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KA3AKCTAH XAAKbI ACCAMBAESICHIHBIH,

AAYBIC XATbI

Kypmemmi {0}

Baaerwmuna Koncmanmunosna

Kasaxeman xaaxwvt Accambaescot Cisee en Oipaii
MeH  KozamoulK KeAicimdi Huzaimyea, YMaHucmix
Mypammapea 0atexmi KulaMem enin, KozaMmHbulH pyxaHu
daMyvtna KOCKan eAeyAl YAecinis yutin arzvic 6iadipedi.

Kasakcrau
PecnivDanKachiHbiH
[Tpesnaenti,

Kasakcras xaakni
AccamMDAeACHITIbIH

Toparachl ;P*d@i&"'""*—% H. Hazapbaes
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HAYAJIBHHK
KAHLEJSAPHH MPE3HAEHTA
PECIYBJIWKH KAZAXCTAH

KA3BAKCTAH PECITYBJIMKACHI
MPE3UJIEHTI KEHCECIHIH
BACTbIFbI

010000, AcTana K1ack!, AKOPLA
208 w19 KaHTAp 3 " 201
~18-04-15.24

Axkapemuk Enin Eproxutre

Kaszakctan Pecnybnukachl

Binim xeHe FbifibiM MUHUCTPRITIHIK
©.BekTypoB arbiHgarkl XMMus
fbiNbIMOaapbl MHCTUTYThI,
LU.YanuxaHoB keweci, 106-yi,
Anmartbl Kanachl

050100

KypmetTi Enin Eproxaynsi!

Benrini kanamrep YXymabek XaHginguHHi{ eaidiz Typans! xassinFan
«FbiNbIMFYMBIP»  Aen  atanaTtblH  KOCTOMAbIFbI  MeH Jkbinbl  nebisai
KonTaHbanapbIHbI3Ab!I KOWbIN ChlniaraH YL KiTabbiHbI3abl anabiv.

Oxblpmanfa enimisge XMMua  fbiNbIMAAPbLIHLIH AamybiHAa YIKEH
OpHbl Bap TynfFaHbiH FMOPaTTbl emip Xonbl MeH e3iHi3 ken Xbin Goibl
TabbicTbl  GacwbiNbiK  Xacan Kene KaTkaH  XUMUA  FbinbiMaapbl
MHCTUTYTBIHBIH Tapwxbl, XETICTIKTEPI M8He ocbifaH YNecTepiH KockaH
apinTecTepinia Typansl mon aknapaT 6epeTiH BacbinbiMaapabl chifinarax
i3eT-KypmeTiHi3 ywiH Cisre WbiH XyperimHeH LWblKkaH 30p anfbiCbiMAbl
Gingipemin!

Byn KyHAbl KiTanTap MeHiH XekKe KiTanxaHamMHbIH TepiHeH OpbIH ankin,
©3IMHIH{ e, fbiMbIMHbIH ~ OCbl CcanacbiHa Kbi3bIFyLbINbIK TaHbITATbIH
HemepenepiMHiH e 3eliH KOs OKUTbIH TyblHAbINapbiHA aiHanagbl agen
CEeHEMIH.

Cisre 3o0p AeHcaynblk, y3ak Ta GakbiTTbl fymbelp, oTbacblHbi3Fa
amMaHfblK XaHe apAavbiM XankbiMbi3ablH epeH eHberiniare canl  KypmerTi
MEH KoLaMeTiH TinenmiH.

YnkeH KypmeTneH,
; /v&é © MaxmyT KacbimbekoB
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®EAEPANIbHOE NTOCYOAPCTBEHHOE BHOOMETHOE YYPEXOEHUE
«POCCUIACKAA rOCYAPCTBEHHAA BUB/IMOTEKA»
THE RUSSIAN STATE LIBRARY
DIE RUSSLAENDISCHE STAATSBIBLIOTHEK
LA BIBLIOTHEQUE D 'ETAT DE RUSSIE
LA BIBLIOTECA ESTATAL DE RUSIA

119019, Mocksa, yn. BoasueHka, 3/5 CEKTOP KOMNAEKTOBAHUA UHOCTPAHHOM NIMTEPATYPOR
Ul Vozdvizhenka, 3/5, 119019 Moskva DEPARTMENT OF FOREIGN ACQUISITIONS AND
Ten. +7(499)557-04-70%25-17, *26-48 INTERNATIONAL BODK EXCHANGE

e-mail: mko@rsl.ru
LE DEPARTEMENT DES ACQUISITIONS ETRANGERES ET DES

ECHANGES INTERNATIONAUX

EL DEPARTAMENTO DE LA ADQUISICION ESTRANIERA Y EL
CANJE INTERNACIONAL DE LOS LIBROS

Ne 140 om 16.02.2017 Eduny Epeoxcaesu4y Ep2oxuHy

Veasicaemuiit Eoun Epzosicaesuu!

Om umenu Poccuiickoti 2ocyoapemeentoll bubauomexu goipadicaio Ban enybokyio
Oaazodaprocme 3a 106E3HO NPEdOCMABIeHHbIe 6 0ap KHUZIL.

e Epeoxcu, E. E. Haw 8knad 8 Xumu4eckyro Hayky U UHHO8AYUOHHbIE
mexHono2uu 3a 200bl Hezasucumocmu Pecnybauku Kazaxcmax (1991-
2013z2z.) Aamamel, 2014

e EpeowuH, E. E. O Hayke u 06 yuensbix. T. 1, 2. Aamamel, 2013

e [EpeoxcuH, E. E. OpdeHa Tpydosozo KpacHozo 3HameHu MHcmumymy
Xumuyeckux HayK umeHu A. b. bekmyposa - 70 nem. Aamamel, 2015

e EpeoxuH, E. E., Akumbaesa, A. M. OpzaHomuHepansHeie copbeHme u
MoAUGYHKYUOHAALHbIE CUCMEMbI HO OCHB0e MPUpPOOdHO20
anoMOCUAUKAMHO20 U Y20/1bHO-MUHEPAAbHOZ0 CblpbA. Aamambsl,
2007

e Opdena Tpydosozo KpacHozo 3HameHu MHcmumymy XumuvecKux
HayK umeHu A. b. bekmyposa - UCMOKU, 3Mans! pa3sumus u
docmuceHus. 60 nem. Aamamel, 2005

e FEpeoxcuH, E. E. OpdeHa Tpydoeozo KpacHozo 3HameHu MHcmumymy
Xumuyeckux Hayk umeHu A. b. bekmyposa e 1988-2003ee. -
OMKpbLIMUA, 8HEOpeHUA, docCmuiteHUA u Hazpadsl. Anmamel, 2004
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Ergozhin, Edil. E. Order of the Red Banner of Labor A. B. Bekturov
Institute of Chemical Sciences in 1988-2004 - discoveries, inculcations,
archievements and awards. Almaty, 2005

Epaoxcun. E. E. Cmamsu o Hayke u 06 ydeHobix. Aamamel, 2011
EpzoxuH, E. E. u dp. Moausanekmponumesl Ha ocHoge
2nuyuduaMemaKpuaama U e20 conoaumepos. Anmamel, 2004
Epzoxun. E. E., Kypmananues, M. K. Monumeps Ha ocHose KpayH-
coeduHerul. Anmamel, 1994

Epzoxcun, E. E. u dp. ludpogunsHeie nonumepHsie cemku. Aamamel,
2003

EpzoxuH. E. E., MmaHbekos, K. M. KeBaHmMoso-xumuyeckue acnexkmel
CUHMEe3a aMUHO- U NUpUGUHCOOepHaujux UOHUMO8 Ha 0CHO8e
3MoKCUOHbIX coedurerud. Aamamei, 2007

Epzoxcun, E. E. , WouHbekosa, C. A. OkucaumensHo-
B80CCMAHOBUMENbHbIE 20MO- U COMOAUMEPSLI HAQ OCHOBE BUHUMDE020
aghupa MOHO3MAHONAMUHA U anauaamuHa. Aamamesi, 2007
EpeoxxuH, E. E., Ymrenos, b. A. XenamHsie nonumepHsie peazeHmel.
Anmamei, 1998

EpzoxcuH, E. E., bezeHoaa, b. E. [Tonuanekmpoaumesi u KOMIAEKCOHbI.
Anmamer, 2010

EpzoxcuH, E. E. M 8p. Komno3uyuoHHble noaumepsl
MHoaoqbyanuOHcmbHoazm HA3HA4YeHUA Ha ocHose
mepmo3anacmonnacmos. Aamamer, 2012.

Epeoycun. E. E. OkucaumenbHO-80CCMAHOBUMENbHbIE
uoHoobmeHHUKU. Aamamet. 2000

Epzoxun. E. E., Yanoe, T.K. MoHoobmeHHbIe U noaynpoHuyaemsle
membparel. Aamamsi, 2004

Edun Epzoxcaesuy Epeoxcuq Anmamet, 2011

EpzoxtuH E. E. lMonugyHKUUOHAnbHbIE UOHOOBMEHHUKU. Aama-Ama,
1986

Jflob6arHos, @. M. U Op. IKCMpPaKUus KOMIAEKCO8 UOHOB8 MEMAN0e C
nupuduUHOBbIMU OKCcua3ocoeduHeHuamu. Anma-Ama, 1983.

Hzoanua zanecenvl ¢ Knuzy dapoe dubauomexu u exniovest 6 delicmayiouuil horo
noo pezucmpayuonnvimu Homepamu: H1184-17, H1181-17, H1182-17, H1183-17,
H299-10, H292-10, H1185-17, H1186-17, H1188-17, H300-10, H720-99, H295-10,
H294-10, H297-10, H298-10, H1187-17, H1189-17, H293-10, H296-10, 3B265-17,
86-53461, 83-68006.

C HauwnyuuumMu ROJNCENanuamu,
3ae. Cexmopom Hnocmpannozo komniekmosanus E.C.Koneywruna
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DOEJEPANILHOE TOCY JAPCTBEHHOE BIOJKETHOE YYPEXKIEHHE
«POCCHHCKAA TOCYJAPCTBEHHAS BUBJIHOTEKA»

THE RUSSIAN STATE LIBRARY

DIE RUSSLAENDISCHE STAATSBIBLIOTHEK

LA BIBLIOTHEQUE D 'ETAT DE RUSSIE

LA BIBLIOTECA ESTATAL DE RUSIA

119019, Mockpa, yi1. Bosapukenka, 3/5 OTAEN KOMIUVIEKTORAHWA @OHAOB
Ul Vozdvizhenka, 3/5, 119019 Moskva
Ten. +7(499)557-04-70*25-76 DEPARTMENT OF ACQUISITIONS

e-mail: badekina@rsl,ru
LE DEPARTEMENT DES ACQUISITIONS

EL DEPARTAMENTO DE LA ADQUISICION
Ne (49 om 13.03.2018

Yeascaemuoris Foun Epeoswoeanu!

Om umenu Poccuiicxeit »ocydapemeennoti uGnuomeru ssipascaio Bau zayboryio
DIa2O0APROCME 3G HH00E3HO NPEIOCTRUGTEHIBIE 6 OAD KHULY:

Epeoscun, E. E. Qcnosnbie pe3ynemanst HAVHHIX UCCAEQOEAHUL RO HAVYHO-AIEXHUNECKOT
npozparme u 14 npoexmam 6 PaMKax NPOZPOMMHO-YEAEE020 I PAHIMOBOZ0 (PUHAHCHPOGAHUA 301
2015-2017 20061 Anmamor, 2017

Epeoxcun, E. E. u dp. Memfpaner u Membpanusie mexnonozuyu. Arvame, 2017

Hanomexnonocun. Ixonomura. leononumura. Anvamer-Mocrea-Cogua-Anmunonuc-
Cumeheponoas, 2011

Epeoaxcun, E. E. 1 op. Hepenexmusnsie epynumo-acgbaibmotemonst u ux
ceolicmea. Awmamsr. 2017

Epzoxcun, E. E. 1 op. Peooxkc-nonumepnl 8 kaiecmse copbenmos u
oxucaumenett. Aamamor, 2017

Axademur Hayuonarernoii axademuu navk Pecnyomucu Kazaxeman Eoun Epeoxcaeeuy
Epzosicun. Anmame, 2017

Ymo nam duem 3enenas xumus. Anmamet, 2017

H30anus sawnecenst @ Kiuey dapos Gubavomexu u girouekvl ¢ geticmayroujuti poud noo
pecucmpayrionnbivu nomepanu. H3081-18, H3082-18, H3083-18, H3084-18, H3085-18,
H3086-18 u 3B-355-18.

C HAWIVH UM ROMHCCAANUAMY,

C yBaKCHHEM,
Merpyuuna Crernana Uropeexa,

Poccriickas rocynapersednas Gubnnorexa
119019, Mocksa, yn. Bosasukenka, 3/5
+7 (499) 557 04 70 nobas, 25-17
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Kypmemmi Edia Epzoxcayavt!

Kasaxcman Pecnybauxaceiida Bisim 6epydi wane eviavimdvt damoimyoviy
2016-2017 wswirdapea apHarzan Memiexemmix Gazoapaamacs: mabvicmol icke
acvipviayda. Bueix Bazdaparamanviyy exinii sotabin aA2a Koiizan mindemmep men
MaxcammapOvi MOAbIK, OpLIHOAN, HOAPEL HIMUKEALPMEH AKMADbIK,

Opma 6irim carace: oxpimydsiy sana mazmynsina xewmi. ¥BT 6uvia arzaw
pem xana dopmamma emxiziadi. Birimdi 6azaraydeiy wana swyileci enzisiadi.
Kamxopuiviavix wane baiixay kenecmepi kypuiadol. Teiasim caracel sobarapdoi
KapolAGHOIPYObiH deana syileci 6oilbiHua Kymbic Hacayoda.

Esimizdezi azapmy icinin 0cotH0ail 30p HIMUNKEAEP2E KOA JEMKi3yiHe, pyxanu
wanevipyvimbizea Cisdepdiy Kocoin samxan yrecmepinis ywar-menis. Cizdepden
aA2GH yAZi-eHeze, KOpzeH mapOuemis KyHoeAiKmi HyMmbicoimbialsl Kxenisdemyze
BAULEYCI3 PAEC KOCIN, HAHA MAKCATNMAP MEH HeHicmepze Hemeaeyoe.

Birim MeH 2vlAbiM CAAACUIHA HKyKmerzen mindemmepdi opvindayda yHemi
K0AJay KepcemKeHinis yuiin 30p arzvicoimdni Giadipe omwipuin, Cizdi mapux
mabarduipuizbinan ammazasvt omoipaar sana JKoia MEPKECIMEn WibiH JHypexmen
Kymmuotgmaiimoin!

JKana soia apbip uzi icmepinis ben 6acmamardpoinpiaza CAMmIAiK nes moa
Mabvic ard KeACiH.

Cisze yaax eymuip, blaapMaibiAbix mabsic miretimin.

Baxwimbinpis 6asHdei 60Abin, KyH canan ai:a xapaii Kapeiuman xadam
backan eaimizben bipzesiacaii bepinis!

I32i Huemnen, o2+

Munucmp E. Cazadues
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MHHHCTEPCTBO OBPA3OBAHHA H HAYKH
PECHYBJIHKH KASAXCTAH
Pecuyii nNCTRENNOS NNeTNDHUTHS

TRV A BSOS TDEITITE TR Uiiiin e e e e
LULIOATNVIDLINNDIN JONnpLrunica

HWMEHH AKAJTEMHKA E.A.BYKETOBA
i[n](‘!ls. I Kapmnﬂ.:l.a. Y. YuHpepcHTeTCKas, 28,
: 77-03-89, ren./daxc: 77-03-84
------- Lo L Z

- g Bl PR et s L ey e Ao
co@ksukz wwwiksuks o-mail: officef@ksukz wwwiksuke

MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF KAZAKHSTAN

.

© enterprise on the basis of the righi of economic managem

i
ACADEMICIAN YA BUKETOV KARAGANDA STATE UNIVERSITY

-V
Republican 5

28, Universitetskaya Str., Karaganda, Kazakhstan, 100028
77-03-89, tel ffax: 77-03-84
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fia Ne_ I T — 201__r

HHLIHI)"Ib[HbIH J.LHDSKIUDI)I

Kasakcrtan PecryOnmKachIHBIH

¥ ITTHIK FRUTBIM aKaJeMHUIChl aKaTeMHTI,
nnnd]eccnm MHUMHSH Ph]J’II:.IMJlﬂpBIHbII—{
JIOKTOPEL E.E Fnrnm’uu re

opeiHa: JL.P. Oamaramberosa
1
<1
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Kaszakeran Pecnybummkacs: Maenner #ane clopT MEHHCTPIIrinin
«Kazakeran Pecnyfunkacsinbin ¥A1rreiK Kitanxanacs» PMM

o A o
oY Ty

VITTLIR KT

AATBIC XAT

Kypmemmi Eoin Epzoscaynvi!

Kaszakeman  Pecnybnuxacoinsty ¥ammsix Kimanxanacol !
Cizdiy eviavtmu  GACLIIBIMBINGIZObI KiManxana Kopsina i3z
Huemnen culilza MapmMKARbIKGL3 Yuiin 30p anevicoin Gindipedi. "

Byn coriiza Gepzen Kimanmapuinbls Kimanxana oKbipman- %,
dapuina, acipece ZblLIbIMU KblaMemKepiepze, cmydenmmepze
JHCIHE MEXHUKAIBIK-UHNCCHEPIK Mamandapea epkin naindana-
Hy2a Moa MyMKIHOIK Oepedi., _

Coritza  mapmuinean  ximanmap Kasakemanoazer  6ac
Kimanxana KOPblH KaibiNMAcmsipy Men moasiKmsipyoa yeave
YAmmulK ycazva Mypamuizobl Ypnakka amanam emin ucyueni -
mypoe sncunakmayoa, conoai-ax ¥ammeiK Kimanxanansiy can
MblOazan  OKbIPMAGHOGPWL  Ywin  Gaza Jicemnec pyxanu
KYHOBLIBIK 00IbIN MAdbLaaobl.

Cizze 30p Oencaynblk, OmMOACHIHBI3ZA AMAHObIK MeH
bak-bepexe mineimis.

11
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KASARCTAN PECHY LIHEACH
BE IS SEOME | BE TR MUHMC TR
OO AT AAMEROR ATRIHUIAL I
VEBLEAY MEMIAERE TTIR
YHABEPFCHIET-

A TEPCTRO ORPA TORATHS 1
HAYKH PECHN LHEM RAiase 1
“ATHIAY CKITH
POHY APCTREHHLIM Y HHBEPC HITEY
HMEHH SOI0CM S MAME LOBA

HEApyam e ki wyPrisy Ky Eue s ay m PecnyGonsancroe Lucy apemennog
PECTI NG TR MUVLIERC L LT KaCinaput NP TTpIs

b NP O TRICTRCHN0I D Be ey

A3 0f o1 «.5.BCRTYPOB ATHILAAFDI XIMILsI
FLUILIMAAPBI HHCTHTY TR AK-unin bae
anpertopi, KaxareranPeenydianracuinbig
YTTbIK FBLILIM ARAIEMNACEHLIH AR IEMHTT
LL.E. Epromnnre

ICypverti Eain Epromay.er!

Karsninaast Aruipay oaKkecini 6iiMi MeH FLEILIMBIHBLIN, MIIACHHET] MeH ouepinin
OPTILIFLL O0JBIT olbIpran GiaiM opaackt X loeMyxamenos  atphiars Anpipay
MEMASKETTiK ynnBepeuTeTi Cisre o3 Tapanpiibiiian KOLAAY KOPCETIN, Chliira Taprkan
MOHOTPADMANAPBIHBLIZ GeH FhUILIMK ¢HOEKTEPIHI3 YIUiH OKBITYIULLIAD MEH CTYIeHTTep

© ATBIHAH PU3ALIBUIBIK Ce3IMMEN anrbIChIMIBL DiTlipenin.

Ci3 yeniHran enbeKTepIeH XHMHS FBUIBIMbIH HApLIK Tanadblia OediMaer, oHbii
AAeMAIK KeieTIRKe MBIFybiHa BIKIAN eTin Kana kofiMai, ydusepenterimizain wac
FAIBIMIAPB] MCH  MamanJapbin jaspaay icinge e o3iniziH anpbikiia  yrecinizil
KOCKaHBIFLIHBI3/Ibl &TaN OTKIM Keael.

Aorvaprel SinikTi Mamanaap AaliblHAGY HKIHE FRUIBIM/IEL JIAMBITY4FBL Cilipren
enferinis yuin tonarai Tabeierap Men carrinikrep vineiivin,

Kypareminen,

Perrop AlTaarenos

12
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KYO9JIK
YJIOCTOBEPEHHUE
Ne 176

Ochbl Kyaiik FuuibiM Gepy calachiHAAFbI

epexwe enbert yurin “KASAKCTAH
PECITYBJIMKACBIHbIH, FbIJIBIMBIH
Epzoxcu: ,'IAML_ITYF(‘\ CIHIPI'EH EHBETT YILIH"
(aTa Teri - hammima) \—\C,’H'IC'I.IMCH MAPanaTTANFaHALIFEl. TYPalibl
Oepinai.
_Edun FAl
(aTHI = HMA)
Hacrosuiee yaocToeepenie BuijaHo
Epecoxcaesuy B TOM, 4TO OH(@) 32 JOCTHTHYTBIC YCIEXH B
{OKECIHIH ATbl - OTHECTRO) obgactn maykm PecniyOnukm Kaszaxcran
Harpasjch(a)  HarpyJiHbIM  3HAKOM
“3A 3ACIYIH B PABBUTHH HAYKH
PEC HYBIHMRY KASAXCTAH™,
2 Ls
..ﬂ-»LEUU‘A_r\',}u ' CArRiier

o1

neiMAb
Ffﬂ-ﬂ.’!"l‘f A
CIHIPTEH
-EHBET!

Kosnnektus, npodcoro3HbIii KOMUTET, COBET MOJ0OAbIX yueHbIX Opaena Tpy-
nmoBoro Kpacnoro 3uamenn AO «MHCTHTYT XUMHYeCKHX HayK nMeHn A.b.bekry-
poBa» mo3napasiA0T ['eHepansHOro nupekropa MHCTUTYTa, TIaBHOTO pelaKkTopa
«Xumnueckoro XKypnana Kazaxcrana», akagemuka HAH PK Epro:xuna Enuna
Epro:xkaeBuua c ouepenHoid Harpagoul. Keimaem 370pOBbsi, HOBBIX Hay4HBIX
CBEPILIEHHH, OTKPHITHI U MJIOJOTBOPHOI HENCCAKAEMOM SHepTrun !
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KA3AXCTAH

Epeoosicuna Pabus Jlaynemxoizol, 2017
Yuenuya 11 knacca, Meacoynapoonas wixona «Mupacy,
e.Acmana, Pecnyonuxa Kazaxcman

O Benukui Kazaxcran!
Motii oterr PoxHoi.
OmnoscaH TBOW TOP/IbIH CTaH
CBeTJI010 JTYHOM.

Ha TBOEH 60mBII0I TPy AN
Crut Most 3eMJIs.

Tuxo apemitoT y peku
BeTBu xambImia.

l'opnenuBbie X0JIMBI,
Ban mpekpaceH Jk.
1 M0€ noJjiHo 1100BH
Cepaiie B 3TOT MHUT.

IIpocTtupaercs Boanu
Koneibenn cremei.
Tuxo My3bIKa TyIIH
Pazmgaercs B Held.

Ha ¢oro: Eproxuna Padbus daynerkeizel ¢ Mamoli Eproxwunoii Acens Hyp-
JIAHKBI3bl Ha IIKOJIEHOM BBIIIYCKHOM Beuepe B ACHb BPYUYECHHUS «ANTHIH Oenriy,
r. Acrana, 2017. PaOus HbIHE CTYIeHTKa — OTIMYHHUIA yueObl yHuBepcuTa [ minon
B [IBeitnapumu.
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27 mapra 2018 rona B Madopmanunonno-oudimmoreunom lienrpe Hb KBTY
npu AO «MHcTuTyT XumMnueckux Hayk uMeHn A.b.bexTypoBa» cocrosuica ceMu-
Hap Ha Tembl "Mcmonp3oBanne 1iatdopmer Springerlink st mpoBeneHus Hayd-
HBIX uccnenoBannii" n "Kak mMoAroTOBUTH Ka4eCTBEHHYIO CTAThIO M OIYOJIHKO-
BaTh B PEHTHHTOBBIX 3apyOEKHBIX KypHaiax', KOTOPHI MpoBea JIMICH3NOHHBIN
meHemkep Springer Nature o Kazaxcrany, Keiprescrany, Tamkuknucrany, Y30e-
kuctany u Typkmenuctany Mpuna Anexcanznpoa. CeMuHap OTKpbUI T'€HEPasb-
uelii nupextop AO UXH, akanemux HAH PK E.E.Eproxun. Huwxe npeacrasien
¢doTooTUeT CeMHHAapa.

o xonma 2018 roga B Uudopmarmonno-oubdanoreunom Learpe Hb KbTY
npu UXH no IP-agpecaM OTKpBIT MOJHBIM JOCTYN K KYPHAJIBbHOM KOJUIEKLIMH
Springer Complete Collection na muatgopme Springerlink Ha ocHOBe HanOHAIB-
HOM noanuckyu MuHuctepcTBa 00pa3oBanus U Hayku Pecrybnuku Kazaxcra.
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SORPTION OF COPPER (II) AND LEAD (II) IONS
BY A NEW CHELATE-FORMING IONITE BASED
ON SOME COPOLYMERS OF EPOXYACRYLATES

Abstract. Sorption properties of a new chelating ion-exchange resins based on copo-
lymers of glycidylmethacrylate (GMA) and the chelating agent 1-hydroxy ethylidene-1,1-
diphosphonic acid(HEDP) are studied. The optimal sorption conditions with respect to
copper (II) and lead (IT) metals ions have been determined.

Key words: chelate-forming ion exchangers, chelating agents, chelates, sorption,
heavy metals, ion exchange.

The main problem with the development of science and technology is pol-
lution of the environment with ions of heavy metals, for example, water pollution
is one of the most urgent. Because, the shortage of drinking water on the planet is
becoming a global problem. The removal of heavy metal ions from industrial
wastewater and their reuse in the production process will result in the conser-
vation of natural water resources.

In this case, it would be useful to use ion exchangers to separate various
metal ions from water. That is why the requirements for ion exchangers have been
increasing lately. They should have improved ion-exchange and wide spectra of
physico-chemical properties, which are insoluble in various solutions. An effec-
tive method for this purpose is the synthesis of new chelating-forming polyelec-
trolytes obtained from glycidyl methacrylate (GMA). In the structure of GMA,
the polymer double bonds are well defined and are able to identify the reaction
epoxide group and the possibility of radical ionic polymerization by the addition
of various polymers [1, 2].

The greatest advantage of using ion-exchange sorption for wastewater
treatment from galvanic production is the high regeneration of Cu (II), Pb (1),
etc. ions in accordance with modern requirements and return of purified water to
the production of these metals. Lead ions are included in the group of the most
dangerous ecotoxicants that accumulate in the environment due to emissions from
coal combustion in power plants, sewage from industrial enterprises (concen-
trating mills, metallurgical and chemical plants, mines). In this regard, there is a
need to use new sorbents to remove metal ions from the solution.

For the practical use of ion exchangers, it is necessary to study the depen-
dence of the sorption of metal ions on the process conditions. The removal of
metal ions from the solution largely depends on the concentration and pH of the
solution, as well as on the kinetic activity of the ion exchangers.
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We have studied and studied the processes of extraction of copper (II) and
lead (IT) ions from model aqueous solutions with new synthesized ion exchangers
based on glycidyl methacrylate and complexonHEDP.

In the studies of Dyatlov NM. Complexes of EDTA and HED Phaving the
structure of tick-shaped compounds analogous to chelating groups that contain
ethylenediamine-N, N'-di (o-hydroxyphenyl) -N, N-diacetic acid (EDOFA) are
shown:

v cO
! CO—CH;
/,"i \ '/
//O\_\: —: - —::’_’_,: /:,.]\ \
OH OH S Co” i /CHZ
/ s | 4
7S 1N ’
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EDOFA EDTA

The resulting compounds of metal ions with complexons - complexates -
have in their structure several so-called chelate cycles. The term chelate (English
chelate from the Greek cilh - claw) is used to refer to the cyclic structures that
result from the addition of a cation to two or more donor atoms belonging to the
same molecule of the complexon. In accordance with the term chelated chelator
should be presented in the form of a crab, which with its polydentate claws firmly
grasps the metal ion, and the more claws, the stronger the grip [3-5].

The experimental part

Sorption properties of chelating ion exchangers were studied with respect to
lead (II) and copper (II) ions from model solutions of the corresponding "hp"
nitrate, sulfate salts. Samples of polymers before each series of experiments were
dried in a vacuum drying oven to constant weight.

To determine the sorption capacity of the ion exchangers, a polymer
weighing 0.05 g, weighted to an accuracy of 0.0002 g, was placed in a Erlen-
meyer flask, then 20 ml of a solution of the corresponding metal salt were added.
The method of atomic absorption spectroscopy was used to determine the
concentration of metal cations [6].

Results and its discussion

It is known that when chelated ion exchangers interact with metal ions by
ionic, coordination bonds, they form strong complexes. This ability of chelating-
forming ion exchangers to complex formation with metal ions is due to the
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presence in the polymer matrix of chemical active groups containing electron-
donating oxygen and nitrogen atoms.

With increasing concentration (from 18.5 to 105.5 mg/l) of metal ions in the
initial solution, the sorption capacity of GMA-St-AKN-HEDP ion exchanger for
lead ion (IT) increases from 10, 60 to 41 mg/g , the ion of copper (II) from 6.5 to
37 mg/g, the recovery rate reaches up to 99 and 90%, respectively (figure 1).
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an | /—‘ 1
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Figure 1 — Influence of the initial concentration of lead (II) 1 and copper (II) 2 ions on the sorption
capacity of ion exchangers based on GMA-St-AKN-HEDP(duration of contact 7 days)

An important role in the sorption of metal ions is played by the pH medium,
since a change in its value contributes to an improvement in the dissociation of the
functional groups of the ion exchanger. For the ionization of GMA-ST-AKN-HEDP,

50 A
45
40 A
35
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25 A
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15 A
10 A
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Figure 2 — Dependence of sorption capacity of ion exchanger on the basis
of GMA-ST-AKN-HEDP for lead ions (II) from the pH of the solution (Cp,>'=102 mg /1, 7 days)
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Figure 3 — Dependence of sorption capacity of ion exchanger on the basis
Of GMA-St-AKN- HEDP for copper ions (II) from the pH of the solution
(Ccr" =101 mg/l, 7 days)

the acidity of the solution does not particularly affect the sorption process (figu-
re 2), since the sorption of lead ions (II) passes almost in all pH regions. The sorp-
tion capacity of the ion exchanger is 41.22 mg/g, the recovery rate reaches 95%.

The sorption capacity of the cation exchange resin GMA-St-AKN-OEDF
with respect to copper (II) ions decreases somewhat with decreasing acidity of the
solution. The equilibrium between a solution of CuSO, containing 101 mg/l of
copper ions and cation exchanger GMA-ST-AKN-HEDP is set at pH 3.5; the
sorption capacity of the ion exchanger is 41.1 mg/g (figure 3).

The tasks of creating high-performance ion-exchange processes and high-
quality materials can be solved only by a detailed study of both the equilibrium
and kinetic properties of ion exchangers. It can be seen from Fig. 4 that for lead
ions the equilibrium state between the solution of Pb(NOs), containing 100 mg/l,
having a pH = 3.1 and the cation exchanger GMA-St-AKN- HEDP is set for
3 hours.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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COPBLIMSI MIOHOB MEJIH (IT) 1 CBUHIIA (1I)
HOBBIM XEJIATOOBPA3VIOIINM HOHUTOM
HA OCHOBE HEKOTOPBIX COITOJIMMEPOB DITOKCUAKPUJIATOB

N3yueHsl copOIMOHHBIE CBOMCTBA HOBBIX XEIATOOOPA3YIONINX MOHUTOB Ha OCHOBE
comonumepoB rimnuauaMerakpmiata ([MA) u kommiekcona ODJI®. OnpeneneHsl on-
TUMAJTbHBIC YCIIOBUS COPOIMHU IO OTHOIICHUIO K HoHaM MetaiuioB Menu (I1) u ceunna (11).

KaioueBsbie ciioBa: xenarooOpasyroniye MOHNUTHI, KOMIUIEKCOHBI, XeJaT, COpOIus,
TSDKEIBIC METAJLIBI, HOHHBII OOMEH.
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KEWBIP STIOKCUAKPUJIATTAP COIIOJIMMEPJIEPI HET'I3IHJIEI T
KAHA XEJIATTY3T'II MOHUTIIEH MBIC (II) JKOHE KOPFACBIH (II)
NOHIAPLIH COPBHIIT AJTY

Iunmannmerakpuiar xoHe komiuiekcoH (OD/]®P) HeriziHzeri ’kaHa XenaTTy3ri-
IIMOHUTTIH cOpOIMsIIBIK Kacuerrepi 3eprrenni. Meic (II) sxone kopracwia (I1) monmaps!
YIIiH COPOLMSIHBIH OHTAMIIBI JKaFJainapbl aHBIKTaJIbI.

Tyiiin ce3nep: xenarTy3ynIinOHNTTEP, KOMIUICKCOHIAP, XEJaT, aybIp MeTanaap, HOH
aimacy.
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SOME PECULIARITIES OF OBTAINING COMPOSITIONS
ON THE BASIS OF ALICYCLIC POLYIMIDE
AND NATURAL MINERAL MONTMORILLONITE

Abstract. In this work, an analysis was conducted of research on the production of
materials on the basis of alicyclic polyimide with plasticizing additives in the presence of
the inorganic filler is montmorillonite by the method of IR-spectroscopy. Installed some
of the features of their production, namely, compositions based on alicyclic polyimide
with additives alkylated montmorillonite and polyacrylic acid formed intercalated struc-
ture. In the ternary compositions of alicyclic polyimide with polyethylene glycol and
alkylated montmorillonite, a natural mineral, apparently, forms a complex with terminal
groups of polyethylene glycol. The presence of a complex in the ternary composition
based on polyimide, polyethylene glycol and montmorillonite, is reflected in the DSC
diagram, which manifests itself 2 the specific heat jump corresponding to the polymer-
polimer interactions and polymer-low-molecular substance.

Key words: polyimide, montmorillonite, composition, intercalation, complex.

Obtaining composite materials based on polyimides with additives of natural
mineral montmorillonite are currently, is a promising direction [1]. As such mate-
rials, due to the large surface of the filler particles of nanoscale range, enhanced
interaction of polymer matrix with the inorganic component, thereby increasing
the thermal and mechanical properties of the composition as a whole [2].

In the literature there are publications on the development of composite
material based on various polyimides, for example, in [3] use particles of Na-
montmorillonite (exfoliating filler) to activate the process of imidization of poly-
metakrilate aromatic structure. Known composite materials based on polyimide
derived from dianhydride 3,3',4,4"-oxydiphthalic and 1,3-bis-(4- aminophenoxy)-
2-propanol silica [4,5], it is shown that the synthesized nanocomposites
covalently bound silica is distributed in the PI of the active amino groups. The
obtained thermoplastics based on poly[4,4'-bis(4"-N-phenoxy)-diphenylsulfo-
nelimide 1,3-bis(3',4 dicarbofenoxy)benzene with modified montmorillonite [6].

It is known that composite materials based on layered silicates are classified
into three main types, depending on the nature of initial components, conditions
and the production method [1]. This is a traditional microcomposite, in which the
particles retain their original size, which is formed under the condition that the
polymer does not penetrate into the interlayer space of the silicate. Another type
of the composite when the material is formed intercalated structure, i.e., the poly-
mer penetrates between the layers of silicate. In this case, there is an increase in
the interlayer distance, but while maintaining an orderly layered structure of the
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mineral. The third type is the so-called exfoliating nanocomposite in which the
silicate delamination of the individual layers dispersed in the polymer matrix. The
latest nanocomposite is formed in the harsh conditions of the modified clay an
organic compound with the chemical reactions of polymerization of monomers
(in the processes of mixing of the reaction) [7] or in the melt of polymers.

In this work, we used the alkylated montmorillonite (AMM), for which
earlier [8] based on methods of IR spectroscopy, x-ray diffraction and differential
scanning calorimetry were installed structure :

CH; - O O —CH;
\gj < - ALO; - H,O
CH;—0 ©~  ~O-CHs

It was determined that AMM is a compound where the methyl group with
silicon oxide are linked directly by a covalent bond. And thus, AMM is a holistic
layered silicate.

Upon receipt of the ternary compositions based on PI, AMM and various
polyfunctional polymers, such as PEG, and PAK, the formation of different types
of nanocomposites. It was found that the formation of compositions from
AMM+PAK for these investigated systems in the spectra (figure 1, curve 3, 4) ob-
served deformation of the main characteristic bands of stretching vibrations of
PAK (viess ™) [9].
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Figure 1 — IR spectra PAK (1) and compositions based on it with AMM
when the ratio (wt.%) PAK: AMM = 1:0,25 (2); 0,5 (3); 1(4)
in the solution of MP in glasses (KBr)
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Whereas in the ternary composition PI+AMM+PEG these deformities stret-
ching vibrations characteristic bands (figure 2, curve 1, 2; vi63s.1630 o Vigas1706 e )
related to aminoacide and C-O groups [9] PI and PEG, respectively, does not
occur. This implies that in the composite AMM+PAK intercalation occurs the
entry of PAK into the interlayer space of a layered silicate.
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Figure 2 — IR spectra compositions based on PI+1.5 wt.%AMM+6 wt..%PEG(4)(2);
PI+3 wt.%AMM+6 wt.%PEG(3)(1) 3.4 film,
dried at 90°C; 1.2 the solutions of the ternary mixture in the glass (KBr)

This does not contradict the literary data [10], where in the polymerization of
polyacrylice acid used layered silicate montmorillonite (MM). The study gives the
following interpretation of the process of intercalation between layers MM there
is a weak link at the level of Van der Waals, whereby a polar molecule PAK can
be introduced between the layers of the mineral. X-ray diffraction analysis, it was
shown that in this case, the structure of two-dimensional layers of MM is not
changed, and only increases the distance between the layers.

Apparently, in this material system AMM+PAK, the penetration of PAK
molecules in the interlayer space of a natural mineral of the montmorillonite leads
to deformation of the stretching vibrations of the functional groups PAK on
compositional spectra mixture. This pattern is observed for ternary compositions
based on PI, MM and PAK (figure 3).

In the formation of a triple composition based on PI, PEG and AMM
intercalation does not occur — deformation of stretching vibrations of functional
groups of the components of the mixture have not been identified (figure 4). It can
be assumed that the destruction of the layers of the AMM does not occur, because
getting a double (PI+PEQG) and the triple composite (PI+PEG+AMM) were not in
hard conditions — mechanical method of mixing [11] at 40°C.
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Figure 3 — IR spectra PI and PAC (1) and ternary compositions based
on PI, PAK and AMM at a ratio of PAK:AMM=2,7:0,7(2);
1,4; 2,7(3) wt.% in relation to PI (100 wt.%);
in the solution of MP in glasses (KBr)
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Figure 4 — IR spectra of the compositions on the basis of PI+1.5 wt.%AMM+6 wt.%PEG(4)(2);

PI+3 wt.%AMM+6 wt.%PEG(3)(1) 3.4 film, dried at 90°C;
1.2 the solutions of the ternary mixture in glasses (KBr)
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Perhaps the particles of AMM, form a complex with PEG via the terminal
hydroxyl groups. It is known that the oxides of silicon (in the silicon exhibits four
valence) with oxygen-containing substances, silicon can exhibit a coordination
number 5 and forming in this direction the complex [12]. The diagrams DSK
ternary composition PI, AMM and PEG 2 is observed in the specific heat jump,
the lower sheets stitched T,=343°C, apparently, refers to the PI associated with
the PEG partial cross-linking [13]. The second glass transition temperature
T,=511°C corresponds to the manifestation of the energy relations ternary
mixtures of PI+PEG+AMM and the complex of PEG with AMM in particular,
because the pure PI does not react with the particles of AMM [14].

It should be clarified that in polymer composite materials the criterion for the
compatibility of components in the mixture is the glass transition temperature
(T,), namely, if the compatibility of components in polymer blends manifested a
single glass transition temperature. For low molecular weight substances, this
assessment is somewhat different. In this case, when the formation of complexes
on the figures, changes in the heat capacity manifests the individual jumps
corresponding to the different means of communication, as it was shown in [8].
Therefore, the chart of change in internal energy in the composition of
PI+PEG+AMM were two of a specific heat jump corresponding relations of
polymer-polymer and polymer-low-molecular substance. But while maintaining
the compatibility of all components in the material, as evidenced by the trans-
parency of the material, and it persists for a long time (2 years). Because, in the
absence of the compatibility of components in the composite material, the
particles of montmorillonite vipotest on the film surface for six months.
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Figure 5 — Is a Thermogravimetric and calorimetric chart films triple compositions based
on songs from the PI+3 wt.%AMM+6 wt.%PEG
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On the basis of conducted research we can say that in the ternary compo-
sitions based on PI+PEG+AMM and PI+PAK+AMM form different types of
nanocomposites, namely in the first case is the formation of a complex of a
layered silicate with end groups of PEG, in the second case is formed intercalated
structure of the mineral PAK. In both cases, the resulting nanocomposite in
certain proportions are well aligned with PI.

Thus, to obtain thermodynamically compatible composites based on alicyclic
polyimide particles of natural mineral montmorillonite, can be successfully used
small additions of polyfunctional polymers, such as PEG, and PAK.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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Pe3iome

M. b. Ouep3saxosa, B. /. Kpasyosa,
P. M. Hckaxos, P. b. Capuesa, K. H. Katinapbaesa

AJIMIOUKIIABI TOJIMUMUTI )KOHE TABUTFU MUHEPAJI
MOHTMOPWJIVIOHUT HET'T3IHAEI'T AJIBIHFAH
KOMITAZULIAHBIH KEWMBIP EPEKHIEJIIKTEPI

JKymbicTa TutacTMaccaMeH KaHBIKKaH AJIWIMKIIBI TOJIMUMMI HETi3iHAE aJbIHFaH
MarepHaigapasl MOHTMOPHJUIOHHTTI OeHOpraHMKaiblK KOCIACHIHBIH — KATBHICYBIMEH
UK-cnexTpockonust omiciMeH aHaiw3 jKacanbHABL. OnapApl alynblH KeOip epekiie-
JKTEepi aHBIKTAJIBI, aTall alTCaK, aJHIHAKIABI IOJIMAMHU] HETi3iHAETI KOMITa3UIUsIFa all-
KI/IJ'IIIGJ'IiHl"eH MOHTMOpI/IHHOHI/ITTi JKOHC TIOJIMAKPHJI KBIIIKBUIABI KOCHajlapJblH KaTbl-
CBIHJIa MHTEPKAINPJICHTeH KYPBUIBICHI TY3UIeMi. ATHIUKIIB TOJIMUMUATI, TOJIUITUIICH-
TJINKOJIBMCH K9HC aJIKHJIICHTI'CH TaOUFu MUHEpAJI MOHTMOpI/IJ'[J'IOHI/ITTi YH_ITIK KOMITIa3uIuAa
KOMITa3UIMs MOJIMATUICHIIIMKOJIBIIH TOOBIMEH asKTalaabl JAereH TYXXKbIpbIM Oap. MoHT-
MOPHJUIOHUT JKOHE MOJIMATUICHIVIMKOIb, MTOJUUMHUJL HETi3IHAEr YIUTIK KOMMIa3HIus To-
JUMEp-TIOIUMEPITIK ©3apa OpPEKEeTTeCy JKHE ITOJIMMEP-TOMEHIT MOJIEKYJajbl 3aTTapra
coiikec JICK nuarpammana 2 cekipicTi >KbUTyCHBIMABUIBIFEI Oap.

Tyiiin ce3mep: moaMMMHI, MOHTMOPWJUIOHHT, KOMIIO3WIHSJIAP, WHTEPKAIAINS,
KOMILJIEKC.

Pe3rome

M. b. Ymep3saxosa, B. /[. Kpasyoasa,
P. M. Hckaxos, P. b. Capuesa, K. H. Kaiinapbaesa

HEKOTPBIE OCOBEHHOCTH MOJIYYEHU A KOMITO3ULIUIA
HA OCHOBE AJIMITUKJIMYECKOTI'O ITOJIMNMUJIA
U ITPUPOJTHOT'O MUHEPAJIA MOHTMOPUJIJDIOHUTA

IIpoBenen aHamu3 MCCIEIOBAaHMMN IO TOJYYEHUIO MAaTEPUAIOB Ha OCHOBE alMIIUK-
JIMYECKOTO TOJIMMMU/IA C IUIACTH(UIMPYIOIMMH JOOaBKaMH B NPUCYTCTBHH HEOPTaHU-
YECKOro HaNoJHUTEIs] MOHTMOPWIIOHUTAa MeTtogoM MK-cnexTpockonuu. YCTaHOBIEHBI
HEKOTOpbIE OCOOEHHOCTH HX IIOJyYCHUS, & MIMEHHO B KOMITO3MIIMM HAa OCHOBE AJIMIIUK-
JIMYECKOTO TOJMUMUZA C NO0O0aBKaMH aJKMJIMPOBAHHOTO MOHTMOPHJUIOHHUTA W TOJIHAK-
PHIIOBOM KHCIIOTHI OOpa3zyroTcs WHTEPKaIMPOBAaHHBIE CTPYKTYpPHL. B TpoitHO# KomIto-
3UIUHA W3 ATUNUKIMYIECKOTO MOJMHMHUIA C MOJIMITWICHIIMKOIEM M aTKIINPOBAHHBIM
MOHTMOPWIIIOHUTOM MPUPOIHBII MHHEpAJ, MO-BUIUMOMY, 00pa3yeT KOMIUIEKC ¢ KOHIIE-
BbIMU T'pyIIaMu IMOJTUITUIICHIJIUKOJIA. Hanuumne xommiekca B T'pOI\/’IHOﬁ KOMITIO3HUIIMHK Ha
OCHOBEC IOJIMMMHUAA, TMOJUITUWICHITIMKOJIA W MOHTMOPHJUIOHUTA OTpaXac€TCsd Ha Jua-
rpamme JICK, Ha koTopoil mposBiseTcs 2 cKayka TEIIOEMKOCTH, COOTBETCTBYIOIIHE
B3aMMO/ICHCTBUSM MOJUMEP-TIOJIUMED U MOJTUMEP-HU3KOMOJIEKYISIPHOE BEIIECTBO.

KirodeBble cioBa: MONMUMHJA, MOHTMOPWIJIOHHUT, KOMIO3MIHMS, HWHTEpPKaIALUS,
KOMILJIEKC.
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INTERACTION OF Cr (III) IONS WITH SODIUM HUMATE
IN ACQUEOUS MEDIUM

Abstract. The regularities of the influence of chromium ions concentration and
sodium humate rate on the process of complex formation upon the interaction of chro-
mium (IIT) chloride with sodium humate have been studied. In the course of the performed
works it has been established that an increase in the concentration of the chromium ions
rate from 0,005 up to 0,5% and the sodium humate rate from 0,1 up to 1,0 g contributes to
increasing of the yield of humic substances up to 36,49% and chromium mass content up
to 4,31%. Shifting of pH to the acidic field and the IRS data, have shown the formation of
humate complex compounds with chromium ions. IR-spectra of the studied samples of
complex humic compounds show complexity of their composition. It follows from the
data of thermal analysis of the obtained complex compounds that the introduction of
chromium ions into the structure of humic compounds in the form of Me-O bond contri-
butes to the acceleration of the processes of oxidation of humic compounds (the organic
part) until complete burning-out of humates at the temperature up to 550°C. At the tem-
peratures above 940°C the processes of destruction of the mineral part of humates start.
The results of the functional analysis testify to the interaction of sodium humate with
chromium ions, though no complete substitution of carboxylic and phenolic groups for
chromium ions occurs. It has been established that other functional groups of humic
compounds participate in the reactions of complex formation.

Keywords: sodium humate, chromium chloride, complex formation, functional
groups.

Introduction. Due to a specific combination of different functional groups
and paramagnetic centers humic compounds enter into the ionic and donor-accep-
tor interactions, participate in oxidation-reduction and sorption processes [1-4].
An ability of humic compounds to ion exchange and complex formation provides
for the possibilities of their usage for water purification from heavy metals. The
formation of complexes with humic substances results in lowering of their free
form concentration and decreasing of toxicity. That is why humic compounds are
applied as natural detoxicants, and a chemical modification of humates increases
their sorption properties. Herewith, humic compounds are complex polyfunctional
ligands, requiring a special approach upon the study of their complex-forming
properties. In this connection, a study of complex-forming properties of the modi-
fied humic compounds with chromium ions is rather topical.

The goal of the study is an investigation of the regularities of the interaction
process of sodium humate with chromium ions, a study of the dependence of the
composition and properties of the new complex compounds upon different factors.

30



ISSN 1813-1107 Ne'l 2018

EXPERIMENT

Chemicals and instrumentation. Sodium humate of the following compo-
sition, mass %, was used in this work: yield of free humic acids (HA®") — 41,02;
ash content (A") — 21,40; humidity (W*) — 12,97, and chromium chloride (III).
The experiments were carried out at 60°C and the process duration was 60 min
with constant stirring of the reaction mixture.

Infra-red spectra of the studied samples were registered in tablets with KBr
on IR-Furier spectrometer Nicolet 5700, “Thermo Electron” (USA) in the field of
200-4000 cm™'. Assignment of the absorption bands in IR-spectra was carried out
in accordance with the literature data [5, 6]. Thermal gravitational analyses were
carried out on derivatograph Q-1000/D of the F.Paulik, J.Paulik and L.Erdey
system, manufactured by “MOM” company (Budapest). Shooting was carried out
in the air medium in the temperature range of 20 - 1000°C. Heating regime was
linear (dT/dt = 10 degree/min), a reference substance was incinerated Al,Os,
sample weight was 300 mg. Sensitivity of the measuring systems of the device
was set up to be equal for the samples: TG = 100 mg = 500 pV, DTA =250 uV,
DTG = 500 puV, T = 500 pV. The analysis results were compared with the data,
provided in the atlases of thermal curves [7, 8] and with the description of the
destruction of monomineral samples, provided in reference sources and in the
database. The microstructure of the samples was studied on electron probe micro-
analyzer “JXA-8230”, produced by “JEOL” company (Japan) with accelerating
voltage of 25 kV and electron stream current up to 100 nA. A spot energy-disper-
sion spectroscopic (EMF) analysis, EMF-mapping of the site by elements, EMF-
microanalysis of the chosen site and semi-quantitative wave-dispersion spec-
troscopic analyses were made. For each analysis an adjustment by carbon was
carried out, the signal of which was registered due to the applied two-sided
carbonic conducting tape, on which the samples were mounted [9, 10]. The
content of chromium was determined by an atomic-absorption method with the
use of atomic-absorption spectrometer AA240, manufactured by “Varian Optical
Spectroscopy Instruments” (Australia). The yield of free humic acids was deter-
mined according to [11], the content of the functional groups — following the
methods [5].

Results and discussion

The present paper has studied the influence of the concentrations of chro-
mium ions and the sodium humate rate upon the composition and properties of the
obtained compounds. The experimental data have shown that increasing of the
concentrations of chromium ions from 0,005 up to 0,5% leads to an increase in
the yield of humic substances and chromium mass fraction (figure 1). Thus, with
chromium chloride concentration of 0,005%, the yield of humic substances makes
up 13,60%, chromium mass fraction — 0,14%, and with the concentration of 0,5%
it increases correspondingly up to 36,49% and 4,31%. Probably, upon the
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Figure 1 — An isotherm of the dependence of the yield of humic acids (a)
and chromium mass fraction (6) upon the concentration of chromium ions

interaction of sodium humate with chromium ions an ion exchange reaction
proceeds due to hydrogen of carboxylic groups and phenolic hydroxyls, with
which insoluble chromium humates are formed, as well as the reactions, leading
to the formation of complex compounds.

It is known that pH shifting to the acidic field is characteristic for the comp-
lex formation process. As it is seen from table 1, with an increase of the concen-
trations of chromium ions a decrease of pH from 9,17 down to 4,65 is observed.
The presence of a large number of functional groups in humic compounds, as well
as pH shifting to the acidic field upon the formation of precipitates, allows one to
assume a formation of complex compounds of chromium ions with sodium
humate.

Table 1 — Change of pH in dependence of the concentrations of chromium ions

Concentration of chromium ions, %
0,005 0,05 0,07 0,1 0,3 0,5
9,17 8,25 7,59 6,45 4,90 4,65

In the obtained samples the contents of carboxylic and phenolic hydroxylic
groups are determined (table 2). As it is seen from table 2, the studied samples
differ considerably by the content of acidic functional groups. It has been estab-
lished that with an increase of the concentrations of chromium ions from 0,005 up
to 0,5% the number of chromium-substituted carboxylic groups increases, and the
content of phenolic groups, bound with chromium, decreases. For example, upon
the interaction of sodium humate with chromium chloride a number of carboxylic
groups, bound with chromium, increases from 0,35 to 0,45 mg-equ per 100 g of
the organic mass. An increase in the concentrations of chromium ions results in a
decrease of the content of phenolic groups, substituted for chromium, from 1,65
up down to 1,50 mg-equ/g. A decrease of pH confirms the obtained results. This
testifies to the fact that in the reactions of complex formation with chromium ions
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Table 2 — Influence of the concentration of chromium ions
upon the content of the functional groups in the obtained samples

C (Cr3+), Content of acidic groups, mg-equ/g
0,
% COOH OH,en COOH+ OH,,,
0,005 0,35 1,65 2,00
0,05 0,37 1,62 1,99
0,07 0,38 1,61 1,99
0,1 0,39 1,60 1,99
0,3 0,43 1,53 1,96
0,5 0,45 1,50 1,95

mainly carboxylic groups take part. However, no complete substitution of carbo-
xylic groups by chromium ions has been observed under conditions of the con-
ducted experiments.

It follows from the analysis of the IRS results (figure2), that a poly-compo-
nent structure and complexity of the composition of the studied samples produce
an effect upon the character of the spectra, a mutual influence of some absorption
bands is observed to the extent of their merging, broadening and shifting, etc. It is
noteworthy that in case of appearance of a new phase in the composition of the
obtained products the values of the absorption band of this compound in the
spectrum of the studied samples should not obligatory coincide with the value of
the same band in the spectrum of the same individual compound, in view of the
presence of other substances, making the general picture of the spectrum more
complex. For example, the IR-spectra of the studied samples contain a large num-
ber of absorption bands, characteristic for different functional groups of humic
compounds [5, 6]. In the spectra of the obtained products intensive absorption
bands of valence vibrations of hydroxylic groups, forming intermolecular hyd-
rogen bonds, are observed in the fields of 3550-3545, 3480-3475 and 3415-
3410 cm', the weak bands at 3290-3285 cm™ belong to valence vibrations of
OH-groups in the complex compounds, the intensity of this band increases with
an increase of the concentration of chromium ions. Strong absorption bands in the
field of 1640-1635 cm™ and 1390-1385 cmare assigned to symmetric and asym-
metric valence vibrations of carboxylate-ions, which testifies to the formation of
chromium humates. The absorption bands in the field of 1620-1615 cm™ are
characteristic for vibrations of conjugated double bonds C=C of the aromatic
fragments. It is noteworthy that overlapping of this band and the absorption band
of carboxylate-ions takes place. In the field of 1275-1270 cm™ absorptions of
phenolic OH-groups at 1050-1045 c¢m™, deformation vibrations of alcohol hydro-
xylic groups, are observed. Most remarkable differences are observed in the field
of 960-950, 925-920, 825-820, 780-775, 620-615, 550-545, 480-475 and 425-
420 cm™, characterizing the vibrations of coordination bonds of oxygen atoms of
carboxylic, phenolic and quinoid groups in the complex compounds.
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Figure 2— The IR-spectra of the studied samples,
obtained with the concentration of chromium ions, %: 1 —0,005; 2 —0,07; 3 - 0,1; 4 - 0,5

The influence of the concentration of chromium ions upon the structure of
the obtained products has been studied by the method of thermal analysis (figure 3).
On DTA curves the following effects are marked: a small endothermic decay at
60°C is connected with the start of the process of extraneous moisture evaporation
and removal of occluded gasses; a considerable endo-effect at 120°C is stipulated
by dehydration processes; exothermic effects in the field 0f310, 345 and 410°C
are caused by breaking of a macromolecule of humates and oxidation of the
aliphatic part, i.e. removal of hydrocarbon and acid-containing groups from the
structure proceeds; heat effects at 430 and 550°C are connected with the breaking
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Figure 3 — Thermograms of the studied samples,
obtained with different concentration of chromium chloride, %: a — 0,005; b — 0,1
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of the side chains, the start of breaking of the aromatic structures [12, 13]. Heat
effects in the field of 940°Care caused by the destruction of the mineral part and
formation of metal oxide. On the basis of an analysis of thermal destruction of the
new complex compounds it has been established that in different temperature
fields Me-O bond produces a different effect upon the dynamics of isolation of
volatile substances upon the thermal destruction of chromium humates. Herewith,
a number of temperature fields have been found, in which a preferable proceeding
of a certain type of reactions, connected with the breaking of this or that bond ty-
pe, is observed. It has been established that an intensive decomposition of chro-
mium humates starts at 310°C and a complete burning-out occurs at 550°C.

Figure 4 provides electronic microscopic shots of the studied samples, which
are represented by grains of different sizes. At electronic microphotos (figure 4a)
small and large particles of different sizes (3-270 mkm) are seen. Most of them
represent agglomerates of still smaller particles. The form of the particles is
mainly irregular. It follows from the results of EMF-mapping that the content of
chromium makes up 0,74 weight %. The sample, obtained upon the interaction of
sodium humate with 0,1% of chromium chloride solution (figure 40), is represen-
ted by the aggregates, consisting of small particles of different sizes (3-102 mkm).
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Figure 4 — Electronic microscopic shot of the obtained samples,
obtained with different concentration of chromium chloride, %: a — 0,005; b — 0,1
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Rare large particles of heavy fraction are observed. A crystalline particle of heavy
fraction has been identified by the EDS method. The results of elemental analysis
have shown that the content of chromium makes up 1,55 weight %.

In the course of the conducted works it has been established that with increa-
sing of the humate rate from 0,1 up to 1,0 g the yield of humic substances in-
creases (figure 5a). For example, upon the interaction of 0,1% of chromium
chloride solution with 0,1 g of humate the yield of humic acids makes up 17,02%,
and upon the use of 1,0 g it attains 35,95%. It follows from the analysis of the
obtained data (figure 50), that with increasing of the humate rate from 0,1 up to
0,70 g the mass fraction of chromium increases from 0,88 up to 4,20%, and the
further increasing of the humate rate up to 1,0 g results in a decrease of the con-
tent of chromium down to 3,46%. Probably, herewith, a desorption of chromium
ions occurs.
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Figure 5 — An isotherm of the dependence of the yield of humic acids (a)
and chromium mass fraction (0) upon the sodium humate rate

It has been revealed that with increasing of the humate rate an increase of pH
is observed (table 3). Thus, upon the interaction of chromium chloride with 0,1 g
of humate pH makes up 4,51, and with 1,0 it attains 7,44. It seems that with in-
creasing of pH of the medium the viscosity of the humate solution decreases,
herewith, the extent of their aggregative character decreases, i.e. the colloid
aggregates of humic compounds become smaller in sizes and due to this fact they
become more movable. As a result the velocity of the interaction of the initial
components increases, which leads to an increase in the velocity of the formation
of the complex humic compounds of chromium.

Table 3 — Changing of pH in dependence of the concentration of chromium ions

Humate rate, g

0,10 0,25 0,50 0,70 1,00

4,51 4,69 5,78 6,45 7,44
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It is seen from the functional analysis data, provided in Table 4, that in the
interaction reactions of sodium humate with chromium ions, different functional
groups take part. It has been established that in all studied samples with increa-
sing of the humate rate the content of chromium, bound with the carboxylic and
phenolic groups, increases. Thus, the number of carboxylic groups, bound with
chromium, increases from 0,38 up to 0,47 mg-equ/g, and the content of the phe-
nolic groups, bound with chromium, increases from 1,50 up to 1,60 mg-equ per
100 g of organic mass. It is noteworthy that under conditions of the conducted
studies both the carboxylic and phenolic groups interact partially with chromium
ions. Probably, other functional groups of the humic compounds also participate
in the reactions.

Table 4 — The influence of sodium humate upon the content of the functional groups
in the obtained samples

m (HumNa), Content of acidic groups, mg-equ/g
g COOH OHphen, COOH+ OH,ppep
0,10 0,38 1,50 1,88
0,25 0,39 1,52 1,91
0,50 0,43 1,55 1,98
0,70 0,46 1,59 2,05
1,00 0,47 1,60 2,07
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Figure 6 — The IR-spectra of the studied samples, obtained with the humate rate of:
1-0,1;2-0,5;3-0,7;4-1,0 g.

The IR-spectra of the studied samples, provided in figure 6, show the comp-
lexity of their composition: strong and intensive absorption bands at 3550-3545,
3475-3470, 3420-3415 and 3290-3280 cm™ correspond to valence vibrations of
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OH- and NH-groups, bound by intermolecular hydrogen bonds, and those at
1620-1615 and 1390-1380 cm™ correspond to asymmetric and symmetric vibra-
tions of the ionic form of carboxylic groups. An increase of their intensity is con-
nected with the overlapping of surface vibrations of C=C-bonds of the aromatic
structures at 1620-1610 cm™ . The absorption bands in the field of 1275-1270 cm™
are characteristic for the deformation vibrations of OH-groups of phenols, -C-O-
groups of aromatic carboxylic acids and complex esters, the absorption bands in
the field of 1050-1045 cm™ are characteristic for the deformation vibrations of
OH-groups of alcohols. The absorption bands of average intensity in the field of
960-955, 925-920, 830-825, 780-770, 620-615, 545-540, 475-470 and 425-
420 cm™ confirm the formation of Me-O bond in the complex humic compounds
with chromium. It has been established that an intensity of the indicated absorp-
tion bands increases with increasing of the humate rate.

Conclusions. The regularities of the influence of the concentrations of
chromium ions and the humate rate upon the interaction process of humate and
chromium have been revealed. It has been shown that increasing of the specified
parameters contribute to an increase in the yield of humic substances up to
36,49% and chromium mass fraction up to 4,31%. The formation of complex
compounds of humates with chromium ions has been established by the chemical-
physical and chemical methods. Shifting of pH to the acidic field and the
absorption bands in the field of 960-955, 925-920, 830-825, 780-770, 620-615,
545-540, 475-470 and 425-420 cm™' confirm the formation of Me-O bond in the
complex humic compounds with chromium ions. It has been established that the
introduction of chromium ions into the structure of humic compounds is accom-
panied by more intensive processes of oxidation of organic molecule of humates
to the extent of their complete burning-out.

The work was carried out with the financial support of the MES RK under
the grant N1521/GF.
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Cr (1II) MOHJAPBIHBIH HATPUI TYMATBHIMEH
CVJIbI OPTAA OPEKETTECYI

Harpuit rymarsiasi xpom (I1I) xmopunivMen apTypii xarnaitiapaa speKkeTTecy 3aH-
JBUTBIKTAPBI 3epTTeNNl. XUMHSUIIBIK Tanaay xoHe ¢usuka-xumusuislk (MKC, ITT, POM)
omicTepMeH TyMaTTapIblH XPOM HOHIApBIMEH KEIICHAiI KOCBUIBICTAp TY3CTIHMIr alKbIH-
JIAITBII, aNTBIHFAH YATLIEPAiH KypaMbl MEH KACHETTEPl aHBIKTAJIIBL.

Tyiin ce3aep: HATPHWil TyMmaThl, XpOM XIJOPHIi, KEHIeH TY3y, (YHKIHOHAIHIIBI
TOTITap.
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V. XK. [icycunbexos, X. Temen, I. O. Hypeanuesa,
3. K. basxmemosa, A. K. Lllaxuposa, /]. [yticenbaii

B3AUMOJEMCTBUE MOHOB Cr (III) C TYMATOM HATPUSI
B BOJJHBIX PACTBOPAX

HccrenoBansl 3aKOHOMEPHOCTH MPOLECCA B3aUMOACHCTBHS TyMaTaHATPUs C XJIOpU-
oM xpoma (III) mpu pa3mMyYHBIX YCIOBUSAX. XUMHUECKUM aHATU30M M (PH3UKO-XUMUYEC-
kumu Metonamu (MKC, IITA, POM) ycraHoBieHo 00pa3oBaHHE KOMITJICKCHBIX COEAMHE-
HUI TYMaTOB C HOHAMH XpOMa, OTIPEJICIICHbI COCTAaB U CBOWCTBA MOIyYSHHBIX 00pa3IOB.

KnaioueBsbie ciioBa: rymMaT HaTpusi, XJIOPH] XpOMa, KOMILIEKCOOOpa3oBanue, (pyHK-
LIUOHANBHBIE TPYIIIIEL.
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CHEMICAL COMPOSITION
AND GROWTH REGULATING ACTIVITY
OF Tamarix hispida SUBSTANCE

Abstract. This article considers the growth of regulating activity of 50 and 70% of
the extract obtained from the aerial weight of the Tamarixhispida plant of the Tama-
ricaceae family harvested in Almaty in September 2016.

While testing the obtained extracts on the Lenma minor strain of the Araceae family
found that 70% shows much greater activity when the concentration of the extract in the
test medium is lower by 2 times. The obtained data prompted us to study in more detail
the chemical composition of 70% alcohol extract by the method of high-performance
liquid chromatography with a mass-selective detector. As a result, 70% of the extract
identified a significant number of compounds structurally similar and potentially pos-
sessing a growth regulating ability. Namely chlorine azoorganic compounds of the type
7-chloro-4- (dimethylamino) 1,4,4a, 5,5a, 6,11,12a- 3,6,10,12,12a-pentahydroxy-1,11-
dioxo-2-naphthacenecarboxamide, 3,5-dichloro-6-nitrocholestane, Phenol, 4,4 '- (3H-2,1-
benzoxathiol-3- ylidene) bis-2-bromo-3-methyl-6- (1-methylethyl) -, S, S-dioxide, and
their share in the extract reaches more than 40% of all the identified substances.

Key words: Tamarixhispida, Tamaricaceae, growth-regulating activity, Lenma mi-
nor, HPLC-MS

Introduction. Among the many classes of biologically active substances
isolated from the plant and obtained by the method of synthesis, substances with a
growing regulation ability, that is capable of exerting a certain influence on the
development of individual organs or plants as a whole, or stimulating a set of
biomass [1].

Regulators of development are physiologically active substances that show
their effect in extremely small amounts (usually the dosage is measured in
microliters), they allow to influence the intensity and direction of physiological
processes in agricultural crops, increasing their yield, speeding up the collection
of green mass or vice versa suppressing the growth of weeds [2].

Growth regulators primarily include phytohormones are divided into 5 main
groups, auxins, gibberlins, cytokinins, abscisins, and ethylene. The first 3 classes
have the ability to induce growth, an example of such compounds is indole acetic
acid and 2,4-dichloro-phenoxyacetic acid [3].

Abscisins and ethylene are natural inhibitors, that is, substances that inhibit
growth. Natural inhibitors often accumulate in resting organs, in particular in the
kidneys, seeds and tubers.
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In our article, as an object, we chose the aboveground mass of the plant
Tamarixhispida of the family Tamaricaceae harvested in September 2016 in the
Almaty region.

Plants of this genus are basically perennial evergreen plants distributed in the
arid zones of southern Europe, Iran, Pakistan, India, the South Caucasus, North
America and Central Asia [4, 5].

Extracts obtained from representatives of the tamarix family were previously
considered as medicinal phytocomplexes and capable of metabolites isolated from
tamarix to regulate plant growth have not previously been studied.

Antioxidant, anti-bacterial, anti-cancer activity of various tamarix species,
including hyspids, was previously considered in the study of alcohol extracts of
the aerial part, many compounds of various classes were isolated, such as ursolic
acid -1,2 methyl 3B-al-D-firdoolean- 14-ene-28-one acid, 3-a- [3", 4"-dihydroxy-
transcamolamoxy] -D-firdoolean-14-ene-28-tartaric acid (isotamarixene) -3,3-a-
hydroxy -D-Fredoolean-14-ene-28-tartaric acid-4, 3-a- [4"-hydroxy-transcamola-
moxy]| -D-firdoolean-14-ene-28-ol Lota-5 isoramnetin, 3,5-dihydroxy-4 ', 7-di-
methoxyflavone, rhamnocetri, afzelin, 5,3'-dihydroxy-7,4'-dimethoxyflavone 3-O-
B-D-glucopyranoside, 4-hydroxy- 3,5-O-dimethylbenzoic acid, 7,3 ', 4'-trigoroxy-
5-methoxyflavone, 3,7,4'-trihydroxy-5-methoxyflavone, 3,5,7-trihydroxy-3', 4 '
dimethoxy flavone, Kampferid-3-O-B-glucopyranoside [4-6].

We studied the growth-regulating activity of extracts obtained from the abo-
ve-ground mass of Tamarixhispida family Tamaricaceae using a standard test
sample in the form of the Lenma minor family of Araceae, as well as the chemical
composition of 70% alcohol-water extract by high-performance liquid chromato-
graphy with a mass-selective detector [7,8].

Methods

Preparation of 70% ethanol extract from the above-ground part of 7a-
marixhispida family Tamaricaceae. To determine the optimum from the point of
view of the grow regulating ability of Tamarix extract, we prepared and sample,
50% and 70% alcohol extracts from the aerial part of the studied plant.

Extracts were obtained according to the following procedure:

The aerial part of a plant of the species Tamarixhispida harvested and dried
in accordance with the requirements of the state Pharmacopoeia of the Republic
of Kazakhstan [3-4] was crushed and the extractant in a ratio of 1 to 10. After
them plant was insisted for 72 hours, then the extract was separated from the grass
by filtration and concentrated extraction on a rotary evaporator until the solvent is
completely removed at a temperature of 40-50 °C

Determination of grow regulation activity. Then, the determination of the
growth regulating activity is carried out according to the following procedure:

The E-medium for plant development is obtained by mixing various com-
ponents in 1000 ml of distilled water and adjusting the pH from 6.0 to 7.0 by
adding KOH in the mother liquor.
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Then the stock solution is dissolved to the working concentration by mixing
100 ml of the stock solution and 900 ml of water is distilled. Then prepare the test
sample where 30 mg for the crude extract / compound is dissolved in 1.5 ml of
solvent (methanol / ethanol, etc.) serving as the starting solution. Subsequently,
10, 100 and 1000 pl of the solution were inoculated from the mother liquor in 10,
100 and 1000 pg / ml in three flasks. Then let the solvent evaporate overnight.
After add 20 ml of working E. medium, and then plant Lenma minor, each of
which contains a rosette of two or three leaves, in each flask. (a total of 20).

Other flasks prepare control experiments using plant growth inhibitors and
promoters acting as a negative and positive control, respectively.

After all the cooking, place the flasks in the incubator cabinet for seven days.
Plants should be inspected daily during incubation. The results are analyzed both
in the regulation of growth of% age, calculated with reference to negative control.

The standard preparation was 1,1'-dimethyl-4,4'-bipyridinium hydrate
hydrate

The results are shown in table 1.

Table 1 — Grow regulating ability of 50 and 70% ethanol extract
from aboveground masses Tamarixhispida Wild

70% Ethanol extract
Types of standards Concentrat
Control plant Concentration | QOrganisms that have Degree of ion of
of sample not changed after the | Control | Growth standard
drug is administered drug
10 uL 20 50 %
Lemna minor 100 uL 18 40 55% 0,015
1000 pL 16 69 %
50% Ethanol extract
10 uL 51 0%
Lemna minor 100 uL 51 51 0% 0,015
1000 pL 29 43.13 %

Further, the extract exhibiting the highest activity values is analyzed by high
performance liquid chromatography with a mass selective detector of Aligent
Technologies 6400 Series Triple Quadrupole LC/MS. For analyze we use
Poroshell 120 EC-C18 column (50 mm long, 3 mm in diameter, sorbent particle
size 4, 0, 2.7 and 1.9 pm) with 10% methanol with an aqueous solution of metha-
nol as the starting solvent and 90% methanol as the final solvent at a pressure of
11.5 mPa and a temperature of 40 °C.

The components were identified by mass spectra and retention times, using
the NIST library and Wiley LC/MS.

The results are shown in table 2.

42



ISSN 1813-1107 Ne'l 2018

Results and discussion

From the data presented in table 1, we see that 70% ethanol extract from the
aerial part of Tamarixhispida exhibits significantly greater growth regulating
activity at a much lower concentration, that is, 50% extract exhibits significant
activity (43.13%). Only at a maximum concentration of 100 pl, then time as 70%
shows activity of 50% already at 10 pl.But when the concentration is increased,
the changes are not so large and make up 55% at 100 pl and 69 at 1000 pl, which
implies that a change in concentration of 10 does not lead to a significant increase
in of activity, which confirms the statement of the feasibility of using growth
regulating substances. Only in low concentrations, as the increase in concentra-
tion only leads to senseless consumption of the drug.

The data obtained clearly demonstrate that the growth regulating effect
achieved in 50% extract at a concentration of 1000 pl per 1000 ml is 43.13%
significantly less than in 70% at a concentration of 10 pl (50%) that is 70%
extract shows more than 100 times greater efficiency in laboratory tests. This fact
convinced us to consider 70% extract as the main one in determining grow
regulating activity and further study its chemical composition in more detail.

From the data presented in table 2, we can say that the dominant compound
in the 70% extract is 7-chloro-4-(dimethylamino) 1,4,4a, 5,5a, 6,11,12a-3,6,10,
12 , 12a-pentahydroxy-1,11-dioxo-2-naphthacenecarboxamide (12.78%), 7-
Azadabenz [a, e] azulen-12-one, 5,6,7,7a, 12,12a-hexahydro-7-methyl -8,9-bis
(methoxy) -12a-hydroxy-2,3-methylenedioxy (13.46%), 5a, 7-dihydroxy-9a, 11a-
dimethyl-1-(2-ox0-2H-pyran-5-yl (14.88%), Phenol, 4.4 '- (3H-2,1-benzoxathiol-
3-ylidene) ) bis-2-bromo-3-methyl-6- (1-methylethyl) -, S, S-dioxide (20.42%)
and 4- (2-methyl-1-cyclohexenyl) -trans-3-butene ene-2-one 2,4-dinitrophenyl-
hydrazone (10.74%). The proportion of beta carotene derivatives of 3,3'-dihyd-
roxy-beta, beta-carotene-4,4'-dione is also significant 2.5%, the total number of
organohalogen compounds is estimated at 35.9%, the quantity of nitrogen-organic
substances in 48.89%, sulfur compounds in 24.88% and oxygen-containing
organic substances 98.14%, ie the bulk. Of particular interest are natural halogen-
organic compounds exhibiting, as a rule, high growth stimulating and potentially
anti-cancer activity [9-18].

Conclusion. Thus, we studied the growth-regulating activity of 50 and 70
percent extracts of the aerial masses of the Tamarixhispida family Tamaricaceae.

On the test plant of the Lenma minor family Araceae with the comparative
preparation being 1,1'-dimethyl-4,4'-bipyridinium hydrate hydrate, we found that
70 % the extract shows 100 times more activity. That is, it shows a 50% result at
10 pl, but with an increase in the concentration of 70% the extract of multiple
growth does not occur, but only 5% increase at 10 concentration increase and a
result of 69%. The further study of the chemical composition revealed a large
amount of chlorine and organo-organic compounds in a 70% extract of 35.9% and
48.89%, respectively, with some of the identified compounds. For example, 7-
chloro-4- (dimethylamino) 1,4,4a, 5, 5a, 6,11,12a-3,6,10,12,12a - pentahydroxy-
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Table 2 — Results of determination of the chemical composition of 70% alcohol-water extract
obtained from the aerial part of the plant Tamarixhispida Wild

Mole- |Reten-| Con-
Ne Name of compound Formula cular | tion | tent,
weight | time %

7-chloro-4- (dimethylamino) 1,4,4a, 5,5a,

1 6,11,12a-3,6,10,12,12a-pentahydroxy-1,11- C;1H,,CIN,Og 464 0,44 | 12,78
dioxo-2-naphthacenecarboxamide
7-Azadabenz [a, ¢] azulen-12-one, 5,6,7,7a,

2 12,12a-hexahydro-7-methyl-8,9-bis (methoxy) C,1H, NOg 383 0,56 | 13,46
-12a-hydroxy-2,3-methylenedioxy
Sa, 7-dihydroxy-9a, 11a-dimethyl-1- (2-oxo-

3 2H-pyran-5-yl) -hexadecahydronaphtho [1', 2": | CycH3,0; 458 1,401 | 14,88
6,7] indeno [1,7a-b] oxirene-2 -acetate

4 3,3'-dihydroxy-beta, beta-carotene-4,4'-dione C4oHs5,04 596 2,31 2,5

5 3,5-dichloro-6-nitro cholestane C,7H45CIL,NO, 485 3,46 | 2,7
Carda-4.20 (22) -dienolide, 3 - [(6-deoxy-3-O-

6 methyl-a-D-allopyranosyl) oxy] -1,14- C30H4409 548 3,82 | 8,15
dihydroxy-, (1B, 3p) -
6-oxo0-1-phenyl-1,6-dihydropyridazin-3-yloxy)

7 acetic acid, ethyl ester C14H14N:04 274 4,96 | 491
Phenol, 4,4 '- (3H-2,1-benzoxathiol-3-ylidene)

8 bis-2-bromo-3-methyl-6- (1-methylethyl) -, S, C,7H,4Br,05S 622 5,20 | 20,42
S-dioxide

9 4,4, 4''- methylidentris (N, N-dimethylaniline) | C,sH31N3 373 5,37 | 1,61
4- (2-methyl-1-cyclohexenyl) -trans-3-buten-2-

10 one 2,4-dinitrophenylhydrazone Ci7H20N4O4 344 3,66 110,74
Benzo (g) indolo (2,3-a) quinolizine-1-
carboxylic acid, 1,2,3,4,4a, 5,7,8,13,13b,

1 14,14a-dodecahydro-3-hydroxy-2 methoxy, Cs2H3sN205 >78 6,011 3.14
methyl ester, 3,4,5-trimethoxybenzoate
2-thiophenecarboxaldehyde, 5-ethynyl-, (2,4-

12 dinitrophenyl) hydrazone Ci3HsN.O,S 316 6,55 | 4.46

1,11-dioxo-2-naphthacenecarboxamide, 3,5-dichloro-6-nitrocholestane, are

halogenated steroids exhibiting growth stimulating activity.

It should be noted that the growth-stimulating activity of the aboveground

part of the Kazakhstan tamarix species was studied for the first time. As well as 7-
chloro-4- (dimethylamino) 1,4,4a, 5,5a, 6,11,12a-3,6,10,12,12a- pentahydroxy-
1,11-dioxo-2-naphthacenecarboxamide, Phenol, 4,4 '- (3H-2,1-benzoxathiol-3-
ylidene) bis-2-bromo-3-methyl-6- (1-methylethyl) - , S, S-dioxide, 2-thiophene-
carboxaldehyde, 5-ethynyl-, (2,4-dinitrophenyl) hydrazone were first found in the
plant Tamarixhispida.
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E. C. Uxcanos, H. A. Cynmanoea, XK. A. Abunos, M. U. Yoyoxapu

TAMARIX HISPIDA XUMUAJIBIK K¥PAM )KOHE
OCY HOPMATUBIH PETTEY CYBCTAHUIAJIAPBI

Makamaga 2016 bUTBI KbIpKYHEKTe AJIMaThiIa >KWHAIFaH Tamarix 0TOACHIHBIH
Tamarix hispida 3aybITbiHIa jxep ycTiHeH anbiaFaH 50-70% ©CiMIIiK CHIFBIHABUIAPBIHBIH
OCyiH peTTeylli KbI3MeTi KapacThIpbUIFaH, Araceae 0TOaChIHBIH KilIripiM JIeHMa eciMi-
rigig 70% 53KCTpakT Ke3iHJIe a3/laFaH aKTHBTUIIK SKiHII KaTapja, TOKIpHOEIiK opTana
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KOHCEHTPAIMSICHl TOMEH. AJIBIHFaH JepeTep 01371 Macc-CeICKTUBTI AETEKTOPMEH JKOFaphl
camainbl CYHBIK Xpomorarpadus opiciven 70% CHOUPT CBHIFBIHIBICHIHBIH XUMUSIIBIK
KYPaMbIH erKeH-TCKOKEIITI 3epaeeyre MaKOyp eTTi.

Hotmxkecinme 70% CBIFBIHIBIIA KYPBUIBIMIBIK, YKCAC YXOHE BIKTUMAIl 6CYy HOPMATH-
BiH peTTey Kalijeri Oap atam aWTkauma, 7-xyop-4-(mumerwinamu) 1,4,4a,5,5a,6,11,12a-
3,6,10,12,12a-nenraruapokcu-1,1 1-quokco-2-HadraneHkapookcaMu i, 3, 5-Tux10p-6-HUT-
poxonecran, ®enomn,4,4- (3H-2,1-6eH30kcaTron-3-wmmaeH) Ouc-2-0pom-3-meTun-6-(1-
METHIIATHN)-S,S-THOKCH, CHAKTHI XJIOPIBIH KOCBUTBICTAPBI aHBIKTAJIBL,0JIAP,IBIH CHIFBIH-
npuiapsl 40%-1aH acapl.

Tyiin ce3nep: Tamarix hispida, Tamaricaceae, pecpezynsipavix Kvizmem, Lenma
minor, HPLC-MS.

Pesome
E. C. Uxcanos, H. A. Cynmanosa, K. A. Abunos, M. . Yoyoxapu

XUMHUYECKHI COCTAB U POCTPET'YJIMPYIOILASI AKTUBHOCTh
CYBCTAHIUU TAMARIXHISPIDA

B crathe paccmarpuBaeTcst pocTperynupytomas aktuBHOCTh 50 n 70% skcTpakra,
MTOTyYeHHOTO W3 Haa3eMHON Macchl pacteHus Tamarixhispida cemerictBa Tamaricaceae,
3aroTOBIICHHOTO B ceHTsA0pe 2016 T B AnMaTuHCKON obmactu. B Xozme mcmbITaHmit omy-
YeHHBIX JKCTPAKTOB Ha TECTOBOM pacTeHHMH Lenmaminor cemeiicTBa Araceae OBLIO
BBISICHEHO, 4TO IpU OoJiee HU3KOM KOHIIEHTPALMK SKCTPAKTa B UCIBITATEIbHON cpeze (Ha
2 nopsanxa), 70%-HbIi SKCTPAKT MPOABISET HAMHOTO OOJBIIYIO AKTUBHOCTD. [lomyueHHbIe
JaHHBIe MOOYaMIIM Hac OoJiee MOAPOOHO M3YYUTh XUMHUYECKHH cocTaB 70%-HOTO crup-
TOBOT'O JKCTPaKTa C MOMOIIBI0 METO/A BBICOKOI()(EKTHBHON KUAKOCTHOW Xpomarorpa-
(M ¢ Macc-CeIeKTUBHBIM JIeTeKTOpoM. B urore B 70%-HOM 3KkcTpakTe ObLIO UAECHTU(H-
LUPOBAHO 3HAYUTEIHHOE KOJMYECTBO COCANHEHUH, CTPYKTYPHO CXOXKHX U HOTSHIIHAIBHO
00J1a1aI0INX POCTPETYINPYIOIIEH CIOCOOHOCTBIO, & UIMEHHO, XJIOp- U a300pTaHHYECKHe
coelMHEHUs Tuma 7-xjiop-4- (mumerwrtamuHo) 1,4,4a, 5,5a, 6,11,12a-3,6,10,12,12a-
MIEHTAaruApoKcu- 1,1 1-mrokco-2-HadTaneHkapOokcamMu, — 3,5-IuXIIop-6-HUTPOXOJIECTaH,
®enou, 4,4 '- (3H-2,1-6en30kcaTron-3-mnuaeH) ouc-2-6pom-3-mMetun-6- (1-MeTumTIN) -,
S, S-muoxcup, IpM ATOM HX JOJIS B IKCTpakTe gocturaet 6onee 40% u3 Bcex WACHTH(H-
LIMPOBAHHBIX BELIECTB.

KawoueBbie ciaoBa: Tamarixhispida, Tamaricaceae, pocrperynupymoiias akTHB-
HOCTh, Lenmaminor, HPLC-MS.
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INFLUENCE OF INITIAL STATE OF HYDROGELS
ON SELF-ORGANIZATION OF POLYMER NETWORKS
OF POLYMETHACRYLIC ACID AND POLY-4-VINYLPYRIDINE
AT THEIR REMOTE INTERACTION IN AN AQUEOUS MEDIUM

Abstract. Process of mutual activation of hydrogels of polymethacrylic acid
(PMAA) and poly-4-vinylpyridine (P4VP) in intergel system on their basis is studied.
Effect of dry initial state of hydrogels on their remote interaction, mutual activation and
self-organization is studied by methods of conductometry, pH-metry, gravimetry. It is
found that self-organization of macromolecules provides transfer of hydrogel of PMAA
into highly ionized state in intergel system at gPMAA:gP4VP=1:5 ratio, and hydrogel of
P4VP — at gPMAA:gP4VP=5:1 ratio of polymer hydrogels. Low values of swelling
degree of gP4VP at gPMAA:gP4VP=1:5 ratio are due to formation of intermolecular
cross-links leading to folding of macromolecular globe.

Keywords: intergel system, mutual activation, self-organization, initial state, hydro-
gels, polymethacrylic acid, poly-4-vinyl-pyridine.

In previous studies [1-6] it was found that remote interaction of rare-cross-
linked polymer hydrogels has significant impact on their electrochemical and
volume-gravimetric properties. Overwhelming majority of hydrogels are poly-
electrolytes [7]. Conformational behavior of polyelectrolytes is influenced mainly
by ionization degree of macromolecular globes [8-11]. In intergel systems ioniza-
tion degree and conformational state of each hydrogel is significantly determined
by concentration of another hydrogel. High sorption degree of polymers in
intergel systems is due to absence of counter ions at ionized groups. This is conse-
quence of intergel interactions, result of which is mutual activation of hydrogels
and formation of uncompensated charges along polymer chain. Uncompensated
charge is formed due to cleavage of proton from carboxyl groups during disso-
ciation of acid hydrogel and binding of this ion with heteroatom of polybasis in an
aqueous medium. Wherein charge density of basic hydrogels in limited by
dissociation degree of acid hydrogel. Subsequently both hydrogels are ionized and
do not have counter ions at major part of functional groups. Formation of ionized
groups is caused by conformational changes of internode links of polymer chains
due to what unfolding of macromolecular globe takes place. In this regard, the
goal of the work is to study impact of dry initial state of polymer hydrogels of
PMAA and P4VP on electrochemical and volume-gravimetric properties of
intergel system gPMAA-gP4VP.
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Experimental part

Equipment. For measurement of specific electric conductivity conductometer
MARK 603 (Russia) was used, pH of solutions was measured on pH-meter
Metrohm 827 pH-Lab (Switzerland). Mass of swollen samples of hydrogels for
further calculation of swelling degree (o) was measured by weighing on electronic
analytical scales SHIMADZU AY220 (Japan).

Materials. Investigations was carried out in distillated water. Hydrogels of
polymethacrylic acid were synthesized in presence of cross-linking agent N,N-
methylene-bis-acrylamide and red-ox system K,S,05—Na,S,0;. Hydrogel of poly-
4-vinylpyridine (hP4VP) (2% of cross-linking agent) was synthesized by «Sigma
Aldrich» company. Synthesized hydrogels in an aqueous medium were put to
create intergel system polymethacrylic acid hydrogel — poly-4-vinylpyridine
hydrogel (WPMAA-hP4VP). Swelling degrees of hydrogels are: onpmas)=20,65
g/g; mpavery=2,65 g/g.

Experiment. Experiments were made at room temperature. Study of the
intergel system was made as follows: calculated amount of each hydrogel in dry
state was put in special glass filters, pores of which permeable for low-molecular
ions and molecules, but non-permeable for hydrogels dispersion. After that,
parameters (electric conductivity, pH and mass of samples) were measured.
Measurement of electric conductivity and pH was made in absence of hydrogels
in an aqueous medium. Swelling degree was calculated by the equation
mp; —my

a =
my

where m; — mass of dry hydrogel, g, m, — mass of swollen hydrogel, g.
Results and discussion

In process of hydrogels remote interaction in intergel system hPMAA-
hP4VP there are chages in specific electric conductivity of water solutions.
Dependence of electric conductivity from time is presented on figure 1. As seen
from data, increase of electric conductivity occur at hPMAA:hP4VP=3:3 ratio
during all time of remote interaction. Maximum values of electric conductivity
are observed at 48 hours. Minimum values of conductivity are reached in pre-
sence of only polybasis (ratio hPMAA:hP4VP=0:6), what is due to it’s ionization
in result of proton association, which were formed at water molecules disso-
ciation.

For more clear description of low and high values of electric conductivity, it
is necessary to consider processes of ionization and dissociation of hydrogels. In
process of carboxyl group dissociation there is a formation of proton, further
binding of which is occurred by nitrogen atom of vinylpyridine. This is the main
cause of low values of conductivity. It should be noted, that high values of elec-
tric conductivity (ex. Ratio hPMAA:hP4VP=3:3) point to the fact that in result of
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Figure 1 — Dependence of electric conductivity of aqueous solutions
from time in presence of intergel system hPMAA-hP4VP

self-organization carboxyl groups dissociation process prevails over protons
association by polybasis heteroatom. High conductivity values cannot point to
high degree of mutual activation.

Dependence of hydrogen ions concentration from time is shown on figure 2.
As seen from figure, increase of hydrogen ions concentration occur at ratio
hPMAA:hP4VP=3:3. Comparison of this data with values of electric conductivity
allows to conclude that carboxyl groups dissociation process prevails over protons
association by vinylpyridine at this ratio.

As seen from figure 2, significant decrease of H' ions concentration occurs
at hPMAA:hP4VP=1:5 during 6 hours of hydrogels remote interaction. In case
with specific electric conductivity at this ratio it is seen, that values of electric

hPMAA:hP4VP,

mol:mol
—=—6:0
—e—5:1

A—4:2
—v—3:3
—4-2:4
—4—1:5
——0:6

4,25

Figure 2 — Dependence of pH of aqueous solutions from time
in presence of intergel system hPMAA-hP4VP
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conductivity is not very high. Result of such interactions is formation of similarly
charged groups without counter ions. And as consequence — transfer of acid and
basic hydrogels into high ionized state. Maximum amount of protons is released
in presence of polyacid (ratio hPMAA:hP4VP=6:0), what is directly connected
with COOH-groups dissociation.

Appearance of H™ ions excess is due to high swelling rate and COOH-groups
dissociation, and not sufficient swelling rate of basic groups and their low
concentration. Increase of OH™ concentration in an aqueous medium is due to low
swelling rate and low concentration of COOH-groups, and high swelling rate and
interaction of basic functional groups with H" ions.

Dependence of swelling degree of acid hydrogel of polymethacrylic acid in
intergel system hPMAA-hP4VP from time is presented on figure 3. Increase of
polyacid swelling degree occurs gradually with time. Wherein it should be noted
that increase of a occurs with increase of polybasis concentration in solution.
Minimum swelling occurs in presence of only polyacid in solution (ratio
hPMAA:hP4VP=6:0), what is due to absence of phenomenon of mutual activation
of polymer structures. As seen from obtained data, maximum swelling of poly-
methacrylic acid hydrogel occurs at hPMAA:hP4VP=1:5 ratio at 48 hours of
hydrogels remote interaction. Also there is strong increase at hydrogels ratio
equal 2:4. Such swelling increase is due to predominance of proton association
process over carboxyl groups dissociation. Result of this phenomenon is transfer
of acid hydrogel into highly ionized state. Not sufficiently full ionization of the
hydrogels occurs at ratios of hPMAA:hP4VP=5:1, 4:2 and 3:3 what is indicated
by not significant increase of swelling degree values.

Figure 4 shows dependence of swelling degree of basic hydrogel of poly-4-
vinylpyridine in intergel system hPMAA-hP4VP from time. Low values of a are

a, g/g
80 =
I 4 hPMAA:hP4VP,
’_,,//'* mol:mol
704 *,// —m 6:0
7 4 —e— 5:1
601 —A—4:2
T —v—3:3
504 ——24
j ——1:5
40+ % (7)
] e *
Y
30 4 A A
e — %
20 /r—)““/ .
- - e
104
04 T T T T T UL B T T T T T, h
0 4 8 12 16 20 24 28 32 36 40 44 48

Figure 3 — Dependence of hPMAA swelling degree from time in presence of hP4VP
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Figure 4 — Dependence of hP4VP swelling degree from time in presence of hPMAA

observed at hPMAA:hP4VP=0:6 ratio (individual hP4VP), what is caused by not
very high ionization rate of individual basic hydrogel.

It should be noted that low swelling of polybasis occurs at APMAA:hP4VP=1:5
ratio. This is due to formation of >N...H"...N= intermolecular cross-links, result
of what is folding of polymer globe and swelling decrease. With increase of
polyacid share swelling degree of polybasis increases in result of high ionization
rate at mutual activation of both macromolecules. Area of maximum swelling
is hPMAA:hP4VP=5:1 ratio, wherein maximum values of a are observed at
48 hours.

As seen from obtained data, self-organization of polymer networks of PMAA
and P4VP mainly depends from ionization degree of macromolecules.

Conclusion.

1. Obtained experimental data on specific electric conductivity and pH of
solutions and swelling degree of PMAA and P4VP hydrogels allow to conclude
that mutual activation of polymer structures of acid and basic nature has
significant influence on their electrochemical and conformational properties.

2. Significant increase of values of specific electric conductivity, concen-
tration of hydrogen ions and swelling degree is directly connected with self-
organization of polymer hydrogels of acid and basic nature at their mutual
activation in intergel pairs.

3. Obtained results on specific electric conductivity, pH and swelling
degree point to the fact, that high ionized state of hPMAA is observed at
hPMAA:hP4VP=1:5 ratio, and hP4VP — at \PMAA:hP4VP=5:1 ratio.
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Pe3iome
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C. A. Xaximocanos, X. Xumepcen, I'. K. Eckanuesa

CIIOPTTBIH CAKTAHBIPY IITAPY AIIBUIBIFBIHJIA KOJITAHBIJIATBIH
ITOJIMMETAKIJIMKAJIBIK >KOHE T10JIN-4-BUHWJI ITMPUIVHI [TOJIUMEP
JKEJIICIHIH ©31-¥YUBIMJIACTBIPYFA APHAJIFAH I'MJIPOTEJIBJIIH,
HETTI3I'T MEMJIEKETTUIITTH KATBICYBI

[omumerakpun Kemmkeiis! (TTIMAK) sxone monu-4-suammmupunud (T114BIT) ruapo-
TeNAepiHiH HHTEpTeNl XKyHeaeri e3apa akTUBTeHY mporieci 3epTrenai. KonmgykromeTpus,
pH-MeTpus xoHEe TpaBUMETpPHS SICTEpIMEH THAPOTEIAEPAiH OacTamKbl KypFaK KYHiHIH
OJIap/IbIH KaIlIIKTaH ©3apa opeKeTTecyiHe, e3apa akTHBTEHYIHE )KOHE Cy OpTachlHa ©31H-
031 YHBIMIACTBIPYbIHA dcepi 3epTrenmai. MakpoMoeKynagapablH ©31H-031 YHbIMIACThI-
pybiHa OainanbicTel uHTeprenni xydene IIMAK rugporeni TIMAKr: I14BIIr=1:5
KatbiHackiHAa, an [14BI1 runporeni monumepitik ruxporenaepaiy 5:1 KaTbIHAaChIHA KOFa-
pBl MOHHM3AIMSIIAHFAH KYWre OTETiHI aHBIKTauabl. MaKpOMOJEKYJISpIbl LIyMaKTap/bIH
KUHATYbIHA 9KEJIETIH MOJISKYJAIIUTIK Tirity esrepicine Oaitmansictel [IMAKr: T14BIIr=1:5
karsiHackiHaa [14BI1 runporeniniy iciHy Aopexeci ToMeH O0oNaThIHBI Oenriii OB

Tyiiin ce3nep: mHTEpremnui xyhe, e3apa aKTHBTEHY, ©31H-031 YHBIMIACTHIPY, Oac-
TaKbl KYH, THAPOTEIIEP, MOTMMETAKPHI KBIIIKBIIBI, MOIN-4-BUHIIITHPHIHH.

Pe3zrome

T. K. Jloicymaounos, P. I'. Konoaypos,
C. A. Xaximocanos, X. Xumepcen, I'. K. Eckanuesa

BJINSTHUE HAYAJILHOI'O COCTOSIHUS TU/POT EJIEN
HA CAMOOPT AHU3ALIMIO TTOJIMMEPHBIX CETEN
TTOJIUMETAKPWJIOBBIX KUCJIOT U TIOJIN-4-BUHWIITUPUIHA
TIPY X TUCTAHIIMOHHOM B3AVUMOJIENCTBUN B BOJHOM CPEJIE

HccnenoBan mpoliecc B3aMMHOW aKTHUBAlMU TUApOTeNed MONMMETaKpUIOBON KHUC-
notel (TIIMAK) n momu-4-sunmnmmupuaunaa (tI14BIT) B uHTepreneBoii cucteme Ha WX
OCHOBE. MeTogaMu KOHAYKTOMETpuu, pH-MeTpuy, rpaBUMETPHH HCCIEJOBAHO BIIUSHHE
CYXOTO HMCXOIHOTO COCTOSIHHSI THApOTeNed Ha HMX OUCTaHIMOHHOE B3aUMOJEHCTBHE,
B3aMMHYIO aKTHBAIMIO, CAMOOPTaHU3ALMIO B BOAHOW cpese. YCTaHOBICHO, YTO THAPO-
renb [IMAK nepexoauT B BBICOKOMOHM30BAaHHOE COCTOSIHUE B MHTEPIeENIEBOM CUCTEME
npu cootHomenun TIIMAK:TII4BII=1:5, a ruaporens [14BII — npu cooTHOLIEHUHN TTOITH-
MEpHBIX THAPOTeNeH, paBHOM 5:1, BClieACTBHE caMOOpraHU3alui MakpoMoiekyl. Huskue
3Ha4yeHus creneHn HaOyxauus r114BII npu cootHomennu rIIMAK:TII4BII=1:5 cBs3anbl
¢ 00pa3oBaHHMEM BHYTPUMOJIEKYJSIPHBIX CIIMBOK, MPUBOJSIIIMX K CBOPAYMBAHHIO MaKpO-
MOJIEKYJIAPHOTO KIyOKa.

KiroueBble cioBa: uHTepresneBas CHCTEMa, B3aMMHas aKTHBAllUs, CaMOOPIaHU-
3a0us, UCXOJHOE COCTOSIHME, TMIPOTeNH, MOJUMETAKPHIOBAas KUCIOTA, MOIH-4-BUHUII-
TTUPUINH.
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HIGH-TEMPERATURE HYDROGENATION
(HYDRODEALKYLATION) OF THE MIXTURE
OF COAL TAR PITCH DISTILLATE FRACTIONS
AND RAW COKE-CHEMICAL BENZENE

Abstract. New basic process parameters for carrying out the high-temperature
hydrogenation (hydrodealkylation) of the mixture of coal tar pitch distillate fractions and
raw coke-chemical benzene were developed. Optimal conditions of the process of hydro-
genation of preliminarily hydrotreated mixture of tar fractions with boiling temperature
180-230°C and raw coke-chemical benzene in the presence of water vapor were defined.
By high-temperature hydrogenation of hydrotreated mixture in the presence of catalyzer
5 % MoO; + zeolite HNaY high-purity benzene with crystallization temperature
+5.35-5.45°C, sulfur content 0.002%, was obtained.

Key words: coke chemical resin, catalysts, benzene, naphthalene, hydrogenation.

Introduction. The main source of benzene yield increase are raw material
alkylaromatic hydrocarbons (toluene). This circumstance is proven by the produc-
tion practice of raw benzene treatment abroad, and the results of research, design
and construction and development work carried out in CIS. Nowadays, with the
purpose of transforming toluene or gasoline pyrolysis liquid products into ben-
zene on an industrial scale, imported hydrodealkylation catalysts are used. At
hydrodealkylation of aromatic carbohydrates and hydrocracking of saturated
carbohydrates into gas, which is required for subsequent obtaining of high-purity
benzene with precise fractionation, decontaminating coke settles on the catalyst
surface which reduces the catalyst activity and requires its frequent regeneration
because the process is carried out at high temperature — to 650°C.

Nowadays, in connection with the toughening of requirements to the quality
of raw material for organic syntheses, increase of need for benzene and naph-
thalene, studies and development work on the improvement of coke-chemical raw
material hydrotreatment processes are carried out actively. The experimental and
theoretical data obtained formed the basis for the development of technology and
new technical solutions of the process of high-temperature hydrogenation
(hydrodealkylation) of preliminarily hydrotreated mixture of tar fractions with
boiling temperature 180-230°C and raw coke-chemical benzene for production of
benzene and naphthalene high-purity sorts at treatment of 95 ths. t of raw material
annually.
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The goal of this paper is to define basic production parameters of the conduct
of high-temperature hydrogenation (hydrodealkylation) of the mixture of coal tar
pitch distillate fractions and raw coke-chemical benzene.

Experiment. With the purpose of producing high-quality benzene and naph-
thalene, experimental studies on high-temperature hydrogenation mixture (4:1) of
raw coke-chemical benzene and tar fractions with boiling temperature 180-230°C,
obtained at devolatilization of coal from Shubarkolskii deposit at the enterprise
Sary-ArkaSpetskoks JSC, were carried out.

Raw material hydroforming was carried out on the high-pressure laboratory
installation under hydrogen pressure of 4.0 MPa in the system of two reaction
areasoperating in series. In the first zone, hydrogenation of non-saturated high-
reactive compounds (styrolene, indene, etc.) was carried out in the presence of the
production catalyst 0.5 % PdS + Al,O3; (MA-15) in order to provide the possibility
to heat raw material to higher temperature (280-300°C) without polymerization.
Deep removal of S, N, O heteroatoms and methylnaphthalenes to the correspon-
ding tetrahydro derivatives — H-donor source for hydrodealkylation stage occur-
red in the second zone in the presence of Mo/Ni-Raney catalyst.

Results and discussion. Characteristic of raw coke-chemical benzene by
Sary-Arka Spetskoks JSC is given in table 1.

Table 1 — Material composition of raw coke-chemical benzene
by Sary-Arka Spetskoks JSC

Compound Content, % wt.
benzene 58,00
toluene 8,30
naphthalene 0,40
methylnaphthalene 2,85
xylenes 2,45
styrene 2,03
indene 2,14
hydrindene 0,30
thiophen and methylthiophens 0,18
ethylbenzene 0,15
pseudocumene 0,25

As it is seen from table 1, the content of benzene in raw coke-chemical ben-
zene by Sary-ArkaSpetskoks JSC is 58 % wt., toluene - 8.3 % wt., naphthalene -
0.4 % wt.

The results of hydrotreatment of the mixture of raw benzene and coke-
chemical tar fraction with boiling temperature 180-230°C are given in table 2.

It is seen from table 2 that in comparison with starting material, benzene
concentration in the hydrotreated product increased from 40.5 to 49.0 % wt., and
naphthalene concentration decreased from 24.2 to 10.0 % wt.
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Table 2 — The results of hydrotreatment of the mixture of raw benzene

and coke-chemical tar fraction with boiling temperature 180-230°C

(conditions: 4.0 MPa, 150°C, 0.5 % PdS + Al,O; catalyst in the first zone; 380°C,
Mo/Ni-Raney catalyst in the second zone, weight hour space velocity 2.0 kg/1-h)

Initial mixture of raw benzene and tar Hydrotreated
Parameter fraction with boiling temperature of Product
180-230°C

Liquid products yield, % wt. - 97,5
Gas (C,-C4, H,S, NH;) yield, % wt. - 2,5
Water yield, % wt. - 0,8
Hydrogen flow, % wt. - 1,0
Characteristic of liquid products:
Density, p*%, 0,9356 0,9296
Chemical composition, % wt.:
saturated hydrocarbons 0,6 3,2
Benzene 40,5 49,0
thiophen and methylthiophens 0,7 No
Toluene 13,1 13,5
Xylenes 4,0 49
Ethylbenzene 0,7 0,9
Cy aromatic hydrocarbons 3,5 4.0
tetralin + methyltetralins - 17,2
naphthalene 24,2 10,0
2-methylnaphthalene 2,2 1,0
1-methylnaphthalene 2,0 0,5
Tionaphthen 0,35 No
Phenols 0,9 No
basic nitrogens 0,7 No
Elemental composition, % wt.:
C 92,06 92,15
H 6,65 7,85
S 0,15 <0,001
N 0,58 <0,003
o 0,56 No

With the purpose of increasing the high-purity benzene and naphthalene
yield, and for destruction of saturated carbohydrates that prevent their complete
isolation at fractionation, the obtained hydrotreated mixture was exposed to high-
temperature hydrogenation (Table 3). 5 % MoO; + zeolite HNaY was used as a
catalyst, in the presence of which the process proceeds at temperature 475-500°C,
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instead of 600-650°C for known production catalysts containing chrome com-
pounds. Temperature decrease prevents the formation of carbonaceous deposits
on the catalyst surface. The results of high-temperature hydrogenation of hydro-
treated raw material are given in table 3.

Table 3 — The results of high-temperature hydrogenation of hydrotreated raw material (conditions:
4.0 MPa, 500°C, weight hour space velocity 1.0-1.2 kg/I'h, catalyst 5 % MoO;+HNaY)

Tetralin concentration in raw material, %
Parameter

17,2 6,5
Liquid products yield, % wt. 95,7 96,6
Gas (C,-Cy) yield, % wt. 6,3 4,2
Hydrogen flow, % wt. 1,0 0,8
Coke content on the catalyst, % wt. 2,4 3,6
Pure product yield at precise fractionation, % wt.
Benzene 56,1 51,2
Naphthalene 22,1 23,7

Note. Benzene concentration in raw material 40,5-49,0 %.

It is seen from table 3 that the yield of hydrogenates for both raw material
types is rather close (95.7 and 96.6 %, respectively) but coke settling in the raw
material catalyst containing the reduced amount of tetralin (6.5 %) is 1.5 times
higher in comparison with raw material containing 17.2 %.

At hydrogenation of raw material with higher tetralin content, slight H-donor
destruction is observed and naphthalene yield is decreases by 1.6 %. Although, it
is not so significant when taking into account the effect of coke formation
reduction on the catalyst. Benzene, isolated from hydrogenate by precise fractio-
nation, has crystallization temperature 5.4°C, density p*’s; = 0.8878, refractive
index n*’p = 1.5011, sulfur content — less than 0.002 % which conforms to the
requirements of standard for high-purity benzene for organic synthesis; naph-
thalene has crystallization temperature 80°C, sulfur content — less than 0.001 %.
For the reason that no full transformation of raw material into benzene, naphtha-
lene and gas per one raw material run occurs, aromatic carbohydrates C;-Cy and
Cy; should return to the process into the amount from 30% as recycle benzene and
naphthalene after benzene and naphthalene isolation. At this, benzene and
naphthalene yield increases by 1.4 and 1.9% for both raw material types, respec-
tively, due to hydrodealkylation and hydrocracking of aromatic carbohydrates.

Thus, it can be said on the basis of the completed studies on studying high-
temperature hydrogenation (hydrodealkylation) of the mixture of coal tar pitch
distillate fractions and raw coke-chemical benzene that adding the catalyst (0.5 %
PdS + ALO; in the first zone; 380°C, Mo/Ni-Raney catalyst in the second zone)
has a positive impact on benzene formation but does not contribute to naphthalene
yield.
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TAC KOMIP ITAMBIPLIHBIH JIUCTUIUISTTH] ®PAKLISIIAPBI MEH HINKI
KOKCOXUMUSUIBIK BEH30JI KOCTIACBIH KOFAPBI TEMITEPATYPAJIA
TUJIPOTEHM3ALVSIIAY (TUJPOAEAJIKUIIIEY)

Tac xeMip MANBIPEIHBIH TUCTHIISATHI XKOHE IIMKI KOKCOXUMHUSIIBIK OCH30JI KOCIACHI-
HBIH JKOFapbl TEMIIEPATYPaNIbIK THIPOTeHU3AIMACHIH JKYPri3yIiH HETi3ri TeXHOIOTHSIIBIK
napameTpiiepi xacanabl. Cy Oybl KaThICBIHIA JIIBIH aJla Ta3alaHFaH MIalbIpabiH K.T. 180-
230 °C ¢pakiusicbl MEH IUKI KOKCOXUMISUTBIK O€H30J1 KOCTIACHIHBIH THAPOT €HU3ALMSUTBIK
MIPOLIECIHIH KOJaWbl Karnaimapsl aHelKTanapl. 5 % MoO; + neonmr HNaY karanm3a-
TOpBI KATBICBIHJA THAPOTa3aJlaHFaH KOCMACBIH >KOFapbl TeMIEpaTypablK THIPOreHu3a-
IMsAIAN KPUCTALIIAHY TeMIepaTypachl +5,35-5,45°C, kykipr memmepi 0,002% GonaTsia
Ta3aJIBIFbI XKOFAPbl OCH30JT aJIBIH/IBI.

Tyiiin ce3aep: KOKCOXMMUSUIBIK IIAWbIp, KaTaiau3aTopiap, OeH30i, HadTajvH,
THIPOTCHU3AIIHS.

Pe3rome
K. K. Kaupb6exos, A. C. Manonemnes, H. T. Cmazynosa, A. H. Cabumosa, H. Camoicanog

BBICOKOTEMIIEPATYPHAA TUIPOI'EHU3ALIA .
(I'MAPOAEAJIKMJIMPOBAHUE) CMECHU JUCTUJUIITHBIX ®PAKIINN
KAMEHHOVYTOJIbHOU CMOJIbI 1 CBIPOI'O KOKCOXNMMNYECKOI'O BEH30JIA

Pa3paboTaHbl OCHOBHBIE TEXHOJOTWYECKHE TMapaMeTphl IPOBEIEHHS BBICOKOTEM-
neparypHoil ruaporeHn3anuy (THAPOJeaIKHIMPOBAHNS) CMECH JTUCTHILIATHBIX (paKiui
KaMEHHOYT'OJIbHOIl CMOJIBI U CBIPOTO KOKCOXMMHYECKOro OeH3ona. OIpeneneHsl ONTu-
MaJlbHbIE YCIOBUS Mpoliecca THAPOreHN3alUN IPEeBApUTENbHO THAPOOUUIIIEHHOW CMeCH
(pakiuii KaMEHHOYTOJIBHOW CMOJIBI U CHIPOT0 KOKCOXMMHYECKOro OeH3ona ¢ T. kur. 180-
230 °C B npucyTcTBUM BOASHOro mapa. ITyrem BbICOKOTEMIIEpAaTypHON TMAPOreHU3ALUN
THIPOOUUILEHHON CMECH B MPUCYTCTBUU KaTtanu3aropa 5 % MoO; + neonut HNaY nomy-
4eH BBICOKOUMCTEIA OEGH307 C TeMmIepaTypoil kpuctammmsammu +5,35-5,45°C, comep-
xanueM cepsl 0,002%.

KnroueBble cjloBa: KOKCOXMMHYECKAsi CMOJIA, KaTalM3aTOPBI, OCH30J, HA(TAIHH,
THIPOTCHU3AITHS.
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SYNTHESIS OF DIHYDROXYALKYLCYCLOPENTADIENES

Abstract. Alkylation of cyclopentadiene with dihydric alcohols of the C,-Cy4 series
in the presence of an alkaline catalyst in a molar ratio of 1 : 2 in good yield have been
carried out. The physico-chemical parameters of the synthesized products are determined.
The structure of adducts is confirmed by modern physico-chemical methods of analysis.

Key words: alkylation, dihydric alcohols, cyclopentadiene.

It is known that dihydric alcohols can be used as alkylation agents of various
classes of organic compounds and the results of similar studies are described in a
number of scientific publications [1-14]. These studies describe the use and study
of the mechanism of reactions involving alkylating agents used to convert
carboxylic acids to esters, phenols to arylphenols, enols to enol esters and thiols to
thioethers.

In work [1] a new synthetically convenient method of obtaining compounds
interesting from the pharmaceutical point of view, based on alkylation of oxindole
with diols, proceeds according to the scheme:

= 1500C

o + HO-Z-OH ————
S HOH
HN
Z-0H
_— o

X HN

Z = (CH,); (yield 66 %)
Z = (CH,)s (yield 72 %)

The monoalkylation of aniline and benzylamine with diols has been studied,
leading to the formation of important 5-, 6- and 7-membered nitrogen-containing
heterocycles used in pharmaceutics [2].

In work [3] it is reported that sulfonamides are mainly used as antibacterial,
diuretic, anticolvus and hypoglycemic drugs. In the alkylation of sulfonamides
with 1,4-diols in the presence of trifluoromethanesulfonic anhydride, the reaction
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proceeds in moderate conditions in high yields to form N-sulfonylpyrrolidine
derivatives, which are the structural basis of a number of biologically active
compounds.

— . 0\540
g

OH

T£,0(20mol.%

toluol,120°C
OH

Toluene, xylene, DMF, DMSO for 23-57 hours were used as a solvent. The
yield of products was 68-96%. The following diols were used:

I
P Ua ~on Ph/\ “on o
OH > on k/OH > OH

Patent [4] describes a process for the alkylation of ortho-disubstituted
phenols with a, w-alkanediols containing 3 to 8 carbon atoms in the presence of
an alkali metal hydroxide or alkoxide at a temperature of 200 to 300°C with the
continuous removal of the by-product of water upon its formation.

The selective N-alkylation of primary amines by diols, promoted by an iri-
dium catalyst supported on a metal oxide [5], was carried out.

An effective method of N-alkylation of tryptamine and phenethylamine using
alcohols and diols as an alkylating agent was proposed [6]. The reaction proceeds
through catalytic electron activation involving an iridium catalyst that activates
the alcohol by borrowing the hydrogen atom from the substate, returning it later
in the catalytic cycle.

N-alkylation of amines and ammonia with monohydric alcohols and diols has
been studied with the aim of obtaining new biologically active compounds in the

presence of transition metal complexes (Ir, Ru, Cu, Fe, Pd), in the complex part
2.5 mol. % [Ru (p-cymene) CL,], [7].

H kat.
R-NHz + R-N

HO
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The review [8] presents the reactions of hydrogenation, addition, N-hetero-
cyclization, and also alkylation involving alcohols and diols in the presence of an
iridium catalyst that acts as a hydrogen acceptor from the alcohols forming
iridium hydride, which is the key intermediate.

The simple ruthenium complexes stable to air and moisture, which are
effective catalysts for alkylation of amines with the use of alcohols and diols [9],
are synthesized according to the scheme:

OH kat.150°C
R-NH, + -
> (3,
OH

n=1-3 yield=99 %

NN
A
N R/
N '\"””lu/ Cl
Cl

X
N
I

R2

catalyst - ‘

R', R? — isopropyl, benzyl

The reaction proceeds at a temperature of 130°C for 18 hours in the absence
of a solvent. This environmentally friendly method can serve for the synthesis of
pharmaceutically important amines.

Friedel-Crafts alkylation of simple aromatics (toluene, benzene, o-, m- and p-
xylenes) by various diols in the presence of very strong trifluoromethanesulfonic
acid was studied [10]. It has been found that 1,2- and 1,3-diols lead to the for-
mation of unexpected products of predominantly monoalkylation. Thus, bis (1-
methyl-2-phenyl) propyl ester forms in the reaction with 2,3-butanediol, and 2,4-
dimethyl-2,4-pentanediol results in the formation of mono- and di-tert-butyl
substituted benzenes. Higher homologues of diols, in turn, undergo electrophilic
cycloalkylation with the formation of tetralin derivatives with high selectivity and
good yields. By-side primary alkylation processes are monoalkylation to form
alkylbenzenes and diphenylalkanes.

Direct amination of amines by mono- and dihydric alcohols in the presence
of complexes of transition metals, in particular Ru, Pd, Ir [11]. However, recently,
iron complexes have been used as a catalyst for this purpose. In this paper,
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monoalkylation of anilines and benzylamines with diols is carried out, leading to
the formation of 5-, 6- and 7-membered heterocycles of nitrogen, which are the
structural units of a number of pharmaceutical preparations.

New water-soluble iridium complexes were synthesized and used as a
catalyst in the multi-alkylation reaction of aqueous solutions of ammonia with
alcohols [12]. It was shown that the catalyst exhibits a high activity in this
reaction. When 1,5,9-nonantriol was used, quinolizidine was synthesized.

NH
3 ~ IS
NH3—; Ir—
NH;4 —

In the work [13] describes the catalytic alkylation of heteroarenes using
mono- and dihydric alcohols as soft alkylating agents. The following diols were
used:

O/\/\ /\/\
H OH HO Me

These reactions are the key stages in the synthesis of such drugs as fasudil
and mildrinone.

Alkylation of aniline with vicinal diols was carried out in the presence of a
catalytic ruthenium complex RuCl; (PPh; or xanthos) [14].

1
= ‘ HO__ /R 170°C,24r //\
R—

|
X ’ HO/\R2 \/

Thus, a review of literary reports shows that dihydric alcohols, as well as
their monoatomic representatives, are often used in organic chemistry in alkyla-
tion reactions as an alkylating agent.

In this connection, in the continuation of our previous reports [13-16], we
carried out the alkylation of cyclopentadiene with dihydric alcohols of the C,-Cy4
series in a molar ratio of 1: 2 according to the scheme:

@ +  OH-CHyCHyOH —>

CH,-CH,-OH

HO-H,C-H,C
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Experimental part

Physic-chemical parameters of the starting compounds are presented in table 1.

Table 1 — Physicochemical properties of the starting compounds

Compounds T. melt., °C T. boil, °C M, np 2 d,”°
Dicyclopentadiene 32,5 172 (destr.) 132 1.5005 0.8280
Cyclopentadiene -97 42 66 1.4450 0.8050
Ethanediol-1,2 -132 197.2 62 1.4319 1.1140
Propandiol-1,2 - 60 187.4 76 1.4326 1.0363
Butandiol-1,4 20 235 90 1.4463 1.0170

The IR spectra of the starting and synthesized compounds were taken on a
UR-20 spectrophotometer in the 700-4000 cm™ region. NMR'H spectra were
recorded on a Bruker WP-400 instrument (400 MHz). Chemical shifts are deter-
mined with respect to TMS, solvent CgDs.

The synthesis of the desired products was carried out according to the follo-
wing procedure. A reaction flask equipped with a mechanical stirrer, a dropping
funnel, a Dean-Stark nozzle with a condenser and a thermometer was charged
with the calculated amount of the corresponding diol and 87% KOH solution.
Before heating, a portion of DCPD was added to the reaction mixture. Then, the
heating was adjusted to 200°C. After the water starts to collect in the Din-Stark
nozzle, the remaining portion of the calculated amount of DCPD is added
dropwise within 1.5 hours. After the end of the addition of the DCPD, the reaction
mixture was heated for 4 hours. After cooling, the mixture was washed with wa-
ter, hexane, dried over MgSO, and distilled under vacuum (p = 25 mm Hg). The
corresponding di-n-hydroxyalkylcyclopentadiene was obtained.

Physic-chemical parameters of synthesized di-n-hydroxyalkylcyclopenta-
dienes are presented in table 2.

Table 2 — Physicochemical properties of synthesized dihydroxyalkylcyclopentadienes

Compounds Thoir, °C / mm Hg M, np?° d,”°
Di-hydroxyethylcyclopentadiene 148-50/50 154 1,4250 0, 9850
Di-hydroxypropylcyclopentadiene 153-55/50 182 1,4435 0,9875
Di-hydroxybutylcyclopentadiene 165-68/50 210 1,4750 0, 9820

Figures 1-3 show IR-spectra of synthesized di-n-hydroxyalkylcyclopenta-
dienes.
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Figure 1 — NMR spectrum of dihydroxyethylcyclopentadiene

In the spectrum, absorption bands characteristic of the CH, group in the radi-
cal 2.15 (), 3.55 (B) are observed; CH, groups in the 2.90 ppm cycle, as well as
for the CH (in the ring) groups, 6.20 ppm. and OH groups 4.20 ppm.

-
! Ef}{}i
.

42
§aes
¢!
]

o
|
e

Figure 2 — NMR spectrum of dihydroxypropylcyclopentadiene

In the spectrum, absorption bands characteristic of the CH, group in the 2.20
radical are observed, and also for the CH groups (in the cycle), 6.40 ppm, 6.50
ppm. and OH groups of 4.30 ppm.
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Figure 3 — NMR spectrum of dihydroxybutylcyclopentadiene

In the spectrum, absorption bands characteristic of the CH, group in the
radical 2,15 () are observed; 1,30(B); 1,52(y); 3,45(0); 1,85(a); 1, 39(B); 1,56(y);
3,60(d), and also for the CH, groups (in the cycle) 2.90 ppm, the CH groups (in
the cycle) 6.25 ppm, and the OH groups 4.20 and 4.70 ppm.

The compounds obtained are synthones for the synthesis of the correspon-
ding di-n-hydroxyalkylcyclopentanes, which can be obtained by hydrogenating
the di-n-hydroxyalkylcyclopentadienes synthesized in this paper and used as
additives to synthetic oils.

REFERENCES

[1] Volk B., Mezel T., Simig G. Raney nickel induced 3-alkylation of oxindole with alcohols
and diols // Synlett. 2002. N 5. P. 595-597.

[2] Yan T. Iron catalyzed alkylation and N-heterocyclization of amines with alcohols // Abstr.
of ISGC, Groningen, Holland, 16-19 may 2016. P. 42.

[3] Ting Y., Lan-Jun Q., Dong M. N-alkylation of sulfonamides with alcohols by Tf,0 // Bull.
Chem. Soc. Japan, 2015. N 88. P. 610-612.

[4] Pat. US 4260852A, 1981 Alkylation of 2,6-di-tertalkylphehols with alkanediols Parker D.,
Kline R.

[S] Tateyama K., Hiroki M., Kenji W. Selective N-alkylation of primary amines with diols
promoted by metal oxide-supported iridium catalysts // Proceedings of Annual/Fall Meeting of the
Japan Petroleum Institute. 2012. P. 127.

[6] Car-Kobeci G., Statfard P., Whittlesey M. N-alkylation of phenethylamine and tryptamine
// Bioorganic and Medicinal Chemistry Letters. 2005. Vol. 15, N 3. P. 535-537.

[7] Yang Q., Wang Q., Zhengkun Y. Substitution of alcohols by N-nucleophiles via transition
metal-catalyzed dehydrogenation // Chem. Soc. Rev. 2015. Vol. 44. P. 2305-2310.

65



XUMWYECKHH )KYPHAJI KA3AXCTAHA

[8] Yasushi O., Yasutaka I. Iridium-catalyzed reactions involving transfer hydrogenation,
addition, N-heterocyclization and alkylation using alcohols and diols as key substrates // Synlett.
2011.N 1. P. 30-51.

[9] Shan S., Xiaoke X., Dang T. Benzimidazolin-2-ylidene N-heterocyclic carbene complexes
of ruthenium as a simple catalyst for the N-alkylation of amines using alcohols and diols // RSC
Advances. 2015. N 6. P. 239-241.

[10] Malnar A., Tarak B., Bucsi I. Alkylation of aromatics with diols in superacidic media //
Topics in Catalysis. 1998. Vol. 6, N 1-4. P. 9-16.

[11] Yan T., Feringa B. Iron catalyzed direct alkylation of amines with alcohols // Nature Com-
munications. 2014. N 5. P. 5602-5607.

[12] Kawahara R., Fujita K., Yamaguchi R. Multialkylation of aqueous ammonia with alcohols
catalyzed by water-soluble Cplr-ammine complexes // J. Amer. Chem. Soc. 2010. Vol. 132, N 43.
P. 15108-15111.

[13] 1Jian J., MacMillan D. Alcohols as alkylating agents in heteroarene C-H functionalization
// Nature. 2015. Vol. 525. P. 87-90.

[14] Petersen L. Iridium- and ruthenium-catalyzed N-alkylation of amines with alcohols and
amines // PhD thesis, Technical University of Denmark. 2012. 137 p.

[15] Gasanov A.G., Azizov A.G., Memmedova A.M., Ayyubov 1.G. Synthesis of perspective
hydrocarbons for synthetic lubricants with a high viscosity characteristic // International Journal of
Emerging Engineering Research and Technology (India). 2015. Vol. 3, N 11. P. 92-96.

[16] Gasanov A.G., Azizov A.G., Memmedova A.M., Ayyubov L.G. Synthesis and charac-
terization of di-n.hexylcyclopentane // International Journal of Scientific Engineering and Applied
Science (India). 2016. Vol. 2, N 2. P. 335-337.
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JUTNJIPOKCUAJIKUJILUKIIONIEHTAAUEHAEPAI CUHTE3IEY

1:2 MOJBIIK KATBIHACBHIHAA CIITLTIK KaTanu3aTopAblH KatbicybiMeH C,-C, KaTapbl-
HBIH €KiaTOMJBI CHHUPTIMCH [UKJIONCHTAINCHI alKWIILy XKy3ere achpbuiabl. CHHTE3-
JIENTeH OHIMICPIiH (PH3UKa-XUMHUSIIBIK KOPCETKIIITEPi aHBIKTAIIBL. ANTYKTEPIiH KYpBI-
JBIMBI 3aMaHayH (PU3UKa-XUMUSITBIK Taliay SHicTepiMeH aHBIKTaIFaH.

Tyiiin ce3nep: alkuiaey, eKiaTOM/bI CIIUPTTEP, IIUKIOICHTA [HCH.

Pe3rome
A. I Tacanos, A. M. Mameoosa, U. I'. Aiobos, C. T. Anuesa, U. M. Mameoosa
CUHTE3 JUT'NAPOKCUAJIKUIILUKIIOIIEHTAJMEHOB

OcCyIIeCTBICHO AIKWIMPOBAaHNE IMKJIONEHTAIMECHA JBYXaTOMHBIMH CIIUPTaMH DPA-
ma C,-C4 B TIPHCYTCTBUH IIEIOYHOTO KaTalM3aTopa B MOJBHOM COOTHOIIEHWH [:2 ¢
XOpOIIUM BBIXOJIOM. OrmpeznenieHbl (HH3UKO-XUMUYSCKUE MOKA3aTeNIl CHHTE3UPOBaHHBIX
npoaykToB. CTpoeHHE aJTyKTOB MOJTBEP)KACHO COBPEMEHHBIMH (DPU3MKO-XHUMHYCCKHUMH
METOZaMH aHAJIH3a.

KiaioueBble ciioBa: AJTKUJIMPOBAHUEC, IBYXAaTOMHBIC CITMPTHI, HTUKJIOIICHTAANCH.
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SEMIPERMEABLE MEMBRANES FOR MEMBRANE TECHNOLOGIES

Abstract. The review shows membrane technologies based on the principle of baro-
membrane processes (microfiltration, ultrafiltration, nanofiltration, reverse osmosis are
considered and are increasingly used in industrial use and household purposes). Their
main feature is the presence of a semipermeable membrane based on ceramics, polymers
or nanocarbon materials with selective permeability for certain components of the sepa-
rated mixture (charged metal cations, molecules of organic substances, bacteria, viruses).

Keywords: membrane technology, microfiltration, ultrafiltration, nanofiltration,
reverse osmosis.

Ion exchange membranes play a leading part in an electrodialyzer, and the
performance of an electrodialyzer strongly depend on the characteristics of ion
exchange membranes. In order to operate an electrodialyzer effectively, it is
necessary to understand the membrane characteristics definitely [1].

The separation of substances by membranes is essential in industry and hu-
man life. Of the various separation membranes, the ion exchange membrane is
one of the most advanced and is widely used in various industrial fields: electro-
dialysis, diffusion dialysis, separator and solid polymer electrolyte in electrolysis,
separator and solid polymer electrolyte of various batteries, sensing materials,
medical use, a part of analytical chemistry, etc. The ion exchange membrane
originated from two different sources: the finding of ion exchange phenomena in
soil and in explaining biological phenomena in cell membranes. The ion exchange
phenomenon was found by the English agriculturist, H.P. Thompson and the che-
mist J.T. Way in 1850, who noted the adsorption of ammonium sulfate on soil as
follows,

Ca-Soil + (NH4),SO4 = 2NH4-Soil + CaS0,

Their finding led to the synthesis of inorganic ion exchangers (aluminosilica-
te corn pounds). Subsequently, the English chemists, B.A. Adams and E.L. Hol-
mes synthesized organic cation and anion exchange resins by the condensation
reaction of phenolic compounds having ionic groups and formaldehyde. D’ Alelio
developed polymerization type ion exchange resins and laid the basis of today's
ion exchange resins [2].

Membrane systems excel because they are precisely tailored to the specific
requirements of the finished product. To date, we have developed four primary
membrane technologies spanning a range of pore sizes that suit numerous ap-
plications, from removing salt to filtering large particulates in viscous fluids.
Reverse osmosis offers the finest degree of separation, followed by nanofiltration,
ultrafiltration, and microfiltration, which has the largest pore size. Membrane
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technologies can also be used in combination, such as ultrafiltration followed by
reverse osmosis for seawater desalination processes. Food, beverage, and general
industrial processes utilize membrane pore size and charge to selectively reject
macromolecules and ionic species [3].

Figure 1 shows membrane technologies that operate on the principle of baro-
membrane processes: microfiltration (MF), ultrafiltration (UF), nanofiltration
(NF) and reverse osmosis (RS).

A
Py
gl

(
b

Figure 1 — Comparison of Membrane Technologies

Microfiltration membranes. MF has significant applications in simple
dead-end filtration for water, sterile fruit juices and wine, and aseptic pharma-
ceuticals. However, not all applications that benefit from MF operate successfully
in the dead-end mode, and a large portion of the MF market has been captured by
crossflow.

The most common of these is the clarification of whole cell broths and
purification processes in which macromolecules must be separated from other
large molecules, proteins, or cell debris. Clarification of dextrose and highly-
colored fruit juices employ MF extremely well. There are also large markets for
MF crossflow filtration in wine production, milk and whey de-fatting, and bre-
wing. As with ultrafiltration, MF systems operate at relatively low pressures and
come in a variety of configurations [3].

MF membranes with pore sizes of 0.1-10 um are used extensively for remo-
ving contaminants from mixed feed solutions and can isolate a targeted product
from such solutions [3, 4]. Commercial MF membranes made from various
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thermoplastic polymers such as polysulfone, polyethersulfone, poly(vinylidene
difluoride) (PVDF), and polyacrylonitrile are used extensively for aqueous feed
streams. However, because of membrane solubility in organic solvents, their
application for solvent-phase separation is somewhat limited. Postcrosslinking
these membranes with suitable chemical agents might prevent the membranes
from dissolving in organic solvents [5]. Another concern is that the postcros-
slinked membranes can become highly swollen in solvents, and this can result in
them losing their separation function and performance. Therefore, organic
solvent-resistant MF membranes are desired for specific applications such as
solvent-phase filtration, oil-water separation, and porous support of composite
membranes [6]; however, recent studies have focused on organic solvent nano-
filtration.

For harsh separation conditions such as high polar solvents and high tempe-
ratures, filtration membranes made of polytetrafluoroethylene (PTFE) and poly-
imide (PI) fabric woven are commercially available. Because of their mechanical
strength and thermal stability, organosoluble PIs may be the most studied poly-
mers for organic solvent nanofiltration [7]. Organosoluble PI-based membranes
are generally prepared through phase inversion processes. However, these mem-
branes remain unsuitable for filtration with feed solution of high polar aprotic
solvents. In one study, PI-based membranes were postcrosslinked to enhance their
stability in filtration operations. By contrast, conventional aromatic PI-based
dense films, which are insoluble in organic solvents, are obtained by casting a
poly(amic acid) (PAAc) solution into PAAc films and subsequently converting
the films into corresponding PI films through thermal imidization. However,
fabricating PI-based porous membranes through a nonsolvent phase separation
process is impossible with a PAAc precursor because of the strong interaction
between PAAc and water (the nonsolvent). To address this problem, Kang et al.
[3, 8] attempted to reduce the interaction between PAAc and water through partial
imidization of the PAAc precursor, and successfully prepared asymmetric PI
membranes. In another such attempt, Chun et al. [8] added PAAc solvent (N,N-
dimethylacetamide [DMAc]) into a coagulation solution to delay the demixing
phase inversion. As not many successive works have been reported on preparation
of solvent-resistant PI-based porous membranes, porous membranes made of
thermosetting resins have been reported [9]. However, applying these membranes
to filtration is rare because of the inconvenience of fabrication and unsatisfactory
membrane properties.

As an alternative to postcrosslinking thermoplastic polymer—based membra-
nes during fabrication processes, crosslinked membranes made of organosoluble
self-crosslinkable polymers are relatively attractive because they can be fabricated
through the conventional process. In the present study, a linear polybenzoxazine
(PBz; figure 2) [10] was utilized because of its self-crosslinking ability, low cost,
and processing property. Moreover, crosslinked PBz exhibits some attractive pro-
perties for membrane separation, including low-surface free energy [11], excellent
solvent resistance, and high thermal stability. Crosslinked PBz-based dense
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membranes for pervaporation and electrospun nanofiber mats for oil-water sepa-
ration and separators for lithium-ion batteries have been reported. In the present
study, porous membranes of linear PBz were obtained through a conventional
vapor-induced phase separation (VIPS) process and subsequently in situ thermally
crosslinked through a simple thermal process (Fig. 2). Additionally, applications
of the crosslinked PBz—based membranes for size-selective particle separation in
organic solvents and for separating surfactant-stabilized oil-water emulsion were
examined [12].

CRPBz
L — Thermally
Casted on glass plate Immersed In water crosslinking
P . :
PBz solution Water vapor treatment PBz-M-X CRPBz-M-X
membranes memhra"es

Figure 2 — Fabrication of cross-linked PBz based membranes

Ultrafiltration membranes. UF is a pressure-driven process that removes
emulsified oils, metal hydroxides, colloids, emulsions, dispersed material, sus-
pended solids, and other large molecular weight materials from water and other
solutions. UF membranes are characterized by their molecular weight cut-off.

UF excels at the clarification of solutions containing suspended solids, bacte-
ria, and high concentrations of macromolecules, including oil and water, fruit
juice, milk and whey, electrocoat paints, pharmaceuticals, poly-vinyl alcohol and
indigo, potable water, and tertiary wastewater [13].

In recent decades, UF has been extensively used in drinking water treatment.
Compared to conventional treatment, UF provides treated water with better qua-
lity. Complete removal of pathogens and particulate impurities can be achieved
with an UF membrane, which significantly improves the biological security of
drinking water. However, although the UF process is recognized as an advanced
technology for producing high-quality drinking water, membrane fouling, which
leads to reduced membrane productivity and increased energy consumption, re-
mains as an obstacle in the long-term operation of UF, particularly in full-scale
waterworks [14].

Natural organic matter (NOM) in surface water, mainly composed of humic
acids (HA), polysaccharides, proteins and lipids, has been identified as the most
problematic membrane foulant and causes severe membrane fouling, particularly
irreversible fouling. Therefore, a variety of pretreatments are adopted prior to
membrane filtration to retard membrane fouling. Organic foulants can be removed
or transformed to a certain extent with pretreatment, and UF membrane fouling is
alleviated to some degree. Widely investigated pretreatments include coagulation,
adsorption, bio-filtration and peroxidation. Coagulation is generally considered

70



ISSN 1813-1107 Ne'l 2018

one of the most successful pretreatments for fouling control, because it can effec-
tively remove the high molecular weight (MW) fraction in NOM, which is prima-
rily responsible for irreversible membrane fouling. However, coagulation is inef-
fective in the removal of low-MW and hydrophilic fractions in NOM, which may
also contribute to membrane pore blocking [15].

Adsorption pretreatment with powdered activated carbon (PAC) or ion ex-
change resins can eliminate low-MW organics and improve feed water quality,
but the high demand for adsorbents 66 may offset the limited benefits associated
with fouling mitigation obtained by adsorption. Moreover, the presence of absor-
bents sometimes aggravates rather than mitigates membrane fouling. For exam-
ple, investigated a hybrid PAC-UF process for surface water treatment and found
that PAC and HA formed a combined fouling layer on the membrane surface,
resulting in a significant synergistic fouling effect [16]. In general, both coagula-
tion and adsorption pretreatment only succeed in transferring NOM fractions from
feed water to the solid phase, and further treatment/disposal of the solid waste is
still required. Although coagulation remains the most popular method for minimi-
zing membrane fouling, pre-oxidation attracts greater interests in recent years due
to its capacity in removing NOM, particularly in the occurrence of emerging orga-
nic contaminants. Among the investigated oxidation methods, ozonation has been
most intensively investigated. However, residual ozone in feed water may be de-
trimental to the membrane material, resulting in accelerated membrane aging [17].

In recent years, an advanced oxidation process (AOP) using activated pero-
xymonosulfate (PMS) or persulfate (PS) has attracted much attention for the de-
gradation of micro pollutants such as pharmaceutical organic compounds, algal
toxins and odor compounds [18, 19]. Sulfate radicals (SOy"), produced via activa-
ting PMS or PS with UV and reducing ions, have very high oxidation capacity
(E¢=2.65-3.1 V) and can degrade both NOM and micro pollutants [20]. Hence, it
is reasonable to assume that oxidation pretreatment with activated PMS or PS
would contribute to NOM fouling control during surface water treatment using
low-pressure membrane filtration. To our knowledge, there are only two reports
involving the control of membrane fouling by model foulants and NOM with
PMS pre-oxidation activated by ferrous ions (Fe (II)). Fe (II)/PMS pretreatment
(15uM) was demonstrated to effectively alleviate fouling caused by humic acids
and alginate, but fouling caused by bovine serum albumin was aggravated except
when applied at an increased PMS dose (50 uM) was applied [21]. For surface
water, NOM was effectively removed via dual mechanisms, i.e., pre-oxidation
with sulfate radicals and coagulation with in situ formed Fe (III), resulting in sub-
stantial reductions in organic compounds, particularly for macromolecular frac-
tions, and thus increased membrane permeability and fouling reversibility [13,
21]. Despite great performance in fouling control, the Fe (II)/PMS pretreatment
may increase sludge due to precipitation of ferric flocs, particularly for practical
applications. To address this issue, an ultraviolet-activated persulfate (UV/PS)
process is alternatively put forward for UF membrane fouling control in this
work. UV irradiation, which is widely applied in disinfection for both drinking
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water and wastewater effluent, is a relatively cleaner activation method for the
generation of sulfate radicals compared to Fe (II). In addition, the UV/PS process
proves to be effective in degrading a variety of emerging organic compounds such
as sulfamethoxazole, methyl paraben, haloacetonitriles. In terms of fouling con-
trol performance and the mechanisms involved, the UV/PS pretreatment has not
yet been systematically investigated [22].

The objective of study [13] was to evaluate the performance of a combined
process of UV/PS and UF for surface water treatment. To gain insight into the
effects of UV/PS pretreatment on membrane fouling, the amounts and characte-
ristics of NOM before and after pretreatment were systematically compared using
fluorescence spectra, MW distribution and hydrophobicity/hydrophilicity. More-
over, filtration tests were performed using a continuous-flow immersed UF sys-
tem, which could better simulate practical applications. The fouled membranes
were further analyzed with scanning electron microscopy (SEM) and attenuated
total reflection-Fourier transform infrared spectroscopy (FTIR) to gain more
insight into mechanisms for NOM fouling control via UV/PS pretreatment.

In this study, the effects of UV/PS oxidation on UF membrane fouling by
NOM in surface water were investigated. The following conclusions can be
drawn:

1. NOM in surface water was substantially degraded by UV/PS pretreatment
with UV254 and DOC decreases of 97% and 58%, respectively, within 120 min at
a PS dose of 0.6 mM. UV-adsorbing fractions in NOM were preferentially degra-
ded.

2. A four-component model described the fluorescent EEM spectra of NOM
well and the dominance of C3 over other components was verified in terms of
fluorescent intensity. UV/PS pretreatment was most effective in removing
tryptophan-like proteins, followed by microbially derived humic-like substances.

3. UV/PS pretreatment significantly retarded irreversible UF membrane
fouling (~75%) caused by NOM. The performance of fouling control conside-
rably improved at increased PS doses and extended UV irradiation times.

4. Mechanisms for NOM fouling control using UV/PS pretreatment include
the preferential removal of hydrophobic fractions and degradation of medium-
MW and high-MW compounds into hydrophilic small molecules, which were
significantly smaller than the membrane pores.

A combined UV/PS system, in which PS was activated by UV irradiation to
generate reactive radicals such as SO4-~ and HO- via Eq. (1) — Eq. (3), was em-
ployed to pretreat the river water [22, 23]. Figure 3 (a) shows a schematic
diagram of the oxidation reactor. The oxidation reactor consisted of a cylindrical
reactor coated with silver paper, a low pressure mercury UV lamp with a quartz
tube pro-viding principal light emission at 254 nm, a peristaltic pump to maintain
solution circulation, and a thermostatic water-bath to stabilize water temperature
at 20 £ 1 °C. The height and inner diameter of the reactor were 28 and 9 cm,
respectively. The UV lamp, which was placed in the centerline of the cylindrical
reactor axially along the length of the reactor, was immersed into feed water to
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Figure 3 — Schematic diagrams of the oxidation reactor and immersed UF system

enhance penetration of UV light. The incident light intensity of the UV lamp was
determined 0.44 uE L' s™ as by iodide-iodate chemical actinometry. The average
fluency rate was estimated to be 1.54 mWem™ using an integrated form of the
Beer-Lambert law. The lamps were warmed up for 15 min prior to reaction to
ensure a stable output. In this work, PS was applied at the doses of 0, 0.05, 0.1,
0.2, 0.4, and 0.6 mM. The UV irradiation time was investigated within a range of
0-120 min, corresponding to a UV fluency range of 0-1.1x105 mJ cm™. To
quench the residual oxidants, Na,S,0; were added into samples immediately after
sampling at the stoichiometric doses of PS applied. The terminator dose was
equivalent to the concentration of added PS according to the stoichiometric
criteria.

ey 2 OV .
Sa0g" — 250 0 =14 (1)
S0;7 +0H™ - S027 + HO k=65x 107 M~ 151 ()
SOy + HyO — HSOF™ + HO' k=83 M 157! 3)
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An immersed UF experimental system was described in detail in our pre-
vious work. The system was comprised of a membrane tank, a high-level tank, a
peristaltic pump, a pressure transducer, a programmable logic controller and a
personal computer (figure 1 (b)). Tiny membrane modules with an effective mem-
brane area of 21.7 cm® were fabricated in the lab. Before use, the membrane
module was thoroughly cleaned with deionized water to remove organic residue
on the membrane surface. The multi-cycle UF experiments were performed under
a constant permeate flux 35 Lm™ h™'. Each UF cycle consisted of min filtration
and 1 min backwashing at 70 Lm™ h™' with the permeate water. The trans-mem-
brane pressure (TMP) was automatically logged by an online pressure transducer.
Fouling resistances were calculated by equation. The raw water and pretreated
water were stored in feed tanks and continuously fed into the UF systems. Filtra-
tion tests were performed in triplicate.

Nanofiltration membranes. NF functions similarly to reverse osmosis, but
is generally targeted to remove only divalent and larger ions. Monovalent ions
such as sodium and chloride will pass through a nanofiltration membrane,
therefore many of its uses involve de-salting of the process stream (figure 4).

In the production of lactose from cheese whey, for example, NF concentrates
lactose molecules while passing salts, a procedure that purifies and concentrates
the lactose stream. In water treatment, NF membranes are used for hardness
removal (in place of water softeners), pesticide elimination, and color reduction.
It can also be used to reclaim spent NaOH solutions, in which case the permeate
stream is purified NaOH, allowing reuse many times over.

- s,
fi Nanofiltration \

Semipermeable Membrane

Figure 4 — NF system
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High water permeability and rejection of solutes are features which make NF
membranes economically viable in water softening applications, attractive for
water purification and removal of harmful organic solutes from water [24].
However, theirs in general hydrophobic selective layer facilitates adsorption and
the transport of organic solutes [25], which often results with inadequate removal
of, for example pesticides, pharmaceuticals and endocrine disrupting compounds,
and limits their practical use [26]. Rejections of non-hydrophobic or ionized
organics are generally higher than those of non-ionized hydrophobic solutes due
to much lesser solute affinity toward membrane, or charge repulsion through NF
membranes. The latter was confirmed in a recent study of authors [27] on the RO
(SWC1) membrane, where it was shown that non-ionized phenolic solutes enter
the selective layer, and freely partition inside by an order of ten, even if solute
radius is close to the radius of the pore. Moreover, it was shown that sorption of
organics in the selective layer is unfavourable because it changes membrane
characteristics in terms of both salts and water permeability.

Authors [28] correlated membrane surface hydrophilicity with membrane
fouling and it can be assumed that rejection of at least some of organics could be
improved by rendering the membrane surface more hydrophilic. Furthermore,
authors [29] found that RO membranes, declared as low fouling, are resistant to
fouling in terms of specific flux decrease over time. It is widely accepted today
that commercial brackish water RO membranes declared as low fouling, such as
BW30 and LFC, have increased oxygen content and are probably coated [30].
Our past study also found [31] that LFC membrane was more resistant to fouling
in terms of irreversible pesticide adsorption and flux decrease compared to other
membranes.

Many studies focused on surface modification of membranes [32, 33] while
the general benefits of modifications are permanently reduced membrane fouling
[34] and increased rejection of proteins or organic solutes and salts. But, accor-
ding to authors’ knowledge very few were focused on a mechanism which could
explain why membranes became better rejecting to some organic solutes while
rejections of some solutes remain the same or even decrease. This study aimed at
proposing a plausible way to study such mechanism. Commercial thin film NF
membrane, NF270, was coated with a thick layer of polyvinyl alcohol (PVA) and
the rejections of various organic solutes of different sizes and physicochemical
properties were studied before and after the addition of PVA layer. Pesticides,
bentazone and tebuconazole, were used in this study as model compounds which
represent an entire class of high affinity, non-ionized and hydrophobic com-
pounds such as bisphenol A and hormones.

NF performance as a function of feed temperature is relevant to several in-
dustrial settings including pretreatment for scale control in thermal desalination.
Understanding of solute transport as a function of temperature is critical for
effective membrane and system design. In wotk study, nanofiltration is modeled
at 22, 40 and 50 °C using the Donnan Steric Pore Model with dielectric exclusion
(DSPM-DE). This modeling includes the temperature dependence of the three
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modes of solute transport, namely the convective, electromigrative, and diffusive
modes, and the three mechanisms of solute exclusion, namely Donnan, steric, and
dielectric exclusion. The effect of temperature is captured through the variation of
membrane parameters and solvent and ionic mobilities with temperature. Authors
compare the most abundant ionic compound in natural water, sodium-chloride
with magnesium-chloride to portray how the salt passage and rejection change for
a 1:1 salt compared to a 2:1 salt, and analyze Arabian Gulf seawater to understand
how rejection of scale-forming ions, such as Mg*" and Ca®", is affected by feed
temperature. In all cases, solute transport increases with temperature, attributed
predominantly to the cumulative effect of membrane parameters and only to a
small extent (up to 5%) to the solvent viscosity and ion diffusivity together [35].

In work [36], polysulfone (PSf) substrates with different properties were
made by varying the polymer concentration in the dope solution in the range 12—
20 wt.%. Polyamide (PA) thin layers were then formed via interfacial polymeri-
zation between piperazine and trimethylchloride over the PSf substrates. Both top
PA thin layers and bottom PSf substrates were characterized with respect to phy-
sicochemical properties, structural morphology, and water flux/salt rejection to
investigate the influence of substrate properties on the characteristics of PA thin
layers. Physical properties of the PA layers were reported to be altered using
different PSf substrate properties and were in good agreement with the change in
water flux. From the FESEM pictures, it is found that the thickness of PA layer
increased as the surface pore size of support membrane decreased. The change in
the membrane structural properties in particular pore size is found to portray
significant contribution to the changes of formed PA layer. Interestingly, only
slight changes on Na,SO4 and MgSO, salt rejection were reported on any TFC
membranes. Considering both water permeability and salt rejection rate, the best
performing TFC membrane produced in this work was the membrane made over
substrate of 15 wt.% PSf concentration.

Reverse osmosis membranes. RO membranes feature the smallest pores and
involve, appropriately enough, the reversal of osmotic pressure in order to drive
water away from dissolved molecules. Strictly speaking, RO is not a size exclu-
sion process based on pore size; it depends on ionic diffusion to affect separation.
One of its common applications is seawater desalination, in which pure water is
produced from a highly saline feed stream, similar to evaporation with far better
economy (figure 5).

RO is also used in cheese whey concentration, fruit juice concentration, ice
making, car wash reclamation, wastewater volume reduction, and other industrial
processes, with the goal of producing a pure filtrate (typically water) or retaining
the components. Because the osmotic pressure of many process streams is quite
high, RO membranes must operate at pressures of 400-1,200 psi (29-83 bars),
which restricts available membrane geometries.

Desalination, especially the RO membrane technology, has been recognized
as an effective purification technology to supply potable water from seawater and
wastewater. Compared with the thermal technology desalination, the RO techno-
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Figure 5 — Schematic diagram of a typical RO system

logy requires less energy input. However, the RO technology is still a high-energy
consumption industry. High-pressure pumps are applied to feed the seawater
through the RO membrane module at a high pressure, ranging from 6 to 8 MPa.
This causes a large amount of consumption in electricity cost, 40% in the overall
operating cost [37]. Thus, the energy recovery device (ERD) has been proposed to
recover the high-pressure energy from the brine reject stream and deliver the
high-pressure energy back to the seawater stream. These devices can significantly
decrease the electricity consumption and improve the RO system efficiency.
Based on their working principle, ERDs can be categorized as the turbine-type
device and the isobaric device [38, 39]. Due to applying positive displacement
principle [40], the isobaric ERD can achieve higher energy recovery efficiency
than the turbine-type ERD [41-43]. The rotary-type ERD (RERD) and the piston-
type ERD are two types of isobaric ERDs nowadays [44, 45]. Figure 6 shows a
typical RO system equipped with a RERD [46].

During the energy recovery process of the ERED, the seawater stream is
pressurized directly by the brine reject stream in a rotor duct [40]. Because there
is no physical piston between the seawater stream and the brine reject stream in
the rotor duct, the RERD can achieve a highest energy recovery efficiency. The
PX Pressure Exchanger device is one of the typical commercial product of the
RERD, which can achieve an energy recovery efficiency of up to 98% [47]. Ho-
wever, for lack of the physical piston, the seawater stream will directly contact
with the brine reject stream, resulting in a formation of a mixing zone between the
two streams. The mixing zone increases the salinity of the seawater stream which
would be supplied into the RO membrane module, leading to higher electricity
consumption of high-pressure pumps in the RO system [46]. Therefore, much
research has been carried out on the effect of flow dynamics on the mixing
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process. Mei et al. [48] performed a theoretical research on the efficiency of a
RERD. They found that the longitudinal diffusivity affected the mixing rate in the
duct under the laminar flow condition. Cao et al. [49] numerically explored the
mixing performance and the flow pattern. They pointed out that the mixing rate
could be controlled at a low value when the flow pattern in the duct was closed to
a plug flow. In work [50] authors performed a 2D simulation to investigate the
flow characteristic in the duct. The simulation results showed that the rotor speed
and the working condition could affect the formation and movement of the mi-
xing zone. They suggested that the characteristic of the mixing zone should re-
gard as a key factor on the performance of a RERD to guarantee the salinity of the
seawater stream. Xu et al. [51] researched the mixing process in the duct with a
3D simulation. The flow structure showed a liquid piston formed between the
seawater stream and the brine reject stream. The liquid piston prevented these two
streams over mixing with each other. From the aforementioned discussion, it is
reasonable to conclude that the flow structure and the formation of the mixing
zone have a direct influence on the mixing process. However, due to the high-
speed rotation of the duct, none of the foregoing literature has investigated the
flow structure or the formation of mixing zone with experimental methods, such
as the particle image velocimetry (PIV) measurement.

The purpose of the experiment reported here was to research the detailed
flow characteristics in the duct. A visualization apparatus of a RERD (hereinafter
abbreviated as V-RERD) was proposed to measure flow structures in the duct by
a two-dimensional (2-D) PIV measurement. For easy measurements, this visuali-
zation apparatus was set with a single stationary duct and two rotary endcovers in
this experiment. The experiment results may be beneficial to better understanding
flow dynamics and the mixing zone formation during the working process.

In work [52], a visualization apparatus of a RERD with a stationary duct and
two rotary endcovers, employing the same working principle as the typical rotary-

78



ISSN 1813-1107 Ne'l 2018

type ERD, was proposed to visualize the flow structure in the duct. A 2-D PIV
measurement was performed to directly measure flow characteristics.

According to experiment results, an "entrance effect" can be observed in the
duct, resulted from the relative rotation of the endcover and the duct. It caused the
formation of unstable flows with three-dimensional structures at the duct en-
trance. In addition, it led to a higher turbulence intensity level in the vertical plane
than that in the horizontal plane. The liquid piston, a stable flow region with
almost uniform velocity magnitude and low turbulence intensity, can be clearly
identified in the middle section of the duct, effectively preventing the mass trans-
fer between the seawater stream and the brine stream. From instantaneous flow
fields, the vortex evolution was captured at the duct entrance and the duct exit.
Due to the repeating sequence of the vortex formation, expansion and motion in
the working cycle, the turbulence intensity increased significantly, which may
result in an increase in the mixing degree between the two streams and eventually
degrade the RERD performance. These experimental results can be used to vali-
date numerical predictions as well as for designing purposes. In the future, more
experimental research needs to be carried out to clarify the fundamental mecha-
nism of the pressure recovery and mass transfer.

Ion exchange membranes emerging as renewable materials play prominent
roles in promoting the development of traditional industry and innovative energy
technologies. To date, most of the attention has been focused on exploring promi-
sing materials, developing diverse preparation methods, and expanding a wide
variety of applications related to ion exchange membranes. Over the past ten
years, such field has significantly bloomed and a large number of achievements
have been gained. To date, there are a tremendous number of ionic polymer can-
didates available for the preparation of various kinds of ion exchange membranes,
including cation exchange membranes, anion exchange membranes, monovalent
ion perm-selective membranes, mixed matrix membranes, and bipolar mem-
branes. Although progresses in exploring new ion exchange membranes are
prominent, there are still a few challenges, which need to be urgently addressed.
For example, the chemical stability of the membranes should be promoted
furthermore to ensure the longevity of their lifetime in various applications.

This work performed on the grant of the Committee of Science of the Mi-
nistry Education and Science of the Republic of Kazakhstan No. AP05131439 on
the theme “Synthesis and modification of nanostructured ion-exchange membra-
nes and the creation on their basis of innovative water treatment systems”.
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MEMBPAHAJIBIK TEXHOJIOTUAJIAPFA APHAJIFAH
JKAPTBIJIAY ©TKI3IIIITI MEMEPAHAJIAP

[lony makanmaceiHna OapoMeMOpaHanbIK yaepicTep (MUKpodMIBTpanus, yiabTpa-
¢unbTpanusi, HaHOQUIBTpaNKUs, Kepi 0CMOC) KaFuAaTTapblHA HETI3IEIreH >KOHE OHep-
KOCINITIK Maianany/a jkoHE TYPMBICTBIK MaKcaTTapAa Wi IMaimaaaaHbUIaTelH MeMOpa-
HaJIBIK TEXHOJOTHsUIAp KapacThlppUiFaH. IloimMmepnep, kepamuka HeMece HaHOKOMIp-
TEKTI MaTepHaigap HeETi3iHAe OeiHEeTIH KOCMAHBIH OeNTilli KOMIIOHCHTTEepi OOMBIHIIA
(MeTanmmap/pIH 3apsATajfaH KaTHOHIAPbl, OPTaHUKAIBIK 3aTTapiblH MOJCKYJIAIAPBI,
OaxTepusiiap, BUpycCTap) TalFaMIbl ©TKI3TIIITIr Oap *KapTeUIald ©TKI3Till MeMOpaHaHBIH
00ITyBI ONapABIH 0aCTHI epeKIIeNiri OOIBIT TA0BIIA B

Tyiiin ce3aep: MeMOpaHaJIbIK TEXHOIOTHIIAP, MUKPODUIBTPALIUS, YIABTpaPHIbTpa-
1Us1, HAHO(MITBTPALIKS, KEPl OCMOC.
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Pesome
E. E. Epzoocun, T. K. Yanos, T. B. Kospueuna, E. A. Menvnuxos

[OJIYITPOHUITAEMBIE MEMBPAHBI
JJII MEMBPAHHBIX TEXHOJIOT'MN

B 0030pHOiT cTaThe paccMOTpPEeHBI MEMOpaHHBIE TEXHOJIOTHH, paboTaromue IIo
NPUHIUITY 6apoMeMOpaHHBIX TPoIeccoB (MUKPO(MIbTpalys, yabTpaduibTpalys, HaHo-
¢bunbTpanus, oOpaTHBI 0CMOC) U TIOJTy4aroliue Bce OoJblliee MPUMEHEHHE B MPOMBIIII-
JIEHHOCTH M OBITOBBIX OeAax. I'maBHOM MX 0COOEHHOCTBIO SBIISIETCS HAIMYKE IMOJIYITPOHH-
aeMoi MeMOpaHbl Ha OCHOBE TIOJIMMEPOB, KEPAMHUKH MJIM HAaHOYTJIEPOJHBIX MaTepuaioB
C CEJICKTMBHOM IPOHUIIAEMOCTHIO 110 ONPEEeICHHBIM KOMIIOHEHTaM pa3ieisieMol cMech
(3apspKEHHBIE KaTHOHBI METAJUIOB, MOJIEKYJbl OPraHMYeCKHX BELIECTB, OAaKTEpUH, BH-
PYCHI).

KnioueBsbie ciioBa: MeMOpaHHBIE TEXHOJIOTUH, MUKPO(MIBTpaIys, yIbTpaduiabTpa-
1ust, HaHO(MIIbTpays, 0OpaTHBIH ocMoc.
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Institute of Petrochemical Processes, National Academy of Sciences of Azerbaijan, Baku

STUDY OF INFLUENCE THE TEMPERATURE
ON THE REACTION OF DIENESYNTHESIS OF MONOESTERS
OF NORBORNENDICARBONIC ACID ON THE TOTAL
AND OPTICAL YIELD OF THE ADDUCT

Abstract. The influence of temperature of Diels-Alder reaction between cyclopen-
tadiene and monoesters of maleic acid to the yield of obtained adducts has been studied.
The optimum conditions of reaction have been founded. It is showed that at low tempe-
ratures the total yield of adduct has been decreased, but its optically yield increased. The
increasing of temperature lead to increasing of total yield. But optically yield is decrase.

Key words: cyclopentadiene, diene synthesis, monoesters of maleic acid, norborne-
nedicarboxylic acid.

It is known that maleic derivatives are one of the classical dienophiles in the
reaction of diene synthesis and a huge amount of work has been done in this di-
rection. However, research in this field continues to develop intensively and the
search for new applications of the adducts obtained remains relevant to this day.
Thus, the kinetic regularities of a second-order reaction between cyclopentadiene
and a series of dienophiles, including maleic anhydride and N-phenylmaleimide,
were studied in [1]. It is shown that in the dioxane medium, the reaction rate
constant for maleic anhydride is 1.22-10" 1 / mole ¢, and for N-phenylmaleimide
1.22-10™" 1/ mole c, respectively, while the optimal rate for maleic anhydride is 2,
45-10° 1 / mole ¢, and for N-phenylmaleimide 2,30-10° 1 / mole s. The authors
note that the yield of the adduct in the case of maleic anhydride is 99.5%, and for
N-phenylmaleimide, respectively, exceeds 99.8%.

The reaction of anthracene-9-methanol and maleimide in an aqueous medium
under the conditions of "green chemistry" was studied in [2]. It is shown that in
this reaction water serves not only as a solvent but also as an active catalyst. The
reaction proceeds according to the scheme:

O
O HN
O
v
. T

OH
OH
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The authors studied in detail the effect of solvents and the duration of the
reaction on the yield of the adduct.

Solvent Duration, h Yield of adduct, %
Heptane 4 42
n-Propanediol 4 47
Dioxane 4 51
H,O 1 78
H,0 / LiCl 0,5 87
H,0 /NaCl 1 76

In [3], the rate constants of the reaction of diene synthesis between cyclo-
pentadiene (CPD) and various dienophiles, including those of maleic series, were
calculated. The authors give the results of the studies in table 1.

Table 1 — The values of the rate constants of Diels-Alder reactions
between cyclopentadiene and certain dienophiles

Diene Dienophile Configuration of adduct Rate constant, 1/mol ¢
CPD Maleic anhydride endo 0,008
CPD Maleic anhydride exo 0,002
CPD N-maleimide endo 0,001
CPD N-maleimide exo0 0,024
CPD Di-n-propylmaleat endo 0,005

Diene condensation of maleic anhydride with isoprene in various media (ethyl
ether, butanol, isopropanol, diphenyl ether, dichloromethane, dioxane, ace-tone,
benzene, nitrobenzene, nitromethane, chloroform, THF) has been studied [4].

In continuation of these studies, diene condensation of CPD with various
dienophiles of the maleic series has been studied [5]. The reaction was carried out

at a temperature of 800°C. The authors give the results of the studies in table 2.

Table 2 — The yields of diene condensation adducts of the CPD with various maleic dienophiles

Diene Dienophile Yield of adduct, %
CPD Maleic anhydride 67
CPD Maleimide 70
CPD N-phenylmaleimide 80
CPD Diethylmaleat 43

In [6], the Diels-Alder reaction of CPD with maleic anhydride was studied at
room temperature in the absence of a solvent with the formation of an endo-
adduct in quantitative yield.
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The Diels-Alder reaction of 2-methoxybutadiene with maleic anhydride in
the presence of chiral Lewis acids (Al, B, Ti, Cu, La, Mg, etc. complexes), pro-
ceeding according to the scheme [7]:

O 0
/
| NR— N—R
MeO MeO
O o)

The yield of the adduct was 98%, e.e. 93%.

In [8], diene condensation of 2,4-hexadiene-1-ol with maleic anhydride was
studied. The structure of the obtained isomeric adducts was confirmed by IR and
NMR spectroscopy.

The Diels-Alder reaction of a chiral cyclohexene derivative with N-phenyl-
maleimide was studied according to the scheme

II\{I—Benz
AcO 0 AcO
/ d
+ | N—Ph —
(0]

The authors note [9] that the ratio of endo: exo isomers is 4.4: 1, and the
yield of the adduct is 53%. The reaction was carried out in a 1M solution of
CDCl; at a temperature of 250°C for 7 days.

The reaction of diene furo [3.4-b]-benzodioxin synthesis with various dieno-
philes, including maleic anhydride, is described in [10] and the formation of
stable bis-adducts is shown.

Diene condensation of allocymene with maleic and citraconic anhydride has
been studied, leading to the formation of preferentially endo-adducts [11]. As a
result of these reactions, new synthetic sesquiterpenoids were synthesized. The
structure of the adducts obtained is confirmed by X-ray spectroscopy.

In [12], the [4+2]-cycloaddition of substituted Al- and Mg-cyclopenta-2,4-
diones with dienophiles such as maleic anhydride, N-methylmaleimide and 1,4-
benzoquinone was investigated.

Thus, a review of these reports shows that studies in the field of studying
diene condensation based on maleic dienophiles continue to develop intensively
and are of great scientific and practical interest. In connection with this, our stu-
dies have synthesized monoesters of norbornenedicarboxylic acid by the reaction
of diene synthesis of cyclopentadiene and maleic acid monoesters, and optimi-
zation of this process has been carried out.
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Results and discussions

The aim of this work is to develop a regression mathematical model with the
subsequent solution of the optimization problem, as well as to study the process
of obtaining racemic and optically active forms of mono-esters of norbornene
dicarboxylic acid on this model.

The synthesis of the optically active forms of the corresponding compounds
was carried out in the presence of a catalyst, a chiral menthol complex with
aluminum chloride in a benzene solvent medium according to:

COOR .o
KaT
i —mil 28,38 (4)
COOH COOR

COOH
[ II-VvI VII - X1

R =1 - C3H; (I1; VII); i - C3H; (11, VIID); 1 - C,Hy (IV; 1X); i - C4Hg (V; X);

(VI; XI)

cat.* — AIC1,OMent
temperature — -40 : +20°C
solvent — C4Hg;
Physic-chemical parameters and yields of synthesized adducts are presented
in table 3 [14].

Table 3 — Physico-chemical parameters of synthesized monoesters of norbornene dicarboxylic acid

0

Compound | Configuration Brutto- LC d 42;0 > 020
formule melt. boil. (mm.Hg) g/ml D

VI 28, 3S (+) CpH Oy | 140-142 _ _ _
VIII “r CoH 604 138-139 - - -
IX “ C3H 304 135-137 — - -

X “ C3H 304 138-139 — _ _

X1 “ Ci5Hy0O04 115 — — _

To find the optimal conditions that ensure the maximum total and optical
yields of the compounds was obtained, the influence of temperature and the ratio
of the catalyst: dienophile was studied. The molar ratio of the catalyst: dienophile
was varied from 0.25: 1 to 0.5: 1, the reaction temperature was changed in the
range (-) 50: (+) 40°C.

The results of studies using isopropyl monoester of norbornenedicarboxylic
acid (III) are presented in table 2, 3.
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Table 2 — Effect of temperature on the total yield of the isopropyl monoester

of norbornenedicarboxylic acid

Temperature, Molar ratio Total yield of adduct,
°c catalyst : dienophile %
-50 05:1 77
-40 05:1 79,8
-30 05:1 82
-20 05:1 84,5
-10 0.5:1 87
0 05:1 89
10 05:1 93
20 05:1 96
30 05:1 99
40 05:1 99
-50 03:1 79
-40 03:1 81
-30 03:1 83
-20 03:1 85
-10 03:1 87
0 03:1 89
10 03:1 91
20 03:1 92,5
30 03:1 94
40 03:1 99
-50 0.25:1 78,5
-40 0.25:1 80
-30 0.25:1 82
-20 0.25:1 84,2
-10 0.25:1 86

0 0.25:1 88,6
10 0.25:1 91
20 0.25:1 93,5
30 0.25:1 96,5
40 0.25:1 99
-50 02:1 77,5
-40 02:1 79
-30 02:1 81
-20 02:1 83
-10 02:1 85
0 02:1 87
10 02:1 89
20 02:1 92
30 02:1 94,5
40 02:1 97,4
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As can be seen from table 2, the greatest yield of the adduct is observed in
the region of positive temperatures o f 30-40 C, whereas at low temperatures the
total yield of the adduct decreases.

Table 3 — Effect of temperature on the optical yield of the isopropyl mono ester of

norbornenedicarboxylic acid

Temperature, Molar ratio Optically 1 yield of adduct,
°c catalyst : dienophile %
-50 05:1 65
-40 05:1 60,5
-30 05:1 57
-20 05:1 55,1
-10 05:1 54,6
0 05:1 55,6
10 05:1 58
20 05:1 62
30 05:1 67
40 05:1 74
-50 03:1 95
-40 03:1 86
-30 03:1 78
-20 03:1 72
-10 03:1 68
0 03:1 63,5
10 03:1 61,5
20 03:1 61
30 03:1 62
40 03:1 64,5
-50 0.25:1 97,2
-40 0.25:1 87
-30 0.25:1 78
-20 0.25:1 70
-10 0.25:1 64,5

0 0.25:1 60
10 0.25:1 57
20 0.25:1 55
30 0.25:1 54,8
40 0.25:1 56
-50 02:1 97
-40 02:1 85,5
-30 02:1 75,4
-20 02:1 67
-10 02:1 60
0 02:1 54
10 02:1 50
20 02:1 47
30 02:1 45,8
40 02:1 45
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From figure 2 it follows that the optimal optical yield of the adduct is ob-
served in the region of negative temperatures (-) 50°C at a molar ratio of 0.3: 1 to
0.2: 1. Under these conditions, the optical yield of the isopropyl monoester of
norbornene dicarboxylic acid is 95-97%.

With the help of the developed mathematical model in the form of a regres-
sion polynomial adequately describing the experimental data, optimal values of
the reaction input variables were found: catalyst: dienophile ratio equal to 0.3: 1,
temperature equal to (+) 40°C at which the maximum yield of the isopropyl mo-
noester of norbornene dicarboxylic acid was 99 %. However, under these con-
ditions, the optical yield of adduct was 64.3%. The maximum optical yield of
adduct (97.2%) is observed at a temperature of (-) 50°C and a catalyst: dienophile
ratio of 0.25: 1, but the total yield of adduct is 78.5%.
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HOPBOPHEHANKAPBOH KbIIIKbIJIBIHBIH MOHO2®UPJIEPIH
JUEH/I CUHTE3IEY PEAKLIMACBHI TEMITIEPATYPACBIHBIH AJJAYKTIH
JKAJITIBI )KOHE OITTUKAJIBIK IHBIFBIMBIHA ©CEPIH 3EPTTEY

[{uksIonIeHTaqMeH MEH MaJIeHH KbIIIKBUIBIHBIH MOHO3(bHUpIIepi apackiHaars! Juibca-
ANbIep peaxkuusAchl TeMIlepaTypachlHbIH aJbIHFAH aJyKTep/iH IIBIFBIMBIHA dCepi 3epT-
Teni. Peaknms KyWiHIH OHTAMIBl XKaFgaiaaphl aHBIKTAIIbl. TOMEH TeMIIEpaTypajiapia
QJITyKTiH KaJIIbl IBIFBIMbI a3aTHIHBI, Al OHBIH ONTHKAJBIK IIBIFBIMbI aPTATHIHBI KOpPCE-
tinni. TemnepaTypa apTKaH CalblH aJIyKTiH JKaIIMbl IBIFBIMBI apTalbl, all ONTHKAIBIK
IIBIFBIMBI TOMCHICH]TI.

Tyiin ce3mep: IHUKIONEHTAIWUCH, AWCHAI CHHTE3, MaJIeMH KBIIIKBUIBIHBIH MOHO-
a¢upnepi, HOpOOPHEHANKAPOOH KBIIKBLIEI.

Pezrome

A. I'. T'acanos, 2. I Mameobetinu, U. I'. Arobos, U. M. Mameoosa,
M. M. I'ypbanosa, A. M. Mamedosa

U3YYEHUE BJIMAHWSA TEMITEPATYPBI PEAKIIMN TUEHOBOI'O CUHTE3A
MOHO5®1POB HOPBOPHEH/IMKAPBOHOBOU KUCJIOTHI
HA OB U OIITUYECKHWU BBIXO AJAYKTA

Wzyueno BiumsHUE TemmepaTypel peakiuu Juiabca-Anbiaepa MEXIy IHKIONCH-
TaJAUCHOM M MOHO3(HPAMH MAJICHHOBOH KHCIIOTHI Ha BBIXOJ NMOJYYEHHBIX aJTyKTOB.
OmpenencHbl ONTUMAIBHBIEC YCIOBHS MPOBEACHUS peaknuu. [lokazaHo, YTO MPH HU3KUX
TeMIepaTypax OOLIMI BBIXOJ aJgyKTa YMEHBINAETCS, TOTa KaK ero ONTUYCCKUNA BBIXO[
Bo3pacraeT. C yBeJIMYEHUEM TeMIIepaTypbl OOIINI BBIXOJ a1 yKTa 3aKOHOMEPHO BO3pac-
TaeT, a ONTHYECKHUH BBIXOJ] CHHKAETCS.

KnioueBbie ci10Ba: UKIIONEHTAIMEH, TUSHOBBIH CHHTE3, MOHOY()UPHI MalIEHHOBOMH
KHCIJIOTHI, HOpOOPHEHAMKApOOHOBAs KHCIIOTA.
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FLUOROPHENYL-CONTAINING A-AMINOPHOSPHONATES:
SYNTHESIS AND STRUCTURE

Abstract. Novel a-aminophosphonates 1-3 were synthesized by the one-pot three
component reaction of equimolar quantities of dimethylphosphite, diphenylmethyl-
piperazine and a carbonyl component (4, 3 or 2-fluorobenzaldehyde) in benzene at reflux
conditionsfor 30 h viaKabachnik-Fields reaction in high yields (82.9-90.3%). The prog-
ress of the reaction was monitored by thin layer chromatography analysis. The chemical
structures were established by the physico-chemical methods as IR, 'H, *C NMR and
elemental analyses.

Key words: a-aminophosphonates, fluorophenyl, Kabachnik-Fields reaction, syn-
thesis, structure.

The a-aminophosphonate fragment is a universal pharmacophoredue to the
spectrum of biological activity exhibited by the compounds having this structural
unit. Studies are underway to develop new synthetic methods for the preparation
of a-aminophosphonates [1-3]. The attractiveness of the chemistry of this family
of compounds is explained by the fact that a significant number of derivatives of
a-aminophosphonates are used in medicine as antiviral [4] antifungal, antibac-
terial [5] and antitumor drugs [6-8] inhibitors of enzymes [9], antibiotics and
pharmacological agents [10]. It addition theaminophosphonates are valuable inter-
mediates for the preparation of medicinal and agriculture compounds, reagents for
the recovery of metal ions, etc.

In the present workthe problem of introducing a fluorophenyl group into a
molecule having an aminophosphonate fragment is solving.

Interest tofluorophenyl derivatives is dictated by their pharmacological po-
tential — in particular, fluorophenyl is a part of the known neuroleptics haloperidol
[11], droperidol [12], melperone [13], some antiseptic and antipsychotic agents.
Although organofluorine compounds are practically not found among natural
products, it is interesting to note that about 25% of pharmaceutical drugs contain
at least one fluorine atom. Thus, there are nine new synthetic preparations out of
thirty-one approved in 2002 for pharmaceutical production, contain fluorine [14-16].

Synthesis of aminophosphonic acids derivatives is an active research field,
and many methods are currently available. Among the synthetic approaches to
aminophosphonates, one of the most important methods is the Kabachnik-Fields
reaction [17, 18]. This reliable method for the synthesis of aminophosphonates is
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a three-component reaction ofa carbonyl compound, primary or secondary amine
and dialkyl or trialkylphosphites.

To continue Research related to the synthetic design of potential bioactive
nitrogen heterocycles carried out in the laboratory of the Synthetic and Natural
Medicinal Compounds Chemistry, pharmacophorediphenylmethylpiperazine [19]
was used as the initial amine component, which is a synthetic analogue of natural
alkaloids. The interaction of diphenylmethylpiperazine with p-, m- or o-fluoro-
benzaldehydes and dimethylphosphite under the conditionsof the one-pot reactor
three-component classical Kabachnik-Fields reaction in benzene at 80°C, using a
Dean-Stark trap to divert the obtained water from the reaction zone by distilling
its azeotrope— water+benzene, leads to the target a-aminophosphonates 71-3:

O\:P/OCH3 Q
|O . H OCH;
+ le) benzene N o) OCH
__/ N,
L~ X

p Y H
|

The yields and physico-chemical characteristics of a-aminophosphonates 7-3
are presented in table 1. a-Aminophosphonates 1-3 were prepared with the yields
of 82.9-90.3% after long time boiling (for 30 hours).

Table 1 — The yields and physico-chemical characteristics
of dimethyl[(4-benzhydrylpiperazin-1-yl)(p-, m- and o-fluorophenyl)methyl]phosphonate

) Calculated for C¢H30FN,O5P
Compound Yield, | R¢* Tonelting,, Found, %

0, 0,
& ¢ C H N P F

b,

Qs

0_OCH;

66,65 6,45 5,98 6,61 4,06
66,83 6,62 6,03 6,92 3,83

7,

82,9 | 0,56 72

-

O_OCH;3
OCH;

66,65 | 645 | 598 | 661 | 4,06

857 1033 >3 66,74 | 6,69 | 6,11 | 659 | 4,10

Q%

66,65 6,45 5,98 6,61 4,06
N 0_0CH; 5 5 5 5 5
LN RocH, 90,3 0,48 %8 66,56 6,51 5,83 6,77 3,99
( E H
F

-0 - 90 - 90

Note: * —Al,03, eluent hexane: chloroform1:3.
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The structure of synthesizedcompounds 1-3 were established by IR,'H and
C NMR. In the IR spectra (figure 1), the peaks at 1507-1588 cm™'were attributed
to the absorption of C = C of the aromatic ring, 1227-1287 cm™ to C-N, 1035 to
1022 cm™ to P = O and 754 to 769 cm ™' to -P-C.
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4- P g,
& &
{ So r =3
1 < -
3 5 o 8., ©
2 s 3 8 S 2 B3
< - g N < [f“’ Lo S [E o
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1035,4

Abs

Abs

2500 2000
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Figure 1 — The IR spectra
of dimethyl[(4-benzhydrylpiperazin-1-yl)(p-, m- and o-fluorophenyl)methyl]phosphonate

The proton (figure 2) and the carbon spectra of fluorophenyl-containing
benzhydrylpiperazineaminophosphonates?-3 differed by signals of protons and
carbons in the "aromatic" region, associated with the position of the fluorine atom
in the benzene ring. Signals in the area of 0.75-1.25 ppmwere in the axial protons
of the piperazine cycle, the equatorial ones were 2.25-2.75 ppm.

The methoxy protons resonated at 3.75 ppm. The methine proton adjacent to
the phosphorus atom resonated in the region of 4.25 ppm, analogous to the
benzhydryl group - 5.0 ppm (for n- and m-F), in the o-F signal the signal was
shifted to a weaker field (5.8 ppm). All aromatic protons resonated in the region
of 7.1-8.0 ppm, but they differed greatly in signalsform.

A similar character,as similar carbon signals of the piperazine fragment,
methine and methoxy groups, only the difference in the signals of aromatic car-
bons, was observed in the °C NMR spectra.

The most informative proof of the structure of the synthesized systems
werethe carbon >C NMR spectra of 4-benzhydrylpiperazine aminophosphonates
(table 2).
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Table 2 — *CNMRspectra of 4-benzhydrylpiperazineaminophosphonates 1-3

Chemical shifts (CDCl3), 8, ppm
Compound Cc-2, C-3, CH(P) (CoHs),
c6 | cs | (m | ®OCHs | GHLF (CHN)
UOPOOCC: sl | 538 | 675 | 53.0-539 | 1158-166.1 | 127.8-142.1
1 @” ’ (75.4)
F
O 517 | 533 | 680 | 529545 | 116.7-164.8 | 126.1-146.9
2 C;“ ) (76.1)
F
O oo 52.1 | 537 67.6 | 52.6-53.8 | 117.2-163.8 | 116,2-162,2
3 @Hoc“i (77.5)
F

The carbon composition completely corresponded to the expected compo-
sition of the synthesized dimethyl[(4-benzhydrylpiperazin-1-yl)(p-, m- and o-
fluorophenyl)methyl]phosphonates 1-3. Strong-field signals of double intensity at
51.1-52.1 and 53.3-53.8 ppm belong to the carbon atoms of the piperazine (C-2,
C-6 and C-3 and C-5) cycle. In the same area at 52.6-54.9 ppm the signals of the
carbon atom of the dimethylphosphoryl fragment of P(O)(OCH;),were observed.
The low-field region is "populated" with aromatic carbon atoms. The methine
carbon CH(P) resonated at 67.5-68.0 ppm. A similar signal of the benzhydryl
group appeared in the region of 116.2-162.2 ppm.

Experimental

The reaction and the individuality of the compounds were monitored by TLC
on alumina oxide of Il activity (eluent hexane: chloroform 1:3) with the
appearance of spots by iodine vapor. The IR spectra were recorded on a Nicolet
5700 spectrometer in a thin layer between the KBr plates. NMR spectra in CDCl;
are recorded on a JNM-ECA400 spectrometer, Jeol (Japan), an operating fre-
quency of 400 MHz (‘H) and 100 MHz (C"C).

Synthesis of dimethyl[(4-benzhydrylpiperazin-1-yl) (p-fluorophenyl)methyl]-
phosphonate (1). 3 g (0.0185mol) 1-Benzhydrylpiperazine, 3.46 g (0.018 mol) of
p-fluorobenzaldehyde and 1.7 ml of dimethyl phosphate in 185 ml of benzene
were placed in a flask equipped with a Dean-Stark trap and a reflux condenser.
The mixture was stirred for 20 min at room temperature. With constant stirring,
the reaction mixture is heated at the boiling point of benzene. After distillation of
the solvent, the residue was repeatedly washed with hot hexane. 4.62 g (82.9% of
theory) of dimethyl[(4-benzhydrylpiperazin-1-yl)(p-fluorophenyl)methyl]phos-
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phonate was isolated from the hexane fraction, m.p. 72°C (transparent needle-like
crystals).

Synthesis of dimethyl[(4-benzhydrylpiperazin-1-yl)(m-fluorophenyl)methyl]-
phosphonate (2).3 g (0.0185 mol) 1-Benzhydrylpiperazine, 3.4 ml (0.018 mol) of
m-fluorobenzaldehyde and 1.7 ml of dimethyl phosphate in 185 ml ofbenzene
were placed in a flask equipped with a Dean-Stark trap and a reflux condenser.
The mixture was stirred for 20 minutes at room temperature. With constant stir-
ring, the reaction mixture is heated at the boiling point of benzene. After distil-
lation of the solvent, the residue was repeatedly washed with hot hexane. 3.96 g
(85.7% of theory) of dimethyl [(4-benzhydrylpiperazin-1-yl)(m-fluorophe-
nyl)methyl]phosphonatewas isolated from the hexane fraction, m.p. 58°C
(transparent needle-like crystals).

Synthesis of dimethyl [(4-benzhydrylpiperazin-1-yl) (o-fluorophenyl)methyl]
phosphonate (3).3 g (0.0185 mol) 1-Benzhydrylpiperazine, 3.4 ml (0.018 mol) of
ofo-fluorobenzaldehydeand 1.7 ml of dimethyl phosphite in 185 ml of benzene
were placed in a flask equipped with a Dean-Stark trap and a reflux condenser.
The mixture was stirred for 20 minutes at room temperature. With constant stir-
ring, the reaction mixture is heated at the boiling point of benzene. After distil-
lation of the solvent, the residue was repeatedly washed with hot hexane.5.03 g
(90.3% of theory) of dimethyl[(4-benzhydrylpiperazin-1-yl)(o-fluorophenyl)me-
thyl]phosphonate was isolatedfrom the hexane fraction, m.p. 98°C (transparent
needle-like crystals).

Conclusion. Novel a-aminophosphonates with fluorophenyl moiety by the
reaction of aldehyde, 1-benzhydrylpiperazine and dimethyl phosphatehave been
synthesized. These fluorinated aminophosphonates could be very interesting for
their biological activity, because a-aminophosphonate derivatives are important
building blocks in organic synthesis of biologically active compounds.
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OTOPOEHMIIAL 0-AMUHOPOCDPOHATTAP:
CHHTE3I XXOHE K¥PbUIbICBI

Kana a-amuHodocdonarrap -3 yir KOMIOHEHTTI «one-poty PEakIUsIChl OOWBIHIIIA
9KBUMOJISIPIIBI MOJIIEpAeTi TUMEeTHI(OCHHUTTIH, AUPESHUIMETIINUIIEPA3UHHIH KOHE Kap-
OOHWIIB/II KOMIIOHEHTTIH (4, 3 HeMece 2-propoensanbaerun) oenszonna 30 car. Kabaunuk-
dunnc peakuuschl KariaiiblHIa KallHATy apKbUIbl JKOFaphl IIbIFBIMMMeEH (82,9-90,3%)
cuHTe3/enl. Peakuust OarbIThDKYKa KabaTThl Xpomarorpadus ouiciMeH OaKbUIAHIBI.
Xumusursikkypsineiv UK, 'H, °C SIMP sxome sneMenTTicapantaMa CHAKTHI (hH3HKA-XH-
MUSUTBIK 9/IICTEPMEH aHBIKTAJJIBI.

Tyiin ce3aep: o-ammHODOChoHaTTAp, PTOpdermn, Kabaunank-Ounac peakiuscsl,
CHHTE3, KYPBUIBIM.

Pe3zrome
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T. M. Ceiinxanos, K. /1. Ilpanues, K. /[. bepaun, B. K. IO

OTOPOEHUWICOJEPXKXAIINE a-AMUHOD®OCDOOHATHI:
CHUHTE3 1 CTPOEHUE

Hosrle a-amuHOMOCOHATEI 1-3 OBUTH CHHTE3WPOBAaHBI C BBHICOKHMH BBIXOJIAMH
(82,9-90,3%) m3 >KBUMOJSIPHBIX KOJIMYECTB AuMeTwiadochuTa, nudeHuIMeTHInnnepa-
3WHA W KapOOHUIIFHOTO KOMITOHEHTa (4, 3 mnu 2-gropbeH3anpaernaa) B yCIOBUAIX OTHO-
PEaKTOPHON TPEXKOMIIOHEHTHOW Kiaccuieckor peakmun Kabaunuka-duica, KuIis-
yeHueM B OeHzosie B TeueHue 30 4. Xoj peakmuu KoHTponupoBaiu Metomom TCX.
XuMuyeckasi CTpyKTypa Oblla yCTaHOBJICHA (PH3MKO-XUMHUecKuMu Metonamu — MK, 'H,
13C SIMP u snemenTHbI aHATH3.

KiroueBnie cioBa: o-amuHodochonatel, propdenmi, peaknus Kadaunuka-du-
ca, CHHTE3, CTPOCHHUE.
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CHIRAL ORGANIC CATALYSTS
IN THE DIELS-ALDER REACTION

Abstract. The analysis of scientific investigations in the field of application of chiral
organic catalysts in the reaction of diene synthesis has been carried out. The directions of
using of synthesized adducts in the different part of industry have been described. The
effect of used catalysts to stereo- and enantioselectivity of reactions have been studied.

Key words: diene synthesis, chiral organocatalysts, optically active compounds.

It is known that chiral organic catalysts find wide application in the reaction
of diene synthesis and a huge amount of work has been done in this direction.
However, research in this field continues to develop intensively and the search for
new chiral organocatalytic systems remains relevant to this day [1-18].

Thus, in [19] new highly enantioselective bifunctional organocatalysts for
enantioselective addition reactions, including [4+2] -cycloaddition reactions, were
developed. These catalysts contain fragments of thiourea and a primary amino
group or amine-sqvaramid groups:

CH; S
N)J\N\\\‘\“ Me / )J\ \\\\‘
H H
NH, NH,

Synthesized catalysts are widely used in the Diels-Alder reaction (DA) for
the synthesis of structured complex spirocyclic skeletons and indolo- and benzo-
quinolizidine derivatives, which belong to pharmaceutical compounds.

An unusual reaction of cycloaddition of 2-pyrones with aliphatic nitroalke-
nes, catalyzed by new bifunctional catalysts based on cinchon alkaloid derivati-
ves, is associated with a cumbersome ethereal group at position 9 [20]. Bicyclic
[2.2.2] -adducts with good yield and high diastereo- and enantioselectivity were
obtained. The isotope effects of the C atom were studied by the C13-NMR spec-
troscopy method and the reaction mechanism was proposed. At the end, the areas
of application of synthesized adducts are shown.

In [21], the Sc (OTY) 3 / bis (oxazoline) complex was proposed as a catalyst
for the asymmetric reaction of DA 2-arylidene-1,3-indanediones with 2-vinyl-in-
doles. It was shown that the reaction is a convenient and important practical ap-
proach to biologically valuable and synthetically advantageous spiro-tetrahydro-
carbazoles in good yield (92%) and high enantioselectivity (ee 94%).
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A bimetallic heme-DNA cofactor containing Fe and Cu centers was syn-
thesized as new hybrid catalysts for stereoselective synthesis, in particular for DA
reactions [22].

Enantiomeric and periselective D-A reactions were performed with the
participation of nitroalkenes in the presence of catalysts that are donors of a
helico- chiral double hydrogen bond [23]. As a diene, 5-substituted pentamethyl-
cyclopentadiene was used:

-1 Y/
NO, NO,

The reaction was carried out in a CH,Cl, medium at a temperature of (-78°)
C for 20 hours and in the presence of 10 mol% % of catalyst

where -BArF24 is tetrakis [3,5-bis(trifluoromethyl) phenyl] borate.

The authors note that the yield of the adduct in this reaction was 70-84%, and
e.e. 67-70%.

In [24], chiral supramolecular B-containing Lewis acids were obtained from
chiral 3-phosphoryl-1, 11-bis-2-naphthol, (2-cyanophenyl) boronic acid and tri
(pentafluorophenyl) borane containing CN ... B coordination bonds and PO ... B.
It is shown that these catalysts increase the acidity of the active site in the Lewis
acid. They were tested in the DA reaction between acrolein and cyclic (acyclic)
dienes, proceeding in good yield and high enantioselectivity.

It was noted in [25] that the asymmetric D-A reaction is one of the con-
venient and effective methods for obtaining optically active compounds, for the
production of which various kinds of catalysts are widely used. Most often,
complexes based on Schiff bases and transition metal ions, in particular the Salen
complex, are used. Chiral salen ligands can easily be synthesized from enantio-
merically pure diamines and two moles of salicylic aldehyde or its derivatives.
Mn, Cr, Co, V, Cu, Ti, Ru, Pd, Au, Zn and Al are used as the transition metals.
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Chiral sulphinamide urea together with the cochlear-an a chiral strong
Bronsted acid (o-nitrobenzenesulfonic acid) was used as a catalyst system in the
(4 + 2) -cycloaddition of N-arylimines with electron-enriched olefins, such as
vinyllactams and dihydropyrroles [26]. These catalysts have been successfully
applied for the synthesis of tetrahydroisoquinolines, which form the basis of a
number of natural and synthetic biologically active compounds, such as marti-
nellin, skueryrin and tubocurarine.

Chiral polyoxometallate-imidazolidinones were used as catalysts for the D-A
reaction between cyclopentadiene and crotonaldehyde in [27]. The reaction was
carried out in the presence of 5 mol. % catalyst in a medium of 0.5 M CH2CI2 for
3 days according to the scheme:

@ +/\/\O — 7 + 7
-CHO é ;2/

The yield of adducts ranged from 45-95%, e.e. 46-54%, the ratio of exo-endo
isomers was 2: 1 to 1: 3.

In [28], phosphorylated imidazolidinones were used in the asymmetric D-A
reaction involving 1,2-unsaturated aldehydes with good yield and high
enantioselectivity.

(S) - (-) - 2- (0-hydroxyethyl) benzimidazole and (S) - (-) - 2- (a-hydroxy-
benzyl) benzimidazole were used as chiral Bronsted bases in the DA reaction
between anthrone t maleimide in moderate conditions [29].

It is shown that chiral C-H acids during the silylation reaction generate
silicon carbanion, which is an extremely active acidic Lewis catalyst for the
enantioselective D-A reaction between cinnamate and cyclopentadiene. The ratio
of enantiomers in the reaction was 97: 3, and the ratio of the diastereomers is
20: 1, respectively [30].

In [31], new main chain polyesters, functionalized with chiral imidazolidine
salts, were synthesized. These polyesters were used as heterogeneous organoca-
talysts in the asymmetric D-A reaction between cyclopentadiene and trans-
cinnamaldehyde. The authors note that the enantioselectivity of the reaction
reaches up to 97%.

In another paper by the same authors [32], the main chain polymers of chiral
imidazolidinones were successfully synthesized by the reaction of dimers of
chiral imidazolidinone with disulfonic acid. The fatty imidazolidinones were
introduced into the main polymer chain through ionic bonding. These compounds
can be used as polymer chiral organocatalysts for asymmetric D-A reaction
according to the scheme:
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CHO
O
-CHO -Ph
Ph Ph

CHO

The yield of the adduct was 99%, e.e. up to 99%, the endo: exo ratio is 45:
55. The catalyst has the following structure:

Ionic liquids were used to regenerate the McMillan catalyst in the D-A
reaction [33]. The catalyst is an imidazolidinone derivative.

In work [34], benzopyrans were used as starting compounds for the organo-
catalytic reaction DA, leading to the formation of tricyclic systems. As catalysts,
imidazolidinones were used. At the same time, the asymmetric induction was
96%. Synthesized tricyclic scaffold-tetrahydrocannabinol systems form the basis
of many natural compounds.

It was noted that in the first successfully implemented catalytic asymmetric
reaction of D-A in 1979, Koga and co-workers. The chiral aluminum complex
was used as the Lewis acid, and after that the researchers developed a huge
number of catalytic systems for these reactions [35]. In particular, chiral organic
compounds, such as imidazolidinone or TADDOL salts, have been used as
catalysts in the asymmetric reaction of DA. In this paper, chiral amines were
proposed as catalysts for these reactions on the basis of the theory of frontal
molecular orbitals. It is shown that they exhibit high chemo-, regio- and stereose-
lectivity.

In [36, 37], derivatives of chiral phosphoric acids derived from linear chiral
biaryls, as well as analogous chiral Bronsted acids, were used as effective and
widely used compounds - enantioselective organocatalysts for various organic
transformations, including DA reactions.

Endo- and S-selective retro-D-A reactions catalyzed by chiral imidazo-
lethioles were studied [38]. The process between cyclopentadiene and cinna-
maldehyde was carried out in a methanol-water or methyl cyanide-water solvent
system with a high yield of adduct and good enantioselectivity according to the
scheme:
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@ N Z6@0 ' ZbPh
Ph

CHO

The yield of the adduct is 85-96%, e.e. 56-95%.
The ratio of exo: endo = 1.1: 1 - 1.3: 1. The catalyst used was

S /
N R; =Benz, indolyl
)-\-'"IR3 R, =H, CH;, Cyclohexyl
R N R; = CHj;, t-Butyl, Cyclohexyl
H R,

A new homochiral porous metal-organic complex (MOF) was synthesized on
the basis of (R) -2,21-dihydroxy-1,11-binaphthyl-4,41-dibenzoic acid as a chiral
ligand [39]. It was shown that this complex is an effective heterogeneous catalyst
for the enantioselective D-A reaction between isoprene and N-ethylmaleimide
according to the scheme:

0 0O
\i + N—Et . N—Et
SN
(0] (0]
The catalyst used was a complex of the type:
COOR
I I OH
R)-
() OO )
COOR

The reaction was carried out at a temperature of 200°C for 24 hours in the
presence of various solvents. The authors give the results of the studies in the
form of table 1.

The authors also studied the effect of the catalyst in this reaction in the
presence of the solvent AcOEt at 0°C for 48 hours. The results of these studies are
given in table 2.
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Table 1 — Effect of solvents on the yield and enantiomeric composition of the adduct
in the reaction of isoprene with N-ethylmaleimide

Solvents Yield of adduct, % Ee., %
Methanol 48 0
Ethanol 66 21
Isopropanol 87 33
AcOEt 49 71
CHCl; 85 13
Toluene 77 21
Cyclohexane 59 63
n-Hexane 80 31

Table 2 — Effect of catalyst on the yield and enantiomeric composition of the adduct
in the reaction of isoprene with N-ethylmaleimide

Catalyst Yield of adduct, % E.e., %
- 10 0
Cu(OAc), 25 0
(R)- BINOL 21 0
Cu(OAc), + (R)- BINOL 10 0
(R)-MOF 81 75

In conclusion, the authors also studied the effect of the substituent R in N-

alkylmaleimide in the same reaction in the presence of an AcOEt solvent at 0°C
for 48 hours.

0 0
+ N—R — N—R
.
0

The results of these studies are presented in table 3.

Table 3 — Effect of substituent R on the yield and enantiomeric composition of the adduct
in the reaction of isoprene with N-alkylmaleimide

Substituent R Yield of adduct, % Ee., %
Me 37 87
Et 31 75
n-Pr 11
Ph 17
Cyclohexyl 18
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It was shown in [40] that imino reactions of DA are an effective method for
the synthesis of aza-heterocycles Zn / BINOL complex was used as catalysts.

The hetero-D-A reaction between o-quinone methides and azlactones has
been studied, leading to the formation of important pharmacophore dihydro-
coumarins catalyzed by the Sc (III) N, N1-Sci-III chiral complex [41]. It was
shown that the reaction proceeds with a high diastereoisomer and enantiose-
lectivity (94% ee, adduct yield 96%, diastereomer ratio 19: 1).

The catalyzed aza-reaction of D-A cyclic C-acylimines with cyclopentadiene
catalyzed by new chiral acids of Bronsted [42]. As a result of the reaction,
optically active aza-tetracycles with good yields and high diastereo- and
enantiostereoselectivity are formed under moderate reaction conditions according
to the scheme:

0]
O 0 —
N

Me

The reaction was carried out at a temperature of (-78”) C and a duration of 2-
16 hours in the presence of a solvent (toluene, a mixture of toluene and hexane,
CH, Cl,, CHCIs). and 1-5 mol. % of catalyst.

The yield of the adduct was 73-91%, e.e. 8-94%.

Trieneamine intermediates were used as chiral catalysts in the asymmetric
reaction DA according to the scheme'

<

where R = H, CH;, Ph.
The reaction was carried out at a temperature of 60°C in toluene medium in
the presence of the following catalyst:
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O
O Me
PhOC
+ N—R ——> N—R
7 Me
0 O
COPh
F
N
NH
MeO 2
C \
=
N

Thus, the presented literature review shows that the use of chiral organic
catalysts in the DA reaction continues to develop intensively and the number of
works devoted to these studies is continuously growing.

In our studies, N-methylpyrrolizidone derivatives, which can be considered
as one of the new versions of catalytic systems in the diene synthesis reaction,
will be used as catalysts in the DA reaction.
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Pe3iome
. I'. Mameobeinu, U. I'. Awobos, I'. D. I'aoacuesa, C. B. Hcmaiinosa

JIAJIBC-AJIBAEP PEAKLIMSICBIHIAFBI
XUPAJIBJIbI OPTAHUKAJIBIK KATAJIN3ATOPJIAP

Jluenai cUHTE3[ey PEaKUMSCBIHIA XUPAIbIbl OPraHUKAJBIK KaTalu3aToOpIap/ bl
KOJNJaHy CaNachIHAAFBI FBUIBIMH 3€pTTEYJepre Talfay KYpri3iimi. OHAIpiCTiH opTypdi
caylallapblHIa CHHTE3ICIITCH aayKTepai KOJaany OarbITTapbl kepceTinai. KonmaHpuiran
KaTaJIN3aTOPJIAPIbIH CTEPEO- KOHE IHAHTHOCCIICKTURTI peaKiusiapra acepi 3epTTEIl.

Tyiiin ce3ep: nueHaAl CUHTE3, XHUPAIbJbl OpPTraHOKATAIN3aTOPJAp, ONTHUKAJIBIK
OeIICeH T KOCBLIBICTAP.

Pe3iome
D. I Mameobetinu, U. I'. Aiobos, I'. D. I'aoxcuesa, C. B. Hcmaiinosa

XNPAJIbHBIE OPTAHUYECKHNE KATAJIM3ATOPBI
B PEAKIIMU AUJIBCA-AJIBJIEPA

OcyIIecTBICH aHAIN3 HAYYHBIX HCCICIOBAHUNA B O0JNACTH MPUMEHEHUS XUPAITBHBIX
OpraHUYECKHUX KaTaJlu3aTOpOB B PEaKklUMM JUEHOBOTIO cUHTe3a. IlokazaHbl HalpaBiieHUs
NPUMEHEHMSI CUHTE3UPOBAHHBIX AIAYKTOB B Pa3IMYHBIX OTPACISIX MPOMBIIIIEHHOCTH.
M3yueHo BIUsSHUE UCIIOJB30BaHHBIX KaTaJN3aTOPOB HA CTEPEO- U SHAHTUOCEIEKTUBHOCTD
peakiuit

KiiioueBble cjioBa: JUCHOBBIN CUHTE3, XUPAIbHBIE OPraHOKATAIN3aTOPbI, ONITHYEC-
KU aKTUBHBIC COCINHCHHUA.
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THERMODYNAMICS AND MECHANISM
OF OIL ADSORPTION PROCESS BY THERMOGRAPHITE

Abstract. In this work synthesis of the production of expanded graphite is proposed.
It's used as a sorbent for the elimination of oil. It s characteristics, kinetics, and properties
were investigated. The mechanism of oil adsorption is established. The magnetic pro-
perties of thermographite were also determined.

Keywords: thermographite, thermodynamics, kinetics, adsorption, oil absorption,
reagent composition, ferromagnet.

It is common knowledge that cleaning surface and wastewater from oil is one
of the cardinal problems of environmental protection, since oil and oil products
cause enormous damage to the biosphere [1]. A common and substantial lack of
all the known ways of running can practically be described as the absolute im-
possibility of the recovery of the collected from the water surface of the oil. It is
completely burned down (method of monitoring combustion), or it falls on the
bottom and is subject to dissipation (disincentives, secondary coils), or it can be
unjustifiably depleted or completely removed from the reagents, emulsified water
(floating adsorbents), or civil, mechanical take (with the reduction of mechanical
constitution), and such oil will undo by burning with a rubbish or coil [2, 3].

The new effective sorbent synthesized in [4] on the basis of thermographite
(TEQG) is devoid of the aforementioned shortcomings. In the studies, natural flake
graphite of the Chelyabinsk deposit of grade GL-1 0.4-0.8 mm in size was used
(GOST 5279-74), the swelling agent was six-water ferric chloride [FeCl3 - 6H20]
and the initiating agent was metallic magnesium. Synthesized during the combus-
tion of oil sorbents possessed high sorption and hydrophobic properties. It has
been established that they can be reduced to the use of non-refined products and
other pollutants to 80 g per 1 g of corn, which is facilitated by such properties of
the TEG as a high-speed surplus surface (50-150 m?/g), low density (1-10 kg-m™),
microcrystalline structure, to improve the resistance of large clusters of substan-
ces. It should be noted that an easy and hygienic thermomagnet stabilizes the rate
of release on the surface of the water in the course of the day, and after the use of
non-ferrous products in the course of several sideways. At this time it can wipe
the water with the surface, as well as out of the water. It is hydrated, chemically
inert, electrolytic, ecologic clean, removes non-ferrous products as if they are
reconstituted or emulsified, as well as in a gasoline state.
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In the next paper [5], the investigation of the kinematics of the thermogenesis
of the reagent composition on the output of gaseous and solid products in the
frames of the classical ways to the operation of the heterogeneous reactions of the
type S1 — S2 + gas is given.

The obtained results allowed to evaluate the effective thermodynamic resis-
tance for different temperatures (table 1).

Table 1 — Effective components of the rapidity of the reagent composition for various temperatures

Temperature Effective constant Free Coefficient
of thermolysis, °C of shortly, k h' member correlations
830 0,31+0,01 0,23 + 0,04 0,993
880 1,49 £ 0,04 -0,13 £ 0,06 0,990
1000 2,15+0,09 0,43 £0,08 0,991

The calculated values of the effective energy of the activation of the reagent
formulation are 176 kJ/mol and are close to the E,. values determined by other
methods and presented in the literature.

The authors have proven that the main routes of the thermolysagic compo-
sition are the stages of dethermalization and ventilation (with the formation of OC
and TRH, respectively), which appear paralleling. If we take into account the
well-known literature [6, 7] and the obligatory for the synthesis of intercalated
graphite compounds of the stages of electron transfer to the oxidizer and inter-
calation of graphite, it is possible to present the general scheme of the process and
the destruction of SIG and, in the framework of this scheme, to consider this
process as one.

The purpose of this study is to consider the thermodynamic possibility of
forming thermographite using various crystalline hydrates at the interface: the
solid surface of the reagent-air-oil film-water. Crystalline hydrates (FeCl;-6H,0)
can only be intermediate compounds and promote the formation of thermogra-
phite, and as the temperature rises, crystalline hydrates dissolve. Thermodynamic
calculations of the values of the variation of isobaric-isothermal potentials at
different temperatures.

At present, the most frequently used data are the changes in enthalpy (AH),
heat capacity (Cp), entropy (S), Gibbs's energy (AG), and equilibrium constant
(K) at constant pressure. Knowledge of such quantities, first of all, is necessary
for determining the thermal balances of processes, in calculating the characte-
ristics of equipment and for using them in theoretical works. Moreover, for the
most part, on the basis of data on heat capacity, the effect of temperature on the
enthalpy and entropy of substances and on their variation as a result of the
reaction.

The values of the isobar potential are calculated for different temperatures by
the formulas:
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e ¢ .dr
AG, =(AH298 + deTJ—T(SZ% +[c, 7} (1)
298 298
jcpdT =a(T -298)+ ];(T —298)T +298)+ %(T —298)(T"> +2- 2987 + 298 - 298)
298
2)
T
j C, d—T:alni+b(T—298)+ (1 -298)(T +298) 3)
298 298 2
TC AT ainL s (7 —298)+ S(T—298)T +298)  (a)
o | T 298 2
T
jcp aT_, ln% +b(T —298) +%(T —298)(T +298) (5)

The values of the standard values AH(298) = 0, S(298) and average molar
heat capacity mean coefficients of the equation (mean =f (T) a=4.1, b =1.02-10"
?and ¢ =-2.1-107) are taken from the reference books [8-9]

Thermodynamic calculations of the values of the variation of isobaric-
isothermal potentials at different temperatures (table 2).

Table 2 — Isobaric-isothermal potentials of AGT reactions of formation of thermogravenite and
decomposition of crystalline hydrates at different temperatures.

T, f t.dr AGr,
K j C,dr I ¢ T kcal/mol
298 298

873 -2581,6 -1,72 -2276,05
923 -3291,1 2,36 -2377,33
973 -4100,8 -3,07 -2446,73
1023 5015,6 -3,82 -2509,21
1073 -6040,6 -4,61 -2564,10
1123 -7180.,9 -5,46 -2587,88

As follows from the table, the formation of thermographites in the burning of
oil at the interface between the solid surface of the reagent — air-oil film-water — is
thermodynamically favorable and depends on the kinetic characteristics. The
existence of crystalline hydrates at different ratios in natural graphite in the
metastable state during the combustion of oil should be observed if the rate of
formation of thermographite is sufficiently high. With increasing temperature, the
dissolution rates of crystalline hydrates increase.
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Thus, the thermodynamic characteristics of this process indicate its ability
and direction towards the formation of individual compaction products, up to
thermographite.

The establishment of the mechanism of the oil adsorption process, the nature
of the adsorbing forces, is one of the important problems of physics and surface
chemistry. Figure 1 shows a step-by-step sequence of interaction between the
TEG and the oil film.

Figure 1 — Process of interaction of thermographite and oil film on the surface of water

The outer surface of the TEG is not homogeneous. In the places of contact of
the particles of TEG and the oil film, interaction occurs due to intramolecular
forces, which leads to a decrease in the density of the oil film. The increase in the
magnetic moment of such sorbents enhances the effect of their attraction and the
formation of dendrike-like structures. Such a structure ensures the stability of the
position of the oil slick on the surface, at least in conditions of calm oil.

It is known [10] that the surface of any solid covers the double electrical
layer, and the oil molecules are dipoles, and therefore there is interaction between
the surface of the adsorbent and the oil film. Experimental studies of various ad-
sorption cases show that the bond of the adsorbed molecule to the adsorbent can
vary from weak molecular potentials to high values of chemical energy [11].

The whole process of water purification from oil contamination with an
adsorbent can be presented in stages, beginning from the moment of the immer-
sion of individual particles (or their conglomerates) of the sorbent into the oil film
on water and interaction with it by the micellization scheme [12].

This process reduces to the fact that on the surface of a solid particle, due to
its hydrophobicity, the process of adhesion of sorbate molecules (oil) begins and
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pulls them into dense colloidal formations enveloping the adsorbent particles as
the core of the micelle. In addition, for the aggregates of the adsorbent there is a
process of displacement and The introduction of oil into micellar complexes. The
film of oil becomes thinner. Since the adsorbent particles have magnetic proper-
ties, the micelles formed also exhibit magnetic properties. Primary complexes
begin to shrink together, forming the structure of a mixture of oil + sorbent.
Simultaneously, the process of oil absorption by moving micelles complexes
continues. The particles of the magnetic adsorbent are aligned, forming an inter-
nal fairly rigid "dendrite-like" structure inside the remaining oil film on the water
surface. The number and branching of such colonies of micelles is determined by
the ratio of the amount of spilled oil and the powder scattered over thermogra-
phite. With complete exhaustion of the sorption capacity of thermographite par-
ticles, a stable oil-powder structure is formed, which ensures the stability of this
mixture on water.

The molecule and the sorption surface polarize each other and the dipole-
dipole van der Waals interaction between these induced dipoles generates the
heat of adsorption. The heat of adsorption in such cases is usually of the order of
5 kcal/mol.

A feature of adsorption interactions is that the adsorbed molecule interacts
not with one center on the adsorbent surface, but with many neighboring centers.
In this case, the total interaction of the adsorbate molecules with the entire
adsorbent, due to the dispersive forces, is always greater than the interaction with
one center of the adsorbent, and the total electrostatic interaction can be less than
the electrostatic interaction with one center of the adsorbent.

The oil film does not spread, but is fixed on the surface of the water and be-
comes magnetically controlled. The molecules of the surface layer belong to both
phases. But they experience the effect of intermolecular forces more on the liquid
phase side than on the side of the solid phase (figure 2).

CHOROS:
00::000]
000008

Figure 2 — Scheme of the action of intermolecular forces in the volume of a liquid and \on its
surface: 1 — molecules; 2 — sphere of action of forces

sorbent

Surface

To increase the effect of contraction and complete purification from oil, it is
necessary either to add an additional amount of magnetic adsorbent, or to ensure
the mobility of the remaining oil by "disturbing" the surface of the water. In this
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case, the oil completely coagulates with the sorbent. The resulting mixture exhi-
bits magnetic properties and can be easily controlled when moving through water
and collecting in a container in various ways, including by means of a magnetic
conveyor.

The proposed mechanism of interaction of thermographite and oil film on the
surface of water was confirmed by extended pilot testing of the reagent compo-
sition, and also by the analysis of the obtained TRG with sorbed oil.

Initially, water with a volume of 50 liters is poured into a container, then an
oil layer 0.5-1 mm thick is poured onto the water surface. On the surface of the
oil, a small amount of flammable liquid is sprayed, in this case gasoline, after
which it is ignited (figure 3a). On the surface of burning oil the reagent compo-
sition is scattered. The high temperature of the oil heats it, as a result of which
thermogravenite is formed over the oil and the burning of oil gradually decreases
(Figure 3b). At the same time, the formation of thermographite on the surface of
the oil ends and after a few seconds a complete adsorption of the oil product takes
place (figure 3c).

a b c

Figure 3 — Formation and use of innovative reagent formulations as a sorbent
for the elimination of oil in a pilot plant:a) burning of oil on the water surface
with different reagent compositions in the pilot plant; b) formation of thermogranite
and reduction of combustion; c) adsorption of petroleum products

The adsorption capacity of synthesized thermogranite is determined prima-
rily by the state of the surface of the particles and by the dimensions of the adsor-
bing surface. Of the ophthalmic photographs, the thermographite, which is deri-
ved from the mechanical sample "20% graphite + 70% [FeCl;-6H,0] + 10% mag-
nesium," can see that the size of its particles varies from 100 to 1200 um (figure 4).

The amount of oil absorbed by thermogravenite also depends on the free area
of the sorbent and the properties of the surface. The increase in the surface area of
the sorbent can be achieved by increasing the porosity.

In figure 5 shown of IR-spectra termographite before and afther oil sorption.
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200 pm

0

Figure 4 — Optical microcirculation of the thermomagnetic image, emitted
from the mechanical "20% graphite + 70% [FeCl;-6H,0] + 10% magnesium"

— v

Al L aam 230 2400 200 tam 1T 1400 L2 L an L1 4504
Figure 5 — IR spectra of thermographite before and after oil sorption

As it is seen, after the absorption of oil by thermogravenite, peaks with high
inten- sity appear at the spectrum at 2955, 2923 and 2853 ¢cm’, which are con-
nected with symmetric valence and antisymmetric valence vibrations of the C-H
bond on the surface. The presence of an impurity in these values of the alumina
induces adsorption of the naphtha to thermogravenite. In addition, the method of
IR spectroscopy established the presence of carbonylic, carboxyl groups on the
surface of thermogravenite (intense absorption peaks in the 1600-1700 cm-re-
gion).
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It was found that the properties of the carboxyl and carbonyl groups depend
on such properties of thermogravenite as the capacity of absorption, the ability to
exchange and form complex compounds, etc.

Additional orders on the structure of the samples of in-process and thermal
gains are obtained by the method of retrogenic analysis. The retrograde phase
analysis of the subterranean glare of the GL-1 mark (figure 6a) and the thermo-
granite obtained from the reagent composition grafit-FeCl;-6H,O (figure 6b) is
shown on figure 6.
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Figure 6 — X-ray diffractograms of nature grafite and thermogranite
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The blue Fourier line corresponds to the Bragg-Brentano transformation. The
red line is an amorphous phase of carbon by the method of sliding X-rays. The
trouble bumps of the diffraction are a characteristic black amorphous material,
confirming that the thermodynamic transforms the crystal structure of the granite
into an amorphous, exquisite (figure 6b) [13].

RFA also shows the magnitude of the defective phase of carbon along with
the small crystal gland of the iron.

Thus, in the present study, thermodynamic calculations of the formation of
thermogranite, as well as the mechanism of adsorption of oil on the surface of the
synthesized sorbent, were proposed for consideration.

REFERENCES

[1] Siyavush Karayev Karam Shykhaliev. Environmental problems of transportation of oil
and oil products and new methods of cleaning the water surface from oil and oil products. — Hanno-
ver: EAAEN, 2014. 44 p.

[2] Inagaki M., Toyoda M., Iwashita N., Nishi Y., Konno H. Exfoliated Graphite for Spilled
Heavy Oil Recovery // Carbon Science. 2001. Vol. 2, N 1. P. 1-8.

[3] Toyoda M., Aizawa J., and Inagaki M. Sorption and recovery of heavy oil by using
exfoliated graphite // Desalination. 1998. Vol. 4, N 115. P. 199-201.

[4] Thermally expanded graphite: properties and production. S.T. Tursynbek, G.O. Turesho-
va, K.K. Kudaibergenov, S. Lyubchik, E.K. Ongarbayev, Z.A. Mansurov. // Combustion and Plas-
ma Chemistry. Almaty: Kazakh university, 2016. Vol. 14, N 2. P. 150-157.

[5] Kinetics of thermolysis of intercalated graphite compounds. K.K. Kudaibergenov,
G.R. Nyssanbaeva, G.O. Turshova, G.A. Spapanova, E.K. Onangarbayev, Z.A. Mansurov, S.B. //
Lyubchik plasmochemistry. Almaty: Kazak universiteti, 2016. Vol. 14, N 2. P. 144-150.

[6] Toyoda M., Aizawa J., and Inagaki M. Sorption and recovery of heavy oil by using
exfoliated graphite // Desalination. 1998. Vol. 4, N 115. P. 199-201.

[7] Corinokina N.N., Avdeev V.V. The commemorative nano-emotional nature of the internal
grafit: training. 2010. 100 p.

[8] Baron N.M., Ponomareva A.M., Ravdel A.A. A short reference book of physical and
chemical quantities. L.: Chemistry, 1983. 232 p.

[9] Kireev V.A. Methods of practical calculations in the thermodynamics of chemical
reactions. M.: Chemistry, 1985. 536 p.

[10] Levy E. Crystallography and crystal chemistry of a material with layered structures / Ed.
Dordrecht. Holland Reidel publ., 1976. P. 422.

[11] Burleshin M. Grafitprichoditna the name of the act / Vecnik Mochenergo. 2001. N 9.
P. 3-4.

[12] Mofa N.N., Chervyakova O.V., Ketegenov T.A., Mansurov Z.A. Magnetic sorbents.
Received by mechanochemical treatment of quartz-containing mixtures / Chemistry for Sustainable
Development. 2003. N 11. P. 755-761.

[13] Ubellov A.D., Lewis F.A. Grafit i ego kristallicheskie coedyneniya. M.: Mir, 1965. 265 p.

118



ISSN 1813-1107 Ne'l 2018

Pe3iome

K. K. Kyoaiibepeenos, I'. P. Hvicanbaesa, I'. O. Tepeuiosa,
b. A. Baiimumbemosa, E. K. Oyzapbaes, 3. A. Mancypos

TEPMOI'PA®EHUT KOMETIMEH MYHA COPBLIMACHI YPJIICTEPIHIH
MEXAHW3MI XKOHE TEPMOJANHAMUKACBI

XKymbicTa KeHelTireH rpadUT amy CHHTE3I JKOHE OHBI MYHA#bl CiHIpY COpOCHTI
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SYNTHESIS AND STRUCTURE
OF 1,5-BIS(AMINOBUTYNILOXY)NAPHTHALINES

Abstract. New potentially biologically active 1,5-bis(aminobutynyloxy)naphthale-
nes were synthesized by the interaction of dipropynyloxynaphthalene with paraform and
secondary amines under the catalysis of CuJ in dry dioxane at 45 °C.

Keywords: Mannich reaction, 1,5-di(prop-2-ynyloxy)naphthalene, aminomethy-
lation, 1,5-bis(aminobutynyloxy)naphthalenes, 'H and '°C NMR, PASS prediction.

The Mannich reaction, which takes place in the presence of copper mono-
chloride in dioxane, is still one of the main methods of introducing an amino-
methylene group to the neighboring position to a triple carbon-carbon bond.
Authors of the article [1] give the results about the use of copper (II) acetate and
ferric chloride (III) in aminomethylation reactions, the advantage of which is the
use of ready-made salts of the corresponding metals in place of freshly-prepared
copper monochloride. It is possible to use the Mannich reaction to prepare 2,6-
diarylpiperidin-4-ones by a one-pot method by simultaneously reacting the
ketone, benzaldehyde and amine component [2].

Previously, we investigated the reactivity of terminal acetylene hydrogen of
1,5-di(prop-2-ynyloxy)naphthalene in the aminomethylation reaction by some
secondary amines under catalysis by copper monochloride [3] and copper mono-
iodide [4]. It was found that the use of copper monoiodide as a catalyst by heating
of the reaction mixture to 45-50 °C in dry dioxane medium leads to less gum
formation and allows reducing the reaction time to 3 hours.

In continuation of the di(prop-2-ynyloxy)naphthalenes terminal acetylene
hydrogen reactivity investigation, we have now studied the aminomethylation of
1,5-di(prop-2-ynyloxy)naphthalene by diethylamine, dipropylamine, piperidine,
morpholine, 3-morpholinopropane-1 -amine and methylpiperazine, shown in the
figure 1 scheme.

The advantages of carrying out the reactions of aminomethylation under the
catalysis by copper monoiodide include the increase of the reaction rate and the
easy isolation of the products. Aminomethylated 1,5-bis(aminobutynyloxy)
naphthalenes 1 — 6 are isolated by a simple treatment of the reaction mixture.
After completion of the reaction, dioxane was distilled off, the precipitate was
treated with ammonia (to remove copper iodide), extracted with benzene. The
combined benzene extracts were dried by dry potassium. After distilling off the
solvents, 1,5-bis(aminobutynyloxy)naphthalenes 1 — 6 were obtained in the form
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o cul, O N _NR,
dioxane
+2(CH)0), +2 HN(R), — » NR;
\\\/O \\ 0]
1-6

1 NR, = N(CH,CHa)p; 2 NRy = N(CH,CH,CH3)p; 3 NRy = N(CH,)s; 4 NR, = NCH,CH,OCH,CHy;

5 NR2 = NH(CH2)3N(CHQCH2)20, 6 NR2 = N(CHQCH2)2NOH3,
Figure 1 — Scheme of 1,5-di(prop-2-ynyloxy)naphthalene aminomethylation

of oils. As a result, 4,4'-(naphthalene-1,5-diylbis(oxy))bis(N,N-diethylbut-2-yn-1-
amine) 1 (in 65% yield), 4,4'- (naphthalene-1,5-diylbis(oxy))bis(N,N-dipropylbut-
2-yn-1-amine) 2 (in 87% yield), 1,5-bis(4- (piperidin-1-yl)but-2-ynyloxy)naph-
thalene 3 (in 82% yield), 1,5-bis(4-morpholinobut-2-ynyloxy)naphthalene 4 (in
50% yield), 4.4'-(naphthalene-1.5-diylbis(oxy))bis(N-(3-morpholinopropyl)but-2-
yn-l-amine) 5 (in 52% yield) and 1,5-bis(4-(4-methylpiperazin-1-yl) but-2-
ynyloxy)naphthalene 6 (in 76% yield) were obtained.

The results of the reactions of aminomethylation show that 1,5-di(prop-2-
ynyloxy)naphthalene is easily aminomethylated by the secondary diamines
having various structure under copper monoiodide catalysis.

The structure of synthesized compounds 1 — 6 was proved on the basis of IR,
'H, PC, COSY (‘H-'H) and HMQC ('H-"C) spectroscopy data.

In the IR spectra of 1,5-bis(aminobutynyloxy)naphthalenes 1 — 6, there is no
absorption band in the 3300 cm™ region, which is characteristic of the =CH termi-
nal acetylenic group, but there is a weak band at 2118 cm™, which is characteristic
for disubstituted C=C bound, which confirms the aminomethylation reaction.

In the 'H NMR spectra of 1,5-bis(aminobutynyloxy)naphthalenes 1 — 6, the
data of which are given in table 1, the new resonance signals appear in the corres-
ponding regions characteristic for an aminomethylene group (in a range 3.25 —
3.37 ppm) and for the substituents at a nitrogen atom.

Table 1 — NMR 'H (8, ppm) NMR spectra of 1,5-bis(aminobutynyloxy)naphthalenes 1 — 6

Protons of naphthalene cycle Protons of NR,
Comp. 16y719 174720 181721 CH,N OCH,
H™H H''H H°H N(CH;),, O(CH,),, CH;
1 7,06 7,37 7,68 3,35 5,10 2,45; 0,94
2 7,06 7,34 7,67 3,32 4,91 2,46; 1,27; 0,71
3 6,98 7,34 7,88 3,27 4,85 2,49; 1,50; 1,54
4 6,90 7,30 8,07 3,27 4,89 2,71;3,73
5 7,06 7,32 7,72 3,36 4,95 3,19; 3,54; 1,49
6 7,05 7,38 7,70 3,25 4,99 2,37;2,25; 2,08
Note: The numbering of signals is given in accordance with figure 2.
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For example, in the '"H NMR spectra of 1.5-bis(4-(4-methylpiperazin-1-
yl)but-2-ynyloxy)naphthalene 6 shown in a figure 2, signals at 2.08, 2,25, and
2.37 ppm, are assigned to signals of symmetrical methylene groups of two me-
thylpiperazine rings. Singlets at 4.99 ppm correspond to protons of O-methylene
groups. Protons of aminomethyl substituents appear at 3.25 ppm in form of a
broadened singlet. In the weak-field part of the spectrum, the signals of protons of
the naphthalene nucleus are appeared, resonating in the region of 7.04-7.70 ppm.
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Figure 2 — '"H NMR spectrum of 1,5-bis(4-(4-methylpiperazin-1-yl)but-2-ynyloxy)naphthalene 6

In the "C NMR spectra of 1,5-bis(aminobutynyloxy)naphthalenes 1-6, the
data of which are given in table 2, new resonance signals appear in the corres-
ponding regions, characteristic for the aminomethylene group (in the range 42 —
50 ppm) and for the substituents of a nitrogen atom.

For example, in the carbon spectrum of 1,5-bis(4-(4-methylpiperazin-1-
yl)but-2-ynyloxy)naphthalene 6, shown in figure 3, the most characteristic che-
mical shifts of carbon atoms —C=C- 80.55 and 83.69 ppm. Signals of oxyme-
thylene carbon atoms are manifested at 56.71 ppm. In the weak-field region at
107.27-153.16 ppm the signals of the carbon atoms of the naphthalene ring are
located. Signals of CH3;N and CH,N groups are appeared in the strong-field
region at 46.22 and 46.71. The carbon atoms of the piperazine rings are resonated
at 51.68 and 55.02 ppm.

The results of the interpretation of the two-dimensional spectrum in the
HMQC ('H-"C) format, shown in figure 4, allow us to determine the correlation
between chemical shifts of protons and chemical shifts of carbon nuclei, spin-spin
interactions between nuclei, which allows us to establish the nature of hetero-
nuclear interactions.
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Table 2 — NMR "C (8, ppm) NMR spectra of 1,5-bis(aminobutynyloxy)naphthalenes 1 — 6

Coen. OCH, —C=C- —C=C- =CCH, NR,
1 56,83 83,37 80,29 47,03 47,03; 12,93
2 56,47 85,3 81,05 42,02 55,47;20,59; 12,21
3 53,30 79,80 75,60 47,90 56,70; 23,80; 25,80
4 56,84 79,7 78,01 47,08 52,22; 66,58
5 56,32 79,5 78,80 50,35 48,233,2840);52,6,56619327
6 56,71 83,69 80,55 46,71 51,68; 55,02; 46,22
Carbon atoms of the naphthalene ring
Coex. c2c’s cl6co e 8¢ B
1 153,18 107,48 125,81 114,7 126,73
2 153,44 107,70 126,17 115,93 127,54
3 153,30 106,40 125,10 115,30 126,80
4 153,01 107,6 126,77 114,88 128,99
5 152,96 107,04 125,83 114,64 128,69
6 153,16 107,27 126,52 114,68 128,85

Note: The numbering of signals is given in accordance with figure 3.
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Figure 3 — *C NMR spectrum of 1,5-bis(4-(4-methylpiperazin-1-yl)-but-2-ynyloxy)naphthalene 6

The relationship "structure - biological activity" serves as a foundation for
the purposeful creation of effective medicines. To determine the types of potential
biological effects of synthesized compounds, a predictive assessment of the
probable biological activity was carried out using the PASS (Prediction of Acti-
vity Spectra for Substance) computer program developed by the russian scientists
V.V. Poroykov and D.A. Filimonov [5]. Using the computer program PASS -
PharmaExpert, after analyzing the results of the forecast, it is possible to select
those substances that are likely to possess the required set of activity types.
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Figure 4 — Two-dimensional spectrum of 1,5-bis(4-(4-methylpiperazin-1-yl)but-2-ynyloxy)
naphthalene 6 in the HMQC ('H-"°C)

Analysis of data given in table 3 shows that 1,5-bis(aminobutynyloxy)naph-
thalenes 1 — 6 potentially with a probability above 90% are the substrates of cyto-
chrome CYP2CI12 families (cytochromes are responsible for the metabolism of
endogenous steroids of the body). For compounds 1, 2, 3, 5 with a probability
from 60% to 93%, it is predicted spasmolytic activity in the treatment of bladder
hyperactivity.

Table 3 — Predicted biological activity of 1,5-bis(aminobutynyloxy)naphthalenes 1 — 6

Probability of occurrence of predicted activity, %
Chemical - - - - -
com- CYP2C12 Spas- Anti- Anti- Anti- Phobic | Membrane | Anti-
pounds substrate | molytic, | seborr- | secre- |neurotic | disorders | integrity | dyski-
urinary heic toric treatment | agonist netic
1 94 93 86 76 70
2 91 89 78 70 82
3 74 60 61 66 72 73
4 68 75 87
5 81 73 84
6 67 59 75 69

124




ISSN 1813-1107 Ne'l 2018

It should also be noted that for the 4,4'-(naphthalene-1,5-diylbis(oxy))-
bis(N,N-diethylbut-2-yn-1-amine) 1 and 4,4'-(naphthalene-1,5-diylbis(oxy))-
bis(N,N-dipropylbut-2-yn-1-amine) 2 the highest probability from 78% to 86% of
the antiseborrheic activity in the treatment of children and adults seborrheic
dermatitis (seborrhea). With the introduction of piperidine, morpholine, 3-mor-
pholinopropane-1-amine and methylpiperazine, activity for the treatment of pho-
bic disorders treatment (neuroses) (69-87%) and antineurotic activity (66-75%) is
manifested. In addition, the compounds obtained revealed the possibility of
manifesting antisecretoric and antidyskinetic activity.

Thus, as a result of the research work, new potential biological active 1,5-
bis(aminobutynyloxy)naphthalenes have been synthesized. The structure of the
synthesized compounds was established by the methods of IR spectroscopy, 'H
and °C NMR spectroscopy.

Experimental part

The course of the reaction and the purity of the products were monitored by
thin-layer chromatography on "Silufol UV-254" plates, the eluent was a mixture
of benzene and ethanol (1:3) with the appearance of substances spots with iodine
vapor. The IR spectra are recorded on a Nicolet 5700 spectrometer in KBr tablets.
The 'H and °C NMR spectra of the samples were taken in DMSO-Dy using a
JEM—ECA 400 (Jeol) spectrometer with operating frequencies 400 ('H), 100 MHz
(70).

4,4'-(Naphthalene-1,5-diylbis(oxy))bis(N,N-diethylbut-2-yn-1-amine) 1.
Solution of 0.3 g (0.0042 mol) diethylamine in dioxane 10 ml was dropped while
stirring to a reaction mixture consisting of 0.5 g (0.0021 mol) of 1,5-di(prop-2-
ynyloxy)naphthalene, 0.12 g (0.004 mol) of paraform, 0.12 g (0.0042 mol) of
copper monoiodide in 20 ml of dioxane, and heated to 45 °C in a three-necked
reaction flask equipped with a reflux condenser and a stirrer. After the end of the
reaction, dioxane was distilled off. The residue was treated by aqueous ammonia
solution and extracted by benzene. The extract was dried with potash, and the
solvent was distilled off. The residue was applied to a column of silica gel, eluting
by benzene. Chromatographically homogeneous fractions were combined, ben-
zene was distilled off under reduced pressure. 4,4'-(Naphthalene-1,5-diylbis-
(oxy))bis(N,N-diethylbut-2-yn-1-amine) 1 was obtained as an oil 0.56 g (65%).

4,4'-(Naphthalene-1,5-diylbis(oxy))bis(N,N-dipropylbut-2-yn-1-amine) 2.
Similarly, from 0.5 g (0.0021 mol) of 1,5-di(prop-2-ynyloxy)naphthalene, 0.12 g
of paraform, 0.43 g (0.0042 mol) of dipropylamine in the presence of 0.1 g of
copper monoiodide in dioxane (at 45 °C) was obtained 0.85 g (87%) of diamine 2
as an oil.

1,5-Bis(4-(piperidin-1-yl)but-2-ynyloxy)naphthalene 3. Similarly, from
0.5 g (0.0021 mol) of 1,5-di(prop-2-ynyloxy)naphthalene, 0.12 g of paraform,
0.36 g (0.0042 mol) of piperidine in the presence of 0.1 g of copper monoiodide
in dioxane (at 45 °C), 0.75 g (82%) of diamine 3 was obtained as an oil.
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1,5-Bis(4-morpholinobut-2-ynyloxy)naphthalene 4. Similarly, from 0.4 g
(0.0016 mol) of 1,5-di(prop-2-ynyloxy naphthalene, 0.12 g of paraform, 0.35 g
(0.0032 mol) of morpholine in the presence of 0.1 g copper monoiodide in
dioxane (at 45 °C), 0.37 g (50%) of diamine 4 was obtained as an oil.

4.4'-(Naphthalene-1.5-diylbis(oxy))bis(N-(3-morpholinopropyl)but-2-yn-
1-amine) 5. Similarly, from 0.5 g (0.0021 mol) of 1,5-di(prop-2-ynyloxy)naph-
thalene, 0.12 g of paraform, 0.61 g (0.0042 mol) of morpholine in the presence of
0.1 g copper monoiodide in dioxane (at 45 °C) gave 0.58 g (53%) of diamine 5 as
an oil.

1,5-Bis(4-(4-methylpiperazin-1-yl)but-2-ynyloxy)naphthalene 6. Similar-
ly, from 0.5 g (0.0021 mol) of 1,5-di(prop-2-ynyloxy)naphthalene, 0.12 g of para-
form, 0.42 g (0.0042 mol) of methyl piperazine in the presence of 0.1 g copper
monoiodide in dioxane (at 45 °C), 0.74 g (76%) of diamine 6 was obtained as an
oil.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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CHUHTE3 1 CTPOEHUE
1,5-BUC(AMMNHOBY TUHUJIOKC)HAD®TAJIMHOB

HoBrle moTeHIMaIbHO OMOJIOTHYECKH aKTHBHEIC 1,5-Omc(aMHHOOYTHHUIIOKCH )HAD-
TaJIMHBI CUHTC3UPOBAHBI ITYTEM BSaHMO}IeﬁCTBI/Iﬂ 1,S-III/IHPOHI/IHI/IHOKCI/IHad)TaHI/IHa C Ia-
padopMOM M BTOPUYHBIMH aMHHAMHU (JIUATHIAMHUHOM, AUIPOIMIAMHHOM, MOP(OINHOM,
3-MOphOTHHOMPOITAHOM, METHIMUIIEpa3uHOM) Tipu KaTamuse Cul B cpene Cyxoro JuoOK-
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cana mpu Temmneparype 45 °C ¢ Beixogamu ot 50 10 87%. Crenana mporHo3Has OleHKa
BEPOSTHON OMOJIOTMYECKOI aKTUBHOCTHU IO KOMIIbIOTepHOI mporpamme PASS (Prediction
of Activity Spectra for Substance).

KnaioueBsie ciaoBa: 1,5-au(npon-2-uHuiaokcu)HadTaauH, aMHHOMETHIMPOBAHHME,
1,5-6uc(amMuno6y THEIIOKCH)HadTamuubL, SIMP 'H u °C, PASS nporsosupoanue.

Pe3ome
E. C. Coiyesa, T. M. Ceutinxanos, C. A. Busep, K. B. Epoicanos

1,5-BUC(AMUHOBY TUHNJIOKCN)HAD®TAJIMH/IEP/IIH
CHUHTE3I )KOHE K¥PBIJILIMTAPBI

’KaHa moTeHIMamabpl OMONOTHSUTBIK OenceHai 1,5-0uc(aMUHOOYTHHUIOKCH )HaTa-
JUHACP AWNPONMHWIOKCHHA(QTAIMHHIE napadOpMMEH JKOHE EKIHIIUTK aMHHAEPMEH
(mmaTHIAMAH, AMTpONTHIIAaMKH, MopdoiuH, 3-MopdonuHOonponan, Metwimunepasud) CulJ
KaTalu3i Kyprak Iuokcad opracbinaa 45 °C Temneparypajia SpeKeTTECTIPY KOJbl apKbUIbI
50-nen 87 % neitinri merreiMMer cuaTesnenreH. PASS (Prediction of Activity Spectra for
Substance) KOMITBIOTEPITIK OaFmapiaMachl OOMBIHINIA BIKTUMAIIBI OHOJIOTHSIIBIK OCIICeH-
IUTIKKe OOpKayIap »*ypri3iiii.

Tyiin ce3nep: 1,5-mu(mpomn-2-uHWIOKCH)Ha(TAINH, aMHHEMETHIIARY, 1,5-Ouc(amu-
HOGyTHHIIOKCH )HadTammHaep, SIMP 'H xone *C, PASS Garnapray.
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OBTAINING PALLADIUM NANOPARTICLES
AND THEIR APPLICATION AS CATALYST
IN HYDROGENETION OF VEGETABLE OIL

Abstract. Palladium nanoparticles are obtained by reduction of palladium chloride
with sodium borohydride. The obtained palladium particles are characterized by intense
optical absorption in the region of A=350 nm, which indicates the formation of particles
with a size of 10-50 nm. Palladium nanoparticles are immobilized on activated carbon to
increase the contact surface. The catalytic activity of the obtained catalyst has been stu-
died in the hydrogenation reaction of vegetable oil at convection and microwave heating.
It has been found that at the content of 1 % of the oil mass catalyst, a higher melting
product is formed (38°C. Decrease of temperature and duration reduction of the process
results in low melting margarines of MLF and MLB grades). The use of microwave tech-
nology (power 700 W) reduces significantly the duration of the process (up to 30 minutes)
to form a product with the melting point of 34°C.

Key words: palladium nanoparticles, reduction, hydrogenation of vegetable oil,
margarine, microwave activation.

Introduction. The colloids and clusters of platinum group metals exhibit high
catalytic activity and selective capacity in relation to many reactions [1, 2]. In the
work [3], it is reported that colloidal particles of platinum group metals synthe-
sized by different methods differ markedly in their reaction and catalytic activity.

In the present work, obtaining of stable solutions of palladium nanoparticles,
as well as the catalytic properties of immobilized Pd nanoparticles on activated
carbon in the hydrogenation reaction of vegetable oil in margarine under the
conditions of convection heating and microwave activation is described.

Depending on the melting point, consistency and appearance, margarines are
divided into the following grades: hard (MH, MHC, MHF), soft (MS) and liquid
(MLF, MLB). MH grade is used in bread, confectionery and culinary production
and in home cooking. MHF - for the preparation of creams, fillings in flour con-
fectionery goods, souffle, sweets and other sugary and flour confectionery goods
(the melting temperature of MH and MHF grades should be 25-38°C). MHC (the
melting point is 36-44°C) is used in the production of puff pastry. MS grade (the
melting point is 25-36°C) is directly used in food consumption, as well as in home
cooking and in food industry. MLF grade is used for frying and cooking baked
goods in home cooking, public catering network and industrial processing; and
MLB is used for the mass production of bakery and baked confectionery products,
as well as when frying products in the public catering network (the melting points
of the grades MLF and MLB is not standardized) [4].
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Experiment

UV spectra were recorded on a Shimadzu UV-1800 spectrometer (Japan).
The melting point was determined on a PTP(M) device (Russia). Micrographs of
the catalyst surface with 100-, 500- and 1000-fold increase were taken with a
scanning electron microscope JSM-6510 LV of JEOL (Japan). The hydrogen
generator GVCH-12M1 (Russia) was used to obtain hydrogen.

Obtaining of palladium nanoparticles supported on activated carbon. Prior
to carrying out the reaction, solution of sodium borohydride and palladium
chloride was prepared (2 drops of hydrochloric acid are added to the solution to
dissolve the salt in water). At room temperature, to the reaction vessel containing
100 ml of 1-10” mol/L of solution of palladium chloride, with constant stirring
dropwise 100 ml of 1-10” mol/L of solution of sodium borohydride is added. At
the same time, colouration of the solution into whity brown is observed.

In order to prevent the agglutination process of nanoparticles into larger
agglomerates, 2g of powdered pharmaceutical activated carbon is added to the
reaction mixture and the solution is stirred for 6 hours. Then, the solution is
filtered and the resulting solid mass is dried in a drying oven at a temperature of
110°C for an hour.

Hydrogenation of vegetable oil.

a) 50 g of cottonseed oil is loaded and 0.5 g of catalyst (the palladium
content in the catalyst is 0.53%) is added to a three-necked flask equipped with a
stirrer, thermometer and hydrogen inlet tube. The process is carried out at 220-
230°C for 6 hours at a hydrogen flow rate of 0.2 I/min.

b) Mixture of 50 g of vegetable oil, 0.5 g of catalyst with constant hydrogen
bubbling is irradiated with microwaves for 30 minutes.

Results and discussion

Synthesis of palladium dispersions has been carried out by reduction of
palladium chloride with sodium borohydride [5].

The reduction reaction of palladium proceeds according to the following
scheme:

2NaBH, + PdCl, + 6H,O — 2NaCl + 2H;BO; + 7TH, + Pd

The obtained palladium particles are characterized by intense optical
absorption in the region of A=350 nm (figure 1).

It is known [6] that a solution containing palladium nanoparticles with a
particle size of 10 nm absorbs ultraviolet radiation in the region of 230 nm. With
increase of the size of particles, the absorption bands shift into the visible region,
for example, with an increase in the diameter of particles to 50 nm, a broad
absorption band with a maximum of about 450 nm is observed. The obtained
absorption spectrum data of palladium particles indicate the formation of particles
with the sizes of 10-50 nm.
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Figure 1 — Spectrum of the UV and visible region of the obtained palladium nanoparticles

The work [5] describes that palladium nanoparticles obtained by this method
coagulate easily to form a precipitate. In order to prevent the agglutination
process of nanoparticles into larger agglomerates, powdered pharmaceutical
activated carbon was added to the reaction mixture. Micrographs of the obtained
catalyst surface, taken with a scanning electron microscope JSM-6510 LV of
JEOL (Japan) are shown in figure 2. Palladium nanoparticles (white dots) are
fairly evenly distributed on the surface of activated carbon.

In addition to preventing the agglutination of nanoparticles, the contact sur-
face of the catalyst increases.

100-fold increase 500-fold increase 1000-fold increase

Figure 2 — Micrographs of palladium nanoparticles immobilized on activated carbon
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The hydrogenation process of vegetable oil has been carried out according to
the known method [7]. The hydrogenation results on the obtained catalyst under
various conditions are given in table.

The hydrogenation results of vegetable oil

No. | Hydro- Process Wit% of the The content Wit% The melting
genation | temperature, catalyst of palladium of palladium point
duration, °C from nanoparticles particles of a product,

h oil weight | in the catalyst, |from oil weight °C
%
1 6 220-230 0,1 0.053 5,310 8
2 6 220-230 0,5 0.265 2,65-107 10
3 6 220-230 1,0 0.53 53107 38
4 6 200 1,0 0.53 53107 15
5 5 220-230 1,0 0.53 53107 9
MW radiation, 103
6 0.5 700 W 1,0 0.53 5,3-10 34

As the catalyst content is increased from 0.1 to 1 %, a higher melting product
(38°C) corresponding to the margarine of MHC grade is formed. Decrease of
temperature and duration reduction of the process results in low melting marga-
rines of MLF and MLB grades. The use of microwave technology (power 700 W)
leads to a significant duration reduction of the process up to 30 minutes, while a
product with the melting point of 34°C, which meets the standards of MH, MHF
AND MS grades, has been obtained.

Conclusions. Thus, hydrogenation catalyst of vegetable oil in which palla-
dium nanoparticles are immobilized on activated carbon is obtained. The para-
meters of the hydrogenation process of vegetable oil, which allow obtaining
various margarine grades are established.
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Pe3rome

E. A.Omapos, P. V. XKannapbepeenos, P. A. Typmanos,
M. U. Coiz0bikbaes, K. Caoyaxackwizel, H. O. Annazoe

HAHHA,)_:['I/II?JIZ[IH HAHOBOJILIEKTEPIH AJIY J)XOHE OJIAPJIbI
OCIMIIK MAUWBIH TUAPJIEY KATAJIM3ATOPBI PETIHJAE TAUJAJIAHY

XJIOpaBl MANIaAniAl HaTpui OOPTUAPHAIMEH TOTHIKCHI3TAHABIPY apKBUIBI ITajlia-
IUATIH HaHOOGIIIeKTepi anbIHABL. AJBIHFaH Mautaguid Oemmextepi A=350 HM ayma-
FBIH/Ia KApKBIHIBI ONTHUKAJIBIK KYTHUTYMEH cHmaTTanaabl, o 10-50 HM emmemai Gommmek-
TEpAiH TY3UIreHAIriH aanenneiini. anacy OeTiH )KoFapbUIaTy YIIIH NaJUlaJUiIiH HaHO-
OemnmiekTepi OSICCHIIPUITeH KOMIpre HMMOOMIH3AIMSJIAH bl AJIBIHFAH KaTaIn3aTOPABIH
KaTaIMTHKAIBIK OCJICCHIUTII OCIMIIK MaiblH KOHBEKIHUSJIBIK JKOHE MUKPOTOJIKBIHIIBIK
KBI3/IBIPY KarnaibIHa 3epTrenai. Maii MaccacblHaH Karanu3aTop Menmepi 1% Oonranna
JKOFaphl TeMIepaTtypaia 6aakuTeiH ouiM Tysineai (38°C. TemmepaTypaHsl TOMEHAECTKEH IE
JKOHE Ypaic y3akTeirbH KbickapTkanga MOKK skone MIKII mapkainbl TeMeH Temiiepa-
Typaia OaTKUTBIH MaprapuHiep Ty3ileai). MUKpOTONKBIHIBIK TEXHOJOTUSHBI KOJIaHY
(xyarsr 700 BT) ke3iHme YpIic Y3aKTBIFBI alTapiblkTail KeIcKapbin (30 MUH-Ke ACHiH),
Ganky Temneparypachl 34°C-re TeH oHIM Ty3inesi.

Tyilin ce3aep: mamaauiifiH HAHOOOIIEKTePi, TOTHIKCHI3AAHIBIPY, OCIMIIK MalbIH
THIIPIICY, MAPTapHH, MEKPOTOJKBIHIBIK aKTHBAITHS.

Pe3zrome

E. A. Omapos, P. V. Kannapbepzenos, P. A. Typmanos,
M. U. Ceiz0bixbaes, K. Cadyaxackwizel, H. O. Annaszos

[NOJIVYEHUE HAHOYACTUIL] ITAJUIAAWA U X TIPUMEHEHUE
B KAUECTBE KATAJIM3ATOPA TUAPUPOBAHWA PACTUTEJIBHOI'O MACIJIA

BoccraHoBneHHEM XJIOPHCTOTO MaIagus OOPOTHIPHUAOM HATpHs MOTydeHBI Ha-
HOYACTHIBl TaJUIaIusi, KOTOPhIE XapaKTepPH3YIOTCS MHTCHCHBHBIM ONTHYECKHM IIOTJIO-
mieHreM B oomacti A=350 HM, 9TO CBUTENBCTBYET 00 00pa3oBaHNH JacTHIl pazmepom 10-
50 um. lns yBenMYEeHUS] KOHTAKTHOM MOBEPXHOCTH HAHOYACTHUIIBI MAIUIAIM UMMOOMIIH-
30BaHbl HA aKTMBHPOBAHHBIN yrojb. KaranuTuueckas akTHBHOCTD TOJyYEHHOTO KaTallu-
3aTopa MCCe0BaHa B PEaKIMU THAPUPOBAHUS PACTUTEIHHOTO Macia MPH KOHBEKIIHOH-
HOM U MHUKpPOBOJHOBOM HarpeBe. HaiineHo, uto npu coxepkanuu 1 % oT karanuszaropa
Maccel Macia obpasyetcs Gosee BbicoKomaskui nmpoaykt (38°C. Ionmkenue temmepa-
TYPBI M COKpaIlleHHe TPOJODKUTEIFHOCTH TIpoliecca MPUBOIUT K HU3KOIUIABKMM Mapra-
punaam mapok MXKK n MXKIT). Hcnions30BaHHE MUKPOBOJIHOBOH TEXHOJIOTHH (MOIIHOCTD
700 BT) 3HAaUHTENEHO COKpAIIaeT MPOJAOJDKUTEIBHOCTE Tporecca (1o 30 MuH) ¢ 00paso-
BaHHEM NPOyKTa ¢ T.1m. 34°C.

KnroueBble c10Ba: HAHOYACTHIIBI TTAIAIUsI, BOCCTAHOBJIEHHE, THAPUPOBAHNE pac-
THUTEIBHOTO Macila, MaprapruH, MUKPOBOJIHOBAs aKTHBALIHS.
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APPLICATION OF MODIFIED HUMIC MATERIALS
FOR GREENING CITIES AKTAU AND ZHANAOZEN

Abstract. Field trials of modified humic preparations at the sites of Expo-Trading
LLP, Agrorost LLC (Aktau) and school No. 20 (Zhanaozen) have been shown their high
efficiency in growing flower-decorative, deciduous, coniferous, vegetable and fruit-berry
crops. It has been established that their application encourages the increase of seed
germination (98.27-100.0%) and the survival of seedlings and plants (99.12-100.00%).

Keywords: modifiedhumicmaterials,growth stimulants, greening, open ground, field
tests.

At present, the interest in humate-type fertilizers has increased all over the
world, and there is extensive experience in the practical application of humic
compounds as natural physiologically active substances under different agricul-
tural cultures for different soil-climatic condition. They accumulate elements of
nutrition and energy, participate in the migration of cations, reduce the negative
effects of toxic substances, affect the development of organisms and the heat
balance of the planet. The humic compounds are stable, high-molecular, polydis-
perse, contain various functional groups, amino acids, polysaccharides, benzoid
fragments [1-4].

Climate of Aktau and Zhanaozen is characterized by large amplitude of tem-
perature fluctuations throughout the year, a rapid transition from winter to hot
summer. Its feature is the aridity, contrast and high variability over the years of
the amount of precipitation and temperatures, a small amount of precipitation.
This makes it necessary to use more frequent watering. It should be noted that the
state of the ground in the cities of Aktau and Zhanaozen is extremely tense and
pollution, degradation and depletion of soil is observed in most of the urban areas.
There is also a negative change in the structure of the ground of the city, a decrea-
se in the content of humus in it, which threatens the conservation of the biological
diversity of urban plantations, the intensity of their survival and growth. There-
fore, it is necessary to carry out a complex of measures to restore technogenic
disturbed lands and gardening of Aktau and Zhanaozen. Growth stimulating,
fertilizing, meliorative and humectant properties of composite humic materials
allow using them to solve above problems.

Agrochemical experiments are laid on the sections of “Expo-Trading” LLP
and “Agrorost” LLC (Aktau) and school No. 20 (Zhanaozen). Modified composi-
tional humic materials are used for growing flower, deciduous, ornamental,
vegetable and fruit-berry crops.
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Composite humic materials have been used for seed treatment, root and foliar
treatment of vegetative plants (figure 1).

“Expo-Trading” LLP sections

"Agrorost" LLC sections

Figure 1 — Humic growth-stimulants experiments layout

During the studies it was established that the use of humic growth stimulants
promotes better survival, growth and development of test crops as compared to
plants in control variants. The phenological observations showed that the degree
of seed germination of the tested crops in the experimental version was 98.27-
100.0%, and in the control one it was 93.70-94.80%, and the seedling and
seedlings survival rate was 99.12-100.00 %, and in the control variant - 94.38-
95.10%. Increasing the germination of seeds allows them to save them when
planting (up to 15-20%). It should be noted that the application of these prepa-
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rations leads to the development of the root system of plants, and the enhanced
development of roots certainly increases the supply of water to the leaves and
leads to improved water supply of plants.

The application of modified humic preparations promoted intensification of
the color intensity of flowers in experimental variants, increase in the size of their
leaf surface and the height of the stems, as well as inflorescences. In this case, for
flower crops, a significant increase in the length of the stem, the leaf surface and
the size of the buds, the color of the leaves and flowers becomes more intensive in
comparison with the control variant. In ornamental crops, their application in-
creases the number and size of leaves, the color becomes more vivid. Treatment
with the drug also leads to an increase in their disease resistances.

Sites are located along busy urban roads with a large number of exhausts of
cars and enterprises, characterized by extreme gas contamination and pollution.
The entire vegetation of these areas is subject to severe environmental pressure,
therefore, it grows poorly, develops slowly, is prone to disease, etc. The use of
modified humic preparations has made it possible to solve these problems, and
has helped to significantly save budget for the purchase of expensive plant pro-
tection products (fungicides, herbicides, etc.) and a large number of mineral
fertilizers. These drugs can be used not only for gardening of Aktau city, but also
in other settlements of the country.

In the plots of school No. 20 (Zhanaozen), in conditions of open ground,
agrochemical experiments with the application of modified composite humic
growth stimulants are laid. Were planted 100 pcs of elm seedlings, 9 pcs of ailan-
thus, 8 pcs of ash, 15 pcs of thuja, as well as various flower crops and lawn grass.
The area of the tested site was 700 m”. The carried out researches have shown that
under the action of modified composite humic preparations the vegetation period
in experimental plants is reduced by 10-15 days, mainly due to the reduction of
the period from germination to flowering.

3 years analysis results showed that the application of composite humic
preparations leads to an increase in the activity of physiological processes in
plants, i.e. promotes better germination and survival of the experimental crops,
growth of stem size, trunk and branch of tree cultures, increase in the leaf surface
of plants, inflorescences and buds of flower crops (figure 2). Their root system
becomes longer and branchy, increases chlorophyll content in leaves. For
example, experimental plants were better branched (41-55 pieces), increased by
an average of 1.23-3.49 m compared to the control ones, the diameter of the trunk
was 19-32 cm. During the observation of plants, the color of leaves and flowers
was revealed become more intense in comparison with control variants.

As noted above, meteorological conditions during the agrochemical tests
were characterized by a very dry summer and low precipitation. The use of modi-
fied composite humic preparations promoted the increase of plant resistance to
unfavorable environmental conditions and stressful influences.
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Figure 2 — Modified humic preparations influence on plants growth and development
(Sh. No. 20, Zhanaozen)

Conclusions. Field trials of compositional humic compounds have shown
their high efficiency in the cultivation of flower-decorative, deciduous, vegetable
and fruit-berry crops conducted on the sites of "Expo-Trading" LLP and
"Agrorost" LLC and school No. 20 in conditions of open ground in Aktau and
Zhanaozen. It has been established that their application contributes to the
increase of seed germination and the survival of seedlings and saplings, the
growth of flower, ornamental and other crops, the increase in the size of
inflorescences, buds and leaves, the intensification of their coloration, and the
resistance of test crops to diseases and unfavorable external conditions.Carried
out tests have been demonstrated a possible significant savings in the Aktau and
Zhanaozen cities budget by using composite humic preparations for gardening.

The work was carried out with the financial support of the MES RK under
the grant N1521/GF.
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NEW INVESTIGATIONS
IN ION-EXCHANGE MEMBRANES
SYNTHESIS AND THEIR MODIFICATION

Abstract. Ion exchange membranes (IEMs) have great potential in diverse appli-
cations and play prominent roles in addressing energy and environment related issues.
Over the past decade, the development of IEMs has attracted much research attention in
terms of materials, preparation and applications, due to their academic and industrial
values. In this review, the advances in diverse IEM materials are summarized, providing
insights into the fundamental strategies to achieve targeted properties. Apart from the
intrinsic features of materials, optimized preparation methods are crucial to improve the
quality of IEMs, which are discussed in detail. New IEM materials bring new applica-
tions, which are summarized in this review. Finally, the opportunities and challenges in
the chemical stability of IEM materials, controllable fabrication of IEMs, and integration
applications of IEMs are identified.

Keywords: ion exchange, ion-exchange membranes, membrane technology.

Ion exchange membranes (IEMs) are typically composed of hydrophobic
substrates, immobilized ion-functionalized groups, and movable counter-ions.
Depending on the type of ionic groups, IEMs are broadly classified into cation
exchange membranes (CEMs) and anion exchange membranes (AEMs). Natu-
rally, the ion-functionalized groups attached onto the IEMs will dissociate after
the penetration of sufficient water molecules, releasing cations or anions for the
transfer of corresponding ions. The most commonly functional moieties in CEMs
contain sulfonic acid, phosphoric acid and carboxylic acid groups. Quaternary
ammonium cations, imidazole cations, and guanidinium cations are generally an-
chored onto the polymer backbones to obtain AEMs [1, 2].

Since last century, IEMs as a new type of material have received much re-
search attention because of their applications in a variety of fields. IEMs are used
in electrodialysis to concentrate or dilute aqueous or non-aqueous electrolyte
systems, and in diffusion dialysis to recover acid or alkali from waste acid or al-
kali solutions. Recently, IEMs have significantly contributed to overcome the
problems associated with energy and environment. Diverse electrochemical tech-
nologies such as polymer electrolyte membrane fuel cells, redox flow batteries,
reverse electrodialysis cells, and water electrolysis utilize [IEMs that separate and
transport ions between the anode and cathode to balance the electron flow in the
external circuit. Thus, there is an increasing worldwide interest in the use of IEMs
to develop renewable energy sources [1].
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Considering the importance of IEMs for contemporary developments, they
have been extensively studied in academic and industrial fields. To satisfy various
requirements of traditional and newly emerging IEM-related fields, research ef-
forts have been devoted to developing novel IEMs or to modifying pristine IEMs
for certain targeted activity. To date, most of the IEMs consist of polymeric
backbones prepared by either post-functionalization of pre-existing polymers or
direct polymerization of functionalized monomers. To convert the prepared
polymers to IEMs, suitable membrane formation techniques are needed, and these
techniques have been widely studied in the past. IEMs with excellent qualities can
be assembled into various devices and processes. Materials, preparation methods,
and final applications are all crucial in the field of [EMs.

In 2005, a review on IEMs was published in Journal of Membrane Science
[3]. The review was extensively cited, indicating that the research enthusiasm on
IEMs is ever-growing. In the current decade, great efforts have been devoted to
upgrading [EMs, as illustrated by the chronology of IEM related publications over
the past decade in figure 1. We realize a brand-new review to summarize the pro-
gresses of IEMs is given urgently. Particularly, with the rapid progress in nano-
science, the regulation and control of polymer structures make for the formation
of ionic channels, which is a new development in this field. Newly emerging pre-
paration methods are worthy of research attention. Over the past decade, most of
the IEM applications are expected to solve issues related to energy and envi-
ronment, and these aspects are becoming the hot topics in the present literature.
Herein, the recent progress in IEMs along with the line of materials-preparation
applications will be reviewed [1-3].
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Anion exchange membranes (AEMs). AEMs are generally prepared from
positively charged polyelectrolytes and are designed to conduct anions while
being impermeable to neutral molecules or cations. The major concerns of AEMs
lie in anion conductivity, chemical stability and dimensional stability. To date,
substantial research efforts have been devoted to this field, which can be
classified into two main categories. The first category involves synthesis of new
anion conducting groups (ACGs), while the second category involves design of a
particular polymer architecture [4].

AEMs with new cationic head groups. Quaternized ammonium (QA)
groups (figure 2a) are the conventional ACGs for AEMs because of their facile
synthesis procedure by simply treating a polymer precursor bearing benzyl halide
groups and trimethylamine (TMA) [1, 5]. However, the drawbacks of low anion
conductivity and inadequate tolerance to highly alkaline environments have been
blocking the AEMs’ development and commercialization. In order to solve these
problems, various tertiary amines with different chemical structures were inves-
tigated as precursors for ACGs. Some of these included 1,4- diazabicyclo[2.2.2]-
octane (DABCO) (figure 2b), hexamethylenetetramine (figure 2c), N,N,N,N-tet-
ramethyl-1,6-diaminohexane (figure 2d) (TMHDA), and N,N,N,N-tetramethyl-
1,2-diaminoethylene etc. [6]. Interestingly, some of these functional reagents
(such as TMHDA, and DABCO) contain two tertiary amine groups and thus can
be utilized as cross-linking reagents to prepare AEMs with improved mechanical
properties and dimensional stability.

Nitrogen containing conjugated molecules are potential ACGs for AEMs.
Guanidinium cations (figure 2e) were firstly investigated as ACGs for AEMs by
Zhang and co-works. Novel AEMs were easily prepared by functionalizing chlo-
romethylated PAES with 1,1,2,3,3-pentamethyl guanidine. High basicity of penta-
methylguanidine with a conjugated structure was considered to be responsible for
the high anion conductivity and alkaline tolerance of this type of AEMs. 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) (figure 2f) is a kind of organic super bases
which possesses a high pKa value in the order of 12. DBU based AEMs were
prepared via the reaction between brominated poly(2, 6-dimethyl-1, 4-phenylene
oxide) (BPPO) and DBU under mild conditions. More recently, extensive re-
search efforts have been devoted to the development of imidazolium based AEMs
(figure 2g) because of their easy synthesis procedure and versatile structures. It
should be noted that substituents on the imidazole ring have a profound impact on
the alkaline stability of imidazolium based AEMs. C2- unsubstituted imidazolium
has proved to be unstable and undergoes ring opening degradation in strongly ba-
sic environments. Afterwards, Price and co-works investigated the effect of diffe-
rent C2 substituents on the chemical stability of imidazolium cations. Surpri-
singly, imidazolium with C2 position substituted by some bulky substituents
(such as, tert-butyl and phenyl group) exhibits much inferior alkaline tolerance,
verifying that steric hindrance protection is a less effective factor for stabilizing of
the imidazolium cations. However, the authors think that acidity of the methyl
protons at C2 position, which can provide alternative and reversible deprotonation
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Figure 2 — Commonly encountered anion conducting groups for anion exchange membrane

reactions, is the key factor that decides the stability of imidazolium cations. On

the

other hand, Yan and co-workers reported that both steric hindrance and

electro-donation effects have significant influences on the alkaline tolerance of
imidazolium based AEMs. To support this, the imidazolium cation with 2,4,6-
trimethoxyphenyl as C2 substituent was prepared and its chemical stability was
compared with C2 unsubstituted one. As expected, this type of AEMs prepared
from BPPO and trimethyl-2-(2,4,6-trimethoxyphenyl) imidazole exhibited both
high anion conductivity and improved alkaline stability.

for

Benzimidazolium cations (figure 2h) hold great promise to serve as ACGs
AEMs. Holdcroft and co-workers synthesized benzimidazolium based AEMs

by methylation of PBI. By introducing a bulky tirmethylphenyl ring to the C2 po-
sition of benzimidazole, stable main chain functionalized type AEMs were
successfully synthesized. It is noteworthy that the introduction of adjacent bulky
groups increases the steric hindrance around the reactive C2 position, would
hinder nucleophilic attack by hydroxide ions, thus improving the stability of PBI
based AEMs. Benzimidazolium based AEMs have shown advantages in dimen-
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sional, mechanical and thermal stabilities, while simultaneously exhibiting higher
anion conductivity compared with the analogous AEMs bearing quaternary
ammonium and imidazolium cations [7, 8].

Pyridine-based AEMs (figure 2i) were synthesized by our group and em-
ployed in the separation of various anions. Improved hydrophilicity and anion
permeability were observed for pyridinebased AEMs compared with the conven-
tional QA based AEMs. Besides, the membrane also exhibited good perm-selec-
tivity for different anions.

Phosphonium cations are recognized as promising candidates for ACGs.
AEMs based on phosphonium cations can be easily prepared by reacting polymer
precursors containing benzyl halide with either trimethylphosphine (figure 2j) or
triphenylphosphine. However, this type of AEMs have proved to be unstable in
alkaline media because of severe nucleophilic attack by hydroxide ions. Yan and
co-workers [9—12] found that by introducing three electro-donating methoxyl
groups into each phenyl ring of triphenylphosphine (figure 2k), cation conduc-
tivity and alkaline tolerance of phosphonium based AEMs could be greatly en-
hanced. This can be ascribed to both steric hindrance and electro-donating effects
of methoxyl groups. Another type of phosphonium cation with more complicated
structure was synthesized and investigated by Coates and co-works (figure 2I).
Despite its relatively low IEC values, this phosphonium based AEM exhibited
satisfactory cation conductivity and outstanding alkaline tolerance. It is believed
that steric hindrance protection to the central phosphonium cations and delocali-
zation of positive charges to the carbon atoms are the principle reasons for their
superior chemical stability.

Tertiary sulfonium cations (figure 2m) act as ACGs for AEMs. Yan and co-
workers [11] synthesized the first base stable sulfoniumbased AEM by introdu-
cing one electro-donating methoxyl group to the phenyl ring connected to sulfo-
nium cations. Hickner and co-workers [13, 14] prepared metal-cation functiona-
lized AEMs by copolymerization and cross-linking of dicyclopentadiene and nor-
bornene monomers bearing a water-soluble bis(terpyridine)ruthenium (II) comp-
lex (figure 2n). Hydroxide conductivity of 27 mS/cm and acceptable alkaline
tolerance were observed, suggesting that the metal-cation based polyelectrolytes
may serve as potential candidate for AEMs. Besides, Yan and coworkers reported
permethyl cobaltocenium based AEMs (figure 20), which have reduced positive
charges on the metal center. This cobalt based AEM exhibited excellent stability.

Monovalent ion perm-selective membranes (MIPMs). A monovalent ion
perm-selective membrane (MIPM) allows for rapid permeation of mono-valent
ions, while blocking passage of multi-valent ions. Owing to the special functions
of MIPMs in distinguishing mono-valent and multi-valent ions with the same
charge, they are widely explored in a wide range of applications including sea-
water desalination, acid recovery in hydrometallurgy and removal of specific ions
from liquid waste. The perm-selectivity between ions of the same charge in a
mixture through MIPMs is governed by several factors, such as differences in
ions’ hydrated radii, affinities with IEMs and migration speeds in the membrane

142



ISSN 1813-1107 Ne'l 2018

phase. The strategies used for regulating such factors have been reported in the
literature. Some of these strategies are as follows [15].

Importing cross-linked moieties in IEM matrix or coating a cross-linked thin
layer on the membrane surface is considered to be effective in obtaining MIPMs.
With the introduction of crosslinked components, the IEM becomes denser.
Therefore, the ions with different hydrated radii may be differentiated based on a
size sieving effect. Apart from widely reported covalent cross-linking, acid-base
cross-linking also demonstrates effective in improving the density of membrane
matrix to obtain MIPMs. For example, an MIPM with this type of cross-linking
was constructed by our group using imidazole groups and sulfonic acid groups
(figure 3). The formation of hydrogen bonding networks based on the acid-base
interaction makes the membranes more compact and also holds the ability to limit
the passage of Zn>". Meanwhile, the channels along with the hydrogen bonding
networks promote the transfer of H', leading to desired high H" flux. Crystalline
is another type of cross-linking. Recently, our group completed the preparation of
a MIPM by adding crystalline domains into I[EMs [16, 17].
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Figure 3 — Constructing H transfer channels through the formation of acid-base pairs

Although cross-linking is especially fascinating in preparing MIPMs, high
electrical resistance caused by the cross-linking is an inevitable issue. To decrease
the detrimental influence of cross-linking, conducting layers are introduced onto
the MIPM surface. Gohil and co-workers developed a MIPM by means of the
polymerization of pyrrole on the membrane surface. The poly-pyrrole layers
could both reject multi-valent ions and reduce the resistance during the electro-
dialysis operation.

Depositing an oppositely charged layer relative to the nature of bulk IEM’
charge also enables the preparation of MIPMs. For this type of MIPMs, multi-
valent ions with the same charge as the membrane surface are rejected due to the
relatively large electrostatic repulsion, while mono-valent ions are still able to
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pass through the skin layer. Lambert et al. [18] modified a Nafions membrane by
electro-depositing highly protonated polyethyleneimine (PEI) on its surface. The
PEI layer is positively charged in acidic media and has the potential to block the
passage of multi-valent ions. More recently, with the development of layerby-
layer (LBL) technique, alternating adsorption of poly-cations and poly-anions has
become a potential method to form an ultrathin layer for repelling multi-valent
ions. For example, S. Mulyati et al. [19] deposited poly(sodium 4-styrene sul-
fonate) (PSS) and poly(allylamine hydrochloride) (PAH) alternatively on a
NEOSEPTA AMX membrane by the LBL technique. With the increasing number
of layers, the selectivity for the mono-valent anions is greatly improved.

Polymerization grafting of cationic/anionic vinyl monomers on the mem-
brane surface is also an attractive option to obtain MIPMs through the surface
modification means. Ogumi et al. [20] prepared monovalent cation perm-selective
membranes by surface polymerization of 4-vinypyridine monomers initiated by
the generated radicals during the oxygen plasma treatment. The resultant mem-
brane showed high monovalent cation perm-selectivity and low membrane
resistance.

Regulating the compositions of ionic functional groups and IEM matrices
can be applied in achieving selective permeation of mono-valent ions. This is due
to the fact that the perm-selectivity among ions with same valence state is not
only governed by the difference in size, but also decided by the difference in
affinity forces of ions with the membranes. Nagarale et al. [21] investigated a se-
ries of CEMs having different functional groups including sulfonic acid, phos-
phonic acid, and carboxylic acid groups. The results showed that an IEM with
phosphonic acid groups is the most suitable for the electro-driven separation of
ions with identical charges. Furthermore, a few recent studies tried to prepare
MIPMs by varying the hydrophobic and hydrophilic characters of the membranes.
For example, Gohil et al. [22] adjusted the hydrophilic-hydrophobic property of
pristine sulfonated PES by adding sulfonated poly ether ether ketone (SPEEK). It
was observed that the perm-selectivity of mono-valent ions relative to di-valent
ions increased with decreasing SPEEK contents.

The above-mentioned methods may be combined in a reasonable way to
improve the monovalent perm-selectivity of IEMs. Although a large number of
optional IEMs are widely reported in various industrial fields, the comprehensive
properties of MIPMs can still not meet some requirements set for applications on
an industrial scale. The limitations rely on low perm-selectivity, insufficient ion
flux, and high electrical resistance. More research attention should be given to
further improve the membranes.

Bipolar membranes (BPMs). Over the last decade or so, IEMs have evol-
ved from a laboratory tool to industrial products with significant technical and
commercial impacts. Among these IEMs, the bipolar membrane (BPM), which is
composed of one cation exchange layer (CEL), one anion exchange layer (AEL)
and an interfacial layer (IL) between the two layers, occupies a special position
due to its ability for generating protons and hydroxide ions from water molecules
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under direct current polarization. In 1956, this type of IEM was referred to as
BPM in an academic literature for the first time [23]. Since then, intensive studies
have been conducted on BPMs, which focus on a number of BPMs’ industrial
applications, such as electrodialysis for environmentally clean technologies and
treatment of salt water effluents. It is worth mentioning that a well-established
milestone in this field is the understanding of the mechanism of electric field
enhanced (EFE) water molecule dissociation in BPMs.

BPMs are analogous to p-n junction semiconductors, whereas the junction
formed at the BPM interfacial layer (IL) constitutes a depletion region and thus
contains a built-in potential. Figure 4a shows a schematic illustration of the
structure and function of BPMs. When a potential (40.83 V) is applied across the
mem-brane, a very large electric field (108 V/m) is generated in the IL. The water
mo-lecules residing in the IL become sufficiently polarized and hence, get disso-
ciated. Figure 4b shows a typical steady current density-voltage (I-V) curve,
which presents the operation of a BPM. The curve clearly presents the water
splitting process during the passage of an increased current density through the
membrane. In the first region, the current is very low and is mainly transported by
the diffusion of salt ions. In the second region, water dissociation occurs and the
current is transported by protons and hydroxide ions, which are generated in the
interphase. In the third region, the generation rate of protons and hydroxide ions is
limited by the transport of water molecules into the interphase, leading to an
increase of the operating voltage and the destruction of the membrane. It is worth
mentioning that the water dissociation in the BPMs is seven orders of magnitude
higher than that in the free solution. The actual water dissociation mechanism is
still not fully understood and needs extensive research attention [1, 24].
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Figure 4 — Schematic illustrations of (a) the structure and function of a BPM;
(b) a typical I-V curve of a BPM in a salt solution

Various mechanisms have been proposed to explain the accelerated water
dissociation in BPMs. A well-established mechanism, which is supported by theo-
retical and experimental evidences, is the so-called reversible proton transfer reac-
tion mechanism. According to the model, the generation of protons and hydroxide
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ions at the interfacial region are believed to be the result of protonation and de-
protonation of the reaction between the water molecules and fixed charge groups.
This model can explain the acceleration of water dissociation in the interphase of
BPMs and also serve as a theoretical basis for the development of BPMs.

Typically, BPMs have been commonly prepared by LBL casting of CEL and
AEL materials, or pasting CEL and AEL together by external addition of heat and
pressure or by using adhesives. During these processes, a thin, modified IL is
formed between CEL and AEL to generate protons and hydroxide ions. Available
materials for both CEL and AEL need to transport ions effectively. The water
dissociation materials for the IL are sought to control the BPM potential to a
value as close to the thermodynamic potential of 0.83 V as possible so that the
energy consumption could be reduced. The chemical composition and structure of
the IL are elaborately designed, following the mechanism of the proton transfer
reaction. One promising strategy is to immobilize catalysts in the IL to provide
alternative reaction paths for the dissociation reaction by forming very active
complexes. Previous studies have reported that weak acid and base with an
equilibrium constant close to that of the water dissociation reaction constant
pKa's7, e.g. amino groups (primary, secondary or tertiary amine), and pyridines
could be incorporated into the IL. Our previous work have demonstrated the
catalytic activities of hydrophilic macromolecules, including polyethylene glycol
(PEG), PVA, and hyper-branched polymers. Additionally, inorganic substances,
such as GO, and heavy metal ions complexes could also been incorporated into IL
for enhancing the water dissociation [25].

In summary, tremendous progresses have been made in screening suitable
catalysts for the water dissociation and improvement of membrane preparation
techniques in the past several decades. It is worth mentioning that high perfor-
mance commercial BPMs are available and are widely used in industrial scale
application. However, there are still a lot of open questions regarding the deve-
lopment of chemical stable polymer candidates, precise control of micro-mor-
phology and in-depth understanding of water dissociation and ions transport
mechanism within BPMs. In practical applications, BPMs are required to possess
low electrical resistance at high current density, high water dissociation ratio, low
co-ion transport rate, high ionic selectivity, and most importantly, good chemical
stability against acid and base due to direct contact of CEL with the acid solution
and that of AEL with the alkaline solution. However, highly alkaline stable AEL
candidates are rarely reported. Additionally, precise control of thickness and
architecture of the catalytic interphase is still unsatisfactory. Further systematic
studies on these points will continue to push forward the industrial application of
BPMs.

Ion exchange membranes emerging as renewable materials play prominent
roles in promoting the development of traditional industry and innovative energy
technologies. To date, most of the attention has been focused on exploring pro-
mising materials, developing diverse preparation methods, and expanding a wide
variety of applications related to ion exchange membranes.
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Over the past ten years, such field has significantly bloomed and a large
number of achievements have been gained. To date there are a tremendous num-
ber of ionic polymer candidates available for the preparation of various kinds of
ion exchange membranes, including cation exchange membranes, anion exchange
membranes, monovalent ion perm-selective membranes, mixed matrix membra-
nes, and bipolar membranes. Although progresses in exploring new ion exchange
membranes are prominent, there are still a few challenges, which need to be
urgently addressed. For example, the chemical stability of the membranes should
be promoted furthermore to ensure the longevity of their lifetime in various
applications.

Apart from the intrinsic characteristics of materials, choosing appropriate
preparation methods is also of pivotal importance to accomplish desired membra-
ne performances. Currently, a series of techniques such as polymer blending, pore
filling, in-situ polymerization and electro-spinning, have shown promise in pre-
serving and occasionally improving the elegant properties of pristine polymers.
To date, the studies on the preparation methods are not very detailed and only the
feasibility of these methods has been demonstrated. Further exploration and
optimization of operating conditions are essential to achieve precise control in
structure and composition of improved ion exchange membranes.

Along with the advancements of materials and preparation methods for ion
exchange membranes, the corresponding applications have also made rapid
progress. Typical applications involving IEMs include diffusion dialysis, electro-
dialysis, bipolar membrane electrodialysis, reverse electrodialysis, fuel cells, and
redox flow batteries. Although some of them have come true or may come true
from the viewpoints of industries, their integration of these applications is still
scarce and some technical puzzles need to be solved.

Besides, more available ion conducting mechanisms should be proposed after
achieving a deeper understanding towards the transport issues within confined
space. Porous ion exchange membranes from polymers of intrinsic microporosity
and Troger's Base [26] as well as porous fillings such as metal-organic frame-
work, and covalent organic framework also deserve special attention, as these
may achieve extremely high separation effi- ciency and beat the “trade-off” effect
in IEMs-based process. Finally, it should be emphasized that materials, prepa-
ration methods, and potential applications in the area of ion exchange membranes
need to be synergistically explored and taken forward.

This work performed on the grant of the Committee of Science of the
Ministry Education and Science of the Republic of Kazakhstan No. AP05131439
on the theme “Synthesis and modification of nanostructured ion-exchange mem-
branes and the creation on their basis of innovative water treatment systems”.
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Pe3iome
E. E. Epzoocun, T. B. Kogpueuna, T. K. Yanos, /]. K. Tenemicosa, E. A. Menvnuxos

NOHAJIMACTBIPFBIIII MEMBPAHAJIAP/IBIH
KAHA 3EPTTEVIJIEP CUHTE3/JIEY X XOHE MOAU®UKALIUATIAY

HonanmacTsIprpi MeMOpaHaiap opTypili KOJJaHbICTap/a YIKEH JJIEyeTKE He HKOHE
SHEpreTHKa MEH KOpIIaraH opTaFa KaThICTBI Maceleliepae YIKeH pein aTkapansl. COHFBI
OHXXBUIIBIKTa MOHAJIMACTBIPFBIII MeMOpaHaJIap/bIH JIaMybl aKaJeMHUSUIBIK >KOHE OHi-
pICTIK KYHIBUIBIKTAphl apKachlHAa MaTepuajl, NaWblHAAy >XOHE KOJJIaHy TYPFHICHIHAH
3epTTEYIIUIepAiH aca Ha3apblH aynapiasl. by mromy MakamacklHIa HETIsrl CTpaTerhs-
JapApl TYCIHYII KOHE KOMBUIFaH MaKcaTTapFa KOJ JKETKi3y/Ai KaMTaMachl3 €Te OTHIPHIIM,
HMOHAJIMACTBIPFHIII MeMOpaHaJap bl CHHTE31 MEH TYpPJCHYJIepi Typallbl )KaHa 3epTTey-
JIepre apHajaFaH OPTYPJIi JKYMBICTAPAArbl JKETICTIKTEp TaJIaHBI KOPBIThUIFAH. JlaibIH-
Jlay/IbIH OHTAMIaHABIPBUIFaH dficTepi MeMOpaHanap/blH CanachlH KakKcapTy YIIiH eTe
MaHpI3/1bl. OHANIMacTBIPFBII MaTepHajiap OChl MIONY MaKalachlHIa >KMHAKTaJIFaH
CHHTE3Te JKOHE TYPJICHYTE jKaHa 3epTTeyJIep i eHri3e.

Tyiiin ce3mep: HOH ajMacy, HOH aiMacy MeMOpaHaiap, MeMOpPaHAIBIK TEXHOJIOTHS.

Pesome
E. E. Epeoowcun, T. B. Kospueuna, T. K. Yanos, [. K. Tonemucosa, E. A. Menvnuxog

HOBEBIE NCCJIEJJOBAHNA B CUHTE3E
N MOJIMOUKAITNI NOHOOBMEHHBIX MEMBPAH

HonooOMeHHBIE MeMOpaHbl 001aJat0T OOJBIINM TOTEHIMAIOM B Pa3JIMYHBIX MPH-
MEHEHUSIX ¥ UTPAlOT OTPOMHYIO POJib B BONPOCAaX, KACAIOUIMXCsl SHEPTETUKU U OKPYKalo-
el cpensl. 3a MOoCieHUE AECATHIETHS Pa3BUTHE MOHOOOMEHHBIX MEMOpaH MPHBIIEKIIO
00JIbIIOE BHUMAHUE MCCIIEIOBATENICH ¢ TOYKH 3pEHHsI MaTepHalIoB, MOATOTOBKH U TIPH-
JIOXKEHUH, Onaroiapsi MX akaAeMHUYECKHX W MPOMBIIUICHHBIX [IEHHOCTeH. B aTOoM 00630pe
0000IIEHBI TOCTIKEHUS B Pa3lIMUHbIX paboTax, MOCBSIICHHBIX HOBBIM HCCIIEIOBaHUSAM B
CHHTE3€¢ ¥ MOAM(HKAINH HOHOOOMEHHBIX MeMOpaH, o0ecTieunBast IOHNMaHHEe OCHOBHBIX
CTpaTeruii ¥ JOCTIKEHHUS IOCTABICHHBIX 3371a49. ONTHMHU3HPOBAHHBIE METO/IBI TTOITOTOB-
KM MMEIOT pellaioliee 3HaYeHHE IJIsl MOBBIMICHUS KadecTBa MeMOpaH. MoHOOOMeHHbIE
MaTepHaNbl TPEANoNaraloT HOBBIE HCCIEIOBAaHNUA B CHHTE3€ M MOAM(HUKAINH, KOTOPHIC
00600111eHBI B 3TOM 0030pe.

KiroueBble cjioBa: MOHHBIN 00MeH, HOHOOOMEHHbBIE MeMOpaHbl, MeMOpaHHas TeX-
HOJIOTHUSI.
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CATALYTIC PROPERTIES OF V,;05-TiO, AND V,05-ZrO,
BINARY SYSTEMS IN THE VAPOR-PHASE OXIDATION
OF 3-METHYLPYRIDINE INTO NICOTINIC ACID

Abstract. The results of catalytic activity of V,05-TiO, and V,0s-ZrO, binary
catalysts in the partial oxidation of 3-methylpyridine were investigated. It was found that
the V-Ti-O catalyst prepared using highly dispersed titanium dioxide particles (200 nm)
and V-Zr-O catalyst significantly exceeds both vanadium pentoxide and TiO, (Rutile)
based vanadium-titanium contact by its activity. Nicotinic acid is obtained with the yield
of 78-80% at 300 °C and a molar ratio of 3-MP:0,:H,O = 1:13:94.

Key words: oxidation, 3-methylpyridine, nicotinic acid, catalysts.

Introduction. Nicotinic acid (NA) is widely used in medicine as a vitamin PP,
a general stimulant for life-supporting processes in the body, a drug that reduces
toxic effects, a starting material for the synthesis of cardiac agents such as cordia-
mine, nicodane, etc., as well as in plant growing as a stimulator for the growth of
wheat, cotton, cultures, livestock breeding and, especially, poultry farming.

The vapor-phase oxidation of 3-methylpyridine (3-MP) by air oxygen is the
most cost-effective method of nicotinic acid synthesis. In Bekturov Institute of
Chemical Sciences, with the purpose of creating a one-stage technological process
for the NA production, the research is being conducted for searching the efficient
catalysts of 3-MP vapor-phase oxidation.

The vanadium-titanium systems are widely used as catalysts for such an
industrially important process as the partial oxidation of hydrocarbons. Titanium
dioxide (TiO,) is one of the components for catalysts of redox processes. Close to
titanium dioxide by its chemical properties, zirconium dioxide (ZrO,) is also
widely used in the synthesis of highly selective catalysts, for example, the
dehydrogenation of hydrocarbons. The structure and phase composition of
oxidized vanadium-titanium and vanadium-zirconium catalysts were studied by
Petrov 1.Ya. et al. [1] using physicochemical methods (XRD, IR spectroscopy,
UV and visible spectroscopy, EPR spectroscopy). It was found that the nature of
the TiO, supporter has little effect on the structure of the supported vanadium-
oxide catalyst. Comparison of samples of V,0s5-TiO, catalysts, based on rutile and
anatase, showed that the crystal structure of TiO, does not affect the activity of V-
Ti-O catalysts in o-xylene oxidation [2].

Earlier, we noted the effect of the crystalline modification of TiO, on the ca-
talytic properties of V-Ti-O catalysts in the oxidation of 3- and 4-methylpyridines
[3]. It was found that V,05-TiO, (Anatase) is more active and selective in the
formation of pyridine carboxylic acids.
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The purpose of this work was to test the new V-Ti-O binary catalyst prepared
with highly dispersed titanium dioxide particles (200 nm) and V-Zr-O catalyst in
3-MP oxidation.

Experiment

In this work, dried and distilled 3-MP with boiling point of 140 °/ 692 mm,
d = 0.9568, np>’ = 1.5050 was used. These characteristics corresponded to the
reference data.

As initial components of the catalysts, we used vanadium pentoxide, titanium
and zirconium dioxides. The initial oxides in a molar ratio of 1:4 were ground in a
porcelain mortar to form a homogeneous batch, which was then compressed into
tablets of 15 mm in diameter and 3-4 mm in thickness and calcined at 350 and
640 °C for 4 hours. After cooling, the tablets were crushed into grains of 3-5 mm
in size.

The oxidation of 3-MP was carried out in a continuous installation of reac-
tion tube made of stainless steel with a diameter of 20 mm and a length of 150 mm
into which 9 ml of a granular catalyst was loaded.

The unreacted 3-MP and reaction products were trapped in air-lift type
scrubbers filled with water and analyzed by gas-liquid chromatography. NA was
titrated with 0,035 N alkali using phenolphthalein.

The deep oxidation products were analyzed by LXM-8MD chromatograph
with a thermal conductivity detector. The stainless steel columns had a length of
3,5 m and an inner diameter of 3 mm. The adsorbent for CO detection was an
AG-5 mk. activated carbon (0,25-0,50 mm), for CO, — polysorbent-1 (0,16-
0,20 mm). The temperature of the thermostat was 40 °C.

Results and discussion

The purpose of this article is to compare the catalytic activity and selectivity
of V,05-TiO, (Anatase), V,05-TiO, (Rutile) and V,0s-ZrO, binary catalysts in 3-
MP oxidation.

We investigated the general laws of the reaction, in particular, the effect of
temperature, the amount of oxygen and water on the yield of the main products of
the reaction.

The test of the vanadium-titanium oxide catalyst prepared using titanium
dioxide with particle size of 200 nm showed that the feeding of initial substance
(36,6 g), 550 L of air per 1 L of catalyst per hour in a temperature range of 250-
350 °C, the conversion of 3-MP increases from 40 to 90%. The main product of
the reaction was NA, the yield of which passes through a maximum with increa-
sing temperature. While at 250 °C the yield of NA was 40-50%, then at 300 °C it
reached 75%, a further increase in temperature causes a decrease in the yield of
the targeted acid. It was noted that in the low-temperature region (250-300 °C) the
selectivity for NA formation was 95%.
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The feed rate of 3-MP — 36.6 g, air 420 L per 1 L of the catalyst in hour.
Mole ratio of initial substance:0,:H,O = 1:10:25.5 (1), 1:10:73 (2), 1:10:94 (3)

Figure 1 — Influence of temperature and amount of water on the conversion of 3-MP (A), yield (B)
and selectivity of NA formation (C) under oxidation conditions over the V,05-4TiO, catalyst

152



ISSN 1813-1107 Ne'l 2018

100 A
80

60

%

40

20 +

O 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 J

The feed rate of 3-MP — 36,6 g, air 550 L, water 654,8 g. per 1 L of the catalyst in hour.

Mole ratio of 3-MP:0,:H,O = 1:13:94

Figure 2 — The effect of temperature and catalyst composition on the conversion
of 3-MP (A), NA yield (B) and CO, (C) under oxidation conditions
over the V,05 (1), V,05-TiO,(Anatase) (2), V,05-TiO,(Rutile) (3), V,05-ZrO; (4)
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The variation in the water amount supplied to the reaction zone from 25 to
94 moles per mole of 3-MP practically does not affect the main parameters of the
process: the conversion of the initial substance, the yield and the selectivity of the
formation of the desired product. Figure 1 shows the results of the experiments
with a lower air flow rate of 420 L per liter of catalyst in hour, corresponding to
10 moles of oxygen. It is shown that the conversion of 3-MP increased by 15% in
the low-temperature region. At 250-270 °C, the yield of NA also increased. The
selectivity of NA formation remained as high as 95%.

The tests of the binary vanadium-zirconium catalyst (V,0s5-4ZrO,) were
carried out in conditions comparable to the vanadium-titanium catalyst. The
results obtained are shown in figure 2. Comparison of 3-MP conversion over two
samples of the catalysts showed that when air was supplied at a rate of 550 L per
liter of the catalyst in hour and at 250-270 °C, the activity of the vanadium-zirco-
nium catalyst was higher than that in the vanadium-titanium catalyst. Somewhat
higher was the yield of NA, the highest yield (70%) was obtained at 300 °C with
feeding of water 76,0 and 97,0 moles per mole of 3-MP. The selectivity of NA
formation at 270-300 °C was above 88%.

The injection of a smaller amount of air into the reaction zone (420 L per 1 L
of catalyst in hour) resulted in a slight decrease in the conversion of the initial
substance and the yield of NA. Despite this, the selectivity of NA formation even
under these conditions remained high. In the oxidation products of 3-MP, in
addition to NA, pyridine and nicotinic acid nitrile were present, but pyridine-3-
aldehyde was not formed over both catalysts.

Figure 2 shows the comparison of 3-MP oxidation on the individual vana-
dium pentoxide and vanadium-titanium catalyst prepared on the basis of TiO,
(Rutile). It is clearly seen that the V-Ti-O catalyst prepared using titanium dioxide
with a higher dispersion particles (200 nm) and V-Zr-O catalyst significantly
exceeds both vanadium pentoxide and vanadium-titanium contact containing TiO,
(Rutile). These catalysts showed the high selectivity in the desired product for-
mation and can be recommended for 3-MP oxidation into nicotinic acid.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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3-METWIIWPUJIMHHIH HUKOTUH KbIIIKbBIJIBIHA BYKYWIH/IE
TOTBIFYBIHA KOJITAHBIJIIATBIH BUHAPIJIBI V,05-TiO, J)KOHE
V,05—ZrO, KATAJIN3ATOPJIAPBIHBIH BEJICEHIUUIITT

3-MeTunnupuAMHHIHE Mapuyaiibl KojmaHaThiH KeiiOip OuHapinsl V-Ti-O sxoHe
V-Zr-O karaim3atopiapblH KaTaTUTHKAIBIK OCICEHIUIITH 3epTTey HOTHXKENEpi TaJIKbl-
JIaHaJbL.

Tyiiin ce3mep: mapuuanabl TOTHIFY, 3-METHITUPUANH, HUKOTHH KBIIIKBUIBI, KaTaIH-
3aropiap.

Pe3rome
P. Kypmaxwizvl, A. M. Umaneasel, T. I1. Muxaiinosckas, I1. B. Bopooves
KATAJIMTUYECKUE CBOMCTBA BUHAPHBIX CUCTEM V,05-TiO,

" V,05—ZrO, B ITIAPO®A3HOM OKHNCJIEHNHN 3-METUJIITMPUAVHA
B HUKOTMHOBVYIO KUCJIOTY

OO0cyx/ieHbl pe3yJbTaThl WCCIEIOBAaHHUS KaTaJIMTHUYECKOH aKTUBHOCTH OWHAPHBIX
V-Ti-O u V-Zr-O karanu3aTopoB B MapHUUaIbHOM OKUCICHUH 3-METHIITUPUINHA.

KurodeBbie ci1oBa: oKUCICHHE, 3-METUINUPHUINH, HUKOTHHOBAs KUCIIOTA, KaTalu-
3aTOpHL.
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Annoranusi. [IpuBeneHs! pesynbrathl uccnenoBanus Hanoudactul (HY) cepnoro
aIp0yMrHa, UTMMOOMIIM30BaHHBIX MTPOTHBOTYOEPKYJIE3HBIM IIPENApaToOM «II-aMHUHOCAJIH-
munoast kucsoray (ITACK). Beenenne nekapcTBa B MaTpHIly HOJIMMEpa IMPOBEICHO ABY-
Ms CIIOCOOaMU: aJcopOuyeil iekapcTBa Ha MyCThIX HAHOYACTHIAX aJbOyMHHA M BKITIOYE-
aueM [TACK B HaHOYACTHIIBI B TIPOIIECCE CITMBKH MaKpOMOIIEKyJ ab0yMuHa. [lomydueHst
HY ansOymuHa ¢ yZOBIETBOPUTENBHBIMU (PU3MKO-XMMHUECKIMHU XapaKTCPUCTHKAMHU H
JOCTaTOYHO BBICOKHM COJIEPXKAaHHEM JIeKapcTBa. M3ydeH mpoiiecc BBHICBOOOXKACHHS Jie-
KapCTBEHHOTO BELIECTBA W3 IIOJIMMEPHBIX HAHOYACTHUI] cepHOro anbOymuHa. CreneHb
BBICBOOOKICHHS JIEKAPCTBEHHOT'O TIpernapaTa MMeeT BBHICOKHE 3HAYCHHS M COCTaBIAET 88
u 80 % B ciydasix acopOLUK U BKIIOUEHHSI COOTBETCTBEHHO. TakuM 00pa3oM, MoTyueH-
Hble pe3ylbTaThl MO3BOJSIOT HAAEATHCS HA MPOJIAHTALUIO ACHCTBHS M-aMHHOCAJIMIIU-
JIOBOHM KUCIIOTHI U CHHKEHHE PAa30BOM J103bI JIEKAPCTBA IIPH TepaIuu TyOepKyJesa.

KnaioueBsbie ciioBa: mosvMMepHbIe HAHOYACTHIBI, albOYMHH, IPOTHBOTYOEpKYIe3-
HBI Mperapar, M-aMIHOCATTMIMIIOBAsT KUCIIOTa, aJICOPOIHs, BKITIOUCHHE.

B Hacrosmiee Bpems JieueHHe Takoro 3a0oJjieBaHus, Kak TyOepKyle3 ocTa-
€TCsl OJHOHN M3 TJIABHBIX IIPOOJIEM COBpeMEeHHOI MenuIuHbl. TyOepkyne3 cerogas
LIMPOKO paclpocTpaHeH B cTpaHax A(QPHUKH U A3HU M TIO CTATUCTUYECKUM JaH-
HBIM TPUBOJUT K CMEPTHOCTU KaXKJOT'O TPEThEero MHOUIMPOBaHHOTO B mMupe [1,
2]. MlHTeHcuBHOE JieueHHE 3TOro 3a00NeBaHUsl C NMPUMEHEHHEM BBICOKUX J03
JIEKapCTB OKa3bIBa€T CHIIbHOE TOKCHYECKOE JeCTBHE, a HEOJHOKPATHOE BBEIE-
HHUE IpenapaTa B TEUCHUE JTHS BBI3BIBACT HEYA0OCTBO y manueHToB. K Tomy xe,
HCTIOJIb30BaHUE CHUIIBHOJCHCTBYIOIMX AaHTHOMOTHUKOB B KOMIUIEKCE HMPUBOIUT K
MPOSIBIICHUIO MHOKECTBEHHOM JIEKAPCTBEHHOW yCTOWYMBOCTU. B CBsI3M ¢ 3THM,
mpo0GyieMa CO3/1aHUSl TEPareBTUYECKON CHUCTEMBI, MO3BOJISIONIEH OCYIIECTBUTH
HaIpaBJICHHBIA TPaHCIOPT JIEKApCTBA B MECTO HA3HA4YEHUS B 33JaHHBIE CPOKH,
0cOOEHHO BakHA B XMMHUOTEpanuu TyOepkyneza. OIHUM U3 JIEKaPCTBEHHBIX Ipe-
MapaToB, MCMHOJB3YyEeMbIX B TEpanuu TyOepKyiiesa, SBISETCS n-aMHHOCAIMIIN-
noBas kuciora ([IACK) (pucyHok 1), HECMOTpsL Ha TO, YTO 3TO JIEKAPCTBO CaMO
1o cede sIBJIeTCS MpenapaToM YMEPEHHOro AeicTBus, T. €. oTHocuTcs ko 11 psny,
ITACK c ee HaTpHEBOH COJIBIO MTUPOKO HUCITOJIB3YETCS KaK B MOHO-, TaK M B KOMII-
JIEKCHOM Teparuu | SIBISETCS OJHUM M3 TIEPBBIX aHTUOMOTHUKOB, IPUMEHIEMBIX B
nedeHnn TyOepkyiesa. llpemapar oOnamaer OakTepHOCTaTHUECKUM ACHCTBHEM
TOJIFKO TIPOTHUB TyOEpKyJIE3HBIX OaKTEPHiA.
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Pucynok 1 — CtpykrypHas popmyna [TACK

Kak u npu npuMeHEHMH OPYTHX XHMHOTEPANEBTUYECKHX IpPENnaparoB, B
nporecce nedeHmst [IACK obpasyrorcs jekapcTBEHHO-yCTOMIHMBBIC (POpMBI Oak-
tepuil. Kpome Toro, mepuos moayBBIBEJCHHS JAHHOTO JIEKAPCTBEHHOTO Ipera-
parta cocrasisieT Bcero 45-60 MuH, 4TO 00ycClnaBiIuMBaeT HEOOXOANMOCTh Ha3Ha-
YeHHs ero 1mo 5-12 T B CyTKH, a WHOT/Ia M OoJiee BBICOKHE /T03bl. PazpaboTka HO-
BeIX ()OpM ISl TpaHCIopTa NpoTUBOTYOepKynesHoro mpenapara [IACK B Buze
noauMepHbix HY mo3BonuT oOecrnednTs MPOJIOHTMPOBAHHOE BBICBOOOXKICHUE
JeKapcTBa ¢ nojzaepkanueM 3((GEKTUBHOM KOHLEHTPALUHU JIEKAPCTBEHHOI'O Be-
mectBa (JIB) B KpoBM B TedeHHE 33/JJaHHOTO MPOMEXKYTKAa BPEMEHH, CHU3UTH
N0OOYHbIE JEHCTBUS JICKAPCTBEHHOTO IMpenapaTa, TaKuM o0pa3oM MOBBILIAs €ro
TepaneBTHIecKuit 3 HeKT.

M3 nuteparypHbIX MCTOYHUKOB M3BECTHO, uTo HY mojydaroT kak u3 Mpu-
POIHBIX (aTbOYMUH, )KENAaTHH, IEKCTPaH U Jp.), TaK U U3 CUHTETUYECKUX (TOJH-
METHJIMETaKpHIIaT, MOJUCTUPOJI, MOIMANTKIILHAHOAKPUIIAT U JIp.) HoauMepos [3].
ChIBOPOTOYHBIN anbOyMHH SIBISIETCS OJHWUM W3 TEPCIEKTHBHBIX W IHPOKO FIC-
NOJIB3YEMBIX OMOTOTMMEpOB Aiist onydeHus: HY, KoTopelil yxke 3apeKoMeH10Bal
ce0s1 B KayecTBE MOJIMMEPHOTO HOCUTENS AJISl MHOTMX JIEKApCTBEHHBIX Ipera-
paroB. B pabore [4] moka3zaHO, YTO aIbOYMHH aKKyMYJHPYETCSl B 3apaskeHHBIX
TKaHAX, a HY, moxy4eHHble Ha OCHOBE albOyMUHA, HE TOKCUYHBI M XOPOIIIO TTepe-
HOCATCSl 4eJIOBEYECKUM OpraHuzMoM. Hamnume B CTpyKkType anbOyMrHa MHOXKe-
CTBa PEAKIIMOHHOCIIOCOOHBIX LIEHTPOB (THOJIOBBIC, MMUAA30JIbHBIC, KAPOOKCHIIb-
HBIE ¥ AMHHOTPYTIITHI) TAET BO3MOXXHOCTh CBSA3BIBAHUS €r0 MOJIEKYH On(yHKINO-
HaJIbHBIM COEIMHEHHEM — TJIyTapoBBIM allbJeTHAoM. B "acTHOCTH, BO3MOXKHO
CIIMBaHHUE 10 aMUHHBIM CBS35M ¢ oOpa3oBaHHeM MMHUHOB. Kpome Toro, ¢yHk-
LHOHAJIbHBIE TPYNIbl (KapOOKCHWIBHBIE M aMUHHBIE), IPUCYTCTBYIOIINE B CTPYK-
Type anbOyMuHa, TO3BOJIIIOT MOAWMUIMPOBaTH MmoBepxHocTh HY, mpukperuisis
«y3HaroIue» (HAIpaBIAIONINE) MOJCKYJbI, YTO MO3BOJIUT OOCCIEUHUTH IieJIeHa-
MpaBJICHHYIO JOCTaBKYy JeKapcTBa [5, 6]. B cBs3u ¢ 3TUM, ¢ LEJIbIO MOBBILICHUS
TepaneBTHYecKoro 3Qdexra mpotuBoTyOepkynesnoro mnpemnapata [TACK mamun
HCCIIeZIOBaHa BO3MOXHOCTH CBSI3BIBaHMA AaHHOTO JiekapctBa ¢ HY ceiBoporou-
HOBIM QJIbOYMHHOM.

ITycteie HU ans0ymuHa CHHTE3MPOBAIN METOIOM JIECOIBBAITIH, OMTUCAHHBIM
panee yueHeiMH yHuBepcuTeta uM. M. Tere [5-7]. CyTh maHHOrO MeTona 3a-
KJIIOYaeTcss B CJEIYIOIIEM: PacTBOPEHHBIH B BOJE CHIBOPOTOYHBIH adbOyMuH
MOJBEPraloT AECOJIbBALMK ATAHOJOM C TOCIEAYyIOIeH crabuiM3auueil yacTui;
3aTeM MaKpOMOJIEKYJIbI aTbOyMUHA CITHBAIOT TITyTAPOBBIM AJIbJIETUIOM.
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Cunte3z HY ocymectBnsnu npu Temmneparype 25 °C. CkopocTs nojauu Je-
COJIbBATUPYIOILETO areHTa (3TaHoja) B Cpely PEryJHpOBajd C IOMOIIBIO MH-
HHUHAcoca, 3HaueHne pH mopnepxwusanu B npenenax 8,0-8,5 [8]. Ot Hempopearu-
POBABILIETO CBIBOPOTOYHOI'O aNnbOyMHMHA PAaCTBOpP OUMINAIM TPEXKpPAaTHOW Mpo-
MBIBKOH BOJIOH M MOCIEIYIOIUM LEHTPUPYTHPOBaHHEM B TeueHHe 15 MuH mpu
14500 o6/mMuu Ha mpubope Eppendorf 14500 Miniplus (I'epmanms). dusuko-
XAMUYECKHE XapaKTePUCTUKU MOIydeHHbIX MycThix HY anp0ymuHa ompenensm
(OTOHHOW KOPPEJSILMOHHON CIIEKTPOCKOIUEH, JaHHBIE KOTOPOTO MPHUBEJCHBI HA
pUcCyHKe 2.

Size (d.nm): % Intensity Width (d.nm):
Z-Average (d.nm): 1084 Peak 1: 1172 91,9 53,24
Pdl: 0,273 Peak 2: 3533 g1 1223
Intercept: 0,639 Peak 3: 0,000 0.0 0,000

Result quality : Good

Size Distribution by Intensity
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Pucynok 2 — Pasmep nycteix HY cepHoro anp0ymmna

W3 pucynka 2 BUJHO, YTO CHHTE3UPOBAHHBIE YaCTHUIIBI UMEIOT MaJIbIii pasMep
(108,4 am) u mocrarouno y3koe pacnpenenenue (PDI = 0,273), a gonst yacTuig
HaHOMETPHUYECKOTO pa3Mepa COCTABISIET MPAKTHYECKH 92 %, UTO yAOBIETBOPSIET
TpeOOBaHMSM MOJUMEPHBIX HOCUTEIIEH JIEKAPCTBEHHBIX MPETapaToB.

B mpopomxenue uccienoBaHWd HaMH pacCMOTPEHa BO3MOXKHOCTH CBA3bI-
Banus HY anpOymmnHa ¢ mporuBoTyOepkyne3nbM mnpernaparoM [TACK metomom
ancopommu. Ancop6rtito JIB Ha HY ceiBopoTOUHOTO aiibOyMUHA OCYITICCTRIISITN B
IBe cramuu: nonydeHue nmycteix HY m mocnemytomnee cBszpiBanue ux ¢ [IACK.
CBs13pIBaHNE 1-aMUHOCAJIMIIWIIOBOW KUCIOTH ¢ mycTeiMu HY mpoBoaunm Hemno-
CPEICTBEHHBIM CMEUICHHEM COOTBETCTBYIOIINX PAaCTBOPOB IPH TEPEMEIINBAHUT
(650 o6/muH) mpu Temnepatype 25 °C. IIpu 3TOM KOHIEHTpAIUIO JIEKapcTBa B
pactBope BappupoBanu B mpeaenax 0,02-0,1 r/mmn. JlanHBIE 0 (U3HKO-XUMHU-
YecKUX XapakTepucTukax dactui nmocie copoumun ITACK pa3HbIX KOHIEHTpauui
Ha HY ansOymuHa cBeneHb! B Tabwy 1.
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Tabmuma 1 — Xapakrepuctuku HY cpiBOpoTOYHOTO alibOyMHuHa,
nmmoomn3oBanHbIX [TACK MeTo0M ancopOuuu

Xapakrepuctuku HU
KonuenTpawuust Cpenuuit [Tonu- BBIX0/1 4acTHI] CrerneHn
IACK, r/mn JHaMeTp JIUCTIEPCHOCTH ¢ pazmepoM CBSI3BIBAHUS,
YaCTHUI[, HM 1o 1000 uM, % %
0,02 758,6 0,184 100,0 10,0
0,04 512,0 0,165 100,0 23,4
0,06 635,2 0,201 97,7 12,0
0,08 670,4 0,246 100,0 36,5
0,1 998.,4 0,196 100,0 14,7

[To pesympraTam, ImpUBEICHHBIM B Tabmuile 1, BHIHO, 9TO pa3Mep YacTHI]
3HaYMTENbHO yBenmumiics nocie aacopouun [TACK Ha mycteix HY ansOymuna,
3HaUYEHHE MOJIUIUCIIEPCHOCTU BappupyerT B npeaenax 0,165-0,246, uto ykaspiBaeT
Ha JIOCTaTOYHO Y3KO€ pachpeesieHue YacTHII [0 pa3Mepam.

CrenyrommM 3TaroM paboOThl OBUIO OMNpEAETICHUE CTENCHU CBSI3bIBAHUS
nekapcrBa ¢ HU anpOymmuHa, /Ui 4ero MmoJlydeHHbIC YaCTHIIbI OTICINSIIM OT Ma-
TOYHOTO pacTBopa yibTpaneHtpudyruposanneM npu 14500 o6/MUH U TTPOMBI-
Banmn Bojoil. ComepikaHWe HECBS3ABIIETOCS JIEKApCTBA OMPEACISUIH KOHIIYKTO-
METPUYECKUM METOJIOM, Pe3yJIbTaThl KOTOPOTO TAKXKE MPHUBEACHBI B Tadmuie 1.
Kak BugHO, Hanbosee BBICOKOH CTENEHH CBSI3BIBAHHS MOXKHO JOCTHYb TPH HC-
TIOJT30BAaHUM KOHIeHTpanuu jekapctBa 0,08 r/mir. YUuThIBas TakKe OTHOCH-
TEJIHHO MaJbIii pa3Mep U 3HAYCHUE CTEICHH CBSI3BIBAHUS, KOTOPOE MPEBHIIIACT
20 % npu ancop6uuu 0,4 r JIB, HaMu A JAIBHEHIINX UCCIICOBAHNN BRIOpaHBI
HY ¢ ancopoupoBannbm [TACK konmnenTpanusmu 0,04 u 0,08 r/mo.

HemanoBaxupiM (hakTOpoM MPUMEHUMOCTH MOJIUMEP-UMMOOUIN30BAHHBIX
(hopM JIEKapCTBEHHBIX MPENapaToB SBISICTCS BO3MOXHOCTh OHWOJETpasaliuu
romMepa ¢ BeicBoOoxkieHueM JIB. M3BecTHO, 9TO BRICBOOOXKIEHHE JIEKapCTBa U3
TTOJITMMEPHBIX MHUKPO- ¥ HAHOYACTHI] MOXKET MPOUCXOIUTH MOCPEIACTBOM JIECOPO-
LMY JICKapCTBa, HAXOJISAIIEroCs Ha MOBEPXHOCTHU mosiuMepa u/win nuddysuu JIB
B pe3yJbTare 3pO3WH HOJMMepHOW marpuibl. [loaTtomy B mpojoimkeHue wuccie-
JIOBAaHUN HaMHU HM3y4eHa KuHeTHKa BhICBOOOkmeHus ITACK w3 martpunbl momiu-
MepHbix HY anpOymuna. CkopocTs BBICBOOOXIeHHs JekapctBa u3 HU annOy-
MUHA H3y4aiu B in vitro ycnosusx (pH 7,4, Temneparypa 37°C) B Teuenue 24 u.
CpaBHuTENnBHBIE HaHHBIE 1O cTerneHn BbicBoOoxkaeHus [TACK mnpu ancopOruum
0,4 u 0,8 T TexapcTBa MPUBEACHBI Ha PUCYHKE 3.

W3 rpaduka 3aBucuMocTu kKoiuuecTBa BbicBoOomuBiierocs IIACK ot
KOHIIEHTpAIINK JIEKapCTBa BUIHO, YTO BBIJENIEHHE JIeKapcTBa B cpeny w3 HY,
nvmoOmm3oBaHHBIX 0,4 T [TACK, mpoucxoaut OpICTpee M0 CPaBHEHHUIO C BBHICBO-
0oxieHueM JiekapcTa u3 nonmMepubix HY, ummoomimsosannsix 0,8 r [TACK. B
LIEJIOM, KaK M CIIEAO0Baj0 OXHJaTh, B O0EHX CIydasX CKOpPOCTh THpoliecca
BBICBOOOIKIICHHS JIOCTATOYHO BBICOKAS HAa HAYAJIBHOM JTarle: TaK, MPH afcopOIum
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PucyHnok 3 — 3aBHCMMOCTB KOJIIYECTBA BRICBOOOAMBIIIErOCs JIeKapcTBa U3 MaTpuisl HY
CBIBOPOTOYHOTO anbOymuHa, nMmMoomn3oBanHbix 0,4 (1) u 0,8 T (2) ITACK, ot BpemeHH

0,4 r nexapctBa B TeueHue nepBeix 10 MuH B cpeny Boaensierca okono 30 %
ITACK, a uepe3 30 mun — 60nee 60 % JIB.

OpHako nanee BHICBOOOXICHUE JIEKapCTBA UAET MeJICHHEE C BBIACICHHEM
okosio 80 % yekapcTBa 3a 3 9, a 4yepe3 CYTKH KOJHMYECTBO BBICBOOOIUBIIETOCS
JIB coctaBuiio 88 %. BricBoOokaeHus ocrasiierocs konuuectsa [TACK B mo-
JICNIEHYIO0 Cpely He HaOIF01aI0Ch, YTO, TO-BUUMOMY, CBS3aHO CO CIIMTOM CTPYK-
TypOi MaKpOMOJIEKYJI alTbOyMIHA.

Hecmotpst Ha ofriee cxoxctBo xapakrepa BbicBoOokaeHus [TACK u3z HU
anpOymuHa ¢ 0,8 T nekapcrtsa, BoieneHue JIB B cpexy B 3TOM citydyae IpoXOauT
MeyieHHee: Tak, 32 10 MuH BBICBOOOIMIIOCH TOJBKO 13 % IJlekapCTBEHHOTO Be-
mecTBa, a 3a 30 muH — ToIBKO 19% ; 3a wac BeImemoch 46 % ITACK, a gepe3 3 u
KOJMYECTBO BBIICTUBIIETOCS JieKapcTBa AOCTUTIO 57 %. OmHAKO MakcUMaib-
HO BbICBOOOIMBIIIeecs KommdecTBo JIB 3a cyTku cocTaBuiio Tonbko 62 %.

BricTpoe BBICBOOOXKICHHE OCHOBHOTO KOJIMUYECTBA JICKApCTBA B Cpeny B
Hayalle Mmpolecca MOXHO OOBICHWUTH BbIIeNeHHeM aacopoupoBaHHoro ITACK,
rIaBHBIM 00paszoM, ¢ moBepxHocTn HY. JlanbHeiimiee BBICBOOOXIEHHE MPOMC-
XOJUT, 1O BCEW BUJMMOCTH, 3a cueT BbijeneHus JIB u3 BuyTpenneit vactu HY B
pe3yabTaTe UX YaCTHYHOHN NEeCTPYKIUH.

[lpu apcopOIuuM CymecTByeT PUCK IMOTEPU HEKOTOPOTO KOJIMYECTBA Jie-
KapcTBa JlecopOmnell ¢ MOBEPXHOCTH YACTHIl, B CBS3HM C 3THUM, Ha CIEIYIOIIEM
JTare HaAMHU HWCCJICIOBAHO NPHUCOCAMHECHHE JICKapCTBa B TIPOIECCE TOMyUCHUS
gactull. B atom cinyuae [TACK mpenBapuTebHO pacTBOPSIIN B BOJHOM PaCTBOPE
anp0yMHHA, 3aTeM IPOBOIMIN JeconbBannio. KoHIEHTparuio JiekapcTBa B
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HCXOJITHOM pacTBOpE MOAJCPKUBAIM Kak U B ciydae agcopoumu (0,02-0,1 r/mm).
OU3NKO-XUMUUECKUE XapPaKTEPUCTUKU YACTHI, IOJYyYEHHBIX BKJIIOYEHUEM
ITACK, noka3aHsl B Ta0auI1IE 2.

[lo nmanHBIM (HOTOHHHOW AIIEKTPOHHOW CIIEKTPOCKONMHM MOXXHO YBHIETH
(Tabnmuua 2), 4To HAWIyYlIHe pe3yJbTaThl MOJyYeHBl MPU MMMOOMIM3amuu 1 r
JIEKapCTBa: CPEeIHUN AuameTp yacTul coctaBuia 211,5 HM, a 3HaueHHE MOIUIUC-
nepcaoctr (0,524) yka3plBaeT Ha OCTaTOYHO Y3KO€ pacmpeiesieHHe YacTHIl 1O
pa3Mepam. Kpome Toro, u3 TaOauIbl Takke BUJIHO, 4TO 86 % CHCTEMBI COCTaB-
JISIFOT YaCTHIIBI HAHOMETPUUECKOT O pa3Mepa.

Crenenp cs3eiBannsa [IACK ¢ HY anpOymuHA, TOTYydYEeHHBIX METOIOM
BKJTIOUEHHMSI, OTIPENEIsUIM 0 3HAYEHHSM 3JIEKTPOIPOBOJHOCTH, KOTOPbHIE TaKKe
MoKa3aHbl B Tabnmuie 2. MoKHO clienaTh BEIBOA O TOM, YTO MMMoOMmu3anus 1 r
JIeKapcTBa B MATPHIly CHIBOPOTOYHOTO aJbOyMHMHA MO3BOJISET CBA3aTh A0 38 %
ITACK, 4T0 SBISIETCSI JOCTATOYHO BBICOKHMM ITOKa3zaresieM. Takke B 3TOM CITydae
Obutn moy4ensl HY ¢ ynoBieTBOpUTENbHBIMU (PU3NKO-XMMUYECKUMHU XapaKTe-
pHCTKaMH, IIO3TOMY HaMM M3y4€Ha KHHETHKa BBICBOOOXKICHHUS JIEKAPCTBEHHOI'O
BemiecTBa n3 noauMepHbix HY ans0ymuna, momydennsix Bmodeanem 1 r ITACK.

Tabmuma 2 — Xapakrepuctuku HY cpIBOpoTOYHOTO anibO0yMHuHa,
nMMoOmn3oBaHHbIX [TACK MeTOIOM BKIIFOUEHUS

Xapaxkrepuctuku HY
KonueHTpauus Cpenuuit BrIxom yacTuig CrerneHn
TMACK, 1/ Tomm-
> T/MIL IaMeTp HCTIEPCHOCTE ¢ pa3mepamu CBSI3BIBAHUS,
YaCTHI], HM A P 1o 1000 M, % %
0,02 1332,0 0,402 100 11,9
0,04 2022,0 0,467 0 18,7
0,06 2330,0 1,0 0 20,6
0,08 1684,0 0,409 5,5 21,8
0,1 211,5 0,524 86,8 38,2

CkopocTh BBEICBOOOKACHHSA JiekapcTBa U3 MaTpuibl HY ansOymMuHa u3ydanu
B YCIOBHSIX, Mozxenupyiomux Ouonorndeckue (pH 7.4, temmeparypa 37°C), a
KOJIMYECTBO BBIJICTUBIIETOCS B CPEy JICKApPCTBA TaKXKE ONMPEACIIIIA KOHIYKTO-
METPUYECKUM METOJIOM. ['paduik 3aBHCHMOCTH KOJIMYECTBAa BHICBOOOIMBIIETOCS
ITACK oT BpeMeHH ITOKa3aH Ha pUCYHKE 4.

W3 npusenennoro rpaduka BugHO, 4to BhicBoOOKAcHHE [TACK u3 HY anb-
OyMHHA, UMMOOMIIN30BAaHHBIX METOJOM BKJIFOUEHUS, OTHOCHTEIBHO MEJJICHHAS:
TakK, 3a epBble 15 MUH B cpey BBIIEISIETCS TOIBKO OKOJIO 8 % JieKapcTBa, U elle
gepe3 15 mua — 25 %, a 3a gac — Bcero 32 % ITACK. [anee menee 50 % cBs3an-
HOTO JISKapCTBa BEICBOOOXKAaeTCs 32 3 4.

Crnemyer OTMETHTH, YTO TEPHOJ| TOIYBBIBEIACHHUS CAaMOTO JIEKapCTBa CO-
ctaBisieT 45-60 MUH, YTO TO3BOJIAET CACNIATH BBHIBOJ O MEPCICKTHUBHOCTH MMMO-
Ounm3annu npotuBoTyoOepkynesnoro npenapara [TACK B matpuiyy HYU ceiBopo-
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PucyHnok 4 — 3aBucumocTh kommuectBa BeicBoOoauBIIerocs [TACK u3 marpuie HU
CBIBOPOTOYHOTO aJIbOyMIHA, IMMOOMIN30BaHHbIX 1,0 T JIekapcTBa, OT BpeMEHH

TOYHOTO ajabOyMHHA METOJOM BKJIIOYEHHMS, IPH 3TOM KOHLIEHTPALUIO JIEKapCcTBa
MOJKHO €IlI¢ 3HAYHUTENIFHO MOBBICUTH AJISl TOTO, YTOOBI JOOUTHCS HEOOXOANMOTO
TepaneBTHIeckoro ¢ dekra. Kak BumaHO M3 prcyHka 4, BRBICBOOOKIEHUE JIEKAPCT-
Ba mpekparmiaercs no goctmwkenun 80 %; ocrtaBmasics yacts [IACK, mo-Bumu-
MOMY, HE BBIIEJIAETCS U3 MaTPHLbI aNbOYMUHA U3-3a CLIMTON CTpYKTyphl HY.

Takum oOpa3om, B HacTosmeil pabore momydeHsl HY chiBOpoTOUHOTO aib-
OyMHHa, WMMOOWIM30BaHHbIE TPOTHBOTYOepKyne3HsiM npenapatoM [TACK
IBYMs criocobamu: ajncopOnueid nekapcTsa Ha myctbix HY ansOymuHa u pacTBo-
peanem ITACK B cpenme HemocpeacTBEHHO B MpOIlecce CIIMBKH MaKpPOMOJICKYI
anpOymuHa. [lo pesynbraTaM HCCIeOBaHHH MOXHO 3aKIIOYHUTh, YTO IMOJTYYCH-
Hble MeTooM BkitoueHHss HY MMeroT yaoBIETBOPUTENbHBIE XapaKTEPUCTUKU U
Ja0T BO3MOKHOCTH HMPOJIOHTallMM ACHCTBHA JIEKapcTBa J0 3-X pa3, 4TO MOXKET
OBITh WCIIOJB30BAaHO B JANBHEHIIEM MJIS TPAHCIIOPTa MPOTHBOTYOEPKYIE3HOTO
npenapara [IACK.
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TYBEPKYJIE3I'E KAPCEI ITPETTAPAT
«I[T-AMUHOCAJIMINJI KbIIKbIUJIBIMEH» UMMOBUIJIN3ALIUAJIAHFAH
AJIbBBYMUH/I HAHOBOJIIIEKTEPAI CUHTE3/IEY )KOHE 3EPTTEY

XKymbicTa TyOepKkyIe3re Kapchl penapaT M-aMUHOCATHIIUI KbIIIKbUTBIHBIH TepareB-
TIK 9CEpiH JKOFapbUIaTy MaKCaTbIMEH OHbI KYKIPTTI anbOyMHHHIH HaHOO®JIIEKTEepiMEeH
0aiIaHBICTBIPY MYMKIHJITT 3epTTeNi. AZCOpOLUs )KOHE SHTI3y 9/liCTepiMEH ASPLIIK 3aT-
TIeH UMMOOWIIN3alMsUIaHFaH HaHOOOJIIEKTep IiH (PHU3NKa-XUMUSUTBIK CHITATTaMajIaphl Kejl-
Tipinai. ANbOYMHHHIH TONIUMEPITi MaTPUIIACBIHAH MT-aMHHOCATUIINI KbIIIKBUIBIHBIH Oocar
LIBIFYBIHBIH KHHETHKACHI 3EPTTENII.

JHopimik 3aTreH IMMOOWIH3aUSUIaHFaH aTbOYMUH]I HaHOOOIIICKTEP IiH OHTANIIBI
(U3MKa-XUMUSIIBIK CHUITaTTaMalIapbl JKoHE OalIaHBICY JOpeKeCiHIH )KOFaphl MOH/AEPTe He
Gosrybl TyOepKyJiesre Kapchl Ipemnapar M-aMHHOCAIWIMI KBIIIKBUIBIHBIH HaHOCOMAJIbI
YATiIepiH KONJaHyAbIH KeJemeTi 30p eKeHAITH KopceTei.
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Tyiiin ce3aep: mojaMMepii HAaHOOOJIICKTED, ATbOYMUH, TYOCpPKYJIe3re Kapchl mpe-
napar, n-aMUHOCAJIHMIIUII KbIIIKBUIBI, a7ICOPOLUsI, SHTI3Y.

Pe3lome
L. Zh. Zhaparova, M. Zh. Burkeev, Y. M. Tazhbayev, T. S. Zhumagalieva

SYNTHESIS AND INVESTIGATION
OF ALBUMIN NANOPARTICLES LOADED
WITH ANTITUBERCULOSIS DRUG “P-AMINOSALICYLIC ACID”

In this work the possibility of binding antituberculosis drug p-aminosalicylic acid
with the nanoparticles of serum albumin with the aim of increasing the therapeutic effi-
cacy of the drug is studied. The results of the investigation of physicochemical characte-
ristics of nanoparticles loaded with the drug obtained by adsorption and incorporation
methods are shown. Drug release kinetics of p-aminosalicylic acid from polymeric matrix
of albumin is studied.

Optimal physicochemical characteristics of albumin nanoparticles loaded with the
drug and high meanings of binding degree points on perspective of the use of nanosomal
forms of antituberculosis drug “p-amino salicylic acid”.

Keywords: polymeric nanoparticles, albumin, antituberculosis drug, p-aminosalicy-
lic acid, adsorption, incorporation.
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SYNTHESIS OF (3-MORPHOLYL)PROPYLDITHIOCARBAMIC
ACID ALKYL ESTERS

Abstract. The alkylation of potassium (3-morpholyl)propyldithiocarbamate with
haloalkylswas studied. Conditions for the synthesis of new alkyl esters of (3-morpholyl)-
propyldithiocarbamic acid were developed. Hexyl, heptyl, octyl, nonyl, decyl and dodecyl
esters of (3-morpholyl)propyldithiocarbamic acid were synthesized in67, 68, 91, 81, 67
and 87 % yield. Structure of alkyl esters of (3-morpholyl)propyldithiocarbamic acid was
established based on IR and *C NMR spectroscopic data.

Keywords: alkylation reaction, potassium (3-morpholyl)propyldithiocarbamate,
alkyl esters of (3-morpholyl)propyldithiocarbamic acid.

The chemistry of sulfur compounds is an important and intensively deve-
loping field of organic synthesis. Most of the reactions involving sulfur are asso-
ciated with the use of various sulfurizing reagents. So, a special place in the syn-
thesis of organic sulfur compounds is occupied by carbon disulfide, which is a
sulfurizing reagent in the synthesis of dithiocarbamates and dithiocarbamic acids.
Dithiocarbamates are widely used in various fields of practice: chemistry and che-
mical technology, mineral processing, agriculture, medicine and technology.

Dithiocarbamatesare used in analytical chemistry to detect p- and d-elements
having affinity to sulfur, as well as for separation, masking and extraction photo-
metric determination of many metals, for example, Cu, Ag, Bi, Cd, Co, As (III),
for gravimetric definition of In, titrimetric — Hg, Pb, Pt, Te. Thus, morpholin-
dithiocarbamateis used for the photometric determination of Cu, Co, and Ni in an
aqueous methanol medium. Diethanoldithiocarbamateis used for photometric
determination of Cu, Co and Ni or pairs of elements Cu and Ni, Cu and Coin
aqueous solutions, for the determination of Cu in lubricating oils, alloys, steels
and aluminum alloys [1].

Derivatives of thio- and dithiocarbamic acids are widely used as herbicides
and fungicides.By the transition from the derivatives of thiocarbamic acid to the
derivatives of dithiocarbamic acid decreases herbicidal activity, whereas
fungicidal and bactericidal activity increases.Salts of dithiocarbamic acids with
different metals have the practical importance, which are used as fungicides for
combating plants diseases [2].Many derivatives of dithiocarbamic acids are
usedalso as flotation reagents in the flotation of polymetallicsulphide ores [3].

The diverse activity of the dithiocarbamates and their derivatives, the
increased stability of many of them to the action of radiation, as well as the use in
mineral processing, agriculture and medicine, all contribute to the urgency of our
studies on the synthesis of new dithiocarbamic acid derivatives.
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With a view to the synthesis of new derivatives of alkyl esters of dithiocar-
bamic acids containing in their structure the saturated hydrocarbonic chain was
taken (3-morpholyl)propylditiocarbamate potassium as the starting substrate.

Potassium (3-morpholyl)propyldithiocarbamate was synthesized by the
interaction of equimolar amounts of 4- (3-aminopropyl)morpholinel with carbon
disulfide at a temperature of 0-5 °C in the presence of potassium hydroxide in
ethyl alcohol. Potassium dithiocarbamate2was formed as a white crystalline sub-
stance, which was isolated by filtration from the reaction mixture and washed
with methylene chloride. The potassium (3-morpholyl)propyldithiocarbamate 2
was synthesized in 96% yield.

S
\ Cs, \ I
0 NCH,CH,CH,NH, ————— QO NCH,CH,CH,NH-C—SK
\__/ KOH,EtOH \___/

) 2

The composition and structure of the potassium dithiocarbamate2were
established bythe elemental analysis and IR spectroscopy. The physicochemical
characteristics of the compound 2 are shown in the table 1. An absorption band of
the valence vibrations of the NH group is presentin the IR spectrum in the region
of 3299 cm™. The absorption bands in the region 2962, 2918, 1241-1448 cm’
refer to the valence vibrations of the CH, groups. The valence vibrations C = S
correspond to absorption in the region of 1027 cm™. In the region of 816 cm’
'appears an absorption band of the C-S bond.

Conditions of alkylation of potassium (3-morpholyl)propyldithiocarbamate
were studied and new alkyl esters of (3-morpholyl)propyldithiocarbamic acid
were synthesized. The alkylation reaction of potassium (3-morpholyl)propyl-
dithiocarbamate2 with saturated haloalkylswas carried out at room temperature in
acetone.

/\ Br(CH,)nCH;  / \ S
O NCH,CHCH,NH-C—SK ——— = — 3 G NCHQCHZCHZNH{,//

5 Acetone S(CHpNCHs

3-8
n=35,6,7,89,11

As a result of isolation from reaction mixtures were obtained in the indi-
vidual form hexyl, heptyl, octyl, nonyl, decyl and dodecyl esters of (3-morpho-
lyl)propyldithiocarbamic acid 3-8in 67, 68, 91, 81, 67, 87 % yield, respectively.

The elemental analysis, TLC and IR spectral data confirm composition and
individuality of the synthesized compounds. The yield and physicochemical con-
stants are presented in table 1. Structure of the synthesized alkyl esters of (3-mor-
pholyl)propyldithiocarbamic acid 3-8 is established based on the “C NMR
spectra, thespectral data of which are presented in table 2.
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Tablel — Physicochemical constants for compounds 2-8

No Yield, mp., Ry UK-spectra, v, cm™
% oC acetone .: hexane NH P cs
(1:7)
1 2 3 4 5 6 7
2 96 193-195 0.14 3299 1027 816
3 67 Oil 0.86 3234 1117 939
4 68 Oil 0.85 3234 1120 936
5 91 Oil 0.83 3240 1115 868
6 81 34-36 0.82 3234 1120 936
7 67 oil 0.81 3236 1115 869
8 87 38-40 0.79 3238 1115 998
Continious of the table 1

No Found, % Formula Calculated, %

C H N S C H N S
1 8 9 10 11 12 13 14 15 16
2 37.30 5.57 10.62 | 25.03 | CgH;sKN,0OS, | 37.18 5.85 10.84 24.81
3| 5545 | 9.03 | 9.50 | 21.36 | CHxN,0S, | 5522 | 927 | 920 | 21.06
4 | 56.32 9.27 | 855 | 2031 | CysH3N,0S, | 56.56 9.49 8.79 20.13
5 | 57.57 9.50 | 8.20 | 19.05 | Ci;sH3N,0S, | 57.78 9.70 8.42 19.28
6 | 58.75 9.68 | 831 | 1829 | Ci;HuN,0S, | 5891 9.89 8.08 18.50
7 | 59.80 | 10.28 | 7.53 | 17.53 | CisH3N,OS, | 59.95 | 10.06 7.77 17.78
8 | 61.37 | 10.25 | 4.04 | 19.13 | CjoH3sN,0S, | 61.58 | 10.03 4.22 19.34

In the IR spectra of compounds 3-8 in the region 0f3234 cmis found
an absorption band of the stretching vibrations of the NH group. An absorption
band of the valence vibrations of the C = S group is present in the region of
1115-1120 cm™. The absorption band of the C-S bond is present in the region of
543-669 cm™.

Analysis of the'’C NMR spectra (table 2) of the compounds 3-8 confirms
their structure. In the C NMR spectrum, the signal of the carbon atom of the
methyl group is manifested in the strong-field spectral region ¢ 14.11-14.24 ppm.
Chemical shifts of carbon atoms of methylene groups of the alkane chain appear
in the range of & 22.55-58.60 ppm. The carbon atoms of morpholine are resonated
in the range of § 53.40-53.60 ppm. (-N (CH2) 2) and 6 66.54-67.04 ppm. (O
(CH2) 2). The carbon atom of the C = S group resonates in the weak-field region
6 197.43-197.77 ppm.

167



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Table 2 — *C NMR(8, ppm) spectraldataforcompounds 3-8

Carbon O\_/NCIHZC“I2-|ZC?-|2NH~C 4 . 8 10 | 12 N 14
atom 3 S CHjy
3 4 5 6 7 8
O(CH,),- 67,02 66,61 66,54 66,85 67,04 66,71
N(CH,),- 53,60 53,42 53,40 53,53 53,60 53,47
-C=S 197,43 197,73 197,77 19762 197,44 197,73
C'H, 58,57 58,17 58,12 58,46 58,60 58,30
C’H, 22,67 22,68 22,72 22,77 22,77 22,79
C*H, 48,50 47,84 47,75 4827 48,55 48,01
C*H, 35,23 35,24 35,24 35,27 35,24 35,27
C°H, 29,34 29,34 29,32 29,56 29,00 29,75
C°H, 28,63 28,94 28,98 29,00 29,28 29,01
C'H, 31,43 28,94 29,22 29,29 29,40 29,37
C*H, 22,60 31,78 29,22 29,36 29,63 29,73
C°H, - 22,55 31,88 29,38 29,60 29,70
C'"H, - - 22,55 31,96 29,40 29,62
C''H, - - - 22,55 31,97 29,44
C"H, - - - - 22,64 29,30
C"H, - - - - - 32,09
C"“H, - - - - - 22,54
CH; 14,11 14,19 14,20 14,23 14,22 14,24
Experiment

Control of the reaction was carried out by TLCon Silufol UV-254 plates,
eluent acetone-hexane (1: 7). IR spectra of synthesized compounds are recorded
on a Nicolet 5700 device in tablets with KBr, with 0.25% and in a thin layer.

NMR spectra were obtained on a JNM-ECA 400 (JEOL) spectrometer.

Potassium (3-morpholyl)propyldithiocarbamate 2. Solution of potassium
hydroxide (8.4 g, 0.15 mol) in water (5 ml) was addedto the mixture of of 4-(3-
aminopropyl) morpholinel (21.63 g, 0.15 mol) in 50 ml of alcohol. Then a solu-
tion of carbon disulfide (12.16 g, 0.16 mole) in alcohol (10 ml) was added-
dropwise at 0-5 ° C with stirring. The reaction mixture was stirredat 0-5° C for 3
hours. The resulting white crystals were filtered on a Shott funnel and washed
with methylene chloride. Potassium (3-morpholyl)propyldithiocarbamate was

obtained in 35 g (96%) yield.
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Hexyl(3-morpholynolpropyl)carbamodithioate 3. Solution of 1-Bromo-
hexane (4.95 g, 0.03 mol)in acetone (5 ml)was added dropwiseto the mixture of
Potassium (3-morpholyl)propyldithiocarbamate 2in acetone (25 ml)with stirring.
The reaction mixture was stirred at room temperature for 16 hours. The preci-
pitate formed was filtered out, the solvent was distilled off in a vacuum of the
water jet pump.The resulting mass as an oil was dried in a vacuum of the oil
pump. Product was obtained in6.12 g (67%) yield.

Heptyl(3-morpholynolpropyl)carbamodithioate 4 was synthesized by the
similar procedure. The yield was 6.5 g (68%).

Octyl(3-morpholynolpropyl)carbamodithioate 5 was synthesizedby the
similar procedure. The yield was 9.11 g (91%).

Nonyl(3-morpholynolpropyl)carbamodithioate6 was synthesized by the
similar procedure. The yield was 7.02 g (81%).

Decyl(3-morpholynolpropyl)carbamodithioate7 was synthesized by the
similar procedure. The yield was7.19 g (67%).

Dodecyl(3-morpholynolpropyl)carbamodithioate 8 was synthesized by the
similar procedure. The yield was 10.17 g (87%).

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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Pe3lome
M. C. Myxanosa

(3-MOPOOJIMIITPOITMITANTIOKAPBAMIH KbIIIKBIJIBIHBIH
AJIKWJI OOUPJIEPIHIHCUHTE3AEY

Kanmii  (3-mMopdonmm)nponiiguTHoKkapOaMaTelH TallOTSHATKWIISPMEH alKIIICy
3eprremiai. (3-MophoIT)IpOoNITNTHOKAPOAMIH KBIIIKBUTBIHBIH KaHa K dQupiepi
CHHTE31HIH >KaFqaiiapbl skacanblHIbL. (3-MOphOIHI)IPONMIAUTHOKAPOAMUH KBIIIKBLIbI-
HBIH TEKCHJI, TeIITUII, OKTHJI, HOHWJI, JACIIWII JKOHE AoACU dupiiepi coiikecinie 67, 68,
91, 81, 67, 87% mbirsiMmen cunTe3aetinai. MK-crnektpockomnusicel sxoue AMP 13C crek-
TPOCKOMHS 91icTepi apKbUIbI (3-MOP]OIHIT)IPONHITUTHOKAPOAMHH KBIIKBUTBIHBIH AJTKHIT
3¢upIIepiHiH KYPBUIBICHl aHBIKTAIBIH/IBI.

Tyiiin ce3mep: ankuingey peakuuschl, Kamuit (3-mMop¢oimT)nponmuiauTHoKapoa-
MarTap, (3-MophOIHIT)TPOIMIIUTHOKAPOAMIH KBIIIKBUIBIHEIH aJIKUIT 3(upIepi.
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Pesome
M. C. Mykanosa

CHHTE3 AJIKWJIOBBIX 50WPOB
(3-MODOJINIT)ITPOITNITANTUOKAPEAMIHOBOUM KUCJIOTBI

N3zyyeno ankumimposanue(3-MophoII)IponuiIguTHOKapbaMaTa KalusraaoreHal-
kmamu. PazpaboTaHbBl yCIOBHS CHHTE3a HOBBIX alKMIOBBIX3(HpoB (3-Mopdomm)mpo-
MTIAATHOKapOaMHHOBOI KHCIOTEL. CHHTE3UPOBAaHBI TEKCHIIOBBIN, TENTHIOBBINA, OKTHIIO-
BB, HOHIJIOBBIH, JEIMIOBBIH M JOJACIHIOBEIA 3PupHI (3-MOPQOIIIT)IPOTIIINTHOKAP-
0aMHMHOBOM KHCJIOTHI ¢ Beixomamu 67,68, 91, 81, 67, 87%, coorBeTcTBeHHO.MeTomamu
UK-cnextpockonuu u crnexkrpockornu SAMP e YCTaHOBJICHA CTPYKTypa aJIKWJIOBBIX
3¢ upoB (3-MopGOTUIT)IPONUIIATHOKAPOAMHUHOBON KUCIIOTHI.

KaioueBble ciioBa: peakuus aJKuIMpoBaHus, (3-MophoIHI)IponmIguTHOKapOaMaT
KaJvsl, aTKHIOBBIE d(UPHI(3-MOPHOITHIT)IPONTHIANTHOKAPOAMIUHOBOM KHUCIIOTHI.
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THE INFLUENCE OF SORBENT NORM AND TIME
ON THE PROCESS OF PURIFICATION OF PHOSPHORIC ACID
FROM CATION OF LEAD (II) BY ACIDOMODIFICATED ZEOLITE
FROM SHANKANAY DEPOSIT

Abstract. The effect of the norm of the acid-modified zeolite of the Shankanay de-
posit and the time on its sorption capacity with respect to the Pb (II) cations in 26 and
83% H;PO, was studied. It was found that in 26 and 83% phosphoric acid, the modified
zeolite exhibits a high sorption ability with respect to the Pb> * cations, with the optimal
ratio "acid-modified zeolite: H;PO,4" equal to 10: 100. 26% and 83% of H3PO, acid, res-
pectively, are cleared at 98.94 and 99.60%. It has been established, that the curves of the
residual content of Pb*" cations after purification with 83% H;PO, in time for all investi-
gated temperatures and Cp, are rectilinear and decrease with increasing duration of the
process. The highest degree of sorption of Pb (II) by sorbent is achieved in 60 minutes of
the process.

Key words: heavy metals, lead cations, acid-modified zeolite, sorption, phosphoric
acid.

Introduction. At present, pollution of the environment with heavy metals is
one of the problems of ecology and public health. The flow of heavy metals (HM)
into the biosphere occurs for various reasons. The natural source of their entry
into the aquatic environment is the dissolution and leaching of rocks. However, in
recent years, the main contribution has been made by liquid discharges of ore-
dressing factories, chemical and metallurgical enterprises, galvanic industries, as
well as the production of mineral paints, fertilizers, man-made fibers, the boo-
ming oil-producing and oil-refining industry. Another cause of pollution of the
HM environment is the involvement of low-grade and off-balance raw materials,
in particular low quality phosphorites and phosphorus waste (phosphorus slags
and sludges). The phosphoric acid obtained from such raw materials is conta-
minated with dissolved impurities in the form of various compounds and salts that
have passed from the composition of phosphate raw materials, including HM salts
[1]. Heavy metals pass into phosphorus fertilizers and then migrate to the soil,
ponds, atmosphere. In phosphoric acid, the content of HM of the hydrogen sulfide
group, namely Pb, is strictly regulated by the corresponding GOST: mass for Pb
in Thermic phosphoric acid (TPhA) of grade A is no more than 0.0005%, grade
B: grade 1 is 0.002%, grade 2 is 0.005% [2]. These requirements are due to the
fact that, soluble lead salts are not biodegradable and accumulate in living or-
ganisms [3], causing various diseases and disorders such as anemia with repro-
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ductive, genotoxic, carcinogenic, and neurological consequences, especially for
children [4].

The purity of the final product and the absence of certain impurities in it are
some of the basic requirements for phosphoric acid, so there is a need for its puri-
fication. The problem of cleaning various media, including phosphoric acid, from
HM and recycling spent sorbents can be solved by developing new technologies,
obtaining promising sorption materials that can effectively extract them. Very
promising new sorption materials are sorbents that combine ion-exchange, sorp-
tion and filtering properties. At the same time, they must possess a stable chemi-
cal nature, the presence of a large number of surface functional groups, good phy-
sicochemical characteristics, the possibility of regeneration without a significant
loss of sorption capacity and utilization of the spent sorbent, and also a relatively
low cost [5]. To date, such materials can include natural zeolites, kaolinites, acti-
vated carbons, bentonites and many others. First, zeolites, which are widely used
as ion exchangers, deserve attention. This is facilitated by factors such as the gra-
nular structure of the zeolite, which makes it possible to carry out the ion exchan-
ge process under dynamic conditions, as well as a significant increase in the
exchange capacity of the zeolite as a result of various pretreatment methods.
Therefore, the work uses an acid-modified zeolite with a sufficiently high sorp-
tion activity to cations, in which the statistical exchange capacity (SEC) cation
exchanger (0.984 meq/g) is 3.83 times higher than that of the SEC anion
exchanger (0.2568 meq/g) [6].

Experiment

The purpose of this work was to study the influence of the sorbent rate and
time on the sorption capacity of the zeolite of the Shankanay deposit, modified
with hydrochloric acid (0.1n), with respect to Pb® © ions in phosphoric acid. To
eliminate the effect of impurities, a study of the sorption of lead (II) cations with a
modified zeolite was carried out on the model system "Pb**—H;PO,-acid-modified
zeolite" The specified concentration of lead (II) cations was created by introducing
into the phosphoric acid a calculated amount of lead salt Pb (CH;COOQ),-3H,0.

The sorption capacity of the sorbent was studied under agitation conditions.
A sample of H;PO, was placed in a thermostated, heated to a specific temperature
and a lead salt was injected. Then, a modified zeolite was added to the lead-
containing phosphoric acid solution at a predetermined ratio "the modified zeolite
(Solid-S): H;PO, (Liquid-L)" and mixed for a predetermined time. Sampling of
the phosphoric acid to be purified from the reactor was carried out regularly at
regular intervals. An aliquot was weighed on an analytical scale to the fourth
digit, then the mixture was quantitatively transferred to a 250 ml volumetric flask
and filtered through a paper filter. The resulting filtrate was analyzed for the
content of lead ions, the determination of which was carried out on an absorption
spectrometer (AAC).
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The degree of sorption (R,%) was found from the difference between the
initial and residual concentrations of metals in solution by the formula:
R= Co-Cp -100%,
Co
where C, is the initial concentration of metal ions in solution, mg/l; C, is the
concentration of metal ions in the solution after purification by sorbent, mg/I.

The effect of the sorbent's rate on its sorption capacity was investigated in
dilute (26%) and concentrated (83%) phosphoric acids with a content of 48.4 mg/1
Pb*". The sorbent consumption was from 5 to 30 g per 100 g of purified phospho-
ric acid.

The degree of purification of various media depends significantly on the
duration of contact of the sorbent with the acid to be purified. The effect of the
process time on the sorption of Pb® * cations by an acid-modified zeolite was
studied in 83% of H;PO, with a concentration of cations of Pb>" equal to (10-100)
mg/l in the range (20-70)°C at a constant ratio of S:L = 10:100.

Results and discussion

The obtained results on the effect of the rate of acid-modified zeolite on its
sorption capacity in dilute and strongly concentrated phosphoric acid are pre-
sented in the table. From the data obtained, it follows that in dilute H;PO, (26%)
with an increase in the rate of acid-modified zeolite from 5 g to 30 g per 100 g of
the purified solution, the purification rate increases by 1.28%. When purification
of concentrated H;PO, (83%) with an increase in sorbent consumption from 5 g to
10 g per 100 g of purified acid purification rate R is increased by 0.15%, with a
further increase in the sorbent load, a tendency to a slight decrease in the sorbent
appears. Perhaps the acid-modified zeolite undergoes greater structural changes in
concentrated H;PO, than in dilute H;PO, [7], which affects its sorption ability.
This explains why, at a low sorbent rate (S:L = 5: 100), the degree of sorption in
concentrated H;POy, is 1.43% higher than that of dilute phosphoric acid.

Based on the results obtained, it follows that the acid-modified zeolite in the
acids under study shows a high sorption ability with respect to the Pb> " cations.

The effect of the modified zeolite norm on the sorption of lead (II) ions from phosphoric acids

Cuspos, % 26 83
SiL Residual content Pb*", R, Residual content Pb*", R,
mg/l % mg/l %
5:100 0,99 98,02 0,27 99,45
10:100 0,53 98,94 0,19 99,60
20:100 0,37 99,25 0,23 99,53
30:100 0,35 99,30 0,23 99,52
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The degree of sorption reaches 98.0-99.6%. Regardless of the concentration of
phosphoric acid for all temperatures, the optimal ratio of "acid-modified zeolite:
H;PO," is 10:100. Under these conditions, the concentration of phosphoric acid
does not have a significant effect on the degree of purification. Thus, 26% and
83% phosphoric acid with acid-modified zeolite is purified at 98.94 and 99.60%.

Analysis of the obtained data on the sorption ability of the acid-modified
shankanese zeolite revealed that in the investigated temperature range and
concentrations of lead (II) cations, the sorption curves have the same type of
character (figure).
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The influence of duration time on the residual content of Pb (II) cations
in the system "Pb?* — H3PO, — acid-modified zeolite"

The curves of the residual content of Pb*" ions are of a rectilinear nature and
decrease with increasing duration of the process. That is, as the time increases, the
degree of lead sorption increases. For example, in an acidic medium with a con-
centration of Pb>" ions equal to 55 mg/l at 20°C, 85.45% is sorbed for 5 minutes,
86.0% for 85 minutes, 87.0% for 30 minutes, 60 minutes - 88.7%.

Under the investigated conditions, an increase the duration time of the pro-
cess has a positive effect on the purification of phosphoric acid. The highest
degree of sorption of Pb (II) cations with an acid-modified zeolite is achieved in
60 minutes of the process.
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6. K. JKYCIIIFEKOB, P. M. YEPHAKOBA, P. A. KAUBIHFEAEBA,
H. H. KOXABEKOBA, A. A. AFATAEBA, A. K. MYCAEBA, K. E. EPMEKOBA

IIIAHKAHAV KEH OPHBIHBIH KbIIIKBIIMEH MOJIUOUKALTASIIAHFAH
HEOJINTI APKBIJIbI @OCPOP KbIIIKbIJIBIH KOPFACBIH (II)
KATUOHJAPBIHAH TA3APTY ITPOLIECIHE COPBEHT MOJIINEPI MEH
YAKBITTBIH ©CEPI

[[TarkaHaif KeH OPHBIHBIH KBIIIKBUIMEH MOIM(PHUKANNSIIAHFAH [EOJIHTI MOIIICePiHiH
JKoHE YakKbITTHIH 26 xoHe 83 % H;PO, xprmksutsiHnarst Pb (II) katnoHmapeiHa KaTBHICTHI
COpOIMSUIBIK KabineTine acepi 3epTreni. 26 xane 83 %-1p1 pocdop KbIIKBLIBIHIA MOIH-
dukanmsmanFas neonut Pb>" KaTHOHIAPBIHA KATHICTHI JKOFAPBI COPOLIHSIIBIK KACHET KOp-
cereTiHi aHbIKTABL. «KplukpMeH moaupukanusianrad neonut: H;POg» kaTbiHach!
onraiinel, srau 10:100 ey Oonranga 26 xoue 83 % H;PO, KBIIKBUIBL coiikecinie 98,94
skoHe 99,60 %-ra Tazapajbl.

83 % H;3PO, KbILIKBUIBI Ta3apraHHaH Kelin Pb”" kaTHOHIAPBIHBIH KaIFaH MeIIIEpiH
KOPCETETIH yaKbITKa TAyesJli KUCHIK 3epPTTEIiN OThIpFaH OapiblK TemrepaTtypa skoHe Cpy,
YIIiH TiK CBHI3BIKICH CHIMATTANAIbl JKOHE MPOLECC YaKBITHIH apTTHIPFaH CalblH TOMEH-
nevini. Copoent apkputsl Pb (II) kaTHoHBI eH >Korapbsl copOuusiiany nopexxecine 60 Mu-
HyTTa JKETeI.

Tyiin co3aep: ayblp MeTangap, KOPFachlH KaTHOHIAPHI, KBIIIKBUIMOAN(MHUIHPIICH-
TeH [EOIHT, COpOITHs, (oc(op KBIIIKBLITHL.
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Pe3zrome

V. K. JUKYCHITBEEKOB, P. M. YEPHSIKOBA, P. A. KAUBIHEAEBA,
H. H. KOXABEKOBA, A. A. ATATAEBA, A. K. MYCAEBA, K. E. EPMEKOBA

BJIMAHUE HOPMbBI COPBEHTA 11 BPEMEHU HA TTPOLIECC
OYMCTKH ®OCPOPHOM KUCJIOTHI OT KATUOHOB CBUHIIA (II)
KHNCJIIOTOMOINOUITNPOBAHHBIM LIEOJIMTOM
MECTOPOXJIEHU IIIAHKAHA

HccnenoBaHo BIMSIHUE HOPMBI KHCIOTOMOIU(HIIMPOBAHHOTO LEOINTa MECTOPOXK-
nenusi llankanaii 1 BpeMeHH Ha €ro COpOLMOHHYIO CIOCOOHOCTh MO OTHOIIEHHIO K Ka-
tronam Pb (II) B 26 u 83 % H;PO,. Brissieno, uto B 26 u 83 % ¢ochopHOii KucioTe Mo-
JU(UIMPOBAHHBIN [IEOJIUT MPOSIBIISET BHICOKYIO COPOIIMOHHYIO CIOCOOHOCTH 10 OTHOIIIE-
HUIO K KaTHOHaM Pb*". IIpu ONTHMaIbHOM COOTHOMICHHH «KHCIOTOMOMMGbUIMPOBAHHBIIL
neonut: H3POy» pasaom 10:100. 26 u 83 % H;PO, xucnoTta ouniaeTcsi COOTBETCTBEHHO
Ha 98,94 1 99,60 %. YCTaHOBICHO, YTO KPHBBIC OCTATOYHOTO COICPKAHUS KATHOHOB Pb*"
nocne ounctku 83 % H;PO, Bo BpeMeHu 1715 Beex vccaeryeMblx Temmepatyp u Cp, HOCAT
MIPSIMOJIMHEHHBIA XapaKTep W C YBEIUUCHHEM INPOAOJDKUTEIBHOCTH MPOIlecca CHHKAIOT-
csi. Hambonpmmmas crenens cop6rmm Pb (II) copbenTom nocturaercs 3a 60 MuH mporiecca.

KnroueBble ciioBa: TsKEIble METaJUIBl, KATHOHBI CBHHIIA, KHCIOTOMOIH(DUIIPO-
BaHHBIN IIEOJIUT, cOpOIHs, PochopHas KUCIOTA.
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ANALYSIS OF SOME PRIMARY AND SECONDARY
METABOLITES OF THE AERIAL PART OF TAMARIX HISPIDA

Abstract. The article provides an analysis of the quantitative and qualitative content
of some groups of primary and secondary metabolites contained in the aerial part of the
plant Tamarixhispida harvested during flowering in 2016 in the territory of the Almaty
region of the Republic of Kazakhstan. We carried out a qualitative determination of the
presence of various groups of BASs in the aerial part of Tamarixhispida. Then the quan-
titative content of BAS groups interested in us was determined, in particular, the quan-
titative content of the sum of alkaloids, polysaccharides, carotenoids and riboflavin was
reduced, and finally we studied the ethilacetate extract from the aboveground masses of
Tamarixhispida by high-performance liquid chromatography with a mass-selective
detector.

As a result, in the aboveground part of the plant Tamarixhispida we detected the pre-
sence of tannins, alkaloids, polysaccharides, flavonoids, coumarins, anthraquinones,
carotenoids, organic acids, carbohydrates, amino acids and riboflavin. We also determined
the quantitative content of the sum of alkaloids, polysaccharides, carotenoids and ribo-
flavin.

Finally, by the method of high performance liquid chromatography with a mass-
selective detector. WE was 15 compounds in the ethyl acetate extract. The dominant of
which was dicyclohexylphthalic acid ester with a content of more than 50%, a significant
amount of morphine derivatives (Morphinan-4,6-diol, N- formyl-6-acetate), some halogen
and sulfur-containing compounds (Milbemycin B, 6.28-anhydro-15-chloro-25-isopropyl-
13-dehydro-5-O-demethyl-4-methyl, 2-methoxy-N methyl-4- (methylsulfanyl) -N-phenyl-
benzamide, 5-(2-Chloro -6-fluorobenzyl) -6-methyl-2- (2-propinilsulfanil) -4-pyrimidinol,
oryzalin, Alkometazon).

Key words: Tamarixhispida, BAS, Tamaricaceae, metabolites, HPLC-MS.

Introduction. Organs of higher plants contain many primary and secondary
metabolites belonging to different classes of organic substances; many of them
exhibit different types of biological activity and have different effects on the
human body. In particular, compounds of the alkaloid class exhibit, anesthetic or
stimulating action, flavonoids and tannins substances have an antioxidant and
astringent effect; some types of sulfur-containing compounds affect the growth of
pathogenic organisms and exhibit actericidal properties. In this connection, know-
ledge of the qualitative and quantitative composition of various plants is of ob-
vious practical interest [1].
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We studied the qualitative and quantitative composition of the aerial mass of
Tamarixhispida family Tamaricaceae harvested in 2016 in the Almaty region
during the flowering period.

From the work on the aerial mass of the Tamarixhispida of the family Tama-
ricaceae. Itwas found out that in the aerial part of Tamarixhispida a significant
amount of flavonoids, tannins and terpenoid.

Was found, and the structure of a number of new compounds, such as (octa-
ne, genicosan, docosane, tricano, heptadecane, nonadecane, hexacosane, penta-
cosane) terpenoids (a-copene, g-element, g-cadien, isophytol, phytol, B-cubenene,
3-a- [3", 4" -dihydroxy-trans-cinamoyl] -oxy-D -fridolean-14-0l-28-xylitol,
B-systenrol, a-cadinol, d-cadinol, a-bisabolol) and their derivatives, polar acid
esters (hexanoic acid, heptanoic acid, 2-ethylhexanoic acid, methyl palminat,
hexadecanoic acid, octanoic, dodecanoic), aromatic compounds (vanillin, benzyl,
benzoate, benzyl tsinamat) and alcohols (tridecanol, eugenol) [2].

Of the aerial mass directly Tamarixhispida, compounds of various classes
were isolated, such as: ursolic acid-1, 2 methyl ester of 3f3-al-D-freeoolean-14-
ene-28-one acid, 3-a- [3 " 4"-dihydroxy-transcinamoloxy] -D-firdoolean-14-ene-
28-tartaric acid (isotamarixene) -3,3-a-hydroxy-D-fridooleane-14-ene-28-tartaric
acid 4-, 3- - [4"-hydroxy-transcamolamoxy] -D-firdoolean-14-ene-28-olal kilo-5.
isoramnetin, 3,5-dihydroxy-4 ', 7-dimethoxyflavone, rhamnocetri, afzelin, 5,3'-
dihydroxy-7,4'-dimethoxyflavone 3-O-B-D-glucopyranoside, 4-hydroxy-3,5-O-
dimethyl benzo 7'-tetrahydrofuran, 3,7,4'-trihydroxy-5-methoxyflavone, 3,5,7-
trihydroxy-3 ', 4'-dimethoxyflavone, Kampferid-3- O-f-glucopyranoside [3].

It was also proved that the extract from the aboveground mass Tamarix-
hispida has antibacterial and antioxidant activity [4].

Methods. After the study, previously published by Tamarixhispida, we
decided to determine the quantitative composition of the least studied tamarix
metabolites, namely alkaloids, polysaccharides, carotenoids and riboflavin

For which the following methods were used.

Determination of the quantitative content of alkaloids. About 10 grams
(accurately weighed) of the crushed material are placed in a 250 ml flask, 100 ml
of chloroform or ethyl acetate are added, 5 ml of concentrated ammonia solution,
covered with a stopper and shaken on a vibrating apparatus for 2 hours or left at
room temperature for 15 hours, after which they shake another 30 minutes. Chlo-
roform extraction is filtered through cotton wool. 50 ml of the filtrate is trans-
ferred to a 100 ml flask and the chloroform is distilled to a volume of 1-2 ml. The
remaining chloroform is removed by blowing air. To the remainder, add 2 ml of
sodium hydroxide solution (0.1 mol/l) with a pipette and rub with a stick until the
lumps disappear completely, then add 8 ml of water and mix 2-3 minutes. 10 ml
of a solution of hydrochloric acid (0.1 mol/l) are added to the contents, pipetched
gently and left for 8-10 minutes, then shaken on a vibratory shaker for 8-10 mi-
nutes and filtered through a triple paper filter, 7 cm in diameter. 10 ml The filtrate
is transferred to a 50 ml flask, 10 ml of water, 2 drops of methyl red solution are
added and the excess acid is titrated with a solution of sodium hydroxide
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(0.01 mol/1) until a yellow color appears. At the same time, they conduct a control
experiment. Add 1 ml of sodium hydroxide solution (0.1 mol/l) to a 50 ml flask,
add 4 ml of water and 5 ml of hydrochloric acid (0.2 mol/l), mix, add 2 drops of
methyl red solution and titrate excess acid sodium hydroxide solution (0.1 mol/l)
until yellow coloration appeared. The content of the sum of alkaloids in terms of
thermopsin and absolutely dry feedstock (X) in percent is calculated by the
formula:

X = (V1—V2) x 0.0244 x 4 x 100 x 100
B m X (100 — W)

where 0.0244 — the number of alkaloids in terms of thermopsin, corresponding to
1 ml of a solution of hydrochloric acid (0.1 mol/l), g; V1 is the volume of a solu-
tion of sodium hydroxide (0.1 mol/l), which has gone for titration of the control
experiment, ml; V2 is the volume of a solution of sodium hydroxide (0.1 mol/l),
which has gone for titration of the test solution, ml; m is the mass of the raw
material, g; W is the loss in mass when the raw material is dried,%.

Determination of the quantitative content of polysaccharides. Approxi-
mately 5 grams (accurately weighed) of the crushed raw material are placed in a
100 ml flask, 50 ml of purified water are added, the flask is attached to a reflux
condenser and boiled while stirring in a water bath for 1 hour, cooled. Extraction
with water is repeated twice for 30 minutes under the same conditions. Water
extracts combine and filter into a volumetric flask with a capacity of 250 ml ml
through 3 layers of gauze. The filter is rinsed with purified water and the volume
of the solution is adjusted with water purified to the mark. 25 ml of the resulting
solution are placed in a centrifuge tube, 75 ml of ethyl alcohol 95% is added,
mixed, heated in a water bath at a temperature of 60 ° C for 5 minutes. After
30 minutes, the contents are centrifuged at a rotation speed of 5000 rpm for
30 minutes. The supernatant is filtered under vacuum through a glass filter POR
16 dried to a constant weight. The precipitate is then quantitatively transferred to
the same filter and washed with 15 ml of ethyl alcohol 95%. The filter with the
precipitate is dried at a temperature of 100-105 © C to constant weight. The
content of polysaccharides in terms of absolutely dry raw materials in percent (X)
is calculated by the formula:

X = (m2-m1)x250%x100x100
o mx25x(100—W)

)

where m1 - filter weight, g; m2 - filter weight with precipitate, g; 32 m - weight of
the sample of raw materials, g; W is the moisture content in the mass when the
raw material is dried, %.

Determination of the quantitative content of carotenoids. Approximately
5 grams (accurately weighed) of the crushed plant material are placed in a conical
flask with ground glass stopper of 100 ml capacity, 50 ml of a mixture of hexane-
alcohol ethyl 96% (1: 1) are poured, kept for 2 hours with constant stirring,
filtered. 15 ml of the filtrate is placed in a 25 ml volumetric flask and the volume
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is adjusted to a label with a mixture of hexane-ethyl alcohol 96% (1: 1). [Appro-
ximately 1 g (exact sample) of the preparation is dissolved in a mixture of these
solvents in a 50 ml volumetric flask, the volume of the solution is brought to the
mark with the same mixture and mixed.] * The optical density of the solution is
measured at a wavelength of 450 nm in a cuvette with a layer thickness of 10 mm
, using a mixture of hexane-ethyl alcohol 96% (1: 1) as the reference solution. In
parallel, the optical density of the potassium dichloride CO solution is measured.
The content of carotenoids in terms of B-carotene in mg% (X) is calculated by the
formula:

_ D1x0.00208 x 25 X 50 X 100 X 100
B DO x m x 15 x (100 — W)

where D1 - optical density of the solution under study at a wavelength of 450 nm;
DO is the optical density of the solution of potassium bichromate CO at a
wavelength of 450 nm; 0,00208 - the amount of B-carotene in milligrams, in a
solution corresponding to the color of the solution of potassium bichromate CO;
m is the weight of the sample of raw materials, g; W - loss in mass during drying
of raw materials,%

Preparation of potassium bichromate (CO) solution: 0.0036 g (exact sample)
of potassium bichromate potassium salt is dissolved in water, purified in a
volumetric flask with a capacity of 1 liter, the volume of the solution is adjusted
with water purified to a mark, and mixed. The color of the solution corresponds to
a solution containing 0.00208 mg of -carotene in 1 ml.

Determination of the quantitative content of riboflavin. 0.06 g of the
plant material is placed in a 1000 ml flask, 20 ml of glacial sulfuric acid are
added, 500 ml of purified water, heated in a water bath, then cooled to room tem-
perature, filtered and the volume of the solution is adjusted to the mark with
water. 10 ml of filtrate are taken from the resulting solution, placed in a 100 ml
volumetric flask, 3.5 ml of 0.1 mol/l sodium acetate solution is added and the
volume of the solution is adjusted to the mark with water. 34 The optical density
of the resulting solution is measured at a wavelength of 270 nm in a cuvette with
a layer thickness of 10 mm. The content of riboflavin in percent (X) is calculated
by the formula

D x 10000
~ ax850

Where D is the optical density of the test solution at a wavelength of 270 nm;
850 - specific absorption index of riboflavin at a wavelength of 270 nm; a - the
mass of the sample of raw materials, g.

The quantitative content of alkaloids, polysaccharides, carotenoids and
riboflavin is given in table 1.

Next, we studied the ethylacetate extract obtained from the aerial mass of
Tamarixhispida family Tamaricaceae according to the following procedure.
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Vegetable raw materials are harvested in the southern region of the Republic
of Kazakhstan (Almaty region). The ground air dry powder (500 g) was extracted
with ethyl acetate into the feed / reagent ratio (1:10) in a Soxhlet apparatus. The
resulting extract was concentrated under mild conditions (water bath temperature
40-450 °C).

The extract was examined by a high-performance liquid chromatograph with
a mass selective detector of Aligent Technologies 6400 Series Triple Quadrupole
LC/MS.

We was use: a Poroshell 120 EC-C18 column (50 mm in length, 3 mm in
diameter, 4.0, 2, 7 and 1.9 pm) with 10% methanol with an aqueous solution of
methanol as the starting solvent and 90% methanol as the final solvent at a
pressure of 11.5 mPa and a temperature of 40 °C.

The components were identified by mass spectra and retention times, using
the NIST library and Wiley LC / MS.

The results are shown in table 2.

Results and discussion

Chemical analysis of the aerial mass of Tamarixhispida family Tamarica-
ceae showed that in the investigated object there are alkaloids in the amount of
0.32%, polysaccharides (1.22%), carotenoids, 10.32% and riboflavin (2.09%), the
data prompted us to further study the aboveground masses of Tamarixhispida
already using the methods of mass spectrometry and high-performance liquid
chromatography.

Table 1 — Content of alkaloids, polysaccharides, carotenoids and riboflavin
in the aerial part of Tamarixhispida family Tamaricaceae

No BAS Group Content, (%)
1 Alkaloids 0.32
2 Polysaccharides 1.22
3 Carotenoids 10.32
4 Riboflavin 2.09

As a result of studying the hexane extract, 96.93% of the substances were
identified. It was found that in the above-ground part of the Tamarix hispida
family Tamaricaceae is dominated by dicyclohexyl ester of phthalic acid
contained in an amount of 54.58%, of the compounds of the alkaloid class is
dominated by Morphinan-4,6-diol, N-formyl-6-acetate (6.49%), total fraction of
nitrogen-preserving compound is 14.17%, in addition to the derivatives of mor-
phine, we classified benzenamine, 4-methyl-N, N-bis (4-methylphenyl) (1.94%),
6H-benzo [b] naphtho [2,3-H] carbazole (3 , 46%), 44-t-butyl-2- (4-methoxy-
phenyl) -6-p-tolyl-pyridine (1.27%), pyrrole, 2- (2-naphthyl) -3,5-diphenyl
(1.01 %).
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In addition to the nitrogen-containing compounds, we have identified some
compounds related to terpenoids, namely (6E, 8E, 10E, 12E, 14E, 16E, 18E, 20E,
22E, 24E, 26E, 28E) -31-methoxy-2,6,10, 14,19,23,27,31-octamethyldotriaconta-
6, 8,10,12,14,16,18,20,22,24,26,28-dodecaen-2-ol (3.68%), and the produced
heterocycles 3 , 5-progesterol acetate (2.93%).

Table 2 — Component composition of the ethyl acetate extract
of the aboveground mass Tamarixhispida Willd.

Ne ConnectionName Formula Molecular RT Content,
weight %
1 | Milbemycin B, 6.28-anhydro-15- C33H47C107 590 0,48 3.06

chloro-25-isopropyl-13-dehydro-5-
O-demethyl-4-methyl

2 | Morphinan-4,6-diol, N-formyl-6- CI19H23NO4 329 5,85 6.49
acetate
3 | (6E, 8E, 10E, 12E, 14E, 16E, 18E, C41H6002 584 6,97 3.68
20E, 22E, 24E, 26E, 28E) -31-
methoxy-2,6,10,14,19,23,27,31-
octamethyldotriaconta-6, 8,10,12,
14,16,18,20,22,24,26,28-dodecen-

2-ol

4 | 3,5-progesterol acetate C23H3203 356 7,48 2.93
2-methoxy-N-methyl-4- C16H17NO2S 287 8,07 8.57
(methylsulfanyl) -N-
phenylbenzamide

6 | Benzenamine, 4-methyl-N, N-bis C21H21IN 287 8,40 1.94
(4-methylphenyl)

7 | 5- (2-chloro-6-fluorobenzyl) -6- C15H12CIFN20S 322 8,78 0.65
methyl-2- (2-propynylsulfanyl) -4-
pyrimidinol

8 | 6H-benzo [b] naphtho [2,3-H] C24H15N 317 8,92 3.46
carbazole

9 | 4- (dipropylamino) -3,5- C12H18N4068 346 9,37 4.51
dinitrobenzenesulfonamide

10 | Alclomethasone C28H37Cl107 520 9,73 0.65

11 | 4-t-Butyl-2- (4-methoxy-phenyl) - C23H25NO 331 10,03 1.27
6-p-tolyl-pyridine

12 | Pyrrole, 2- (2-naphthyl) -3,5- C26H19N 345 10,76 1.01
diphenyl

13 | 2-methyl-4- (1,1,3,3- C15H240 220 11,64 3.36
tetramethylbutyl) phenol

14 | 2,4,6-decathrienoic acid, 1a, 2,5,5a, C30H4006 496 12,81 0.77

6,9,10,10a-octahydro-5,5a-dihyd-
roxy-4- (hydroxymethyl) -1,1,7,9-
tetramethyl-11 -oxo-1H-2,8a-
methanocyclopenta [a] cyclopropa
[e-cyclodecene-6-yl ester, [1aR-
(laa, 2a, 5B, SaP, 6B, 8aa, 9a,
10a0)]

15 | dicyclohexyl ester of phthalic acid C20H2604 330 13,88 54.58
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A significant amount of organo-halogen compounds has been identified with
a total content of 4.36% and includes the following compounds: Milbemycin B,
6.28-anhydro-15-chloro-25-isopropyl-13-dehydro-5-O-demethyl-4-methyl (3.06 %),
5- (2-chloro-6-fluorobenzyl) -6-methyl-2- (2-propynylsulfanyl) -4-pyrimidinol
(0.65%), alclometasone (0.65%).

In addition, we identified a number of sulfur-containing compounds of
various classes with a total fraction of 13.73% in the ethylacetnane extract, the
following compounds were dentified: 22-methoxy-N-methyl-4- (methylsulfanyl) -
N-phenylbenzamide (8.57%) and 4- (dipropylamino) -3,5-dinitrobenzenesul-
fonamide (4.51%).

Some of the identified compounds were not previously found in represen-
tatives of the tamarix family, in particular halogen-containing organic compounds
have been detected for a while for the metabolites of a plant in the family of
Tamaricaceae [5-9].

Conclusion. Thus, we determined the quantitative content of 4 groups of
metabolites in the aerial part of Tamarixhispida, namely, alkaloids, carotenoids,
polysaccharides and riboflavin, and the presence of alkaloids was confirmed by
HPLC mass spectrometry.

In addition to the groups of substances by the method of high-performance
liquid chromatography with a mass-selective detector. In the ethylacetate extract
from the aboveground weight of Tamarixhispida, we found 15 compounds of
various classes. 2 of them ether, 1 phenolic compound, pyrolysis derivative, pyri-
dine derivative, pyromadyl derivative and morphine derivatives, also identified
3 sulfur-containing compounds including the class of sulfonamides; in addition,
3 halogen-containing compounds, namely Milbemycin B, 6.28-anhydro-15-
chloro-25-isopropyl-13-de 5-O-demethyl-4-methyl, 5- (2-chloro-6-fluorobenzyl) -
6-methyl-2- (2-propynylsulfanyl) -4-pyrimidinol, which had not previously been
identified in plants of the tamarix genus [11].

The data obtained are in general consistent with the results of the literature
review, since the identified BAS groups have anti-inflammatory and bactericidal
activity

In particular, the sulfamide class compounds are known as highly effective
antibiotics, and in a number of literature it is claimed that the tamarix aerial ex-
tract has a tonic and anesthetic effect, which is confirmed by the presence in the
composition of alkaloids-derivatives of morphine, known for their high thera-
peutic efficacy w [12-15].
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Pe3rome

M. Camamxwizel, E. C. Hxcaros,
H. A. Cynmanoea, XK. A. Abunos, M. U. Hoyoxapu

TAMARIXHISPIDA BOJIITTHIH, KEMBIP BACTATIKbI
JKOHE EKIHIIT METABOJIMTTEPIH TAJIAAY

Makanaga Gacrankpl KoHE KaifTanama MeTOOOJHTTEpAiH KeHOip TONTapbIHBIH CaH-
JBIK JKOHE camnayiblk Ma3sMyHbIH Tanaay. 2016 >kpuibl AnMatbl OOJIBICBIHBIH ayMarbIHAA
TYJneHy Ke3iHAe >xuHanraH Tamarix hispida *ep acTel OemiriHae opHaiackaH. bi3
Tamarix hispidaxorappl Oemirinne opTYpii TONTapAblH OOJYBIH camanbl aHBIKTAYbl
Ky3ere aceipbIK. JKoHe 61311 KbI3BIKTHIpATEIH BAB TONTaphIHBIH CaHIBIK OPTAChl aHBIK-
Tanmel. ATan aWTKaHIa, COMAaHBIH CaHABIK MAa3MYHBI aJKaJOHITap,lOJHCaxapuarep,
KapoTHHOWATAp koHe pudodmasmHa. KOpHITHHABICEHHAA 0i3 XKep acTel MaccachblHAH
anpraFad Tamarix hispida sTHmaneTaTTsIH 9KCTPAKTICiH, CEEKTHBTI-Macca JCTEKTOPMEH
JKOFapHI carajibl CYHBIK XpOMOTOTpadus 9IiCiMeH 3epTTe/iK.

Hotwmwkecinme sxepactsl Tamarix hispida eciMmairi myOwWsmi 3aTTapiblf KaThICHIHIA
AHBIKTAJIAbI, AJIKaJIOUATBIK, HOHI/ICElXaOlITiK, d)HaBaHOI/IlITBIK, KyMapuHIBIK, aHTpaxu-
HOHIBIK, KapOTUHOUATBIK, OPraHUKAJIBIK KBIIIKBUIABIK, KGMipTCKTiK AMUHKBIIIKBIIJIBIK
xoHe pubodiaBuHnik. JKoHe ae amkaloMATapbIH, MOJUCAXaPUATEPIiH, KapOTUHOMI-
Tap/IbIH JKOHE pUOOQIIaBUHACP IIH

Tyiiin ce3nep: Tamarix hispida, FAB, Tamaricaceae, meradonutbipsid, HPLC-MS.
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Pe3iome

. Camamxuwizel, E. C. Hxcanos,
H. A. Cynmanosa, XK. A.Abunos, M. U. Yoyoxapu

AHAJIN3 HEKOTOPBIX ITEPBUYHbBIX 1 BTOPUYHBIX METABOJINTOB
HAJBEMHOU YACTU TAMARIXHISPIDA

AHanu3 KOJIMYECTBEHHOTO M KaueCTBEHHOT'O COJEP)KaHMs HEKOTOPBIX TIPYII Iep-
BUYHBIX M BTOPHYHBIX METaOOJHMTOB, COJCPIKAIIUXCS B HAaA3EeMHOW 4acTu pacTteHus 7a-
marixhispida, 3aTrOTOBICHHOTO B Tiepro IBeTeHust B 2016 1. Ha TeppuTOpUM AJMaTHH-
ckoif obmactu PecrryOomukm Kazaxcran. Hamu ObIIO NMpoBeleHO KadeCTBEHHOE OIIpese-
JICHWE TIPUCYTCTBUS pa3nnyuHbX rpynn BAB B HamgsemHuo#t wactu Tamarixhispida, 3atem
OBITO ONpEEIeHO KOJIMYECTBEHHOE CoJiep KaHKe 3aMHTepecoBaBIIMX Hac rpynn BAB. B
YaCTHOCTH, OBUTO MOPEIETICHO KOJIMUYECTBEHHOE COEPKAHUE CYMMBI aJIKaJIOUIOB, TTOJIH-
caxapHu0B, KAPOTHHONAOB M pHOOGIIaBIHA U B 3aKJIIOYEHHE MbI U3YYHIN 3THAICTATHBINA
9KCTPaKT W3 Hax3eMHOW Macc Tamarixhispida meTomoM BBICOKOA()(EKTUBHON KHUI-
KOCTHO# XpoMatorpaduu ¢ Macc-CeJIeKTUBHBIM JETEKTOPOM.

B pesynbrare B Hang3zemHOW uactu pactenusi Tamarixhispida namu Obulo OOHa-
PYXKEHO MPHUCYTCTBUE AyOMIIBHBIX BEIIECTB, AJIKAIOH/IOB, TOJIMCAXaPHIOB, (hJIaBaHOHIOB,
KyMapHHOB, aHTPaXWHOHOB, KapOTHHOMJIOB, OPraHMYECKUX KHUCJIOT, YIJIEBOJIOB, aMUHO-
kucnot u pubodaBuna. Taxke HaMH OBUIO ONPE/ENEHO KOJIMYECTBEHHOE COJIEpIKAHUC
CYMMBI aJIKaJIONJIOB, TTOJIMCAXapHuI0B, KAPOTHHOMIOB U prOOodIaBuHA.

B 3aBepmieHnn MeTonOM BBICOKO((EKTUBHON >KHIKOCTHOM Xpomarorpaduu ¢
Macc-CeJIeKTUBHBIM JIETEKTOPOM B STHJIALICTATHOM JKCTPakTe ObUIO MACHTH(HUINPOBAHO
15 coenuHeHNH, TOMUHUPYIOIINM U3 KOTOPBIX SBISUICS TUIMKIOTEKCHIIOBBIN 3¢dup (ra-
JIEBOM KHCJIOTHI C cofepkanneM Oomee 50%, Taxoke oOHapyKEHO 3HAYMTENBHOE KOJH-
YeCcTBO MPOU3BOAHBIX MopduHa (Mopdunan-4,6-auon, N-popmun-6-ameraT), HEKOTOPOE
KOJIMYECTBO TaJoTE€H U cepocojepxamux coenuuenuit (Munbemurua B, 6,28-anruapo-
15-xmop-25-uzonponui- 1 3-neruapo-5-O-gemeTrn-4-metui, 2-MeTokCHu-N-MeTuin-4- (Mme-
Tuicyiabdanmi) -N-benmwidenzamuy, 5-(2-Xnop-6-hTopobensmn) -6-mMeTi-2- (2-nmponu-
Huncynbhanmwn) -4-nupuMuanHon, OpuszaiuH, AJTKOMETa30H).

KuroueBnie cioBa: Tamarixhispida, BAB, Tamaricaceae, metadbomutsl, HPLC-MS.
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B. ABAIYLDANOV

JSC «OzenMunaiGasy», Republic of Kazakhstan

PROCESSING OF OIL SLUDGE
AND OIL CONTAMINATED SOIL

Abstract. In this article examines the existing modern methods for processing oil
sludge and oil-contaminated soil. On the basis of comparative economic and environmen-
tal characteristics of purification processes, the preference is given to physical-chemical
methods for processing oil wastes.

Keywords: oil sludge, oiled soil, processing, purification, cleaning methods, target
product.

Today in the market relations, many states and large transnational oil and gas
companies pay serious attention to the real needs of the world economy in energy
carriers, especially in hydrocarbon resources, to develop key guidelines for their
future development. Despite of the positive dynamics of oil production and the
growing demand for petroleum products, Kazakhstan is one of the last places in
the world in terms of the ratio of the total capacity of the refinery and the volume
of production. So, in 2013, oil processing reached the level of 15.3 million tons,
the processing/production ratio was only 18.7% [1]. At the same time, oil refining
and petrochemicals are an attractive sector of manufacturing industry, taking into
account market prospects, economic effect and competitiveness of the Republic of
Kazakhstan. Priority commodity groups are defined based on the volumes of the
markets of Kazakhstan and the macroregion, the technological "complexity" of
product groups, as well as the possibility of their production, taking into account
the requirement to reduce environmental emissions [1]. In this regard, environ-
mental security is one of the main strategic components of the national security of
the Republic of Kazakhstan and the most important aspect of state priorities. As
many national and foreign researchers believe, pollution of the environment has
become a serious obstacle to the socio-economic development of the country [2].
On the territory of the republic there are about 2.5 thousand enterprises that
belong to the 1-2 highest risk classes among 5 existing classes [3]. According to
the Environmental Code of the Republic of Kazakhstan dated January 9, 2007, the
requirements to environmental standards and increasing the responsibility of
industrial enterprises for the state of the environment are tightened. This is also
relevant because the republic, implementing the "Strategy 2030", "The concept of
transition to sustainable development for 2007-2024" aims to long-term
environmental strategy - the harmonization of interaction between society and the
environment, as well as the creation of an environmentally friendly safe, well-
bred environment. Implementing the strategic goals of the Concept, Kazakhstan,
increasing the efficiency of resource use, increasing life expectancy, providing an
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increase in the index of environmental sustainability, will create an opportunity is
on the level of quality of life among the most competitive and developed count-
ries in the world [4].

The growth of oil production in Kazakhstan, the volumes of its processing
and transportation is accompanied by an increase in volumes of oil pollution and
other toxic waste. Every year in our country during the processing or transpor-
tation of oil, as a result of spills and accidents, about 400 thousand tons of oil
waste are generated, and resources in earthen barns are estimated at 4.5 million
tons [5]. According to these authors, a memorandum of cooperation was signed
between the ministries of environment and oil and gas protection, NC KazMunai-
Gas and KMG EP, according to which 400 thousand tons of planned for disposal
in the contract area of “JSC”OzenMunaiGas will be liquidated for a year until
2021, almost 1.3 million cubic meters of "historical" waste. Also, KMG is stu-
dying advanced world technologies: positive results, for example, were given by
pilot-industrial tests of the hydrodynamic cleaning method. In the framework of
GP FIIR, the company built the first in the region plant for the processing of oil-
containing waste "Shyryn", which is included in the Map of Industrialization of
Kazakhstan. At the same time, oil producing and oil refining companies can not
balance all available oil sludge in the country, as only the volumes of environ-
mental payments for them will significantly exceed profit figures. But practice
shows that in many cases it is more profitable to pay environmental fees or even
hide the amount of pollution. With a view to environmental safety, oil giants
should seriously engage in their disposal and support of state bodies and partial or
full financing of oil-slime utilization from the state budget is necessary. The state
should move from point and spontaneous actions to a comprehensive and balan-
ced program of actions, including a system of environmental monitoring and audit
of accumulated damage, the amount and volume of slurry barns, the terms of
mandatory recycling and fines for non-compliance with regulations.

It is common knowledge that the main sources of pollution by oil and oil
products are mining enterprises, pumping and transportation systems, oil termi-
nals and oil depots, oil products storage facilities, railway transport, river and sea
oil tankers, refueling complexes and stations. In the Mangystau region, as in other
regions of the country, there is still no system for preventing and eliminating the
consequences of emergencies associated with oil spills and oil products, there is
also no system for collecting, processing and utilizing oily waste that meets
modern standards and protection requirements environment. This problem
requires an immediate solution, since the accumulation of oily waste affects not
only the ecological state of the natural environment, but also the sanitary well-
being of the inhabitants of the region. When oil is produced, strong contamination
of soil and water with drill cuttings containing hydrocarbons, and oil spills during
its extraction are associated with a number of negative phenomena leading to
"oiled" and degradation of the soil of huge areas. Naturally, after such an impact,
the useful properties of the land are disturbed and need to restoration, that is,
remediation. Reclamation is a complex of measures aimed at restoring the former
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fertile qualities of the land, its biological and economic value, as well as impro-
ving the environmental conditions. The creation of a high-performance techno-
logy for processing oil-contaminated soils will solve the problem of their comp-
lete elimination with the return of land to the user, reduce environmental pollution
and enable rational use of organic raw materials from waste. Accordingly, in
order to carry out measures for reclamation and restoration of land, it is necessary,
initially, to collect and dispose of oil-containing waste. It should be understood
that the presence of oil sludge collection in barns increases the risk of animal
death, pollution of groundwater, air. To improve the ecological status and return
to the economic circulation of lands contaminated with oil sludge, various envi-
ronmental technologies for processing and utilization are proposed [6-10].

One of the methods is using hydrocarbon oxidizing microorganisms for
neutralizing the soil from oily waste (biological method). Using the oil-degrading
organisms to clean the environment today is the central problem in petroleum
microbiology [11]. One of the important aspects of remediation (cleaning) of
contaminated soil by oil is the microorganisms (MO) of the soil. The rate of their
decomposition is due to oxidation-reduction conditions, hydrothermal regime,
microorganism activity and a number of other conditions [11]. In this article, the
main aspects of the current state of environmental problems in the locations of
enterprises of the oil and gas complex, the problems of soil contamination with
oil, methods for cleaning the soil from oil and oil products contamination, using
microbial biotechnologies are examined. The result of scientific works in this
field have been various developments in the bioremediation of oil, including
active strains - oil destructors and their consortia, on the basis of which commer-
cial biopreparations for the liquidation of hydrocarbon contamination are pro-
duced. In [5] it is noted that despite of the efforts of scientists and oil workers, a
unified method of processing for all types of oil was not found yet. It is clear that
oil products should not be burned (this is harmful to the environment), and buried.
On the scientific and practical side, the method of bioremediation is not bad, but
the effect of bacteria takes several years and does not always give a positive
result. On such costly methods as washing with ultrasound or injection into the
seam, there is still no question. It is necessary to search for suitable combinations
of technologies, taking into account their cost, productivity, mobility, compliance
with environmental requirements and environmental safety. And in this article, a
new complex is proposed that works with any oil-contaminated soil, with any oil
sludge, including in the bare steppe. Own fuel is used as fuel. As a result of comp-
lex impact on oil waste, they are separated into washed sand, which can be used
for pouring roads, for technical water suitable for building or dusting roads, and
for a mixture of oil waste. The universal complex installation STORM-15, men-
tioned in the article, has much in common with the installation of oil-contami-
nated soil (UZG), noted in [12]. For processing and utilization of oil-contami-
nated soils and solid combustible oil-containing waste, incl. non-recyclable
methods of washing, bioprocessing or other methods, as well as in cases where
other methods are economically less advantageous, the types of oiled soil
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installation are used (UZG, Patent RU 2341547, Certificate No. ROCC
RU.HOO01.B00158). The unit provides utilization of soils with a degree of
contamination from 2% to 16%. Processing is carried out at a temperature of
500-900 °C. To reduce the emission of suspended solids into the atmospheric air,
the "UZG-1IM" set includes a Cyclone off-gas treatment unit and an irrigation
unit, which allows to minimize the emissions of harmful substances as compared
to the utilization of open burning. The cleaning factor of the cyclone at the initial
stage of loading of detoxified waste into the furnace is 97.3% (dry cleaning), and
in the maximum load mode "UZG-1M" the cyclone purification factor is 88.4%.
However, the heat almost completely destroys the fertility of the soil being
cleaned.

One of the modern methods in processing oil sludge is the use of the ST-150
system, where it is possible to obtain commercial grade oil, industrial water and
solid residue, which can later be used in the production of building materials. [13]
Along with such methods, oil-containing waste is pumped in layer. The process is
to collect the waste, homogenize it into a homogeneous pulp and pump it into the
selected reservoir for the safe disposal of waste. However, the waste remains
waste, and the cost of pumping into the reservoir is high, that this technological
process is economically inexpedient and environmentally unsafe. In addition to
these, there are many patented methods for processing and utilization of oil sludge
such as wave combustion, vibration reduction, electromagnetic cavitation, etc.,
which in practice are not widely used. In all these ways, the key factor is the
economic feasibility of processing oil sludge expressed in profits when imple-
menting this process.

Oil slimes consist of three distinct fractions: water, oil and solid. With all
the variety of characteristics of different oil waste in the most general form, all
can be divided into the following main groups or types:

- Oiled soil - oil spilled on it and its components in the process of extraction
and its purification from salts, solid hydrocarbons and mechanical impurities;

- Bottom sludge- formed on the bottom of various reservoirs after the oil spill
occurred and contain a lot of water;

- Products formed as a result of stripping of reservoirs that are formed during
the storage and transportation of oil in a wide variety of reservoirs (oil sludge);

- Water-oil emulsion;

- Trapping oil;

- Drilling cuttings;

- Ambar top layer.

Such wastes are generated as a result of the following activities:

- Extraction and exploitation of oil and gas fields;

- Preparation, transportation and processing of oil;

- Cleaning of tanks at refineries and filling stations;

- Wastewater treatment with oil products, etc.

However, they differ significantly in their composition and properties,
depending on the quality and composition of the raw crude oil.
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For the processing of oil sludge, biotechnologies, chemical-technologies,
acoustic, thermal and purely fire technologies, as well as combined technologies
are used. A common disadvantage of all these technologies for utilization and
processing of oil sludge is their low productivity and high material, energy and
financial costs. In addition, they do not allow complete refining and degassing of
oil sludge and do not provide environmental safety for the environment. The
problem of processing granary oil sludge in the oil-producing and oil-refining
industry has not yet been completely solved. This is due to the high stability of
ambar emulsions, the features of their composition and properties, constantly
changing under the influence of the atmosphere and the various processes taking
place in them [14]. Among the reservoir type, one can also include trapped oil.
Accumulation of trapped oil takes place in closed reservoirs - reservoirs where
there is no direct contact with air, there is no influence of atmospheric precipi-
tation, storage time is limited to months and only in exceptional cases for several
years, i.e. they are not subject to such long and hard aging as ambar emulsions. In
this regard, possessing many characteristic common features (high content of
mechanical impurities of organic and inorganic origin, paraffins with a high
melting point, high viscosity and density), potting emulsions are generally less are
stable than granary ones, and the values of the indicators for the parameters listed
above are an order of magnitude lower. The trapping oils are stored during
storage in tanks. It is noted in [12] that when storing oil sludge in tanks after the
expiration of time they are stratified into four layers:

- the top layer represents the water-in-oil emulsion, where the water content
does not exceed 5-8%, 70-80% oils, 6-25% asphaltenes, 7-20% ashes, 1-4%
paraffins and fine impurities up to 5 %;

- the middle layer, relatively small, is an oil-in-water emulsion and contains
70-80% water, 1.5-15% mechanical impurities;

- the last layer entirely consists of mineralized water with a density of 1.01-
1.19 g/ cm’;

- the bottom layer or bottom silt represents a heterophasic system consisting
of 45% organic matter, 50-88% mechanical impurities and 25% water.

Spilled oil and petroleum products in the course of physico-chemical inter-
actions with the components of the environment form oil sludge, and with soil of
oil-contaminated soil. Over time, partial evaporation, oxidation and condensation
occur to form resin-like compounds.

Well-known and one of the available methods is the utilization of liquid
slurries with the help of sawdust. This method is effective where sawdust is
available, however, the high fire hazard of recycled products requires compliance
with fire safety. In turn, the slimes stored in pits and earth sediment basins are
usually "weathered" and contain more solids, and their interaction with water
leads to the formation of a "water-oil" emulsion, with mechanical impurities - sus-
pensions and mineral dispersions. Effective ways of processing oil waste and ra-
tional use of natural resources are important for ensuring sustainable develop-
ment of the country. The main factors on which the economic efficiency of the
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utilization of oily waste depends. are: oil content in oil sludge, the degree of its
extraction from oil sludge, the distance of transportation of oil waste to the place
of utilization, etc. The technical and economic efficiency of processing oil sludge
depends significantly on the concentration of oil in them. At low concentrations
of oil in oil sludge, their processing with extraction of oil becomes unprofitable.
For the processing of such oil sludge, old oil sludge in barns, as well as waste oil
sludge plants that are formed after the extraction of hydrocarbons from oil sludge,
it is required to build additional facilities for their utilization or landfilling. This
requires additional capital investment and operating costs. In [15] it is noted that
the economic efficiency (E) from rational use consists of prevented damage (D)
and cost Returned to the turnover of oil minus the costs of implementing the
recommended activities is determined by the formula:

E=D+P,-E,,

where P,, - the additional income from returned oil, E,, - expenses for realization
of the recommended technology. In the case of complete processing of oil-bearing
soils and oil sludge, the developed technology eliminates the need to construct a
landfill for disposal of waste.

The presence of waste forces enterprises to incur additional costs, which
certainly worsens the economic performance of production. To solve the problem,
it is necessary to solve the problem of introducing non-waste technology, that is,
in this case the processing of oil sludge. However, despite the efforts of scientists,
a unified way of processing oil sludge has not yet been found. Incineration of oil
waste violates the ecology of the air basin, dig in, means the destruction of the
flora of the environment, the method of bioremediation requires appropriate cli-
matic conditions and the action of bacteria takes several years. Washing with
ultrasound or injection into the reservoir is not economically viable. Consequent-
ly, suitable combinations of technologies, given their cost, productivity, mobility,
compliance with environmental requirements and safety. Based on these factors
and the criteria that determine the choice of technology for processing and
utilization of oil sludge, it can be concluded that the most effective is the physico-
chemical method. On the other hand, oil sludge is a source of valuable raw mate-
rials - and it is necessary to use them for the designated purpose as energy resour-
ces and building materials. The determining factor in making a decision on the
processing of oil sludge is the composition of the waste and its physical and che-
mical properties. In any case, this process allows us to return to life of the earth
and prevent pollutants of organic origin from entering the environment.

Slimes should not simply be disposed of, but processed into targeted
products of the economy. In Europe and Russia, such technologies are already
working. We must give credit, there are such examples in Kazakhstan. Small, ho-
wever, in terms of the volume of the work of the enterprise, but with quite inno-
vative cleaning methods from time to time appeared in Mangistau oblast, WKO,
Kyzylorda, the construction of a mini-plant in Pavlodar is planned.
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To clean the soiled soil with the preservation of fertile soil properties, the
most appropriate way is to propose a patent [16]. These authors of the invention,
under the supervision of First Deputy Director General of the Institute of Che-
mical Sciences. named after A Bekturov, Corresponding Member of NAS of the
Republic of Kazakhstan U. Zh. Dzhusipbekov developed a unique new techno-
logy for cleaning oil-contaminated soil using humate-containing compounds.
Depending on the characteristics of the soiled soil, the latter can be used as a road
construction material, and the extracted oil for processing in an economically
expedient variant (fuel, oil, complex, etc.). At the same time, humates have a po-
sitive effect on improving soil fertility - cleaned soil. Investigations of the effect
of oiled soils on cleaning and impact on soil characteristics are of scientific and
practical value. Today the work of cleaning oil-contaminated areas in the basin
"Ozenmunaigas" continues.
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Pe3iome
b. Abaitbinoanoes

MYHAI IIJITAMbIH )XOHE MYHAMMEH JIACTAHFAH
TOIIBIPAKTBI OHEY

Maxkamaga MyHail TIDIaMbIH JKOHE MYHAaMEH JIACTaHFaH TONBIPAKTH OHICYHiH
Kazipri 3aMaHFbl 9MIiCTEpl KapacThIpbUIFaH. Ta3zapTy MPOLECTEPiHIH CABICTHIPMAIbI KO-
HOMHUKAJIBIK JKOHE DKOJIOTHSUIBIK CHITATTaMajlapbl HETi3iHAe MyHall KallABIKTapbIH OHACY-
JiH (GU3MKa-XUMHSIIBIK 9ICTEpiHE apTHIKIIBLUIBIK Oepine/i.

Tyiiin ce3mep: MyHall IUTaAMBI, MaiJIbl TOTIBIPAK, OHICY, Ta3ajlay, Ta3auay dIiCTepi,
MaKCaTThI OHIM.

Pe3iome
b. Abativinoanos

INEPEPABOTKA HE®TAHOI'O LIJIAMA
U 3AMA3YUYEHHOI'O I'PYHTA

PaccmaTpuBaloTcst CyliecTBYOIIHE COBPEMEHHbBIE METOIbI NepepaboTKN HEPTIHOTO
Wia v 3arpsisHeHHON HedThio mouBbl. Ha 0OCHOBE CpaBHHUTENBHBIX SKOHOMHUUYECKHX U 3KO-
JIOTHYECKUX XapaKTEPHUCTHK MPOIECCOB OUUCTKU MPEATNOYTEHHE OTHACTCS (PHU3UKO-XHMHU-
YECKUM METO/IaM TiepepaboTKn HEPTSHBIX OTXO/I0B.

KnioueBsbie cioBa: HeTsHOI II1aM, 3aMa3y4eHHbBIH TPyHT, 00pabOTKa, OYMCTKa,
CIIOCOOBI OYHCTKH, IIETIEBOI MPOIYKT.
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ANALYSIS OF CYTOTOXIC ACTIVITY AND QUANTITY
OF BIOLOGICALLY ACTIVE METALS
OF THE AERIAL MASS OF TAMARIX HISPIDA

Abstract. This article considers the quantitative content of bioactive metals, and the
cytotoxic activity of the aboveground mass of the plant Tamarixhispida of the family
Tamaricaceae harvested in September 2016 in the Almaty region. Determination of the
number of metals was carried out by atomic absorption spectroscopy, and cytotoxic acti-
vity using the larvae of Artemiasalina shrimps in concentrations of 10, 100 and 1000 pl in
aqueous medium by the LD 50 method, that is, determination of the concentration level of
the substance in which more than 50 subjects do not survive organisms.

As a result, we found out that the content of biometals in the above-ground mass of
Tamarixhispida does not exceed the parameters specified in the State Pharmacopoeia as
permissible, and the cytotoxic activity of 50% ethanol, 70% ethanol, ethyl acetate, hexane
and dichloromethane extract is practically absent, while 90 % the extract showed a
relatively high level of cytotoxic activity

Key words: Tamarixhispida, Tamaricaceae, Artemiasalina, cytotoxic activity, alco-
hol extracts.

Introduction. It is known that indicators of good quality and safety are an
extremely important parameter of the good quality of medicinal plant raw mate-
rials and the possibility of its use in medicine.

The medicinal raw materials contain many compounds that are potentially
capable of harming the human body, such as mineral components, for example,
salts of heavy metals, and various organic substances, both natural metabolites of
plants, and those that have fallen into the raw materials from the environment
(pesticides used in agriculture or emissions from industrial enterprises).

As an object of research, we chose the aboveground mass of the plant 7a-
marixhispida of the family Tamaricaceae harvested in September 2016 in the
Almaty region.

The genus Tamarix belongs to the family Tamaricaceae. Types of Tamarix
are ornamental shrubs or trees, mostly related to evergreen plants.

Tamarix can grow on highly saline soils due to the ability to regulate the salt
balance by extracting excess Salt through the deciduous glands and consuming
large amounts of water from underground sources.With the help of a developed
root system, which facilitates the accumulation of a large number of mineral
components in the overground mass of the plant [1-3].
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In folk medicine, decoctions of the aerial part are used for rheumatism,
gastrointestinal diseases, treatment of inflammation of the oral cavity. In the
review of Sharma there is information about the use of representatives of the
family Tamarix as an antioxidant for cosmetic purposes [4, 5].

To determine the content of heavy metals, we selected the method of atomic
emission spectroscopy [6, 7], the cytotoxic activity was determined using larvae
of Artemiasalina. Eggs of Artemiasalina are easily accessible, as a food for fishes
in pet shops. When placed in artificially obtained sea water, eggs are opened
within 48 hours, which provides a large number of larvae. This is a fast, inexpen-
sive, general Biological Analysis that was developed for screening, fractionation
and monitoring of physiologically active natural products.

Methods

Determination of heavy metals. The initial medicinal plant material was
analyzed for the presence of heavy metals by atomic absorption spectroscopy
using the following procedure

About 3-5 g of crushed medicinal plant raw materials (exact weighed por-
tion) are placed in a pre-calcined and precisely weighed porcelain crucible.

The crucible is then gently heated, giving the substance first to burn or to
evaporate at the lowest possible temperature. With incomplete combustion of coal
particles, the residue is cooled, wetted with water or a saturated solution of am-
monium nitrate, evaporated in a water bath and the residue is calcined. If neces-
sary, repeat this operation several times.

Calcination leads to about 500 ° C to constant mass, avoiding the fusion of
ash, and sintering with the walls of the crucible. At the end of the calcination, the
crucible is cooled in a desiccator and then, the resulting ash is burned again at 600
° C until a uniform gray color is obtained.

Finally, the precipitate is dissolved in 5 ml of HNO;. The resulting solution
must be heated on the tile to wet salts. The result is dissolved in 10-15 ml of 1H
HNO; and transferred to a 25 ml volumetric flask, bring the volume to the mark.
In parallel, prepare a blank sample with 1N HNO; solution

The analysis was carried out on the Atomic Absorption Spectrophotometer
Shimadzu 6200

With a wavelength range of 190-900 nm with a measurement step of 0.2 nm

The results of determination of the concentration of heavy metals are given
in the tablel

Determination of cytotoxic activity. Test specimen, Artemiasalina, sea salt
(38 g/1D /W, pH 7.4), Honed tray with a perforated septum, lamps for attracting
larvae in brine, micro pipettes (10, 100, 1000 pl) , a tray for bottles, 9 bottles with
samples of organic solvents (methanol / ethanol / acetone / water), distilled water.

Getting the larvae. Tray for the reproduction of larvae (rectangular dish
(22x32 cm)) is half filled with filtered saline solution then Artemiasalina (50 mg)
eggs are introduced. Incubate at 37° C for 48 hours.
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Sample preparation. Dissolve the test sample (20 mg) in 2 ml of the appro-
priate solvent at concentrations of 10, 100 and 1000 pg / ml, respectively, and
leave under the traction for 24 hours to remove the solvent. After 2 days from
hatching and maturation, how to select 10 larvae, using a Pasteur pipette. Then
place in 5 ml with seawater. Incubate the selected group at 25-27 © C for 24 hours,
under constant illumination. Add samples to the medium with the test substance.

Parallel to the same procedure, prepare positive and negative samples.

Data analysis is performed using the Finney computer program to determine
LD 50 values with 95% confidence intervals.

The results of the determination of cytotoxic activity are shown in table 2.

Results and discussion

As a result of studying the aboveground mass of Tamarixhispida family
Tamaricaceae, we determined that the lead content is 1.11 mg/kg that does not
exceed the maximum permissible standards in accordance with the requirements
of the State Pharmacopoeia [8].

The content of other metals is also within safe limits.

Table 1 — The content of heavy metals medicinal plant raw materials
(aboveground mass Tamarixhispida Wild.)

Metal Cu Fe Ni Pb Mn Zn Cd
Number of metals in mg/kg 0.62 40.36 0.51 1.11 3.13 2.26 0.01

For the most complete determination of cytotoxic activity in order to further
develop several technologies for obtaining the substance based on the above-
ground masses of Tamarixhispida, we prepared several extracts, namely, ethanol
extracts with an ethyl alcohol concentration of 70, 50 and 90 percent, dichloro-
methane, hexane and ethyl acetate extracts [9].

As a result of the comparison of this cytotoxic activity, we see that in all the
samples, in addition to 90% of the ethanol extract, mortality does not exceed 20%
of the total number of organisms. Which allows us to speak about a sufficiently
low level of toxicity and as a result of safety of preparations based on tamarix
overground weight, 90 % alcohol extract the concentration at which more than
50% of the test organisms die is more than 400 pl. Which, given the sensitivity of
Artemiasalina larvae to toxic compounds, is not an absolute proof the danger of
90% of the extract for humans and requires additional research.

Conclusion. As a result, we found out that the above-ground mass of the
Tamarixhispida family of Tamaricaceae and preparations based on it are suffi-
ciently safe for humans.The content of metals such as cadmium, lead, manganese,
nickel, iron, copper and zinc is in acceptable concentrations and meets the
requirements State Pharmacopoeia, the cytotoxic activity of both polar (various
alcohol extracts) and nonpolar fractions is relatively low and does not prevent the
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Table 2 — Cytotoxic activity of various extracts obtained
from the aerial mass of Tamarixhispida Wild.

Dose N1.1mber. O.f . Number of surviving LD 50 Standard drug LD 50
organisms (initial) organisms
70% ethanol
10 30 30
100 30 30 - Etoposite 7.4625
1000 30 29
50% ethanol
10 30 29
100 30 29 - Etoposite 7.4625
1000 30 26
90% ethanol
10 30 28
100 30 27 489.6056 |  Etoposite 1.4625
1000 30 0,9
Dichloromethane
10 30 21
100 30 26 _ Etoposite 1.4625
1000 30 26
Hexane
10 30 29
100 30 29 _ Etoposite 1.4625
1000 30 28
Ethylacetate
10 30 30
100 30 29 _ Etoposite 1.4625
1000 30 29

use of tamarix preparations in medicine, even at high concentrations. The analysis
of the cytotoxic activity of various extracts of Tamarixhispidawas performed for
the first time.
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AHAJIN3 TUTOTOKCUYECKOM AKTUBHOCTH
1 KOJIMYECTBA BUOJIOT'MYECKN AKTHUBHBIX METAJIJIOB
HAI3EMHOU MACCbBI TAMARIXHISPIDA

PaccMoTpeHO KoJIMYeCcTBEHHOE coJlepKaHHe OMOAKTHBHBIX METAJUIOB M IUTOTOKCH-
Yyeckasi aKTUBHOCTh HaJ3eMHOW Macchl pacteHmsi Tamarixhispida cemeiictBa Tamarica-
ceae, 3aroToBJIeHHOTo B ceHTs10pe 2016 r. B AnmatuHckoit obnactu. OnpeneneHne Koau-
YecTBa METAUIOB NPOBOJAMIOCH METOJOM aTOMHO-aOCOPOIMOHHON CIIEKTPOCKONHUH, a
OUTOTOKCHYECKOH aKTHBHOCTH C NPHUMEHEHHE JIMYMHOK padkoB BHIa Artemiasalina B
xonmenTpanusx 10, 100 u 1000 mxa B BoaHO# cpene mo meroxy LD 50, To ects ompene-
JICHWS] YPOBHSI KOHIICHTpAIMU BELIECTBA, MPH KOTOPOM He BbDKHMBaeT Oosiee S0 HcHbI-
TYEMbIX OPTraHU3MOB.

B pesynbrare BBISICHEHO, 4TO coliepKaHie OMOMETaJUIOB B Haa3eMHOW Macce Tama-
rixhispida He mpeBbIIAaeT MapaMeTpbl, ykazaHHble B [ ocynapcrBennoit dapmakonee, Kak
JIOTYCTUMBIE, a IUTOTOKCHYecKasi akTUBHOCTh 50% osTaHoibHOro, 70% 5TaHOJIBHOTO,
STHJIALETATHOTO, T€KCAHOBOTO M JMXJOPMETAHOBOTO AKCTPAKTA MPAKTHYECKH OTCYTCT-
BYET, B TO BpeMsi kak 90% dKCTpaKT NMpOSIBUI CPAaBHUTEIBHO BBHICOKHH YPOBEHH LIUTO-
TOKCHYECKOH aKTUBHOCTH

KuaroueBsie cioBa: Tamarixhispida, Tamaricaceae, Artemiasalina, TATOTOKCHYEC-
Kasi aKTHBHOCTb, CITUPTOBBIE SKCTPAKTEI.
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. Camamxwizvl, E. C. Uxcanos, H. A. Cynmanosa, XK. A. Abunos, M. H. Yoyoxapu

BEJICEHAI METAJIJI XXEP YCTI MACCACBIHBIH HIUTOTOKCUKAJIBIK
BEJICEHAUII'TH XKOHE COMACBIH TAJIIAY

Makanaga KapacThIpaMbI3: CaHIBIK Ma3MyHBI Oap OHOAKTHBTI METalgap >KOHE
AKTUBTI ITUTOTOKCHKAJBIK JKEp YCTI MaccachlHbIH ecimairi Tamarix hispida TykeiMaacsr
Tamaricaceae; 2016 KpIpkyiiek aiibiHAa AJMaThl OOJBICBIHAA AalbIHOANFaH. MeTai-
JApJIbIH CaHBIH aTOMIIBIK — aJCOPOIMSIIBIK CIICKPTOCKOMMS OiCI apKbUIBI JKYPri3iii,
IIUTOTOKCHKAJIBIK OelceHAUTiK Artemia salina KYpPTTapblH MalJaliaHbI, OJAPAbIH KOH-
ueprunmsuiapsl 10,100 sxone 1000 mxit cynsl opraga LDS0 sapiciMeH xyprisy, sSFHU 3aT-
TBHIH KOHIICHTPAIMSICHIH aHBIKTay,0Ha S0-IeH acTaM OpraHu3Maep eMip CypMeni.

Hotmxecinne; Onomeranaap KypamblH, skep YCTi MaccacbiHa Tamarix hispida, mem-
neketTik DapMakomnusi YCBIHFaH MapaMeTpiIepAcH acIalibl, O IIMTOTKCHKAJBIK Oell-
ceraimk 50%-ab1K 5TaHOIABIK, 70 %-ABIK 3TAHOJIABIK, STUIALETATTHIH, T€KCAHHBIH JKOHE
JVXJIOPMETaHHBIH 3KCTPAKThI iC-KY31HAE KOK, Ol yakbITTa 90% 3KCTPAKT CalBICTHIp-
MaJTbl JKOFaphl ACHI€H/IC TUTOTOKCUKAJIBIK OCICeIITINH KOPCETTI.

Tyiiin ce3nep: Tamarix hispida, Tamaricaceae, Artemia salina, TATOTOKCUKAIIBIK,
OeJICCHIUTITIH, TAHOIABIK IKCTPAKT.
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RELEASE OF ANESTHETIC DRUGS FROM POLYMERIC FILMS

Abstract. The release of anesthetic drug from polymeric medicinal films with the
prolonged therapeutic action is studied. Local anesthetic lidocaine is used as anesthetics
agent. The films are obtained by watering of polyvinyl alcohol solution of different con-
centration on the horizontal glass surface with their subsequent drying during 2-3 days.
Kinetics of drug release from films in model biological environments is investigated.
Lidocain, evenly dissolved in polymeric matrix, is released by the mechanism of diffusion
with rate reduction. The clinical tests of polymeric anesthetic films are conducted at
treatment of periodontal pathology.

Keywords: release, polymeric films, polyvinyl alcohol, lidocaine, periodont treat-
ment.

Medical films have found wide application in the clinic of ophthalmology,
dentistry, cardiology and the treatment of wounds and burns [1, 2]. Film thera-
peutic system is obtained by dissolving polymer carrier and drug substance in
common solvent, the resulting solution was poured onto substrate, heated and
molded film by evaporation of solvent. The obtained film was cut into samples of
the required size. The simplicity of this technological scheme is obviously, ano-
ther advantage consists in the possibility of using a broad range of drugs. As
materials for manufacture of film dosage forms use variety of synthetic and
natural polymers. To control the rate of release of drugs from medicinal films
used either their limited permeability through polymer membrane (membrane
systems), or slow diffusion of the drug dissolved in polymer matrix (solid sys-
tem).

Dosage forms, traditionally used in therapeutic dentistry, have several disad-
vantages, the main of which can be attributed the short period of therapeutic
action, the inability to ensure the sustainability concentration of drug in oral
cavity, discomfort and duration of treatment. A promising direction is develop-
ment new drug forms, capable of continuously release the drug in the local area,
to have high adhesion to wet and hard tissues, to ensure dosing accuracy and
constancy of concentration of drug for long time. Successful therapy of in-
flammatory periodontal diseases is only possible while maintaining constant
concentration of drug long time within the ideal "therapeutic corridor" between
the lower borders of toxic and effective concentrations [3-6].

An example of adhesive mucosal dosage form is medicinal films obtained on
the basis of biocompatible polymers. Medical films containing various phar-
macological drugs are already used in dental practice. Prolonged effect in such
films is achieved by immobilization of local anesthetics on various polymeric
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carriers. Application of essentially new medicinal forms on the basis of polymeric
films opens new era in pain therapy.

In this work release of local anesthetic lidocaine from polymeric films in
model biological environments is studied. The application of polymeric medicinal
films with the prolonged therapeutic action for treatment of periodontal diseases
is briefly described.

Experimental part

Local anesthetic lidocaine was used pharmaceutical grade purity. Polyvinyl
alcohol (PVA) with MM 70 000 company "Aldrich" (USA) was used without
further purification.

Polymer films were obtained from the corresponding solution of polymer
and drug substance by evaporation of the solvent (water). Amount of 10,0 % PVA
in distilled water kept on magnetic stirrer at 80°-90°C until complete dissolution.
After obtaining homogeneous solution it cooled to room temperature and was
added a calculated amount of substance of lidocaine. After mixing the resulting
solution was poured onto a glass substrate and dried in the box, installed horizon-
tally level, at room temperature to constant weight. Received dosage form had the
appearance of thin elastic transparent film, which with the help of die cut standard
discs with a diameter of 0.45-0.5 cm or squares with thickness of 0.2-0.5 mm. The
calculation of dose of drug was carried out at the minimum dose.

The release of drug from polymer samples was studied under conditions in
vitro at 37°C with help of the UV-spectroscopy. Spectra were recorded in quartz
cuvette with thickness of 1 cm at spectrophotometer "Specord UV-VIS” (Japan).

Results and discussion

Polyvinyl alcohol represents considerable interest as drug carrier in develo-
ping the anesthetizing films. This polymer has been widely used in medicine as
plasma substitutes, stabilizer for suspensions, film-forming agent for capsules and
tablets, component of ointment [7].

The medical films on the basis of PVA containing different doses of
anesthetic drug lidocaine are developed. The effect of various physical-chemical
factors on the process of drug release in model biological environment is studied.
Dependence of lidocaine release at various drug loading is presented in figure.

Lidocaine is uniformly dispersed in polymer matrix and released in model
environment on the mechanism of diffusion with rate reduction. The process of
diffusion is described by Fick law and follows first order kinetics, i.e. the amount
of drug released per unit time is proportional to its concentration in polymer. It is
shown that drug diffused from polymer at 85-90% for 5-6 hours.

With the increase of film thickness, the diffusion of drugs slows down. So if
the system is 1.0 mm thick the 50% of drug released per 1,0-1,5 h, at a film thick-
ness of 2.5 mm the same amount of anesthetic diffuses for 4.0-4.5 h. It is found
that with increase of drug loading from 100 to 300 mg per 1 g of polymer
diffusion coefficients is reduced.
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Release of lidocaine from PV A-films at various drug loading:
25 mg/1 gof PVA (1), 50 mg /1g of PVA (2), 100 mg /1 g of PVA (3)
Release parameters of lidocaine from PVA-films
Loading, Time of 50% release, Time of max release, D-107,
Mg/g h h cm?/s
25 1,5 5,0 2,9
50 2,0 5,5 2,6
100 2,5 6,0 2,2

Clinical observations on patients with periodontal disease inflammatory and
inflammatory-destructive nature showed significant advantages of using polymer
film forms of lidocaine. Clinical efficacy was confirmed in statistically significant
reduction of terms of treatment of patients with generalized periodontal disease,
improvements of the test of Kulagina, gingival index of Loe, hygienic condition
of the mouth, a higher percentage of remission of the disease in the early and late
periods.

The main advantage of film is long and effective therapeutic effects of small
drug doses in the area of pathology. The regulation process is carried out by slow
diffusion of oral fluid in polymer, followed by swelling, biodegradation and slow
release of the drug from swelling polymer. The sustained drug release from films
provides prolonged therapeutic effect. Using variety of techniques, it is possible
in a wide range to change the physical-chemical properties of the matrix and
respectively the kinetics of release of drug substance. The one of advantages of
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new dosage form of lidocaine should also be attributed to the lack of irritating
action on the mucous membrane of the mouth, absence of allergic reactions and
change the function of salivary glands, whereas the imposition of hardening of the
gingival dressing is always associated with salivation, unpleasant taste of the
dressing and aesthetic discomfort.

The analysis of direct, immediate and remote results of treatment and long-
term observation of patients who have taken courses of treatment using medicinal
films, expanded range of therapeutic and preventive measures, give experimental
and clinical substantiation of their use in dental practice.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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Pesrome
E. O. bamuvipbexos, M. b .Omipsaxosa, A. E. bopucosa
IMOJIMMEPJIIK KABBIPHIAKTAH AHECTETUKTEPAI BOCATY

Emaik ocepi y3aK MOJMMEPIIK KaOBIPIIaKTaH aHECTETUKTEpAl 0ocaTy 3epTTei.
Aypyabl ce3nipMeiTiH Jopl peTiHae NuAoKauH KosaHbeiiaapl. KaOwipmak yarinepi op-
TYPJIi KOHLEHTPAIMSIaFbl MOJMBUHHUJI CIUPT EpITIHIICIHIH KOJJIEHEH UIbIHbI OeTKe
KYHBII, OHBI apbl Kapail 2-3 KyH IIaMachlHJa KeNTipy apKbUIbl ajbiHabl. AHECTETHKTIH
KaOBIpIIaKTaH MOJENb/I OMOJIOTHSUIBIK OpTara 0ocaTy KMHETHKAchl aHbIKTanabl. [lonu-
MepJIi KaJIbInTa OipblHFal epireH JOPUTIK 3aT JKbUIAAMIBIKTEIH ToMeHAeyiMeH auddy3ust
MeXaHu3Mi OOMBIHIIA MOAENB/I opTara mibFaasl. KaObIHFaH Typreri mapoJOHT aypyblH
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eMZIeyTe apHajJFaH MMOJUMEPIIi aypyasl Ce3AipMEiTiH KaObIpIakrap KIMHHUKAJIbIK OaKbI-
JlayJaH OTKI3LIl.

Tyiiin ce3mep: Oocary, mojauMep:i KaObIpIIAKTap, MOJUBUHWI CIUPTI, JIMAOKAWH,
napajoHT eM/ey.

Pesrome
E. O. bamwipbexos, M. B. Ymep3akosa, A. E. bopucosa
BBICBOBOXJIEHUE AHECTETHUKOB 13 [TOJIUMEPHBIX ITTJIEHOK

W3ydeHo BBICBOOOXKICHHE AHECTETUKOB M3 MOJHMEPHBIX IUICHOK C IMPOJOHTHPO-
BaHHBIM JieyeOHBIM JeiicTBHEM. B kauecTBe 00e300JMBAIOIIEr0 areHTa MCIOJIb30BaH
MECTHBIN aHECTeTUK — MuAoKauH. OOpa3Iibl IUIEHOK MOJTy4Yaliy MOJIMBOM pacTBOpa MOJH-
BUHWJIOBOTO CIHUPTa Pa3IMYHON KOHIEHTpPAlMHd Ha TOPU3OHTAIBHYIO CTEKJISHHYIO MO-
BEPXHOCTb C MOCIEAYIOIUM UX BBICYIINBAaHHEM B TeueHue 2-3 cyT. MccrnenoBana KuHe-
THKa BBICBOOOK/ICHHMS MECTHOTO AaHECTETHKA W3 IUIEHOK B MOJEIbHBIE OMOJIOrMYecKue
cpensl. YCTaHOBIEHO, YTO JICKAPCTBEHHBIE BEILECTBA, PABHOMEPHO PACTBOPEHHBIE B IO-
JUMEPHOH MaTpHIe, BEICBOOOXKIAIOTCSI B MOJICNIBHBIE CPENIBI TI0 MEXaHN3MY IUGQY3UH C
YMEHBIICHNEM CKOpocTH. IIpoBeneHpl KIMHWYECKHE HCIBITAHHUS TOJMMEPHBIX 00€300-
JIUBAIOIINX IJICHOK MPH JICUSHUH TATOJIOTUH ITapOJOHTA.

KiroueBble cjioBa: BBICBOOOXKACHHE, IOTUMEPHBIC IUICHKH, MOJMBHHUIOBBIN
CIHPT, TUOKAWH, JICUEHHE MapOIOHTA.
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T. K. JUMADILOV, R. G. KONDAUROV

JSC «Institute of chemical sciences after A. B. Bekturov», Almaty, Republic of Kazakhstan

SELECTIVITY OF INTERGEL SYSTEM BASED
ON HYDROGELS OF POLYMETHACRYLIC ACID
AND POLY-4-VINYLPYRIDINE
TO LANTHANUM AND CERIUM IONS

Abstract. Process of lanthanum and cerium ions sorption by intergel system hyd-
rogel of polymethacrylic acid (hPMAA) — hydrogel of poly-4-vinylpyridine (hP4VP) is
studied. Found that intergel system hPMAA-hP4VP has selectivity to lanthanum and
cerium ions. PMAA hydrogel doesn’t have high values of extraction degree in relation to
lanthanum and cerium ions (66.28% and 60.33% respectively). P4VP hydrogel also has
low values of La*" and Ce’" ions sorption degree (66.05% and 56.67% respectively). In
intergel system hPMAA-hP4VP selectivity can be controlled by changing hydrogels ratio.
Maximum extraction degree of lanthanum ions is observed at 17%hPMAA:83%hP4VP
ratio, sorption degree is 90.34%. Maximum sorption degree of cerium ions is observed at
50%hPMAA:50%hP4VP ratio, extraction degree is 89.33%. Individual PMAA and P4VP
hydrogels also do not have high polymer chain binding degree. Polymer chain binding
degree (in relation to lanthanum ions) of hPMAA and hP4VP is 55.17% and 55.00%
respectively. Binding degree (in relation to cerium ions) of hPMAA and hP4VP is 50.05%
and 47.00%. Maximum values of polymer chain binding degree (in relation to lanthanum
ions) in intergel system hPMAA-hP4VP are observed at 17%hPMAA:83%hP4VP ratio,
binding degree is 75.33%. Maximum values of binding degree (in relation to cerium ions)
are observed at 50%hPMAA:50hP4VP ratio, binding degree is 74.10%. At
17%hPMAA:83%hP4VP and 50%hPMAA:50hP4VP ratios effective dynamic exchange
capacity (in relation to lanthanum and cerium ions) is higher almost on 30% compara-
tively with individual PMAA and P4VP hydrogels. Mutual activation of PMAA and
P4VP hydrogels provides transition into highly ionized state and, as a result, significant
increase of sorption properties in intergel pairs.

Keywords: intergel system, sorption, selectivity, La®" ions, Ce*" ions, polymethacry-
lic acid, poly-4-vinylpyridine.

Effect of mutual activation of polymer structures of different nature on
electrochemical and volume-gravimetric properties is described in previous works
[1-6]. It is found that remote interaction of hydrogels provides transition of initial
polymers into highly ionized state and, as a result, significant changes in elec-
trochemical and conformational properties. After that, it was found that mutual
activation provides significant increase of sorption properties of initial hydrogels
[7-11]. Levels of ionization in intergel systems are in dependence from hydrogels
ratios. Consequently, changing hydrogels ratio in certain intergel system will
provide opportunity to re-orientate intergel system to maximum sorption of
another ion. In this regard, goal of this work is to study impact of hydrogels ratio
on selectivity of intergel system hPMAA-hP4VP.
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Experiment

Equipment. For measurement of optical density of solutions for further
calculation of La’" and Ce’* ions concentration spectrophotometer Jenway-6305
was used.

Materials. Investigations was carried out in solutions of lanthanum and
cerium nitrate solutions. Hydrogels of polymethacrylic acid were synthesized in
presence of cross-linking agent N,N-methylene-bis-acrylamide and red-ox system
K5S,04—Na,S,0;. Hydrogel of poly-4-vinylpyridine (hP4VP) (2% of cross-
linking agent) was synthesized by «Sigma Aldrich» company. Synthesized hyd-
rogels in an aqueous medium were put to create intergel system polymethacrylic
acid hydrogel — poly-4-vinylpyridine hydrogel (hPMAA-hP4VP). Swelling de-
grees of hydrogels are: onpman)=20.65 g/g; onpavp=2.65 g/g.

Experiment. Experiments were carried out at room temperature. Study of the
intergel system was made as follows: calculated amount of each hydrogel in dry
state was put in special glass filters, pores of which permeable for low-molecular
ions and molecules, but non-permeable for hydrogels dispersion. Then the filters
were put in glass in which salt solution presents. After that, aliquots were
taken.

Methodology of lanthanum ions determination in solution is based on
formation of colored complex compound of organic analytic reagent arsenazo I11
with La*" ions [12].

Extraction (sorption) degree was calculated by equation:

_ Cinitial — Cresidual

*100%
Cinitial
where Ciiia — initial concentration of lanthanum in solution, g/L; Ciesigue —
residual concentration of lanthanum in solution, g/L.
Polymer chain binding degree was determined by calculations in accordance
with equation:

9 = Vsorbed +100%

where Vyomeq — quantity of polymer links with sorbed lanthanum, mol; v — total
quantity of polymer links (if there are 2 hydrogels in solution, it is calculated as
sum of each polymer hydrogel links), mol.
Effective dynamic exchange capacity was calculated by formula:
— Vsorbed

Mgorbent

where Vgones — amount of sorbed metal, mol; Mgypene — SOrbent mass (if there are
2 hydrogels in solution, it is calculated as sum of their masses), g.
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Results and discussion

Lanthanum ions sorption. Dependence of lanthanum ions extraction degree
of the intergel system hPMAA-hP4VP from hydrogels ratios is shown on figure 1.
Obtained results point to the fact that mutual activation provides significant
increase of sorption properties of the polymer hydrogels in the intergel system.
Initial hydrogels of polymethacrylic acid and poly-4-vinylpyridine do not have
high extraction degree of lanthanum ions. Extraction degree is 66.28% for
polymethacrylic acid hydrogel and 66.05% for poly-4-vinylpyridine hydrogel.
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Figure 1 — Dependence of lanthanum ions extraction degree
of intergel system hPMAA-hP4VP from hydrogels ratios

As seen from figure 1, maximum sorption of lanthanum ions occurs at
17%hPMAA:83%hP4VP ratio. Extraction degree of lanthanum ions at this ratio
in the intergel system hPMAA-hP4VP is 90.34%. Main reason of such high
sorption degree is high ionization of polymer structures due to their mutual
activation.

Figure 2 shows dependence of polymer chain binding degree from time.
Intergel pairs have higher values of binding degree comparatively with individual
hydrogels. Polymer chain binding degree of individual hydrogels of polymetha-
crylic acid and poly-4-vinylpyridine is 55.17% and 55.00% respectively. Not very
intensive sorption occurs at 83%hPMAA:17%hP4VP and 67%hPMAA:33%hP4VP
ratios. Such binding degree indicates to not sufficient ionization degree of poly-
mer structures at remote interaction in mentioned above intergel pairs. Maximum
values of binding degree are observed at 17%hPMAA:83%hP4VP. As seen from
the figure, at this ratio binding of lanthanum by the polymers is significantly
higher, polymer chain binding degree is 75.33%.

207



XUMWYECKHH )KYPHAJI KA3AXCTAHA

0 (La™"), %
100

90

80

70
60

50 +

//—'

—=2—100%hPMAA

—0— 83%hPMAA-17%hP4VP
—4A— 67%hPMAA-33%hP4VP
—v— 50%hPMAA-50%hP4VP
—— 33%hPMAA-67%hP4VP
—<4— 17%hPMAA-83%hP4VP

—»—100%hP4VP
- 74
0 4 8 12 16 20 24 28 32 36 40 44 48

40
30

20

104

0

Figure 2 — Dependence of polymer chain binding degree
of intergel system hPMAA-hP4VP from hydrogels ratios

Dependence of effective dynamic exchange capacity of the intergel system
based on hydrogels of PMAA and P4VP from hydrogels molar ratios is shown on
figure 3. Remote interaction of hPMAA and hP4VP provides significant increase
of exchange capacity of polymer structures. The highest values of exchange
capacity are observed at 33%hPMAA:67%hP4VP and 17%hPMAA:83hP4VP
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Figure 3 — Dependence of effective dynamic exchange capacity
of intergel system hPMAA-hP4VP from hydrogels ratios
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ratios. Maximum values of exchange capacity is reached at 48 hours at
17%hPMAA:83hP4VP ratio, at this ratio exchange capacity is on 30% higher in
comparison with individual hydrogels. Minimum values of capacity are seen in
presence of polyacid or polybasis, wherein values of exchange capacity are
almost the same.

Cerium ions sorption. As seen from figure 4, extraction degree of cerium
ions of the intergel system hydrogel of polymethacrylic acid — hydrogel of poly-4-
vinylpyridine increases with time. Values of sorption degree are higher in intergel
pairs than in case with individual hydrogels. Cerium ions extraction degree
reaches maximum values at 48 hours of remote interaction of hydrogels at
50%hPMAA:50%hP4VP ratio. Maximum values point to high ionization degree
of polymer structures at their mutual activation. Extraction degree of cerium ions
at this ratio is 89.33%. Individual hydrogels of polymethacrylic acid and poly-4-
vinylpyridine have low values of extraction degree of cerium ions. Extraction
degree of cerium ions by PMAA hydrogel is 60.33%, by P4VP hydrogel —
56.67%.
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Figure 4 — Dependence of cerium ions extraction degree
of intergel system hPMAA-hP4VP from hydrogels ratios

Figure 5 represents dependencies of polymer chain binding degree (in rela-
tion to cerium ions) of the intergel system hPMAA-hP4VP from time. The highest
values of binding degree are observed at 50%hPMAA:50%hP4VP ratio, binding
degree is 74.10%. Other intergel pairs also have high polymer chain binding
degree values comparatively with individual hydrogels of polymethacrylic acid
and poly-4-vinylpyridine. Initial hydrogels of PMAA and P4VP have the fol-
lowing values of polymer chain binding degree: 50.05% for hPMAA and 47.00%
for hP4VP. Such significant difference of polymer chain binding degree values of
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Figure 5 — Dependence of polymer chain binding degree of intergel system hPMAA-hP4VP from
hydrogels ratios

intergel pairs and individual hydrogels is due to highly ionized state of hydrogels
in intergel pairs due to their mutual activation at remote interaction in intergel
system.

Figure 6 shows dependence of effective dynamic exchange capacity of the
intergel system hPMAA-hP4VP from hydrogel ratios in time. Increase of ex-
change capacity occurs with time.
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Figure 6 — Dependence of effective dynamic exchange capacity
of intergel system hPMAA-hP4VP from hydrogels ratios
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As seen from the figure, result of remote interaction of polymethacrylic acid
and poly-4-vinylpyridine hydrogels is significant increase of effective dynamic
exchange capacity of polymer hydrogels of PMAA and P4VP. Area of maximum
values of effective dynamic exchange capacity is 50%hPMAA:50hP4VP ratio. At
this ratio exchange capacity is over on 30% higher comparatively with individual
PMAA and P4VP hydrogels.

Conclusion.

1. Intergel system based on rare-crosslinked polymer hydrogels of polyme-
thacrylic acid and poly-4-vinylpyridine has selectivity to lanthanum and cerium
ions.

2. Mutual activation of PMAA and P4VP hydrogels provides transition into
highly ionized state and, as a result, significant increase of sorption properties in
intergel pairs.

3. Polymethacrylic acid hydrogel doesn’t have high values of extraction
degree in relation to lanthanum and cerium ions (66.28% and 60.33% respec-
tively). Poly-4-vinylpyridine hydrogel also has low values of sorption degree
(66.05% and 56.67% respectively).

4. In intergel system hPMAA-hP4VP selectivity can be controlled by chan-
ging hydrogels ratio. Maximum extraction degree of lanthanum ions is observed
at 17%hPMAA:83%hP4VP ratio, sorption degree is 90.34%. Maximum sorption
degree of cerium ions is observed at 50%hPMAA:50%hP4VP ratio, extraction
degree is 89.33%.

5. Individual PMAA and P4VP hydrogels also do not have high polymer
chain binding degree. Polymer chain binding degree (in relation to lanthanum
ions) of hPMAA and hP4VP is 55.17% and 55.00% respectively. Binding degree
(in relation to cerium ions) of hPMAA and hP4VP is 50.05% and 47.00%.

6. Maximum values of polymer chain binding degree (in relation to
lanthanum ions) in intergel system hPMAA-hP4VP are observed at
17%hPMAA:83%hP4VP ratio, binding degree is 75.33%. Maximum values of
binding degree (in relation to cerium ions) are observed at 50%hPMAA:50hP4VP
ratio, binding degree is 74.10%.

7. Transition into highly ionized state of PMAA and P4VP hydrogels due to
mutual activation also provides significant increase of effective dynamic ex-
change capacity. At 17%hPMAA:83%hP4VP and 50%hPMAA:50hP4VP ratios
exchange capacity (in relation to lanthanum and cerium ions) is higher almost on
30% comparatively with individual PMAA and P4VP hydrogels.
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Pesome
T. K. ’Kymaoinos, P. I'. Konoaypos

HOJIMMETAKPWJI KbIIIKBUIbI 2KOHE ITOJIN-4-BUHUJITUPUIH
I'MAPOI'EJIAEPT HETT3IHAEI'T UHTEPTEJIAL XKYUEJIEPZITH JIAHTAH
KOHE HEPMU NOHJAPBIHA C¥PBIITBUIBIFBI

[Monumerakpun  KpimkpUibl  rugporeniver  (IIMAKr) — monu-4-BUHWINMPUANH
(IT4BIIr) ruaporesi HeriziHae abIHFAH HHTEPrel/ii )KYHEMEH JIaHTaH JKoHe IIepuil HoH A~
pbIH ciHipy mpoueci 3eprrenai. [IMAKr-I14BII natepreni sxyHeciHiH JaHTaH MEH Lepui
MOHZApbIHA CYPBINTHUIBIK KacueT kepcereTiHi anbikranapl. [IMAK runporeninin aHTaH
JKOHE LIepUi MOHAAPBIH IIBIFapy JSpeXkKeci aca xorapbl eMec (caiikecinme 66,28% jxoHe
60,33%). [4BII ruaporenininme La’" xome Ce’" moHmapsiH IIbIFapy mopexeci TOMeH.
(catikecinme 66,05% xone 56,67%). Muteprenni xylene rumporenfepliy KaTblHacTa-
PBIH ©3TepTy apKbUIBI CYpPBINTBUIBIKTEI Oackapyra Oomamsl. 17%IIMAKr:83%I14BIIr
KaThIHACBIHIA JIAHTaH MOHIAPBIH IIBIFApy IOpEKeci KOFaphl eKeHi OalKamambl, CiHipy
mopexxeci 90,34%-ke TeH. 50%IIMAKr:50%I14BIIr katbiHackHIa Lepuil MOHAAPHIH
HIBIFApy JIOpeKeci KOFaphl eKeHi Oaiikanasl, CiHipy aapexeci 89,33%-ke TeH. COHbIMEH
katap [IMAK »xone I14BII xekenereH ruaporenaepine moJIuMepiik Tiz0ekrepiHin Oaii-
JIaHBICY Aapeskeci Tomen 0oubin keneni. [IMAKT sxone [14BIIr monumepstik Ti30eKTepiHiH
GaiinaHpICy Jopekeci (JJaHTaH MOHJApbIHA KATHICTHI) caiikeciHme 55,17% sxone 55,00%-
Ti, an (uepudl MOHIApbIHAa KaThIcThl) caiikeciHme 50,05% sxoHe 47,00%-Ti Kypaumbl.
IIMAKTr-TI14BIT unteprenai xyitecinin 17%IIMAKr:83%I14BIIr karsiHackiHAa TOJHU-
MepITiK Ti30eKTepiHiH OalnaHbICy Aapexeci (JIaHTaH MOHIApbIHA KATHICTHI) )KOFaphl, Oai-
nmaHeIcy nopexeci 75,33%-ke TeH. An 50%IIMAKr:50%I14BIIr karbiHackiHoa (mepuit
MOHApbIHA KATHICTHI) Oainmaneicy nopeskeci xorapsel, sirHU 74,10%-ke TeH. [IMAK men
[T4BII >xexeneren rumgporenaepiMer camsicToipranaa 17%IIMAKr:83%I14BIIr xone
50%IIMAKTr:50%I14BIIr kaTteiHACTapBIHAA (JAHTAH XOHE LEpPUH MOHIAPHIHA KATHICTHI)
THIMAI JAHAMHUKAIBIK aTMacy CHIMBIMABUTBFE mamMameH 30%-ra xorapel. [IMAK men
[T4BII ruaporenjepiHiH e3apa aKTUBTUIITT OJapIblH JKOFAphl HOHIAJFAH KYWre KellyiHe
QUIBIT KeJie/li, HOTHXKECIHAe MHTEPrelli )KynTap/a CiHipy KacCHeTTEepiHiH aHaFypJIbIM ocyi-
HE acep eTel.

Tyiiin ce3mep: mHTepreni xyiie, cinipy, cypsintsuibik, La®" monmapsr, Ce®" non-
Jlaphbl, MOJTMMETAKPHI KBIIIKBUIBI, TIOJIN-4-BUHUIITHPUINH.

Pe3iome

T. K. IPcymaounos, P. I'. Konoaypos

CEJIEKTUBHOCTbD UHTEPT'EJIEBOM CUCTEMBI HA OCHOBE
I'MAPOI'EJIEU TTOJIMMETAKPWJIOBOUM KUCJIOTBI 1
[MOJIN-4-BUHWJITINPUINHA K NOHAM JIAHTAHA 1 LIEPUSA

HccnenoBan mpomecc copOIuy MOHOB JIAHTAHA M LIEPUSl MHTEPresIeBOH CHCTEMOM
THIPOTeIh MoMMMeTakpriioBoi kucinotsl (rIIMAK) — rugporens nosu-4-BUHWITHPHITHA
(tII4BII). Ycranosneno, uro unTeprenenast cucrema TIIMAK-rI14BII nposBuser cenek-
TUBHOCTH K MOHaM JlaHTaHa u uepwus. [ uaporens [IMAK He o0magaer BBICOKOH CTETIEHBIO
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U3BJICUCHNUS WMOHOB JlaHTaHa u Iepus (66,28 u 60,33% coorBeTcTBeHHO). ['Maporens
[14BII TaKke HMeeT HEBBICOKHE 3HAUCHHUS CTENCHH H3BIedeHns nonos La® u Ce** (66,05
U 56,67% coOTBETCTBEHHO). B MHTepreneBoil cucreMe BO3MOXHO YIPABIATH CECKTHB-
HOCTBIO ITyTEM W3MEHEHHs COOTHOIICHMH ruuporeneif. MakcuManbHas CTEIICHb W3BIIE-
YeHUs] MOHOB JlaHTaHa HaOmonaercst npu cootHomeHun 17%rIIMAK:83%rI14BII, cre-
neHb copbunu paBHa 90,34%. MakcumanbHasi cTerneHb COpPOIMM MOHOB IiepHs HaOIo-
naetcs npu cootHowmeHUH 50%rIIMAK:50%rI14BI1, crenens u3Bnedenus pasHa 89,33%.
Tarxke uamuBuayansable ruaporenu [IMAK u T14BI1 He 00namaroT BRICOKHMH 3Haue-
HUSMU CTEIICHU CBSA3BIBAHUS MOTUMEPHOH 1ierr. CTereHb CBA3bIBAHUS TOTMMEPHOH e
(o otHomennto xk noHam yantana) TIIMAK u rI14BII cocrasuser 55,17 u 55,00% coot-
BeTcTBeHHO. CTelneHb CBA3BIBaHUS (10 OTHOIIEHHIO K MoHaMm mepusi) TIIMAK u rI14BI1
paBHa 50,05 n 47,00%. MakcumanbHbIE 3HAUEHHS CTETICHHW CBA3BIBAHUS IOJIMMEPHOH
1enu (1Mo OTHOIIEHUIO K MOHAM JlaHTaHa) B uHTepreneBoil cucreme TIIMAK-rII4BII Ha-
omonarorcss npu cooTHomeHun 17%rIIMAK:83%rII4BII, creneHb CBA3bIBAHUS paBHA
75,33%. Haubomnpimye 3HaUYCHUS CTETIEHU CBSI3BIBAHUS (IO OTHOLICHHWIO K MOHAM IICpHS)
Habmonarorcst pu cootHomenun 5S0%rIIMAK:50%rI14BI1, crenens cBsA3bIBaHUS paBHA
74,10%. IIpu cootnomenusix 17%rIIMAK:83%rII4BIT u 50%rIIMAK:50%rI14BII a¢-
(exTHBHas TUHAMHYecKas OOMEHHas €MKOCTh (110 OTHOLICHWIO K HOHAaM JIaHTaHa W
nepwust) npaktunaeckd Ha 30% BBINIC MO CPABHCHUIO ¢ WHIVBHUIYATHHBIMH THAPOTECISIMU
IIMAK u I14BIl. B3aumnas aktuBauus ruaporeneid [IMAK u T14BII npuBoaut k nepe-
X0y B BBICOKOMOHHW30BAaHHOE COCTOSHHE W, KaK Pe3yNbTaT, K 3HAYUTCABHOMY POCTY
COpOLIMOHHBIX CBOIMCTB B MHTEPTENIEBBIX ITapax.

K:l0ueBble C/I0BA: MHTEpreeBas CHCTEMa, COPOLHS, CEIeKTHBHOCTh, HOHBI La’’,
HOHBI Ce3+, IMOJIMMETAKpUIIOBasd KHUCJI0TA, HOJ'II/I-4-BI/IHI/IJ'I1'[I/IpI/UII/IH.
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CONSTANTS AND PARAMETERS OF RADICAL
COPOLYMERIZATION OF POLY(ETHYLENE GLYCOL FUMARATE)
WITH ACRYLIC ACID

Abstract. In the present work, the binary radical copolymerization of poly(ethylene
glycol fumarate) with acrylic acid in a dioxane medium was investigated for the first time
at various mole ratios of the initial monomer mixture. The kinetics of the copolyme-
rization reaction was studied. Kinetic curves show that with increasing mole fraction of
acrylic acid in solution, the reaction rate and sorption capacity of copolymers also
increase.

The synthesized copolymers composition was determined by chromatography-mass
spectroscopy. The constants and parameters of radical copolymerization were calculated
using the integral methods of Mayo-Lewis, Fineman-Ross and Kelen-Tiidos. The Q-e
parameters were calculated by the Alfray-Price equation on the basis of copolymerization
constants.

A lower reactivity characterization of poly(ethylene glycol fumarate) were found at
copolymerization of it with acrylic acid. Direct proportionality of the unsaturation degree
of copolymers to the content of poly(ethylene glycol fumarate) in the composition of the
initial monomer mixture was shown.

Key words: poly(ethylene glycol fumarate), acrylic acid, radical copolymerization,
kinetics, copolymerization.

Unsaturated polyesters are interesting for theoretical and practical studies,
since along with the simplicity, the economics of production, and they contain
unsaturated double bonds in their composition, which makes it possible to obtain
on their basis of spatially cross-linked structures. On the other hand, unsaturated
polyesters provide the widest opportunity for directional modification due to
polymerization reactions with various ionic monomers and, consequently, open
the way to obtaining materials including composite ones with a predetermined
valuable complex of properties.

The interaction of polyesters with unsaturated compounds was firstly called
the copolymerization reaction by Benig [1], so copolymerization with vinyl
acetate, styrene and methyl methacrylate, simple and complex allyl ethers, vinyl
formates was investigated. As a result of the studies carried out, the role of unsa-
turated polyesters macromolecule as a "skeleton" at large formations was shown.
From the literature analysis, only comonomers of hydrophobic nature were
involved in the copolymerisation with unsaturated polyester resins [1-3], when the
matter of hydrophilic monomers lay over until recently, which opens up prospects
for new "intelligent" polymers.
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The preparation of polymers based on unsaturated polyesters with the re-
quired combination of properties is possible only on the knowledge basis of the
processes kinetics and mechanism of their radical copolymerization with ionic
monomers. It seemed interesting and expedient to fill in the marked gap since the
study of the kinetics, constants, and parameters of unsaturated polyesters copo-
lymerization with ionic monomers remains undetermined and actual.

We synthesized earlier copolymers susceptible to changes in external factors
by radical copolymerization reaction of polyglycol maleates with a number of
unsaturated carboxylic acids, acrylamide [4, 5]. Hence, it seemed interesting to
continue the research in this direction.

This paper demonstrates the first studies on the reactions of radical copoly-
merization of poly(ethylene glycol fumarate) (p-EGF) with acrylic acid (AA).

Experiment

The initial p-EGF was obtained by the polycondensation reaction of fumaric
acid and ethylene glycol at a temperature of 403-453 K [6]. The course of the
reaction was monitored by determining the acid number and the volume of water
released. The synthesized polyester is a light-yellow, resinous, fusible substance,
soluble in chloroform and dioxane. The resulting resin was purified from the
initial monomers by repeated washing with acetone. The composition of the
obtained product was determined from elemental analysis data: m.p. of p-EGF is
80°C.

The molecular weight of the p-EGF was determined by light-scattering
methods on the nephelometer 2100 AN by NACH and by the method of deter-
mining the end group fraction, which is 2500 amu.

Radical copolymerization of p-EGF with AA was carried out in the dioxane
solution at various initial molar ratios of comonomers in the presence of an ini-
tiator — benzoyl peroxide (BP) at a temperature of 333 K. The synthesized poly-
mers were repeatedly washed with dioxane and dried under vacuum until constant
mass for purifying them from unreacted monomer residues.

The compositions of the obtained copolymers were determined by potentio-
metric titration and by the residual amount of monomers by chromatography-
mass spectroscopy on Agilent 7890A using the Agilent 5975C mass selective
detector [7, 8]. A bromate-bromide method was used to quantify unreacted double
bonds (the degree of unsaturation) of the copolymers [9].

The kinetics of radical copolymerization of p-EGF with AA was studied by
dilatometric method in the dioxane solution. The copolymerization constants 1,
and r, were determined on the basis of the copolymer compositions obtained at
deep conversion ratios using the Mayo-Lewis integral equation [10], as well as
the standard methods of Fineman-Ross and Kelen-Tiidos [11, 12].
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Results and discussion

The intensive development of fundamental research in the field of radical
copolymerization, which allows to regulate the properties, structure and molecular
mass of polymers, the speed of the process, opens up new ways of obtaining
polymers with given properties. Products based on unsaturated polyesters cured
with vinyl monomers having specific physical-chemical and physical-mechanical
properties are of considerable interest. The presence of unsaturated double bonds
in the p-EGF molecule provides an opportunity to use it as a polymer matrix for
the preparation of spatially cross-linked polymers by copolymerization with
reactive acrylic acid.

P-EGF is obtained by the polycondensation reaction of fumaric acid and
ethylene glycol [6].

As a result of radical copolymerization of the oligomeric molecule of p-EGF
with AA in the presence of the initiator - BP the formation of the spatially cross-
linked copolymer can be represented by the following scheme:
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The values of constants and copolymerization parameters are important
characteristics when considering the relative reactivity of the monomers depen-
ding on their structure. However, more complete information on the relative reac-
tivity of the monomers during copolymerization can be obtained on the basis of
kinetic data (figure 1).

However, more complete information on the relative reactivity of the
monomers during copolymerization can be obtained on the basis of kinetic data
(figure 1).

The kinetics of radical copolymerization of p-EGF with AA at various initial
molar ratios was studied in detail to assess the relative activity of the monomers
(figure 1). Increase of the reaction rate and yields of the copolymers was found
with the growth in the content of AA in the initial monomer mixture, also these
parameters decrease with the increase of the p-EGF content in the reaction mix-
ture. This is apparently due to the presence of a functional -COO carboxyl group
in the AA chain that capable of participating in elementary polymer transfer
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Figure 1 — Kinetic curve of the copolymerization of p-EGF:AA:

Time, min
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1 -7,95:92,05; 2 -11,95:88,05; 3 —21,03:78,97;
4 —44,05:55,95; 5 - 68,96:31,04; 6 — 89,05:10,95 mol.%

reactions, accompanied by an increase in the molecular weight due to branching
processes. Figure 1 shows the kinetic data of radical copolymerization indicating
a regular acceleration of the process with increasing molar fraction of AA in the
initial monomer mixture.

The radical copolymerization of p-EGF with AA forms insoluble polymers
of the network structure in the entire range of the studied comonomer ratios.

The experimental data obtained as a result of studying the processes of ra-
dical copolymerization in p-EGF-AA systems are presented in table 1. The yield

of the copolymers was 83-74%.

Table 1 — Composition dependence of the copolymers on the initial mixture composition
in the copolymerization of p-EGF (M) with AA (M,) [BP] = 8 mol/m?, T=333 K

The initial ratio of monomers, Copolymer composition, .
mass % mass % Yield, Degree of
% unsaturation
M] M2 my my
10,09 89,91 7,95 92,05 83,23 41,3
15,06 84,94 11,95 88,05 78,98 42,5
25,02 74,98 21,03 78,97 76,22 46,8
50,01 49,99 44,05 55,95 75,32 49,6
75,06 24,94 68,96 31,04 75,05 52,1
90,08 9,92 89,05 10,95 73,83 54,4
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Enrichment of the p-EGF-AA copolymers with AA units throughout the
investigated range of the initial mixtures was seen from Table 1, while the content
of the AA units in the copolymer composition increases sympathetically its
amount in the initial monomer mixture. The copolymer yield and the swelling
degree increase with increasing concentration in the initial AA mixture, which is
apparently due to a sufficient degree of branching and cross-linking. Since the
fumarate groups are not capable of homopolymerization reactions, the branching
and cross-linking reactions diminish with a decrease in the molar AA concen-
tration, respectively, while the unsaturation degree of the copolymer increases.
Also, the above reactions are difficult with the increase of the p-EGF concen-
tration in the initial monomer mixture, which in turn leads to the viscosity growth.

The composition diagram demonstrates more clearly the dependence of the
copolymer composition on the initial mixture composition (figure 2).
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Figure 2 — The dependence of the p-EGF-AA copolymers composition
on the composition of the initial monomer mixture

The relative activities of the comonomers were calculated using the integral
Mayo-Lewis equation [9], the standard Fineman-Ross and Kelen-Tiidos methods
on the basis of the copolymer and the initial monomer mixture compositions data.
Table 2 shows the results of calculations. There was an assumption that p-EGF

Table 2 — Constants and parameters of radical copolymerization of p-EGF-AA binary systems

Method r 1, e | 1/n 1/r, e Q e Q;
Mayo-Lewis 0,84+0,076 | 1,18+0,050 | 0,99 | 1,19 | 0,85 | 0,86 | 0,90 | 0,77 | 1,15
Fineman-Ross 0,72+0,006 | 1,25+0,140 | 0,90 | 1,39 | 0,80 | 1,09 | 1,18 | 0,77 | 1,15
Kelen-Tiidos 0,83+0,038 | 1,020,094 | 0,85 | 1,21 | 0,98 | 1,18 | 1,34 | 0,77 | 1,15
Average 0,80+0,04 | 1,15+0,095 | 0,91 | 1,26 | 0,88 | 1,04 | 1,14 | 0,77 | 1,15
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had a lower reactivity in radical copolymerization compared to AA. The obtained
values of the relative activities of the copolymers confirm this assumption. The
calculated values of the copolymerization constants indicate a greater AA activity
in radical copolymerization. The data from Table 2 demonstrate the relative acti-
vity r; in the p-EGF-AA system that is less than one. It may indicate more activity
of macroradical ending in the p-EGF unit towards the "foreign" monomer or
radical, while the macroradical ending in the second comonomer AA (r,> 1) unit
reacts much more easily with its "own" monomer. The product of copolymeri-
zation constants (r1'1;) close to unity indicates the possibility of copolymers to the
formation of statistical structures.

Various internal factors as conjugation, steric hindrance, polarity of the
monomer and radical, influence on the monomers reactivity. The Q-e¢ parameters
were calculated by the Alfray and Price equations based on the values of
copolymerization constants [10]. Both p-EGF and AA monomers have different
polarities of the double bond (see table 2). The Q values for these monomers are
significantly different. The degree of conjugation in the double bond with the
substituents is also different due to the less value of Q for p-EGF. This determines
the high propensity of monomers and radicals ending in the p-EGF units to attach
more "foreign" monomers under the polymerization conditions.

Thus, a brief review of the studies in the paper shows a possibility to obtain
new polymers of the spatially cross-linked structure as a result of radical copo-
lymerization of poly(ethylene glycol fumarate) and acrylic acid. The obtained
results demonstrate the ability to control the physical-chemical properties of the
copolymers based on poly(ethylene glycol fumarate) and acrylic acid, induced by
the polymer composition, which allows the creation of new materials with a
predefined program of behavior.
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Pe3rome

I'. K. Kyoaiibepeen, I'. K. Bypkeesa, E. M. Tasxcoaes,
M. JK. Bypkees, A. B. Omawesa, H. A. Ecenmaesa

MOJINSTUIIEHT JINMKOJIbOYMAPATTBIH AKPUJI KbIIIKBIJIBIMEH
PAIMKAJIIBIK COITIOJIMMEPJIEHY JIH KOHCTAHTAJIAPBI MEH
ITAPAMETPJIEPI

JKymbIcTa anFai peT TMOKCaH OPTAChIHIA 0ACTAIKbl MOHOMEP KOCTIACHIHBIH OPTYPIIi
MOJIbJIIK KATHIHACBIH/A MOJIUITUICHIIIUKOIB(YMAPATTHIH aKPUJT KhIIIKHUIBIMEH OUHAPIIBI
pamuKanabl  comoiuMepiieHyi 3eprreninred. COMONMMEpIeHy pPEeaKIUsChIHBIH KHHE-
THKACHI 3epTTeNnai. KHHETHKABIK KMCHIKTAP CPITIHAIACTI aKPHJI KbIIIKBUIBIHBIH MOJBIIK
MOJICIIEPiHIH KOOCHTeH CaliblH PeaKIHs JKbUIIAMIBIFBI MCH COPOIIMSUIBIK CHIABIMIBLIBIFGI
apTaThIHBl KOPCETLIml. XpoMaTorpadus-Macc-ClIeKTPOCKOIHMSIHBI KOJIJaHy apKbIIbl CHH-
TE3ICNITCH COMOMUMEPNICPIIH KYpaMbl aHBIKTAJIBI. PamuKkanasl COMOJUMEPIICHYIIH
KOHCTaHTaJlapbl MeH napaMerpiiepi Maiio-JIbtonc, ®aitnman-Pocc xone Kenen-Tromom-
TBHIH MHTETPAJIIBI 9iciMeH ecenrenei. ComoIuMepIieHy TYPaKThUTAPBIHBIH HeTi3iHae Q-¢
napamerpiaepi Andpei-Ilpaiic TeHneyi OoifpiHIIa ecenTenmiHIl. AKPHI KbIIKBIIBIHBIH
MTOTUATHICHTTUKOIB(YyMapaTIieH COMOIUMEPIICHY Ke31HAe COHFBICHIHBIH TOMEH PEaKTHB-
TUTIKTICH CHIIATTANATHIHBI aHBIKTANIel. COMOMMMEpNepaiH KaHBIKIaFaHIBIFBl OacTaIKbl
MOHOMEp KOCMAChl KYPaMBIHIAFbl MOJIMITUICHIIIUNKOIb()YMAPATTHIH MOIIIEepiMe Typa
TIPOTIOPIIMAHANIB! eKEeHIHET] KOPCETIII.

Tyiiin ce3mep: MOJUITUICHIIIMKOIb(YMapaT, aKpPrJl KbIIIKbUIBI, PaIUKaIIBl COIIO-
JIUMEPJICHY, KHHETHUKA, COMIOJIMMEPIICHY.

Pe3iome

I'. K. Kyoatibepeen, I'. K. Bypxeesa, E. M. Taxcbaes,
M. JK. Bypxees, A. B. Omawesa, H. A. Ecenmaesa

KOHCTAHTbI Y IAPAMETPbI PA JUKAJIBHOM COHOJIMMEPU3ATINN
MMOJINOTUJIEHT JINKOJIb®YMAPATA C AKPUJIOBOM KNCJIOTOU

BriepBrie mccienoBaHa OwHapHas paavuKaidbHAs COMOJMMEpPHU3AHs MOJIMITHIICH-
rMKoNib(hymMapara ¢ akpujOoBOM KHCIIOTOHM B cpejie JWOKCaHa MPH Pa3IMYHBIX MOJIBHBIX
COOTHOLIEHUAX HCXOJHOW MOHOMEpHOHN cmecu. M3yueHa KMHETHMKA peaklUu COIMOJIU-
Mepuzainu. KuHeTndyeckue KpuBBIE MOKA3BIBAIOT, YTO C TIOBBIIIEHHMEM MOJBHOM JIOJH
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AKPUJIOBOM KHCJIOTHI B PAacTBOPE YBEJIMYHMBAIOTCS CKOPOCTh PEAKLMH U COPOLMOHHAsS
CHOCOOHOCTH comonuMepoB. C MPUMEHEHHEM XPOMAaTO-MAacCCIIEKTPOCKONUN OMpeeIIeH
COCTaB CHHTE3WPOBAHHBIX comojauMepoB. MHTerpanbHbiM MeTosoM Maiio-JIstouca,
daiinmana-Pocca u Kenena-Trofoma paccuuTaHbl KOHCTAHTBI U IapaMeTphl paju-
KaJbHOU comonuMepr3anuy. Ha ocHOBaHMM KOHCTaHT COIOJIMMEPA3aliy 110 ypaBHEHHIO
Andpes-Ilpaiica paccuntansl mapameTpsl Q-¢. YCTaHOBICHO, YTO MPH COMOIUMEPU3ALUN
AKPHWJIOBOM KHUCIIOTHI C MOJUAITWICHTIUKOIb(YyMapaToM IIOCICIHUN XapaKTepPU3yeTCs
MEHbBIIEH peaknunoHHOM cnocoOHocThio. IlokazaHo, YTO CTENeHb HEHACHINICHHOCTH
COIOJIMMEPOB MPSMO MPONOPIMOHANEHA COJICPKaHHUIO ITOJIMATHICHIINKOIb(pyMapaTra B
COCTaBE HUCXOJHOM MOHOMEPHOW CMECH.

KiroueBble cji0Ba: MOTMITHICHTINKOIb(PYMapaT, akKpHIoBast KACIOTA, pagrKallb-
Hasl CONOJIMMEPH3aNsl, KHHETHKA, COTIONNMEPH3aITH.
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W3YUEHUE PACTBOPUMOCTH B CUCTEME
TPUMETUJIEHTETPATUOMOUYEBHUHA —
ALETAT MEJM — ALIETAT LIUHKA IIPH 25 U 75 °C. Coomenne 1

AnHoTauus. [{enpro HACTOSAIIEro UCCIEeIOBAHMS SBIIIETCSA Pa3paboTKa TEXHOJIOTHH
mpenapara MpOTPaBUTENCH CEeMsH XJIomyaTHHKa. Ha OCHOBE (DHU3UKO-XHMMUYECKOTO
aHaliM3a YCTaHOBJICHO paBHOBecue Mexny kommnoHeHtamu HOCH,NHCON (CH,OH),-
Cu(CH;CO00),-H,0.

KuiroueBble c10Ba: pacTBOPUMOCTh, TEMIIEPATYpa, NPOTPABUTEb, TPUMETHIIONIMO-
4yeBUHa, auerat meau, UK-cnektp.

W3yueHne TPOWHBIX CHUCTEM, PACTBOPUMOCTH (MU3MOJIOIMYECKH AKTHBHBIX
COeIMHEHHUH OOYCIIOBIICHO TEM, YTO B3aUMHOE PACTBOPCHUE OMHAPHBIX KOMIIO-
HEHTOB J1aCT BO3MOKHOCTb IpEACKa3aTh M ONPEAEIUTh TEXHOJIOTMUECKHE Mapa-
METpPBI CHHTEe3a HOBBIX BemlecTB U ¢as [1, 2].

CBeneHns IO PaCTBOPUMOCTH W XHMHYECKOMY B3aMMOJEHUCTBHIO B BOIHBIX
CHCTEMaxX, BKIIIOYAIOMIMX TPUMETHJIOIMOYEBHHY M alleTaThl JBYXBaJIEHTHBIX
METaJUIOB, B JIUTEPAType OTCYTCTBYIOT. I103TOMY AJsl BRISABICHHS COBMECTHOI'O
MTOBEICHUS] TPUMETHUIIOIMOYECBHHBI U alleTaTa MEIN B BOJIHOW Cpelie BU3YaIbHO -
MIOJIMTEPMUYECKIM METOJIOM H3yueHa pacTBOPUMOCTh B TPOWHOI cucteme B
LIMPOKOM TEMIEPATYPHOM M KOHLEHTPALMOHHOM HHTEpBAJe.

JlaHHBIE XMMHYECKOTO aHaJIn3a XHUIOKUX M TBEPAbIX (a3, MPOBEAECHHOIO
OOIIEeN3BECTHRIMI METOIAMH aHANUTHIECKON XMMHUH, UCTIOIH30BAIN JJIS OTIpee-
JeHusl cocTaBoB TBepIbIX (a3 mo CkpeliHemakepcy [3, 4]. Tpumermionmoue-
BHHY CHHTE3UPOBAJIHM [10 METOANKAM, OIIMCAHHBIM B padote [5].

JuarpaMMa pacTBOpUMOCTH OWHAapHOW CHCTEMBI TPHMETHIOIMOYEBHHA-
BOJA, BXOJSIIAS B COCTaB MCCIEIyeMON CHCTEMBI, COCTOMT HX BETBEH KpHC-
TaJTU3aIUH JIbJia U TPUMETHUIIOIMOYEBHHEI, IEPEMBIKAIOIUXCA B KPUOTUAPATHON
touke, coorBeTcTByIommer 11,8% HOH,CNHCON(CH,OH), u 82,2% H,0 npu
temmeparype - 2,2°C.

[Momurepma  pactBopumoct  cuctemsl ~ HOH,CNHCON(CH,OH),-
Cu(CH;COOQ) - H,O un3yueHa ¢ TOMOIIBIO JIEBATH BHYTPEHHHUX pa3pe3oB. M3 HUX
I-IY mpomegenst co crtoporsl Cu(CH3;COO), - H,O « Bepmmae
HOH,CNHCON(CH,0H),, a ¢ Y-IX co cropoust HOH,CNHCON(CH,OH), -
H,O k Bepmmae Cu(CH3;CO0),.

Ha ocHoBe monmrepM pacTBOPMMOCTH OWHAPHBIX CHCTEM M BHYTPEHHHX
pa3pe30B IMOCTPOEHA AUarpaMMa pacTBOPUMOCTH CHUCTEMBI
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HOJ’II/ITepMa PacTBOPUMOCTU CUCTEMBI TPUMETUIIOJIMOYECBHUHA — alleTaT M€ — BOJla

HOH,CNHCON(CH,OH), - Cu(CH3C0O0),-H,0 ot -3,4 no 70° C (pricyHOK), Ha
KOTOPOW pa3rpaHWYEHBI IO KPUCTALIN3AlUN JIbJd, TPUMETHIOIMOYEBHHEL,
aretaTa Megu M HoBoro coemunenus coctaa 4HOH,CNHCON(CH,OH), -
Cu(CH;COOQ), - H,0. YkazaHHBIE OIS, CXOSICh B JIByX TPOWHBIX TOYKAX CHIC-
TEMBI, IJI1 KOTOPBIX YCTAaHOBJICHBI TEMIEPATyphl KPUCTAUIM3AINH ¥ COCTaB
PaBHOBECHOT'O pacTBopa (Tabiuiia).

Ha nomutepMuyeckodl auarpaMMe HaHECCHBI W30TEPMBI PACTBOPHUMOCTH
uepe3 kaxapie 10°C, mosydeHHbIE MHTEPIONAIMEH MaHHBIX MO paspesam. Ilo-
CTPOCHBI MTPOCSKIIUU MOJUTCPMUUECCKUX KPUBBIX PACTBOPUMOCTH Ha OOKOBBIE CTO-
POHBI TMarpaMMbl TPUMETHIIONIMOUYEBUHA — BOJIa U alleTaT MeIu — BoJa. AHaIM3
JarpaMMBbl pacTBOpUMOCTH Tiokazai, uto coeauHerne 4HOH,CNHCON(CH,OH),
- Cu(CH;COO), - H,O - uHKOHTPY?HTHO PacTBOPUMOE B BOJIC.

HK-cniekTpbl TOTJIONICHUS HUCXOJHBIX KOMIIOHGHTOB — TPHUMETUIIOIMO-
YeBUHBI, aleraTa MeId W HWCCIEJOBAHHBIX KOMIUIEKCOB PETUCTPUPOBAIH Ha
criekrpodoromerpe MK-20 B o6mactu gactor 4000-400 cm™'. O6pasipr ToTOBHIM
npeccoBanrem ¢ KBr B Buzme tabnetok [6, 7]. CpaBuenue MK-cnektpa cB0o0OI-
HOM TPUMETWJIOIIMOYECBHUHBI M CIIEKTPOB €€ COSJAMHEHUH C aleTaTtoM MeIu IoKa-
3BIBAET, YTO TPHU TEPEeXO0Je OT HECKOOPAMHHPOBAHHOTO JIMTAHJA K KOMILIEKCY
OMNpPE/ICTICHHBIC HW3MEHEHUS MPETEPIICBAIOT IIOJIOCHI BaJCHTHBIX KOJeOaHUH
(N - C =0), (C-N), s(OH). B oonactu (N — C = O) ans komIuiekca HalOIIko-
JaeTcs yMeHbIIeHne 4actoT Ha 14 cm™. Ha criekTpe TMpPOMCXOINT CMEIieHHE
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Z[BOﬁHBIe nu TpOﬁHBIe TOYKHU CUCTEMBI TPUMETUIIOJIMOYCBHHA — all€TaT MEAU — BOAa

CocraB pacTBopa,

mace % Temne-
patypa
Tpume- | Aue- | Bona KpHCTaI- Teépnas paza
THJION | Tar M3AIH,
Mou4e- | MeIHu °C

BHHaA

- 56 | 944 | -14 | JIéx+ Cu(CH;COO), - H,O

50 | 67 | 83| -15 | Toxe

JIéxn + Cu(CH;COO), - H,O + 4HOH,CNHCON(CH,OH),
- Cu(CH;COO0), - H,0

JIén + 4HOH,CNHCON(CH,0H), - Cu(CH;COO), - H,0
+ HOH,CNHCON(CH,OH),

11,8 - 82,2 -2,2 JIén + 4AHOH,CNHCON(CH,0H),

Cu(CH;CO0), - H,0 + 4HOH,CNHCON(CH,0H),
- Cu(CH;COO0), - H,0

4,0 9,5 | 86,5 52,3 To xe
7,2 11,1 | 81,7 69,4 To xe

HOH,CNHCON(CH,OH), - 4HOH,CNHCON(CH,OH),
- Cu(CH;CO0), - H,0

236 | 58 | 70,6 | 262 | Toxe
293 | 80 | 62,7 | 473 | Toxe

9,5 4,9 | 85,6 -2,5

14,0 43 | 81,7 -3,4

3,6 7,7 | 87,7 242

17,1 4,5 | 784 14,7

aMHUIHOTO KapOOHaTa B HM3KOYACTOTHYIO OOJIACTh, STHM ITOKa3aHO BO3MOXKHOE
yuactue NH — C = O rpynmsl B CyIIECTBOBAaHMM KOMIUIEKCA M SIBISIETCS
JOTIOJTHUTEIIBHBIM ITOATBEPKIECHUEM €ro 00pa3oBaHMs.

Takum 006pa3oM, BHepBble BU3YaJIbHO-TIOJUTEPMHUYECKAM METOAOM H3ydeHa
TpOiHas crcTeMa pacTBOPUMOCTH TPUMETHIIONIMOUEBHHA — alleTaT MeJIu — Bojia U
MOCTPOCHA AMarpaMMa pacTBOPHUMOCTH TPOWHOW CHUCTEMBI. Pe3yibTaTsl Hccie-
JIOBaHWH TIOATBEP)KIAIOT 0Opa3oBaHWE HOBOTO BOIHOTO COENWHEHHS COCTaBa
4HOH,CNHCON(CH,0OH); - Cu(CH;COO); - H,0.
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X. Ucaxos, C. Yemanos, P. Maxmyoos, U. P. Ackapos,
H. Aboypaxumosa, K. Kabvinbex

25 KOHE 75 °C TEMIIEPATYPAJIA MBIPBIII )XKOHE MbIC ALIETATTAPBIHBIH
TPUMETUJIEHTETPATUOMOYEBUHA XYUECIHAEI'T EPITTIITIKTI 3EPTTEY

3eprreynin makcatst HOCH,NHCON(CH,OH),-Cu(CH;C0O0),-H,O xommoneHT-
Tepi apachIHIAFbI TEMe-TeHMIKTIH (PU3UKa-XUMHUSIIBIK TalAay HETi3iHIe MaKTa TYKbIMa-
PBIH JI9PUISHTIH Ipenapar TEXHOJIOTHSCHIH Kacay.

Tyiiin ce3nmep: epirimrik, Temreparypa, ASpiIerill, TPUMETHIOIMOYEBHHA, MBIC
arnietatsl, MK-ciexTp.

Summary

H. Isakov, S. Usmanov, R. Mahmudov, I. R. Askarov,
N. Abdurahimova, K. Kabylbek

STUDYING OF SOLUBILITY IN THE TRIMETILENTETRA SYSTEM
OF THIOUREA OF ACETATES OF COPPER AND ZINC AT 25 AND 75 °C

The research is the present purpose development of technology of medicine of et-
chant of seeds of a cotton. On the basis of the physical and chemical analysis is estab-
lished balances between components. HOCH,NHCON (CH,0OH),-Cu(CH;COO),-H,O0.

Keywords: solubility, temperature, protectant, trimethyl urea, copper acetate,
IR-spectrum.
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N3YUYEHHUE PACTBOPUMOCTHU B CUCTEME
TPUMETHJIEHTETPATUOMOUYEBHUHA —
ALOETAT MEJU — AHETAT IIMHKA IIPH 25 1 75 °C. Coobmienue 2

AHHOTanusi. MeToIOM H30TEpPMUYECKOro HachleHus mnpu 25 u 75 °C uzydeHbl
PacTBOPUMOCTb U XMMHUYECKOE B3aMMOACHCTBHE KOMIIOHEHTOB B TPOMHOW BOJHOH cuC-
TE€Me C YYacTHEM alleTaTOB MEJH, LINHKA U TPUMETUIICHTETPATHOMOYEBHUHBI.

KiroueBble c10Ba: pacTBOPHUMOCTD, TEMIIEPATypa, PETYIATOPEI, TPUMETHICHTETPA-
THOMOYEBHUHA, aueraT meau, MK-cnekrp.

WnTepec x M3y4yeHHIO TeTEpOTreHHBIX PaBHOBECHUH B CHCTEMax C Y4aCTHUEM
alleTaToOB MHUKPOAIEMEHTOB M THOMOYEBHHO(OPMANBICTUIHBIX COCAHMHECHUHN
00yCIIOBIIEH TPAaKTUYECKUM 3HAYEHHWEM HCXOJHBIX KOMIIOHEHTOB M WX KOMII-
JIEKCOB, TaK KaK B TMOCJIEJTHEE BPEMS CHHTE3WPOBAHBI M BBISBICHBI PETYISATOPHI
pocTa pacTEeHUI Ha OCHOBE COJICH MHUKPOIJIEMEHTOB M HHU3KOMOJIEKYJISIPHBIX
METUJICHOBBIX IIPOU3BOJHBIX THOMOYEBUHEI [1-5].

B cBs3u ¢ 3THUM METOAOM HM30TEPMHMUYECKOro HachlmeHus mnpu 25 u 75 °C
HU3Y4YEHbl PACTBOPUMOCTh M XUMHUYECKHE B3aUMOJICHCTBUS KOMIIOHEHTOB B
TPOWHBIX B BOAHBIX CHCTEMax C yJacTHEM arleTaToB MEAM MWHKA W TPUMETHUJICH-
teTpatuoMoueBUHBl (TMTMT). TpuMeTHIeHTeTpaTHOMOYEBUHY CHHTE3HPOBAIIN
10 METO/IMKAM, OIIMCAaHHBIM B paboTe [6]. XuMHUecKoe paBHOBECHE B CHCTEMAX C
yuactieM TMTMrt ycranaBauBanock yepes 2,5, 3,0 ¢yt npu 25 u 75°C coorset-
CTBeHHO. HecCKONbKO MeHbIlIee BpeMsi YCTaHOBJIEHHS paBHOBecus mpu 25°C
00BSCHICTCS MUHUMAIBHBIM THIPOIH30oM TMTMT, yBeINYHBAOIIUMCS C TTOBBI-
[IeHHeM TeMIieparypbl. [laHHbIe XUMHYECKOTO aHaIHM3a KUAKUX U TBEPABbIX (a3,
MIPOBEJICHHOTO OOIEN3BECTHBIMU METOAAMH aHAJIUTHYECKON XHUMHH, UCIIOIb30-
BallM Ui OMNpeleNieHus cocTaBoB TBepAblx (a3 mo Ckpelinemakepcy [7].
PesysibTaThl H3y4eHUs TPONHOM cucTeMsl anerar Meau - TMTM - Boga 25 u 75°C
TIpUBEIICHBI B Tabmrie 1.

IIpn n3yuenum pactsopumoctd U B3aumojeictsus TMTMT ¢ aneratamu
MEIM W [IMHKA B BOJHOW CpeJie BBISIBJICHO O0pa30BaHUE YETHIPEX HOBBIX COC/IH-
HEHUU, KOTOpBIC OBUIM BBIJCICHBI B KPHUCTAUIMYECKOM BHIC. XHUMHUUYCCKUM
aHaJIM3 COCIUHCHUN, MPOBEJCHHBIN M0 Merony [8, 9], moaTBepxkaaeT ux obpa-
30BaHHE B HM3YUYCHHBIX CHUCTEMaX: HAWICHHBIM COCTaB COCAMHEHHUM XOPOILO
COTJIacyeTcs ¢ BBIYMCIEHHBIM (Tabnmia 2).

Brinenennple HOBBIE COCMWHEHUS OBUIM Takke HWACHTH(OHUITUPOBAHEI
UK-CrIeKTpOCKOITMYECKUM METOAOM (QH3MKO-XUMHYecKoro anamuza [10-12].
HK-cnexTpsl NOrIONIEHUS UICXOAHBIX KOMIOHEHTOB - TMTMT u anieratoB Meau,
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Ta6nuna 1 — JlaHHBIE IO PAaCTBOPUMOCTH
B CHCTEME aIleTaT Me/IU - TPUMETHIIEHTETPATHOMOUYEBHHA - Bozia 25 u 75 °C

Tem- Cocras xunkoit ¢assl, CocraB TBEpJOTO OCTATKA,
nepa- Mmac.% Mac% Teepnast pasa
Typa,
°c | Cu(CH3CO,), | TMTMT|H,0 | Cu(CH3CO,), | TMTMT| H,0O
-- - 96,15 TMTMr
1,55 1,15 0,43 91,23 Toxe
1,60 1,17 10,39 79,19 Cu(CH;CO,), 4TMTMr
‘H,0
3,82 1,56 10,75 76,34 To xe
5,89 2,85 11,17 78,65 To xe
Cu(CH3C02)2 ‘4TMTMTt
25 5,91 2,87 20,44 70,16 ‘H,0 + Cu(CH;CO,),
‘TMTMrt -H,0
5,93 2,88 31,21 58,35 Cu(CH;CO,), TMTMr
‘H,0
7,94 2,71 30,65 55,82 To xe
9,45 3,61 31,44 55,05 To xe
Cu(CH3COy), ‘TMTMT
9,44 3,64 54,60 22,03 ‘H,0 + Cu(CH;3COy),
HzO
9,46 3,62 84,12 0,69 Cu(CH;COy), ‘H,0
9,48 1,82 79,63 0,38 To xe
9,56 -- 86,27 - To xe
-- -- -- 95,84 TMTMr
1,16 2,35 10,67 79,96 Cu(CH,CO,)y 4TMTMr
HzO
4,24 2,06 11,13 80,40 To xe
25 7,27 2,73 11,26 78,63 To xe
11,22 3,91 11,61 77,59 To xe
14,39 5,18 12,06 78,81 To xe
Cu(CH;COy), -4TMTMTr
14,40 5,20 48,63 39,19 ‘H,0 + Cu(CH3COy),
HzO
14,37 5,16 83,31 0,84 To xe
14,23 2,65 82,55 0,51 To xe
14,20 -- 86,24 - To xe
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Tabmuna 2 — JlaHHBIE IO PaCTBOPUMOCTH
B CUCTEME alETaT [[MHKA ~-TPUMETHIIEHTETPATHOMOYEBHHA - Boja 25 u 75°C

Tem-
rslpl))e; CocraB ﬁ:glﬂ(/(ﬂ)n ¢assl, CoctaB TB;};HC(;/FOO 0OCTaTKa, Teepnas daza
°C | Zn(CH;CO,), [TMTMrt|H,0 | Zn(CH;CO,), | TMTMT | H,0
- - - 96,15 TMTMrt
1,53 1,87 10,75 80,76 Z£58H3C02)2'4TMTMT
6,80 2,51 11,16 80,13 To xe
11,59 2,96 12,01 80,78 To xe
Zn(CH;CO,), -“4TMTMt
11,61 3,00 20,35 72,49 + Zn(CH;CO,), “TMTMT
‘H,0
11,60 3,03 31,43 53,81 ﬁ’fgmcoﬂz "TMTMr
16,85 2,67 33,35 57,03 To xe
22,05 2,58 32,86 56,07 To xe
26,15 3,53 33,45 56,77 To xe
Zn(CH;CO,), “TMTMr
26,20 3,61 47,71 37,45 ‘H,0 + Zn(CH;CO,),
“TMTMr -H,0
26,13 3,57 76,25 0,76 ﬁngﬁoZ)z "TMTMr
25,56 1,43 72,47 0,39 To xe
25,00 - 78,59 - To xe
- - - 95,84 TMTMrt
0,95 1,56 0,66 89,12 To xe
2,07 2,18 10,23 76,93 Zn(CH;CO,), -“4TMTMT
8,81 2,11 11,81 75,62 To xe
75 20,88 2,18 12,25 79,02 To xe
31,29 2,31 13,05 77,96 To xe
39,05 3,38 15,12 76,87 To xe
39,11 3,42 54,07 31,15 fnz(f(léﬁ%%i )gﬁ%\“
39,15 3,49 79,03 1,06 Zn(CH;CO,), -2H,0
39,24 1,65 72,16 0,76 To xe
39,40 - 79,61 . To xe
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LIMHKA, UCCIEAYEMBIX KOMIUIEKCOB PETUCTpUpOBaNK Ha crekrpodoromerpe UK-
20 B o6nactu yactor 4000-400 cM™'. O6pasisl ToToBMIHN IIpeccoBanreM ¢ KBu B
Buze Tabnetok. IloyueHHbIe pe3ysbTaThl NpeACTaBICHBl Ha PUCYHKE W B Ta0-

ey
i

LA b . L) & 4 4 4 LA i g 4 3 '

Lo 1 e o P _— PR | Loa I B

HK-cnexTpsr:
1 — TMTMT; 2 — Cu(CH;3CO,), “TMTMTr -H,0; 3 — Cu(CH;CO,), -4TMTMT -H,0;
4 — Zn(CH;CO,), -TMTMT ‘-H,0; 5 — Zn(CH;COO0), -4TMTMrt

[To nanueiM UK-cnekTpockonuyeckux ucciaeaoBanui, cnektpsl TMTMT u
areTaToB MEIH, IIMHKA COJEPKAT BCE MPUCYIINE UM TOJIOCHl BaJCHTHBIX U Je-
(hopMmarmoHHbIx konebanwmii. Kak cienyer u3 pesynbraToB aHanu3a MK-cnekrpos
KoMIUIeKCHbIX coeauHennii TMTMT ¢ aueraramMu Meau, IMHKA, OHU XapaKTepu-
3yIOTCS MHTEHCHBHBIM H HIMPOKHUM IOTIONmeHreM B o0racti gactot 3600-2800,

Tabnuna 3 — Copeprxkanre KOMIOHEHTOB B coenHeHUsIX TMTMT ¢ aetaramu MeTu U IIMHKA

Haiineno, mac.% Beruncaeno, mac.%
Coepprenus Me(CH;CO,), |[TMTMr| H,O |Me(CH;CO,),| TMTMr | H,O
S{‘*(gmco?)? "TMTMr 33,71 62,94 | 3,35 33,64 63,02 | 3,34
2
CU(CH3COZ)2
ATMTMrILO 11,69 87,16 | 1,15 11,64 87,21 1,15
%_‘I‘(gHﬂOZ)Z TMTMr 33,79 62,86 | 3,35 33,88 62,80 | 3,32
2
Zn(CH;CO,), -“4TMTMT 11,93 88,07 - 11,88 88,12 -
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1700-900 u 300-400 cM™', TO €CTh HMEIOT OCHOBHBIE XaPaKTEPUCTHICCKHE TOJIO-
CBI TIOTJIOLICHHUS, COOTBETCTBYIOIIUE KOJIEOaHUsIM CBOOOJHOIN MOJIEKYIIBI UCXOJI-
HBIX KOMIOHeHTOB. llpu cpaBHeHmn HMK-crieKTpoB CyIIECTBEHHBIM SBISIETCS
BBICOKOYACTOTHBIN caBuT. [lomoca mormomenus vas(NH,), v(NH), 6(NH,), v(CN)
COEIMHEHUH OTHOCHUTENBHO YHUCTOM TpPUMETWUJIEHTETpaTuoMoueBHHBI. M3 3TOrO
cienyer, uto cBsi3u NH u CN cranm 6onee mpoYHbIMHU.

CwMmernieHre 1moJoc MOTIOMeH s BaJeHTHRIX Konebannit N-I1 cBs3u B obmac-
TH BBICOKMX YacTOT OOYCJIOBJICHO pPa3pbIBOM MEXMOJICKYIISPHBIX BOJOPOIHBIX
CBsI3ell, XxapakTepHbIX Al cBoOOAHBIX Mojekyal TMTMrt. Ha UK-cnekTpax wuc-
CIIEyeMbIX COCIWHEHHWH I10JI0Ca TIOTJIOMIEHHUS, COOTBETCTBYIOIIAs BaJICHTHBIM
konebanusM cBsa3u C=S, MPOUCXOIUT MOHMKCHUE YaCTOTHI MOTJIOMICHHS ¢ 635-
655 cM' y nmurannoB mo 565-597 ecm’' y coenumenuii. B To BpeMs kak moioca
norsomenus V(CN) mpu 1520 CM'I, HaOIojaeMas B CIEKTpax CBOOOIHOM Molte-
kyast TMTMT, cMmemaercst B BHICOKOYACTOTHOH obmacti Ha 4-10 cv™'. Takue
W3MEHEHUS KoJeOaTeNnbHBIX YacToT B clekTpax komiuiekcax TMTMT aneratamu
MeJaH, HUHKa OTHOCUTEIBHO UCXOJHBIX KOMIOHEHTOB MO3BOJIIET MPEATIOJIOKHUTD,
YTO KOOPJIWHAIMS B HUX OCYIIECTBIISIETCS Yepe3 aTOM CEephl THOKapOOHMIHHON
rpynnsl TMTMt. Ha HMK-cniekTpax ruapaTHpOBaHHBIX KOMIUIEKCOB B 00jacTu
1648-1630 cM™' COOTBETCTBEHHO TI0JI0CA MOTIOMIEHH)S, 00YCIIOBIEHA BAJICHTHBIMH
1 1e(OopMaLMOHHBIMH KOJNEOAHUSIMH KPUCTAIIITM3aLUOHHON BOIBI.

[Tony4yeHHbIe HOBBIC COENMHEHHUSI OBUIM TaKKe MICHTU(PHIHMPOBAHBI U OXa-
paxTepu30BaHbl peHTreHo(}a30BbIM [13] 1 TepMUYECKHM METOAaMHU (U3UUECKOTO
aHamm3za [14, 15]. Takum 00pa3oM, U3ydeHHUEM PACTBOPUMOCTH B TPOHHBIX CHC-
teMax TMTMT —amerar Meau IIMHKA BOJA BBISBICHO OOpa3oBaHUE HOBBIX
KOMILJIEKCHBIX COSTUHEHUH:

Cu(CH;CO0), TMTM1-H,0 Zn(CH;COO),- TMTM1-H,0
Cu(CH;COO),4TMTMrt H,0 Zn(CH;COQ),-4TMTMT,
00J1aIaloNIvX SPKO BHIPAYKEHHOW WHAMBULY TbHOW 0COOCHHOCTHIO.
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Pe3iome

X. Ucaxos, C. Yemanos, U. P. Ackapos, K. Kabvinbex, X. C. Yemanos

25 KOHE 75 °C TEMIIEPATYPAJIA MbIPBIII )XOHE MbIC ALIETATTAPBIHBIH
TPUMETUJIEHTETPATUOMOYEBUHA XYUECIHAEI'T EPITTHITIKTI 3EPTTEY

W30TepMUSsIIBIK KaHBIKKaH oicrieH 25 sxome 75°C TeMmeparypaga TPUMETHIIEH-
TETPaTUOMOYEBUHA, MBIPBII )KOHE MBIC alleTaTTaPbIHBIH KaThICYbIMEH YIICYJIBI XKyHeaeri
KOMITOHEHTTEPAIH XUMHSUIBIK ©3apa SpEeKETTeCyi jKoHEe epITilITiri 3epTTeI.

Tyiiin ce3mep: epirimTik, TeMIeparypa, peryisTop, TPUMETHICHTETpaTHOMOYe-
BHMHA, MbIC aueTaTsl, MK-cnekTp.

Summary

H. Isakov, S. Usmanov, I. R. Askarov, K. Kabilbek, H. S. Usmanov

STUDYING OF SOLUBILITY IN THE TRIMETILENTETRA SYSTEM OF
THIOUREA OF ACETATES OF COPPER AND ZINC AT 25 AND 75 °C

The solubility and chemical interaction of the components in the ternary aqueous
system with the participation of copper, zinc and trimethylenetetriothiourea acetate have
been studied by isothermal saturation at 25 and 75 ° C.

Keywords: solubility, temperature, regulators, trimethylenethiourea, copper acetate,
IR spectrum.
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YIK 631.895:631.85:631.812.1

O. H. PAMA3AHOBA, C. YCMAHOB, I'. T. OMAPOBA,
I1l. BAUBAIJAEBA, . TOJIKBIH, K. KABBIIFEK

AO «MHctuTyT XMMHYecKUX Hayk uMeHHu A. b. Bextyposa», Anmarsl, Pecriyonmka Kazaxcran

UCCJEJOBAHUE ®U3NKO-XUMHNUYECKHUX CBOIICTB
HOBOI'O OPTAHOMMHEPAJIBHOT'O YJJOBPEHUS
HA OCHOBE MATHUICOJIEPKAIIETO
®OCP®OPHOI'O YIOBPEHUS U BUOMIPENIAPATA

AnHoTanusa. Ha ocHOBaHMU uccieqoBaHUM yCTaHOBJIEHO, YTO HOBOE OpPraHOMHUHE-
pajibHOE yIOOpEeHHE HAa OCHOBE MarHuicoepxamero GochopHoOro yao0peHus u ouomnpe-
mapara, COJICpXKaIero PacTUTEIBHBIA IKCTPAKT U OOpaT Kajusl, UMEET MaJIyl pPaBHOBEC-
HYIO BJIQYKHOCTh, BBICOKYIO BJIarOEMKOCTb, HECJICKUBAETCS, UTO SIBISETCS TEOPETHUUECKUM
o0ocHOBaHWEM IJIsI OECTapHOTO XpaHEHUs, CIIOCOOOB TEPEBO3KHM B 3MMHHUX, BECCHHUX,
JICTHUX, OCCHHUX YCIOBHUSX, a TAK)KC BHECCHHS B TIOUBY.

KaroueBble ci10Ba: OproHOMUHEpPANTBHOE YHOOpEeHWE, MarHuicomepkammii ¢oc-
(hOpHBIH TYK, pACTUTEIFHBINA SKCTPAKT, (PH3NKO-XMMHUYECKIE CBOWCTBA.

Jlnist opraHu3alMy MpaBHIBLHOTO XPaHEHUs, TPAHCTIOPTUPOBKH W BHECEHUSI B
MOYBY yJ0OpEHMIT HEOOXOAMMO HUCCIIE0BATh X OCHOBHBIC (PH3UKO-XMMHUYECKUE
CBONCTBA.

Hwxe npuBeieHbl XapaKTePUCTHKHN BaKHBIX B3aMMOCBS3aHHBIX ITOKa3aTeien
3TUX CBOMCTB yJIOOPCHHMIA.

I'MrpockonMYHOCTh XapaKTepU3yeT CHOCOOHOCTh YAOOpPEHWH mOorioumarh
BIary w3 BO3Ayxa. [Ipy MOBBINICHHOW THTPOCKOMUYHOCTH YJOOPEHHUS OTChIpE-
BalOT, CIICKUBAIOTCS, YXYJIIACTCS WX CHITyYeCTh W PAcCEMBAEMOCTh, TPAHYIIBI
TEPSIOT CBOIO MMPOYHOCTb.

BnasxHOCTh OCTABISIEMBIX CEIBCKOMY XO3SICTBY MPOMBIIUICHHBIX YA00pe-
HUIl (€€ MAaKCUMAJILHO JIOYCTUMBIN YPOBEHB) JIOJDKHA COCTABIISIT JIJISI a30THBIX
ynoopenwuii 0,15-0,3%, hochopubix — 3—4%, ocTayibHbIX ynoopeHuii — 1-2%. Ot
BJI&KHOCTH 3aBUCST BCE OCHOBHBIE (PU3MKO-MEXaHUUECKUE CBOMCTBA yA0OpEeHNI.

IpenenbHas BIArOEMKOCTh XapaKTEPU3YeTCs MAKCHMAJbHON BIIAXKHOCTBHIO
ynoOpeHus, 10 TOSBICHUS TOHKOHM IUIGHKM JKUAKOH (a3bl Ha TOBEPXHOCTH
TpaHyIL

CrexunBaeMoCTh — CKIIOHHOCTh YJOOpPCHUH MEepexoJuTh B CBS3aHHOC U
yIUIOTHEHHOE cocTosiHue. OHa 3aBUCHT OT BJIAYKHOCTH U BIIATOEMKOCTH YJ00-
peHui, pazmepa u (HOpPMBI YACTHL, UX MPOYHOCTH, JABJICHHUS B CIIOE, YCIOBUI M
MPOIOJIKUTEILHOCTH XPaHCHUSI.

B cBsI3U ¢ BBINIEU3TIOKEHHBIM B JJAHHOW CTaThe MPEJICTABICHBI PE3yIbTaThI
W3yYeHHS TUTPOCKOIHMYHOCTH, CJICKUBACMOCTH, BJIaro€MKOCTH, PaBHOBECHOU
BJI&KHOCTH OpraHoMHHEpajibHOro yaoopenus (OMY) Ha ocHOBe MarHuiicomep-
xamero ¢ocdoproro (M®P) ynobOpenuss u Ouorpernapara, CoJepKaliero pac-
TUTEJBHBIA IKCTPAKT U Oopar Kamusl.
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CKJIOHHOCTh NPOJYKTOB IIOIJIOIIATh aTMOC(EPHYIO Bary BIHUSET Ha yCIO-
BUS TIPOM3BOJCTBA M CYIIKH, KayecTBO MPOAYKIMHM NPU XpaHEHHH, TPAHCIIOP-
TUPOBKE U NpHUMeHEeHUH. KpUTepueMm OIEHKH TMIPOCKONNYHOCTH 3€PHUCTHIX U
MOPOLIKOOOPA3HBIX XUMHUUYECKUX MPOMYKTOB SIBJISIETCSI TUTPOCKONUYECKAsk TOYKA
1 PaBHOBECHAs BIAXKHOCTh W

Ha pucynke 1 mpuBenens! kpuBble BiaromnorjouieHuss M® ynoOpeHus Bo
BpeMEHH (CYTKH) IPU OTHOCHUTENbHON BinaxxHocTu atMochepst 40, 60 u 80%.
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Pucynok 1 — [lunamuka BiaronoriomeHus M® yno0peHus: BO BpeMEHU:
1 — oTHOCHUTENbHAS BIAXKHOCTH aTMocdepsl — 40; 2 — 60; 3 — 80%

W3 nmonmy4yeHHBIX AaHHBIX CIELYET, YTO B CIy4ae OTHOCHUTENBHOMN BIaXXHOCTH
atmoctepsr 40%, YTO COOTBETCTBYET JIETHEMY NEPHUOAY IOKHBIX PETHOHOB,
paBHOBecHasi BiaxkHOCTh W M® ynoOpenus cocrasisier 0,92 mac.%, T.e. mpu
JAHHOW OTHOCHUTEIBHOM BIAXKHOCTH aTMOc(epbl HEe MPOUCXOIUT BIIAroNOIIIO-
mennd. [lpu oTHOcmTenpHOW BiakHocTH atMocdepsr 60% (BeceHHe-TeTHHI
MEpUO/T) PAaBHOBECHAS BIIAYKHOCTh HACTYIIAET MPHU Biarocoaepxanuu 1,7 mac.%, a
ipu 80% (ocenHe-3umHMN nepuon) — 3,7 mac.%.

HccnenoBanus no onpenesneHuo BiaroeMkoctd M® ynoOpenus nokasanu,
yro oOpa3oBaHHe CBOOOJHOW BIIArd HACTYMAeT MpPHU €ro BIATOCOJCPKAHUU
7,8 mac.%.

Wzyuenne cruexuBaemocté M®P ynoOpeHHss NHpH €ro MaKCHMaJIbHOM
BIarocojep)anuu 3,7 macc.%, COOTBETCTBYIOIIEM OCCHHE-3UMHEMY TEPHOIY
XpaHeHus, TToKa3ain, 4ro oopas3usl BecoM 100 r mocne 12 9 XpaHeHus Moja Ha-
rpy3koi 2 xr npu Temneparype 80°C He NOABEPIIINCH CIUIAHUIO U KOMKOBaHHIO.

Pesynprarel nccnenoBaHuid CBUAETENBCTBYIOT O TOM, uTo M® ynoOpenus
MOKHO XPaHHTh I10JI HABECOM HABaJIOM M MEPEBO3UTH OECTAPHO, AaXKe B OCEHHE-
3UMHHUH NIEPUOIBL.

OmnpeneneHo, YTO paBHOBECHAs BIaKHOCTH W OumormpenapaTta Ipu OTHOCH-
TenpHOM BnaxkHocTH 40 % HacTtymaeT npu Biarocogepxannu 0,15 macce.%, npu
60 % — 0,5 macc.% u mpu 80 % — 0,9 macc.%. HccnenoBanus BIaroeMKOCTH
U CJIEeKMBAEMOCTH OHOIpenapara IOKa3ajd €ro BBICOKYIO BIAaroeMKOCTb —
10,2 macc.%. buonpenapar o Biarocoaepxxanus 8,5 macc.% He CIeKUBACTCA.
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Bonpuioe mpaktudeckoe 3HaYeHHE HMMEIOT JaHHBIE 10 JAMHAMUKE BIIAro-
MIOTJIONIEHUS, PAaBHOBECHON BIaXHOCTH W, BJIArOEMKOCTH M CJEKHBAaEMOCTHU
oboramenHoro ouonpenaparoM M® ynobpenws.

Ha pucynke 2 mpeacraBieHsl TaHHBIE 110 TOTIIOMEHNI0 Biarn M@ ynoOpe-
HUs1, 00OTaleHHBIM OuompernapaToM B konmuectse: 1,5; 2,0; 2,5 macc.% B cpas-
HEeHMH C HeoOorameHHBIM M® ynoOpeHHeM NpH OTHOCHTENIBHOW BIaXKHOCTU
atMocdepst 40%.

1

=
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T, CYTKH

Pucynok 2 — lunamuka Bnaronoriomennss M® ynodpenus u MO ynobpenus,
000raImeHHoro GHOIMpPenapaToM, BO BpEMEHH IIPU OTHOCHTEIBHON BIaxHOCTH aTMochepsr 40%:
1 — M® ynobpenue;

2 — M® ynobpenue oborameHHoe 6uonpemnaparom, 1,5 macc.%;

3 — M® ynobpenue oboramieHHoe oromnpemnaparom, 2,0 macc.%;

4 — M® ynobpenue oboramieHHoe GronpenaparoM, 2,5 macc.%.

Ecmu B ciiyqae M® ynoOpeHus paBHOBeCHas BIQXXHOCTh W HACTyIaeT MpU
Brarocoaepxanuu 0,92 macc.% (pucyHok 2, kpuBas 1), To 6uomnpenapar B KOJIH-
gecTBe 1,5 mMacc.% cmocoOcTByeT CHIDKEHHIO Biarocojep:kanus Ha 0,75 mace.%
(pucyHOK 2, KpuBasi 2), IpH KOTOPOM HACTyHaeT paBHOBECHAasl BIAKHOCTH W.
YBenuueHue coaepxkaHus Ouomperapata 10 2 U 2,5 macc.% TPUBOANAT K ajhb-
HEWINEMY CHMKEHHUIO TOYKH PAaBHOBECHOM BIAXKHOCTH W, KOTOpas MMEET 3Ha-
yenue 0,73 macc. % (pucyHnok 2, kpusas 3) u 0,70 macc.% (pucyHok 2, kpuBas 4).

AHanoruyHasi 3aKOHOMEPHOCTH IIPOCIEKUBACTCS WU TPH OTHOCHTEJIBHON
Braxaoctu atMocdepsl 60 (pucynok 3) u 80% (pucynok 4). Tak, eciu B cirydae
M® ynoOpeHusi, mpy OTHOCHTENBHOW BIaKHOCTH atMmocdepsl 60 %, paBHO-
BeCHas BIaXHOCT> W HacTynaeT npu Biarocofep:kanuu 1,7 macc.% (puUCyHOK 3,
kpuBas 1), To ¢ OmompemnapaToM B konmdecTre: 1,5; 2,0; 2,5 macc.%, cmocoOcT-
BYET CHI)KEHHUIO TOYKH PaBHOBECHOHU BiaxkHOCTH 10 1,3 mMacc.% (pucyHOK 3, KpH-
Bas 2); 1,25 macc.% (pucyHok 3, xkpuBas 3); 1,0 macc.% (pucyHok 3, kpusas 4)
COOTBETCTBEHHO.
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Pucynok 3 — lunamuka Bnaronoriomennss M® ynodpenus u M® ynobpenus,
000raIeHHoro GHOIMpPenapaToM, BO BPEMEHH IIPU OTHOCHTEIBHON BIaXXHOCTH aTMocdepsr 60%:
1 — M® ynobpenue;

2 — M® ynobpenue, oboramenHoe 6uonpemnaparom, 1,5 macc.%;

3 — M® ynobpenue, oboramenHoe ouomnpemnaparom, 2,0 macc.%;

4 — M® ynobpenue, oboraimeHHoe ouonpenapatom, 2,5 Macc.%

X
s
=
GE)' ——1
= 2
S ——3
5
s —=—4
=
m

T, CYTKH

Pucynok 4 — Jlunamuka Biaronoryomenns M® ynobpenust u M® ynobpenus,
o0orauieHHOro OxonpenapaToM, BO BpeMEHH IPH OTHOCHTENIBHOM BiIakHOCTH atMocdepst 80%:
1 — M® ynoGpenue;

2 — M® ynobpennue, oboramenHoe 6uonpenaparom, 1,5 macc.%;

3 — M® ynobpenue, oboramenHoe 6uonpenaparom, 2,0 macc.%;

4 — M® ynobpenne oboranieHHOe Ononpenaparom, 2,5 macc.%
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[Ipu oTHOCHUTENBHOM BiaxxHOCTH aTMOochepbl 80% paBHOBECHAs BIIAKHOCTh
W M® ynoOpeHus HacTymaeT MpH €ro Biaarocoaepxanuu 3,7 macc.% (PUCYHOK
4, xpuBas 1), a M® ynoOpeHusi, 000TaIlleHHOTO OHOMpPErnapaToM B KOIUYECTBE
1,5, 2,0 u 2,5 macc.%, ripu Biaarocoaepxxaanu 3,0 macc.% (pucyHok 4, kpuBas 2),
2,9 macc.% (pucynok 4, xpuBas 3) u 2,8 macc.% (pucyHok 4, kpuBas 4) coot-
BETCTBEHHO.

Bnaroemxocts M® ynobpenns, o6oranieHHOro OHonpenapaToM B KOJIHYECT-
Be 1,5, 2,0 u 2,5 macc.%, umeer 3Hauenue 8,2, 8,3 u 8,5 macc.% COOTBETCTBEHHO.

[NoBbimieHne 3HaueHus1 BraroeMkoctn M® ynobpenusi, odoramieHHoro 6nuo-
TpenapaToM B cpaBHEHUH ¢ HeoborameHHBIM (7,8 Mac.%), 0OBSICHIETCS BEICOKOM
BJIaroeMkocteio Ouomnpenapata (10,2 mac.%). YnoOpeHHe HE CIEKHBACTCS JIO
BlIarocojiepxanus 7,5 mac.%.

CBopHbIE TaHHBIE TUTPOCKONTNYECKHX XapakTepucTuk M® ynobpeans u MO
yaoOpeHus, 00OTalleHHOTO OWOIpernapaToM, B CpaBHEHHWH C OWOMpernapaToM
Ipe/ICTaBICHBI B TA0IHIIE.

I'urpockonmueckue cBoiictBa M® ynobpenus u M® ynobpenusi, odorameHHOro OuomnpenapaTromMm

T'urpockonuueckre cBoicTBa

OTH. paBH. OTH. paBH. OTH. paBH. |BlIAroem-
Yno6penus BJAXXH. | BJIQXKH. | BJIaXKH. | BJIaXKH. | BJIQXKH. | BJIQXH. | KOCTb
at™M., % | W,% |amm., % | W,% |amm.,% | W,% | WKk, %
M® ynobpenue 40 0,92 60 1,7 80 3,7 7,8
Buonpenapar 40 0,15 60 0,5 80 0,9 10,2

M® ynobpenue, oborameHHoe OHoIIpenapaToM

M® ynobpenue, odoraiieH.

OuornpenaparoM, 1,5 mace.% 40 0,90 60 16 80 35 8.0
M® ynobpenne, oboramen. |, 0,88 60 1,55 80 34 8,1
6uomnpemnapaTtom, 2 Macc.%

M® ynobpenwue, odoraiieH. 40 0.85 60 1.3 80 33 83

ouomnpemnaparom, 2,5 macc.%

Takum 00pazoMm, Ha OCHOBAHWHU KCCIEIOBAaHUI yCTaHOBIICHO, YTO YAOOpe-
HUSI UMEIOT MaJIyl0 PaBHOBECHYIO BJIaKHOCTb, BBICOKYIO BJIArOEMKOCTb, HECIJICIKHU-
BalOTCs. Pe3ynbTaThl UCCIICAOBaHUS SBWIMCh HAYYHOW OCHOBOWM Il OECTapHOTO
XpaHEHUsI, TEPEBO3KM U MEXAHU3UPOBAHHOI'O BHECEHHUS B IOYBY B JICTHUX,
OCEHHE-BECEHHUX, 3UMMHUX MOTOJHBIX YCIOBUSIX.

UccnenoBanus BBIMONMHEHBI 110 HayYHO-TeXHUYecKor mporpamme Ne BR05234667
B paMKax IporpaMMHo-1ieneBoro ¢puaancuporanus KH MOH PK.
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BUOITPEITAPAT )XOHE KYPAMBIH/A MATHUIA AP DOCDOPJIbI
ThIHAWUTKBIII HETT3IHAE OPTAHOMMHEPAJIZIBI TBIHAMTKBIIITHIH
OU3UKA-XUMUAJBIK KACUETTEPIH 3EPTTEY

Kypampiaga xanuii 60paTsl, eCIMIIK CHIFBIHABICEI Oap, Omompemnapar XoHEe Kypa-
MBIH/Ia MarHui 6ap GocQopibl THIHAWTKBIII HETi3IHAE albIHFBIH OPraHOMUHEPAJIBI ThI-
HAWTKBIITAPABIH TEIe-TeHJIK BUIFAJIBUIBIK, BUIFAI CHIMBIMIBUIBIK, JKaOBICKAKTHIK,
TUTPOCKOTIHSITBIK HOTHIKETIEPl KEJITipiIreH.

Tyiiin ce3mep: opraHOMUHEPAT B! THIHAUTKBIII, KYpaMbIHIa Marauii 6ap gochopisr
TBIHANUTKBIIII, ©CIMIIK CBHIFBIHIBICHI, (PU3UKA-XUMHSIIBIK KACHETTEPI.

Summary

E. N. Ramazanova, S. Usmanov, G. T. Omarova,
Sh. Baibachshayeva, B. Tolkyn, K. Kabylbek

INVESTIGATION OF PHYSICAL AND CHEMICAL PROPERTIES
OF NEW ORGANOMINERAL FERTILIZER ON THE BASIS OF MAGNESIUM
CONTAINING PHOSPHORUS FERTILIZER AND BIOPREPARATE

The results of hygroscopicity, caking, moisture capacity, equilibrium moisture of
organomineral fertilizer based on magnesium-containing phosphorus fertilizer and biopre-
paratie containing plant extract, potassium borate are presented.

Keywords: organomineral fertilizer, magnesium-containing phosphorus fertilizer,
plant extract, physical-chemical properties.
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AGROCHEMICAL, ECONOMIC AND ECOLOGICAL EFFICIENCY
OF THE COMPOSITION OF POLYFUNCTIONAL ACTION

ON THE BASIS OF DIMETHYLOLUREA PHYTO-CONNECTIONS
OF COPPER AND ZINC ON CROPS OF A COTTON-PLANT

Abstract. In this paper, it was shown that by application of the composition of the
polyfunctional action based on dimethylolurea, phyto-connections of copper and phyto-
connections of zinc as a material for preplans treatment of cotton-plant was observed
in comparison with the standard reducing the incidence of plants by root rot and gommos
on 10-16%, respectively increase of the preservation of plants for harvesting at 6000-
9000 pieces / ha, obtaining an additional yield of raw cotton -2.6-4.8 c/ha, the quality of
cotton fiber indicators are increased by 0.3-0.6%, its length is 0.2 -0.3 mm and yield of oil
1.8-4.2%. The income form additional raw cotton is equal to 38.700-71.700 tg/ha. After
harvesting in the soil, the content of easily hydrolysable nitrogen increases — 1.5-2.8 mg/kg,
assimilable forms of phosphorus pentoxide — 1.3-3.7 mg/kg soil and soil organic matter —
3.6-4.8 t/ha.

Keywords: etchant, composition of polyfunctional action, dimethylolurea, phyto-
connections of copper, phyto-connections of zinc, cottonplant, increase, income, quali-
tative indicators.

An important factor in the intensification of crop production is protection of
agricultural crops from harmful objects [1]. All over the world, annually every
year about 35% of the crop were lost from pests, diseases and weeds [2]. The
concept of integrated protection of plant against diseases provides for integrated
use of modern agricultural technology, sustainable varieties, as well as rational
use of chemical and biological means of protection. Necessity use of pesticides
which caused by increasing losses from harmful organisms and weeds, deterio-
ration of the quality of crop products and at the same time absence of real alter-
native methods, a lack of steady grades, their high economic efficiency [3, 4].
Cotton plant — one of the main agricultural crops in South Kazakhstan region. In
the complex events to increase its yields the significant place occupied protection
of cotton plant against harmful organisms.

Chemical methods of struggle were led to a number of negative conse-
quences of environmental pollution and others. The severe consequences of the
"pesticide syndrome" urgently required the search of an alternative existing cotton
plant protection strategy, which created prerequisites for developing the principles
of integrated management of the number of harmful and useful species in cotton
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agrobiocenoze, based on widespread use of ecological approach for plant pro-
tection [5].

The main purpose of the work was to study the technological methods for
application of compositions of polyfunctional action on cotton crops to protect
seeds from diseases, to increase yields, to improve the condition of the soil and
the quality of products, as well as economic efficiency.

In the vegetation period 2016 in the Maktaaralsky region of South Kazakh-
stan area at the experimental site of LLP "Hazrat-Ali-Akbar" was carried out field
experiment on cotton crops in order to determine the biological, agrochemical and
economic efficiency of preparative form of composition polyfunctional action
based on dimethylolurea (DMU) and phyto-connections of copper (PCC) and
dimethylolurea (DMU) and phyto-connections of zinc (PCZ).

Field experiment with a triple repetition, placed in one tier, size of the plots
of 0.1 hectares, the area under the study were -1.5 hectares.

The main plowing on the trial plot was done on November 23, 2015. Harro-
wing held on April 22, 2016, after following by a 2-fold chilling. Seeding of
cotton seeds, treated with Sunkar-3 disinfectant and the effective substance of the
composition of polifunctional action were made on April 28, 2016, combination
with harrowing. Ammonium nitrate was introduced into the soil on June 27, 2016
at the beginning of the budding phase.

Agrotechnics of experience is common for Maktaaral cotton-growing zone.
Cotton seeds Mactaaral-4005, the first reproduction. Watering 2 times. Prepa-
rations before processing of cotton seeds were diluted with water with calculation
of 15 liters of working solution on 1 ton of seeds. The degree of soil salinity was
0.075% for Cl-ions (a strong degree of salinity).

Scheme of field experience, the cultivation of cotton plants are following:
introduction of ammonium nitrate into the phase of budding — 200 kg/ha (N-68);
in the reference version, Sunkar-3 was used in an amount of 0.5 I/ha, in experi-
mental variants, I/ha: 4DMU-PCC - 0.25, 0.5; 4DMU-PCZ - 0.5.

Table 1 shows, the results of biological studies to determine the degree of
affection of cotton plants by root rot and gummosis in mid — May, as well as the
preservation of plants for harvesting (the beginning of month of September).

Table 1 — Effect of seed Protestants on the degree of plant damage
by disease and preservation for harvesting

Degree of disease )
Variants affection, % Pres§rvat10n of plan.ts
for harvesting, thousand pieces/ha
rootrot | gommoz
1. Control 17 21 103
2. Sunkar-3 (0,5 1/ha) 1,8 2.0 117
3.4DMU - PCC (0,25 1/ha) 1,5 1.75 123
4. 4DMU - PCC (0,5 1/ha) 1,40 1.70 125
5.4DMU - PCZ (0,5 1/ha) 1,42 1.69 126
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It was shown that in the season of 2016, cotton plants on the experimental
plot in the control variant were destroyed by root rot by 17% and gummosis —
21%, the preservation of plants for harvesting 103 thousand pieces / ha. In variant
where used the seed dressing Sunkar-3 root rot was destroyed only 1.8% of the
plants and gommoz — 2.0%, and the safety of the plant to harvest — 117 thousand
units/ha. It is established that compositions of multifunctional action in com-
parison with Sunkar-3 lower a disrupt of plants by 10-16% root decay and
gommoz, ensure larger safety of plants to harvesting on 6-9 thousand pieces/ha.

Table 2 presents the results of phenological observations, plant growth and
development and the raw cotton crop.

Table 2 — Growth, development of plants and harvest of raw cotton

Height of the main|  Number Number of Number Harvest
stalk by dates of buds, |fruit branches,| of boxes, of raw Harvest
Va- | of vegetation, cm | piece /plant | piece/plant |piece / plant | cotton, c/ha | ©of raw
riants date cotton
106 | 1.09 1.07 1.08 1.09 2010 |c/hal %
1 114 62.1 7.3 5.3 6.3 25.2 - -
2 11.9 65.7 7.5 6.0 6.5 28.7 3.5 113.88
3 12.5 66.9 8.9 6.5 7.7 31.3 6.1 | 24.20
4 12.8 67.1 9.0 6.7 7.9 33.5 8.3 132.90
5 12.75 67.2 9.1 6.7 7.9 334 8.2 | 32.50

The obtained data indicate that seed treatments Sunkar-3 and preparative
form of polyfunctional action on the basis 4 DMU-PCC and 4 DMU-PCZ posi-
tively affect growth and development of plants, accumulation of fruit elements
and ultimately provide the increases of cotton yields.

It should be noted that the compositions of polyfunctional action can save
more boxes at the end of the vegetation and consequently increase the yield of
raw cotton.

If in case of option with Sunkar-3 number of boxes of 6.3 pieces/ plant and
an increase of harvest were made 3.5 c/ha, then compositions of polyfunctional
action on the basis of double connections 4 DMU-PCC and 4 DMU-PCZ at the
same rate provide accumulation of boxes of 7.7 and 7.9 pieces/ plant and an
respectively increase of harvest makes 8.2 and 8.3 c/ha. Reducing the norm of the
composition in 2 times to led obtain an additional crop raw cotton 6.1 c/ha.

Economic indexes of the application of composition of multifunctional
action on the basis of double connections 4 DMU-PCC and 4 DMU-PCZ on crops
of a cotton are presented in table 3.

From obtained data follows that, the economic efficiency due to additio-
nal harvest in a case of Sunkar-3 with the deduction of its value compiled
51 300 tg/ha, in case of polyfunctional composition action this index matters were
90 000 — 123 000 tg/ha.
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Table 3 — Economic indexes of application of composition on cotton crops

Va- Harvest of cotton-raw, ¢/ha Economic efficiency in comparison with monitoring
riants - - at the expense of a harvest increase
inall increase harvest with deductions of cost of preparation, tg/ha

1 252 - -

2 28.7 3.5 51300

3 313 6.1 90 000

4 335 8.3 123 000

5 334 8.2 122 500

Note. Value Sunkar-3 — 1200 tg/ha, compositions based on 4 DM - PCC (PCZ) is —

1500 tg/ha, raw cotton cost is— 150.0 thous. tg/t.

Table 4 shows qualitative indicators of cotton fiber and oiliness seeds. It is
established that in variants by using the composition of polyfunctional action, the
qualitative indicators of cotton fiber and oiliness seeds have the best indicators.

Table 4 — Average date of qualitative indicators of cotton fiber and oiliness of seeds

Variants Fiber output, % Fiber length, mm Varieties Oiliness of seeds, %
1 32.0 32.1 first 16.3
2 325 323 selective 16.5
3 32.8 32.5 selective 16.8
4 33.1 32.6 selective 17.2
5 33.0 32.6 selective 17.2

The greatest theoretical and practical significance have the content of
movable forms of nutrients elements and humus at the end of vegetation. From
the obtained data of table 5 follows that the etchant of seeds Sunkar-3 and
compositions of polyfunctional action not only increased productivity the of
cotton plant, but also contributed greater accumulation in the soil at the end of the
vegetation of movable forms of nutritive elements and humus.

Table 5 — Contents of movable forms of nutritive elements and humus
in the soil (0.0-30.0 cm) at the end of vegetation

) Nutrient elements content, mg/kg soil Humus

Variants o,
N P,0s K,0 %

1 17.5 10.9 210 1.09

2 22.4 12.8 215 1.10

3 23.9 14.1 216 1.19

4 25.1 16.4 220 1.21

5 25.2 16.5 219 1.22

242



ISSN 1813-1107 Ne'l 2018

So if at the end of vegetation in the case of a control variant readily hydro-
lyzable nitrogen was 17.5 mg/kg of soil, movable forms of phosphorus pentoxide
was — 10.9 mg/kg of soil , exchangeable potassium dioxide was — 210 mg/kg of
soil and humus — 1.09%, then in the variants with seed dresser Sunkar-3 and com-
positions of polyfunctional action with readily hydrolyzable nitrogen value were
22.4-25.2 mg/kg of soil, movable forms of phosphorus pentoxide was 12.8-
16.5mg/kg of soil and exchangeable potassium dioxide — 215-220 mg/kg of soil,
humus — 1.10-1.22%. It should be emphasized that the compositions of polyfunc-
tional action favorably differ from Sunkar-3 seed dressing by additional content
of mobile forms of nutrients, especially by accumulation of humus, which was
3.6-4.8 t/ha.

Conclusions. Application of as a material for preplant treatment of cotton
seeds by compositions of polyfunctional action in comparison with Sunkar-3
disinfection were provided:

— decrease damage to plants root rot and gomos on 10-16%, accordingly, the
safety of plants for harvesting more than 6-9 thousand piece/ha;

— receiving additional harvest of raw cotton 2.6-4.8 c/ha;

— economic efficiency due to additional harvest was 38 700 - 71 700 tg/ha;

— increase after harvesting in soil, (mg/kg of soil): easily hydrolysable nitro-
gen - 1.5-2.8, easily hydrolysable nitrogen — 1.5-2.8, assimilable forms of phos-
phorus pentoxide were — 1.3-3.7;

— accumulation in the soil 3,6-4,8 t/ha of humus;

— increase in fiber output — 0,3-0,6%, its length — 0,2-0,3 mm, oiliness of
seeds were — 1,8-4,2%.

The research was carried out according to the scientific and technical

program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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MAKTA ET'CTII'HAEI'T JUMETHUIJIIOJIMOYEBUHA, MBIPBIII )KOHE
MBIC ®UTOKOCBUIBICHI HEI'3IHAE AJIbIHFAH KOIIOYHKIITMOHAJIJIbI
OCEPI BAP KOMITO3ULIUAHBIH BUOJIOT' UAJIBIK, ATPOXUMUAJIBIK,
OKOHOMUKAJIBIK ’)KOHE 9KOJIOT AJIBIK TUIM/IIJIITT

JKymMpIicTa MaKkTa eTicTiriHaeri AMMETHIIOIMOYEBHHA, MBIC JKOHE MBIPHIII (PUTOKOCHI-
JIBICHI HETI31H/Ie aJibIHFaH KOM(yHKIIHOHAIIB dcepi 0ap KOMIIO3UIUSHBIH OHOJIOTHSIBIK,
ArPOXMMUSIIBIK, SKOHOMHUKAIBIK JKOHE DKOJOTHSUIBIK THIMALTIKTCPIHIH HOTIIKEIEP] K-
TIpi.

Tyiiin ce3aep: nopinerini, KeNpyHKIMOHAIIB! dcepl Oap KOMIO3UIHS, JTUMETHIION-
MOUYEBHHA, MBIC (DUTOKOCBUIBICHI, MBIPBIII (PUTOKOCBUIBICHI, MAKTa, ©CIM, KIpIC, CaMabIK
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ATPOXNMHNYECKA A, SDKOHOMUYECKA S, DKOJIOI'MYECKA
SOOEKTUBHOCTH KOMITO3ULIMU TOJIUPYHKIIMOHAJILHOI'O JIEVICTBUSA
HA OCHOBE JIUMETUJIOJIMOYEBHHBI, ®UTOCOEJUHEHWI MEJIU
N ITMHKA HA TIOCEBAX XJIOITYHATHUKA

[TpuBeneHs! pe3ynbTaThl UCCIENOBAHUN OMOJIOTMYECKOH, arpOXUMHYECKOH, HKOHO-
MHYECKOH M AKOJIOTHIECKOH 3()(PEKTHBHOCTH KOMITO3HMIMH NOIH(YHKIIMOHAIBHOTO JCH-
CTBHS Ha OCHOBE IMMETWIOIMOYEBHHBI, (PUTOCOCAMHEHUS MeId U (UTOCOCTMHEHHMS
[IMHKA Ha TIOCEBAX XJIOMYATHUKA.

KnroueBble ci10Ba: IpoTpaBUTENIb, KOMIIO3HIHS TTOJN(YHKIMOHAIEHOTO ICHCTBHS,
JVMETHIONIMOYEBIHA, (DPUTOCOCTUHEHNE Mean, (UTOCOCAWHEHNE IMHKA, XJIOMYaTHHK,
npubaBka, 0X0J, KadeCTBEHHBIE OKA3aTeIH.
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INFLUENCE THE TEMPERATURE AND CONCENTRATION
OF LEAD (IT) ON ITS SORPTION BY ACIDOMODIFICATED ZEOLITE
FROM CONCENTRATED PHOSPHORIC ACID

Abstract. The sorption of lead (II) cations from concentrated phosphoric acid
(85.2 %) was studied by the acid-modified zeolite of the Shankanay deposit. The mutual
influence of temperature and concentration of Pb>" cations on the process of their sorption
is revealed, the time has no significant effect.

The sorption curves of the dependence of the residual content of lead (II) on the
temperature in phosphoric acid with a content of 10 and 55 mg/Pb have a minimum at
43 °C, corresponding to its maximum absorption. in phosphoric acid with Cp, equal to
28 mg/l with increasing temperature, the sorption curves increase, and with Cp, equal to
100 mg/l - decrease, respectively, the degree of sorption decreases and increases. The
curves for the residual content of lead (II), depending on its concentration up to 30 °C,
have a minimum at Cp, of 28 mg/l, corresponding to a high degree of lead sorption (99.0-
99.6 %), and in the range from 45 to 70 °C - a maximum characterizing the lower degree
of Pb absorption. Moreover, the maximum on the sorption curves with increasing tempe-
rature shifts to a region of solutions less concentrated in lead content. The appearance of a
maximum or minimum on the sorption curves of Pb*" cations is due to the desorption
process, when under the conditions under study the sorbed cations from the zeolite exit to
the solution.

Keywords: heavy metals, lead cations, acid-modified zeolite, sorption, phosphoric
acid.

Introduction. Studies of the adsorption properties of natural zeolites to a
number of heavy metals in aqueous media have been widely performed in [1-4].
Structural features of natural zeolites determine the penetration of not only metal
cations with large radii, but also molecules into the crystalline structure of natural
zeolite [1, 5]. During sorption, the ions (molecules) of the sorbate migrate from
the volume of the medium to the surface of each body and pass into its adsorption
layer. Adsorbed ions migrate in this layer, diffuse into the body volume or are
desorbed. If the interaction of sorbate molecules with each other is sufficiently
strong, they are assembled into two-dimensional clusters that can expand along
the surface until they come into contact with neighboring clusters [6]. Migrating
along the surface, the molecules for some time are in some adsorption center, and
then jump to the next center. In this case, the residence time of a molecule on the
vertices, edges or steps on the faces of a single crystal can differ by a factor of
tens. The difference in the residence of molecules in adsorption centers located on
crystalline faces with different atomic relief is equally great. Therefore, faces with
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an unequal number of steps have different sorption capacity: each face is cha-
racterized by its own local adsorption coefficient and sorption capacity.

In recent years, sorption purification methods using activated zeolites have
become widespread [7, 8]. The acid activation of natural zeolites is accompanied
by a process of dealumination, which is caused by the unblocking of the channels
of the zeolite framework, which leads to an increase in the Si/Al ratio and the
formation of silanol groups, an increase in the effective size of micropores, and an
increase in the capacity of zeolite exchange [9-13]. Along with the appearance of
active in the sorption of H™ exchange acid sites and the displacement of aluminum
(AI’") in the exchange positions, as a result of acid activation, the arrangement of
active sites is more favorable for the interaction of reacting substances. In ad-
dition, when acidizing zeolite, the liberated silica increases the specific surface
area and porosity of the activated samples and removes impurities blocking the
channels. The stability of the silica-alumina skeleton of high-silica zeolites to the
action of acids has increased the possibilities of regulating their properties by
decationizing and dealumination under various conditions of acid treatment.

A significant number of works are devoted to IR spectroscopic investigation
of clinoptilolite after hydrochloric acid activation [14-19]. According to the
obtained data, silanol groups Si-OH, bound by hydrogen bonds, removal of alu-
minum from the sorbent framework, and formation of "hydroxyl nests" associated
with the formation of Al-O vacancies occur in the structure of the natural zeolite
after acid treatment. In this case, an increase in the amount of loosely bound water
and a decrease in water molecules involved in the formation of hydrogen bonds
with silanol groups and the hydration of out-of-frame cations occur.

It has been found that acid-activated clinoptilolite tuffs exhibit high sorption
properties, for example with respect to phenylalanine [20], formaldehyde [21],
NH," ions [22], and SO, molecules [23]. Acid modification of natural zeolite
allows to obtain efficient sorbents with respect to cations of heavy metals in
aqueous media [24, 25]. It can be seen from the review that the applications of
zeolites in various industries can be significantly expanded by modifying them.
The aim of this work was to study the sorption of Pb (II) cations by the acid-
modified zeolite from the Shankanay deposit from concentrated phosphoric
acid.

Experimental part

Lead-containing phosphoric acid with a predetermined concentration of Pb*"
cations was prepared by introducing in the H;PO4 (85.2 %) the calculated amount
of lead acetate Pb(CH;COQ),3H,0 of the grade "chemical pure". As a sorbent,
the zincite of the Shankanay deposit, modified with 15 % hydrochloric acid, was
used. The sorption of lead (II) cations was carried out in a thermostated reactor
under the conditions of mixing the sorbent (Solid) with lead-containing phos-
phoric acid (Liquid), taken in a ratio of S:L equal to 10:100. The initial and final
concentrations of lead ions in solutions were determined on an atomic absorption
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spectrophotometer type AA-7000, the company "Shimadzu Corporation"”, Japan,
No. A30664901456. The relative standard deviation of the output signal is 2 %.

Sorption was assessed by the change in the content of Pb® * cations in solu-
tion, i.e. by the difference between the initial concentration and its residual con-
centration. The degree of sorption (extraction) is the ratio of the difference bet-
ween the initial and reached the concentration of the cation Pb (II) to its original
content reached at a fixed time.

The degree of purification of various media, including phosphoric acid,
depends significantly on the main parameters of the sorption process (tempera-
ture, cation concentration Pb**, time). A study of the mutual influence of these
technological factors on the process of purification of phosphoric acid from lead
ions ((II)) with the acid-modified zeolite of the Shankanay deposit was carried out
using the method of mathematical planning of the orthogonal rototable 3 factor
experiment of the 2nd order [26].

Variable (input) factors of the process were: Z,- temperature (20 -70°C); Z; -
C concentration of cations Pb* " (10-100 mg / 1); Z, - time (5 - 60 minutes). These
changes in the concentration of Pb (II) cations correspond to a possible range of
their presence in acidic effluents and other contaminated solutions, as well as in
thermal and extraction phosphoric acid.

The determined (output) parameter Y1 (response) was the residual content of

Pb’ " ions in the liquid phase of the "Pb > " acid acid-acid-modified zeolite"
system under investigation after its purification by the sorbent.

The coordinates of the center of the plan, the variation intervals and the study
levels are represented by the natural values Z;, Z,, Z; in table 1.

Table 1 — Coordinates of the center of the plan, levels of variation

Value of variables
Natural
Coded
71, time, min Z,, T°C Zs, mg/1Pb*
The upper level (+1) 48,9 59,9 81,8
The center of the plan is the zero level (Zi%) 32,5 45 55
The lower level (-1) 16,1 30,1 28,2
Interval of variation along the axis (AZi) 16,4 14,9 26,8
Star shoulder (+1,682) 60 70 100
Star shoulder (-1.682) 5 20 10

The experimental conditions and the results obtained in table 2.

With the use of computer processing of experimental data, a regression
analysis of the results was carried out. A regression equation describing the
dependence of the residual lead content in an acid medium after its removal by an
acid-modified zeolite on the process parameters under study was obtained by
correlation analysis after elimination of insignificant coefficients.
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Table 2 — Process conditions, content of Pb* " sorption cations and the degree of their sorption
by acid-modified zeolites in acid medium

No. The intrinsic value of experiments Content of Pb%" The degree of
of experience X, min X,, °C X, mg/l after sorption, mg/1 sorption (R), %
1 16,1 30,1 28,2 4,03 85,71
2 48,9 30,1 28,2 4,13 85,35
3 16,1 59,9 28,2 4,42 84,32
4 48,9 59,9 28,2 5,21 81,52
5 16,1 30,1 83,7 9,36 88,81
6 48,9 30,1 83,7 9,42 88,74
7 16,1 59,1 83,7 9,46 88,69
8 48,9 59,1 83,7 1,05 98,74
9 5 45 55 5,78 89,49
10 60 45 55 5,94 89,20
11 32,5 20 55 6,41 88,34
12 32,5 70 55 7,74 85,92
13 32,5 45 10 1,16 88,40
14 32,5 45 100 1,04 98,96
15 32,5 45 55 5,44 90,11
16 32,5 45 55 5,69 89,65
17 32,5 45 55 3,20 94,18
18 32,5 45 55 5,82 89,41
19 32,5 45 55 7,14 87,01
20 32,5 45 55 6,51 88,16

Results and discussion

After processing the obtained data and excluding the insignificant factors, the
regression equation is given below, in which six coefficients are significant:

¥=5,793-0,527X,+0,493X,+1,805X5-1,326X5"-2,238X,X; (1)

The adequacy of the regression equation was verified by the Fisher criterion.
As a result of optimization of the calculations, it was found that the calculated
value of the Fisher test is less than the tabulated value:

F<F1—p (2)

namely 4.2728734016 <4,69999998, therefore, the equation adequately describes
the experiment.

An analysis of the regression equation obtained showed that the tempera-
ture and concentration of Pb*" ions have the greatest influence on the sorption of
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Pb (II) cations. Comparison of the coefficient values showed that the time has no
significant effect on the output parameter.

As already noted, temperature has a significant effect on sorption purification
processes, using both natural aluminosilicate sorbents and their modified forms as
sorbents. According to the regression equation 1 describing the sorption of Pb**
cations by an acid-modified zeolite in phosphoric acid, the effect of temperature
on the output parameter is complex and is represented by positive linear (X;) and
double interaction of process temperature and lead cation (X,X3) concentration
with a minus sign. In the regression equation, before the variable temperature
coefficient (X;) there is a plus sign. That is, the temperature factor affects the
output parameter not only as a double interaction with the third factor (X,X3), but
also independently, and directly proportional. A comparison of the values of the
coefficients showed that the greatest influence on the output parameter is exerted
by a double interaction of the process temperature and the concentration of Pb>"
cations. It follows from the regression equation 1 that the double interaction
(X5X3) has a minus sign at a coefficient. That is, a decrease in the value of only
one factor (either temperature or Pb concentration) can increase the purity of
phosphoric acid. The simultaneous decrease or increase in the values of both
factors in the regression equation when they multiply gives a plus sign and, as a
result, a decrease in the degree of purification. Simultaneous decrease in the
values of temperature and concentration leads to poor purification of the acid
medium, and a simultaneous increase in their values may contribute to the
desorption (exit) of lead ions from the sorbent solution.

The graphical dependence of the obtained dependences of the residual
content of Pb>"ions in the liquid phase of the "Pb*" -H;PO,-acid-modified zeolite"
system on temperature is shown in Fig. 1. It can be seen that in low- and medium-
concentrated lead-containing solutions (10 and 55 mg / 1 Pb) cations of Pb> " are
extreme with a minimum at 45°C, which is most pronounced in solutions obtained
with Cp, equal to 10 mg/l, and corresponds to the highest degree of sorption of
Pb® * cations (figure la, c). For example, 47.5 % Pb is sorbed from an acidic
solution with Cp, equal to 10 mg /1 at 20 ° C for 16 minutes, 99.5 % Pb at 45 ° C,
63 % Pb at 60 ° C, and Pb at 60°C, 28 % Pb. Moreover, in low-concentration
solutions of lead, an increase in the duration of the process has a slight negative
effect on the sorption capacity of the sorbent. That is, with decreasing phase con-
tact time, the degree of sorption somewhat increases as the temperature decrea-
ses. Thus, 99.5 % Pb sorbed in 5 min at 45 ° C, 95 % Pb in 16 min, 91 % Pb in
32 min, 84 % Pb in 50 min and 81 % in 60 min, 3 % Pb.

In solutions with a lead content of 28 mg/l, the extreme dependence of the
sorption curves on temperature is smoothed (figure 1b), i.e. As the temperature
rises, the residual content of Pb (II) cations constantly increases, so the degree of
sorgtion decreases. Thus, 95.7 % Pb is sorbed in this solution for 5-16 min at
20 °C, 94.04 % Pb at 30 °C, and 69.85 % Pb for 60 min.

In solutions with a lead concentration of 82-100 mg/l, an increase in the
process temperature has a positive effect. Under the investigated conditions, the
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Figure 1 — Effect of temperature on the residual content of Pb (II) cations
in the system «Pb?" - H3PO, - acid-modified zeolite»:
a—10 mg/l Pb>"; b—28 mg/l Pb*>*; ¢ — 55 mg/l Pb**; d — 100 mg/l Pb**

residual content of Pb> " cations in the liquid phase of the system decreases with
increasing temperature, and the degree of their sorption increases accordingly
(figure 1d). For example, in a solution with Cp, equal to 100 mg/1 at 20°C and 16
min, the sorption degree of Pb>  ions reaches 86.9%, at 40 °C - 94.2%, at 70 °C -
99.1 %.

The effect of the concentration of Pb> * cations on its residual content in the
system under study is complex and is represented in the regression equation 1 by
a positive linear concentration factor of lead (X3) and its negative quadratic term
(X5%). In this case, the values of the coefficients of the factor under consideration
are Cpp, (X3) higher than in X; (time), which indicates a significant influence of
lead concentration on the process of its sorption compared with time.

It should be taken into account that in the regression equation 1 the influence
of Cp, is also represented by a negative double factor of its interaction with the
process temperature (X,X3). A comparison of the values of the X,X; coefficients
showed that a double interaction of the Pb> " cation concentration and the process
temperature has a significant effect on the output parameter. The minus sign at the
coefficient of variables X,X; in the regression equation shows that the simul-
taneous increase or decrease of the values of these factors will not lead to the
purification of the acidic environment. On the contrary, a decrease in the value of
one of the factors with an increase in the value of the other leads to an increase in
the degree of sorption of lead. The considered interference of factors and their
effect on the response is well demonstrated by the graphs below (figure 2). In the
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Figure 2 — Influence of the concentration of cations of Pb (II) on its residual content

in the system «Pb” " - acidic medium - acid-modified zeolitex:
a—-30°C;b—-45°C;c—-60°C;d—-70°C
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regression equation 1, the plus sign is used before the coefficient of variable lead
concentration (X3). That is, the concentration factor of lead (II) affects the output
parameter not only in the form of negative quadratic and double interaction with
the second factor (temperature), but also independently, and directly proportional.
The higher the concentration of lead in solution, the more it remains after the end
of the sorption process. At the same time, the value of the coefficient X; shows a
greater effect than the influence of its quadratic factor Xs*, but a slightly smaller
effect compared to the double factor X,X;. That is, even in lead-concentrated
solutions, the acid-modified zeolite will exhibit rather high sorption properties.

The curves of the residual content of Pb*" ions as a function of their con-
centration over the whole time interval studied at 20-30°C have a minimum in
phosphoric acid with Cp, equal to 28 mg/l, which corresponds to the maximum
absorption of Pb” " cations by acid-modified zeolite 99.0-99.9 % (figure 2 a).

The sorption curves of lead depending on its concentration at elevated tem-
peratures from 45 to 70°C are characterized by a clearly pronounced maximum,
which is due to the influence of the double factor X,X; (figure 2b, ¢, d). The
sorption capacity of the acid-modified zeolite under these conditions increases
slightly with the increase in the concentration of Pb® " cations, and then increases.
For example, the degree of sorption in a system with Cp, equal to 10 mg/1 reaches
90 %, with Cp, equal to 40 mg/l — 86 %, Cp, equal to 73.5 mg/l - 91.4 %, and with
Cpp equal to 100 mg/l -94.8 % at 45 °C for 16 minutes. Moreover, the maximum
on the sorption curves shifts to the region of lower concentrations with increasing
temperature. So the maximum is prescribed in H;PO, with a concentration of
73.5 mg/l Pb> " at 45 °C, with Cp, equal to 52.6 mg/l Pb*> " at 60 °C, and with Cp,
equal to 31.6 mg /1 Pb*> " at 70°C. At the same time, a high degree of sorption of
99.0-99.8 % is already achieved in phosphoric acid with Cp, equal to 100 mg/1. It
is possible that at an elevated temperature in concentrated phosphoric acid the
process of dealumination continues, which causes an increase in the sorption
capacity of the acid-modified zeolite with phosphoric acid with a high content of
Pb*" cations. That is, in the purification of lead-containing phosphoric acid by
acid-modified zeolite, the concentration of lead must be taken into account. A
high degree of purification can be achieved practically in the entire investigated
range of Pb (II) ion concentrations, selecting the process temperature.

It should be noted that the presence of a maximum or minimum on the sorp-
tion curves appears to be due to the saturation of the zeolite and, as a conse-
quence, the deterioration of its sorption properties. This process, in turn, may be
caused by the system's striving for equilibrium, in which the concentration of lead
in both phases is equalized. That is, the appearance of a maximum on the sorption
curves is due to the desorption process, when under these conditions the sorbed
cations from the zeolite exit to the solution.

Thus, when choosing the optimal conditions for the purification of concen-
trated phosphoric acid from cations of Pb>" with an acid-modified zeolite, the
temperature of the process and the concentration of lead (II) cations should be
taken into account first. On the basis of the studies, optimum conditions for the
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maximum hollow purity of a low-concentration lead (10 mg/l Pb) of phosphoric
acid were found: time - 16 min, temperature — 45 °C; more concentrated in lead
(28-100 mg/l Pb) of H3PO,, the time is 50 minutes, and the temperature is 40 oc,
anf)l in high-concentrated for lead H;PO, the temperature needs to be raised to
70°C.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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P. A. Kaiiviybaesa, A. A. Azamaesa, H. H. Koswcabexosa, K. E. Epmekosa,
P. M. Yepnusxosa, O. K. XKycinbexos, A. K. Mycaesa

KBIIKBIJIMEH MOJIU®UKALTUAIIAHF AH HEOJIUT APKBIJIbI
KOHIEHTPJII ®OC®OP KbIIIKbIJIbIHAH KOPFACBIHHBIH
COPBLUATTAHYBIHA TEMITEPATYPA MEH KOPFACBHIH (1)

KOHIEHTPALIACBIHBIH ©OCEPI

[ITankanaii KeH OpPHBIHBIH KBIIIKBUIMEH MOJM(UKAIMSAIAHFAH ILIEOJIHUTI apKbIIbI
koHueHTpii (ochop kprmkeuibHAH (85,2 %) KopraceH (II) xaTnoHmapbH copOuumsIay
nponeci 3eprreni. Temmeparypa MeH Pb”" kaTHOHIAphI KOHIIEHTPALMACHIHBIH OJap/IbIH
copOumsiTaHy MpoIeciHe e3apa dcep ETETiHI aHBIKTAIIbI, AT yaKbIT OHINA dcep STHEeH/I.

Kypambiaga 10 sxoHe 55 mr/Pb 6ap ¢ocdop kbiukpuibiHaarsl KoprackiHHBIH (I1)
KallFaH MOJIIIEPiHiH TeMIIEpaTypara TayeNi COPOUUSIBIK KUCHIKTaphIHbIH 43°C-Ta MUHU-
MYMBI 0ap, SFHU OYJI OHBIH €H KOl MeJlIepie copOuusianFabiH kepcereai. Kypambinaa
28 mr/n Cpp, 6ap Gocdop KBIIIKBUIBIHIA TEMIIEpaTypa apTKaH CaliblH COPOLINS KUCHIKTAPhI
JKorapeuIaiael, an Kypambeigaa 100 mr/n Cp, 6ap hocdop KbIIIKBLUIBIHAA TOMEHICH]TI,
SIFHU COWKECIHIIIe cOpOIMs Jopexkeci azasipl xoHe apranbl. Kopraceiaabig (II) koHIeH-
Tpanusra Toyenai Kamrad memmepi 30 °C Cp, KOHIEHTparuscel 28 Mr/in TeH OoJFaHza
MHHHMYMBI 0ap, 0JI KOPFaCBhIHHBIH >KOFAapFbI copoumsuiany nopexecine (99,0-99,6 %) caii-
Kec Kenei, an 45-ten 70 °C-ka jeiiiHri Temreparypa apajbFblHIa KOPFACHIHHBIH TOMEHT'
copOumsTany AopekeciH kepceTeTiH MakcuMyM Oap. CopOUMSIBIK KHCHIKTapAa TeMIIe-
paTypa apTKaH CaWblH maia OOaTBIH MaKCUMyM KOpPFachIH MeJmepi OoWbIHINA a3
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KOHIIGHTPI epiTiHjinep akKka Kapail biFbicambl. Pb’" KaTHOHZApBIHBIH cOpOLUsIIaHy
KHMCBIKTapbhIH/Ia MaKCUMYMHBIH HeMece MHHUMYMHBIH Taija Oonybl aecopOnusiany
MIpOIIeCiMEH TYCIHZIpiieai, SIFHU 3€PTTEIiN OTHIPFaH JKardaiiapiaa copOLysUIaHnFaH Ka-
THOHJIAPIBIH [ICOIUTTEH KalTaaaH epiTiHAire oTyi OpbIH aJla/ibl.

Tyiiin ce3mep: aybslp Meranmap, KOPFachblH KaTHOHAAPHI, KBIIIKBUIMEH MOJIU(HKA-
[OUSUTaHFaH IE0NUT, copOmHst, Pochop KBIIKBUITEL.

Pe3zrome

P. A. Kauvinbaesa, A. A. Aeamaesa, H. H. Kooswcabekosa, K. E. Epmexosa,
P. M. Yepnsxosa, V. JK. /icycunbexos, A. K. Mycaesa

BJIMAHUE TEMITIEPATYPBI 1 KOHITEHTPAITUN CBUHIIA (II)
HA EI'O COPBLIUIO KNCJIOTOMOAUOUIPOBAHHBIM HEOJIMTOM
N3 KOHOHEHTPUPOBAHHOU ®OCOOPHOU KUCJIOThI

UccrenoBan mpomecc copbrum katnoHoB cBuHHOA (II) W3 KOHIEHTPHUPOBAHHOM
¢ocdoproii kucnots! (85,2%) KHCIOTOMOTUPHUIIMPOBAHHBIM LIEOJIUTOM MECTOPOXKICHHS
IITankanaii. BeIsIBIEHO B3aUMOBIIMSHNAE TEMIIEPATYPHI U KOHLUEHTPALMU KATHOHOB Pb*" Ha
IpoIiece UX COPOINH, BpeMs He OKa3bIBAET CYIIECTBCHHOTO BIUSHHUS.

CopOIioHHbIE KPUBBIE 3aBUCHMOCTH OCTaTOYHOTro cojepykanust cuHma (II) ot
TeMnepaTypbl B GochopHoi kuciore ¢ coaepxkanuem 10 u 55 mr/ Pb umeror MuHUMYM
npu 43°C, COOTBETCTBYIOIIUIA €r0 MAKCUMAILHOMY TIOTJIOMIEHUIO. B POCHOPHON KUCIOTE
¢ Cpp paBHOU 28 MI/JI C TIOBBIIICHHEM TEMIIEPATYPhl KPUBBIE COPOLIMU BO3pACTAIOT, a C
Cpp paBrOW 100 MI/;m — CHMKAIOTCS, COOTBETCTBEHHO CTEIIEHb COPOLMHM YMEHBIIACTCS 1
yBennuuBaeTcsa. Kpusble octarounoro copepkanusi ceunna (II) B 3aBHcuMocTn OT ero
kouuentpamuu 10 30°C umeror munumym tpu Cp, paBHO# 28 MI/II, COOTBETCTBYIOMIMIA
BBICOKOM cTenenn copOuuu ceunua (99,0-99,6 %), a B o6aactu ot 45 no 70°C - makcu-
MyM, XapaKTepU3yIOIMnii Ooiiee HIU3KYIO cTeneHp noriomenus Pb. [Tppaem MmakcumyMm Ha
COPOIMOHHBIX KPUBBIX C POCTOM TEMIIEPATYPHI CMEIIAETCS B 00IaCTh MEHEE KOHIIEHTPH-
POBaHHBIX MO COACPIKAHNUIO CBUHIIA PaACTBOPOB. TlosiBneHue MaKCuMymMa .]'II/I6O MHUHUMYMa
Ha KPHBBIX COPOIIH KaTHOHOB Pb®" 06yci0BIEHO MPOLIECCOM 1eCOPOIIHH, KOTAa B HCCHe-
AYEMBIX YCIIOBHUAX NPOUCXOIUT BBIXO/ cop6npOBaanxc;1 KaTUOHOB M3 IICOJIUTA OGpaTHO
B PacTBOp.

KnioueBbie ciioBa: TshKeble METaJUIbl, KATHOHBI CBHMHIIA, KHUCIOTOMOIU(UIIMPO-
BaHHBIN IICOJIUT, COPOIHs, PochopHas KUCIOTA.
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EQUIVALENCE OF ENERGY AND MASS OF SUBSTENCES

Abstract. In this article the transfer of thermal energy is considered by elementary
particles- "theplotrons". The equation between the mass and energy indicates their equi-
valence. This statement means that the mass does not become energy, and energy is a
property of matter that characterizes its movement. The temperature of system is
determined by "pulsation" of the " teplotron ."

Keywords: energy, mass, heat, "teplotron", temperature, "chemical individual”,
Gibbs’s equation.

Introduction. The study of the forms of transfer of thermal energy between
material objects is one of the important tasks of natural science. Historically, to
explain the transfer of thermal energy, German chemists [.I. Beher and G. E.
Stahl, the creators of "phlogiston theory" [1], believed that the carriers of heat are
the smallest particles - "corpuscles of phlogiston." In their opinion, the "corpusc-
les of phlogiston" can not be detected materially, and air is an object that contri-
butes to the release of particles of "phlogiston" from various substances and to
absorb them. However, most scientists advanced the notion of heat as a move-
ment of internal parts of bodies with a refutation of "phlogiston theory" [2].
Currently, there are various types of heat transfer, the main types of which are [3]:

- convective heat exchange between liquid or gas flows and the surface of a
solid body;

- heat transfer from a hot medium (liquid, gas or solid) to the cold part of the
system through the dividing partitions;

- joint heat transfer by radiation (radiant) and convection.

In all cases, the transfer of thermal energy from one material part of the sys-
tem to another, differing in temperature, before the onset of thermodynamic
equilibrium. There are many points of view on the mechanism of energy exchan-
ge when contacting between material objects [3-7]. And the first person who
realized that the allocation of heat during the movements of contacting Obodies is
the direct result of bringing mechanical energy to the rubbing parts was B.
Thompson known as the graph of Rumford [7]. But how does the transformation
of mechanical energy into heat occur during friction? There is still no exhaustive
answer to this question. And despite the rich accumulated material on heat, as a
form of energy transfer, the mechanism of its transmission and the physical
meaning of temperature-the quantitative evaluation of the degree of heating of the
system-remains unclear. In this paper, an attempt was made to discover the me-
chanism of heat transfer between material objects based on the molecular-kinetic,
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thermodynamic, and quantum-mechanical theory and the quantitative criterion of
the thermal state-temperature.

Discussion. Energy is an inalienable property of matter, expressing its
movement and constituent elements from microscopic to macroscopic formation.
Massive bodies are characterized by potential and kinetic energies, which ensure
the fulfillment of mechanical work. Similarly, the elementary particles entering
the microstructure of the "chemical individual" [8] in the set represent the internal
energy, the change of which is transmitted in the form of heat, light, work, etc. in
the system of material objects under consideration. In this case, the material cha-
racteristics of micro- and macroobjects of the surrounding world, is characterized
by a rest mass or mass in motion. In [9] there is a correlation between "energy",
"momentum" and mass, which are manifested in nature in two qualitatively diffe-
rent ways, which gives grounds for subdividing it into two varieties:

- inert mass, which characterizes the inertness of bodies in the aggregate of
constituent elements of a given kind of matter under given conditions;

- the gravitational mass shows the interaction of the body with the external
gravity fields, which is the basis for measuring the mass by weighing.

Despite of this, it should be noted that the material object exists in the given
system with its constituent elements regardless of the measure being measured
and represents the nature of this individual. Indeed, with the generally accepted
choice of units, the gravitational and inertial masses of the body are equal to each
other [10]. In this connection, the mass of the body expresses a physical quantity
that is a measure of the inert properties of matter and at the same time a measure
of its gravitational properties, i.e. it is a question of the same individual of a mate-
rial object. In turn, a conceptual expression "energy" is introduced - for describing
quantitative and qualitative of movement of material object with its corresponding
mass ,i.e. the movement is the characteristic property of matter. The well-known
equation of the interrelation between energy and mass in the form of kinetic
(¢ = mv’/2), potential (¢ = mgh) energies , momentum (mv) and & = mc’ and
express their equivalence. In addition, the change in the energy characteristics of
material objects as a result of the physicochemical process for open systems is
described by the fundamental Gibbs’s equation:

dU=TdS - pdV + Zudn;
dH = TdS + Vdp + Zudn;
dA = - pdV - SdT + Zudn;
dG =VdP - SdT + Zudn;

The state functions U, H, A, G and S express energy characteristics that
directly relate to a certain type and number of material objects constituting the
system. And on the right side of the equation, the term - Zu;dn; shows the change
in the energy characteristic of an open system due to a change in the amount of
matter (particles, ions, etc.). According to the properties of the total differential of
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functions, their partial derivatives with respect to the i-th amount of a material
object, with the constancy of other variables, express the corresponding types of
potentials (thermochemical, electrochemical, etc.), the sum of which represents
the chemical potential of the system. Consequently, the partial derivative with
respect to the number of elementary particles related to thermal phenomena, with
the constancy of other parameters of the system, expresses the chemical potential
(ni) of thermal particles, ie:

,u,~=(6U/(7ni)s,y,,,j=((3H/6ni)s,,,,,,j=(6A/(7ni)T,V,,,,-=(6G/6ni) T, p, nj

It follows from these expressions that the thermal energy is transmitted by an
elementary particle with a certain mass and a "thermochemical" potential g, It
should be noted that only in the process manifest forms of energy transfer in the
form of heat, light, electricity, work, etc. In this connection, it is quite difficult to
study phenomena, determine the rest masses of energy carriers, which end with
the termination of the process. The question arises, in what form are the carriers
of heat and light in the material object? However, this issue is beyond the scope
of this article and on the accumulation of elementary energy carriers will be
reported in the following publications.

In [11] we used classical laws of thermodynamics and molecular-kinetic
theories to determine the mass of elementary heat carriers based on thermo-
chemical data of hydrogen combustion with formation of water. The heat of
combustion of hydrogen is 285.8 kJ/mol and calculations show that out of this
amount 114.4 kJ/mol of heat dissipates into the environment. According to the
equation & = mc’, with a loss of 114.4 kJ of heat from the system, a loss of
12.7-10™ kg of the mass of the "elementary particles" of the heat carriers is
equivalent. The calculations on the calculation of the mass of elementary heat
carriers have shown that this value is 5.15-107® kg, and according to the wave
optics data 3.87-10°° kg [11-14]. These heat carriers are called "teplotrons".
The values given are determined by two different methods (5.15-10°° kg and
3.87-107° kg), which shows quite good agreement in the absence of purposeful
experimental data. However, in [11] we showed inconsistencies in the energy
values of the system of thermal chaotic motion of water molecules calculated for
kinetic energy at 3173 K (39.54kJ) and experimentally determined thermal ener-
gy from thermochemical data (285.8kJ) at the same temperature (this temperature
corresponds to the maximum combustion temperature of hydrogen in oxygen).
The large difference in the values of the heats determined by two different tradi-
tional methods means that in addition to the thermal motions of the molecules,
one should take into account the contribution to the kinetic energy of the heat
carriers of the "teplotrons". Under thermal equilibrium conditions of the system,
the total value of the contributions of the kinetic energy of the elementary
particles of the heat carriers (Xx;kT) should equal the energy of the quanta of
thermal radiation (Av), ie for the same particle the following equality holds:

2 x; kT = hv.
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In contrast to the frequencies (v) in M. Planck's equations, &€ = hv, in the
proposed article "v" refers to the frequency of "pulsations" of elementary particles
proposed in [15]. To determine the number XXx;, we use the spectroscopic data of
IR radiation. It follows from the above formula that the temperature of the system
is proportional to the frequency of the "pulsations" of the elementary particle,

T=hv/Ex;k=6,6261 10" /(Ex; 1,3806 - 107) = 4,7994 - 107" - v / Zx;

where v is the frequency of the "pulsations" of the elementary particle, c-1;
The total kinetic energy of the thermal motion of an elementary particle:

2xikT = 5kT.

Hence, for a system in thermal equilibrium with the surrounding medium
with thermal radiation, it is valid:

5 kT = hv.

The left-hand side of the equation expresses the total contribution of the
kinetic energy of the motion of the elementary particle to the thermal particle, and
the right-hand side characterizes the thermal radiation (Planck's equation). We
determine the mass of the particle with allowance for the Einstein equation from
the formula & = mc’ [16]:

m=2.180-10"/(3-10*2=2.432-107 kg

Consequently, the temperature of the system depends on the frequency of
pulsations of elementary particles responsible for the thermal state, i.e.:

T=hv/Zx;k=0.959-10"" -,

where h / Zx; + k = 0,959 - 107" K-s is the temperature constant of the elementary
particle - the heat carrier of "teplotrons". From here we can draw a conclusion: the
thermal state of the system is determined by the frequency of pulsations of
elementary particles of heat carriers - "teplotrons", proportional to temperature,
and the arrangement of the structural elements of the "chemical individual" is
characterized by the entropy factor. The thermal state of the system is charac-
terized by the formation of "combinations of heat sources" with the structural
elements of the "chemical individual". The free concentration of "teplotrons”
determines the temperature of the system.

Conclusion. The new fundamental concepts - heat transfer by "teplotrons",
the possibility creating "combinations" between elementary particles, "pulsation”
of micro-objects are proposed. The development of these fundamental provisions
for their practical use promises a breakthrough in technologies aimed at creating
new materials, saving energy and protecting the environment.

The transfer of heat by "teplotrons" indicates the equivalence of energy and
mass. Energy is the characteristic value of matter and is determined by it. This
statement means that the mass does not turn into energy and vice versa. If there
was no material world, then there would be no question of energy. On the basis of
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the universal law of conservation and transformation of matter and energy, we can
confidently assume that the named forms of energy transfer realized by "ele-
mentary particles", when interacting with material objects, form other kinds or
combinations of the material world.
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Pe3iome
b. T. Vmenbaes, 3. H. Cyneiimenos, A. b. Ymenbaesa
3AT MACCACHI MEH DHEPT I DOKBUBAJIEHTTIIIT'T

KapacThIpbUIBIl  OTBIpFaH MaKalala JKbUTYy ODHEPTUACHIHBIH OJJEMaHTAp (OKBUTY
TaChIMAaJIJAFBIID) OOJIIEKTep «TEINIOTPOHAAP» apKbUIbl TAChIMAJJIAaHATHIHIBIFBI OasH-
nananel. Macca KOHE OSHEprusl apachlHAarbl OailJIaHBICTHI OPHEKTEWTIH TEHJEY TeK
OJIap/bIH SKBUAJICHTTUIITIH CHIATTAibl, SIFHM Macca MEH JHeprus esapa Oip-OipiHe
TYpPJICHE aJIMai bl DHEPT sl MaTePUAIIBIK JYHUEIIKTIH KO3FaJIbICHIH CUITATTaUThIH [IaMa.
XKyiie Temmeparypachl «TEIIOTPOHAAPIBIH» IIIIiH KHUUIr e3repiciMeH (IyJbcanus)
AHBIKTAJIBIHABI.

Tyiiin ce3aep: sHeprus, mMacca, XbUTy, «TCIUIOTPOH», TEMIIEPATYPa, «XHUMHUSUIBIK
WHAUBHIY, [ MOOC SHEPTHACHL.

Pe3ome
b. T. Ymenobaes, 3. H. Cyneiimenos, A. b. Ymenbaesa
3KBUBAJIEHTHOCTH MACCHI 1 DHEPI'M BEIIECTB

PaccmaTpuBaeTcs mepenaya TEIUIOBOM DHEPIHMU DJIEMEHTApPHBIMH YacTHIAMH HO-
CHUTEJISIMH TEIUIOTHI — «TEIUIOTPOHAMMY. Y paBHEHHUE, OKa3bIBAIOIIEe B3aNMOCBSI3b MacChl
W DHEPTHHM, yKa3bIBa€T HAa WX SKBHBAIECHTHOCTb, HO HE PAaBEHCTBO MAacChl M JHEPTHUH.
OHeprusi sSBISIETCSI CBOHCTBOM MAaTEpHM, XapaKTEPHU3YIOIIEH ero JBWKEHHE M O3HAdaeT
HEBO3MOYKHOCTh B3aUMHOTO TIPEBpaLICHUs. TeMIiepaTypa CHCTEMBI OIPENENISETCs «ITyIThb-
caluei» «TeII0TPOHOBY.

KaroueBsbie cioBa: sHeprus, Macca, TEINIOTA, «TEINIOTPOH», TEMIIEpaTypa, «XHUMH-
YecKHii MHAWBUIY», ypaBHeHHE [ nO0ca.
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