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SELECTION OF THE HYDROPHOBIC ACTIVE AGENTS
IN ORDER TO OBTAIN THE MICRO- AND NANOCAPSULES
IN THE SYSTEMS OF 3-(TRIMETHOXYSILYL) PROPYL
METHACRYLATE / ANTI-FRICTION AGENT / WATER / DISPERSION
OF SILICA NANOPARTICLES

Abstract. This paper presents the results of the development of scientific bases of synthesis and design of mic-
ro and nanocapsules with an active hydrophobic agent based on Pickering emulsions in order to create self-healing
functional coatings with anti-friction effect in systems of 3-(trimethoxysilyl) propyl methacrylate / anti-friction agent
/ water / dispersion of silica nanoparticles. The selection of the hydrophobic agent was performed to obtain optimal
morphology structure. The influence of the chain length of the radical active agent, its chemical nature, as well as the
acidity of the aqueous phase on the main characteristics of the synthesized emulsions was studied. In this work the
method of spontancous emulsification to encapsulate active ingredients, the method of scanning and transmission
electron microscopy (ZeissEM912 Omega), laser correlation spectroscopy method to measure the size of micro- and
nanocapsules (ALV-7004 Multiple tau digital correlator), the method of measurement of the electrokinetic zeta
potential (Malvern Zetasizer NanoZ apparatus) have been applied. It was determined that the zeta potential of the
synthesized particles is changed to values -50 + 60 mV, indicating their high stability due to electrostatic forces.
Thus, as a result of study of the encapsulating process the active agents showed optimal characteristics of emulsions
and capsules were selected.
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HOABOP 'NAPOP®POBHOI'O AT'EHTA UIA TIOJIYYEHUA MUKPO- U
HAHOKAIICYJI B BCUCTEMAX 3-(TPUMETOKCUCHUJINJDITPOITNJI
METAKPWIAT/ AHTU®PUKIIMOHHBIN ATEHT/ BOJA/
CYCIIEH31UA HAHOYACTUIL AMOKCHUJIA KPEMHUA

Annortamusi. B padorte mpencTaBneHbl pe3yabTaThl pa3pabOTKH HAYUYHBIX OCHOB (DOPMHPOBAHUSI WM TU3AWHA
MHKpPO- M HAHOKAIICYJI C AaKTHBHBIM THAPO(OOHBIM areHTOM HA OCHOBE AMyJIbcHi [IMkepuHTa A CO3MaHMA CaMo-
BOCCTAHABJIMBAOIIHMXCS (JyHKIHOHAIBHBIX MOKPBHITHH C AHTH()PHKIMOHHBIM JECHCTBHEM B CHCTEMAaX 3-(TPHMETOK-
CHCHITIIT)POTIHJT MCTAKPHIAT/ aHTH()PUKIHOHHBIA ar¢HT/ BOAA/ CYCICH3HA HAHOYACTHI[ THOKCHAA KPSMHHUA. Bhin
TPOM3BEACH MOAOOP THAPOPOOHOTO areHTa Al MOIYUCHHS ONTHMAIBHOH MOP(OIOTHH CTPYKTYPhL. M3yUueHO BIHs-
HUC JUIMHBI I PAJNKAJIA AKTHBHOTO arcHTa, €r0 XHMHYCCKOHM MPHPOIBI, a TAKKE KHCIOTHOCTH BOXHOH (ha3bl HA
OCHOBHBIC XapPAKTCPUCTHKH CHHTE3UPOBAHHBIX MY JIbCHH. B paboTe ObLIM MPUMEHEHBI METO CIIOHTAHHOTO 3MY JIb-




Becmnux HayuonanvHoti akademuu Hayk Pecnybnuxu Kasaxcman

TUPOBAHUA I HHKANCY THPOBAHUA AKTHBHBIX HHIPCAUCHTOB, MCTOA CKAHHPYIOIICTO W MPOCBCUUBAKOIICTO (Tpch-
MHCCHOHHOTO) 3JICKTPOHHOTO MHUKpockoma (ZeisSEM912 Omega), MeToa Ta3epHO KOPPEIAMHOHHOW CHCKTPOCKO-
TIHH [T H3MEPEHHUS Pa3MepOB MUKPO- U HaHOKancyx (ALV-7004 Multiple tau digital correlator), MeTox m3mepenus
3JICKTPOKHHCTHUCCKOTO A3era-nmoTeHnuana (Malvern Zetasizer NanoZ apparatus). Beuto ompemencHo, 4to a3era-
MOTCHIMAN CHHTE3HPOBAHHBIX YACTHL H3MCHACTCS A0 3HAYCHHH -50+60 MB, 4T0 roBOpHT 00 HX BBHICOKOH CTAOMIb-
HOCTH O1arojapsi 3JIeKTPOCTaTHYECKUM CHiIaM. TakuMm o0pa3oM, B Pe3ylbTaTe HCCICIOBAHHM MPOLECCA WHKATCY-
JMPOBAHUA ObLIH 0T06paHI>I AKTUBHBIC ATCHTBI, HCMOJIb30BAHUC KOTOPBIX IMOKA3a M ONTHMAJIBHBIC XAPAKTCPUCTHKH
3MYJIbCHH U KANCY L.

Kimouesnie ciioBa: [TnkepuHr >MyJIbCHE, HAHO3IMY IbCHH, MUKPOHHKAICY IHPOBAHUE, 3MYJIbIHPOBAHNE, HAHO-
KaIICy JIBL.

Beenenne. OnHuM 13 BEAVINUX TPEHAOB B COBPEMEHHOM MAaTCPHATIOBCACHUH SBIICTCS paspaboTKa
SPrOHOMUYHBIX, 3KOHOMUYHBIX U 3KOJIOTHYHBIX HOBBIX HAHOJUCIICPCHBIX MATCPHANOB, HCIIOJIB3YOIUX B
CBOCH CTPYKTYPE WM (PYHKUMOHAIBPHOCTH MPHUHIUIB OHOMUMETHKH. OHUM U3 HAuOOJICE MHTCHCUBHO
Pa3BUBAIOLIUXCS B HACTOSMIICE BPEMS NMPUMEPOM TAKUX MATCPHATIOB MOTYT CIVIKHTh TAK HA3BIBACMBIC
«aBTOHOMHBIC)» (DYHKIIHOHATBHBIC MATCPHAIEL, T.C. MATCpPHANbI, OONAJAIOINE TOH WM UHOH (YHKIUCH
BHE 3aBHCHMOCTH OT HX JOTIOJHHTCIBHOH 00pa0OTKU M MPOSABISIOLICHCS NPU BO3ACHCTBUN HA HUX BHELI-
HUX CTHMYJ0B. K WHCIy Takux MarepuaaoB OTHOCATCS CaMO3aJICUHBAIOLINECS MONMHMEPBI, CaMO3allH-
maronye (YHKIHOHANBHBIC TMOKPHITHA (QaHTHKOPPO3HOHHBIE, MPOTHBOMHUKPOOHKIC) M T.4. Paciimpenue
cnekrpa (PYHKUMOHATBHOCTH TaKUX MATCPUANOB MPEACTABISCT HE TOJBKO 3HAYUTCIBHBIN HAYIHBIA
HHTEpeC B 00NMacTH MATCPHATIOBEACHHUS, HO U OTKPBIBACT IIHPOKHEC MEPCHICKTHBBI AN SKOHOMHUYECKOTO
BHEIPCHUS HOBBIX MAaTCPUANOB M M3JCIUH M3 HUX B HApoAHOM xozsaiictee Pecnybmuku Kazaxcran, uro
MO3BOJUT AOOUTHCS HE TOMBKO MOBBIICHHS 3G GESKTHBHOCTH 3KOHOMHUKH, HO M CHHYKCHHSI 3KOTOTHICCKOU
HATPY3KH HA OKPYIKAOIIYEO CPEay .

OO6pasipl HEKOTOPBIX TAKHX TAaK HA3BIBAEMBIX «CAMOBOCCTAHABIHMBAIOIINXCS» (YHKIHOHATBHBIX
MarepuaaoB ObLIH CO3JAHBI B TCUCHUC MOCICIHUX 2-3 ACCATHICTHH CPa3y B HECKOIBKHX SKOHOMHYCCKH
pasButhix crpaHax. Haubonee gpkuMH mpuUMEpaMH TakUX CHCTEM SBILSIOTCS MOJUMEPHBIE MAaTCPHATBL,
BOCCTAHABIMBAOLINE CBOIO LEIOCTHOCTh moche JokampHOro paspymenus [1-4] (CLLIA, Hunepnanasr,
BemukoOpuranus, ®PI'); mOOKphITHS, CaMO3aJICUYHBAOIINE MOBSPXHOCTHBIC ACPEKTBHI TpU JICTKOH
tepmoodpabotke (CIHA, ®PI') [5]; aHTUMHKpPOOHBIC M AHTHOAKTCPHATBHBIC MATCPHUAIBl U TOKPBITHS,
MOJACPKUBAIOINUC WM JAKE YCHUIHBAIOIINC CBOKO AKTUBHOCTh B CPEAaX C BBICOKUM MHKPOOHONOTHU-
ueckum 3arpssaenuesM (Lseuwms, CIIA) [6, 7].

OxHako, HECMOTPS Ha ONPEACICHHBIC VCIEXH, CHCTEMATHICCKUN MOAX0, OCHOBAHHBIN Ha H3YICHUH
KOJIJIOMTHO-XHMHUYCCKUX CBOMCTB KOMIIOHCHTOB U NMPHMEHEHHE dMynbcud [lnkepuHra mng xancymmpo-
BaHH THAPOGOOHBIX aAr¢HTOB MPAKTUICCKU HE IPOBECH.

Lenbto naHHOM paGoTH sABIAIACh pa3paboTKa HAYYHBIX OCHOB (OPMHUPOBAHMS U AW3aHH MHKPO- U
HAHOKAICY N ¢ AaKTUBHBIM THAPOQOOHBIM arcHTOM Ha OCHOBE Myibcui [InkepuHra ans co3maHus camo-
BOCCTAHABIHBAIOLIUXCS (PYHKIIMOHATIBHBIX MOKPHITHH ¢ AaHTH(PUKLIHOHHBIM ACHCTBHEM.

1. Martepuansbl. Ankokcucuias 3-(TpuveTokcucunmn)npomun Metakpunar, 98% SigmaAldrich Co.,
riapodoOHbIC aHTH(PUKLUOHHEIC ar¢HThl HA OCHOBE JIMHOLCTIOYCYHBIX ATKOKCUCHUIAHOB (OKTAICLIAI-,
TeKCaICUI-, JOACUHT-, OKTHI-, 3TWI-, PCHUI- TPHUMCTOKCUCHIAHBL, AUSTOKCUMCTHI-OKTAICIUICHIIAH,
okraxeumn Tpuxiaopcunan) Gupm Sigma Aldrich, Fluka, ABCR u amuHOUEOUCYHBIH ajKaH, OKTAICKaH,
Fluka, macnopacteopumeie [TAB (onennoBas xucnora, creapuHoBas kucnota) pupm Alfa Aesar u Fisher
Scientific UK Limited, guoxcun kpemuauns Si0, Ludox AS-40.

IMoapoOHas uubpopMarms 0 GUIUKO-XUMHUCCKUX XAPAKTCPUCTUKAX OOBCKTOB HCCICAOBAHUS TPHU-
BeAcHa B Tabmuue 1.

2. MeTtoasbl HCCJIEA0BAHHS.

2.1. Memoo unxancyiupoeanus axmueuwvix uxepeouenmos. ABTOPH paboOThl [8] YCTaHOBHIH, YTO
MacCOBOE COOTHOIICHHE MACISTHOW (ha3bl K AHOKCHAY KPEMHHS, MPU KOTOPOM MONYYAIOTCS CTAOHIBHBIC
MOHOJUCTICPCHBIC 3MVJIbCHH, AODKHO ObITh He Hmke 1,3. Ommpasch Ha 3TH JaHHBIC, MACCOBOES COOTHO-
LICHUE KOJIMYCCTBA Macia K AWOKCHAY KPEMHHUS PACCUUTAIH MO cleayiomei GopMyne U COOTHOLICHHE

paBHIOCH 2,23:
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Ta6n1/1ua 1 — OusmMKo-xUMHYEeCKHe XapaKTEPUCTUKH UCITOJIb30BAHHBLIX aKTHUBHBIX FI/IZ[pO(I)OGHI)IX UHTPEAUCHTOB U3 ceMeicTBa

CH3(CH2)15|CH2‘J\OH

AJIKOKCHCHIIAHOB
BemecTso Dopmyna Mr, r/monb Yucrora, % Oupma
3-(TprMe TOKCHCHIHIT) TTPOITHIT OCHg O 248.35 98 SigmaAldrich Co.
MeTakpuiaT HzCO- $i "~ O&CHQ
(TIIM) OCHjs CHa
OKTa/lelUATPUMETOKCUCHITAH (.)CH3 374.67 97 ABCR GmbH
(OATMC) CHs(CHz)16CHz~Si-OCHs
OCHj;
T'ekcagienunTpumMeTOKCHCHIIaH CI)CH3 346.62 TexH. >85 Fluka
(TATMC) CHa(CHz)14CHo=Si-OCHg
OCHjz

Jlofenun TpuMeTOKCHU CHITaH OCHy 332.59 90 ABCR GmbH
(JUITMC)

-G Hpg— Si—OCHy

OCHy
OKTUITPUME TOKCHCHIAH OCHs; 23441 96 SigmaAldrich Co.
|
(OTMC) CHa(CHz)sCHz—Si—OCH;
OCH34

OTHITPUMETOKCHCHIIAH H,CO._OCHs 150.25 =97 SigmaAldrich Co.
(BTMC) i

HaC—/ OCH;
Oennn TpUMeTOKCHCHITAH CeHsSi(OCHs); 198.29 98 ABCR GmbH
(OTMC)
JIMATOKCUME THIT- CHj4 386.73 95 SigmaAldrich Co.
OKTaJel[HICUIIaH CHs(C H2)1GCH2~S{O‘/
(AEMOZC) ch, o

CHj
OKTaieIuI TPUXIOPCHIan €|:| 387.93 95 SigmaAldrich Co.
(OI[TXC) CH3(CH2}1GCH2_$|_C|
Cl

Oxrajgekad CH3(CH2)15CH5 254.49 99 Fluka
OnenHoBas KHCTOTA /JOL 282.46 >99 Alfa Aesar

CH3(CHaJgCHy ™~ ~"~"~""0H
CreapuHOBas KUCIOTA (0] 284.48 =97 Fisher Scientific

UK Limited

J1st momydeHMs 3MYJIbCHH UCXOAHYIO KOHICHTPHPOBAHHYIO CYCICH3UIO quokcuaa kpemuus (1,93 r)
pasbaBiisiin B AcuOoHU3UpOoBaHHOU Boxae (mpumepro 30 mun) u BBomunu macio TIIM (1,72 r), goBoaumu
o0veM Boabl 10 40Mi1. B cnyuae BBEACHHS aKTHBHOTO arcHTa, CHadana ero cmermmsamu ¢ TIIM, nasas
BpPEeMSI TSl TIOJTHOTO CMEIIMBAHUS, U JAJNCC BBOAWIN B BOAHYIO (hazy. OCTaBIsIM CIOHTAHHO DMYJ/IbIH-
POBATECS MPHU KOMHATHOHN TeMmeparype Ha 24 gaca.

IMpouecc mommmepuzanmu npoBogunu npu temneparype 80°C ¢ HUCHOIB30BAHHUEM HHHUIMATOPA
nepcynbdara kamus ¢ kouucHtpamwmen 0,4MM. Ilpu goGaBieHMH, XOPOIIO MEPEMCLIHBAIH. 3aTEM







