C HEOOXOAUMBIMU
SKCIIEPUMEHTAIBHBIMU  TOAPOOHOCTSIMH.  3aTeM  CIEIYyIOT: uHpopManus O
(¢uHAHCHpPOBaHHUH, OJIArOTAPHOCTH, CBECHHUA O KOH(IUKTE WHTEPEeCcOB, HH(popMaus 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbs HaumHaeTcd C BBeJEHHsI, B KOTOpOM (opmymupyercss Ieiab H
HEOOXOANMOCTh IIPOBEACHUS NCCIEIOBAHMS, KPATKO OCBEIIAETCS COCTOSHHE BOIPOCA CO
CCBUIKAaMM Ha HanOoJjee 3HAUYMMble IMyOIHMKAIMK ¢ M30CTaHMEM CCBUIOK Ha YCTapeBIIHME
pe3ynbTarel. V3maraioTcst OTKpPBITHS, CHENaHHBIE B XOJE JAHHOTO HCCIICIOBAHUS.
Yka3bpIBaeTCs CTPYKTypa CTaThH.

3.10. DkcnmepuMeHTAJILHAsI YacTh COJEPXKUT OIHUCAaHME XOAa W Pe3yJbTaToB
9KCIEPUMEHTA, XapaKTepUCTHKY MOJTyYeHHBIX COCTUHEHUH. B Hayaie
SKCHEPUMEHTAIBHOW  YacTH  NPUBOIATCS  Ha3BaHUS  NPUOOPOB, HA  KOTOPBIX
3aperuCTPUPOBaHbl  (PU3MKO-XMMHUYECKHE XapaKTEPUCTUKU BELIECTB M YKa3bIBAIOTCS
YCIOBHS W3MEPEHUs; TaKkKe YKa3bIBAIOTCS JHOO HCTOYHMKH HCIHOJIB30BAHHBIX
HETPHUBUAJILHBIX PEarcHToB (HaIpuMep, «KOMMEpUYECKHe MpenapaThl, Ha3BaHue GUpMbD»),
700 AI0TCS CCHIJIKM HAa METOAMKH UX TOJTyYEeHHSI.

Kaxneii maparpad SKCIIEpUMEHTAIbHOW YacTH, ONMCHIBAIONIMH  IIOJydeHHUE
KOHKPETHOTO COEAMHEHUs, JIOJDKEH CcoJiepKaTh €ro II0JHO€ HaWMEHOBAaHHWE 110
HomeHnkiarype UIOITAK u ero mopsimkoBeIii HOMep B cTathe. B MeToankax o0s3aTeTbHO
yKa3pIBaTh KOJNMYECTBA PEAreHTOB B MOJBHBIX M MAcCOBBIX €OUHMIAX (VI
KaTaJn3aTOPOB — MAacCy M MOJIbHBIE TPOIEHTHI), 00BeMBl pacTBopuTeneil. MeTtoanka
9KCIIEPUMEHTA U3JaraeTcs B npouteduiem BpEMEHH.

J1s M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OMYOIMKOBAaHHBIM paHEE METO/OM,
HEOOXOIMMO TPUBECTH CCHUIKY Ha JIMTEpaTypHBIE NaHHbBIE. J{Js M3BECTHBIX BEIIECTB,
MOJYYEHHBIX HOBBIMH WM  MOJIU(UIMPOBAHHBIMH  METOJAMHM, JOJDKHBI  OBITh
NIPE/ACTaBICHBl UX (M3MYECKNE W CHEKTPAIbHBIE XapaKTePUCTHKH, UCIOIb30BaHHbIE JUIs
TIOJTBEPKICHNST MICHTUUYHOCTH CTPYKTYpBI, METOJ] CHHTE3a M CChUIKA HA JINTEPaTypHBIE
JIaHHBIE.

[ Bcex BIEpBbIE CHHTE3MPOBAHHBIX COEAMHEHHI HEOOXOAMMO NPUBECTH
JI0Ka3aTeNNbCTBA MPHUIHUCHIBAEMOTO UM CTPOCHUS U JJaHHbIE, TI03BOJIIIOIINE CYAUTh 00 HX
WHJIMBUYAJIbHOCTH W CTENEHHM YHCTOTHI. B 4yacTHOCTH, MOJDKHBI OBITH IPENCTABICHBI
JAHHBIE YIEMEHTHOTO aHAJIN3a WIIM MacC-CIEeKTPHI BEICOKOTO paspemteHus, K criekTpsl u
cnextpsl SIMP 'H u BC.
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JlaHHBIE PEHTI€HOCTPYKTYPHOTO aHANM3a MPEICTABIAIOTCS B BHIC PHCYHKOB H
Tabauu. Bce HoBbIe coequnenns, nanapie PCA KOTOPBIX MIPUBOAATCS B CTAThE, TOJDKHBI
ObITh 3aperncTpupoBansl B KemOpuakckoii 6a3e CTPYKTYPHBIX JaHHBIX M HUMEThH
cootBercTByone CCDC HoMmepa.

Ecnu, mo MHEHMIO peleH3eHTa WM pelaKTopa, HOBBIE COCAMHEHUS HE OblIH
yJIOBJIETBOPHUTEIHHO OXapaKTEPH30BaHbl, CTaThsl HEe OyJIeT NIPUHSATA K NIeYaTH.

Ipumep METOIUKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH yield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C1sH12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Buumanue! B crarbsx, NMOCBAIIEHHBIX CHHTE3Y HOBBIX COCAWHECHHUH, NOMYCKAacTCs
pa3MelIeHNe IKCNePUMEHTAIBHOM YacTH 3a paszzenoM Pe3yasTaThl 1 06cysKIeHHe.

3.11. B paszmene Pesyabrarbl m o00cyxKIeHUe, KOTOpBIH sBIsSeTCS HambOolee
Ba)XHBIM, CJIElyeT OOCYOUTh M OOBSCHHUTH IIOJy4YeHHbIE B paboTe pe3yJabTaThl,
MIPOAaHATU3MPOBATh OCOOEHHOCTH CHUHTE3a, IPOAEMOHCTPUPOBATh U yKa3aTh BO3MOJXKHBIC
OTpaHUYCHUA. HpOBeCTI/I CpaBHCHUC IIOJYYCHHBIX PE3YJIbTATOB C OHy6HI/IKOBaHHLIMI/I
panee. Bce HOBbIe COEIMHEHHS JOJDKHBI OBITh IIOJIHOCTBIO OXapaKTepPH30BaHBI
COOTBETCTBYIOIIMMH CIEKTPAJIbHBIMU U JIPYTUMH (HU3UKO-XMMUYECKHUMHU JaHHBIMH. B
TeKCTe 0000MIAlOTCS ¥ Pa3bACHIIOTCS TOJNBKO T€ CIEKTPaIbHbIE JaHHBIE, KOTOpPHIE
UCTIONB3YIOTCS ISl TOATBEPXKACHHS  CTPYKTYPHl  TOJyYEHHBIX  COEIMHEHHH.
[lepeuncnenne OXHMX M TeX >K€ NaHHBIX B TEKCTe, TaONMIAX W HAa PUCYHKax He
nomyckaercst. sl HOBBIX METO/IOB CHHTE3a JKEJIaTeIbHO OOCYINTh MEXaHU3M PEaKIUH.
Jnst 06001meHnss JaHHBIX HEOOXOIMMO HCIIOJIb30BATH TOHATHBIE PUCYHKH W TAaOJIHUIIBL.
HpeI[CTaBHeHHI)Ie JAHHBIC JOJIKHBI TOA1aBaTbCA MHTCPIIPETALINN.

Ilpu oOcyxaeHHMH pE3yJbTaTOB  CIEAYeT IPUACPKHBATHCS  OQHUIUAIBHOM
tepmunosoruu [UPAC. Pe3ynpTaTsl pekoOMeHaAyeTCs U31araTh B IPOLIEAIIeM BpeMEHH.

OO0cy:kneHne HE JODKHO TOBTOPSATH ONMCAaHHE pPE3ylIbTaTOB HCCleAOBaHHUA. B
TEKCT€ JIOJDKHBI OBITh HCTOJB30BaHBl OOIIENIPUHATHIE B HAYYHOU JHTEparype
cokpamieHus. HecTaHTapTHBIE COKpAalIeHUS MOJDKHBI OBITh pacmu(ppoBaHBl IOCIE
NIepBOTO IOSBJICHUSI B TeKCTe. ENMHMIBI M3MEpeHHWi JODKHBI OBITh YKa3aHbl B
MexnyHapoanoit cucreme CH.

3.12. 3arem pexomeHnyeTcs cOpMYJIMPOBATH 3aKJII0YeHHe, B KOTOPOM yKazaTb
OCHOBHBIE JOCTHXEHHUS, IPEACTaBICHHbIE B CTaTbe, U OCHOBHOM BBIBOJ, COZAEpKaIUN
OTBET Ha BOIPOC, MOCTABJIICHHBIA BO BBOJHOW YacTU CTaThH, a TAKKE BO3MOXKHOCTh
HCIIOJIb30BAaHUA mMarepuaia CTaTbHu B (I)yH}laMeHTaHBHLIX HIIN IIPUKJIaTHBIX
HCCIICTOBAHMSIX.

3.13. [IpuBoautcs uaGOpMAIHsI O PUHAHCHPOBAHUYU WCCIICTOBAHMA.

3.14. BelpakaeTcst 6J1aro1apHoCTh T€M, KTO TTIOMOT BaM B IMOATOTOBKE Barei
paboThI.

3.15. B pykomucu JOMKHO OBITH 3asBJIIEHO O TOM, WMEETCS JIH KOH(JIMKT
HHTEPEeCOB

3.16. B undopmammn 00 aBTOpPax YKa3bIBalOTCA: Yy4€Has CTENEHb, 3BaHUE,
noJokHocTh, e-mail, ORCID.
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3.17. CraTbs 3aKaHYMBAETCS CHUCKOM JIMTEPATYPhI CO CCHUIKAMU Ha PYyCCKOM (WX
Ka3aXCKOM) f3bIK€ M CCBUIKAMU Ha s3bIke opuruHana. CCbUIKM Ha JIMTepaTypHBIE
WUCTOYHHKHM B TEKCTE IMPUBOJSATCS IMOPSIKOBHIMU apaOCKMMHU ILMdpaMu B KBaJpaTHBIX
ckoOKax 1O Mepe YNOMHHaHMs. Kaxrmas ccpulka JOJDKHA COJEp)KaTh TOJNBKO OJHY
nuTepaTypHyto Imrary. CIHCOK JIMTEpaTyphl JOJDKEH OBITh NpelcTaBieH Hauboiee
CBEKHMH M aKTyaJbHBIMH MCTOYHHKAaMH 0€3 M3IHIIHEro caMonuTHpoBaHusA(He Ooree 20
mporieHToB). Jlns crareil jkemareneH CIHCOK M3 He MeHee 10 CCBUIOK CO CTpoKaMu
JOCTyTIa B HHTEPHETE.

3.18. Ob6s3arenpHa uHpopManusi 00 aBTopax. B Hell yka3bpIBaloTCs: ydeHas
CTeleHb, 3BaHue, A0HKHOCTE, e-Mail, ORCID, daMuiius, uMsi, 0TYECTBO TTOJTHOCTHIO Ha
TpeX sI3bIKAX.

HNudpopmanus o6 apTopax:

Jbxycun6exoB Ymupsax JKymacunoBud — AO «VMHCTUTYT XMMHYECKHX HAayK HM.
A.b. BekrypoBa», 3aBenyloumil jabopatopuell XMMHUHM COJieH W ynOOpeHuil, dYiieH-
koppecnoneHT HanponanpHol akagemuu Hayk PecnyOnukn Kaszaxcran, npodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

Hypranuesa I'ynp3zuna OpplHTaeBHa — JOKTOp XUMHuYecKuX Hayk, AO «HCTUTYT
xumuueckux Hayk uMm. A.b. BekrypoBay», Anmartei, Pecnybnuka Kaszaxcran, e-mail:
n_gulzipa@mail.ru , ORCID: https://orcid.org/0000-0003-2659-3361 .

BasxmeroBa 3ammpa KenecOexkoBHa — KaHAMIAT XMMHYECKHX HAYK, BEIYIINIH
HayuyHbI coTpynHuk, AO «HCTUTYT XMMHUYecKuX HayK UM. A.b. bektypoBa», Anmatsl,
Pecny6nuka Kazaxcran, e-mail: zamirabkz@mail.ru , ORCID: https://orcid.org / 0000-
0001-7261-2215.
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Anmater, Kaszakcran PecmyGmukacer, e-mail:  zamirabkz@mail.ru . ORCID ID:
https://orcid.org / 0000-0001-7261-2215.

Comcok  mutupyeMod — suTeparypbl  oopmisieTcsi B COOTBETICTBHHM  C
HIDKETIPUBEACHHBIMH 00pa3iiaMu oubimorpaduueckux onucanui (4.8.).

3.19. B koHIe cTaThM IOCIIE CIUCKAa JIUTEPATYpbl OONOIHUMENbHO TPUBOJUTCA
nepeBoj Pe3tome Ha kasaxckuit (Tyiinaeme) u Ha anriuiickuit s3piku (Abstract). Cnoso
Pesrome (Abstract, Tyiiingeme) maercs mo wnentpy. Ha crnemyromieir crpoke ¢
BBIPABHUBAHUEM 110 JIEBOMY Kparo NPOIUCHBIME OyKBaMH HONY>KUPHBIM IpudTom Ne 12
NPUBOJMTCS Ha3BaHWE CTaThbH. Yepe3 CTpoKy Oe3 a03amHOro OTCTyna KypCHBOM,
MOTY>XUpHBIM mpudTom Ne 11 matoTcs HHUIMANE U paMUINE aBTOPOB.

Ha cnenyromei crpoke 6e3 ab3amHOrO OTCTyHa KypCHBOM, CTPOYHBIMH OyKBaMmH,
mpudrom Ne 11 mpuBozsTCss MecTa pabOTHI aBTOPOB € HaACTPOYHBIMH MHJIEKCAMH (IIOCIIe
(damMnnnu ¥ Tepen Ha3BaHWEM OPTaHW3AINM), YKAa3bIBAIOLINE HA MECTO pabOTHl aBTOPOB.
3areM dyepe3 CTPOKY ¢ a03alHOTrO0 OTCTYIA C BBIPABHMBAHHEM TEKCTa IO IMUPUHE HICT
TEKCT pe3toMe, HaOpaHHBIH cTPOYHBIM mIpudTOM Ne 12.

Janee uepe3 CTpoKy ¢ ab3alHBIM OTCTYIIOM CTPOYHBIME OykBamu HpudTom Ne 12, ¢
BBIPAaBHUBAHMEM TEKCTa 10 HIMPHHE IPUBOIATCS KJIKOYeBbIe cjaoBa (oT 5 mo 10 mrt.),
obecrieunBaromiie HandoJee NOJIHOE PACKPBITHE CO/ICPKAHUS CTAThH.

3.20. [ns cratelt, mojaBaeMbIX Ha SI3bIKE, OTJIMYHOM OT aHTJUHCKOTO (Ha Ka3aXCKOM
W PYCCKOM SI3bIKE), B KOHIIC CTaThbH HAXOAMTCsA aHrimiickuit Gmok (Abstract,
Information about authors, References).

3.21. Bce cTpaHHMIp! pYKOTIMCH CIIEyeT TPOHYMEPOBaTh.

4. TPEBOBAHHUSA K O®OPMJIEHUIO PYKOIIMCEN

4.1. O0bBeM cTaTby, BKIIOYAs aHHOTAIUIO U CITUCOK JINTepaTyphl: 10 8—10 cTpaHwmII.
O063opHbIe cTathil MOTyT OBITh 10 20 cTpanun. CraTksi HODKHa OBITH HamedaTaHa Ha
onHoi cropoHe sucrta A4 mpuprom Times New Roman, pasmep kerns 14 T
MEXCTPOYHBIH MHTEPBall — OAMHAPHBIA W moysiMu: BepxHee — 2.0 cM, HuxHee — 2.0 cm,
neBoe — 3.0 cm, mpaBoe — 1.5 cM; paccTaHOBKA IEPEHOCOB HE JIOMyCKaeTcs; aO3aIHbIi
orcrym — 1.0 cM; popmarupoBanue — 1o mupuHe. J{oJKeH ObITh HCIIOB30BaH TEKCTOBBIH
penaxrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u Gojiee mo3aHue.

Jis KpaTKOCTH M HAIJBIIHOCTH OOCY)XICHHMS COCIUMHEHHUS, YIOMHHaeMble Oojee
OJIHOTO pasa, CIEAYeT HyMepoBaTh apa0CcKMMM LM(paMu B COUYETAHHUH CO CTPOYHBIMHU
JIATHHCKHMH OykBaMu (Juiss 0003HA4YeHHs COCJMHEHHH C NMEPEMEHHBIM 3aMECTUTEIIEM).
[Tpn ynoMuHaHNY MTOJTHOTO HAa3BaHUsI COEAMHEHNUS MHU(p AaeTcs B CKOOKax.

CrepeoXnuMH4YecKne CHUMBOJIBI M TPUCTaBKH, XapaKTepH3YIOIIHME CTPYKTYpHBIE
0COOCHHOCTH WJIM TIOJIOXKEHUE 3aMECTHTENsl B MOJIEKYJe, clelyeT HaOupaTh KypcCHBOM
(italic): (R)-smantuomep, mpem-OyTuil, napa-KCWiol. BMeCTO IpOMO3JKHX Ha3BaHUUN
HEOPTaHMYECKUX U YaCTO YIOTPEOIIEMBIX OPTaHUIECKIX COEANHEHUN CIIEAyeT JaBaTh UX
¢dopmynsr: NaBr, TsOH Bmecto Opomua HaTpus M TOIyoJCyIb(poOHOBas KucioTa. llpu
UCIIOJIb30BAaHUH TEPMHHOB M O0O3HA4YCHHH, HE HMMEIONIMX HIMPOKOr0 MPUMEHEHUs B
JUTEpaType, UX 3HAYEHUS IMOSICHAIOTCS B TEKCTE IPHU MEPBOM YHOTPeOJIICHUH: HATIPHMED,
oy tuneHTepedTanat (IIDTD).

Jns m300paskeHnst CTPYKTYPHBIX (GOPMYT XUMHUYECKHUX COEAMHEHUH HE0O0XO0IMMO
UCIIONB30BaTh pefaktop xumudeckux ¢opmyn ChemDrawUltra. Bee Haamucu Ha
cXeMmax IpHUBOISTCS Ha AHIVIMHCKOM s3bIKe. B cxeme HeoOXoAMMO YyKasblBaThb BCe
YCIOBHUSL pEaKkIMi: HaJl CTPEJIKOW — peareHThl, KaTalu3aTopbl, PacTBOPHUTENH, IIOX
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CTpENIKOW — TemIiepaTypa, BpeMs, BBIXOJ. Eciiu yclioBHsI peakiuil CHIBHO 3arpysKaroT
CXeMY, UX MOXHO NEPEHECTH B KOHEI] CXeMbI, paclii(poBbIBas OYKBEHHBIMHU HH/ICKCAMH,
Hampumep, i: HCI, H20, 80 °C, 5h. Takoit ke OyKBCHHbIH HHACKC AOKCH OBITh yKa3aH
HaJl CTPEJIKOI COOTBETCTBYIOLIEH pEaKLUH.

4.2. YpaBHEeHHs1, CXeMbl, TaOJIMIbI, PUCYHKH U CCBUIKU Ha JINTEPATypy HyMEpPYIOTCS
B NOPAIKE UX YINOMHHAHHUS B TEKCTE U OO0JICHLI OblMb 6CMABAEHbL 8 MEKCM CMambu
TI0CJIE IEPBOTO YIOMHUHAHUA. TaOIUIbl U PUCYHKH JOJDKHBI COIIPOBOXKIATHCS TTOIHCHIO;
3arOJIOBKH K CXEMaM JaroTCsl TP HEOOXOJMMOCTH.

4.3. Tlo BO3MOXHOCTH CIEIYyET TOTOBUTH PHCYHKHM C IIOMOIIBIO KOMIIBIOTEpA.
OnHOTHITHBIE KPHUBBIE IOKHBI OBITH BBINOJHEHBI B OJMHAKOBOM MacIITa0e Ha OJHOM
pucynke. KpuBble Ha pHCyHKax HyMepyloTcs apaOCKMMU LudpamH, KOTOpbIe
pacun(poBHIBAIOTCS B MOJMNMCAX K pHCYHKaMm. [l BceX PHCYHKOB HEOO0XOIMMO
npencraButh rpaduueckue daitne B Gopmate jpeg ¢ MUHHMANBHBIM paspemenreM 300
dpi. Hamnucn Ha pUCYHKaxX O/DKHBI OBITh HA AHTJIMICKOM SI3bIKE U MO BO3MOXKHOCTH
3aMeHeHbI Hu(pamu, paciinppoBKa KOTOPBIX JAETCS B MOJIKUCH K PUCYHKY.

OnuHOYHBIE MPSMBIE, KaK MPABUJIO, HE TIPUBOJIAT, a 3aMEHSIOT ypaBHEHHEM JIMHUH
perpeccun. Ilepeceuenne oceit KOOPAMHAT CIEAyeT PAacHoyaraTh B JIEBOM YTy PUCYHKa,
CTPENKM Ha KOHI[AX OCEH He CTaBATCS, JHWHHH, OTPAaHMYMBAIOLINE MOJIE PUCYHKAa HE
MIPUBOJSTCS, MacmTaOHas ceTka He HaHocuTcsa. ManonH(opMaTuBHBIE PUCYHKH, HE
oOCyXJaeMble B CTAaTh€ CHEKTPHI, BOJHTAMIIEPOTPAMMBI M APYTHE 3aBHCUMOCTH HE
myOmuKyIoTcs. PHCYHKH CHEKTPOB He J0JLKHbI ObITh BBINOJHEHBI OT PYyKH. Bce
PUCYHKH JOJDKHBI MMETh HYMEpalHio apaOckuMu nudpamu (eciu PUCYHOK HE OJMH).
CnoBo «PUCYHOK» M HauMMEHOBAaHME IOMEINAIOT I0CJE IOSCHUTENBHBIX JaHHBIX W
pacnofyararot cienyronmm oopasom: Pucyrok 1 — [letanu npubopa.

4.4. Kaxxgas tabamua JTOJDKHA MMETh TEMaTHYECKHH 3arojIOBOK M ITOPSAKOBBIM
apabckuii HoMep (0e3 3Haka No), HA KOTOpBIM JaeTcs CChUIKa B Tekcte (Tabmmma 1).
HasBanue tabnuupl pacronaraercst Haja Tabnueil cieBa 0e3 ab3allHOTO OTCTYNa B OJHY
CTPOKY C €e HOMEpOM uepe3 THpe 6e3 Touku nociie HazBaHus. ['padbl B Tabnmnile 1OKHBI
UMETh KPAaTKWE 3aroJIOBKH, OTPAXKAIOIIME MapaMeTphl, YHCICHHbIE 3HAYEHHS KOTOPBIX
TIPUBEICHBI B TaOJMIE; OHM MHUIIYTCS B MIMEHUTEIILHOM MaJIeKe €JMHCTBEHHOTO YHCIIA C
MIPONIMCHOM OYKBBI M Uepe3 3aIsTyl0 CONPOBOXIAIOTCS COOTBETCTBYIOIIMMH €IUHHUIIAMA
n3MepeHus (B COkpamieHHOW ¢opme). PHUcyHKN wimm cTpyKTypHBIE popMynsl B Tpadax
Tabnui He pomyckatotcs. [Ipomyckn B rpadax Hpu OTCYTCTBHM JaHHBIX 0003HAa4aroT
Tpems TOYKaMH, npu OTCYTCTBUH SIBJICHUS - 3HAKOM «THPE».
[Mpumeuanns k TabiWIaM HHACKCHPYIOTCS apaOCKUMH IU(PpaMH W TOMENIA0TCA B
rpaHunax TabauIpl moa MaTepuanoM tabmuibl. CioBo «lIpuMeyaHue» ciemayeT nevarath
¢ mpornmcHOl OykBHI ¢ ab3ama. Ecim nmpuMedanne omgHo, TO mocie cioBa «IIpumeuanne»
CTaBUTCS THUPE W NPUMEYaHHUE [e4aTaeTcs ¢ NPONUCHON OyKkBbl. Heckonbko npumeuanuit
HYMEpYIOT II0 TOPSIKYy apaObckuMmu IudpaMn 0e3 NpOCTaBICHUs TOYKH M IeYaTaroT C
abzama. B Tabnumiax MCHoib3yIOT TOT e WPUPT, YTO U B TEKCTE CTATBhH; JOIMYCKAeTCs
ymeHbIIeHHbIH (He MmeHee Ne 10 mpudT TimesNewRoman).

4.5. Tlpu BBIOOpE €AMHMI] U3MEPEHUs] PEKOMEHIYETCSl MPHUIEPKUBATHCS CHCTEMBI
CU: 1, Mr, M, cM, MKM (MHKPOMETP, MHUKPOH); HM (HAHOMETP, MIJUTUMHKDPOH); M
(maxometp); A (amrcTpem); ¢ (cexynna); MuH, u (dac), I'u (repi); M (merarepi); D
(apcren); I'c (raycc); B (BosbT); 3B (anmektponBosibT); A (ammep); Owm, Ila (mackans);
MIla (meramackanp); tlla (rexkromackanb); JIx (mkoyms); K (kemsBuH), °C (Tpamyc

Henwcus); [ (ebait).
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B ngecATHYHBIX APOGAX Wedasi 4acTh OTHAeJsieTcsl OT APOOHOI He 3amAToOH, a
TOYKOI.

Hcnonp3yroTcss ClieAyOMue COKpAIIeHUS: T.KAM. M T.UL (TOYKA KHICHUS H
IUTaBIICHUA) — Tmepen nudpamu; KOHI. (KOHIEHTPHUPOBAHHBIA Tmiepen (popmyIoi
coenuHeHus); M — MoJjekyJsipHas Macca); MOJb, KaJl, KKajd, H. (HOpMaJbHbIH), M.
(MOJIAPHBIH); KOHIIEHTPAIMS PacTBOPOB 0003HavaeTcs (r/cmS, 1/11, MOMIB/I).

Jnsi Bcex BHepBble CHHTE3HPOBAHHBIX COeAMHEHUH 00s13aTeIbHBI JaHHbIE
3J1eMeHTHOT0 aHAJIN3a JIU00 Macc-CNEeKTPbI BHICOKOTO pa3pemenmus.

B 6pymmo-gopmyrax snemenTsl pacnonaratorcs B cienytomeM mopsiake: C, H u
Jajee CorjacHo JaTuHcKoMmy andaButTy. DOpMyibl MOJEKYISPHBIX COCAMHEHUH W
OHHEBHIX cOJel marotcs depe3 Touky (Hampumep, CsHsN.HCI). [Ipumep 3amiicn KoHCTaHT
Y JaHHBIX dJIeMeHTHoro aHaimsa: T.kum. 78°C (100 mm prt. ct.), T.Iwr. 50°C (EtOH),
ds%°0.9809, n?°1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcN¢Oe.
Brraucaeno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK u Y® coekrpsl. B skcnepumentansHoit wactu ans UK u YO cnekrpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHYECKUE YaCTOThI MOJIOC, [UIMHBI BOJH MaKCUMYMOB
MOTJIOMIEHHS, KO3((GHUINEHTHI SKCTUHINY (WU UX JIOTapu(MBbI) U YCIOBUS, IIPU KOTOPBIX
3aImcaH CHeKTp.

Hpumepwr 3anucu: UK crextp (Tonkwmii cnoit), v, cm™: 1650 (C=N), 3200-3440 (O-
H). YO cnextp (EtOH), Amax, HM (Ige): 242 (4.55), 380 (4.22).

Cnextpsl SIMP 'H u BC. JlomkHbl ObITH yKa3aHbl pabouas dyacToTa mpuoopa,
WCTIONB30BaHHBI CTAaHIAPT W pacTBOpUTENb. [IPOTOHBI B COCTaBe CIIOKHBIX TPYIII, K
KOTOPBIM OTHOCHTCSI CHTHAJ, CIeAyeT NONYepKHyTh cHm3y — 3.17-3.55 (4H, w,
N(CH2CHs)2); s moitoskeHust 3aMeCTUTENEH HCIoab30Barh o0o3Hauenus 3-CHs; s
00o3HaueHns mosokeHust atomMoB — C-3, N-4 u T.n. Ecnm kxakoi-HHOynb CHUTHANT B
CIICKTpE OIMHUCHIBACTCA KaK MyONeT, TPUIUIET WK AyOJeT MyOJieToB U T.I. (2 HE CHHTJIET
WM MYJBTHUILIET), HeoOXoauMo mpuBecTu coorBercTBytonme KCCB. Ecau mpoBeneHs
JIOTIOJIHUTENbHBIE HMCCIIEIOBAHMSI ISl YCTAHOBJICHHSI CTPOEHHS WIIM NPOCTPAHCTBEHHBIX
B3aUMO/ICHCTBHUIT aTOMOB, JIOJDKHBI OBITh YKa3aHbI UCIIOJIb30BAaHHBIC JBYMEPHbIE METO/IBL.
B onucanuu cnexktpos SIMP 3C oTHecenne KOHKPETHOTO CUrHANA K KOHKPETHOMY aTOMY
yriieposia TPHUBOAUTCS TOJBKO TOTAA, KOI/IA OIpEeZeieHHe IPOBEJCHO Ha OCHOBE
JIBYMEPHBIX 9KCIIEPHMEHTOB.

Ilpumepul 3anucu:

Crexrp SIMP'H (400 MI'u, CDCls), 8, m. 1. (J, ['m): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, k,

J=17.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCH>); 7.10-7.55 (6H, m, H-6,7,8, NHCH-CgHs);
7.80 (1H,
¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, x. 1, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Cnexrp AMP3C (100 MTI'u, IMCO-ds), 8, M. a. (J, Tn): 36.3 (CH,CH3); 48.5 (C-5);
62.3
(CH2CHa); 123.0(CAr); 125.8 (1, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl MPUBOIATCS B BHIE YHUCIOBBIX 3HAYCHHH M/Z ¥ OTHOCHUTEIbHBIX
3HAQUEeHUH HOHHOro ToKa. HeoOxoanmo yKa3blBaThb METOJ M OHEPrHI0 HOHM3AINH,
MACCOBBIC YHCIIAa XapaKTePUCTUYECKAX HOHOB, WX HHTCHCHBHOCTH IO OTHOIICHUIO K
OCHOBHOMY HOHY U IO BO3MOXKHOCTH MX T'eHe3HC. B ciryyae XMMUUecKoil HOHM3AIMK IPU
onucaHuM INpubopa HEoOXOAMMO YKa3zaTh ra3-peareHT. B Macc-criekTpax BBICOKOTO
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paspelieHus] HalJCHHbIC W BBIYMCICHHBIC 3HAYCHHS M/Z TPHUBOAATCS C YCTBIPHMSI
JCCSITUYHBIMU ~ 3HAKAMH; €CIIM  HAiiJlcHHOe 3HaueHne M/Z COOTBETCTBYET HE
MOJICKYJIIPHOMY HOHY, OpYyTTO-(pOpMyla W BBIUHCICHHOC 3HAueHHe M/Z TakKe
MPUBOTUTCSI AT TOTO JKEe HOHA.

Ipumep 3anucu danuwvix macc-cnekmpa: Macc-criektp (OY, 70 3B), M/Z (lom, %):
386 [M]* (36),368 [M—H.0]* (100), 353 [M—H20-CH3]" (23).

Macc-cmexrp (XU, 200 3B), M/z (low, %): 387 [M+H]*(100), 369 [M+H-H,0]" (23).

Ilpumep 3anucu 0aHHBIX MACC-CREKMPA BbICOKO20 PA3DEUICHUA:

Haiineno, m/z: 282.1819 [M+Na]*. C17H2sNNaO.

Brruuciieno, m/z: 282.1828.

4.6. /lanHble PEHTTeHOCTPYKTYPHOTO0 HMCCJIEIOBAHUSI CIETyeT NPEJOCTaBIATh B
BHJIE PUCYHKa MOJIEKYJbl C MPOHYMEpPOBaHHBIMH aromamu, Hampumep, C(1), N(3) (mo
BO3MOXKHOCTH B MPE/ICTABICHUH aTOMOB JUIMIICO M JAMUTEIUIOBBIX KoJjiebanuii). [lonHble
KpucTajulorpauyeckue JlaHHble, TaOJMIBl KOOPAMHAT aTOMOB, JUIMH CBs3ell U
BaJCHTHBIX YIJIOB, TeMIlepaTypHble (akTopsl B JKypHajie He IyOnuKylooTcs, a
nenoHupyoTces B KeMOpumkckoM OaHKe CTPYKTYPHBIX NAHHBIX (B CTaThbe yKa3bIBaeTCs
PETHCTPAIMOHHBIA HOMEP JICIOHCHTA).

4.7. Tlo TpeOoBaHMAM MEXKIYHApOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature npu oOleHKe NyONMMKanuid Ha S3bIKaX, OTIMYHBIX OT AaHMIUIICKOrO,
OubnuorpaduyecKue CIMCKH JOJDKHBI JaBaThCA HE TOJBKO HA S3bIKE OpUTHHANA, HO U HA
narunuie (pomaHckuM andasurom). [ToaToMy aBTOpEI cTaTei, MoJjaBaeMbIX Ha PyCCKOM
U Ka3aXCKOM S3bIKE, JIOJDKHBI IPENOCTABILSITh CIIMCOK JIMTEPATyphl B JBYX BapHaHTax:
00un na sizvike opueunana (CIIMCOK JIMUTEPATYPLI), a APYroit — B pomanckom aigasume
(References). TlocenHuii CMCOK BXOJANUT B AHTIHMHACKUIN GIIOK, KOTOPBIH PACIONOXKEH B
KOHIIE CTaThH.

Ecnu B crnucke ecTh CCHUIKM Ha HMHOCTpPaHHbIE IMyOJNMKAllMM, OHU IOJHOCTBHIO
noBTopsitotcst B cnucke References. Ilpu OUTHPOBaHWM PYCCKOS3BIYHOIO SKypHaua,
NEePEBOMMOT0 3a pyOeKOM, B PycCKOs3bIUHOI Bepcun CrHcKa JUTEPaTypsl HEOOXOAMMO
NPUBECTH TOJHYIO CCBUIKY Ha pYyCCKOs3bIUHYlO Bepcuto, a B References — na
MEXIYHAPOIHYIO.

Crrcok MCTOYHUKOB B References momkeH ObITh HalMCaH TOJBKO HA POMAHCKOM
andasure- naTuHMOE (MIPU 3TOM OH JOJDKEH OCTaBaThCs MOJHBIM aHamoroMm Crucka
JIUTEPATypbl, B KOTOPOM HCTOYHHMKU OBUIM TpPEICTaBIICHBl HA OPHUI'MHAIBHOM SI3bIKE
OIyOJIMKOBAHUA).

Jlyist HarMCcaHusl CChUIOK Ha PYCCKOS3BIYHBIC NCTOUYHUKH (M MCTOYHMKH HA WHBIX, HE
UCIMIONB3YIOMIMX ~ POMAHCKHIA andasur, S3bIKAX) CliellyeT  HCIOJb30BaTh
O®UIINAJIBHBIN EPEBOJI u TPAHCJIUTEPAILTMIO (cm. TpeGoBatus K TepeBojy
U TPAHCIUTEPALINH).

B References tpebyercs cienyromias cTpykTypa Oubianorpaduyueckoil cChbUIKH U3
PYCCKOS3BIYHBIX UCTOYHHMKOB: aBTOPHI (TpaHCIUTEpaNys), IEPEBO]] Ha3BaHUS CTaTbH WM
KHUTH Ha aHIVIMHCKUH S3bIK, HA3BAaHWE MCTOYHMKA (TpaHCIUTEpalus — Ul TeX U3JaHui,
KOTOpBbIE HE HMMEIOT YCTaHOBJEHHOT'O pelaKkIMed aHTIMHCKOrO HA3BaHMs), BBIXOJHBIC
JaHHble B IIM(POBOM (opMmare, yKa3aHHE Ha S3bIK CTaThH B cKOOkax (in Russian mim in
Kazakh).TpanciuTepaliiio MOXHO BBIITOJHUTH Ha caitre http://www.translit.ru.

VYCIOBHBIC COKpAICHUsI HA3BaHWH PYCCKOS3BIYHBIX JKYPHAJIOB W CIIPaBOYHHKOB
HPUBOJATCS B COOTBETCTBHH C COKPAILCHUSMH, IPUHATHIME B «PedepaTuBHOM KypHaie
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XUMUS». QHITOSI3BIYHBIX M JIPYTHX WHOCTPAHHBIX JKYpPHAIOB — B COOTBETCTBHH C
COKpAIICHUSIMH, PEKOMEHIyeMBIMH Hu3faTelhcTBOM «Springer and Business Mediax:
http://chemister.ru/Chemie/journal-abbreviations.htm. Jlnst  crareit Ha pycckoM ©
Ka3aXxCKOM s3blKax Ha3BaHue XypHana «Xumudeckuil Xypnan Kazaxcrana» cienyer
cokpamate: «Xum. Kypu. Kaz.» u «Ka3. Xum. KypH.» COOTBETCTBEHHO, a AJIsl cTaTel Ha
anrnuiickoM s3bike: «Chem. J. Kaz.». [IpuBonsatcs Gamunuy 1 MHUIMAIEI BCeX aBTOPOB
(coxparenus u dp. u et al He gomyckaroTcs).

B Cnucke nuteparypst u B References sce paGotsl nepeuncisitorcss B IIOPSIJIKE
HOUTUPOBAHUSI, a HE B andaBuTHOM mOpSIKE.

DOI. Bo Bcex ciywasx, Koraa y IHMTHPYEMOro MarepHana ecTh MHU(ppOBOI
UACHTH(HUKATOP, €ro HEeoOXOAWMO YKa3bIBaTh B CAMOM KOHIIC ONMCAHUS HCTOYHHKA.
[posepsite Hanuuue doi y ucrouHHMKa cienyeT Ha caiire http://search.crossref.org wim
https://www.citethisforme.com.

Jns  QopmupoBaHus crnmcka JHUTEpaTypsl (BceX ©0€3 HCKIIOUEHHS CCHUIOK) B
Kypnane npuraT Oubmuorpadudeckuit craHaapt 6e3 UCIOIB30BAHUS PA3ICITUTEI «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J11s Ka3axcKo- MM PYCCKOSI3bIYHOTO MCTOYHHUKA!

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49— 53. (In Kazakh or In Russian).

Hiwxe npuBenensl 00pasipl 0(OPMIICHUST Pa3IMYHBIX BUAOB JTOKYMEHTOB, KOTOPBIX
HEOOXOANMO TIPHICP)KUBATHCS aBTOpaM IIpd  OGOPMIICHHH POMAHCKOTO —CITHCKa
References.

Onucanue cTaTbM U3 KYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Oil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne crarbu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/51023193508080077.

Onucanne MHTEpHeT-pecypea:

Kondrat’ev V.B. Global’naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-
07-18.html (Accessed 23.06.2013).

HJIn

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

N

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

Onucanue CTaTbU U3 JIEKTPOHHOTI0 KypHaja:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).
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Onucanne cTaTby U3 NPOAOJIKAIONIErocs H3AaHUA (COOPHUKA TPYIOB)
Astakhov M.V, Tagantsev T.V. Eksperimental’noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
composite»]. Trudy MGTU
«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU
«Mathematic Modeling of the Complex Technical Systems»], 2006, No. 593, 125-130.

Onucanne MmaTepuaJioB KOHGepeHmii:

Usmanov T.S, GusmanovA.A., Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
6™ Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexxenarenbHO OCTaBIATH OJHO IEPEBOAHOE Ha3BaHUE KoH(pepeHIMH (B ciiydae
€CIIM HET INEePEeBEe/ICHHOTO Ha aHTJIMWCKUII A3bIK Ha3BaHUS KOH(EPEHIMH), TaK KaK OHO
TIPH TOIBITKE KeM- 00 HANTH 3T MaTepHaibl, KACHTUDHUIPYETCS ¢ OONBIINM TPYIOM.

Onucanue KHUru (MoHorpagum, cCOOpHHKA):

Nenashev M.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanue nepeBOJHON KHUIH:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering.
4thed. New York, Wiley, 1974.521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver
U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F.Expert systems. Principles and cases studies.
Chapman and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye
sistemy. Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).
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4.9. IlpuMep aHIJIOA3BIYHOrO OJI0KA JJIsl MPEACTABJIEHHUS CTATHU, HAMUCAHHOIM

Ha A3bIKE, OTIUYHOM OT AHTJIMICKOro:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.%, Nurgaliyeva G.0.%", Baiakhmetova Z.K.?, Aizvert L.G.?

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

2Scientific and practical center of sanitary-epidemiological examination and
monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical,
agrophysical, agrochemical and biological properties of soils. Sorption methods of
cleaning the soil with the help of humic preparations from oil pollution are of great
importance. The purpose of this work is to study the composition and properties of the
contaminated and neutralized soil, the determination of the toxicity indexes of all
components of oil waste, the calculation of the hazard class of waste according to their
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized
soil were treated with the use of humate-based energy-accumulating substances. The
metal content in the contaminated soil was determined by spectrometry using an AA 240
instrument using the method of decomposing the sample with a mixture of nitric,
hydrofluoric and perchloric acids until the sample was completely opened. Results and
discussion. Fractional composition of oil products of all samples is stable: the content of
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and
asphalteneswere  mainly  found; complex acetylene hydrocarbons are not
present. Conclusion. It has been established that the contaminated soil belongs to the
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can
be used as construction and road materials, at the improvement of boreholes and at land
reclamation.

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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FolasiMu KapusaJaHBIMHBIH 3TUKAChI

«Ka3zakcTaHHBIH XHUMHUSJIBIK KypHaabD» (0yaan api — /Kypuaj) 6acnacbIHbIH
ajgKacbl MeH O0ac pegakTopbl <«OKapusulaHy »3THKAchl KOHiHIeri KOMUTeT —

(Committee on Publication Ethics - COPE)»
(http://publicationethics.org/about),«Eyponaibik FBUIBIMH peIaKTopJIapaAbIH
KaybiMaacTeirbl  » (European Association of Science Editors - EASE)

(http://www.ease.org.uk) xkoHe FbLIBIMH KapHAaHBIM 3THKACBIHBIH KOMHUTETIiH/E
(http://publicet.org/code/) kaGbLIIAHBUIFAH XAJIBIKAPAJIBIK TATANTAPAbI YCTAHA/IBI.

Bacna kpI3meriHzeri ozienke caii eMec ic - opekerTepAi (IUIaruar, skajfaH akmapat
xKoHe T.0.) OonmplpMayra >KOHE FBHUIBIMH OKAPHATAHBIMAAPIBIH JKOFaphl CanachlH
KaMTaMachl3 eTy YIIiH, KOJI KeTKI3TeH FhUIBIMH HOTIDKENEPAl KYPTIIBUIBIKKA JKapusiiay
MaKCaThIH/IAa PEJaKkIus anKachkl, aBTOpJap, PEIEH3EHTTep, CoHpaii-ak Oacma ynepiciHe
KATBICATBIH MEKEMEJep STHKAIbIK HOpMalap MEH epexesep/i caKTayra MIHACTTI JKOHE
onmapablH Oy3puiMayblHa — OapnblK ImIapanapiasl maiinananysl Tmic. Ocbl  yaepicke
KATBICYIIBIIAPIBIH OapJIBIFBIHBIH FBUIBIMU JKapIsUIAHBIMAAP 3THUKACBIHBIH €peXelepiH
CakKTaybl, aBTOPJIAPBIH 3UATKEPIIK MEHIIIK OOBEKTUICPIHE KYKBIKTAPBIH KaMTaMachi3
eTyre, >XapHsJIaHbIMJAp CalachlH apTThIPYFa JKOHE aBTOPJBIK KYKBIKICH KOpFalfaH
MaTepHaIapabl JKEKe TYIFANIapIblH MYIICCi YIIiH MaiganaHy MYMKIHIITIH JKOIOFa
KOMEKTECE/Ii.

Penaknusra xiOepinreH OapiblK FBUIBIMH Makajajap MIHICTTI TYpAe €Ki jKaKThl
Kynus capanTamara xioepinezi. JKypHanaslH perakIusiIbIK adKackl MaKaJaHBIH JKypHa
TaKpIpbIOBIHA HKQHE TaJNANTAPbIHA COWKECTIriH aHBIKTAN/IBI, )KypHAJFa TipKey YIIiH OHBI
JIABIH ajla capajayFa >KypHAIIBIH JKayanTbl XaTIIBIChIHA kidepeni. On Koynka3O0aHbIH
FBUIBIMHM KYH/IBIIBIFBIH aHBIKTAI, MaKaJla TAaKbIPHIOBIHA JKAaKbIH FHIJIBIMA MaMaH/IBIKTaphI
O6ap  eKki Toyenci3 capamlmIbIHBI aHBIKTAHABl. Makananapasl peJaknusUIBIK ajKa JKoHE
pPEelaKIMsUIBIK alKa MYyIIesepi, COHAal-aKk 0acka enjep/eH MIaKbIPbUIFaH PELEH3CHTTEP
capanTaiipl. MakallaHbl capanTay yIIiH peleH3eHTTep/i TaHJay Typalibl HIemimMai oac
penakrop KabOsuimaiiapl. Capantay mMep3imi 2-4 anra )oHE PELEH3CHT OTiHilI OoibIHIIA
OHBI 2 anrTara y3apTyFa 601asl.

Pepaknusi MeH peleH3eHT Kapayra KiOepiireH jxapusiianOaraH MaTepuaaap by
KYIMSUTBIIBIFBIHA KNIk Oepeni. YKapusiiay Typasbl MICIIIM KYPHAIIBIH PEAaKIHSIIbIK
aJIKachl TEKCEPreHHEH KeiliH KaOwuimaHamel. Kaker Oosran jkardaiina (pemakrop(iiap)
JKOHE/HeMece PeIeH3eHT(JIep) TapanblHaH €CKepTYJIepAiH O0iybl) Koibkazba aBTOpIapra
KOCBIMIIIAa Ty3eTyJiepre kioepijie/i, Coan KeliH ol Kaira Kapajajbl. DTHKa HOpMaJaphl
Oy3bUIFaH >KaFjaiia, MakajaHbl >kapusilaylaH Oac TapTy KYKbIFbIH Penmakums esine
Kanaplpaabl. JKayanTsl pefakTop Makanaja IUlarar Aerl ecenTeyre JKeTKUIIKTI aknapar
OoJrraH >KafF/iaiiia OHbI XKapusiayra pykcar oepmeiii.

ABTOpJAp penakuysra xKioepinreH MaTepuaaIapabliH KaHa, OYpHIH XKapusiiaHOaraH
KOHE TYNHYCKAa eKeHZIriHe Kemiamik Oepeni. ABTOpmap FBUIBIMH HOTHXEIEPIiH
CEeHIMJTriT MeH MaHBI3IBUIBIFBIHA, COHAAW-aK FBUIBIMH OJTHKAa KaFUJAATTapbIHBIH
caKTalyblHa, aTan aiTKaHAa, FbUIBIMH JTHKaHbl Oy3bUIMayblHa (FBUIBIMH JEpeKTepii
KOJIIaH jKacay, 3epTTey [epeKTepiH Oypmanayra oKeNleTiH Oypmalnay, IUlaruar >KoHe
JKayFaH OipJecKeH aBTOPIIBIK, KaiiTanay, 0acka amaMaapblH HOTHKEIEPiH HEMICHY JKOHE
T.0.)TiKenei KayarTsl.

MakanaHsl penakiusra Oepy aBTOpJIapIblH MakajaHbl (TYITHYCKaza Hemece Oacka
TiNgepre Hemece TUAEH aynapMmana) Oacka sKypHajira(jiapra) kiOepMereHiH >koHe Oyl
MaTepualiblH OYphIH kapusiianOaranslH Oinmipeni. Onait OonMaraH >karjaiia makana
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aBTOpyapra «ABTOPJBIK KYKBIKTBI Oy3FaHbl YIIIH MakKaJlaHbl JKapusulamay» JAereH
LIeiMMeH Kaitapbiiaasl. backa aBTopbIH TyBIHIBICHIHBIH 10 alibI3aH acTaMblH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPEKKe3re CiuITeMeniepii KepceTned ce30e-ce3 Keulpyre Kol
OepinmMeiiii. ANBIHFAaH Y3iHAITIEp HEMece MAJliMJIeMeNep aBTOp MEH JePEKKOe3/i MiHIETTI
TYpZe Kepcere OTHIpbIN peciMaenyi kepek. lllamanan Teic e3re MaTepHangapiabl
maiinanaHy, COHOaif-ak Ke3 KeNreH HBICAHIAFbl IUIardaT, COHBIH IMIiHAE IoieKci3
noiiekce3nep, Oacka amaMaapAblH 3epTTEYNEpiHIH HOTIKENepiH HeMIeHY JTHKara
KaTmaiiapl KoHe KaOpupmaHOaumpl. 3epTrey OaphICBIHA KAaTBIHACKAH 0apITBIK
TYIFaJapIblH YJIeCiH MOWBIHAAY KaXeT JKOHE MaKajala 3epTTeyli JKYpri3yae MaHBI3IbI
OomraH JKyMBICTapra cinremenep Oepimyi kepek. bipmeckeH aBTopmap apacwiHaa
3epTTeyre KaTbICIaraH alaMJapAbl KepceTyre kol OepiiaMeii.

ABTop(J1ap) KYMBICTapbIHAa KaTelikTep Oailkasca, Oy Typalsl Jepey peldaKkTopra
xabapar, Ty3eTy Typajbl YChIHBIC Oepyi THiC.

Komxka3banbl Oacklll mibIFapynaH 0ac TapTy Typajbl LICHIIM peLeH3eHTTEPIiH
YCHIHBICTApBIH €CKEpE OTBIPBIN, pPEAaKLHsl ajJKaChIHBIH OTHIPBICHIHAA KaObUIIaHa Ibl.
PepakuusnbIK ajgKaHbIH LIENTIMIMEH jKapusUlayFa YChIHBUIMaraH Makaja KaiTa Kapayra
KaObuTnaHOaiapl. XKapusinaynaH Oac TapTy Typamsl xabapiiamMa aBTOPFa JJICKTPOHIBIK
TIOIITA APKBLIBI XKiOepinemi.

KypHanaplH penakuusuIblK allkackl MakKallaHbl JKapusulayra pykcaT Oepy Typalsl
HIemiM KabbuTIaraHHaH KeHiH peIakHsIIbIK allka Oyl Typasbl aBTOpFa Xabapiaiiasl xoHe
Kapusay MmapTTapelH Kepcereni. Makanara OepinreH mikipaepAiH TymHyckacel JKypHan
PeOaKLIACHIHAA 3 JKBUT CaKTaJIbIHAIBI.
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Dmuka nayunvix nyoaukayui

Penakuuonnas KOJLJIerusl H IJIABHBIH peaAakTop HAY4YHOI0
sJKypHa1a « XumMuyeckuii s;kypHai Kazaxcrana» (nanee — XKypHau) npuaep:kuBarorcs
NPUHSATBIX MeKIYHAPOIHBIX crangaproB «Komurera 3THKH no
nyoaukanmuam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «kEBponeiickoii accouMauu HAYYHBIX
peaxakropos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KomuTera mo 3ITHKe HAYYHBIX MyOJMKALUNA»

(http://publicet.org/code/)..

Bo usbexanune HeT0OpPOCOBECTHON NPAKTUKUA B IMyOJHKAIIMOHHOW ESTEIBHOCTH
(HJ'IaFI/IaT, H3JI0OKCHHUC HEJOCTOBCPHBIX CBeHeHHﬁ n I[p) U B LICJIIX o6ecnequI/m BBICOKOI'O
Ka4yeCTBa Hay4YHBIX Hy6J’IHKaHHﬁ, MIpU3HAHUA O6IIICCTBGHHOCTI)IO, TMOJIYUYCHHBIX aBTOpPOM
HAay4YHBIX PE3yJIbTAaTOB, WICHBI PEIAKLHOHHOIO COBETA, aBTOPHI, PCLCH3CHTHI, a TAKXKe
YUPSKACHHUS, YIaCTBYIOIIUE B H3IATEIBCKOM Ipolecce, 00s3aHbl COOMIOAATh ITHYCCKUE
CTaHOapThl, HOPMBI ¥ TpaBWIA M IPHHUMATh BCE MeEpBl U NPEIOTBPAILCHUS HX
HapymeHuid. CoONIoIeHHe MpaBWi 3THKH HAYYHBIX MyOJHMKAIWil BCEMH yYacTHHKaMHU
9TOr0 TpoIecca CIOCOOCTBYeT OOECIECYCHUIO MPaB aBTOPOB Ha HHTEIUICKTYaJbHYIO
COOCTBEHHOCTh, TOBBIILICHUIO KayecTBa H3JAHHUSA W HUCKIIOYECHHIO BO3MOXHOCTH
HEMPAaBOMEPHOI'0 MCIOJIB30BaHUA aBTOPCKUX MAaTCPUAJIOB B UHTEpPECaX OTACIbHBIX JIUII.

Bce HayuHble cTaTh, NOCTYNHUBIIHME B pENAKIHIO, IMOJUIEKAT 005S3aTEIbHOMY
JBOMHOMY CJIeTIOMY perieH3upoBaHuio. Penakius XKypHana ycTaHaBIMBaeT COOTBETCTBHE
crateu npodumo XKypHana, TpeboBaHUsAM K O(QOPMIICHUIO W HAINpaBiIsIeT €€ Ha MepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOpBIH ONpesessieT HaydHYIO
IEHHOCTh PYKOIMMCHU W Ha3HA4YacT ABYX HE3aBUCHUMBIX PCUEH3CHTOB — CIICIHUAJIUCTOB,
UMEIOIUX Haubosiee GIIM3KME K TeMe CTATbU Hay4HbIe ClielUaIn3auny. PereH3npoBaHue
CTaTell OCYLIECTBIIACTCS YWICHAMH PEJaKLIHOHHOTO COBETa W PEJaKLUHOHHOMN KOJUIETHH, a
TaKKe NPUIJIAIICHHBIME PELEH3eHTaMH JPYrux cTpaH. PemeHwe o BHIOOpE TOro WIH
WHOTO PELCH3eHTA JUIsl MPOBEACHHUS IKCIIEPTH3bl CTAThH NPUHUMAET TJIABHBIH PeIaKkTop.
CpoK pelLieH3UpOBaHHs COCTaBIseT 2-4 HEAeNu, HO MO MpochOe PELeH3CHTa OH MOXKET
OBITH MPOJJICH, HO He OoJiee YeM Ha 2 HeJeH.

Pepakuusi M pemeH3eHT TapaHTUPYIOT COXpaHEHHE KOH(HICHINAIbHOCTH
HEONyOJMKOBAaHHBIX MAaTepUalioB IPHUCIAHHBIX HAa PacCMOTpeHue pabot. PerieHue o
nyOJIMKaluy NPUHAMAETCS PEAAKIMOHHOM Kosuierneid JKypHaia mocie pereH3upoBaHus.
B cnygae HeoOxoanMocTH (HaIm4yue 3aMedaHuid pelakTopa(-0B) U /WK pereH3eHTa(-0B))
PYKONUCHh HAampaBjseTcs aBTopaM Ha J1opabOTKy, IIOCi€ 4Yero OHa IOBTOPHO
peuensupyercs. Pepakiust ocraBisier 3a OO0 MPaBO OTKIOHUTH MyOJMKALMIO CTaThH B
cllyyae HapyleHHs MpaBWJl 3THKH. OTBETCTBEHHBIH PENAKTOp HE JIOJDKEH JIOMYCKaTh K
myOMMKanuy MHGOPMAIMIO, €CIIM MMEETCsl JI0CTaTOYHO OCHOBAaHWH IoJaraTh, YTO OHA
SIBIISIETCS TUIATNaTOM.

ABTOpBI TapaHTHPYIOT, YTO IPEJCTaBJICHHBIE B PENAKIHIO MATEPHUANBI SIBISIOTCS
HOBBIMHM, paHee HEONyOJMKOBAaHHBIMH M  OPUTHHAJIBHBIMH.  ABTOpHIl  HECYT
OTBETCTBEHHOCTh 3a JOCTOBEPHOCTH M 3HAYMMOCTHb HAYYHBIX PE3YJIbBTATOB, a TaKXE
CO6J'[IOJICHI/IC IMPUHIUIIOB HaquOﬁ OTUKHW, B YaCTHOCTHU, HEAOMYIICHUE q)aKTOB
HapyIIEeHUsI HAyIHOH 3TUKH ((haOpuKaIys HayIHBIX JaHHBIX, (hanbCupUKaIs, Beaymas K
HNCKAXXCHUIO HCCJIICA0BATCIIbCKHUX JAaHHBIX, iaruar n JIOKHOC COaBTOPCTBO,
IyOMpoBaHUe, MPUCBOCHUE TYKUX PE3yJIbTATOB U . )
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HampaBienue craTbu B pelakiMIo O3HAYaeT, YTO aBTOPHI HE Iepe/iaBaii CTaThio (B
OpHUTMHAJIC WJIN B IEpeBOAE HA APYIHe SI3bIKM WIM C JPYTHX SI3BIKOB) B JpYyroi(-ue)
XKypHaJI(bl) ¥ YTO 3TOT Marepuan He Obul paHee omyOinKoBaH. B mpoTuBHOM ciydae
CTaThsl HEMEUIEHHO BO3Bpalaercsi aBropam ¢ (GopmMynnupoBkoil «OTKIOHUTH CTaThIO 3a
HapylIeHHe aBTOPCKHX mpaBy». He nomyckaercst aocioBHOe KomupoBanue Oonee 10
MPOLICHTOB pabOThI IPYroro aBTopa 0e3 yKa3aHHs ero aBTOPCTBA U CCHUIOK HA MCTOYHHK.
3anMcTBOBaHHBIE ()ParMEHTHl WM YTBEPXKACHUS HODKHBI OBITH O(QOPMIICHBI C
00s13aTeTIbHBIM yKa3aHHEM aBTOpa M INEPBOMCTOYHHKA. Upe3MepHBle 3aUMCTBOBaHHMS, a
TakXKe IUIaruat B 1000 opme, BKiIoUas Heo(pOpMIICHHBIEC IIUTATHI, Tiepedpa3upoBaHUe
WY TIPUCBOCHHE TIPaB Ha Pe3yJIbTAThl Uy)KUX HCCICAOBAHUN, HEITUYHBI H HEPHUEMIIEMBI.
HeoOxoaumo mpu3HaBaTh BKJaJ BCeX JIMI, TaK WJIM HHAa4Ye IOBIMSBIIMX Ha XOJI
HUCCJICA0OBAaHUA, B YaCTHOCTHU, B CTATHC JOJI2)KHBI OBITh MPCACTAaBJICHBI CCHIJIKM Ha pa6OTbI,
KOTOpbIE HWMEJNM 3HAaueHHe IIpU NpOBeJCHUH wuccienoBaHus. Cpeau COaBTOPOB
HEAOMYCTUMO YKa3bIBATh JIMI, HC Y4aCTBOBABIIUX B UCCJICJOBAHUU.

Eciu aBtopom(-amu) oOHapyxeHa omuOka B pabore, HEOOXOJMMO CPOYHO
YBEIOMHTH PElaKTOpa U BMECTE MPUHATH pelieHne 00 UCIpaBICHHN.

Pemenne 06 oTkaze B myONMKALMM PYKOIHMCH TPUHHMACTCS Ha 3aceJaHHH
PEOAKIMOHHON KOJUIETMH C YYeTOM peKoMeHIaumui peuenseHToB. CTaThs, He
PEKOMEHIOBaHHAs PELICHHEM DPEJAKIMOHHOW KOJUIETMH K ITyOJIMKAlM{, K IOBTOPHOMY
paccMoTpeHuto He npuHEMaerca. CooOleHne 00 oTKase B MyOJIHMKAIUMHM HalpaBiLeTCs
aBTOPY MO JJIECKTPOHHOMU MOYTE.

Iocne mnpuHaTHs peaxowterneid JKypHama pemeHnss o JOIMycKe CTaTbU K
MyONUKaKU penakiius HHGOPMUPYET 00 STOM aBTOPa M YKa3bIBACT CPOKH ITYOJIUKAITHH.
OpuruHanel pereH3uil Xpanarcs B pefakuuu JKypHana B TedeHue 3 neT.
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Scientific Publication Ethics

The Editorial Board and Editor-in-Chief of the scientific journal the “Chemical
Journal of Kazakhstan” (hereinafter referred to as the Journal) adhere to the
accepted international standards of the “Committee on Publication Ethics”
(Committee on Publication Ethics — COPE) (http://publicationethics.org/about), the
“European Association of Science Editors” (European Association of Science Editors —
EASE) (http://www.ease.org.uk) and the “Committee on Scientific Publication
Ethics” (http://publicet.org/code/).

To avoid unfair practices in the publishing activities (plagiarism, false information,
etc.) and in order to ensure the high quality of the scientific publications and public
recognition of the scientific results, obtained by the author, the members of the Editorial
Board, authors, reviewers, as well as institutions, involved in the publishing process, are
obliged to comply with ethical standards, rules and regulations, and take all measures to
prevent their violation. The compliance with the rules of the scientific publication ethics
by all process participants contributes to ensuring the rights of authors to intellectual
property, improving the quality of the publication and excluding the possibility of misuse
of the copyrighted materials in the interests of the individuals.

All scientific articles submitted to the editors are subject to mandatory double-blind
peer reviewing. The Editorial Board of the Journal determines the compliance of the
article with the specificity of the Journal, the registration requirements and sends it for the
first reviewing to the Executive Secretary of the Journal, who determines the scientific
value of the manuscript and appoints two independent reviewers — the specialists with the
scientific specializations closest to the topic of the article. The articles are reviewed by the
members of the Editorial Board and the Editorial Staff, as well as the invited reviewers
from the other countries. The decision to choose one or another reviewer for reviewing the
article is made by the Editor-in-Chief. The reviewing period is 2-4 weeks, though at the
request of the reviewer, it can be extended, but no more than for 2 weeks.

The editors and the reviewer guarantee the confidentiality of the unpublished
materials submitted for reviewing. The decision to publish is made by the Editorial Board
of the Journal after reviewing. If necessary (the presence of comments by the editor(s)
and/or reviewer(s)) the manuscript is sent to the authors for revision, after which it is re-
reviewed. The editors reserve the right to reject from the publication of the article in case
of violation of the rules of ethics. The Executive Editor should not allow the information
to be published if there is sufficient reason to believe that it is plagiarism.

The authors guarantee that the materials, submitted to the editors are new,
previously unpublished and original. The authors are responsible for the reliability and
significance of the scientific results, as well as compliance with the principles of scientific
ethics, in particular, the prevention of violations of scientific ethics (fabrication of the
scientific data, falsification leading to distortion of the research data, plagiarism and false
co-authorship, duplication, appropriation of other people's results, etc.).

The submission of an article to the editor means that the authors did not submit the
article (in the original or translated into or from the other languages) to the other
Journal(s), and that this material was not previously published. Otherwise, the article is
immediately returned to the authors with the wording “Reject the article for the copyright
infringement.” The word-for-word copying of more than 10 percent of the work of
another author is not allowed without indicating his authorship and references to the
source. The borrowed fragments or statements should be drawn-up with the obligatory
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indication of the author and source. Excessive borrowing, as well as plagiarism in any
form, including inaccurate quotations, paraphrasing, or appropriation of the rights to the
results of the other people's research, is unethical and unacceptable. It is necessary to
recognize the contribution of all persons, who in one way or another influenced the course
of the research, in particular, the article should provide links to the works, which were
important in the research conduction. Among the co-authors, it is unacceptable to indicate
persons, who did not participate in the research.

If the author(s) finds an error in the work, it is necessary to immediately notify the
editor thereof, and together decide on the correction.

The decision to refuse from the publication of the manuscript is made at a Meeting
of the Editorial Board, taking into account the recommendations of the reviewers. An
article, which is not recommended by the decision of the Editorial Board for the
publication, is not accepted for re-consideration. A notice of the refusal to publish is sent
to the author by e-mail.

After the Editorial Board of the Journal makes a decision on the admission of the
article for the publication, the Editorial Board informs the author thereof, and specifies the
terms of the publication. The original reviews are kept in the Editorial Office of the
Journal for 3 years.
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